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Abstract. Interactions between transportation and warehousing and other industry
clusters are not widely explored and the determinants of logistics locational determinants is
limited in the U.S. context. These gaps in the literature, along with the U.S. transportation
and warehousing sector’s decentralization from urban areas and concentration in regions,
highlight the importance of understanding the effects of place-based factors and inter-
industry clusters on the locations and employment of transportation and warehousing
industries. The analysis uses restricted-access U.S. Census Bureau data aggregated to the
county level, along with secondary data sources, to estimate the locational determinants of
transportation and warehousing (TW) industries based on transportation infrastructure
as well as sociodemographic and institutional variables. The analysis takes a cross-
sectional (non-causal) approach to focus on time-invariant location factors while testing
and implementing zero-inflated count data distributions to model the data generation
processes more accurately. Results indicate that subsectors are affected differently by
infrastructure, sociodemographic, and institutional variables. Additionally, different
factors are associated with industry presence versus size. Finally, we show that data using
aggregated industries obscures locational factors’ importance for individual sub-sectors
and, further, that industrial aggregation obscures TW sectors’ relationships to other
clusters.

1 Introduction

Transportation and warehousing (TW) industries provide or support the transport of
passengers and storage of cargo via roads, rails, water, air, and pipelines. Given these
modes of transportation, and in addition to local labor force composition, certain locations
may offer comparative advantages to local industries based on their economic and place-
based assets, leading to clusters of transportation and warehousing establishments (Kang
2020, Ng, Gujar 2009)1. Porter (2000, 2001) popularized the idea that inter-related
industries harness regional competitive advantage to strengthen innovation, productivity,
and other economic outcomes. Transportation infrastructure is often an institutional
factor used to predict or describe economic outcomes.

1This article necessarily uses many abbreviations and acronyms. In addition to in-text first-use
definitions, we provide a list of acronyms in appendix Table A.1 for reference.
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Synergistic effects between transportation and warehousing and other industry clusters
are not widely explored, and in general, the literature on logistics locational determinants
is fairly limited in the U.S. context (Rivera et al. 2014, 2016). These gaps in the literature,
along with the U.S. transportation and warehousing sector’s decentralization from urban
areas and concentration in some U.S. regions (Cidell 2010), highlights the importance
of understanding the effects of place-based factors and inter-industry clusters on the
locations and employment of transportation and warehousing industries.

While transportation topics have been more explored in the European context, less
attention has been given to the potentially different U.S. transportation context, likely due
to prior data limitations. Fewer inter-regional differences in transportation policy exist
between U.S. states than European countries (Rodrigue, Notteboom 2010), which may have
provided richer research opportunities regarding both transportation and its relationship to
economic competitiveness. Additionally, state ownership of some transportation networks
(Clausen, Voll 2013) is more common in Europe, which may prompt published studies of
both industries and infrastructure. Regardless, understanding the relationships between
TW location decisions and local economic, demographic, and infrastructure measures is
pertinent to both geographies as infrastructure spending has waned in recent years in
both the US and Europe, but may be increasing in the near future. Using confidential U.S.
administrative data aggregated to the county level, the focus of this article is to illustrate
how more refined data and unique data generation processes may be utilized to explore
the influence of local industry, socioeconomic, and place-based factors on the size of local
transportation and logistics (including warehousing) industries. This illustration includes
accounting for clustering by examining the association of various other industries on
TW location. The analysis takes a cross-sectional (associative and non-causal) approach
to focus on time-invariant location factors while testing and implementing zero-inflated
count data distributions to most accurately model the data generation processes of TW
industries.

The following section reviews the literature on TW locational determinants and
transportation’s effects on economic competitiveness. The novel data and methods
underlying our approach are then presented, followed by study results for selected
transportation sectors. The conclusion discusses general observations about TW cluster
predictors and the propensity of TW sectors to support other clusters, opening the door
to future U.S. TW locational choice research.

2 Literature Review

Economic studies of transportation and warehousing (TW) tend to focus on the costs and
barriers of moving either goods or people. Analyses of the benefits and costs (including
external costs) of infrastructure often account for both people and freight in traffic volume
(Behiri et al. 2018, Li, Madanu 2009, Mayeres et al. 1996). Researchers accept that the
people and freight require different treatment, but common models are readily adapted to
address either passenger or freight concerns based on quantities of goods to be transported
between specific locations, distribution flows between those locations, modal splits, and
assignment to transportation networks (de Jong et al. 2004). In essence, these models
orient networks and transportation infrastructure to minimize transportation distances
and costs.

Despite its importance in moving goods as well as labor and consumers, transportation
emerged as a topic within economic geography relatively recently (Hesse, Rodrigue 2004),
and the literature on TW firm location decisions, in particular, remains relatively sparse
(Holl, Mariotti 2018). A comprehensive review of the extensive firm location literature
is beyond the scope of this article; however, this section discusses key advances in the
literature since McFadden’s (1973) discrete choice work.

Much of the literature pertaining to transportation in an economic development context
is focused on transportation infrastructure and its role in supporting development (Chen
et al. 2016, Maparu, Mazumder 2017, Melecky et al. 2019). Demand increasingly influences
supply chains and TW logistics, particularly with the rising importance of e-commerce
and its associated distribution (Bowen 2008, Hesse, Rodrigue 2004, Hughes, Jackson 2015,
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Rodrigue 2020). Beyond road densities, transportation hubs, flows, and networks are
becoming increasingly important (Crang 2002). Inland hubs and intermodal facilities are
becoming more important, and warehouses are moving to places with strong multi-modal
networks, especially as technology promotes larger warehouses and distribution centers,
which are increasingly independent firms rather than divisions of manufacturing or retail
firms (Bowen 2008).

Cidell (2010) expands on this work, using Economic Census and County Business
Patterns Data to measure the concentration of warehousing and distribution establishments
across the U.S. by calculating Gini coefficients for each county, although they note
that employment and payroll data are not reliably available from those sources for the
warehousing sector, thus limiting her choice of dependent variable. Independent variables
represent demand attributes, such as population and income, and physical infrastructure
attributes such as interstate and railroad miles, enplanements, and distance. Infrastructure
such as highways, rail, and inland waterways were not always significant predictors of
freight establishments within a metropolitan area (Cidell 2010), although other researchers
have continued to find these factors critical (Guerin et al. 2021, Holl, Mariotti 2018).
Overall, warehouses and distribution centers decentralized and moved toward suburbs
over time. Cities with strong warehousing sectors, as measured by the Gini coefficient,
tended to have more concreated establishments near the city center. Concentration
early in the study period was also associated with greater decentralization within the
metropolitan area over time, although many cities added the largest number of freight
establishments within the central county with the densest transportation infrastructure.
Other researchers have found similar results related to suburbanization (Allen et al. 2012,
Cidell 2010, Dablanc et al. 2014, Holl, Mariotti 2018) and inland hub development (Bowen
2008, Holl, Mariotti 2018, Monios, Wilmsmeier 2013, Rodrigue 2020).

