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Introduction and Literature
In this project we seek to fill a gap in empirically supported knowledge linking the survival and
economic success of business establishments to local land use and access to the transportation
system that serves these establishments. We investigate this relationship for the entire State of
California over the last two decades while controlling in a statistically robust way for a variety of
factors influencing business life cycle events, such as closures, formation/birth, and relocation.
We accomplish this by combining longitudinal business establishment population event data,
various transportation access and level of service indicators, and geographical market size from
available US Census data. In addition, we narrow our analysis to a specific year and region in
order to investigate a broader range of industries and utilize a detailed accessibility dataset for
Southern California.
The spatial distribution of economic activities has a profound impact on urban organization and
development. Business establishments provide services and employment opportunities that
influence the locational patterns of households, the behavior of individuals seeking to purchase
goods and services, and the revenues of local jurisdictions. The spatial distribution of existing
business establishments also affects location decisions of other business establishments and
impacts the regional transportation network in the form of accessibility, traffic circulation, and
possible congestion. In this context, integrated models of land-use and transportation are used
to further analyze the impacts of these changes in regional planning and policy. Increasingly
among researchers and practitioners there is a heavy push towards more disaggregate
modeling of these integrated systems. This type of modeling is based on the behaviors of
relevant market agents such as households, persons, business establishments and land
developers that make decisions regarding their locations as well as personal travel and the
movement of goods and services (Waddell et al. 2007; Strauch et al. 2005; Miller et al. 2010;
Hunt and Abraham 2005).
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One of the most critical dimensions of these systems is the spatial distribution of economic
activities, which is significantly determined by geographical movements of business
establishments, together with business establishment formation and expansion, decline and
closure. An approach to study these processes is to track the lifecycle events of business
establishments in a region and then develop simulation software that replicates the evolution
of these business establishments while associating this evolution with urban planning policies
(van Wissen 2000; Hunt et al. 2003; Elegar and Miller 2006; Kumar and Kockelman 2008;
Moeckl 2009; de Bok and Oort 2011; Maoh and Kanaroglou 2013). A fundamental aim of these
model systems is to accurately describe the triggers underlying the dynamics in the spatial
distribution of economic activities in a region. Therefore, to better represent business
establishment dynamics the spatial environment and the location of these business
establishments and their evolution process must be explicitly accounted for and depicted by
these modeling efforts.
A few studies in this context have recognized the importance of the spatial dimension of
business establishment represented as demographic processes (de Bok and Oort 2011;
Manzato et al. 2010a, 2010b; Maoh and Kanaroglou 2009; Maoh and Kanaroglou 2013) and
analyzed the spatial characteristics in the form of accessibility to infrastructure, agglomeration
economies and regional effects and their impacts on business establishment decision making
behavior. However, these studies address a limited selection of business establishment lifecycle
events. Manzato et al. (2010a, 2010b) includes space in modeling only business establishment
survival rates, while, Maoh and Kanaroglou (2009, 2013) model the spatial dimension of both
business establishment migration and business establishment dissolution. In addition, these
studies simplify the spatial representation framework in their modeling efforts, thereby
ignoring important aspects of spatial effects (e.g., relative location in the region) on business
establishment lifecycle events.
Ravulaparthy rectified some of these issues and thoroughly investigated locational impacts on
business establishment lifecycle events by explicitly representing the relative importance of a
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location in the network across multiple spatial scales through the notion of roadway network
centrality indicators. For this purpose, he examined the quality and locational advantage of a
business establishment in terms of its closeness to other businesses, intermediacy in the paths
of travelers, straightness of the paths along which each business is located and the reach of
other businesses by also accounting for the configuration and connectivity of the regional
transportation network. These indicators of centrality, were proven to be significant factors in
business establishment financial success, the probabilities of relocating, dissolving, and in the
creation of new business establishments. This analysis showed centrality to be important even
when controlling for the fundamental linkages of business establishment internal and external
factors on business establishment relocation, dissolution and formation. Moreover, the
influence of external factors to each business establishment depends heavily on the type of
business and its locational needs (e.g., proximity to a freeway for a manufacturing firm versus a
restaurant). To keep the analysis feasible Ravulaparthy and Goulias (2014) performed this
research exclusively with data from Santa Barbara County.
The basic data ingredients for the methods presented in this report are: a) the longitudinal
record of all business establishments in California in the NETS database; b) highway and other
transportation infrastructure locations for the entire State of California; c) US Census data
population counts at the block level; and d) fine-grained accessibility data for the Los Angeles
area. Merging and fusing data from different sources presents some challenges, which are
solved by using business establishment locations as the fixed points of analysis.
The basic methodological ingredients for this project are adapted from the work of
Ravulaparthy and Goulias (2014) in a Santa Barbara case study estimating regression models for
the probability of birth, dissolution, and relocation. New methods are presented here to extract
land use and competition metrics from the business establishment data and handle the massive
amount of data for the entire State of California.
The analytical methods used in this project are described in the summary below.
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Table 1 Analytical Methods Used in this Project
Stage / Section
Data Processing /
Spatial Variable
Creation
Panel Models

Relocation within
California
Southern California
Case Study

Methods Employed
Kernel Density
Estimation, distance
raster generation, and
raster-to-points
extraction.
Panel binary probit
models.

Output
Long-format (one row per year) dataset of
business establishment events, including
internal and environmental variables.

Estimates of the effects of various external
and internal effects on the likelihood of
firm birth/death/relocation for California
retail and manufacturing firms.
Means comparisons and Comparison of relocation origin and
spline smoothing.
destination sites for California retail and
manufacturing firms. Visualization of
changing relocation preferences over time.
Cross-sectional binary
Estimates of the effects of various external
probit models.
and internal effects (including detailed
transportation network accessibility) on
the likelihood of firm birth/death for retail,
manufacturing, health care, and
professional services firms in Southern
California, 2008.

The key contribution of this research study is in thoroughly operationalizing and unifying the
internal, regional, and locational factors that affect business establishment survival to more
conclusively identify the role transportation system and land use in economic development and
business establishment success. We seek to answer these questions:
1. In what ways does access to transportation infrastructure affect the success, failure,
and relocation of businesses?
2. In what ways does local land use affect the success, failure, and relocation of
businesses? Which types of mixed-use environments are beneficial to business
establishment success?
3. How do the effects of land use and transportation accessibility vary across different
business types?
4. How are the factors that predict the formation of new business establishments relate
to the factors that predict the dissolution of businesses?
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Data Overview and Processing
This project investigates the success and failure of business establishments as a function of
attributes of their local environment. To do this, we bring together a range of data sources,
including a comprehensive record of business establishment life history events, major
infrastructure locations, and census data. In this section we describe the steps we took to
process this data and merge it into a format usable in modeling. Figure 1 shows an overview of
our data processing steps.

Figure 1 NETS Data Processing Overview
NETS Data Structure
The main data source for this project is the 2013 NETS database. This database contains geocoded firm-level records for 6.7 million business establishments in California with longitudinal
information about their industrial type, location, headquarters and performance over the
period of 1990-2013. The NETS database is constructed by taking a series of ‘snapshots’ based
on the Dun and Bradstreet archival national establishment data (Walls 2007). The unit of
observation in the NETS database is a business establishment that produces goods or services
at a single physical location – for example, a single store. This database tracks every
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establishment from its formation to its dissolution, through any physical moves it makes,
capturing any changes in ownership and business type. NETS records information on location of
the establishment, employment, sales and industry type for each year.
The NETS dataset is delivered in a tabular format, with each row containing the permanent
characteristics and year-by-year employee counts and sales for a single business establishment
with a unique DUNS number. The general overview of the steps we take to process the data is
shown in Figure 1 displaying major steps and associated tables. Additional tables contain
business categories, providing a 6-digit North American Industrial Classification System (NAICS)
code for each year the business existed, and a record of relocation events. To extract the
relevant information for this application, we perform two major processing tasks performed
primarily with the packages Dplyr and Tidyr in the statistical language R: A) converting the
“wide” source table to a “long” format table separated by class (the steps counterclockwise
from top left to bottom center in the figure) and B) extracting and updating location data and
extracting spatial variables for the datasets (steps clockwise from top left to bottom center in
the figure). The outputs of these processes are joined into a set of final tables for each
establishment class that contain annual records of internal and environmental characteristics
for all the businesses in that class.
Process A: The “wide” format source table contains an individual column for each year’s sales,
employees, and business classification data (e.g. “Sales90” and “Emps97”). The first step of this
process is to stack each set of these columns into a single column that contains annual records
for the given business establishment. The long-format table is then filtered to eliminate rows
for years in which a given business establishment did not exist. For example, a business
establishment that formed in 1993 and dissolved in 2000 would be represented by a single row
in the source table, with blank or zero values for employees, sales, and category in each column
from 1990 to 1992 and from 2001 onward; in the long-format table, this business would be
represented by eight consecutive rows containing information for 1993, 1994, 1995, and so
forth. Because the resulting long-format table contains roughly 50 million rows and the models
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presented in this project are calculated independently for each industrial category, the full longformat table is partitioned by class, producing 16 tables of varying length. Parallel processing
was used to accelerate the process of separating businesses by NAICS classification. Table 2 lists
all business classes we used, along with the number of unique businesses and total
observations for each class.
Table 2 Business Establishment Categories
Category

2-digit
NAICS

Establishments
(Unique DUNS)

