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spatial effects, such as the urban spatial correlation among enterprises in
deterministic terms and the urban spatial correlation among zones in the
error term, are captured by mixed logit models in particular and discrete
choice models in general.

The results indicate that the urban spatial effects and the land prices
in a given zone strongly affect the decision-making process of all the
enterprises in the Tokyo metropolitan area. Moreover, the important
role of urban spatial effects in the proposed model will be clarification
through comparing the three above models. This comparison will be
implemented on the basis of three types of indicators such as the log
likelihood ratio, Akaike information indicator, and hit ratio of each
model.

Keywords: Mixed logit, location decision behavior, location choice
model

1 Introduction

The primary motives of a location choice decision are caused by the characteristics of enterprises, zone’s
attributes, interactions among enterprises and zone alternatives in terms of urban spatial effects. Re-
gional planners, therefore, need a proper location choice model in order to determine the most effective
mechanisms to attract businesses, and thereby maintain a healthy economy. The microscopic modeling
approach, which is currently gaining more favor in linking transport and land use planning of both
residents and enterprises, is found to be suitable for modeling location choice since it can reflect the
real mechanism of the choice behavior of each enterprise (Wisetjindawat, Sano, & Matsumoto, 2006).
This paper’s aim is to develop a model that considers the influence of observable and unobservable
factors on the location choice decision of each enterprise and its interaction within dynamic business
environments.
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The individual enterprise location choice decision process incorporating urban spatial effects is
illustrated in the model conceptual framework. In which, a series of discrete choice models have been
applied to explain these processes when considering the urban spatial effects in the business dynamic
environment. In addition, the maximum likelihood estimation has been used to estimate the parameters
of each proposed model.

The rest of this paper is organized as follows. The next section introduces the literature review of the
application of discrete choice models and provides a basis for discrete choice models with structuralized
urban spatial effects. The third section describes the approach taken in this study, which uses a mixed
logit model framework for location choice behavior in which the error term reflects the urban spatial
correlation among zones and the deterministic term reflects the correlation among enterprises, given the
fraction of consumption between enterprise and suppliers. The fourth section presents a case study based
on data from the Tokyo Metropolitan area. Discussion of the results, the conclusions and recommenda-
tions are presented in the fifth section and the sixth section, respectively.

2 Literature review

From the 1980s onwards, there has been a renewed interest in urban economic perspectives such as
urban economic geography generally and urban economic agglomeration particularly. Fotheringham
(1983) pointed out that new interaction models were termed competing destinations models, and es-
timated distance-decay parameters obtained in his calibration are shown to have a purely behavioural
interpretation. Pellegrini and Fotheringham (2002) drew upon empirical application of spatial choice
models to interregional migration and identifies the main research issues, summarizes the progress of
research thus far, and suggests some paths for future research. They suggest that analysts engaged in
interregional migration modeling risk model misspecification if the peculiarities of spatial choice are
ignored. Maoh and Kanaroglou (2007) presented a micro analytical firm mobility model for the City
of Hamilton, Canada, developed with data from the Statistics Canada Business Register. In this article
evidence is provided that the willingness to move can be explained by firm’s internal characteristics (e.g.
age, size, growth and industry type) as well as location factors related to the urban environment where
the firm is located. De Bok and van Oort (2011) presented a firm location study in which the different
types of spatial externalities in the urban context were addressed. They confirm that firm relocation be-
havior is affected much more by firm-level attributes (size, age, and growth rate) than by agglomeration
and accessibility attributes.

Numerous studies have examined the relative significance of various factors in the business location
choice process by developing theoretical models to explain the different facets of the process (Ozmen-
Ertekin, Ozbay, & Holguin-Veras, 2007). In practice, the choice of location is determined by an indi-
vidual firm, which follows a complex process to evaluate the trade-offs among different locations. The
choice of location is generally influenced by factors such as the characteristics of the firm, the attributes
of the zones being considered, and transportation accessibility (Ozmen-Ertekin et al., 2007). Moreover,
the interplay among individual firms can be viewed as interactions in a space. In urban economics, re-
lated firms that gather together will gain benefits such as lower cost of production and a greater market
share that one firm can achieve. A firm, while making location choice decisions, does not act in isolation;
in contrast, firms are influenced by others who are located nearby (Wisetjindawat et al., 2006).

