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ABSTRACT
One of the main objectives of land-use and transport models is to accurately describe the
organization and composition of the regional economy. However, these models currently lack the
integration of competitiveness and performance of the regional economy, which in-turn is
dependent on performance and efficiency of business establishments in the region. In this study,
we present a framework that integrates the aspects of economic efficiency of business
establishments within the context of land-use and transport models. For this purpose, we
comprehensively assess the impacts of both internal and external attributes of business
establishment on its efficiency. We especially focus on thoroughly operationalizing the
locational determinants on efficiency of business establishments using link-based multiple
centrality indicators. We make use of the stochastic frontier-modeling framework to investigate
these factors impacting business establishment-level output measured as sales per unit area.
Empirical results suggest that there exist significant inefficiencies across all business
establishment types that are mainly impacted by internal attributes of the business. For example,
larger and older business establishments are more efficient than business establishments that are
smaller in size and younger in age. Results also indicate that there exist major benefits on
efficiency of business establishments from local competition for retail trade and healthcare
services. In addition, retail trade businesses have higher levels of revenue (or sales per unit area)
when located along links in a grid-network like structure as in downtown areas.

Keywords firm technical efficiency, land-use and transportation, network centrality and location
factors
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INTRODUCTION

Integrated models of land-use and transportation have recently gained increased traction as
policy tools to relate land-use changes with change in travel behavior in a more realistic way.
Efforts have been made to develop integrated model systems (/ 2,3,4) that describe the behaviors
of relevant agents such as households, persons, business establishments, and land developers that
make decisions regarding their locations as well as personal travel and freight transport. A
central tenet of these models is to describe the spatial distribution and organization of economic
activities in the region that are built on the interrelations that exist between transportation,
human-settlements and economic activities (3,6). Geographers and economists have also long
been interested in location of economic activities and its effects on local and regional
development. For instance, Rosenthal and Strange (7) report significant benefits from
agglomeration economies to local economic growth.

Fundamental to these models, is understanding the spatial organization and its
implications on local and regional development. The key ingredient for regional development
depends on the competitiveness as reflected in the performance of the economy, which is in-turn
dependent on the performance of the business establishments or enterprises in the region (6,8). In
this context, several studies (9,10) report that performance of the business establishments not
only depends on factors such as tax regulations, institutional support, but also on interaction with
other business establishments and customers in the region. Furthermore, Henderson (//) reports
influence of agglomeration on business productivity at the plant level using the Cobb-Douglas
production function. Moreover, a large pool of literature aims at understanding the influence of
transportation access and its improvements on business establishment locations decision(s) for
their economic impacts (/2,13,14).

However, none of these studies approach the performance of the business establishment
through the concept of economic efficiency, as proposed by Farrell (/5) that is also consistent
with foundations of behavioral theory of the business establishment. Economic efficiency is
defined as a property of the business establishment that allocates its resources optimally to
minimize costs (inputs) and maximize profits (outputs) or alternatively it uses effectively its
inputs to provide the maximum output. This property is also referred to as technical efficiency of
the business establishment and is characterized by the relationship between observed production
and a theoretical or potential production an establishment can gain.

Although there are several studies that have analyzed firm-level technical efficiency in
different contexts (1/6,17,18,19), we are not aware of any studies that have represented factors
such as internal attributes of the business establishment (at a physical location), market area
characteristics, agglomeration economies and transportation access into a single unifying
framework to investigate its effects on establishment productivity.

Therefore, in this research study we investigate the fundamental linkages between input
factors of the business establishment (both internal and external) and output of the business
establishment that achieve higher or lower levels of technical efficiency. For this purpose, we
estimate stochastic frontier models for five different industry types — agriculture and mining,
manufacturing, retail trade, professional, and healthcare services using the year 2000 business
establishment-level data from the National Establishment Times Series (NETS) database for the
Santa Barbara County. The Cobb-Douglas production function is employed with output being
the recorded sales per unit area (USD per square foot) at the business establishment level. The
use of frontier models permits estimation of efficiency scores for each business establishment,
thereby identifying the highest and lowest performers in the region.
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Therefore, a central objective of our research is to investigate the locational impacts on
technical efficiency of business establishments in the study region. For this purpose, we
operationalize the relative importance of a location in the region across multiple spatial scales
through the notion of link-based multiple network centrality indices (L-MCI) as introduced by
Ravulaparthy and Goulias (20). The quality and advantage of each location in a region is
examined in-terms of its closeness, intermediacy, straightness and reachness. These indicators
capture transportation network topology, configuration and connectivity of the network and the
business establishments attached to it.