Observations
(DUNS:Years)

Agriculture, Forestry, Fishing and Hunting

11

78,990

728,397

Mining

21

6,676

55,160

Utilities

22

7,061

66,747

Construction

23

550,750

3,862,499

Manufacturing

31, 32, 33

343,107

2,916,915

Wholesale Trade

42

431,344

3,005,409

Retail Trade

44, 45

928,089

6,379,413

Transportation and Warehousing

48, 49

169,354

1,111,009

Information

51

212,048

1,337,209

Professional, Scientific, Management,
Administrative and Waste Services

54, 55, 56

1,975,382

12,129,165

Health Care

62

466,341

3,700,886

Arts, Entertainment, Recreation,
Accommodation and Food Services

71, 72

346,838

2,871,635

Other Services

81

699,929

5,259,591

Finance, Insurance, Real Estate and Rental
and Leasing [FIRE]

52, 53

691,557

4,921,333

Public Administration and Armed Forces

92

29,665

247,909

Educational Services

61

84,159

787,201

Undefined

99

9,344

45,816

Process B: This chain addresses business establishment locations and extracts the various
attributes of their environments that affect the success or failure of business establishments.
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Locational features are the main external attributes used in our models, so it is important to
use precise business establishment locations updated for each year to extract this information.
The first step is to match businesses to their correct location for each year and export a list of
all unique locations that we can use to extract spatial information. To do this, the final locations
in the main NETS table are combined with locations from the NETS moves table to create a
record of successive locations (DUNS, location number, latitude, longitude). In each business
move record, NETS provides both an origin and a destination location; to provide complete
coverage of the dataset, we use origin locations. Destinations locations match the origin
location of the next move or the business’s final location more than 98% of the time, and errors
are generally small in magnitude. Because many businesses relocated multiple times over the
study period, we join the move table to the long-format business table to determine whether
the business moved in a given year. We then ensure records are grouped by business and
sorted by year, then perform a cumulative window-sum of number of moves to determine
which location number to use for a given business in a given year (e.g. if a business moved in
1994 and 1999, then its third location will be used starting in 2000). Unique business locations
are then exported into an ArcGIS point shapefile and used to extract permanent spatial
information about the local business environment. Appropriate locations with annual
employment counts are also exported to calculate land use densities. More detail on the spatial
data extraction process is provided in the next two subsections.
Merge Process: Finally, the spatial variable tables are joined to the long-format tables to
produce a full annual record of the internal and external factors hypothesized to affect business
establishments in each category in each year. Once these tables are produced, a number of
other variables are calculated for use in the final models, namely a variable indicating whether
the United States economy was in recession for at least one quarter in the given year (1990,
1991, 2001, 2008, and 2009), firm age, age squared, and age cubed (this enables models to
incorporate a polynomial approximation of the effects of business age on firm success). An
approximate measure of business efficiency is calculated by dividing a business’s sales by its
employees (this variable is divided by 10,000 to bring coefficients more in line with those of our
10

other variables). Size categories were calculated from employee counts to address the
nonlinear impact of business size on business success. Specific cutoffs used were chosen by
consulting the histograms of business size: one employee, two employees, three to eight
employees, nine to twenty employees, and more than twenty employees; in each model, the
reference case is Large Establishments (>20 employees). Business establishment formation,
dissolution, and relocation years are confirmed by checking the FirstYear and LastYear columns
in the original dataset and looking for zero values in employee counts.
For all spatial variable processing steps, it is important to keep all raster datasets snapped to
the same grid. This makes the extraction process more efficient and makes it possible to check
data quality in a consistent way and produce combined raster surfaces from model outputs.

Activity Density / Land Use Surface Estimation
Local land use is likely to play a major role in the success or failure of business establishments.
Business establishment data can be used to compute multiple possible measures of land use
and it is likely impossible to represent all aspects of land use with a single variable. Diverse, high
density environments foster agglomeration economies that help some businesses thrive, but
they also likely drive up real estate rents, pushing out less successful businesses. The presence
of related businesses may result in collaboration or intense competition. To measure land use,
we use employee density in multiple business categories, which enables us to investigate both
the direct effects of density and the effects of collaboration and competition. A summary view
of the US Bureau of Economic Analysis Input-Output tables (U.S. Bureau of Economic Analysis)
shows that the direct financial relationships between groups of businesses are significant and
diverse (see Figure 2); some of these interactions likely require spatial proximity. The variation
of land use preferences among different business classes is of particular interest in this report.
For this analysis, we must convert business establishment / employment count points to a map
of activity density measured consistently across the entire state. Land use is an areal property
so it can be modeled as either a continuous surface (raster) or a set of bounded units (vector
polygons). Because business locations were stored as point features, they must be converted
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into one of these formats to be useable for land use estimation. The most straightforward
method would be to choose a single polygon scale of aggregation such as zip codes or block
groups and sum up the employees of a given business category located within each polygon,
but this process has one main shortcoming in this application: it produces considerable edge
effects that decrease its accuracy when values are extracted to business locations. Edge effects
become a problem when a business is located near the border between two zones; by simply
aggregating to containing polygons, this business would be counted exclusively towards one,
even though it should relate almost equally to the land uses of both. In high density areas, the
simple aggregation process may underrepresent the density of areas on the edge of a dense
business zone and in areas where a small area of lower employment density doesn’t represent
an actual change in local land use over space. These problems are particularly important
because census polygons are designed to equalize population at home locations, not the
locations of businesses.

Figure 2: USA Input Output Table (source US BEA).

Instead of relying on simple counts, we employ the kernel smoothing process implemented in
ArcMap to estimate an activity/land use density surface from business establishment locations.
Kernel density functions fit a smooth, curved surface over the input points (in this case
businesses). Each point’s contribution to the density surface is highest at its location and
diminishes with increasing distance from the point, reaching zero at the distance from the point
specified by the bandwidth/maximum distance parameter. ArcGIS uses a quartic kernel
function to calculate the density. The total volume under each point’s kernel density surface is
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equal to the point’s population field value (in this case, the business’s number of employees in
a given year in NETS). The total density in the output raster is calculated by adding the values of
all the kernel surfaces at the center of each raster cell (ESRI 2015a).
By smoothing employee/activity density over space, we seek to produce a more accurate
representation of land use that can be used for statewide analysis. In addition to eliminating
the issues described above, smoothing addresses the error caused by small inconsistencies in
the precision/accuracy of business establishment coordinates provided in NETS, which are more
accurate for newer business locations than for ones that have existed since 1990.
To produce a final activity density map, we tested a range of kernel bandwidths (from 200m to
20km) and chose a 2km bandwidth for the final product. This kernel balances the benefits of
the detailed but irregular surfaces provided by smaller bandwidths and the smooth but
overgeneralized surfaces produced by larger kernels. The choice of kernel bandwidth is highly
dependent on the specific application of the density surface. In final analysis, the 2km
bandwidth also seemed appropriate because the highest-density part of each point’s kernel is
contained within a reasonable size area for neighborhood scale analysis. Figure 3 shows the
resulting density surface when aggregated to a block group level for display purposes.
This density generation process is repeated for each year for each of the 16 business categories.
The point files used to generate kernel density surfaces are then used to extract density values
for each business location. To increase processing speed, only locations active in a given year
are used to extract densities for that year. The extracted annual density tables are grouped by
business class and then joined with other datasets to produce the final table for modeling, as
described above.
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California Block Group Average Employment Density
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Figure 3 Average Employment Density at the US Census Block-Group Level in 2012
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Other Spatial Variables
In addition to the land use information conveyed by employment density, we consider other
aspects of the business environment that vary spatially. This section presents the methods used
to generate two sets of business environment variables: market area and distance to
infrastructure.
Access to customers and employees is extremely important to business function, so it is an
essential component of survival models like those presented here. Population counts provide
one measure of this important aspect of business, and in this project we use total population
within three distance bands (2km, 10km, and 50km) to produce variables that can test for the
effects of market area. Final models presented in this report use either total population within
50km (which accounts for overall market area) or total population within 2km and total
population between 2 and 50km (the first for local density and the second for overall market
area). Market area variables are produced using block-level population totals from the decadal
census and interpolated for years in between. The creation of the American Community Survey
in the mid-2000s presents a tradeoff between fine spatial resolution (census blocks provide
very detailed information about the distribution of people in small areas) and better-thandecadal temporal resolution, but in order to maintain a consistent dataset, census block totals
are used for all years.
To create the market area dataset, we download block level total population totals and
boundary files for 1990, 2000, 2010 available from the National Historical GIS (Minnesota
Population Center, 2011). Block polygons are converted to a raster grid with 50m pixels
snapped to the grid used for density and distance datasets; almost all blocks occupy numerous
pixels. Block population totals are divided by the number of pixels each block occupies, and the
resulting density value (measured in people per raster cell) is assigned to the block raster,
producing a statewide map of block-level average population density. To convert this into a
count of people within a certain distance, the ArcGIS Focal Statistics tool is used to count total
15