In the long history of the application of discrete choice models, enormous progress has been made
in the field of disaggregate choice modeling with spatial effects. Boots and Kanaroglou (1988) incor-
porated the effect of spatial structure in discrete choice models of migration. Dubin (1995) developed
a spatial binary logit model to predict the diffusion of a technological innovation. In Dubin’s model,
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the probability of the adoption of a new technology varies depending upon an enterprise’s own char-
acteristics and its interactions with those who have previously adopted its technology. Paez and Suzuki
(2001) tested the application of a spatial binary logit model to a land-use problem related to the effects
of transportation on changes in land use. Mohammadian and Kanaroglou (2003) expanded the binary
choice model into a more general form to derive a spatial multinomial logit model and tested it on
a problem related to the choice of housing type. Lochl and Axhausen (2010) applied the UrbanSim
software to modeling hedonic residential rents for land use and transport simulation while considering
spatial effects. Spatial simultaneous autoregressive approaches proved to be a reasonable alternative in the
analysis, which can be implemented in UrbanSim more easily because of its structure of a single set of
resulting parameters in his research. Schirmer, van Eggermond, & Axhausen (2014) not only considered
the role of location in residential location choice models but also proposed a common classification for
location variables and categorize findings from a wide range. His results showed that in addition points
of interest (e.g., schools, school quality, retail, transport elements) and previous residential locations are
attributes that should be included in choice models in transport land-use simulations. Van Dijk and Pel-
lenbarg (2017) pointed out that the spatial scale is important in firm migration, because the causes and
the effects differ substantially for firm relocations within urban areas and between regions within coun-
tries, and for international relocations between countries or even continents. Nilsen, Torset, Gutiérrez,
Cherchi, & Andersen (2020) indicated that the relocate decision which is influenced by a firm’s internal
and external characteristics such as agglomerations.

Bhat and Guo (2004) proposed a mixed spatially correlated logit (MSCL) model for location- re-
lated choices. The MSCL model is a powerful approach that can capture both random variations in taste
and spatial correlation in location choice analysis. The empirical results underscore the need to account
for these variations and this spatial correlation, both to obtain an improved data fit and to realistically
assess the effect of socio-demographic, transportation system, and land use changes on residential loca-
tion choices. In addition, Miyamoto, Vichiensan, Shimomura, and Paez (2004) presented a discrete
choice model with a systematic specification of the spatial influences upon the choice process. The utility
function of this model is specified with autoregressive expressions for the deterministic and error com-
ponent, and the model is evaluated with reference to three alternative models: the standard logit model,
a logit model with an autoregressive deterministic term, and a mixed logit model with autoregressive
error terms. Furthermore, Mohammadian, Haider, and Kanaroglou (2005) attempted to incorporate
spatial dependencies in random parameter discrete choice models. They formulated a mixed spatial
multinomial logit model that incorporates spatial dependencies to predict the choice of type for new
housing projects. They formulated a mixed spatial multinomial logit model that incorporates spatial
dependencies to predict the choice of type for new housing projects. Their results suggested that the
housing project’s choices were influenced by factors related to other projects in adjacent zones, resulting
in correlated choice behavior over space.

This study may distinguish from above studies in several respects. First, this research considers
the urban spatial correlation not only in the deterministic part but also in the random part of the util-
ity function of a company location choice decision behavior, while most previous research focuses on
residential location choice decision. Second, this study proposed a company location choice by using
a mixed logit model to represent the urban spatial autocorrelation on realistic location choice behavior
while the previous studies used a multinomial logit model or nested logit model for an enterprise loca-
tion choice model, which is unable to accommodate urban spatial autocorrelation in the random part of
the utility function. Finally, this paper considers a reasonably comprehensive set of determinants of an
enterprise location choice, on the basis of the empirical findings from the previous research.
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3 Methodology

3.1 Conceptual framework of location choice models

In the scope of this proposed model, the spatial dimensions of business location decisions are the distri-
bution of establishments that are the result of start-ups location decisions and past relocation decisions.

Location is a term defining the places where land use activities are established in space in the ur-
ban context (Maoh et al., 2007). The determinants of business location are multifaceted, complex and
interactive. However, it is necessary to provide a framework in which these can be classified. Within a
national context, businesses will locate where they have better access to markets and factors of produc-
tion. Access to markets and inputs (including employees, links to suppliers, knowledge of and access
to production and product technology changes, market knowledge), and their availability, quality and
costs, will be influenced by transport infrastructure (McQuaid, Greig, Smyth, & Cooper, 2004). In
general, all approaches of the empirical research have in common that they represent the firm as an active
decision-making agent: a firm chooses a location from a number of alternatives. By doing so, it takes
economic and or non-economic factors into account (de Bok & Sanders, 2005).

Firm relocation is a particular form of location adjustment of the firm. Pellenbarg, van Wissen,
and van Dijk (2002) defines firm relocation as a change of address of a firm from location A to location
B. This definition is most suited for small and medium sized single plant firms, but less for multi plant
firms and large enterprises. With regard to the aspect of spatial moves, Pellenbarg et al. (2002) proposes
the definition of firm relocation into at least three categories, namely intra-regional, inter-regional, and
international level

The paper proposes the realistic location choice model to analyze decisions regarding location
choice for enterprises using a series of discrete choice model including multinomial logit without any
urban spatial effects, multinomial logit incorporating urban spatial effects and mixed logit incorporating
urban spatial effects. In which, mixed logit model accommodating urban spatial effects in both parts
which includes the deterministic parts and random parts of utility functions to represent the urban
spatial correlation among enterprises and the urban spatial correlation among zones in the enterprise
location choice behavior.