In this paper, we exclusively focus on understanding the implications of both internal and
external factors on efficiency of business establishments (herein also called as firms) — (a) firm
internal attributes (size, age and growth); (b) market area characteristics (population distribution
and composition); (c) agglomeration economies (competition, diversity and availability of skilled
labor); (d) regional factors and transportation access and (e) locational factors in the form of
network centrality indices that measure regional transportation network configuration,
connectivity and topology. In addition, we also fulfill the conditions of representing spatial
effects in two ways — first, in terms of physical representation as a geographical distance
(network centrality measures) and second in terms of economic context (agglomeration
economies) as identified by Rosenthal and Strange (7).

Therefore, we report the findings for Santa Barbara County as our study area with a total
population of 399,347 and a total employment of 215,440 as reported for year 2000 with
majority of the economy centered around retail trade, manufacturing, agriculture and educational
services. The rest of the paper is organized as follows. The next section describes the
econometric modeling framework adopted in estimating firm technical efficiency. This is
followed by a detailed discussion on data used for this research study to measuring the inputs and
outputs as applicable to business establishments. The following two sections discuss in detail the
model estimation results and estimated firm level efficiencies based on the model specified. The
final section of the paper concludes with a summary of findings and next steps.

MODELING FRAMEWORK

In order to analyze the technical efficiency of business establishments let P* denote the
benchmark (or theoretical maximum) that a business establishment wishes to produce as output
by consuming a set of inputs (X). We also represent P as the observed output of the business
establishment as reported in the data. From these parameters, we can trace a curve that gives the
maximum P observed in the sample based on any combination of inputs as in the opportunity set.
This curve represented in Figure 1 is called the frontier function given as P* = F(X) that allows
for differences that exist in business establishment inputs. Business establishments with actual
output P below the frontier (region under the curve in Figure 1) show that business establishment
performing inefficiently relative to the business establishments that are along the frontier. This
shortfall from the frontier [P* - P] is a measure of slack or inefficiency of the businesses (20,21).
It should also be noted that in production frontier analysis business establishments only lie on the
(true) frontier or below it, but never above it. This region of efficiency and inefficiency is also
described in Figure 1.

This production function represents a transformation function for a set of inputs (X) into a
set of outputs (P) that a business establishment undertakes. Therefore, the generalized stochastic
production frontier function for a business establishment i given their opportunity set (or set of
inputs) as proposed by Aigner et al. (23) is given in Equation 1:
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Pl=F(Cl” l”l”|)”vl_ll=F(||)”Il”I (1)

Where, P; represents a vector of outputs that a business establishment i produces by taking in as
inputs - C; which is a vector of business establishment internal attributes; M; is a vector of market
area characteristics; 4; is a vector of agglomeration and accessibility factors and N; is a vector of
network centrality descriptors that also serve as inputs into the production function. Stochastic
frontier analysis captures the asymmetry in the distribution of the business establishments (below
or along the frontier) by supplementing the conventional two-sided error term (v;) used in
ordinary least squares regression with a one-sided error term (u;). This one-sided error term is
zero (u; = 0) for the business establishments that achieve the maximum output (or benchmark)
with [P* - P = 0] or the highest P as observed from the data. However, for business
establishments that do not achieve the maximum output (or benchmark) P < P* the one-sided
error term is strictly positive (u; > 0).

Efficient Firms
A

Inefficient area

Inefficient Firms

-
-
A

|
*
°

> X

FIGURE 1 Sample production frontier function (adopted and modified from Kumbhakar
and Lovell 2000)
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Following this discussion, two independent research efforts led by Aigner et al. (23) and
Meeusen and van den Broeck (24) introduce the specification and formation for the stochastic
production frontier models that was motivated by the idea that deviations from the production
frontier might not be entirely under the control of the business establishment being studied. For
example, variation in labor, machinery performance, political crisis, and weather might
ultimately appear to the analyst as inefficiency under the framework of deterministic frontier
models. Therefore, the stochastic production frontier models clearly distinguish the contribution
of random shocks (v;) and variations in technical efficiency (or inefficiency) u; of the business
establishment under consideration.

Under this framework, we represent equation 1 as a stochastic generalized Cobb-Douglas
production function for a single output (P measured as sales per unit area) and multiple inputs
(C, M, A, N).

DL T I L L) )

For notational purposes we represent X; as a vector of inputs that consists of multiple inputs
including business establishment internal attributes (C;), market area characteristics (M),
agglomeration and accessibility factors (4;) and spatial network centrality indicators (IV;).