value of all cells within 2km, 10km, and 50km of each cell using a moving window technique
(ESRI 2015b). Business establishment locations are then used to extract values from the nine
market area raster files (three distance bands for each of three census years). Market area for a
business location in a specific year between 1990 and 2010 is generated with a linear
interpolation of the values from the two nearest census years (e.g., 2004 population is equal to
0.6 times the 2000 population plus 0.4 times the 2010 population). For 2011-2013, the annual
population growth rate from the 2000s is projected forward. To make the resulting values more
useful in a model, the 2km radius population totals are divided by 10,000 and the 50km radius
and 2 to 50km annulus population totals are divided by 1,000,000.
This method of estimating market areas entails two notable shortcomings: population is not
evenly distributed within each Census Block and population totals are unlikely to change over
time in a strictly linear fashion. Unevenness of human activity and natural attributes over space
can be substantial within larger polygons (and assuming that zone-wide values are fully
representative of the entire region they cover is called ecological fallacy), but blocks are very
small, so they capture population density quite accurately in areas with many residents. This
method underestimates local density in the populated parts of very sparsely populated blocks,
but the scale of the underestimation is quite small compared to the range of density statewide
(on the order of one hundred people for variables that have ranges of tens of thousands to
several million) and few businesses will be affected by the error, so the problem will not affect
model results substantially.
Access to transportation infrastructure is an important factor for many businesses. For this
project we use Euclidian distance to a number of key facilities, including freeways, small
commercial airports, major airports, and freight/intermodal facilities (California Department of
Transportation. Though these variables do not provide the level of detail we have in the
accessibility datasets used in the Los Angeles case study, they provide useful general measures
of the degree of access businesses have to transportation infrastructure. For each of these
facilities, a raster dataset is produced with each cell containing the distance to the nearest
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feature of a given type. Business establishment locations are then used to extract values from
these distance raster files; the extraction process uses bilinear interpolation to improve
accuracy.

Target Classes
The analysis in this project focuses on four specific business types: retail, manufacturing,
professional services, and healthcare. These businesses were chosen because they represent a
range of business structures and are expected to prefer different types of environments.
Retail businesses are included in our analysis because retail establishments are generally very
clearly delineated – each is an individual store. Retail businesses should respond to geographic
variables because different locations provide different degrees of access to customers, real
estate costs, and local competition. Retail businesses belong to NAICS categories 44 and 45.
California retail businesses exhibited steady, but slow growth over the study period (Figure 4).
Manufacturing businesses were chosen because they are a classic focus of study in economic
geography and they are likely to respond to different locational cues than retail firms. Like retail
establishments, manufacturers require access to the transportation network – in their case to
moving inputs and products rather than to bring customers – and may prefer less-dense
environments than retail businesses do. Manufacturing businesses belong to NAICS categories
31, 32, and 33, and the total number of establishments was very stable over time (Figure 5)
Professional Services firms were chosen as a topic of study because they exhibit very different
locational preferences to retail and manufacturing firms. Professional services firms, such as
individual CPAs, lawyers, and consultants) are often smaller than other firms and many are
based in people’s homes. We anticipate finding very different locational preferences than the
other businesses we are investigating, particularly with regard to the effects of transportation
network accessibility, which we expect to be limited. These firms belong to NAICS classes 54,
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55, and 56. There was a very substantial growth in professional services firms over the study
period (Figure 6).
Health Care establishments were chosen as a topic of study because businesses in this category
represent a mix of structures and should exhibit vastly varied locational preferences. Health
care firms range in size from individual doctors who contract with hospitals to small clinics to
very large hospitals. We expect these businesses to respond most weakly to general locational
characteristics, in part because their locations were found to cluster strongly around major
hospital locations. These businesses belong to NAICS category 62 and became three times as
numerous between 1990 and 2013 (Figure 7)
In each of the figures that follow, total business establishments each year are shown by the
blue line; establishment dissolutions are shown by the red line, and establishment formations
are shown by the green line.
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Figure 4 Retail Establishment Events
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Figure 5 Manufacturing Establishment Events
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Figure 6 Professional Services Establishment Events
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Figure 7 Health Care Establishment Events
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Modeling Methods

While the reasons behind the success or failure of each individual firm are too varied and
complex to fully capture in a general model, our framework does allow us to investigate the
various attributes of business locations that make some places more favorable to businesses
than others. Since these locational attributes are often directly subject to state and local
planning decisions, they are particularly important to study. By analyzing how access to
infrastructure, local land use, and local market areas affect the likelihood of individual
businesses surviving or failing, we can gain a clearer picture of how to plan economically
sustainable communities.
Probit regression is used to analyze the sensitivity of each event to a wide variety of internal
and external variables of each business establishment.

The reasoning for using probit

regression and estimation details are provided in Greene (2003) and Ravulaparthy (2013)
provides a detailed review of the background of pooled estimation in this context. The results
are presented in the same format as in linear regression models. In terms of interpretation a
positive significant coefficient indicates that the coefficient's associated variable is contributing
positively to the occurrence of an event and negative indicates the opposite. A non-significant
coefficient indicates no correlation between its associated variable and the event under study.
We have two types of panel regression that are a panel regression to account for the repeated
observation of the same business establishment and therefore the presence of the same
establishment at multiple time points (panel model) and a cross-sectional probit regression for
the case study in an area where detailed accessibility indicators are available.
The panel models in this study are estimated with random effects. These are essentially a firmlevel error that contains unmeasured causes of variation between businesses that explains part
of their success or failure. Random effects may be significant or insignificant depending on
other variables included, but it’s important to consider variability between members of the
panel as well as between all observations because multiple observations of the same business
are not independent.
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Our model development process is fairly similar between the panel and cross-sectional models.
We start with a model that contains a large set of variables believed to be important, including
most industry-specific densities. We then iteratively adjust the model, removing some nonsignificant variables at each step until we are left with a final model that is both parsimonious
and sensible. Internal attributes included at the start are business size (categorical – 1, 2, 3-8, 920 employees included as dummy variables, with businesses with more than 21 employees
serving as the reference class), natural log of sales, efficiency (sales per employee), and a few
measures of firm age. The initial market characteristics included are population within 2km
(divided by 10,000) and population between 2 and 50 km (divided by 1,000,000). When the
model indicates that local density is not significant, we replace both variables with total
population within 50km, again divided by 1 million. Log of kernel density for all 16 business
category land uses were used in the initial testing for each class and insignificant variables are
removed through an iterative process. Transportation accessibility variables tested include
distance to airports, distance to freeway, and distance to intermodal processing locations.
Sales per employee is an imperfect measure of the efficiency of a business because it ignores
the differences in labor and input costs experienced by different businesses, but it should be
relatively consistent within a given business category. To improve the usefulness of this variable
and remove extreme cases, our analysis excludes establishments that bring in more than
$400,000 in revenue per employee per year; depending on the random sample taken, this
eliminates roughly 1.6% of retail business establishment observations and 2.2% of
manufacturing business establishment observations.
The panel models should only include variables for which we have data at multiple time steps
(such as the land use densities, population totals, and some firm internal attributes) or that are
generally static over time (access to major infrastructure like airports and freeways, as well as
some permanent firm attributes), but we have additional data for the Los Angeles 2008 crosssection model. This dataset contains additional transportation variables, so these models
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initially include maximum auto accessibility, auto network density, and maximum transit
accessibility.
Many independent variables are strongly correlated with each other, so care must be taken
when choosing variables to include or exclude from the model specification. Correlation is
strongest among the land use densities and among the accessibility measures included in the
cross sectional models. Various arrangements of variables were tested to lessen the effects of
multicolinearity on the model. Model results for density variables were determined to be
generally stable as long as only a few of them were kept in the final specification. For the
accessibility variables, the solution is to include transit accessibility and road network density
and exclude accessibility by car, since it is also strongly correlated with the land use density
measures.
When coefficients are similar in size and direction between the two models, then the variable
should be interpreted as predicting turnover rates rather than an overall shift in a sector’s
locational preferences. If a variable has a significant positive coefficient in the formation model
and a similarly sized positive coefficient in the dissolution model, then it indicates that
businesses in that sort of environment or with that characteristic will generally have shorter
lifespans but that those locations are also considered suitable sites for new business formation.
If a variable has a negative effect on both formation and dissolution, it indicates lower turnover
rates. Variables with a positive effect on firm birth and negative or no effect on death indicate
areas of growth for a given category of firm, whereas variables with a positive effect on death
and negative or no effect on birth indicate areas of decline. It is also worth noting that in
general, formation and dissolution are codetermined with the overall success of a business
establishment, which is difficult to measure and is not directly addressed by this model.

Panel Models

For the panel models, we focus on retail and manufacturing firms because these classes are
similar in size and were more stable over the study period than were professional services and
health care, both of which experienced substantial spikes in growth at the end of the period.
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We also expect these businesses to prefer different types of environments, since retailers may
prefer dense, mixed-use environments with access to customers and manufacturing firms are
likely to perform just as well in more sparsely-developed areas, so long as those are well-served
by transportation infrastructure.
As noted above, business creation, success, and failure are codetermined processes that may
best be modeled simultaneously, but even these relatively simple models reveal many things
about the ways in which business locations support or harm businesses. Birth and death models
should be analyzed side-by-side, to make it possible to distinguish between variables that cause
change in the overall locations of businesses over time and those that predict higher turnover
in certain locations than others. These models include only observations from the years 19952012; we limit the study period because establishment ages are not known for certain for those
that began before 1990 and because excluding observations that are more than two decades
old should improve the relevance of results to today.
In order to save processing time and keep within the memory requirements imposed by our
statistics program, we extract random samples from the dataset and estimate models on these
samples. Given that our samples represent more than 10% of all observations for retail and
over 20% for manufacturing, sampling error should introduce very little sampling error to the
results, and indeed repeating model estimation on new samples returned nearly identical
results. Highly significant coefficients (p < 0.01) remained significant across all sample
replications and the only variables to experience substantial changes were the insignificant
ones included for comparison. Random effects are significant only in the birth models, possibly
because the nonlinear time-trend variables used in the dissolution models masked the
autocorrelation of firm events. The inclusion of random effects should not impact coefficient
estimates one way or the other. The order in which variables are discussed in text matches the
order in which these variables appear in the accompanying tables of coefficients.
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Retail

In general, our models for retail indicate that retail businesses fare best in dense, accessible
urban environments in close proximity to entertainment and finance firms.
This project focuses primarily on the locational aspects of firm success, but internal attributes
must be considered as well. The internal aspects of retail establishment formation and
dissolution found in the panel models are generally unsurprising.