While cost minimization drives TW location decisions, lower transportation costs
often arise from agglomeration economies (Cidell 2010, Hesse, Rodrigue 2004). Further,
the prevalence of railroad and highway miles, interstate highway and airport presence,
and related transportation costs are often predictors of regional economic competitiveness,
both for the TW sector itself (Cidell 2010, Guerin et al. 2021, Holl, Mariotti 2018) and
for other sectors dependent upon the logistics (Belleflamme et al. 2000, Dudensing 2008).
The range of variables included in recent logistics firm location models, such as gross
domestic product (GDP) (Guerin et al. 2021), population density and accessibility to
residential population and manufacturing (Sakai et al. 2020) and urban structure (Holl,
Mariotti 2018), suggests that researchers are beginning to think beyond infrastructure
density to broader factors that affect regional TW competitiveness. In the U.S. context,
rural areas can be more attractive to certain types of firms because wages, property taxes,
and land costs are all lower than in most metro areas (Parajuli, Haynes 2017, Wilkerson
2001).

Economic clustering – geographic concentrations of industries related through shared
knowledge, skills, inputs, demand and/or other linkages – is a popular way of building
economic competitiveness (Delgado et al. 2016). These geographic concentrations build
upon regional competitive advantages (Porter 1990) and agglomeration factors (Marshall
1920). In Porter’s (1990) framework, competitive advantage is influenced by four elements:
firm strategy, structure, and rivalry; demand conditions; factor conditions; and related
and supporting industries. Firm strategy, structure, and rivalry describes the size, number,
ownership, and goals of firms. Demand conditions reflect needs of domestic (local) buyers,
which can include the number of potential buyers, their purchasing needs, and their
ability to pay. Factor conditions include the availability of factors of production, including
land, labor, capital, and infrastructure. Related and supporting industries are those who
require the goods or services of a given target industry, provide inputs, or use similar labor
or technology. Each element is part of a system supporting the development of clusters
that foster economic competitiveness within industries, and through those industries, of
national and regional economies.

Clusters have been incorporated into a handful of TW location studies. Sakai et al.
(2020) and Durmuş, Turk (2014) find the presence of industrial clusters has a positive
effect on logistic establishment location decisions. Van den Heuvel et al. (2013) observes
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within-sector clustering as Belgian TW establishments tend to develop in proximity to
existing logistics establishments, and they call for additional research into drivers and
benefits of clustering within the TW sector.

3 Conceptual Framework

The focus on cost-distance minimization models in the transportation literature, gravity
models in transportation and trade/regional economics literatures, and economic clusters
within the regional economic literature seem to converge where the rubber meets the road.
That is, for an entrepreneur or economic developer looking for opportunities to start
or grow a transportation-based business, establishment and employment agglomeration
(clustering) signal locations with existing advantages. Locations with similar demographic,
transportation, and economic characteristics should be similarly suited to transportation
business success. Durmuş, Turk (2014), Sakai et al. (2020), and Van den Heuvel et al.
(2013) all incorporate clustering into their location choice models but fall short of placing
their work within the broader clustering framework. They incorporate agglomerations of
TW or other industry establishments with other elements of traditional cost-minimization
location modeling. However, economic competitiveness signaled by clusters is a function
of cost factors, including infrastructure, population density, and labor availability and
quality. In fact, these factors are represented within the four elements of competitiveness
in the Porter (1990) model. Thus, we embrace the broader framework of economic
competitiveness and treat factor conditions (infrastructure, labor), demand conditions,
industry structure, and related industries as part of the competitive locational choice
decision. The competitiveness model also facilitates the exploration of how TW and other
industry clusters interact. While interesting clusters themselves, the TW sectors in this
study serve numerous other clusters and in fact may be considered parts of those clusters.
In addition, subsectors within the broader TW sector often reinforce and strengthen
each other. Figure A.1 represents our adaptation of the Porter framework, emphasizing
the interactive relationship between firm structure and related industries, as well as
government’s direct influence on factor condition through infrastructure investment.

4 Transportation and Warehousing Data

We use restricted-access 2014 data from the Longitudinal Business Database (LBD)
and Integrated Longitudinal Business Database (ILBD) for the continental U.S. along
with 2014 secondary data sources to econometrically estimate the location decisions of
five TW industries. In Europe, Eurostat offers a program similar to the U.S. Federal
Statistical Research Data Center program (Eurostat 2020). As noted above, researchers
often measure industry size in a location with public establishment counts, which is a non-
negative integer count and includes numerous zeros that increase with more geographically
refined units of observation. This measure is limited both because of disclosure issues and
because an establishment count is a poor measure of regional industry size. Employment
may serve as a better measure of industry size, while still using count data methods. We
thus examine both non-employer establishments (i.e., establishments without any paid
employees), employer establishments, and total employment as measures of industry size.

The Census Bureau’s County Business Patterns (CBP) is among the most utilized
county-level public data sources for establishment and employment counts for industries
within the North American Industry Classification System (NAICS), including TW
industries. Other federal data programs publish information about the economic activity
in TW, including the Quarterly Census of Employment and Wages (QCEW), the Quarterly
Workforce Indicators (QWI), and Non-employer Statistics (NS). Although public versions
of these data are available, the exact counts of a particular NAICS code are also often
suppressed. These limitations are particularly prevalent in some TW industries due to
the small number of employers within some counties, especially rural counties. Given
the extensiveness of the disclosure limitations, exact counts yield more precise estimates;
specifically, Carpenter et al. (2021) show that the measurement error in public U.S. regional
economic data implies substantially biased estimates. A Federal Statistical Research Data
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Center (FSRDC) is thus a natural place to make improvements to existing research using
the LBD and ILBD, which we aggregate to the county-level to develop unsuppressed
non-employer establishment counts, employer establishment counts, and total county
employment (as in Carpenter et al. 2021, Van Sandt et al. 2021), all within specific TW
industries. The zero-inflation methods described below capitalize on this refined data by
being able to accurately discern the zero-generating regime for unsuppressed counties
with no TW industries.

The LBD is an annual series produced by the U.S. Census Bureau based on establishment
records from the Business Register (Jarmin, Miranda 2002). The Business Register (BR)
acts as the source of information for both the public CBP as well as the restricted
LBD; however, the LBD undergoes more edits for longitudinal consistency and does not
contain suppressed or noise infused values. Consequently, the LBD is a fundamental
dataset for studying the determinants of firm strategy, structure, and rivalry, including
entry, growth, and exit at the establishment, firm, industry, and economy-wide level
(Carpenter, Loveridge 2018, 2019, 2020, Davis et al. 2006, Foster et al. 2006, Haltiwanger
et al. 2013). Comprehensive longitudinal establishment-level data are similarly available
in other countries, with economists often using them to examine firm establishment
location decisions, though TW locational analysis remains understudied (Arauzo-Carod,
Viladecans-Marsal 2009, Chen, Moore 2010, Devereux et al. 2007, Figueiredo et al. 2002,
Holl 2004). Location quotients (LQs) of groups of non–TW industries explore the effects
of related industries and the potential for inter-industry clustering.