In equation 2, !; = v; - u; and u; = -InTE;, where TE; is the technical efficiency of the
business establishment i. Thus, from the equation above v; is the two-sided noise component and
u; is the non-negative technical inefficiency component of the “composite error term” !; in the
model. In this specification, the two-sided error term !l ,! ! 1111/l denotes the zero-mean
symmetric error in locating the frontier itself. However, the one-sided error term (or non-
negative technical inefficiency) u;! 0 permits identification of the frontier, by making it possible
in distinguishing between business establishments that are on the frontier (x; = 0) and business
establishments that are strictly below the frontier (#; > 0). Therefore, u; in the stochastic frontier
analysis corresponds to the shortfall in a business establishment’s actual production (or output).
Of course, if all the business establishments were on the frontier, then u; = 0 and P = P*, this
means that all business establishments would achieve the highest (or maximum) feasible output
P* given their set of inputs (X) to thus maximize output. In this case, the functions estimated by
stochastic frontier analysis (SFA) or ordinary least squares (OLS) would be identical, due to the
absence of inefficiency (#;,=0). The distributional assumptions for this model are: (a) two-sided
error!! 1 1 11111 : (b) one-sided error term!! ;! | ' 1111 /1 is iid non-negative half normal; and
(c) viand u; are distributed independently of each other and of the exogenous variables. For this
purpose, we use maximum likelihood estimation technique (MLE) in estimating the technology
parameters " in equation 2 and the parameters # and $ that characterize the compounded error
term (refer to Greene, 21, for more details).

DATA USED

To estimate the stochastic production frontier model at the business establishment level, we
make use of the year 2000 geo-referenced National Employment Time Series (NETS) database
of the 20,628 business establishments in the study region of Santa Barbara County. The NETS
database is a longitudinal dataset with unit of observation being a business establishment that
produces goods and/or services at a single physical location — for example a store or an
establishment and classified by the North American Industrial Classification System (NAICS).
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One of the critical requirements in frontier models is identification of inputs (resources) and
outputs (transformation of resources). Barros (25) indicates that the identification of these
resources is based on empirical, literature review and professional judgment that overall accounts
for availability of inputs and outputs along with measurement variables for business
establishments.

For this purpose, we make use of the output variable total annual sales recorded at the
business establishment level as reported from the NETS database. Moreover, the output variable
of reported sales at the business establishment level has been dominantly used in the literature of
efficiency analysis. For example, Athanassopoulos (26) uses reported food sales and drink sales
of restaurants as outputs and Thomas et al. (27) make use of reported sales of 500 domestic retail
outlets in the U.S. to study the business establishment level efficiency using Data Envelopment
Analysis (DEA). However, to control for the variation in the size of the business establishment
based on its occupied area, we transform the output variable to sales per unit area as recorded at
the business establishment level.

Furthermore, we also make use of other contextual variables including internal attributes
of the business establishment such as employment size, sales and industry type as recorded in the
NETS database. External factors are market area characteristics based on the 2000 U.S. Census
block data for measuring market area characteristics, 2001 Santa Barbara County tax assessor’s
parcel registry for measuring firm-level spatial characteristics like occupied area and land prices
and regional travel demand model for Santa Barbara County to measure proximity to major
airports. We also operationalize the locational advantage of firms through the concept of link-
based multiple centrality indices (L-MCI). These indices capture the locational advantage of
each business establishment in terms of network-based betweenness, reachness, straightness, and
remoteness to and from other locations based on different distance buffers of 2.5km, 6km, 12km
and complete region. We provide additional discussion and implications of roadway network
centrality measures in the following section as related to technical efficiency of business
establishments. The network used in this paper is the year 2000 U.S. Census Tiger/Line. We also
add a set of accessibility indicators at the U.S. Census block level for Santa Barbara County
region that are opportunities that can be reached from a firm’s location within - 2.5km, 6km and
12km buffers. A summary of the variables used here are in Table 1 that shows sample
descriptive statistics for all the 20,628 business establishments in the region along with other
spatial characteristics.
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1 TABLE 1 Sample descriptive statistics of transformed variables for all business establishments