•

•

•

•

The four dummy variables for employee count that we use to indicate business size all
have very significant and, with one exception, positive coefficients in both models
(when compared to the reference class – businesses with more than 20 employees); this
indicates that small businesses are generally more likely to fail and that new businesses
are generally smaller than established firms (businesses are likely to start small).
As discussed in the section on general methods, sales per employee is an imperfect
measure of a firm’s efficiency, but it has a significant effect in these models. Less
efficient businesses are more likely to fail, since presumably they are less profitable. The
negative coefficient in the formation model indicates that low efficiency is a useful
predictor of a business’s newness, suggesting both that it may take a few years of
existence for a new retail businesses to reach its full market potential and that less
efficient businesses are winnowed out within a few years, and are therefore
disproportionately present among newer establishments.
Independent businesses experience higher rates of turnover than do those affiliated
with a multi-establishment firm. The coefficient on the variable indicating whether an
establishment is a standalone entity is positive for both the birth and death model,
which means that they tend to have short lifespans.
We incorporate the effects of time into this model in a number of ways. A simple linear
time trend is included, as is an indicator for recession years (as discussed in the data
processing section, it takes a value of 1 for the years 2001, 2008, and 2009 and is 0 for
all other years). Additionally, the death model includes firm age as well as the square
and cube of age, which essentially represents a polynomial estimate of the change in a
business’s success over its lifespan. The combined effect of these five time variables
over the study period is shown in Figure 8, with each curve representing the effect on a
business that opened in a different year. The combined effect of the time variables
suggests that businesses are most vulnerable to fail in their first few years, after which
their odds of failure decrease and eventually stabilize. There may be a significant uptick
in failure odds for retail establishments over 20 years old. Recessions significantly
increase the odds of business failure and significantly decrease the number of new firms
that start.
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Figure 8 Time Effects on Death of a Retail Business Establishment
The two market area variables that we include are chosen to indicate both a firm’s local
environment and its overall access to potential employees and customers. By assessing the
formation and dissolution models jointly, we find that increasing local density decreases
turnover. Disproportionately many businesses choose to locate in regions with high density,
presumably because access to large numbers of customers is important for the success of retail
firms, but the effect of regional density on failure rates is weaker and not clearly significant. The
local population density effect may be related to the land use employment density variables,
but it also may indicate that retail businesses benefit from having access to a very local
customer base, despite this likely being associated with high rents.
As discussed in the data processing section, we attempt to capture the effects of
collaboration/agglomeration and competition by using kernel density surfaces of employment
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counts in various sectors. These findings here can be taken as indicators of which sorts of mixed
use environments are best for retail businesses.
•
•

•

•

Retail businesses compete with each other for customers and real estate, leading to
high retail formation and dissolution in areas with lots of retail employees.
Retail also appears to compete to some degree with wholesalers, though the effect on
failure rates is much weaker. Retail establishments located near professional services
firms also experience higher rates of turnover; since these firms are often located in
low-density suburban environments, this may indicate that these areas represent
somewhat marginal sites for retail. Contrary to findings for the Los Angeles crosssection, manufacturing does not have a significant effect on retail either way when the
entire study period is considered.
Health care businesses appear to exert an exclusively negative impact on retailers, as
health care density predicts higher failure rates and lower birth rates. One potential
explanation of this effect is that since health care companies often cluster around major
hospitals, their rapid expansion over time may have pushed most other land uses out of
these areas.
Retail firms benefit from areas with more entertainment businesses, since these may
attract shoppers and entice them to spent more time in the area. Finance firms and
public administration density also appears to benefit retail firms; the local presence of
employees with high paying or stable jobs provides retail businesses with a stable
customer base beyond what is offered by local residents.

Transportation infrastructure is a key component of business success, and for retail businesses,
access to freeways was found to be the most significant predictor of all the variables we tested.
Retail establishments farther away from freeways are more likely to fail and new retail
businesses are less likely to be located far from freeways. Though our Southern California crosssection models suggests that public transit matters a great deal as well, we did not have access
to statewide transit data. Retail businesses also prefer to locate near airports, though this does
not have a consistent effect on their success rate.
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Table 2 Panel Data Probit Regression for Births (Formation) and Deaths (Dissolution)
RETAIL BUSINESS
ESTABLISHMENT
Variables
(Intercept)
One Employee*
Two Employees*
3-8 Employees*
9-20 Employees*
Sales / Employees
Standalone Business*
Year - 1990
Recession Year
Establishment Age (yrs)
Age Squared
Age Cubed
Population within 2km
(per 10,000)
Population between 2
and 50km (per million)
Manufacturing Density
Retail Density
Wholesale Density
Prof. Service Density
Health Care Density
Entertainment and Food
Service Density
Finance Density
Public Admin. Density
ln(distance to freeway)
ln(distance to
commercial airport)
Rho (Panel Variance
Component)

Formation
Coefficient
-1.7945
0.5418
0.5895
0.4470
-0.0783
-0.0196
0.3122
-0.0230
-0.0279

Dissolution

P-Value*
<0.0001
<0.0001
<0.0001
0.0012
<0.0001
<0.0001
<0.0001
0.0004

Coefficient
-1.7781
0.1731
0.1917
0.2981
0.0633
-0.0116
0.1527
0.0124
0.2462
0.0285
-0.0091
0.0003

P-Value*
<0.0001
<0.0001
<0.0001
0.0006
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001

-0.0150

<0.0001

-0.0081

<0.0001

0.0062
0.0003
0.0274
0.0354
0.0272
-0.0214

<0.0001
0.9299
<0.0001
<0.0001
<0.0001
<0.0001

0.0010
0.0033
0.0203
0.0065
0.0295
0.0037

0.1891
0.2379
<0.0001
0.0708
<0.0001
0.1435

-0.0287
0.0013
-0.0138
-0.0155

<0.0001
0.8023
<0.0001
<0.0001

-0.0166
-0.0078
-0.0040
0.0065

<0.0001
0.0668
0.0001
0.0009

-0.0141

0.0012

0.0012

0.7301

0.3993

0.0000

* P-values are reported here to show the exact Type I error. The lower the value the more
significant a regression parameter is.
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Manufacturing

These models indicate that manufacturing businesses generally are less likely to survive in
mixed-use environments but have similar requirements for access to transportation
infrastructure as retailers do.
The internal characteristics of manufacturing businesses mainly have the same effects as those
of retail firms. Small-scale manufacturers generally perform worse, as do less efficient ones. In
contrast to retail, standalone manufacturers generally experience less turnover. The capital
costs involved in opening a new factory are likely larger than those experienced by retailers,
which may reduce the flexibility of smaller manufacturers. Larger, multi-establishment
manufacturing firms may also be more flexible for other reasons, since they can more easily
move operations to other parts of the United States or overseas.
The combined effect of time trend variables on manufacturing firms was generally similar to the
results we find for retailers, but the effect of age cubed is much stronger (see Figure 9), which
means business failure probabilities are low and stable only briefly before beginning to rise
again. A study that specifically addressed obsolescence would be better-suited to investigate
the causes of this increasing failure rate, but we hypothesize that it may result from
technological change and obsolescence of machinery and the increasing automation of
manufacturing processes, since these do not impact retail in the same way.

31

Figure 9 Time Effects on Death of a Manufacturing Business Establishment
The effects of market size on manufacturing firms are also generally similar to those
experienced by the retail sector. Firms in dense areas experience much lower turnover, though
the effect is stronger on the formation side, indicating new manufacturing companies prefer to
avoid extremely dense areas. Manufacturers also show a slight preference for dense regions,
presumably because access to large, diverse labor pools is important, though these effects are
not consistently significant.

•

•

Whereas local competition increased turnover among retailers, manufacturing firms are
less likely to fail when surrounded by other manufacturing firms. This difference may be
explained by the absence of competition for customers due to specialization and
complementarity, reliance on shared infrastructure, and zoning laws that seek to keep
factories separate from other land uses.
In fact, manufacturing firms appear more likely to fail in any kind of mixed environment,
as they perform worse in areas with high density of agriculture, retail, or transportation.
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•

Information technology density was hypothesized to be beneficial for manufacturing,
because research and development operations and manufacturing are likely to
collocate, and this is borne out by the model. Over the study period, the high birth rate
and low death rate of manufacturing firms situated in areas with information
technology workers mean that these firms became more common over the study period
and a strengthening relationship between information technology and manufacturing.