Despite the LBD and the ILBD being at the establishment level, the Census Bureau
requires us to conduct our analysis at an aggregated county level due to the sensitivity of
the data. However, this unit of analysis is useful for the inclusion of important secondary
data sources that capture the potential influence of factor conditions, including local
internet access, travel infrastructure, water coverage, urban influence, and human capital,
as well as demand conditions including other demographic and locational variables.

Further, county-level aggregation facilitates the implementation of the previously
discussed count data methods. Table 1 provides descriptive statistics for the publicly
available county-level data2. Variables are grouped by Porter Element with demographic
variables representing either demand or factor conditions; infrastructure and institution
variables reflect factor conditions. A handful of variables may cross elements, but each
variable is listed only once. The TW establishment and employment data, of course,
reflect firm strategy. The detailed nature of the data allows us to model the location and
employment attributes for a range of TW industries, which fall within Transportation and
Warehousing (NAICS 48-49) and Professional, Scientific, and Technical Services (NAICS
54). Specifically, we examine General Warehousing & Storage (NAICS 493110); Process,
Physical Distribution, & Logistics Consulting (NAICS 541614); Pipeline Transportation
(NAICS 486); Support Activities for Road Transportation (NAICS 488490); General
Freight Trucking (NAICS 4841). Other sectors and industries are feasible and interesting,
but we limit the presentation to example sectors here to cover a breadth of TW sectors,
for which locational determinants have been shown to vary in international contexts (Holl,
Mariotti 2018, Kang 2020, Rivera et al. 2014), while maintaining relative brevity3. Figure
1 shows a map of the distribution of Pipeline Transportation (NAICS 486) employment
and data suppression issues. Maps of the other industries examined herein are available
in the appendix (Figures A.2-A.5).

Motivation for the included determinants of transportation location draw on both
past literature and virtual focus groups. Following a method established by Loveridge
et al. (2013) the authors conducted virtual focus groups with U.S. economic development
practitioners, small business support professionals, and entrepreneurs. Commonly found
location determinants in published studies include local land and labor costs, taxes,
infrastructure, market size, and agglomeration economies (Blair, Premus 1987). Proxy
variables often include per capita income or wage rate, high school and bachelor degree

2Table A.1 in the appendix provides additional descriptive statistics.
3The authors acknowledge that the choice of sectors could be criticized as ad hoc, rather than covering

a breadth of industries. Nonetheless, these sectors are common to transportation and warehousing
research, and as the results indicate, this breadth of sectors allows for interesting cross-sector comparisons
of locational determinants and future researchers are encouraged to examine additional sectors.
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Table 1: Descriptive statistics

Variable Obs. Mean Std. Dev. Source

Demographics – Demand Conditions
Population 3,107 101,931.30 327,468.00 ACS
Population Density 3,107 0.27 1.80 ACS
Median Age 3,107 40.85 5.18 ACS
Per Capita Income (thousands $) 3,107 39.59 11.64 BEA
Percent of Residents in Poverty 3,107 16.84 6.55 ACS

Demographics – Factor Conditions
Unemployment Rate (5yr avg.) 3,107 7.89 2.68 BLS
Social Capital Index 3,107 0.01 1.26 NERCRD
Opiates Prescribed / 100 People 2,944 85.72 49.37 CDC
Percent Work in Another County1 3,107 30.10 17.69 ACS
Percent Black 3,107 0.09 0.15 ACS
Percent Hispanic 3,107 0.09 0.14 ACS
Percent – Bachelors or Above 3,107 13.24 5.48 ACS

Infrastructure and Institutions – Factor Conditions
Median Home Value ($1,000’s) 3,107 135.77 79.20 ACS
Avg. Combined Sales Tax Rate2 3,107 7.01 1.68 Tax Foundation
Avg. Effective Property Tax Rate 3,107 1.06 0.51 SmartAsset.com
Internet Service Providers (ISPs) 3,106 5.19 1.12 FCC
Metro - Urban Influence Code 3,107 0.37 0.48 ERS, USDA
Micropolitan Metro Adjacent - UIC 3,107 0.33 0.47 ERS, USDA
Micropolitan Non-metro Adjacent - UIC 3,107 0.30 0.46 ERS, USDA
Interstate Density3 3,107 1.79 3.07 Census Shapefiles
Highway Density3 3,107 0.37 0.24 Census Shapefiles
Percent Covered by Water 3,107 4.50 11.15 ERS, USDA
Community Colleges 3,107 0.33 0.84 NCES
Universities or Colleges 3,107 0.72 2.40 NCES
Military Bases 3,107 0.04 0.22 US Census Bureau
Census Region Fixed Effects 3,107 N/A N/A US Census Bureau

TW Industry Establishments and Employment – Firm Strategy, Structure, and Rivalry
General Warehousing & Storage (493110) Estab. 3,106 3.32 13.22 WholeData
General Warehousing & Storage (493110) Emp 3,106 209.12 881.42 WholeData
Warehousing and Storage (4631) Non-emp 1,681 5.21 24.31 NS
Management Consulting Services (54161) Estab. 3,106 41.78 198.01 WholeData
Management Consulting Services (54161) Emp. 3,106 293.25 1,705.54 WholeData
Management, Scientific, and Technical
Consulting Services (5416) Non-emp. 3,072 228.31 924.11 NS
Pipeline Transportation (486) Estab. 3,106 1.33 3.93 WholeData
Pipeline Transportation (486) Emp. 3,106 16.89 187.20 WholeData
Pipeline Transportation (486) Non-emp. 511 1.23 5.91 NS
Support for Road Transportation (488490) Estab. 3,106 0.81 3.31 WholeData
Support for Road Transportation (488490) Emp. 3,106 10.89 59.73 WholeData
Support for Transportation (488) Non-emp. 2,924 44.28 229.92 NS
General Freight Trucking (4841) Estab. 3,106 22.18 85.38 WholeData
General Freight Trucking (4841) Emp. 3,106 293.68 1,014.61 WholeData
General Freight Trucking (4841) Non-emp. 3,100 160.87 781.12 NS

Notes: Due to disclosure prevention limitations, these descriptive statistics are based on public data
sources, while the main regression results are based on the limit-access Longitudinal Business Database
and Integrated Longitudinal Business Database. All data are based on 2014; 2014 is chosen for practical
reasons related to the availability of many of the secondary data sources. The internal and unsuppressed
data used in regressions differ slightly in addition to the inclusion of unsuppressed cells. The more
refined 541614 NAICS was not publicly available. Industry size measure abbreviations: non-employer
establishments (Non-Emp.); employer establishments (Est.); total employment (Emp.). 1 Percent of all
residents age 16 and older. 2 State-level variable. 3 Miles of road per hundred square miles.

