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The objective of this paper is to present
discrete choice models incorporating spatial
effects to analyse firms’ relocation decision-
making behaviour, in order to better 
understand the key factors that influence
firms’ decisions on where to relocate in the
Tokyo metropolitan region. In the proposed
framework two decision points in the
relocation process are assumed and
maintained in the micro-simulation 
modelling. The first decision, named the
‘move or stay decision’, is modelled by a
binary logit model, where the outcome
variable is the probability of moving. The
second decision, named the ‘zone choice
decision’, is modelled by a mixed logit model
incorporating spatial effects; the outcome
variable is the conditional probability of
choosing a given zone. The relocation
decision structure of each enterprise,
represented by a nested logit model, is used
to determine the best model. In a case study
some facts on the relocation behaviour of 
firms in the Tokyo metropolitan region are
investigated. In addition, the observations
used to estimate the relocation model are
random selections from the data source. The
results show that the proposed model
reconfirms the important role of spatial 
interactions among individual enterprises and
among zones in a firm’s relocation decision
process.  

Introduction 

Prior to constructing the aforementioned models, it is necessary to understand the 
principal motives and preferences that influence the relocation behaviour of an 
individual firm. The principal motives behind firms’ decisions can be established 
from individual company characteristics such as the number of  employees, floor 
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area, transportation costs and zone attributes such as the number of  companies in 
the market, population density, average land price of  the location, distance between 
the location and an IC highway (for more details, see Van Dijk–Pellenbarg 2000, 
Brouwer et al. 2002, Glorius 2018, Elekes 2020). In addition, the relocation of an 
individual enterprise can be considered as a form of adaptation in a competitive 
business environment (Brouwer et al. 2004). Pellenbarg et al. (2002) defined 
enterprise relocation as the change of address of an individual enterprise from one 
location to another.  

The present study addresses the issue by exploring firms’ relocation process 
through discrete choice models, focusing on using a binary logit and a mixed logit 
model incorporating spatial effects (MLS) and a nested logit model. Following the 
Introduction, is a Literature review of the application of discrete choice models and 
provides the basis for discrete choice models with structuralised spatial effects. 
Methodology focuses on the main approach adopted in this study, which uses a 
mixed logit model framework for location choice behaviour, where the error term 
reflects the spatial correlation among zones while the deterministic term reflects the 
correlation among firms, given the proportions of consumption for the firm and its 
suppliers. Regional data collection and some facts from a case study is devoted to 
describing the study region, including analysing the data to determine the principle 
motives and preferences that influence the relocation behaviours of firms in the 
Tokyo metropolitan region. A discussion of the results, and the conclusions and 
recommendations are presented in results and discussions and conclusions and 
recommendation.  

Literature review 

Boots and Kanaroglou (1988) incorporated the effect of spatial structure in discrete 
choice models of migration. In 1995, Dubin developed a spatial binary logit model 
to predict the diffusion of a technological innovation. In his model, the adoption 
probability of a new technology varied depending upon a firm’s own characteristics 
and its interactions with those that had already adopted the new 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 land-use changes. Mohammadian 
and Kanaroglou (2003) expanded the binary choice model to a more general form 
to derive a spatial multinomial logit model, and tested it on a problem related to the 
choice of housing type. In addition, many spatial structure figures and models have 
already been developed to describe the macro-region of Central and Eastern 
Europe. Egri (2015) analysed the special features that characterise the spatial 
structure of Central and Eastern Europe, a region still in the phase of 
transformation. Pathy (2017) examined the different paths of the development of 
Central and Eastern European regional centres; analysing the positions of these 
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paths relative to the spatial structure of the region is timely in many respects. The 
hierarchy of nodes in the spatial structure of metropolitan areas was suggested in his 
research. Using spatial econometrics, Beres et al. (2019) investigated the effects of 
transport infrastructure development on real estate values in Budapest. Investigating 
whether and how residential relocation leads to changes in travel satisfaction, Wang 
et al. (2020) found that residential relocation might serve as an opportunity to 
enhance travel satisfaction and that improved neighbourhood environments 
explained increases in travel satisfaction. 

Bhat and Guo (2004) proposed a mixed spatially correlated logit model (MSCL) 
for location choices. The MSCL model is a powerful approach that can capture 
both random variations in preferences and spatial correlation in a location choice 
analysis. The empirical results underscore the need to account for these variations 
and the spatial correlation, both to improve the data fit and to realistically assess the 
effects of socio-demographics, the transportation system, and land-use changes on 
residential location choices. In addition, Miyamoto et al. (2004) presented a discrete 
choice model with a systematic specification of the spatial influences on the choice 
process. The utility function of this model was specified with autoregressive 
expressions for the deterministic and error components, 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 et al. (2005) incorporated 
spatial dependencies in random-parameter discrete choice models. They formulated 
a mixed spatial multinomial logit model that incorporates spatial dependencies to 
predict the type choice for new housing projects. Their results indicated that the 
choices in a housing project were influenced by factors related to other projects in 
adjacent zones, resulting in correlated choice behaviour across space.  

Evidently, numerous studies have focused on a model for residential location 
choices in urban areas while limited studies have been conducted to formulate a 
model for firms’ relocation choices using a discrete choice model with spatial 
effects. Therefore, the objective of the present study is to present a mixed logit 
model for firms’ relocation choice behaviour, in order to better understand the key 
factors that influence the decisions made by enterprises as to where they should 
relocate in metropolitan areas.  