Variable Minimum Maximum Mean Std. Deviation
Log(sales per unit ar‘ea) measured in USD per square 8.86 1.67 3.88 297
feet — dependent variable
BUSINESS Eggge:;féo};elsuﬂfra:g)t :z:zured in USD per square 540 03 "3 20
ESTABLISHMENT spreep persq -10.36 6.22 1.18 2.008
INTERNAL Log(busi ablish " ied di
CHARACTERISTICS og(business establishment occupied area) measured in 057 2038 3.60 220
square feet
;)agr(:;ge of the business establishment measured in 0.00 304 263 053
MARKET aRga  Lotboptbion it st of2 S By 318
CHARACTERISTICS the business establishment is located) 0.00 248 0.73 047
WITHIN THE U.S. CENSUS Log(medi in the C block where th
BLOCK oglmedian age In (e -ensus b ock where the 0.00 447 3.05 1.33
business establishment is located)
Log(netwqu distance to Santa Barbara Airport) 475 11.88 10.05 110
measured in meters
ACCESS FACTORS iI;]orgn(:titr\;vork distance to Santa Maria airport) measured 592 11.95 1083 1.00
Log(number of transit stops within 2.5km of Census
block where the business establishment is located) 0.00 6.25 4.70 118
Log(betweenness) -10.96 0.00 -2.69 1.83
CENTRALITY WITHIN | Log(reachness) -5.86 -0.02 -0.94 0.78
2.5KM Log(straightness) -5.93 -0.02 -0.99 0.82
Log(remoteness) -6.07 -0.01 -0.98 0.81
Log(betweenness) -12.91 0.00 -2.71 2.01
CENTRALITY WITHIN | Log(reachness) -5.26 0.00 -0.60 0.62
6KM Log(straightness) -5.43 0.00 -0.65 0.65
Log(remoteness) -5.47 -0.02 -0.68 0.65
Log(manufacturing employment within 2.5 km) 0.00 9.11 4.10 2.11
AGGLOMERATION Log(retail employment within 2.5 km) 0.00 8.26 4.95 1.92
ECONOMIES Log(professional service employment within 2.5 km) 0.00 8.56 5.00 1.94
Log(healthcare service employment within 2.5 km) 0.00 8.79 4.49 2.10
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MODEL ESTIMATION RESULTS

We note that the model estimation results are at the business establishment level for the five
industry types — primary economic activities (includes agriculture and mining), manufacturing,
retail trade, professional and healthcare services as defined by the NAICS two-digit code. The
stochastic frontier model results are presented in Table 2. As indicated earlier, we adopt a log-log
specification (or Cobb-Douglas) of the production function to account for the possible non-
linearity in the frontier. Therefore, the coefficient estimates from the model reflect the
percentage change in dependent variable (sales per unit area) with one percent increase in
independent variables (being inputs). The percentage change in dependent variable reflected in
the magnitude and sign of the coefficient. As a note, in the model specification all the input
variables are log-transformed except for the dummy variables that take values of zero or one.

Stochastic frontier parameters

As presented in Table 2, the parameter estimates of the frontier are statistically significant at
95% confidence levels, thereby strongly supporting the use of stochastic frontier approaches over
the simple least squares approach for this analysis. Furthermore, the !-measure as proposed by
Kumbakar et al., (/6) measures the proportion of variance due to inefficiencies (! ;) relative to
the total variance (! 2 + o ) of the compounded error term ";. A !-value far from zero indicates
the presence of inefficiency in the data and the preference for the stochastic frontier model. The
I-value as shown in Table 2 clearly indicates the presence of inefficiencies in business
establishment output, with highest inefficiency present in healthcare service business
establishments (! = 0.808) and least inefficiency in professional service business establishments
(! =0.359).

Table 2 also summarizes the goodness of fit measures for the full model specification that
is statistically significant at 99% level of confidence for the #-test, with restricted model being
the constants only model. Overall, the model specification across all business establishments
explains on average 60.4% (adjusted R°). Finally, the correlation coefficient between the
response variable (without log-transformation) and its predicted values (without log-
transformation) using the specified model coefficients is 0.735 for primary economic activities,
0.893 for manufacturing business establishments, (0.874 for business establishments in retail-
trade, 0.760 for business establishments in professional services, and (.782 for healthcare service
business establishments, representing excellent goodness of fit between data and the production
function derived.

Business establishment internal attributes

Internal attributes and the organizational structure of the business establishment play a
significant role in explaining the variation on the level of outputs produced, which in-turn
determines the efficiency of the business establishment. Overall, the parameter estimates of
internal attributes have a significant effect on establishment’s output as measured by sales per
unit area (USD per square feet). For instance, business establishment size represented by log-
transformation of employees per unit area have a positive coefficient and are statistically
significant across all industry types, indicating that a percentage increase in business
establishment size increases the sales per unit area by a magnitude of the coefficient estimate.
Moreover, this finding also suggests that larger business establishments are much more efficient
than smaller business establishments, as they have less capital constraints when compared to
smaller business establishments (28, 29).
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In addition, we also represent the spatial footprint of the business establishment (or
occupied area) as an input-factor in explaining the effect on business establishment’s output. As
noted from the parameter estimates, the business establishment occupied area has different
coefficient estimates and signs across the different industry types. For instance, business
establishments in manufacturing and retail trade have a positive association with occupied area
and business establishment output, which is in line with the expectation that these business
establishments rely heavily on floor space area. As in the case of retail trade business, an
increase in floor space area could lead to larger outputs of sales per unit area for the goods
offered. For example, big-box stores like Costco with a large physical presence (or floor space).
Furthermore, our findings here also support the empirical literature that age of the business
establishment has a positive impact on the business establishment-level output and technical
efficiency (30). However, these estimates are statistically valid only for retail trade and
healthcare services as shown in Table 2. This result also indicates that older business
establishments have greater management experience, and have the ability to learn from past
mistakes to achieve higher efficiency (28). This result is especially true with established retail
brands and health practitioners, which to an extent rely on perception of the customers to achieve
higher levels of outputs.