Abbreviations: ACS: American Community Survey, BLS: Bureau of Labor Statistics, BEA: Bureau of
Economic Analysis, CDC: Center for Disease Control and Prevention, FCC: Federal Communications
Commission, ERS: Economic Research Service, NS: Non-employer Statistics, NCES: National Center
for Education Statistics, NERCRD: Northeast Regional Center for Rural Development, USDA: US
Department of Agriculture
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Notes: Map shows employment ranges in every county in the continental U.S. “Suppressed” indicates
that the exact value of the data is suppressed to prevent improper disclosure of identifiable information
and placed into bins (e.g., “20-99 employees”). For the sake of these maps, we replace these ranges with
their midpoint.

Figure 1: Employment Distribution of Pipeline Transportation (NAICS 486)

shares, unemployment rate, highway and interstate coverage, property taxes, rurality
spectrum codes, population density, climate, racial composition, and location quotients
(Coughlin, Segev 2000, Guimarães et al. 2000, 2004). The virtual focus groups supported
many of these previously found factors but added insights into the potential importance
in the rural U.S. of broadband access and issues related to workforce turnover and opioid
misuse, particularly in rural areas and particularly related to TW industries (Joudrey
et al. 2019, Rigg et al. 2018). This article uses the opioid prescription rate as a proxy
for opioid misuse; though imperfect, given regional variation in prescription rates and
negative outcomes associated with opioid misuse (Quast 2018), we continue to include
this variable given the relevance of the opioid epidemic in the U.S. noted in our qualitative
focus groups and in past research (Rigg et al. 2018).

Finally, researchers define the transportation and logistics clusters based on research
interests and purposes, and definitions may affect study outcomes. For example, the
Kumar et al. (2017) transportation and logistics cluster includes both freight and passenger
transportation, suggesting that passenger transportation might affect the prevalence of
the cluster in metropolitan areas. For clarity in the presentation of results, this article
relies on Location Quotients (LQs) of groups of non–TW industries to examining the
potential for inter-industry clustering in this article4.

5 Methods

Given the nature of geography-based establishment and employment data, and the ability
to allow for two zero-generating processes through an added logit link function, count
data models are useful for empirical estimation. Resultantly, count data estimators have
become common in locational and threshold models (Carpenter et al. 2021), though
researchers often fail to appropriately apply and compare the various models, as we will
demonstrate. For non–TW establishments, there are numerous applications of Poisson
(Arauzo-Carod, Viladecans-Marsal 2009, Papke 1991), Negative Binomial (NB) (Conroy
et al. 2016, Holl 2004, Smith, Florida 1994), Hurdle Poisson (HP) (Chakraborty 2012,

4This article uses the entire U.S. as the reference for the location quotient because, as Figure
1 highlights, that TW industries tend to cluster in areas above alternatives, such as at the states.
Additionally, many states are quite small and have few TW industries, confusing the interpretation of
the LQs. As noted later, regressions include regional fixed effects.
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Henderson et al. 2000), Zero-Inflated Poisson (ZIP) (Chakraborty 2012, List 2001, Reum,
Harris 2006). We also consider the Zero-Inflated Negative Binomial (ZINB) here within
TW when using a large geographic scope without data suppression.

The Poisson model is useful as a starting point for comparison to other estimation
procedures. However, the Poisson model’s assumption that dependent variable’s conditional
variance is equal to the conditional mean is often violated in practice due to multiple
sources of overdispersion, in which case the NB is more efficient. Overdispersion is likely to
exist in TW industries due to large infrastructure endowments in some geographical units
motivating the need for many TW establishments and levels of employment5. Zero-inflated
and hurdle versions of the Poisson model are often used to account for excess zeros in the
data when it is believed that the zeros arise from two separate regimes. In the current
context, the two zero-generating regimes in zero-inflated models may be interpreted as
structural and non-structural zeros, i.e., counties that have zero establishments due to a
lack of a requisite resource like water and counties that have zero establishments due to
chance or extant economic conditions. On the other hand, HP only assumes one type of
zero and truncates the Poisson distribution after the logit zero-generating, which is less
flexible6.

Finally, researchers can fail to account for overdispersion that remains after the
zero-inflation. This is particularly important when examining TW sectors because
remaining overdispersion (from unobserved heterogeneity or excessive concentration of
firms) increases in economies of scale and agglomeration, which are common in TW
sectors. If authors are interested in modeling both an inflation stage and accounting for
these multiple sources of overdispersion, ZINB is underutilized; indeed, we find it to be
preferred for many TW industries.

We compare results and diagnostics from the Poisson, NB, and their zero-inflated
complements to provide results across five TW subsectors. This flexible approach takes
advantage of the count data, while using the potential for overdispersion caused by (1)
numerous zeros, which depend on industrial sector specificity, spatial monopsony, and
economies of scale, (2) long-tailed distributions, resulting from spatial concentration,
which varies depending on spatial resource dependence and economies of agglomeration,
and (3) unobserved heterogeneity (Carpenter et al. 2021).

To choose among the various count data models, many researchers incorrectly use
Vuong’s Statistic to compare these various count data estimators (Wilson 2015). To
provide a consistent comparison, we use graphical distribution and information criteria
comparisons as suggested in Greene (1994). All models make use of White’s robust
standard errors, and variance inflation factors did not indicate any potential concern over
loss of efficiency from multicollinearity.

6 Results

While TW includes dozens of industries spanning many sectors of the economy and
NAICS sector codes, we focus on investigating a subset of these industries. To summarize,
the purpose of this section is not to present an exhaustive analysis of all TW industries’
locations, but instead to provide examples of different data generation processes and
the advantages of different industry size measures. Through these example models, we
illustrate how more refined data and unique data generation processes may be utilized to
explore how local industry, socioeconomic, and place-based factors influence the size of

5The NB approach allows unobserved heterogeneity between subjects and implies overdispersion, but
where the amount of overdispersion increases with E(yi|xi) (Wooldridge 2010). Although this may hold
when modeling TW employment (e.g., due to large employers), this relationship is unlikely to hold when
measuring establishments due to excess zeros driving much of the overdispersion while decreasing E(yi|xi).
Additionally, we note that, though less efficient, Poisson would still produce consistent estimates with
fewer assumptions than NB.

6The log-likelihood of the Zero-Inflated Poisson model may be written, lnL =∑
i∈S ln {F (γ′Zi) + [1− F (γ′Zi)] exp(−λi)} +

∑
i/∈S {ln[1− F (γ′Zi)]− λi + yiβ

′Xi − ln(yi! )}, where
S is the set of observations taking on a zero value (yi = 0), F is the logit link function that determines the
odds of a zero belonging to regime one or two, Z is a vector of covariates that describe the participation
decision, X is a vector of covariates that describe the amount decision, and γ and β are the participation
and amount parameters of interest to be estimated, respectively.
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Table 2: T&W sector distributions across industry size measures

Industry (NAICS code)
Non-Employer Employer

Employment
Establishments Establishments

General Warehousing & Storage (493110) ZINB ZINB
Process, Physical Distribution, & Logistics
Consulting (541614)

ZINB ZINB

Pipeline Transportation (486) ZINB ZINB ZINB
Support Activities for Road Transportation
(488490)

ZIP ZINB ZINB

General Freight Trucking (4841) NB NB NB

Notes: This article does not examine non-employer establishments for NAICS 493110 and 541614 (and
there are empty cells in this table) due to no or very few non-employer establishments.

local TW industries. We also note that these results are associative, so we avoid causal
interpretations of the results.