Methodology 

The proposed framework focuses on the relocation model of an individual 
enterprise, incorporating spatial interactions to analyse how the conditions at the 
current location or the enterprise characteristics influence its relocation decision 
process. 
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Figure 1  
Conceptual framework for relocation models 

 

Because of its complexity, an enterprise’s decision process regarding relocation 
choice was divided into many steps, from one up to seven more steps than in the 
many previous studies. Nevertheless, in the present study, the most common 
enterprise relocation choice decision process is chosen in two steps. Therefore, in 
the proposed methodology, the enterprise relocation model is assumed to include 
two steps: the move/stay decision and location choice decisions. 
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Figure 2  
Proposed relocation model structure incorporating spatial effects 

 
First, an enterprise’s decision to move is often influenced not only by internal 

factors but also by the characteristics of the firm and the destination’s level of 
attractiveness. Therefore, in the present study, each firm’s decision to move is 
considered given the influence of different aspects, including the condition at the 
current location, the characteristics of each enterprise and the required attributes of 
the destination based on the moving plan of each firm. Furthermore, in the proposed 
models a firm’s relocation process is analysed using the binary logit model. 

Second, the zone choice decision behaviour of each enterprise is considered 
for firms that have moved from their current location to another. The zone choice 
preference is mainly influenced by the attributes of each destination zone and the 
special industrial characteristics of the individual firm. The MLS has proved to be 
the best model to explain the actual decision of a firm for an alternative location 
from a given choice set. This part of the study, therefore, applies a mixed logit 
model to identify the zone choice behaviour using zonal attractiveness variables. 
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Move/stay decision process  

The probability that firm n decides to move, )(mPn , is determined by the firm 
characteristics and the attributes of the current location: 

)exp(1
1)(
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where Pn(m)= the probability that firm n moves; mnx  = characteristics of a firm n 
and attributes of the current location;   = utility coefficient.  

Zone choice decision process 

This section discusses the estimation of the zone’s attractiveness for the enterprises 
that move. The attractiveness measure is intended to capture the utility provided to 
the business relocating to the zone, based on the zone’s attributes. The MLS has 
proved to be the best model to explain the firms’ location choice decision-making 
behaviours (Train 2003). Therefore, the individual enterprise location choice model, a 
mixed logit model, is utilised to explain the relocation process of an individual firm. 
The average value of these probabilities yields the following simulated probability:  
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where R = total number of draws; niP̂ = an unbiased estimator of niP  by 
construction. 

The simulated probabilities of an individual firm location choice model that 
incorporates the spatial correlations among firms in the deterministic term and 
incorporates the spatial correlations among zones in the error term can be expressed 
as follows:  
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where R = total number of draws; niP̂ = an unbiased estimator of niP  by 
construction; nikX = elements of the matrices of explanatory variables;  

k  = coefficients of the explanatory variables;  ,  = unknown parameters;  
 = parameter indicating the spatial autocorrelation; W = spatial weight matrix; 
I = identity matrix; T = a lower triangular matrix of the unknown parameter  ; 

ni = a vector of i.i.d. random variables with zero mean and unit variance. 
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Regional data collection and some facts from a case study  

The Tokyo Metropolitan Area, including Tokyo city and Kanazawa, Saitama, Chiba, 
and South Ibaraki prefectures, was selected for the case study and can be divided into 
zone levels A, B, and C. However, only zone level B was used because this is the zone 
level examined in almost all previous studies. In addition, most main surveys, such as 
the Tokyo Metropolitan Good Movement Survey (TMGMS), the Establishment and 
Enterprise Census, and the Road Traffic Census focus on zone level B. 

Figure 3 
 Tokyo metropolitan area zones 

 

Regarding zone level B, although the Tokyo metropolitan area consists of 56 
zones with zone codes, only the 52 zones in zone level B are used in the present 
study; zones 15, 16, 27, 28, and 19 are excluded. Figure 3 illustrates zone level B and 
the scope of the study region. 

Table 1 shows detailed information on survey D in the TMGMS. This table 
indicates that approximately 10% of the firms in the sample intend to move. In this 
case study, chemical manufacturers, machinery manufacturers and retailers have 
been chosen for analysis. The total number of observations on other types of 
manufacturers is too small to be analysed through the firm relocation choice model. 
Chemical manufacturers include all firms that manufacture chemical and food 
products such as chemical fertilisers, industrial inorganic chemicals, industrial 
organic chemicals, chemical fibres, oil and fat products, medicines, and 

Tokyo 
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Saitama 
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miscellaneous other chemical and food products. Machinery manufacturers include 
all firms that manufacture general machinery such as machinery parts, boilers, 
engines, turbines, special industrial machinery, and general industrial machinery. 
Retailers include firms conducting retail trade of general merchandise, dry goods, 
apparel and apparel accessories, food and beverage, motor vehicles and bicycles, 
furniture, household utensils and household appliance, and miscellaneous other 
types of retail trade. 