Extensive literature also exists on the effects of ownership and management structure on
performance and technical efficiency of business establishments (37,32). For this purpose, the
ownership and management structure of the business establishment is captured across multiple
variables as shown in Table 2. For instance, subsidiary business establishments in
manufacturing, agriculture and mining have a positive impact on its output levels, thereby
leading to higher technical efficiency. This result supports the argument that business
establishment performance increases with increased levels of private-ownerships (32). Similarly,
agricultural, mining and retail trade business establishments that are either standalone or
branches have a negative impact on their output levels, thereby leading to lower technical
efficiency in their operations. This result can be attributed to factors like management decisions,
capital availability and competition effects that constrain the outputs of these business
establishments when compared to a headquartered business establishment with minimal
constrains.

Market area attributes

Market size and its attributes are captured by variables describing the distribution and age
structure of the population, household size, and home ownership as reported at the U.S. Census
block level. Overall, market area attributes have varying levels of impact on technical efficiency
of the businesses across each of the industry types. For instance, retail trade business
establishments have higher levels of output (sales per unit area) with increase in access to
population distribution, thereby further strengthening this finding as reported in the literature
(25,33). In contrast, the negative association of access to population and business establishment’s
output in professional services is particularly interesting, as this result indicates professional
service firms operate in different market areas than the county where their business is located.
We also further report the impact of home ownership as a proxy to income distribution,
reflecting the overall potential of income patterns in the region that are necessary for economic
success of the business establishments especially in the case of commercial retail. For instance,
businesses in healthcare services experience higher levels output (sales per unit area) with higher
purchasing power of high income households as captured by share of owned homes. In contrast,
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retail trade business establishments experience reduced lower output (or sales per unit area) with
higher share of middle and low-income households as reflected by the negative coefficient
estimate for share of rental homes. This result is a manifestation of the negative impact of lower
purchasing power of consumers on reported revenue (or output) generated by retail trade
businesses. Furthermore, the impact of median age of the census block is statistically
insignificant across all industry types, with the exception of healthcare services. The positive
coefficient indicates that healthcare services have higher technical efficiency with ageing
population around their location, which is also consistent with finding from King and Park (33).
Healthcare services are more efficient when surrounded by population of 65 years and over as
they have easy access to government provided health insurance, e.g. Medicare and Medicaid.

Agglomeration economies

The notion of agglomeration economies as measured by localization (or competition) and
urbanization (or diversity) economies in a region is measured based on total number of
employees accessible within an industry type. For this purpose, coefficient estimates in Table 2
reflect that business establishments in retail trade and healthcare services in presence of intense
competition (or localization) experience higher levels of outputs of sales per unit area. This result
can be perceived as an impact of local competition on business establishment’s performance, as
existence of competitive markets is considered a prerequisite for productive efficiency and
fundamental requirement for efficient allocation of resources in an economy (&). This finding is
also in-line with literature (25,33) that reports an increase in retail sales under presence of
competition, where competition is measured in-terms of number of retail stores accessible. In
addition, the effect of urbanization economies on business establishment technical efficiency
across all the industry types is statistically insignificant, with the exception of business
establishments in agriculture and mining industries that have a negative association. Finally, an
interesting finding in the case of manufacturing business establishments is that under the
presence of agglomeration economies (both localization and urbanization) there is no effect on
the business establishments’ technical efficiency, as the coefficient estimates are statistically
insignificant. This finding also corresponds with those reported by Mitra (/8) that agglomeration
when estimated directly in conjunction with the production function does not appear to have a
significant impact on technical efficiency of manufacturing business establishments.