To facilitate comparisons across different measures of industry size (e.g., non-employer
establishments, employer establishments, and employment), the model covariates are
the same between each industry. Each model includes regional fixed effects, population
demographics, sectoral location quotients (base = U.S.), employment in three transpor-
tation industries, rurality, and other place-based variables of interest through policy or
industry perspectives.

We identified the data generation process underlying each industry by first testing
for overdispersion in the data to select between the Poisson and negative binomial
distributions7. After checking for zero-inflation, the significance of the alpha parameter
was checked again to determine if overdispersion was still present in the data after
accounting for a dual zero-generating process leading to excess zeros. Table 2 summarizes
the distributional findings of a selection of TW industries for each industry size measure.
The resulting distribution is the product of several economic and administrative features.
The NB distribution indicates these establishments can operate in most locations and
likely serve smaller, more rural communities where fewer agglomeration economies arise
or fewer specialized resources are needed. Industry aggregation (i.e., industries with
fewer NAICS digits) also influences the observed data generation process. Aggregating
industries leads to fewer counties with zero establishments in the data, meaning that
research questions specific to an industry subset of an aggregated NAICS code suffer not
only from estimated coefficients values being confounded by noise from other industries,
but also from the inability to identify the industry’s true data generation process. In this
study, we consider four- to six-digit NAICS. Specific codes are provided in Table 2. The
rarity of Poisson data generation processes across TW establishments and employment
informs our understanding of TW industries and implies that establishments in these
industries frequently cluster together, leading to positive skewness and overdispersion.

The marginal effects for five TW models are presented in Tables 3.1–3.3 to demonstrate
the effect on model coefficients from (1) different levels of industry aggregation and (2)
different measures of industry size. We number these tables 3.1–3.3 to emphasize that
the marginal effect estimates are derived from the same regression for each respective
industry. In all zero-inflated models, the logistic link function in the ZI equation predicts
the odds of a county being in the certainly zero category (i.e., a structural zero opposed
to a sampling zero). Thus, the negative coefficients in the inflation stage of Table 3.1
indicate that an increase in the variable is associated with a decrease in the likelihood of
the county being a structural zero.

Population and population density are most consistently associated with the probability
of non-structural zeros in the inflation stage. Increasing home values and incomes are
associated with reduced probability of structural zeros, indicating that economic forces
are the dominant barriers to TW locating in areas with higher home values. However,

7In addition to the preferred models that use the LBD and ILBD shown in-text, the appendix provides
results when using Poisson and the preferred models with publicly available data. This comparison is
useful both to show the Poisson as a benchmark model and show the importance of using unsuppressed
administrative data, especially in less-aggregated industries.
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a county with a higher per-capita income has a greater chance of observing structural
barriers preventing the location of pipeline non-employer establishments in the county.
Similarly, higher home values are associated with more structural zeros for pipeline
employer establishments and employment. Highway density is also associated with greater
chance of structural zeros in the Process, Physical Distribution & Logistics Consulting
and pipeline sectors, perhaps due to the opportunity costs imposed by the existing
infrastructure already present.

The marginal effects of the locational factors in the amount stage (of the same ZIP
and ZINB model) are presented in Table 3.2. Population, income, and housing factors
also influence the amount stage for several transportation sectors. Logged population
is universally associated with more establishments and income; it is logical that more
businesses and employees are needed to serve a larger population. Population density
also has a strong positive relationship with general warehousing establishments and
employment – suggesting a particular need to serve denser populations by storing goods
– and consulting establishments, which likely respond to urbanization economies and
flourish where a large number of client firms exist. However, while denser populations
are associated with both extensive and intensive expansion for the general warehousing
and storage industry, they are only associated with extensive growth for consulting
establishments. Income has a positive relationship with consulting and pipeline industry
establishments as well as pipeline employment, while higher home values have a negative
relationship with transportation sector establishment and job counts. As Calafati et al.
(2021) note, housing, transportation, and utility costs have confounding effects with
income, but it also makes sense that warehouses and trucking yards are constructed in
areas with lower real estate costs. Racial and ethnic diversity also generally related to
more TW employer and non-employer establishments and sometimes more employees.
The share of the Hispanic population, in particular, was generally associated with more
non-employer and employer establishments.

The density of transportation infrastructure including interstates and highways, as
well as sales tax rates and commuting, are associated with general warehousing and
storage and general freight trucking. While more interstate and highway miles support
increased establishments and employees, the quadratic relationship of these determinants
indicate both establishments and employment experience diminishing returns from higher
densities. Nonetheless, the magnitude of these coefficients is quite large, emphasizing the
importance of infrastructure. Sales tax usually has a negative relationship but bolsters the
number of pipeline employer establishments. Interestingly, the share of out-commuters
has a negative relationship with employer establishments but a positive relationship
with employment levels within the warehousing industry, while indicating near-opposite
relationships for non-employer establishments and employment within the general freight
trucking industry. We posit that interactions with other industries affect the community
relationships, which is addressed with locational determinants. Somewhat similar factors
are associated with the number of pipeline employer establishments, which may reflect
overlapping agricultural and oil- and gas-mining regions. Most variables are associated
with general freight trucking, although interstate and highway density are only weakly
significant factors.

Share of the population with a bachelor’s degree is positively associated with general
warehousing and storage and consulting establishments but negatively associated with all
three measures of general freight trucking, which demonstrates how sociodemographic
factors affect TW subsectors differently. Consulting is usually considered to include
higher education levels, and warehousing is increasingly computerized and requires
special skills. In contrast, general freight trucking continues to have relatively low
education requirements and low barriers to entry. The effects of unemployment were
felt most acutely in warehousing and general freight trucking while other sectors, such
as pipeline transportation, were more insulated. Processes generating establishments
and employment also differ, as evidenced by conflicting coefficient signs on the share
of workers out-commuting for general warehousing and storage, as well as the opioid
prescription rate in general freight trucking. This negative association is surprising,
given the literature on the opioid epidemic and discussions in our focus groups, which

REGION : Volume 9, Number 1, 2022



12

T
ab

le
3
.2
:
A
m
o
u
n
t
S
ta
g
e
M
a
rg
in
a
l
E
ff
ects

fo
r
L
o
ca
tio

n
a
l
D
eterm

in
an

ts
of

T
&
W

S
ectors

P
ro
cess,

P
h
y
sica

l
In
d
u
stry

(N
A
IC

S
)

G
en

era
l
W

a
reh

o
u
sin

g
D
istrib

u
tio

n
,
&

L
o
g
istics

P
ip
elin

e
T
ra
n
sp

o
rta

tio
n

S
u
p
p
o
rt

A
ctiv

ities
fo
r
R
o
a
d

G
en

era
l
F
reig

h
t
T
ru

ck
in
g
(4
8
4
1
)

&
S
to
ra
g
e
(4
9
3
1
1
0
)

C
o
n
su

ltin
g
(5
4
1
6
1
4
)

(4
8
6
)

T
ra
n
sp

o
rta

tio
n
(4
8
8
4
9
0
)

S
ize

M
ea

su
re

E
st.