3.2 Mixed logit model framework for behavior when making location choice decisions

3.2.1.  Mixed logit models for location choice decision behavior

A mixed logit model, which consists of a flexible probit-like term and an additive iid extreme value term,
is utilized to explain the choice decision process and incorporates the spatial interaction in the distur-
bance term. According to the work of Ben-Akiva, Bolduc, and Walker (2001), the vector of the utility of
alternatives for individual enterprise takes the general form of the mixed logit model as follows:

K (1)
Uni = z ﬁanik + FriTCni + Vni

k=1

The deterministic part of the utility function is represented by the first term f, X ., where B, is
the [Kx1] vector of unknown parameters and X , is the [ZxK] matrix of explanatory variables for each
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individual enterprise n. The disturbance term is depicted by the second and third terms F . T¢ -and
v

ni’

of factor loading that is used to construct the pattern of correlation, T is the [ZxZ] matrix of standard

Fm.T(m. represents the covariance structure among alternative zones, where F is the [ZxZ] matrix

deviation with ¢ on the diagonal, and  _is the [Zx1] vector of random numbers with zero mean and
unit variance; in this study, we assume N(0,1). v _is the [Zx1] vector of iid gumbel random variables.

The probability of the alternative i being selected by an individual enterprise n is the integral of
standard logit probabilities over a density of parameters. The conditional probability that zone i is cho-
sen by an individual enterprise n is formulated as follows:

Py = IAG) n({,1;)d{ 2)

P = f ( exp ( Xk=1 BeXnik + FniT i
ni — ZZ
il=

,17)d 3)
1eXp( Zlk<=1 ﬁanilk + Fni'T{nil>n({ Z) {

Where X is i"" row of matrix X representing attributes of zones for an enterprise n; f, is the matrix
of parameters to be calibrated, F T _is the covariance structure for an individual enterprise n, F,_is the

ith

row of the matrix in F , i is a zone in Z, which is a set of all alternative zones, A( —2 ) is the logit part

of the model, and is the probability that the choice is i given ¢, n(¢[) is the joint density function of {,
and is a product of the standard univariate normal.

n@1p) = [ [o@) @

3.2.2.  Urban spatial correlation among enterprises in deterministic term

The deterministic term of the utility function is written in the general way when incorporating urban
spatial effects or in the autoregressive form as follows:

K (5)
Vi = AWV, + z B Xnik
k=1

Where V_is the deterministic part of the utility function, A is the parameter indicating the urban
spatial interactions, W is the urban spatial weight matrix, f, is the unknown parameters, X _ is the char-
acteristics of alternative i; decision maker n.

In this manner, with the i.i.d errors, we obtain a so-called logit model with the autoregressive de-
terministic term (Ben-Akiva et al., 2001). The researcher may also specify the urban spatial dependence
in the deterministic term differently such as directly specifying the correlation function, which results in

the deterministic term as follows:

K (6)
Vhi = af (dys) + Z BiXnik
k=1
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Where f{d ) is the correlation vector as a function of distances between enterprise n and s, a is an
unknown parameter.

After adding the interactions, the systematic utility function of alternative i for enterprise n is given
as follows:

K s ?)
Upi = Z BiXnix + Z(A exp(_dgsi) ysi) + &ni)
k=1 s=1

Where B, is the parameter which make up a vector of parameters (to be estimated);A,§ are the
parameters to be estimated, X . is the vector of observed characteristics of an alternative i, and an indi-
vidual enterprise n, y_ is set equal to unity if the individual enterprise s has chosen alternative i, and zero
otherwise, S is the number of individual enterprises who have influence on nd_is the distance between
an individual enterprise n and an individual enterprise s which come from one industry.

3.23  Urban spatial correlation among zones in the error term

The spatial autoregressive term inserted into the disturbance term of the probit model has been suc-
cessfully applied to housing choice behavior in the model of McMillen (1992). Moreover, Ben-Akiva et
al. (2001) suggested the addition of a generalized autoregressive term to the disturbance term of mixed
logit. This study, therefore, utilizes the generalized autoregressive term to explain the urban spatial cor-
relation among zones.

Eni = Pijéni + Tp; (8)
pij = pW
Eni = pPWen; + Ty
& = (I — pW) ™' Ty

Eni = FniT(ni

Where ¢_is the urban spatial correlation between zone i and zone j, £ _is the disturbance term of
mixed logit, p is the scalar unknown parameter, I is the [ZxZ] identity matrix, W is the [ZxZ] weight
matrix identifying the urban spatial correlation among zones, F is the loading factor, which assumes
the same for the enterprises, ¢ is the [Mx1] vector of the random numbers with zero mean and unit
variance, which can be assumed to any types of distribution.