Manufacturers generally performed best in areas with good access to freeways and airports
(odds of failure increased with distance and new starts were concentrated at lower distance).
Proximity to freight processing centers decreased turnover rates for manufacturing firms,
though the effect was much stronger for new starts.
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Table 3 Panel Data Probit Regression for Births (Formation) and Deaths (Dissolution)
Manufacturing
Formation
Dissolution
Variables
Coefficient
P-Value*
Coefficient
P-Value*
(Intercept)
-1.7752
-1.5653
One Employee*
0.8896
<0.0001
0.1252
<0.0001
Two Employees*
1.0223
<0.0001
0.1471
<0.0001
3-8 Employees*
0.6352
<0.0001
0.1354
<0.0001
9-20 Employees*
0.1664
<0.0001
-0.0041
0.7252
Sales / Employees
-0.0172
<0.0001
-0.0077
<0.0001
Standalone Business*
-0.0551
<0.0001
-0.1029
<0.0001
Year - 1990
-0.0244
<0.0001
0.0126
<0.0001
Recession Year
-0.0557
<0.0001
0.1989
<0.0001
Establishment Age (yrs)
0.0228
<0.0001
Age Squared
-0.0076
<0.0001
Age Cubed
0.0003
<0.0001
Population within 2km
(per 10,000)
-0.0110
<0.0001
-0.0033
0.0148
Population between 2
and 50km (per million)
0.0026
0.0400
-0.0013
0.1450
Agriculture Density
-0.0100
<0.0001
0.0040
0.0048
Utilities Sector Density
-0.0028
0.0255
-0.0020
0.0334
Manufacturing Density
-0.0237
<0.0001
-0.0208
<0.0001
Retail Density
0.0192
0.0001
0.0151
0.0001
Transportation and
Warehousing Density
-0.0052
0.1098
0.0079
0.0018
Information Sector
Density
0.0056
0.0778
-0.0055
0.0273
Prof. Service Density
0.0451
<0.0001
0.0270
<0.0001
Other Service Density
-0.0212
0.0002
0.0114
0.0094
ln(distance to freeway)
-0.0054
0.0664
0.0053
0.0157
ln(distance to
commercial airport)
-0.0078
0.1036
0.0085
0.0156
ln(distance to freight
processing)
-0.0269
<0.0001
-0.0059
0.0434
Rho (Panel Variance
Component)
0.3688
0.0000
* P-values are reported here to show the exact Type I error. The lower the value the more
significant a regression parameter is.
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Leaving California

Relatively few businesses relocate between states, but according to these models, relocation
events share major commonalities with firm dissolution events, which suggests there are
similar characteristics among the that cause businesses to leave the state and the locations that
push businesses towards failure.
Among retail businesses, standalone firms were much more likely to relocate out of state, as
were very large (>20 employees) and very small stores (one or two employees). Firms in retaildense areas were less likely to leave, whereas retail firms in low-density / suburban
environments were more likely to leave the state. Long-distance relocation of retail firms is
generally rare (since it entails abandoning any long-term customers), the higher rates of
relocation among retail firms in unusual locations indicates that there an unmeasured variables
that may be playing an important role (e.g., extreme specialty stores and mail-order companies
may be less tied to specific locations and thus more willing to leave).
Manufacturing firms that leave the state are disproportionately likely to be large, efficient firms
(maybe because they can afford substantial relocation costs). Firms in areas with less
manufacturing are more likely to leave the state, which matches the birth/death model result
that manufacturers prefer areas that specialize in manufacturing (e.g., technology parks). In
contrast to what the death model showed, firms far from freight processing locations are more
likely to leave the state, as are manufacturers located far from freeways, though this result is
not clearly significant. These results indicate that manufacturing firms are more likely to leave
relatively remote areas in California and may be relocating to find more suitable locations.
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Table 4 Panel Data Probit Regression for Relocation Out of California
Leaving California
Variables
(Intercept)
One Employee*
Two Employees*
3-8 Employees*
9-20 Employees*
Sales / Employees
Standalone Business*
Year - 1990
Recession Year
Establishment Age (yrs)
Age Squared
Age Cubed
Population within 2km
(per 10,000)
Population between 2
and 50km (per million)
Agriculture Density
Utilities Sector Density
Manufacturing Density
Retail Density
Wholesale Density
Transportation and
Warehousing Density
Information Sector
Density
Prof. Service Density
Health Care Density
Entertainment and Food
Service Density
Other Service Density
Finance Density
Public Admin. Density
ln(distance to freeway)
ln(distance to
commercial airport)
ln(distance to freight
processing)

Retail
Coefficient
-2.3567
0.0123
-0.0020
-0.0646
-0.0902
0.0000
0.1106
0.0165
0.0436
0.0012
0.0006
0.0000

P-Value
0.7534
0.9601
0.0852
0.0411
0.9556
<0.0001
<0.0001
0.0137
0.9134
0.5962
0.2488

Manufacturing
Coefficient
P-Value
-2.3346
-0.1114
<0.0001
-0.1300
<0.0001
-0.0905
<0.0001
-0.0232
0.3380
0.0001
0.2024
-0.2280
<0.0001
0.0090
<0.0001
-0.0010
0.9557
0.0449
<0.0001
-0.0040
0.0004
0.0001
0.0018

-0.0623

<0.0001

-0.0424

<0.0001

-0.0033

0.1733

-0.0027
-0.0413
-0.0082

0.7148
0.0010
0.3899

-0.0014
-0.0112
-0.0101
-0.0179
-0.0229

0.5670
0.0018
<0.0001
0.0055
0.0163

-0.0123

0.0466

0.0135
0.0783

0.0289
<0.0001

0.0079

0.4631

0.0986
-0.0008

<0.0001
0.9060

-0.0010

0.9137

-0.0071
-0.0067
0.0212

0.5268
0.0217
0.0001

0.0073

0.1866

-0.0203

0.0277

0.0004

0.9597

0.0340

<0.0001
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Relocation within California

Though some businesses relocations involve moves between states, relocations within
California are much more common. For these moves, our data provides a more complete
picture, because we have equally detailed information about the origin and destination
environments. Unfortunately, this symmetry of information cannot be extended to businesses
that did not relocate, so these comparisons will be made without the use of an econometric
model. To eliminate autocorrelation, this analysis includes only the final move recorded for
each business establishment in the dataset. In this section we briefly investigate the ways in
which businesses that relocate within the state are different from those that do not, as well as
the ways in which origin and destination locations differ from each other.
Table 5 compares the mean characteristics of businesses that moved with those of the entire
dataset. The Total Observations row contains the number of business establishment – years
recorded in the dataset. Slightly less than 1% of retail business observations include a
relocation, and slightly more than 2% of manufacturing business observations do. For all
variables, the difference between the move sample mean and the population are highly
statistically significant, but this is partly an effect of the large sample size, and these differences
are generally fairly small compared to the overall differences between firms. For both business
types, the firm internal characteristics of movers generally match the population as a whole,
but medium-sized, highly-efficient firms are significantly more likely to move. Standalone retail
establishments are somewhat more likely to relocate, but standalone manufacturers are
slightly less likely to do so. For both business types, establishments in heavily populated regions
(movers have a higher population within 50km than do non-movers) with a good access to
transportation infrastructure (the three distance to transportation variables are lower for the
movers) are more likely to relocate, but the effects of local land use (population within 2km,
total employment density, and same-class density) are mixed. Retail businesses in highly dense
environments are less likely to relocate (their mean density values are lower), whereas
manufacturers in high density areas are more likely to relocate.
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Within California
Variables
Total Observations
One Employee
Two Employees
3-8 Employees
9-20 Employees
21+ Employees
Standalone Business
Efficiency
Population within 2km
Population within 50km
Total Employment Density
Density of Same Class
Distance to Freeway
Distance to Commercial
Airport
Distance to Freight
Processing

Table 5 Relocation Origins vs All Locations
Retail
Move Origins
All Locations
Move Origins
60,336
6,302,151
44,978
21.1%
22.1%
12.8%
26.8%
26.1%
14.2%
39.9%
39.2%
36.4%
8.2%
7.5%
18.6%
4.1%
5.0%
18.1%
87.1%
84.5%
84.0%
$108,775
$98,320
$119,427
32,076
32,418
29,025
5,505,318
5,073,490
6,128,219
2,475
2,617
2,953
259
267
580
2.2
3.1
1.7
19.8
22.6
17.9
23.5

27.4

19.7

All Locations
2,713,860
19.9%
18.7%
33.1%
13.7%
14.6%
85.9%
$99,401
28,532
5,603,230
2,820
454
2.6
20.9
24.2

Comparing the origins and destinations of business relocation reveal some slight location
preferences but also reveal the idiosyncratic nature of relocation decisions. Tables 6 and 7
contain mean values for origins and destinations of moves, as well as the percent of relocating
businesses that increased the value of a given variable. Both retail and manufacturing
businesses generally move to areas of less dense land use; this result holds on average across
all measures of employment density for both business types, but more than 40% of individual
businesses move to areas with increased density. This preference for … Population density tells
a slightly different story – while businesses generally locate to areas with less-dense population
in their immediate vicinity and regional density decreases on average, a majority of businesses
move to higher-density regions. This effect likely represents a combination of two types of
moves to suburban developments (whether malls or industrial parks): some businesses move
from very dense areas to less dense areas in order to decrease property rental costs and a
larger number move from very low-density areas in order to increase access to customers and
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labor. Businesses also appear willing to sacrifice some access to transportation infrastructure
when they move, but these results are much closer to 50-50.
Table 6 Retail Relocation Origins vs Destinations
% that
Origin
Destination
Variables
Increased
Population within 2km
Population within 50km
Total Employment
Density
Manufacturing Density
Wholesale Density
Retail Density
Transportation and
Warehousing Density
Information Sector
Density
Professional Services
Density
Health Care Density
Entertainment and Food
Service Density
Other Service Density
Finance Density
Public Admin. Density
Educational Services
Density
Distance to Freeway
Distance to Commercial
Airport
Distance to Freight
Processing