E
m
p
.

E
st.

E
m
p
.

N
o
n
-E

m
p
.

E
st.

E
m
p
.

N
o
n
-E

m
p
.

E
st.

E
m
p
.

N
o
n
-E

m
p
.

E
st.

E
m
p
.

In
tersta

te
D
en

sity
0
.1
4
6
*
*
*

1
5
.8
5
*
*
*

-0
.0
2
1

-0
.2
2
0

-0
.0
1
4

0
.0
4
4

1
.6
9
9
*
*

0
.0
1
0

0
.0
1
9
*

-2
2
7
.3

0
.4
8
5

0
.2
3
7
*

1
0
.4
9
*
*
*

In
tersta

te
D
en

sity
2

-0
.0
0
5
*
*

-0
.6
6
2
*
*
*

0
.0
0
1

-0
.0
1
9

0
.0
0
0

-0
.0
0
3

-0
.1
1
9
*
*

0
.0
0
0

0
.0
0
0

1
3
.1
4
0

0
.0
0
1

-0
.0
0
3

-0
.2
9
6
*
*
*

H
ig
h
w
a
y
D
en

sity
2
2
8
.5
*
*
*

2
8
6
8
0
*
*
*

7
0
.5
4
*

7
6
5
.1

1
0
.8
3

-2
.0
0
3

-1
9
5
5
*

-7
.3
0
9

1
1
.9
0
0

2
4
4
5
0
0

3
0
9
3
*

2
9
8
.2

8
4
2
6

H
ig
h
w
a
y
D
en

sity
2

-9
8
6
7
*
*
*

-1
2
6
7
0
0
0
*
*
*

-3
2
9
8
*
*

-3
7
0
7
0

-2
1
8
.5

-2
8
5
2

1
4
9
0
0

-3
4
.4
5

-2
9
3
.5

-1
3
7
1
0
0
0

-1
4
7
3
*

-2
3
6
8
0

-5
7
8
9
0
0

W
a
ter

co
v
era

g
e

-0
.0
2
2
*
*
*

-4
.1
1
3
*
*
*

-0
.0
0
2

0
.1
1
5

0
.0
0
7

-0
.0
0
3

-0
.0
0
5

0
.0
0
1

-0
.0
0
4
*
*

-4
1
.3
7

-1
.0
6
2
*
*
*

-0
.1
1
5
*
*
*

-2
.4
0
5
*
*
*

S
a
les

ta
x

-0
.1
2
6
*
*

-1
6
.9
3
*
*

-0
.0
8
6
*
*
*

-2
.0
6
9
*

-0
.0
2
2

0
.0
9
2
*
*
*

0
.5
6
3

-0
.0
2
1

-0
.0
1
5

-7
3
.6
0
0

-2
.2
6
1
*

-0
.3
9
7
*
*

-3
.2
0
9

P
ro
p
erty

ta
x
ra
te

-0
.0
4
2

-2
0
.2
5

0
.2
1
3
*

-1
.8
3
1

-0
.1
1
0
*

-0
.0
2
5

-4
.8
1
0
*

0
.0
8
2

0
.0
0
1

-3
2
9
.0
0

-1
5
.6
7
*
*
*

-1
.5
4
5
*
*

-4
9
.3
0
0
*
*

M
ilita

ry
b
a
ses

-0
.3
4
6

-2
6
.7
6

-0
.0
0
3

6
.6
4
1

-0
.0
2
9

-0
.1
6
8

0
.2
1
6

-0
.0
7
9
*

-0
.1
0
1

8
2
0
.0
0

-1
8
.9
6
*
*

-2
.2
4
3
*
*

-2
1
.3
1

C
o
m
m
u
n
ity

co
lleg

es
0
.0
5
7

1
1
.7
6

-0
.0
0
8

-0
.5
5
0

0
.0
0
4

-0
.0
3
6

2
.0
4
0

-0
.0
3
2
*
*

-0
.0
1
0

-1
6
1
.2

0
.1
3
9

-0
.1
8
6

-0
.9
7
7

U
n
iv
ersities

-0
.0
1
6

-4
.5
8
5

-0
.0
0
4

-0
.2
3
1

-0
.0
0
9

-0
.0
2
4

-0
.1
2
3

0
.0
1
8
*
*
*

0
.0
1
3
*

1
1
6
.5

-3
.9
6
9
*
*

-0
.1
5
0

2
.8
1
5

IS
P

co
u
n
t

-0
.0
2
2

-5
.0
1
3

-0
.1
2
4
*
*

-0
.9
5
1

-0
.0
1
1

-0
.1
3
9
*
*
*

-0
.2
8
4

-0
.0
3
6

-0
.0
0
7

-1
8
2
.0

-0
.2
3
0

0
.5
6
9
*
*

7
.8
9
8

S
o
cia

l
ca

p
ita

l
-0
.1
2
3

-2
9
.3
2
*

-0
.0
9
2

4
.8
7
1

0
.0
1
5

0
.1
3
3
*
*
*

2
.8
7
8
*

-0
.0
8
2

0
.0
1
1

-5
1
7
.1

0
.6
9
5

0
.9
3
2

2
1
.6
5
*

M
icro

M
etro

-A
d
j.