Transportation access

Access to strategic markets is significantly enhanced in a region by the presence of major
transportation centers such as airports that add value to the region in the form of economic
competitiveness and benefits. Thus, we study the impacts of proximity to the nearest airports
(Santa Barbara and Santa Maria) on technical efficiency of business establishments. As reported
from Table 2, business establishments in manufacturing, professional and healthcare services
show higher output (or revenues) the farther they are located from the regional airports,
especially in the case of Santa Maria Airport. For instance, manufacturing firms located near the
Vanderburgh Air Force Base in Lompoc (a rocket launching facility) access Santa Maria airport
for their business operations, that also have higher revenues (or sales per unit area).
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Furthermore, we also make a case that public transportation and economic development
should also be geographically aligned, as transit facilities make urban economies more efficient
by enhancing employers’ access to a larger pool at lower transportation costs (34). Therefore,
coefficient estimates from Table 2 support the findings from literature of significant and positive
impact of access to transit on technical efficiency of business establishments in manufacturing,
retail trade and healthcare services. Furthermore, as noted by Dorantes et al. (/4), business
activities (such as retail and service business establishments) near the transit stops also enjoy the
advantages that jobs and shops are now more accessible for those coming from any destination,
which have a higher likelihood of generating more business opportunities, thereby translating
into higher levels of business establishment output or sales per unit area.
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TABLE 2 Cobb-Douglas stochastic frontier modekstimation results

13

#the compounded error terhnis assumed to be distributed norreadponential

Variables Primary activities Manufacturing Retail Trade Professional Servicés Healthcare Services
Coefficient| t-value Coefficient t-value Coefficient t-value Coefficient t-value Coefficient t-value
Constant 13.004 8.35 10.906 10.00 11.801 21.42 11.265 22.96 9.582 12.68
WLk ;:’g;)emp'oyees peruniti o gg7 37.28 1.045 56.40 1.061 84.77 0.983 89.45 0.986 78.62
O
0= Log(occupied area) -0.091 -3.62 0.035 1.87 0.072 5.99 -0.022 -2.03 -0.055 -4.40
’g 2 Log(age) - - - - 0.093 5.10 - - 0.040 1.80
E ?_E Log(multiple locations) -- - -- -- -0.110 -1.86 - - -0.048 -1.45
< Subsidiary 0.447 1.85 0.190 2.07 0.738 3.44 0.314 3.20 - -
g é Standalone - -- - -- -0.103 -1.70 -0.082 -1.86 -- --
I % Branch 0.363 2.28 - -- -0.096 -1.50 -- -- -- --
22 | Agriculture -0.287 -2.76 - - - - - - - -
Mining -- - -- -- -- -- - - - --
Log(population) 0.022 145 - -- 0.009 1.66 -0.017 -2.21 -- --
» Log(vacant units) -- - -- -- -- - 0.110 3.63 - --
g é Log(owned units) -- - -- -- - - -0.081 -2.67 0.139 2.94
£ E Log(rental units) 0.171 1.98 -0.106 -1.43 -0.075 -2.21 -- -- -0.118 -2.28
= - -
w § Log(populauon median _ N _ ~ _ _ __ N 0.025 243
zE age in the census block
=5
© Log(average household - - - - - - -0.094 3.37 -0.138 435
size in the census block
x @ Log(total number of
£-= employees within same -- - -- -- 0.069 2.54 -0.025 -191 0.029 1.83
g 29 | industry)
<0 ;
g 8 LOg(Other mdUStry -0.109 -1.82 . . - - . . . ;.
employees)
Eo Log(distance to SBA) - -- - -- -- -- -- -- 0.066 1.97
] Log(distance to SMA) - -- 0.060 1.44 -- -- 0.041 1.78 0.105 3.05
[e)®}
a Q
52 . -
2z | Log(transit stops within - - 0.0001 1.64 0.0001 3.01 - - 0.0001 161
g5 2.5km)
=
#
$!
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Variables Primary activities Manufacturing Retail Trade Professional Servicés Healthcare Services
Coefficient | t-value | Coefficient| t-value Coefficient t-value Coefficient| t-value Coefficient t-value
< Log(betweenness) 0.080 1.84 -- -- -- -- -- -- -- --
£ e % Log(reachness) - -- -- -- -1.084 -3.18 -- -- -- --
é o § N Log(straightness) -- -- - - 0.640 2.32 -0.227 -1.42 -0.725 -1.80
Log(remoteness) -- -- 0.506 2.19 0.428 2.86 -- - 0.417 1.99
< Log(betweenness) -0.200 -1.96 0.115 1.57 - - -- - 0.105 2.04
€, Z ¢ [Log(reachness) - - -1.194 -1.37 - - - - -2.204 2.68
g SE® [ Log(straightness) - - 1.273 1.38 - - - - 1.963 2.26
Log(remoteness) -0.803 -1.72 -- -- 0.296 1.31 -- -- -- --
< Log(betweenness) 0.135 1.55 -0.101 -1.54 - - -- - -0.063 -1.54
£ b % £ Log(reachness) -- -- - - -0.641 -1.99 -- - 1.676 1.89
@ S g & | Log(straightness) -- - - - 0.669 1.28 -- - -2.129 -2.50
Log(remoteness) 0.709 1.46 - - - - 0.613 2.47 -- --
Q) 0.924 9.56 0.886 12.36 0.840 19.47 2.987 26.34 2.051 26.71
Z § % #(#) 0.848 740.08 0.760 1488.42 0.660 3926.58 0.497 63.18 0.729 2343.87
O =
z % < 1 0.331 -- 0.254 - 0.180 - 0.112 - 0.430 -
Seg
H i < 1 0.388 - 0.324 - 0.255 - 0.247 - 0.102 -
Profifbr o h 0.46 - 0.439 - 0.413 - 0.359 - 0.808 -