Table 1 
 Detailed information on survey D in TMGMS 

Type Type of industry 
Number of 

observations in  
the sample 

Having a plan  
to move 

1  Agricultural manufacturers  256  22 (8.59%) 
2  Mining manufacturers  166  9 (5.42%) 
3  Construction  970  88 (9.07%) 
4  Chemical manufacturers  1,328  128 (9.63%) 
5  Metal manufacturers  355  33 (9.29%) 
6  Machinery manufacturers  1,244  143 (11.49%) 
7  Other manufacturers  340  15 (4.41%) 
8  Material wholesalers  –  –  
9  Product wholesalers  249  21 (8.43%) 
10  Retailers  743  82 (11.03%) 
11  Warehouses  –  –  
12  Electricity, gas, and water suppliers  – – 
13  Service and government work  –  –  
 Total  5,651  541 (9.57%) 

At zone level A), which includes 17 regions in the Tokyo metropolitan area, 
most firms like to choose their current region (zone level A) to which to relocate. In 
other words, most firms prefer to relocate within their current region and few firms 
prefer to choose regions outside zone level A for relocation. 

In zone level B, which comprises 56 zones in the Tokyo metropolitan area, many 
firms like to choose others zones to relocate when they decide to move while some 
others prefer to relocate within their current zone. 

Move/stay decision and some facts 

This section discusses some facts on the moving decision of each firm. Survey D, 
which collects data on the conditions of firms’ current and new locations, includes 
data on firms that plan to move and those that do not. In this study, the term ‘move 
firms’ is used for firms that plan to move and ‘non-move firms’ for firms that do 
not plan to move. First, only the firms stating a plan to move in survey D are 
analysed, to determine the important factors affecting move firms’ decisions. 
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Second, these important factors are compared across move firms and non-move 
firms to determine the factors constituting the main reasons why firms decide to 
stay (move) at (from) their current locations. To do this, it is assumed that if a factor 
that is important for both move firms’ and non-move firms’ decisions may not be a 
critical factor in firms’ decisions to move. In other words, the aim is to determine 
the critical factors that cause firms’ decision to move but are less important in non-
move firms’ decision to stay. 

The questionnaires of survey D comprise eight parts: the site condition of each 
firm, convenience of transportation, business relations, characteristics of the 
selected location, current location, transportation activities, logistics facility, and 
facility characteristics. For each of these parts, the per cent of firms that agree with 
the question is computed for chemical manufacturers, machinery manufacturers, 
and retailers.  

As regards site condition, more than 80% of move firms that are chemical 
manufacturers, machinery manufacturers, and retailers need larger pieces of land. 
Retailers exhibit the greatest need to obtain larger pieces of land. They also need the 
land to face a wide road, which is of the lowest value for manufacturers and 
retailers.  

In terms of transportation convenience, move firms prefer locations near an IC 
highway and near customers. However, the need to be near a port, airport, or rail 
station is of the lowest value when chemical manufacturers, machinery 
manufacturers, and retailers move, as less than 20% of such firms state such a need. 

Concerning business relationships, chemical manufacturers, machinery 
manufacturers and retailers prefer locations near their major customers. The reason 
for this might be to reduce the transportation cost so as to maximise profit. The 
data also indicate that the need to be far from rival firms is of lower value to 
manufacturers and retailers. This means that in each zone, the benefits of cluster 
firms are more important than the disadvantages of competitive firms. 

In regard to the characteristics of the selected location, firms prefer locations to 
which it is convenient for employees to commute. Moreover, the ability to change 
facilities’ usage and the availability of land to a firm’s currently occupied land play an 
important role for move firms that are chemical manufacturers, machinery 
manufacturers, and retailers.  

In terms of the characteristics of the current location, move firms seriously 
consider the size of their current location, the traffic congestion around them, the 
possibility of loading or unloading at the front of the location and the availability of 
space for large trucks to enter and exit. In addition, move firms do not exhibit a 
strong preference for accessibility to a highway, airport, port, railway station or 
other transport facilities. 

Pertaining to transport activities, more than 80% of move firms experience 
problems with strict delivery times, long transport time, parking space, frequent 
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delivery times and traffic congestion due to neighbours. It can be said that factors 
concerning transport activities play an important role for move firms that are 
manufacturers or retailers. 

Another major problem is the extreme difficulty involved in logistics facilities; it 
is straightforward to see that the problems of logistics facilities, such as the size of 
the facilities, land price, and space allowing trucks to turn, are enormous for move 
firms that are chemical manufacturers, machinery manufacturers, and retailers. 
Similarly, move firms are also confronted by the issues of being in an urban area or 
far from an urban area and collecting information. 

Factors affecting the zone choice decision 

In regard to distance to an IC highway, the number of firms from the three 
aforementioned industry types increases when the distance from firm location to the 
nearest IC highway decreases. The number of firms located in a 5 km radius to the 
nearest IC highway is very large but decreases for a 10 km radius to the nearest IC 
highway and beyond. However, the number of firms differs among the three 
industry types as the distance to an IC highway changes. Therefore, the distance of a 
firm’s location to the nearest IC highway should be included in the firm location 
choice model. 