-0
.4
6
5

-6
6
.4
7

0
.2
2
4

9
.4
9
5

-0
.0
3
3

-0
.1
1
2

-0
.4
6
9

-0
.3
8
3
*

-0
.3
9
6
*
*

-1
2
4
.5

-1
0
.2
5
*
*

-3
.3
8
3
*
*
*

-4
1
.4
7
*
*

M
etro

p
o
lita

n
-0
.2
3
6

-9
8
.3
5
*
*

0
.3
0
9

1
5
.4
9
0
*

-0
.0
4
5

0
.0
2

0
.3
4
8

-0
.5
0
1
*
*
*

1
7
.3
2
0
*

1
2
6
.9

-2
3
.8
9
*
*
*

-5
.0
0
0
*
*
*

-1
9
.1
6

O
u
t-co

m
m
u
te

%
-0
.0
1
9
*
*
*

1
.6
7
6
*
*

-0
.0
0
3

-0
.1
1
1

0
.0
0
1

-0
.0
0
9
*
*
*

0
.0
1
6

0
.0
0
0

-0
.0
0
2

1
1
.1
6

0
.3
6
5
*
*

-0
.0
2
9

-2
.5
6
1
*
*
*

O
p
io
id

R
X

ra
te

0
.0
0
1

-0
.4
1
0

0
.0
0
3

-0
.0
1
6

-0
.0
0
1

0
.0
0
1

0
.0
3
1

-0
.0
0
1

-0
.0
0
1

2
.1
9
7

-0
.1
8
9
*
*
*

-0
.0
1
3
*

0
.4
3
8
*
*

P
o
v
erty

ra
te

-0
.0
8
7
*
*
*

-5
.0
6
3
*

-0
.0
3
5

-1
.3
4
2
*
*

0
.0
0
9

-0
.0
1
6

0
.1
4
3

-0
.0
1
0

-0
.0
0
8

-7
5
.8
1

-0
.7
2
8

-0
.3
7
0
*
*
*

-6
.6
4
6
*
*
*

M
ed

ia
n
a
g
e

-0
.0
3
9

-3
.4
1
5

0
.0
4
4
*
*

-0
.4
3
0

0
.0
0
5

-0
.0
4
8
*
*
*

-1
.3
3
7
*
*
*

0
.0
0
0

-0
.0
0
4

1
3
9
.0

-0
.3
9
4

-0
.2
6
0
*
*
*

-1
0
.1
9
*
*
*

U
n
em

p
lo
y
m
en

t
ra
te

0
.0
1
4

-2
3
.5
1
*
*
*

-0
.0
2
8

-0
.9
2
7

-0
.0
2
2

-0
.0
4
8
*

1
.1
9
1

-0
.0
1
7

-0
.0
3
0

-6
0
.3
8

-0
.6
8
1

-0
.7
3
3
*
*
*

-1
6
.1
8
*
*
*

B
a
ch

elo
rs

d
eg

ree
%

0
.0
6
6
*
*

2
.3
4
1

0
.1
2
9
*
*
*

0
.6
9
8

-0
.0
0
4

-0
.0
3
8
*
*

0
.1
7
2

-0
.0
0
5

-0
.0
1
1

7
2
.2
9

-5
.4
5
5
*
*
*

-0
.4
2
9
*
*
*

-6
.6
1
5
*
*

ln
(P

o
p
u
la
tio

n
)

3
.5
9
3
*
*
*

2
2
5
.2
*
*
*

2
.5
2
1
*
*
*

3
3
.2
0
*
*
*

0
.5
0
3
*
*
*

0
.9
1
7
*
*
*

1
5
.3
2
*
*
*

0
.5
8
0
*
*
*

0
.7
6
7
*
*
*

2
5
4
2

1
6
4
.0
*
*
*

2
3
.0
7
*
*

3
6
2
.3
*
*
*

P
o
p
u
la
tio

n
d
en

sity
2
.3
9
5
*
*
*

1
2
.2
2
*
*

0
.5
6
0
*
*
*

7
.7
8
2

0
.0
1
9

0
.3
1
3
*

1
.0
4
6

0
.0
1
1

-0
.2
6
3
*

6
3
3
.6

2
.7
9
9

0
.1
5
2

-3
.8
4
7

P
er

ca
p
ita

in
co

m
e

-0
.0
1

-1
.1
6
3

0
.0
0
9
*

0
.2
0
0

0
.0
0
7
*
*
*

0
.0
2
9
*
*
*

0
.4
3
0
*
*
*

-0
.0
0
3

-0
.0
0
1

5
1
.0
2

1
.1
2
0
*
*
*

0
.0
5
0

0
.8
9
8

H
isp

a
n
ic

%
0
.0
2
9
*
*
*

-0
.3
8
1

0
.0
3
4
*
*
*

0
.6
6
1
*
*
*

0
.0
0
4
*
*

0
.0
0
2

0
.0
4
1

0
.0
0
4
*

0
.0
0
6
*

3
8
.3
1

1
.1
1
9
*
*
*

0
.0
9
3
*

0
.3
3
7

B
la
ck

%
0
.0
3
9
*
*
*

2
.1
8
1
*
*

0
.0
0
8

0
.2
8
6

-0
.0
0
3

0
.0
0
8

-0
.0
3
1

0
.0
0
0

0
.0
0
6
*
*

6
1
.0
7

0
.1
5
8

0
.0
0
8

1
.7
8
2
*

H
o
m
e
V
a
lu
e

-0
.0
0
2

-0
.4
2
7
*

-0
.0
0
1

-0
.1
0
9
*
*
*

-0
.0
0
1

-0
.0
0
8
*
*
*

-0
.0
9
1
*
*
*

0
.0
0
0

0
.0
0
0

-5
.0
6
0

-0
.2
7
2
*
*
*

-0
.0
2
5
*
*
*

-0
.2
1
8

S
ig
n
ifi
ca

n
ce

lev
els:

*
*
*
p
<
1
%
,
*
*
p
<
5
%
,
*
p
<
1
0
%

N
o
te
s
:
T
a
b
le

p
resen

ts
th

e
in
fl
a
tio

n
sta

g
e
fo
r
th

e
reg

ressio
n
s
sp

ecifi
ed

in
T
a
b
le

2
(eith

er
Z
ero

-In
fl
a
ted

P
o
isso

n
o
r
Z
ero

-In
fl
a
ted

N
eg

a
tiv

e
B
in
o
m
ia
l).

In
d
u
stry

size
m
ea

su
re

a
b
b
rev

ia
tio

n
s:

n
o
n
-em

p
loy

er
esta

b
lish

m
en

ts
(N

o
n
-E

m
p
.);

em
p
loy

er
esta

b
lish

m
en

ts
(E

st.);
to
ta
l
em

p
loy

m
en

t
(E

m
p
.).

T
h
ere

is
n
o
in
fl
a
tio

n
sta

g
e
fo
r
th

e
G
en

era
l
F
reig

h
t
T
ru

ck
in
g
(4
8
4
1
)
in
d
u
stry

b
eca

u
se

it
d
id

n
o
t
n
eed

to
b
e
zero

-in
fl
a
ted

(it
is

m
o
d
eled

a
s
N
B
).

R
eg

resso
rs

in
T
a
b
le

3
.2

a
re

in
clu

d
ed

in
sa
m
e
resp

ectiv
e
reg

ressio
n
s
a
s
T
a
b
les

3
.1

a
n
d
3
.3
.

REGION : Volume 9, Number 1, 2022



13

emphasized the likely association of opioid misuse and rural TW. However, again, these
relationships may reflect the need for freight trucking services by industries (e.g., meat
processing, resource extraction) prevalent in areas with high levels of opioid use, or it may
be an artifact of opioid prescription rates being an imperfect measure of opioid misuse
and the regional variation thereof (Quast 2018). These differences between subsectors and
between establishment and employment generation may pose challenges in building or
strengthening local transportation clusters. Developers may need to tailor development
strategies to specific TW subsectors.

To the authors’ knowledge, this is among the first attempts to model non-employer
establishments and employment using demand threshold modeling. In considering the
associations of other industries on transportation, the TW location quotient (LQ) was
generally associated with more establishments across transportation subsectors8. General
warehousing and storage; process, physical distribution, and logistics consulting; and
general freight trucking had negative associations with most LQs in other clusters.
However, these clusters are often service-based and require less transportation services.
More transportation-dependent sectors, such as agriculture and manufacturing, may have
positive relationships with TW, but these sectors are very broad and include a large
number of clusters, which are outside the scope of this analysis. Positive associations
between pipeline transportation establishments and employment and the LQs for mining
and gas and construction likely reflect pipeline transportation’s role within oil and gas
clusters, which also require various types of construction activities.