Because ¢ is a vector of random numbers with zero mean and unit variance, it can be assumed
normal random distribution and generated easily by Gauss program in this study.
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T = ol ©))

Where T is the lower triangular matrix of unknown parameter 0; 0 is the scalar representing stan-
dard deviation, I is the identity matrix.

Ay = &P Gt B + U = pW)i " Tni) (10
ni 21Z’=1 exXp ( Zlk{=1 Bani’k + (I - pW)i_lTZni’)

Where (I-pW)," is i* row of the matrix (I-pW)"!

Urban spatial weights matrix using for correlation among zones

Specification of urban spatial weights matrix is a critical task in developing urban spatial models. It re-
quires a good understanding of both the spatial statistics and the subject process under the study. Popu-
lar functions used in the weights matrix in the literature include adjacency indices and those distances-
based functions (Griffith, 1996).

First, many distance-based weighting functions have been proposed for use in the weights matrix.
It is always assumed that the distance from site i to site J, di]. is the same as the distance from site j to site
i, dl.j ( Miaou & Sui, 2004). Inverse distance weighting function with a fixed parameter y = 2.

w 11 (11)
U/

Where, W is the element of weight matrix W, d;is the distance between zones i and j.

The second way is to determine the spatial weight matrix. Bhat and Guo (2004) propose the
adjacency weight matrix that is used to measure the level of correlation between zones. An adjacency
matrix is defined as a symmetric with zero diagonal elements and off-diagonal elements equal to 1 if site
is a neighbor to the other site and 0 otherwise. Therefore, this research utilizes the method of adjacency
weight matrix for estimating the weight matrix among zones. The formula of the adjacency weight ma-
trix (W) which is proposed by Bhat and Guo (2004) can be expressed as follows:

| (12)
Wl} = Z ey
k *Vik

Where w, is the off-diagonal element of adjacency weight matrix (W), w,= 1 if zone j shares a com-
mon boundary with zone i and 0 otherwise.
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3.3 Simulation

Mixed logit is well suited to simulation methods for estimation (Train, 2003). The utility function can

be expressed as follows:

13
Uni = Xniﬁn + Eni 13)

Where B is distributed with density f{ £ ), 6 refers collectively to the parameters of this distribution
(such as the mean and covariance of 8.

'The researcher specifies the function form f{.) and wants to estimate the parameters 6 (Train, 2003).
The choice probabilities are:

Pu® = [ Lu(®)f (5) d8) (14
Where,
X (15)
L(B,) = ]:Xp (XniBn)
Zj=1 exp (anﬁn)

'The probabilities are approximated through the simulator for any given value of 8: (1) Draw a value
of B, from f £ ), and label it 8" with the superscript r = 1 referring to the first draw; (2) Calculate the
logit formula L (B ") with this draw; (3) Repeat steps 1 and 2 many times, and average the results. The
average value of these probabilities yields the following simulated probability:

1 & (16)
Bu®) =7 ) Lu(8")
r=1

Where R is the total number of draws, P is the unbiased estimator of P by construction.

This simulated probability is an unbiased estimator whose variance decreases as the number of
draws R increases. It is strictly positive so that In (P ) is defined, which is useful for approximating the
log-likelihood function below. 15m. is smooth (twice differentiable) in the parameters 6 and in the vari-
ables x, which facilitates numerical research for the maximum likelihood function and the calculation
of elasticity (Train, 2003). The simulated probabilities of a model that incorporates spatial correlation
among firms in the deterministic term, and incorporates the spatial correlation among zones in the error

term as follows:
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] Z exp (Zk 1ﬁk nik + Z (/1 exp(_dgsi) ysi) + (I - pW)i_lT{ni) (17)
TR 4% exp ( XKLy BiXnje + X3-1(Aexp(=diy;) ys;) + (I — pW)FITE,))

Where R is the total number of draws, X _ is the (J xK) matrix of explanatory variables, f, is the
(Kx1) vector of unknown parameters,A,6 are the unknown parameters, p is the parameter indicating the
spatial autocorrelation, W is the spatial weight matrix, I is the identity matrix, T is the lower triangular
matrix of unknown parameter o, ¢ is the vector of i.i.d random variables with zero mean and unit vari-

ance.

Generate random
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The simulated
prohability
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simulated probability
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Estimation

results

Figure 1. Maximum likelihood estimation process

The parameters can be estimated by the maximum likelihood method. Because the true log likeli-
hood cannot be calculated, the simulated maximum likelihood technique is used with the following
formula:

N A
. (18)
SML(8) = Vni log Py (6))
=22
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Where y will be set equal to unity if the individual firm n has chosen alternative 7, and zero other-
wise, N is the total number of individual firms, Z is the total number of alternatives or zones;

The GAUSS programming language is utilized to make the program of the proposed models.
Bhat’s Gauss code for a scrambled Halton sequence is modified and integrated into our maximum
simulated likelihood estimation code (Bhat, 2003).