Concerning the land price of location, it is straightforward to see that many firms 
are situated in locations with low land prices. The number of firms in a given area 
decreases as the land price increases. However, the number of firms decreases 
slightly when the land price of firm location changes from 100,000 to 250,000 
yen/m2). In fact, companies always try to choose a location with a low land price to 
maximise their profits. Thus, land price should be considered as an important factor 
in the firm relocation choice model. In addition, a large percentage of chemical and 
machinery manufacturers are situated in the locations with the lowest land prices 
whereas a significant proportion of retailers exist in locations with higher land 
prices. This can be interpreted as follows: manufacturers often require a larger floor 
area than retailers. They can reduce the cost of the floor area if they choose a 
location with an appropriately low land price. Retailers prefer to be at a location that 
can attract more customers, in the urban area or central zone of the city.  

For the three industry types, the influence of population density and number of 
employees in each zone on the number of firms in each zone is positive. This means 
that the number of firms in each zone increases when population density and 
number of employees in each zone increase. In each zone, the correlations between 
the number of firms, and population density and number of employees are high. 
Therefore, the influence of the population size and number of employees of each 
zone should be considered in the firm relocation decision of each firm.  

The accessibility of each zone is directly proportional to the travel distance 
(Allen et al. 1993) in this study. Therefore, the accessibility of each zone is 
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negatively associated with the number of firms in each zone. The accessibility of 
each zone is a factor of some importance in a zone’s attractiveness that should be 
considered in a firm’s location choice decision.  

Results and discussions 

Estimation results for move/stay decisions based on the binary logit model 

The estimation in this study is restricted to chemical and machinery manufacturers 
and retailers because of limitations in data sources. The total number of 
observations for chemical manufacturers, machinery manufacturers, and retailers are 
571, 659 and 519 (firms). Moreover, Table 2 presents the estimation results of the 
binary logit model for firms’ move/stay decisions in the three types of industry.  

The table shows the estimated parameters for floor area and number of 
employees for the three types of industry. The estimated parameters for retailers 
exhibit the lowest values, which mean that retailers exhibit greater mobility than 
chemical and machinery manufacturers. The reason may be that the number of 
employees and floor area of retailers are smaller than their counterparts for chemical 
and machinery manufacturers. In other words, the influence of retailers’ floor area 
and number of employees on these firms’ moving decisions is smaller than for 
manufacturers with a large floor area and number of employees. The negative sign 
of the number of employees’ parameter for chemical manufacturers, machinery 
manufacturers, and retailers implies that large firms are less willing to move. The 
statistical significance of the estimated parameter shows that this factor plays an 
important role in the moving decision of chemical and machinery manufacturers. 
An explanation is that the number of employees is large for these two types of 
manufacturers. Therefore, the manufacturer companies usually require many 
employees. The results in Table 2 also indicate that floor area has a statistically 
significant influence, in addition to that of number of employees, on the move/stay 
decision for each type of industry. 
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Table 2 
1 Estimation results for move/stay decision based on the logit model 

Variable 
Chemical 

manufacturers 
Machinery 

manufacturers Retailers 

Coefficient (t-value) 

Constant –5.9815 (–7. 73) –4.4000 (–6.41) –4.5047 (–3. 75) 

Number of employees (persons) –0.0243 (–3.35) –0.0315 (–3.54) –0.0904 (–4.01) 

Floor area (1,000s of m2) –0.0048 (–1.09) –0.0075 (–3.66) –0.0252 (–1.82) 

Land price of current location  
  (1,000s of yen/m2) 

 
0.1885 (2.15) 

 
0.9237 (2.30) 

 
1.0661 (1.02) 

Distance from current location to  
  an IC Highway (km) 

 
0.0374 (1.95) 

 
0.1121 (3.55) 

 
Omitted 

Transportation Cost (10,000s yen) 0.0008 (1.67) 0.0006 (2.22) 0.0002 (2.17) 

Need for large land (Yes =1, No =0) 1.2477 (3.29) 1.0955 (2. 79) 1.0715 (1.98) 

Need to be near an IC Highway  
  (Yes =1, No =0) 

 
0.6431 (1.97) 

 
0.1181 (1.41) 

 
Omitted 

Need to be near major customers  
  (Yes =1, No =0) 

 
0.8723 (2.56) 

 
0.5733 (1.82) 

 
0.7242 (1.80) 

Need to be near customers (Yes =1, No =0) 1.1576 (3.51) Omitted Omitted 

Need for commute convenience for  
  employees(Yes=1, No = 0) 

 
1.2215 (3.32) 

 
1.6574 (3.86) 

 
Omitted 

Need to have land available to expand 
current area (Yes =1, No =0) 

 
0.3338 (0.94) 

 
2.6348 (3.97) 

 
0.9064 (2.28) 

Problems with loading and/or unloading at  
  road in front of firm (Yes =1, No =0) 

 
1.0663 (2.89) 

 
0.6909 (0.90) 

 
1.7468 (2.17) 

Parking space problems (Yes =1, No =0) 0.5120 (1.40) 0.8711 (1.33) 1.7373 (3.20) 

Number of observations 

Log-likelihood at convergence 

Log-likelihood at zero 

Log-likelihood ratio 

Hit ratio (%) 

571 

–162.3 

–271.0 

0.400 

62.5 

659 

–173.8 

–345.9 

0.497 

63.1 

519 

–135.7 

–229.7 

0.409 

50.0 

The results can be used to compare the effects of the land price of a firm’s 
current location, and the distance from the current location to the nearest IC 
highway for the three types of industries. The results show that the coefficients of 
land price of the current location are positive and statistically significant for 
chemical manufacturers, machinery manufacturers, and retailers. This indicates that 
the land price of the current location has a significant and positive effect on a firm’s 
moving decision for all three types of industries considered. The reason for this is 
that firms whose current locations have a high land price have a high probability of 
moving. Therefore, the land price of the current location is an important factor 
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influencing the relocation decision behaviour of chemical manufacturers, machinery 
manufacturers and retailers. In addition, this result indicates that the coefficient of 
land price for retailers has the largest value, which means that retailers exhibit 
greater mobility than chemical and machinery manufacturers. Because retailers 
prefer to locate in a central zone with high land prices to be near customers, the 
influence of land price of current location on retailers’ moving decisions is larger 
than that for manufacturers. 