GOODNESS OF FIT MEASURES

Mean technical efficiencye(’)

0.643 (0.093)

0.676 (0.088)

0.718 (0.077)

0.733(0.114)

0.637 (0.143)

Log-likelihood of full model- L($) -663.92 -1,186.47 -2,659.38 -3653.36 -1,328.43
McFadden Adjuste&®® 0.592 0.563 0.599 0.605 0.665
Number of observatiorB[df] 615D[36] 1,210D[35] 3,126D[35] 4,029D[35] 1,881D[35]

#! #the compounded error terfpis assumed toebdistributechormalexponential

$!
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Roadway network centrality indicators

As argued by Porta et al., (35), a central location is a place with spatial clustering of economic
activities visited by surrounding consumers that offers easy accessibility from immediate
surroundings and more distant places in the region to conduct their business with minimum
effort. This argument makes the case that the revenue (or output) generated by an establishment
is dependent on its relative location in the region. For this purpose, we operationalize the notion
of location measuring its advantage and properties in the region using link-based multiple
centrality indicators — betweenness, reachness, straightness and distance remoteness measured at
2.5 km, 6 km and 12 km as proposed by Ravulaparthy and Goulias (20).

Overall, coefficient estimates in Table 2 clearly reveal significant and varying levels of
impact of network centrality indicators on output and technical efficiency of business
establishments’ at various spatial-scales. For instance, retail trade businesses are significantly
influenced by centrality indicators within 2.5 km. While, healthcare services show a major
influence on their business output by centrality measures within 12 km and 6 km. However,
business establishments in professional services and manufacturing have the least impact on their
output (or efficiency) from the network centrality measures. This result can be expected as these
businesses are much more dependent on other spatial and non-spatial factors for their business
operations.

The betweenness centrality index captures the role of a link in serving as a pass-through
nexus or a traversing point from an origin to a destination in the region. In this context,
healthcare services have higher levels of technical efficiency (or sales per unit area) when
located along links with higher betweenness index within 6 km than those compared with links
within 12 km. This result indicates the trade-off behavior of healthcare services for their business
operations, as links within 6 km with higher betweenness index are primarily portions of major
and minor arterials, local and collector roads. This is an important result for healthcare services,
especially for medical emergencies that value access to local roads more than major arterials that
tend to sustain higher traffic volumes. However, an interesting finding is that betweenness
centrality has no significant impact on the output levels of business establishments in retail-trade
as the coefficient estimates are statistically insignificant. Moreover, this result also contradicts
the finding from Porta et al. (35) that links with high betweenness centrality values often implies
a higher concentration of commercial retail, as they have a greater potential to generate higher
business opportunities.

Similarly, reachness centrality index enumerates the number of links that can be reached
within a given distance buffer, thereby measuring the connectivity of the transportation network.
In this context, coefficient estimates for reachness index are statistically significant for business
establishments in retail trade and healthcare services only. For instance, retail trade businesses
are technically inefficient when located along links with high reachness within 2.5 km (in
downtown areas of Santa Barbara and Santa Maria). As these locations mostly encompass links
that are local roads, collectors and minor arterials, which also translates to limited access to
consumers (or market area) for retail business operations.

On the other hand, straightness centrality index captures the extent to which the network
shortest-paths resemble the straight line Euclidean distance, thereby enabling the corridor (or
grid-network) property in the region. Straightness centrality captures the corridor property in a
region. As shown from Table 2, coefficient estimates are statistically significant for retail trade
and healthcare business only. In the case of retail-trade the positive association reflects that
business establishments benefit from higher straightness index within 2.5 km (or at the local
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level) to achieve higher levels sales per unit area. As these links within 2.5 km are also
concentrated in a grid-network like design in downtown areas of Santa Barbara and Santa Maria
that also happen to have the straightest thoroughfares enhancing the visibility of business
establishments by consumers.