4 Data collection for case study

The study area is the Tokyo metropolitan area which consists of the city of Tokyo, Kanazawa prefecture,
Saitama prefecture, Chiba prefecture and South Ibaraki prefecture.

The attributes of each zone, the characteristics of each individual firm and spatial interactions have
been collected from numerous data source. In which, the population of the zone was collected from the
Population census of Japan. The number of employees of the zone were collected from the Establish-
ment and Enterprise Census. Furthermore, the average land price of zones were collected from the Land
Price Survey of Japan. The characteristics of each individual firm were collected from the TMGMS. The
address of each individual firm is available in the TMGMS. Therefore, the distance among the firms
can be calculated directly from the address of each firm. However, to simply make the computation, the
distance among the firms can be calculated on basis of the distance among C zone types (based on the
three-digit city code) which each individual firm belongs to. Finally, the spatial weight matrix of zones is
computed on basis of the average traveling distance among zones. The total number of zones is 52 zones
based on the two digits of city code in the Tokyo metropolitan area. The distance among 52 zones has
been utilized in this study based on the data of Road traffic census.

The Tokyo metropolitan area can be divided into some zone levels such as A zone level, B zone level,
C zone level. Regard to the A,B,C zone level, The Tokyo metropolitan area is composed of 17, 56, 335
zones with zone code, respectively. The purpose of the study focuses on the enterprise location choice
decision. However, in the scope of this research, B zone type is chosen to consider the enterprise location
choice model. The reason for this is that the origin data can be collected from B zone type, because most
main surveys focus on B zone types. The main surveys are the Tokyo Metropolitan Good Movement
Survey, Establishment and Enterprise Census and Road Traffic Census. Regard to the B zone level, the
Tokyo metropolitan area is composed of 56 zones with zone code. However, there are five zones such
as zone 15, zone 16, zone 17, zone 18 and zone 19 which are not available in the study area. Therefore,
the total number of zones is 52 zones in the study area. Figure 2 illustrates the B zoning system and the
scope of the study area.
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Figure 2. Tokyo metropolitan area

The Figure 3 shows the enterprise distribution based on the distance from enterprise location to the
nearest IC highway for eight industry types. It’s straightforward to see that most enterprises of all types
of industries locations are near the IC highway. Product wholesalers and material wholesalers have the
highest number of the enterprises which located in the radius of 2 km to the IC highway. However, this
number decreases sharply when the radius to the IC highway increases to 4 km or 6 km. Other manu-
facturers also have the same tendency to that of the wholesalers. Even though, the enterprise number of
all industries have a decreasing tendency when the radius to the nearest IC highway increases, the varia-
tion of this tendency is different among industries. The number of retailers and machinery manufactur-
ers are lowest in the radius of 2 km. However, these numbers increase in a radius of 4 km. This means
that retailers and machinery manufacturers are often located to the nearest IC highway father than that
of other industries.
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Figure 3. The enterprise distribution based on the distance
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Figure 4 illustrates the enterprise distribution based on the land price of enterprise location for eight
industry types. Figure 4 shows that there are a large number of enterprises of each kind of industry lo-
cated in locations with low land prices. The number of enterprises decreases slightly when the land price
of location increases for each kind of industry. It can be explained that there are many enterprises which
choose locations with higher land prices if those locations have other benefits for them. However, the
tendency of a number of enterprises will decrease when the land price of location increases. Therefore,
the land price of location should be considered in the location choice model with the other factors to
make more clearly the influence of the land price on enterprise location choice decision. In addition,
Figure 4 also indicates that heavy manufactures includes chemical, metal and machinery manufacturers
keep a high percentage in location with lowest land price. While product wholesalers, retailers and light
manufacturers include other manufacturers keep a high percentage in locations with higher land price.
This can be interpreted that each individual enterprise will choose a location based on their industrial
characteristics to maximize their profits.