The different data generation processes found between non-employer and employer
establishments and the differences in significance and magnitude across model covariates
within each industry demonstrate that these establishment types behave very differently.
This suggests that a given policy designed to support TW employer establishments
may have insignificant or opposite effects on non-employers, some of whom may be
entrepreneurs responsible for tomorrow’s innovations in the TW sector.

7 Conclusions

The chief contributions of this manuscript lie in its use of a fully disclosed dataset and its
elaboration of a methodology for modelling industry spatial distributions characterized
by overdispersion (in this instance few US counties with many firms in an industry and
many counties with none). Specifically, the data set and model allow researchers to
carefully consider the presence of structural and non-structural zeros and understand the
reasons a county has no establishments in a given industry. Different factors influence
industry presence (inflation) and employment levels (amount) for TW sectors. From
there, planners and policymakers can use the locational determinants to strategize ways
to strengthen transportation and related sectors in regional economies. Population,
population density, and sometimes highway density tended to influence sector formation
in a county. Population, income, and housing factors consistently influenced amount-stage
results, but the effects of other sociodemographic and institutional factors varied by TW
sector. Results presented in Table 3.2 suggest that aggregating industries decreases or
obscures locational factors’ importance for individual sectors.

Similarly, aggregation obscures TW sectors’ relationships to other clusters. Most TW
sectors had a positive association with wholesale LQ. Warehousing and general freight
trucking tended to be negatively associated with LQs in other industries included in the
analysis. These results were consistent using both establishment and employment data.

Several studies consider the effects of transportation infrastructure on the economy in
general and specific economic sectors. This study furthers that research by considering
the impact of sociodemographic and institutional variables on transportation business
establishments while also controlling for infrastructure. The study also shows that other
industries influence transportation subsectors in different ways. For example, a larger
professional and technological LQ is associated with few warehousing and general freight
establishments and lower employment in those industries. Future research could use

8TW LQs are calculated on all NAICS 48, 49, and 541614, except for the respective NAICS under
consideration.
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spatial econometric techniques to measure effects of neighboring counties. The increasing
availability of disclosed data through multiple U.S. agencies also presents opportunities
to further explore differences in locational determinants of TW in the U.S. and European
contexts. Finally, future research could expand the study of inter-cluster dependence,
which could reduce hazards associated with cluster targeting in economic development
(Barkley, Henry 2009) and improve overall competitiveness opportunities (Porter 2001).
Such research could support efforts to capture inter-industry linkages and define industries
within local clusters (Delgado et al. 2016).
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A Appendix:

Notes: This figure adapts the Porter Diamond model to reflect the specific interaction of TW sector firm
structure and related industries. This interaction recognizes that TW is often considered a support
sector to other clusters and that various subsectors of TW reinforce the broader TW sector. The
adapted model also shows the substantial direct effect of government on factor conditions through

infrastructure investment. The bold arrow indicates the substantial effect that government investment
(typically) has on factor (input) conditions.

Figure A.1: Porter diamond model adapted for TW industry clustering

Notes: Map shows employment ranges in every county in the continental U.S. “Suppressed” indicates
that the exact value of the data is suppressed to prevent improper disclosure of identifiable information
and placed into bins (e.g., “20–99 employees”). For the sake of these maps, we replace these ranges with

their midpoint.

Figure A.2: Employment Distribution of General Freight Trucking (NAICS 4841)
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Figure A.3: Employment Distribution of Support Activities for Road Transportation
(NAICS 488490)

Figure A.4: Employment Distribution of General Warehousing & Storage (NAICS 493110)

Figure A.5: Employment Distribution of Process, Distribution, & Logistics Consulting
(NAICS 541614)
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Table A.1: List of Abbreviations and Acronyms

ACS American Community Survey
BEA Bureau of Economic Analysis
BLS Bureau of Labor Statistics
BR Business Register
CBP County Business Patterns
CDC Center for Disease Control and Prevention
Emp. Total employment
ERS Economic Research Service
Est. Employer establishments
FE Fixed Effects
FCC Federal Communications Commission
FSRDC Federal Statistical Research Data Center
GDP Gross Domestic Product
HP Hurdle Poisson
ILBD Integrated Longitudinal Business Database
ISP Internet Service Provider
LBD Longitudinal Business Database
LQ Location Quotients
NAICS North American Industry Classification System
NB Negative Binomial
NCES National Center for Education Statistics
Non-Emp. Non-employer establishments
NERCRD Northeast Regional Center for Rural Development
NS Nonemployer Statistics
QCEW Quarterly Census of Employment and Wages
QWI Quarterly Workforce Indicators
TW transportation and warehousing
USDA United States Department of Agriculture
ZINB Zero-Inflated Negative Binomial
ZIP Zero-Inflated Poisson

Table A.2: Additional TW Industry Summary Statistics

Industry and size measure Min. Median Mean Max. Source

General Warehousing & Storage (493110) Estab. 0 2 8 411 CBP
General Warehousing & Storage (493110) Emp 0 0 209 17,576 WholeData
Warehousing and Storage (4931) Non-emp 0 0 3 572 NS
Management Consulting Services (54161) Estab. 0 5 49 5,380 CBP
Management Consulting Services (54161) Emp. 0 6 293 37,724 WholeData
Management, Scientific, and Technical Consulting
Services (5416) Non-emp.

0 25 226 23,562 NS

Pipeline Transportation (486) Estab. 0 2 3 155 CBP
Pipeline Transportation (486) Emp. 0 0 17 10,067 WholeData
Pipeline Transportation (486) Non-emp. 0 0 0.2 110 NS
Support for Road Transportation (488490) Estab. 0 1 3 110 CBP
Support for Road Transportation (488490) Emp. 0 0 11 1,282 WholeData
Support for Transportation (488) Non-emp. 0 9 42 6,786 NS
General Freight Trucking (4841) Estab. 0 9 23 3,929 CBP
General Freight Trucking (4841) Emp. 0 45 294 20,782 WholeData
General Freight Trucking (4841) Non-emp. 0 50 161 23,074 NS

Notes: Due to disclosure prevention limitations, these descriptive statistics are based on public data
sources, while the main regression results are based on the limit-access Longitudinal Business Database
and Integrated Longitudinal Business Database. All data are based on 2014; 2014 is chosen for practical
reasons related to the availability of many of the secondary data sources. The internal and unsuppressed
data used in regressions differ slightly in addition to the inclusion of unsuppressed cells. The more refined
541614 NAICS was not publicly available. For details on WholeData, see Bartik et al. (2018).
Abbreviations: Estab: employer establishments; Non-Emp: non-employer establishments; Emp: total
employment; CBP: County Business Patterns; NS: Non-employer Statistics.
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