The results also show that the distance from a logistics firm to the nearest IC 
highway has a statistically significant and positive effect on the moving decision of 
chemical manufacturers and machinery manufacturers. This also means that the two 
types of manufacturers analysed are more likely to locate in places near an IC 
highway. This way, they can reduce travel costs, which is an important outlay for the 
manufacturer firms. However, as it is not statistically significant, this factor is less 
important for retailers. Therefore, this factor has been excluded from the proposed 
model. Furthermore, firms’ transportation costs are statistically significant for 
retailers, machinery manufacturers, and chemical manufacturers. The estimated 
coefficient of transportation cost for retailers exhibits the lowest value. This can be 
explained as follows: the commodities transported by retailers often travel shorter 
distances and weigh less than the products transported by manufacturers. However, 
the positive sign of the coefficients of transportation cost means that retailers and 
manufacturers prefer to move to locations that involve lower transportation costs. 

The results indicate that firms’ need for large land is statistically significant for 
both manufacturers and retailers. This means that a firm’s need for large land has a 
positive effect on the firm’s moving decision. Given the high demand for large land, 
the probability of moving increases. Regarding firms’ need to be near an IC 
highway, this factor plays an important role for chemical and machinery 
manufacturers, but is less important for retailers. Since the products of 
manufacturers are often transported across long distances, proximity to an IC 
highway reduces the average travel distance and, with that, manufacturers’ 
transportation costs. Similarly, the estimated coefficient of the need for a 
convenient commute for employees is statistically significant for chemical and 
machinery manufacturers. The reason for this is that manufacturer firms’ number of 
employees is often large and these firms prefer to move to locations that provide 
high levels of commuting convenience for employees. 

The results can also be used to compare the estimated coefficients of the floor 
area dummy variables for the three industry types. The coefficients of this variable 
for machinery manufacturers exhibit the largest values, which mean that, in contrast 
to retailers, manufacturers often require to have a large floor area available.  

Regarding the other dummy variable, the estimated coefficient for retailers 
exhibits the largest value. This can be interpreted as follows: retailers often locate in 
the central zone, which has limited parking space or limited space for loading or 
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unloading on the road in front of a given retailer. In contrast, chemical 
manufacturers and machinery manufacturers are often located in zones outside the 
central zones and the space for parking and loading or unloading may be larger in 
these zones. 

Finally, the results from the estimated models for three industry types in the case 
study can be summarised as follows: The measures of fit for the models, 
represented by the log-likelihood ratio and the hit ratio, shown at the bottom of 
Table 2, are rather high for all industry types in this study. Specifically, the log-
likelihood ratios of the models for chemical manufacturers, machinery 
manufacturers, and retailers are 0.400, 0.497, and 0.409, respectively. Based on these 
values, the proposed model for a firm’s move/stay decision-making behaviour 
exhibits a satisfactory performance. In addition, the hit ratio values of the models 
for chemical manufactures, machinery manufacturers, and retailers are 62.5%, 
63.1%, and 50.0%, respectively. These indicate that the proposed model for a firm’s 
move/stay decision is sufficient to predict the move/stay decision-making 
behaviour. 

Estimation results for zone choice decision by MLS 

Table 3 presents the estimation results of the MLS for the zone choice decision.  
First, the results in this table indicate that the population density and number of 

employees of each zone have a statistically significant and positive effect on the 
location preference of the chemical and machinery manufacturers. Thus, the two 
types of manufacturers analysed are more likely to choose zones with a high 
population density and, therefore, a large employee pool. Manufacturers often 
require many employees for their manufacturing processes and the cost of employee 
recruitment is one important part of their total costs. Therefore, the cost of 
recruitment may decrease if a firm can organise the recruitment committee in the 
same area or the same zone in which employees live. This would contribute to 
maximising the firm’s profit. Additionally, based on the signs and statistical 
significance of the estimated coefficient values, this factor is also important for 
retailers. This outcome on retailers can be explained by the fact that retailers can 
increase the number of their regular customers to maximise their profits if they are 
located in a high population density zone. Retailers can also gain other benefits 
from being close to the customers in such a zone. 
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Table 3  
Estimation results for zone choice decision based on the MLS 

Variable 

Chemical 
manufacturers 

Machinery 
manufacturers Retailers 

Coefficient (t-value) 

Zonal attributes variables  

Zone average land price (1,000 yen/m2)  –0.0034 (–2.87) –0.0031 (–1.94) –0.0003 (–1.29) 

Zone population density (1,000s of 
persons/km2) 

0.2031 (3.69) 0.0614 (1.03) 0.1510 (2. 73) 

Number of employees in the zone  
  (in 1,000s of persons)  