40 + —&— Chemical_Manu
—— Metal_Manu
E Machinery_Manu
“g 30 A Other_Manu
Q Warehouse
i 25 A —— Material_Whole
E — —— Product_Whole
= —e—Retailers
5 15
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=
5
O T T T T T T - T ]

100 200 300 400 500 600 700 800

Land Price of Firm Location {1000 yen/m~2)
Figure 4. The enterprise distribution based on the land price of enterprise locations

The Figure 5 illustrates the individual enterprises distribution based on the travel distance to cus-
tomers for all types of industry. More than 35 percentage of the retailers have travel distance within 5
km and the percent of the number of retailers decrease shapely when the travel distance increase. In ad-
dition, very few retailers have a travel distance around 65 km and tend to zero. In contrast, metal manu-
facturers, chemical manufacturers, machinery manufacturers and warehouses have a lower percentage of
the number of enterprises within travel distance of 5 km and this percentage decrease slightly when the
travel distance increase. This indicates that the commodity of retailers and wholesalers are distributed in
the shorter travel distance than that of all types of manufacturers and warehouses. In which, the com-
modity of chemical manufacturers has the longest travel distance, and the commodity of retailers has the
shortest travel distance to customers and suppliers.
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Figure 5. The enterprise distribution based on the travel distance to customers

The Figure 6 illustrates the enterprise distribution based on the total transportation cost of each
enterprise. Transportation cost is assumed a function of travel distance and the weight of commodity for
each enterprise. Transportation cost is calculated directly from the TMGM survey based on the weight
of commodity (kg) per day and the travel distance (km) of each enterprise to customers and suppliers by
each kind of vehicle. Transportation cost of each enterprise is the total transportation cost of all trips per
day. Figure 6 shows that more than fifty percent of retailers, product wholesalers, material wholesalers
and other manufacturers located in the location with lowest transportation cost. While, the transporta-
tion cost of chemical manufacturers, metal manufacturers, machinery manufacturers and warehouses
are higher than that of retailers and wholesalers. However, the percentage of these manufacturers and
warehouses reduces when the transportation cost increases. This means that the enterprises of all types
of industry prefer the location with a low transportation cost to reduce the total cost of each enterprise.
In fact, retailers, product wholesalers and material wholesalers often have a lower transportation cost
than that of warehouses and all types of manufacturers. This can be interpreted that the commodity of
retailers and wholesalers are distributed in shorter distances with smaller weight than that of warehouses
and manufacturers. Transportation cost of each enterprise is one important factor which influences the
maximum profit of an enterprise. Because transportation cost is one of the main costs for each enter-
prise. In addition, the results of Figure 6 indicates that most enterprises prefer to choose the location
which has a low transportation cost. This means that transportation cost keeps an important role in the
location decision making process of each enterprise.
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Figure 6. The enterprise distribution based on the total transportation cost

The Figure 7 illustrates the enterprise distribution based on the number of employees for each
enterprise. In which, chemical manufacturers, metal manufacturers, machinery manufacturers have a
higher average number of employees than that of material wholesalers, product wholesalers and retailers.
This can be interpreted that these manufacturers often require much greater number of employees in
their manufacturing. In addition, Figure 7 indicates that the percentage of number of retailers is highest
for twenty people and this percentage reduces to almost zero for enterprises with 100 people. In contrast,
all types of manufacturers have the lowest percentage of the number of enterprises with 20 people, but
this percentage reduces slightly when the number of employee increases.
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Figure 7. The enterprise distribution based on the number of employees

The Figure 8 depicts the distribution of enterprises based on the floor area. Retailers, material
wholesalers and product wholesalers have a smaller average floor area than that of chemical manufactur-
ers, metal manufacturers, machinery manufacturers and warehouses. Regarding with the enterprise’s
floor area around 200 m?, Retailers have the highest percentage and warehouses have the lower number
percentage of enterprise numbers. However, the percentage of retailers, other manufacturers, material
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wholesalers and product wholesalers reduce sharply when the floor area increases. The percentages of
retailers reduce almost to zero when the floor area reaches around 4,000 m?. In contrast, the percentage
of all types of manufacturers and warehouses still continue to increase slightly to 30,000 m* and reduce
to zero when the floor area of each individual enterprise reaches around 430,700 m?.
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Figure 8. The enterprise distribution based on the number of employees

The Figure 9 shows the distribution of enterprise based on the total weight of commodity per day.
In which, the commodity of retailers, material wholesalers and product wholesalers are distributed with
smaller average weight than that of chemical manufacturers, metal manufacturer, machinery manufac-
turers and warchouses. The percentage of retailers reduces almost to zero when the weight of commod-
ity reaches around 20 tons. In contrast, the percentages of all types of manufacturers and warehouses
continue to increase slightly to 100 tons and reduce to zero at 9,900 tons.
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Figure 9. The enterprise distribution based on the total weight of commodity
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5 Results and discussions

This part will show the results of each kind of model and discussion of the influence of each factor on
the location choice model of each enterprise. Especially, the influence of the urban spatial effects on the
enterprise location choice decision will be discussed carefully to understand the urban spatial correlation
among enterprises and urban spatial correlation among zones in the location choice decision behavior of
each enterprise in a dynamic business environment. Moreover, the comparison among three models will
be carried to clarify the important role of urban spatial effects in the proposed model. This comparison
will be implemented on basis of three types of indicators such as the log likelihood ratio, Akaike infor-
mation indicator and hit ratio of each model.