32,076
5,505,318

28,806
5,366,531

43.4%
54.6%

2,475

2,067

41.3%

262
156
259

236
132
217

43.7%
43.3%
41.0%

55

47

43.6%

109

91

42.8%

421

356

43.1%

223

184

42.5%

210

172

41.7%

135
248
157

110
206
116

40.4%
42.5%
43.5%

109

89

42.7%

2.2

2.4

51.0%

19.8

20.8

52.7%

23.5

24.7

52.9%
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Table 7 Manufacturing Relocation Origins vs Destinations
% that
Origin
Destination
Variables
Increased
Population within 2km
Population within 50km
Total Employment
Density
Manufacturing Density
Wholesale Density
Retail Density
Transportation and
Warehousing Density
Information Sector
Density
Professional Services
Density
Health Care Density
Entertainment and Food
Service Density
Other Service Density
Finance Density
Public Admin. Density
Educational Services
Density
Distance to Freeway
Distance to Commercial
Airport
Distance to Freight
Processing

29,025
6,128,219

25,282
5,816,715

42.4%
50.4%

2,953

2,421

41.3%

580
271
243

513
220
196

44.4%
43.7%
41.1%

80

70

44.5%

121

98

43.1%

489

400

42.5%

176

144

42.9%

189

152

41.7%

133
264
135

108
204
94

40.7%
42.6%
44.4%

104

81

42.8%

1.7

2.0

51.9%

17.9

19.5

53.5%

19.7

21.8

53.2%

Figure 10 Retail Establishment Relocation Densities Origins vs Destinations
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Figure 11 Manufacturing Establishment Relocation Densities Origins vs Destinations
Relocation decision-making patterns also change over course of time, as demonstrated by
Figures 10 and 11. These figures display the changes in origin and destination characteristics
over time, smoothed using a spline technique both for easier visualization and to reduce the
noise caused by year-year variation. Darker grey parts of the graph indicate the confidence
interval around the moving mean value. It is important to note that these mean values are
estimated quite precisely because they are calculated off of a sample of several thousand
moves each year, but the origin and destination values from individual relocation events are
quite varied.
Density around move destinations never surpasses the density around move origins, which
indicates that businesses are more likely to relocate to lower-density areas throughout the
study period, but the relationship between the means does change over time. Retail firms
became much more likely to move to higher-density areas after the last recession (2010 to
present), perhaps reflecting the relative strength of urban areas, which were less badly
damaged by the collapse of the housing market than were many suburbs. Both figures indicate
that economic expansions (mid-to-late 1990s and 2011-present) favor moves to denser areas.
While the characteristics of manufacturing moves origins is highly variable over time, the origin
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densities of retail firms remained remarkably stable over the study period, with a gradual
increase that generally parallels the overall increase in density of California over time.
Relocation is a decision to a much greater extent than dissolution is. The formation and
dissolution models can say that some areas make businesses more likely to fail or experience
high degrees of business turnover, but the relocation results suggest that these results cannot
be uniformly applied to the relocation process; relocation decisions change over time and are
highly variable between businesses. Overall, businesses generally relocate to less-dense
environments, which may indicate that relocation represents a type of failure – if businesses
cannot succeed in high-competition dense environments, they may relocate to less-dense ones
in order to stay open, whereas businesses that are successful in low-density environments may
be more likely to expand by opening new branches rather than by relocating and abandoning a
successful location. However, this relocation-as-failure interpretation is challenged by the
overall high efficiency values of firms that chose to relocate.
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Southern California Case Study

In order to assess the affects of transportation level of service and accessibility more directly,
we take advantage of fine-grained network accessibility data from a major previous project
with the Southern California Association of Governments; this dataset that contains detailed
multimodal accessibility data for the six counties in SCAG in 2008 (Chen et al., 2011; Lei et al.,
2012). Because the data source covers only a portion of the state at a single point in time, we
limit our analysis to 2008 and a subset of the region covering much of Southern California. The
results of models using this data are expected to diverge somewhat from the statewide 19952012 panel models because they represent a confined area and single point in time, however
because this year is relatively recent within the scope of the project, we anticipate these results
will be closer to what can be seen now. The smaller datasets also make it possible to include
more business categories in our analysis; we add Professional Services because businesses of
this type are have very dispersed locations, ranging from home offices in residential
neighborhoods to suburban strip malls to downtown centers, and health care because these
businesses cover a wide variety of size classes and may have very different locational strategies
than other business types (small clinics and self-employed doctors may cluster around major
hospitals or may choose other locations). We hypothesize that these business types will be less
responsive to transportation-related factors than retail and manufacturing.
For this analysis we use the bounding box shown in Figure 12. This area was chosen because it
covers the core of the region for which we have detailed data but still includes a range of land
use densities, from rural areas around Thousand Oaks, the dense heart of Los Angeles, and
suburban development in San Fernando Valley and Orange County. This analysis zone covers a
wide range of business environments, land use, and transportation networks but is small
enough that all businesses in each category can be analyzed simultaneously, without the need
to extract a random sample of observations and therefore virtually eliminating sampling error.
This area contains 154,727 retail businesses, 68,700 manufacturing, 345,533 professional
services, and 90,320 health care.
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Figure 12 Bounding Box used for Southern California Analysis
To create the datasets used for regional analysis, we overlay NETS business locations on
Southern California bounding box shown in Figure 12 and then generate a subset of our dataset
that includes only observations of businesses at these locations in 2008. The SCAG model
output provides data at the level of census blocks, which we extract to 2008 the table of
business establishment observations. Variables considered in this analysis include the overall
maximum number of employees reachable within 20 minutes on the automotive network and
the transit network (for most blocks, this number is reached in the late morning); the total
length of network links reachable from each block group within 20 minutes by car; and the
number of stops reachable within 20 minutes by transit. Traffic congestion information and
actual transit schedules were used to calculate these accessibility values, so they are much
closer to the actual accessibility experienced by users of the infrastructure.
The small number of relocation events in any given year in this region makes it impossible to
estimate a meaningful model for relocation for 2008, so we focus our analysis on the factors
that predict business establishment formation and dissolution across four categories (retail,
manufacturing, health care, and professional services). For these models, we started by
including a suite of internal attributes, market characteristics, local land use densities, and
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transportation accessibilities; these variables are used to estimate a simple binary probit model
for business formation or dissolution, and the list is whittled down iteratively to remove
insignificant variables. Some variables are kept in either the formation model for a given
business type because they are highly significant in the corresponding dissolution model and
vice versa. In general, the goal is to produce models that provide a significant explanation of the
observed firm life cycle events while using a small enough number of variables that the results
are straightforward to comprehend. In each of these models, interaction terms were tested to
determine whether accessibility has different effects on businesses of different sizes, however
these tests returned no significant results; this indicates that businesses of all sizes within a
given business category require similar levels of access to the transportation network, though
they may be further differentiated by business sub-category.

Retail

As was the case in the statewide models, retail establishments and events are broadly
distributed throughout the Los Angeles area, with more located in high-density areas and fewer
in areas with less development in general. The following maps show the regional distribution of
retail establishment life events in 2008; in each case, a random sample of 4,000 events is used;
the lack of clear spatial patterns visible from coarse scale maps is evidence of the usefulness of
regression analysis to identify significant differences between the processes leading to business
formation and dissolution. These models include all 154,727 retail establishments active in this
region in 2008. 18,593 new firms opened this year and 6,508 closed. Retail firm establishment
formation and dissolution locations are shown in Figures 13 and 14, respectively.
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Figure 13 Retail Establishment Formation Locations 2008