0.0031 (2.53) 0.0012 (1.05) 0.0010 (0.81) 

Impedance variable  

Distance (km) –0.0035 (–5.60) –0.0058 (–3.63) –0.0020 (–1.33) 

Firm characteristics variables  

Firm’s number of employees (in persons)  –0.0003 (–1.06) –0.0036 (-–1.37) Omitted 

Floor area (m2) –0.0087 (–1.82) –0.0035 (–1.32) Omitted 

Distance from firm to IC Highway (km) 0.2595 (2.00) 0.0111 (1.31) 0.0675 (2.32) 

Correlation variables   

Spatial correlation among firms  

δ 0.3953 (6.52) 0.4402 (6.15) 0.6577 (3.62) 

λ  0.1835 (3.53) 0.2938 (3.37) 0.5802 (1.60) 

Spatial correlation among zones  

ρ 0.5454 (9.30) 0.6923 (1.97) 0.0876 (1.98) 

Standard deviation of lower triangular matrix T  

σ 0.6427 (1.86) 1.3072 (2.83) 0.5917 (1.86) 

Number of observations 

Log-likelihood at convergence 

Log-likelihood at zero 

Log-likelihood ratio 

AIC test 

Hit Ratio (%) 

60 

–172.2 

–237.0 

0.273 

6.14 

55.38 

92 

–221.4 

–363.5 

0.390 

5.09 

64.21 

53 

–156.3 

–209.4 

0.253 

6.27 

40.69 

Second, the results also show that the average land price of each zone has 
negative and significant effects on the zone choice decision for all three types of 
firms analysed. In reality, manufactures require not only a large number of 
employees but also a relatively large floor area. That explains why the average land 
price of a large floor area is one of the most substantial costs for each manufacturer. 
Thus, it is straightforward to see that any firm will always prefer a zone with low 
land prices, as this can help the firm to maximise its profit. The average land price in 
each zone is not only important for manufacturers but also very important for 
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retailers. In fact, compared with manufacturers, retailers require smaller floor areas 
and usually locate their firms in the centre of cities or near a rail station to be close 
to customers. However, the fact that the land prices in these locations are high plays 
a key role in retailers’ decisions in a competitive business environment. 

Furthermore, the negative sign of average land price implies that zones located 
near a firm’s current zone will be more attractive for the firm. In other words, firms 
prefer to relocate to zones within a short distance so that they can reduce 
transportation costs, to maximise their profit. 

Results of firm relocation decision based on nested logit model   

Table 4 shows the results of the nested logit model for firms’ relocation decisions. 
This model for firm mobility and location choice has relatively parsimonious 
specifications; nevertheless, it includes important exploratory variables that are 
expected to be an integral part of a firm’s relocation decision process. The model 
exhibits acceptable fit based on the values of the log-likelihood ratio and the AIC 
test, shown at the end of Table 4, namely, 0.267, 0.176 and 0.149 for chemical 
manufacturers, machinery manufacturers, and retailers, respectively. In addition, the 
model’s estimated parameters are negative, as expected. For example, zone average 
land price has a negative effect on a firm’s location choice decision as it is intuitive 
that a firm would tend to locate in a zone with lower land prices. Next, as expected, 
the estimated parameter for number of employees has a negative sign. This means 
that large firms exhibit lower mobility or a lower probability of relocating.  

The logsum value of the nested logit model can be considered as the link 
between the two levels of the nested logit model, bringing information from the 
bottom level to the upper level. Therefore, the logsum coefficient reflects the degree 
of independence among the unobserved portions of the utility of moving nest 
alternatives. Note that the probability of choosing a moving nest in the first level 
depends on the expected utility that a firm receives from choosing that nest. This 
expected utility simply represents the utility that an individual firm receives, no 
matter which zone the firm chooses from the moving nest. The expected extra 
utility is the additional utility that a firm receives from being able to choose the best 
zone in the moving nest, which is the product of the logsum value and the logsum 
coefficient (see Wen–Koppelman 2001, Vovsha 1997, Heiss 2002). 
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Table 4  
Estimation results for firm relocation decision based on nested logit model 

Variable 
Chemical 

manufacturers 
Machinery 

manufacturers Retailers 

Coefficient (t-value) 

Zone choice  
Zone average land price (1,000s of yen/m2)  –0.0042(–3.37) –0.0085(–3.23) –0.0029(–4.94) 

Zone population density 
  (1,000s of persons/km2) 

 
0.0079 (2.30) 

 
0.0023 (1.52) 

 
0.0016 (1.28) 

Number of employees in the zone  
  (1,000 of persons)   

 
0.0731 (2.01) 

 
0.0402 (3.12) 

 
0.0230 (0. 76) 

Distance (km) –0.0006 (–1. 72) –0.0002 (–1.11) –0.0017 (–1.15) 

Firm’s number of employees (persons)  –0.0734 (–0.85) –0.0212 (–0.47) Omitted 

Distance from firm to IC Highway (km)  
0.0111 (2.40) 

 
0.0047 (1.43) 

 
0.0012 (0.69) 

Move/stay choice     

ASC_move –0.0793 (–3.62) –0.2704 (–1. 71) –0.3119 (–1.42) 

Land price of firm’s current location  
  (1,000s of yen/m2) 

 
0.0016 (0.96) 