MNL model: Location choice model of an enterprise is estimated by the multinomial logit model
without any kind of urban spatial effects.

MNLS model: Location choice model of an enterprise is estimated by multinomial logit model
incorporating urban spatial effects in the deterministic part of the utility function. This model incorpo-
rates urban spatial effects to represent the urban spatial correlation among the enterprises in the enter-
prise location choice model.

MLS model: Location choice model of a company is estimated by mixed logit model incorporat-
ing urban spatial effects in both the deterministic part and the error part of the utility function. The
proposed model incorporates urban spatial effects to represent both the urban spatial correlation among
enterprises and the urban spatial correlation among zones in the enterprise location choice model.

The parameters of the three models are estimated and compared as well as the results are shown in
Table 1 and Table 2. All of the three models give the same sign of parameters estimated, each of which
is as expected. Based on these results, it is clear that the enterprise location choice model fit is improved
as the model complexity increases; that is the MLS or the enterprise location choice model not only
incorporating urban spatial effects among enterprises but also incorporating urban spatial effects among
zones has the best performance over the other reference models for all types of industry including manu-
facturers, warehouses, wholesalers and retailers.

Table 1 and Table 2 show the estimation results’ comparison among three models such as MNL,
MNLS and MLS for each type of industry. In the empirical results, there is a difference in the number of
variables among three models. Therefore, in terms of goodness of fit, the Akaike Information Ciriterion
(AIC) should be considered in this study. The AIC test is utilized in order to penalize log-likelihood im-
provements due to a large number of parameters. In which, a higher value of the adjusted log-likelihood
ratio is preferable, while a lower value of AIC is more desirable.

From Table 1 and Table 2, the MLS has the best performance and best model fit among three
models. This means that urban spatial interactions among enterprises, zones keep an important role
and greatly affect the enterprise location choice decision behavior. Besides, based on considering the
results of the adjusted log-likelihood ratio, it is straightforward to see that the model performances of
MNLS and MLS are better than that of the MNL, implying that the effects of urban spatial interactions
among zones are not very strong comparing with the urban spatial interactions among enterprises in the
enterprise location choice decision behavior. In other words, the location choice decision of these com-
panies will be affected by the appearance of the other enterprises in the contiguous zones, the preference
information from neighbor enterprises. The individual manufacturers prefer the industrial zone where
there are many individual manufacturers located and especially the industrial zones which are near the
current location of enterprises. This can be explained that the other manufacturers can receive benefits
from the current infrastructure of industrial zones and the advantages of supply change systems between
suppliers, customers, shippers and the existing enterprises, whereas the location choice decision of other
manufacturers will be affected slightly by the boundary length of alternative zones with attractive zones
or the contiguous alternative zones of industrial zones.
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In addition, these tables present a significant improvement in the model fit confirming the im-
provement of the explanatory power of the model as results of incorporating urban spatial interactions
among enterprises and urban spatial interactions among zones. Furthermore, it is straightforward to say
that the best model performance in terms of AIC test or Hit ratio is the MLS or the proposed model for
chemical manufacturers, metal manufacturers, machinery manufacturers, other manufacturers, ware-
house, material wholesalers, product wholesalers and retailers. This result confirms again the MLS is the
best model performance for all types of industries. The results emphasize the fact that the urban spatial
interactions among enterprises and among zones keep a significant role to improve the model perfor-
mance of enterprise location choice decision. The reason for this is that the enterprise prefers the zones
with the high aggregation of enterprises. In other words, it means that the enterprise likes to locate at
attractive zones with a large market, suppliers and customers.

The estimation results of the proposed model by MLS

From the results, it is clear that the average land price coefficients have statistically significant and nega-
tive signs for enterprises which belong to all types of industries in this research. This means that the aver-
age land price has a significant negative effect on an enterprise’s decision to select a particular location in
the case of all manufacturers, warehouses, wholesalers and retailers. The reason for this is that enterprises
like to locate in zones that have a lower land price in order to realize the maximum profit. In addition,
the average land price variables are statistically significant for all enterprises in this model. Average land
price factor, therefore, is an important factor that keeps a key role in the location choice decision of
enterprises. The transportation cost coefficients have a statistically significant and negative signs for
enterprises of all manufacturers, warehouses, wholesalers and retailers. The significantly negative signs
of transportation cost parameters mean that transportation cost has a significant negative effect on en-
terprise location choice decision. In other words, most enterprises prefer location which is located near
their customers, and their suppliers to reduce the transportation cost in order to realize their maximum
profit purpose. Transportation cost factor, therefore, is an important factor which plays a key role in the
location choice decision of many enterprises. The urban spatial correlation parameters are statistically
significant in terms of the t-statistics with reasonable signs for all types of enterprises. This means that
the role of urban spatial interactions and urban spatial correlation in the location choice decision behav-
ior of enterprises in the Tokyo Metropolitan area. The values of the correlation coefficients indicate the
effectiveness of the enterprise location choice model when it incorporates the urban spatial correlation
among zones in the error term, and when it incorporates the urban spatial correlation among individual
enterprises in the deterministic term of utility function. In addition, the influence level of urban spatial
interactions among enterprises on the zone choice probability is higher than that of urban spatial inter-
actions among zones. The t-statistic values of urban spatial parameters indicate that the parameters of
the urban spatial interactions among enterprises are more important than that of urban spatial interac-
tions among zones in the proposed location choice model.