Figure 14 Retail Establishment Dissolution Locations 2008
Firm internal attributes generally have similar effects in these models as they do in the
statewide full-period panel models. Smaller businesses are generally less stable – formation and
dissolution rates are highest among businesses with one or two employees and higher among
businesses with 3-8 employees than those with 9 or more (the difference between the
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coefficients on medium-sized establishments and the large-establishment reference class are
insignificant in both models). Older firms were less likely to fail. Somewhat surprisingly, sales
and efficiency had no significant effect on the probability of retail establishment failure in this
year. One finding that does not match the panel results is that in 2008, standalone businesses
were much less likely to close and disproportionately likely to open. This contradicts the panel
model results, which generally found standalone businesses to be more stable. Because the
specific year analyzed came at the start of a global economic crisis, this result may indicate that
large firms responded to a slowing economy by closing their worse-performing locations, a
freedom small firms do not have.
Market area and land use findings are somewhat similar to those from the panel models. Retail
establishments in denser parts of the market are less likely to fail, and more new
establishments are in areas with high population density. This may be a function of the specific
year studied, if the financial collapse began affecting suburban areas sooner than it did
downtowns. The 50km market area variable generally predicts lower reduction in business
turnover in this year (negative on both birth and death), matching other results from this pair of
models, which find more stability in dense urban environments than suburbs.
Land use effects were mixed. Retail businesses have lower turnover in areas with more
professional service density, and higher turnover in areas with high retail density, indicating
that there is considerable competition among retail firms. An interaction model between local
retail density and establishment size indicated that larger businesses performed slightly better
in areas with high competition, but all the other results remained consistent with the model
presented here. Turnover is also higher in less traditional retail environments – high density of
manufacturing employees predicts higher rates of both formation and dissolution. Perhaps
because they correspond to the parts of urban centers with the highest rents, the presence of
finance and public administration employees predicts higher risk of failure for retail firms.
These models diverge from the panel results by finding no significant effect of entertainment
density on establishment failure, and a negative impact on new retail formation.
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The strongest transportation result from these models is the importance of public
transportation accessibility. Retail firms with high transit accessibility were considerably less
likely to fail, and there is a positive coefficient on transit accessibility for firm births, which
indicates that retail firms are showing a genuine preference for transit-accessible parts of the
Los Angeles region. Access to freeways is similarly important, as firms farther from freeways are
more likely to close and new firms seek out areas closer to freeways. These findings are
generally unsurprising, as retail establishments require robust transportation systems to
provide access to their customers and employees.
The transit accessibility indicators used here are a function of the availability of opportunities
for travelers within a day (e.g., due to opening and closing times of businesses) and a direct
function of the transit routes and schedules and related spatio-temporal level of service
variation during a day (Lei et al., 2012). The findings here show that increasing the frequency of
public transportation service has a direct and significant positive impact on business survival
and therefore the local economy.
In general, these models find that retail businesses were likelier to fail in marginal sites (low
access to transportation or presence of manufacturing) or high-rent/high-competition areas
(with high density of existing retail and finance firms), but this was counteracted by the
presence of strong transportation infrastructure. These findings can be taken to indicate that
access to transportation (and particularly public transit) is very important for retail
establishment success, at least in relatively developed areas like Los Angeles.
The following figures show the spatially variable aspects of the model rendered as maps, with
more intense colors identifying areas where firm births and deaths are more likely, and lighter
colors indicating areas where local businesses are more stable. At this scale, relatively fine-scale
local differences may not be visible (this is particularly true of the transit level-of-service
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variables, which are extremely localized), so these maps can only loosely be interpreted as
overall suitability surfaces and the model results generally tell a more complete story.

Figure 15 Southern California Retail Formation Suitability Map 2008

Figure 16 Southern California Retail Dissolution Likelihood Map 2008

49

50

Table 8 Southern California 2008 Retail Model Results
Formation
Dissolution
Variables
Coefficient
P-Value
Coefficient
P-Value
(Intercept)
-1.9230
-1.5952
One Employee*
0.9252
<0.0001
0.1603
0.0044
Two Employees*
0.9432
<0.0001
0.1185
0.0166
3-8 Employees*
0.5197
<0.0001
0.0905
0.0355
9-20 Employees*
-0.0357
0.5743
0.0084
0.8394
ln(Sales)
-0.0436
<0.0001
0.0060
0.5465
Standalone Business*
0.4726
<0.0001
-0.3169
<0.0001
Headquarters Business*
-0.4614
<0.0001
-0.1759
0.0004
Establishment Age (yrs)
-0.0253
<0.0001
Population within 2km
(per 10,000)
0.0048
0.0173
-0.0048
0.0952
Population between 2
and 50km (per million)
-0.0137
<0.0001
-0.0033
0.2697
Utilities Sector Density
-0.0061
0.0004
Manufacturing Density
0.0502
<0.0001
0.0146
0.0107
Retail Density
0.0297
0.0014
0.0185
0.0777
Prof. Service Density
-0.0109
0.1543
-0.0367
0.0043
Entertainment and Food
Service Density
-0.0159
0.0454
Other Service Density
-0.0315
0.0014
Finance Density
0.0347
0.0047
Public Admin. Density
0.0045
0.0958
Segment Length within
20 minutes (per 100 km)
0.0006
0.0090
Max. 20 minute Transit
Accessibility (per 10,000)
0.0139
<0.0001
-0.0067
0.0374
ln(distance to freeway)
-0.0054
0.1408
0.0125
0.0161
One additional result not presented in this is that different types of retail businesses prefer
different types of environments, particularly with respect to transit level of service. A
comparison of the mean values across the different business types is provided in Table 9. This
table shows that some kinds of retail establishments (particularly the kind likely to be found in
malls, such as clothing stores) are much more likely to be located in higher-accessibility areas
for transit. In contrast, grocery stores are located in areas with higher population density, as
people tend to visit them more frequently.
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Table 9 Southern California Comparison of Event Occurrence and Transit Accessibility
Retail Sub-Category Total
Ests
Building Material and Garden
Equipment and Supplies Dealers
Clothing and Clothing Accessories
Stores
Electronics and Appliance Stores
Food and Beverage Stores
Furniture and Home Furnishings
Stores
Gasoline Stations
General Merchandise Stores
Health and Personal Care Stores
Miscellaneous Store Retailers
Motor Vehicle and Parts Dealers
Nonstore Retailers
Sporting Goods, Hobby, Musical
Instrument, and Book Stores

Diss. Form. Transit
Pop.
Rate Rate Accessibility within
2km.
6,764 3.9% 17.1%
4,466
35,745

30,357 4.7% 14.1%

19,756

47,503

10,253 4.7% 13.9%
18,168 3.6% 9.5%
10,124 4.9% 13.0%

7,025
8,017
6,423

39,833
47,324
39,647

3,489
3,208
10,896
28,955
13,570
5,347
13,596

5,240
9,145
8,230
7,866
4,498
5,088
8,721

38,901
48,027
43,464
40,476
39,578
35,922
40,484

3.3%
3.2%
3.9%
4.0%
4.7%
3.3%
4.2%

5.0%
10.3%
11.7%
12.2%
10.8%
8.5%
10.5%

Manufacturing

Manufacturing results in this cross-section are similar to those found in the panel models, with
some notable contrasts (Table 10). Firm size, somewhat surprisingly, had very little impact on
the likelihood of a business’s failure, though medium-sized firms (9-20 employees) were
significantly less likely to fail than larger or smaller firms. Efficiency did not have a remotely
significant effect in models for this cross-section, so sales were used instead, but their
importance was not clear. As in the panel model, manufacturing firms have lower turnover in
areas near freight processing locations. Few of the landuse densities tested were significant in
this model, but denser areas in general seem to lead to higher failure rates, possibly because of
competition for real estate and rents. Information sector mattered for the panel models, but
does not clearly matter here (nearly significant predictor of firm birth, nowhere near significant
for firm dissolution). Access to public transit increased odds of failure and decreased new
starts. Manufacturing firms are often located in less densely developed areas and have no need
to provide access to customers, so the higher rents of transit-served neighborhoods may not be
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worth it to them. These models include all 68,700 manufacturing establishments active in this
region in 2008. 5,074 new firms opened this year and 2,375 closed.
Table 10 Southern California 2008 Manufacturing Model Results
Formation
Dissolution
Variables
Coefficient
P-Value
Coefficient
P-Value
(Intercept)
-1.1927
-1.5526
One Employee*
0.5894
<0.0001
0.0162
0.8016
Two Employees*
0.8654
<0.0001
0.0120
0.8338
3-8 Employees*
0.2388
<0.0001
-0.0543
0.2553
9-20 Employees*
-0.0150
0.7736
-0.1038
0.0159
ln(Sales)
-0.0736
<0.0001
0.0181
0.1336
Standalone Business*
0.1100
0.0121
-0.3481
<0.0001
Headquarters Business*
-0.3664
<0.0001
-0.1819
0.0006
Establishment Age (yrs)
-0.0273
<0.0001
Population within 50km
(per million)
-0.0101
0.0252
-0.0144
0.0082
Retail Density
0.0557
<0.0001
0.0372
0.0004
Information Sector
Density
0.0117
0.1238
Other Service Density
-0.0473
0.0015
Distance to Center (km)
0.0053
0.0002
0.0049
0.0047
Distance to Freight
Processing (km)
-0.0031
0.0003
-0.0029
0.0055
Segment Length within
20 minutes (per 100 km)
0.0006
0.0517
0.0006
0.1198
Max. 20 minute Transit
Accessibility (per 10,000
employees)
-0.0050
0.1920
0.0058
0.1839

Professional Services
Professional Services establishments had a fairly mixed bag of results (Table 11). Small
professional services firms (2-8 employees) were the most stable in this year. Standalone firms
were strongly favored, as they were in all of the cross-section models. Turnover was highest in
regions with generally high values for the land use densities across the board. Professional
services firms do not display clear preferences about the transportation network, though
turnover was generally somewhat higher in areas with denser road networks. These models