In addition, remoteness centrality index captures the cost of overcoming spatial
separation between locations in the region. It is measured as the cumulative sum of network
shortest-path distance to reach an origin to all other destinations. In this case, manufacturing,
retail trade and healthcare businesses have a positive impact on their output or technical
efficiency with higher remoteness index within 2.5 km. As the links within this buffer of 2.5 km
capture the concentration and connectivity of network links typically observed in downtown
areas of Santa Barbara and Santa Maria. For instance, retail trade and healthcare service business
establishments located along links with higher remoteness index within 2.5 km are technically
efficient with higher sales per unit area. This result indicates the ease of access for better
movement of people and vehicles, that in-turn have an impact on potential business opportunities
leading to higher levels of efficiency.

DERIVED TECHNICAL EFFICIENCY OF BUSINESS ESTABLISHMENTS

Recalling from the discussion above, stochastic frontier analysis allows us to compute the
efficiency scores for every business establishment in the dataset based on the defined production
function. Based on the model assumption, we use the technical efficiency estimator as proposed
by Jondrow et al., (36). For this purpose, Figure 2 presents the density distributions of technical
efficiency of business establishments by economic sector and industry type. Overall, business
establishments across all the industry types are able to operate at higher technical efficiency in
allocating resources to maximize profits and minimize costs, with also a presence of inefficient
performers across these industry types. For example, in retail trade the most efficient business
establishment operating at 93.4% is Ford Motors Inc., auto-dealer located in downtown Santa
Maria and the least efficient business establishment is James L Megill in Lompoc categorized as
a gift, novelty and souvenir shop operating at 14.8% efficiency. Furthermore, the top five
efficient retail trade business establishments after Ford Motors auto-dealer are all located within
downtown Santa Barbara area with an average efficiency score of 91%. In addition, professional
service business establishments have a more heterogeneous spread in their efficiency scores,
with minimum being 0.3% and maximum being at 94.6%.
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Technical efficiency

FIGURE 2 Density distribution of business establishmenlevel technical efficiency(we
display primary activities in red color, manufacturing in blue, retail trade in black,
professional services irbrown and healthcare in purple)
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SUMMARY AND CONCLUSION

The property of a business establishment in optimally utilizing a set of inputs to produce
maximum outputs termed technical efficiencylsing thebusiness establishmeletvel data and
CobbDouglas productioriunction we estimate regression models to examine the relationship
betweenbusiness establishmewiutput (sales per unit areaand input characteristicsThe
business establishmeimput factors operationalized are business establishment internal
attribuies, market area characteristics, agglomeration economies, and transportation access and
network centrality indicators.

Overall,estimation results and goodness of fit indicators strongly support the hypothesis,
that there exist significant inefficienciesross all thdusiness establishmetypesanalyzedn
the data, thereby justifying the stochastic frontier modeling framework for this anaysis|
results also suggest that business establishmentsO internal attributes have a profound impact on
their technical efficiencyacross the industry typeBor instance, larger and older establishments
are more efficient than business establishments that are smaller in size and younger in age, as
they have less capital constraints leading to -paged learningn achieving higher levels of
output. Business establishments in manufacturing and retail trade require higher floor area (or
spatial footprint) to achieve higher level of technical efficiency, as these industries favor more
space for scale economies gy generating higher sales per unit area.

In addition, market area characteristics have varied levels of impact on efficiency of
business establishments for their economic success and survival. For instheedthcare
servicebusiness establishmemalue this as a shift in trend towards younger households as away
from older households, with lower levels of average householdRizther, wealso conclude
that localization economies are industry specific and not all industries benefit from thigyprope
For instancepusiness establishmenin retail tradeand professional services have positive and
negative effects on their outputs operating in presence of local compatt#oalso report that
access to public transportation teamajor impact omechnical efficiency of businessesrgtail
trade, professional and healthcare services.

Finally, the model results alsmearly indicate that roadway network centrality measures
have a significant impact on business establishmentsO technical effidiriscyranslates to
having varying levels of efficiency (positive or negative) depending on its relative location in the
regional transportation network. For instance, retail trade business establishments achieve higher
levels of outputwhen located alongrks with high centrality indices within 2.km only, as
these locations are in downtown areas of Santa Barbara and Santa Madantrast,
professional servicérms are the least impacted in thewtputs (ortechnical efficiency by the
configurationand structure of the transportation network in the region.

! Our study is also limited in a few ways. First, due to the esestional nature of the
dataset used for this analysis, we cannot comprehensively depict the path to efficiency for the
business stablishments. Secondhe model specified is simple in its assumption of the
distribution of the oneided error termuy or technical efficiency) as there can be a variety of
extensions for econometric modeling adding heteroscedasticity and serial corrélaitidnwe

also need tanvestigate the appropriate measure for output of business establishments for
different indwtry types as they might have different impact on its technical efficiency. For
instance, sales per unit area might seem more appropriate for retail trade. However, the same
might not hold for manufacturing or professional services, whose economic OfjiEstane
operations, are significantly different than that of retail trade businesses.
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