Transportation cost parameter for retailers is the lowest since it is true that the distribution of
commodities from retailers is in a short distance and the weight of commodities is less than that of
manufacturers, warehouses and wholesalers. Moreover, the value of the transportation cost parameter
for chemical manufacturers, metal manufacturers, machinery manufacturers, warehouses and other
manufacturers are high, it can be interpreted that the weight of commodities of these manufacturers is
large and the distribution of commodities from manufacturers to customers is generally distributed in
the long distance.
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The urban spatial dependency factor is a generic variable with positive signs for both parameters 4
and 6 in all alternatives. It generated the expected signs and magnitudes of parameters. The positive sign
of A in the model indicates that the increasing of travel distance among enterprises is directly associated
with the choice of development type. High significant t-statistics for these two parameters suggest that
neighbor enterprise’s effects are very important in the model developed in this study.

Figure 10 indicates that the urban spatial interaction reaches the highest value when there is only
one adjacent zone. This can be interpreted that when the zone located contiguously with only other
zone which has a good attractiveness. This zone may get the much more benefit from the good attractive
zone. The urban spatial interactions among zones tend to reduce when the number of adjacent zones
increases. It can be interpreted that the level of urban spatial interactions may be separated correspond-
ing with each adjacent zone which has a different attractiveness.
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Figure 10. Number of adjacent zones and urban spatial effects

From Figure 10, it is straightforward to see that the influence level of urban spatial interactions
among zones on the location choice decision of the manufacturers is higher than that of theses urban
spatial effects for retailers, material wholesalers and product wholesalers. This means that the location
choice decision of manufacturers which include chemical manufacturers, metal manufacturers, machin-
ery manufacturers and other manufacturers will be affected by enterprises which located in the contigu-
ous zones. This influence will be less important in the location choice decision for retailers, material
wholesalers and product wholesalers. It can be interpreted that commodities between manufacturers and
customers, suppliers are normally distributed in longer distance than the radius of each zone, while this
travel distance is shorter than the radius of each zone for retailers and material wholesalers.

6 Conclusions and recommendations

First, this paper has proposed an approach for the enterprise location choice model in an urban area.
The urban spatial interactions considered in the proposed model make it more realistic in the actual
situations. In which, the first proposed model takes into account the urban spatial interactions in the
deterministic part of the udility function by using the multinomial logit model to represent the urban
spatial correlation among enterprises. Additionally, the second proposed model not only takes into ac-
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count the urban spatial interaction in the deterministic part but also incorporates the urban spatial in-
teractions in the error part by using mixed logit model to represent the urban spatial correlation among
zone alternatives.

Second, this study has highlighted the influence of urban spatial effects on the enterprises decision
behavior for location choice. A mixed logit model is applied, and the results indicate that the location
choice decision of enterprises depends on the number of employees in a particular enterprise, trans-
portation cost of each enterprise and the attributes of the zone such as the size of the population and
the number of employees in the zone. Moreover, the results suggest that enterprises prefer to locate in
zones that have a higher population density and a higher number of employees. Furthermore, the result
clarifies the factors that play a key role in the decisions made by companies in selecting a location. Our
findings confirm the important role of structuralized urban spatial effects and zone attributes in the
decision-making process of enterprises.

Finally, this research has applied the proposed models to the Tokyo metropolitan area in the case
study. The paper compared three modeling types: without any urban spatial interactions (MNL), with
interactions among individual enterprises (MNLS) and with both interactions among individual enter-
prises and among zone alternatives (MLS). In addition, this study has estimated the performance of each
model based on the log-likelihood ratio, AIC test and hit ratio values. The comparison results reveal that
the best model performance is the MLS or the proposed model for all types of industries. Furthermore,
the proposed model’s results indicate that the urban spatial interactions significantly affect the location
choice decision making behavior of each enterprise. In particular, the interaction with enterprises has a
greater influence on an enterprise location choice decision than the interaction among zone alternatives.

The results of this study can be better in future studies on firm location choice models with con-
sidering the location factors that are measured at firm level. The obtained results still leave ample room
for improvement because the present study is limited to a small data set for the estimation. It is expected
that a better model performance will be achieved with an improved, larger set of data and the correlation
between the corresponding attributes should be checked more carefully in the large set of data source.
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