53

include all 345,533 professional services establishments active in this region in 2008. 53,979
new firms opened this year and 10,044 closed.
Table 11 Southern California 2008 Professional Services Model Results
Formation
Dissolution
Variables
Coefficient
P-Value
Coefficient
P-Value
(Intercept)
-1.4861
-1.6719
One Employee*
0.7827
<0.0001
0.0276
0.5220
Two Employees*
0.9016
<0.0001
-0.2109
<0.0001
3-8 Employees*
0.2412
<0.0001
-0.1197
0.0008
9-20 Employees*
0.0506
0.1659
-0.0170
0.6368
ln(Sales)
-0.0374
<0.0001
-0.0143
0.0742
Standalone Business*
0.2669
<0.0001
-0.3273
<0.0001
Headquarters Business*
-0.2635
<0.0001
-0.3106
<0.0001
Establishment Age (yrs)
-0.0173
<0.0001
Population within 2km
(per 10,000)
0.0121
<0.0001
-0.0010
0.6500
Population between 2
and 50km (per million)
-0.0111
<0.0001
-0.0155
<0.0001
Manufacturing Density
0.0251
<0.0001
0.0422
<0.0001
Retail Density
0.0284
<0.0001
0.0454
<0.0001
Information Sector
Density
0.0033
0.3254
-0.0197
0.0007
Prof. Services Density
-0.0512
<0.0001
0.0087
0.3386
Entertainment Density
-0.0168
0.0003
0.0262
0.0018
Educational Services
Density
-0.0047
0.0719
-0.0037
0.4395
Segment Length within
20 minutes (per 100 km)
0.0008
<0.0001
0.0006
0.0014
ln(distance to freeway)
-0.0052
0.0352
0.0013
0.7456

Healthcare
Healthcare establishments show the largest imbalance in significance between internal and
external characteristics, and these firms show limited sensitivity to land use and transportation
network accessibility (Table 12). Small healthcare businesses show much higher turnover than
large ones, and standalone businesses are less likely to fail in this year. As we find in all models,
older firms are generally more stable. Health care firms experience less turnover in areas with
denser population. New healthcare businesses are likely to locate in areas with low existing
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healthcare density and higher retail density; this suggests a shift in locational preferences,
because healthcare firm locations were generally seen to cluster around major hospitals.
Dissolution was not generally found to be a function of local land use. New locations have no
consistent relationship to transportation infrastructure, but failures were more common in
areas with denser road networks (and maybe less in areas well-served by transit). In general,
the findings in the healthcare cross-section model indicate that formation and dissolution of
healthcare firms is primarily driven by (unmeasured) internal characteristics (e.g., relationships
with health care providers and insurance companies). These models include all 90,320
healthcare business establishments in the region, including 11,504 formations and 2,881
dissolutions.
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Table 12 Southern California 2008 Healthcare Model Results
Formation
Dissolution
Variables
Coefficient
P-Value
Coefficient
P-Value
(Intercept)
-0.5966
-1.4677
One Employee*
0.3602
<0.0001
0.1446
0.0694
Two Employees*
0.4528
<0.0001
0.2581
0.0002
3-8 Employees*
0.6173
<0.0001
0.0498
0.4051
9-20 Employees*
-0.2766
<0.0001
0.0069
0.9091
ln(Sales)
-0.1330
<0.0001
-0.0050
0.7403
Standalone Business*
0.6346
<0.0001
-0.1985
<0.0001
Headquarters Business*
-0.3827
0.0005
-0.1419
0.0949
Establishment Age (yrs)
-0.0343
<0.0001
Population within 50km
(per million)
-0.0120
<0.0001
-0.0077
0.0552
Healthcare Density
-0.0475
<0.0001
0.0005
0.6877
Retail Density
0.0527
<0.0001
Prof.Service Density
0.0100
0.2242
Segment Length within
20 minutes (per 100 km)
-0.0002
0.3650
0.0008
0.0071
Max. 20 minute Transit
Accessibility (per 10,000
employees)
0.0033
0.4219
-0.0083
0.1594

Cross Section General Findings
The models estimated for our Southern California 2008 cross-section have some similarities to
panel model results, but they reveal some differences possibly reflecting local conditions and
their very different data structure. We find that certain types of mixed use are more beneficial
than others. The failure models generally show loss of business establishments located in
locations not perfectly suited for that type of business, which suggests that certain types of
mixed-use development are unlikely to succeed: 1) retail establishments in manufacturing areas
more likely to fail; 2) manufacturing establishments near retail more likely to fail; and 3)
professional services more likely to fail anywhere there is competition for real estate. However,
mixed use is not all bad: retail businesses benefit from the presence of workers in professional
services and manufacturing benefits from presence of information industries, perhaps
illustrating the necessity of direct collaboration between different segments of high tech
industries.
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A lack of symmetry between creation and dissolution results means that differences between
sites affect overall success differently. These results indicate even more clearly than the panel
models did that business survival is not just a matter of high-turnover vs low-turnover areas.
The franchise/non-standalone penalty found in these results does not match previous research
or the panel model results, and may be specific to 2008, since large companies may have begun
consolidating locations earlier in the recession than smaller companies started to close.
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Conclusions
In this section we provide answers in a summary format to the main research questions of this
project followed by limitations and next steps.
1. In what ways does access to transportation infrastructure affect the success, failure,
and relocation of businesses?
Business establishments of all types rely on access to transportation infrastructure, but
businesses with good access to infrastructure are not uniformly more likely to succeed.
Transportation impacts the initial location decisions of most firms as well as influencing success
later on, and this increased demand drives up real estate costs and sometimes increases failure
rates. Businesses are less likely to relocate to less-accessible areas than to less-dense ones, but
local land use density appears to play a more significant part in relocation decisions than does
access to transportation. The Los Angeles case study demonstrated the substantial importance
of public transit accessibility to many types of industries, since it provides access for customers
and workers across a range of socioeconomic status and permits even denser concentrations of
activity in already dense areas that would not be possible if access were possible exclusively by
car. Data limitations and the large scope of this project mean it may not be possible to extract
the importance of specific transportation policies and projects on business establishment
success at a statewide scale.
2. In what ways does local land use affect the success, failure, and relocation of
businesses? Which types of mixed-use environments are beneficial to business
establishment success?
Density provides lots of opportunities for collaboration but also for competition. Denser
environments generally experience higher levels of turnover due to general competition and
high real estate and labor costs. Mixed use is clearly beneficial in some cases, but not in others.
Certain specific pairings are particularly beneficial – retail establishments are less likely to fail
when they are located in environments that also provide customers with entertainment and
dining opportunities; manufacturing businesses may perform better when in close proximity to
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information technology firms. Others are not – many business types perform worse in areas
with high same-class density, since direct competition drives down profits and small
professional services firms perform best in areas with very low land use / employment density
across all categories. Interestingly, manufacturing firms seem to do best in limited-use
developments. Manufacturing turnover is lowest in areas with high density of manufacturing
employees, and other land uses (including residential) likely prefer it that way as well, since it
keeps the noise and air pollution generated by manufacturing companies somewhat more
contained in specific areas.
3. How do the effects of land use and transportation accessibility vary across different
business types?
Manufacturing and retail showed similar preferences across all the models, but transit
accessibility was notably important for retail and not at all important for manufacturing.
Somewhat surprisingly, manufacturing showed no especially strong preference for access to
freight processing centers, possibly reflecting the isolation of many of these centers in massive
ports and inland train depots. Access to freeways is generally beneficial for all types of business
establishments. As hypothesized, health care and professional services do not show any
particularly strong preferences about transportation access, which indicates that their location
decisions play a smaller role in their success/failure than do those made by retail and
manufacturing firms.
4. How are the factors that predict the formation of new business establishments relate
to the factors that predict the dissolution of businesses?
Many of the variables we examined were had a strong positive bearing on firm birth but also on
firm death (or were negative in both models). Rather than representing a net cost or benefit to
a type of business, these variables serve as predictors of business turnover rates. It is beyond
the scope of this study to investigate whether turnover has any substantial effect on a region’s
overall economic health, but the consistently high rates of turnover in dense areas indicates
that it is not the worst thing in the world. Turnover likely has more negative consequences for
individual employees. This may be especially true in low-wage sectors like retail, where
business closures mean changes in schedule and the need to learn new products, as opposed to
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higher-paying business types. Still, these areas also have higher rates of firm establishment, and
the constant creation of new opportunities may be beneficial to workers.
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Limitations and Next Steps
Although we met the objectives of this project a main limitation emerges from the focus on
Southern California in our attempt to correlate level of service with business establishment
events. This was done to make the analysis tractable and take advantage of detailed transit
accessibility for that specific region. If other regions have similar indicators we could expand
the analysis accordingly.

A second limitation of the overall analysis is the lack of network-

based centrality indicators statewide and for each year of the NETS business establishment
inventory. This would have allowed a more direct correlation between business establishment
events and central location measured using the infrastructure instead of the business density.
Although it is feasible to expand the analysis here using network-based centrality indicators,
this type of work may be more appropriate for city-level analysis.

A third limitation is due to

our focus on four types of businesses and it may be worth testing the same models for all types
of business establishments. Finally, it should be noted that we analyze business establishment
events and not firm evolution and correlation of events with business practices.
One key takeaway from this research is the benefit of local studies, particularly when detailed
data can be made available for a particular region. The Los Angeles case study allowed us to
investigate a wider range of variables in more detail than was possible for the statewide
models. We recommend developing detailed local studies that examine business establishment
histories and land parcel histories to build microsimulation of land use that is sensitive to the
level of service and the relationship of co-locating businesses.

Another takeaway from the

relocation section is that businesses’ preferences change over time. This is a limitation for any
analysis of this sort, as predictive models based on past results will miss this change. In future
work (and for planning now) it is important to consider what exactly “mixed use” means and
what are the effects of this sort of development on the success of different types of businesses.
This may again be more appropriate to be done with focus on a region instead of the State.
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