 
0.0022 (1.45) 

 
0.0036 (0.98) 

Transportation Cost (10,000s of yen) 0.0015 (1.37) 0.0013 (1.35) 0.0004 (0.82) 

Firm’s need for large area of land  
  (Yes =1, No =0) 

 
0.0378 (0.83) 

 
0.0118 (0.69) 

 
0.0148 (0.41) 

Firm’s need to be near major customers  
  (Yes =1, No =0) 

 
0.0455 (1.07) 

 
0.0816 (1.21) 

 
0.0211 (0.97) 

Firm’s need for commute convenience for  
  employees (Yes=1, No = 0) 

 
–0.0109 (–2.35) 

 
–0.0106 (–1.24) 

 
Omitted 

Firm’s need to have land available to expand  
  current area (Yes =1, No =0) 

 
0.5854 (0.89) 

 
0.7054 (1.86) 

 
0.0499 (1.31) 

Firm’s problems with loading and/or unloading 
  (Yes =1, No =0) 

 
0.1714 (1.59) 

 
0.0943 (0. 78) 

 
0.0116 (0.47) 

Firm’s problems with parking space  
  (Yes =1, No =0) 

 
–0.6417 (–0.65) 

 
–0.8595 (–1.23) 

 
–0.0710 (–1.45) 

Move nest logsum μm 0.0455 (3.62) 0.2592 (3.91) 0.3664 (2.06) 

Number of observations 
Log-likelihood at convergence 
Log-likelihood at zero 
Log-likelihood ratio 
AIC test 

571 
–1652.5 
–2256.1 

0.267 
5.85 

659 
–2144.2 
–2603.8 

0.176 
6.55 

519 
–1743.7 
–2050.6 

0.149 
6.77 

The log-sum coefficients of the move nest, showing the degree of independence 
in the unobserved parts of utility for the alternatives in a nest are 0.0455, 0.2592, 
and 0.3664 for chemical manufacturers, machinery manufacturers, and retailers, 
respectively. Therefore, the small values of the log-sum coefficients mean that an 
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increase would only slightly affect the probability of the move nest being selected, as 
the expected maximum utility would only slightly affect the choice between a 
decision to move and a decision not to move. 

The estimation results of the nested logit model are in line with those found in 
previous empirical studies (Lee–Waddell 2010). The following were determined to 
be important firm characteristics that helped to explain a firm’s mobility and zone 
choice decision-making process, given the attractiveness of zones: number of 
employees, floor area, distance between the current location to the nearest IC 
highway, transportation cost, land price of the current location, demand for large 
land, need to be near customers or major customers and near an IC highway, and 
need for a location offering a convenient commute to employees, and the pressures 
of many problems, such as loading and unloading on the road in front of the firm 
and parking space,. In general, large firms are less likely to move than small firms 
whose current location has a high land price and involves large transportation costs. 

The nested logit model for firms’ relocation decisions exhibits an acceptable 
performance. However, the nested logit model has the assumption that an IID 
Gumbel distribution exists within each nest (Ben-Akiva–Lerman 1985). Therefore, 
the nested logit model cannot take into account firms’ various preferences among 
the alternatives (zones) in the random part of the utility function to improve the 
performance of the model. This means that the nested logit model has some 
disadvantages related to incorporating the spatial interactions among zones in the 
error part of the utility function in the firms’ zone choice decision model.  

Conclusions and recommendations 

The main contribution of this study is an insight into the process of a firm’s 
relocation decision, incorporating spatial interactions and explanatory variables 
determining the decision. The structure of the proposed firm relocation model 
consists of two levels: (1) probability of moving, and (2) location choice probability. 
In these levels, the model analyses the influences of different factors on a firm’s 
relocation decision process by using discrete choice models, namely, a binary logit 
model and an MLS. 

The zone choice decision level of the proposed model shows that the population 
density of a given zone has a statistically significant and positive effect on the 
location preference of chemical and machinery manufacturers. Additionally, the 
average land price of a given zone has a negative and significant effect on the zone 
choice decision of all three types of firms analysed. 

Future research must overcome the limitations of survey data, which include 
only little information on firm characteristics, such as firm age and current and 
previous locations, and zone attributes, such as the age of the building, the distance 
from the building to the nearest station, IC highway, or previous location, and the 
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land price. In addition, the results of the present study can be valuable for further 
research into simulation modules for firms’ relocation decisions in an integrated 
land use and freight-transport modelling environment.  

The results of this study can be expanded in future studies on firm relocation 
models with a structure consisting of two, three, four, or five decisions. The 
obtained results still leave ample room for improvement because the present study 
is limited to a small data set for the estimation and common structures. It is 
expected that a better model performance will be achieved with an improved, larger 
set of data and specific structures. In addition, the influence of spatial effects on the 
relocation choice decisions through the inclusion of these effects in the 
deterministic part of the utility function of the nested logit model is a related subject 
to be pursued in future research. 

REFERENCES 

ALLEN, W. B.–LIU, D.–SINGER, S. (1993): Accessibility measures of U.S. Metropolitan 
areas Transportation Research 27B (6): 439–449.  

 https://doi.org/10.1016/0191-2615(93)90016-4 
BEN-AKIVA, M.–LERMAN, S. (1985): Discrete choice analysis: Theory and applications to travel 

demand The MIT Press, Cambridge. 
BERES, A.–JABLONSZKY, GY.–LAPOSA, T.–NYIKOS, GY. (2019): Spatial econometrics: 

transport infrastructure development and real estate values in Budapest 
Regional Statistics 9 (2): 89–104. 
http://dx.doi.org/10.15196/RS090202 

BHAT, C. R.–GUO, J. (2004): A mixed spatially correlated logit model: Formulation and 
application to residential choice modeling Transportation Research Part B  
38 (2): 147–168. 
 https://doi.org/10.1016/S0191-2615(03)00005-5 

BOOTS, B. N.–KANAROGLOU, P. S. (1988): Incorporating the effect of spatial structure 
in discrete choices models of migration Journal of Regional Science  
28 (4): 495–507. https://doi.org/10.1111/j.1467-9787.1988.tb01370.x 

BROUWER, A. E.–MARIOTTI, I.–VAN OMMEREN, J. N. (2002): The firm re-location decision: a logit 
model Paper presented at the 42nd ERSA conference, Dortmund, Germany. 

BROUWER, A. E.–MARIOTTI, I.–VAN OMMEREN, J. N. (2004): The firm re-location decision: 
an empirical investigation The Annals of Regional Science 38(2): 335–347. 
https://doi.org/10.1007/s00168-004-0198-5 

DUBIN, R. A. (1995): Estimating logit models with spatial dependence. In: ANSELIN, L.–
FLORAX, R. (eds.): New directions in spatial econometrics pp. 229–242., Springer-
Verlag, Heidelberg. 

EGRI, Z. (2015): Spatial layers and spatial structure in Central and Eastern Europe 
Regional Statistics 5 (2): 34–61. https://doi.org/10.15196/RS05203 

ELEKES, T. (2020): Administrative, spatial and demographic changes in Székelyland since 
the Treaty of Trianon to the present day Regional Statistics 10 (1): 120–132.  

 https://doi.org/10.15196/RS100107 



166 Y Nguyen Cao 

 

Regional Statistics, Vol. 11. No. 1. 2021: 147–166; DOI: 10.15196/ RS110107 

GLORIUS, B. (2018): Migration to Germany: structures, processes, and discourses 
Regional Statistics 8 (1): 3–28. http://dx.doi.org/10.15196/RS080101 

HEISS, F. (2002): Structural Choice Analysis with nested logit models The Stata Journal: 
Promoting communications on statistics and Stata 2 (3): 227–252.  

 https://doi.org/10.1177/1536867X0200200301 
LEE, B. H.–WADDELL, P. (2010): Residential mobility and location choice: A nested 

logit model with sampling of alternatives Transportation 37: 587–601.  
 https://doi.org/10.1007/s11116-010-9270-4 
MIYAMOTO, K.–VICHIENSAN, V.–SHIMOMURA, N.–PAEZ, A. (2004): Discrete choice 

model with structuralized spatial effects for location analysis Transportation 
Research Record: Journal of the Transportation Research Board 1898 (1): 183–190.  

 https://doi.org/10.3141/1898-22 
MOHAMMADIAN, A.–HAIDER, M.–KANAROGLOU, P. S. (2005): Incorporating spatial 

dependencies in random parameter discrete choice models Paper submitted for 
presentation at the 84th Annual Transportation Research Board Meeting 
January 2005, Washington D.C. 

MOHAMMADIAN, A.–KANAROGLOU, P. S. (2003): Application of spatial multinomial logit 
model to transportation planning Paper presented at the 10th International 
Conference on Travel Behavior Research, Lucerne. 

PATHY, A. (2017): Types of development paths and the hierarchy of the regional centres 
of Central and Eastern Europe Regional Statistics 7 (2): 124–147.  

 http://dx.doi.org/10.15196/RS070202 
PAEZ, A.–SUZUKI, J. (2001): Transportation Impacts on Land Use Change: an Assessment 

Considering Neighborhood Effects Journal of the Eastern Asia Society for 
Transportation Studies 4 (6): 47–59. 

PELLENBARG, P. H.–VAN WISSEN, L. J. G.–VAN DIJK, J. (2002). Firm relocation: state of the art 
and researchprospects SOM research school, University of Groningen.  

VAN DIJK, J.–PELLENBARG, P. H. (2000): Firm Re-location Decisions in the Netherlands: 
An Ordered Logit Approach Papers in Regional Science 79 (2): 191–219.  

 https://doi.org/10.1007/s101100050043 
TRAIN, K. E. (2003): Discrete Choice Methods with Simulation Cambridge University Press, 

Cambridge. 
VOVSHA, P. (1997): Application of a Cross-Nested Logit Model to Mode Choice in Tel Aviv, 

Israel, Metropolitan Area Transportation Research Record 1607 (1): 6–15.  
 https://doi.org/10.3141/1607-02 
WEN, C.-H.–KOPPELMAN, F. S. (2001): The Generalized Nested Logit Transportation Research 

Part B 35 (7): 627–641. https://doi.org/10.1016/S0191-2615(00)00045-X 
WANG, F.–MAO, Z.–WANG, D. (2020): Residential relocation and travel satisfaction 

change: An empirical study in Beijing, China Transportation Research Part A: 
Policy and Practice 135: 341–353. https://doi.org/10.1016/j.tra.2020.03.016 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


