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A PDF-based method for analyzing the retail structure in a metropolis
Abstract
The present paper proposed a new method for analyzing the retail structure in a
metropolis, using microscale location data of individual retail establishments. The method
is based on the probability distribution function (PDF) of establishments estimated from
their locational data. The application of the method to the retail structure in Yokohama
showed some empirical findings: (1) retail activities that tend to gather with the same type
of establishments also gather with other types of establishments, (2) a close relationship
exists between the degree of agglomeration and retail function, (3) there are six major
patterns of retail distributions, (4) there are five levels of retail agglomerations including
isolated stores.

1 Introduction
When analyzing the spatial structure of retailing in a metropolis, we have usually
used the locational data of establishments aggregated by spatial units, instead of directly
investigating individual location data. There have been a lot of studies based on the data
aggregated by retail agglomerations or administrative units (Berry, 1967; Scott, 1970;
Davies and Rogers, 1984; Morrill, 1987; Jones and Simmons, 1990; Brown, 1992).
Though there are some exceptions such as microscopic studies of store arrangement
pattern (Scott, 1959; Carter and Rowley, 1966; Getis and Getis, 1968; Scott, 1970;
Brown, 1992), the analysis of urban retail structure has been mainly based on the
spatially aggregated locational data.
The use of aggregated data, however, is often problematic in retailing analysis. This
is, in short, because there do not exist spatial units used for data aggregation that are
defined in a reasonable, consistent and objective manner and suitable for analyzing the
spatial structure of retailing. There have been used a wide variety of spatial units in
existing studies: shopping areas (Davies 1959; Leeming, 1959; Clark, 1967; Logan,
1968; Ashworth and de Vries, 1985), square lattices (Lee and Koutsopoulos, 1976; Miki,
1980), administrative units (Applebaum, 1966), Voronoi regions (Miki, 1983; Okabe et
al., 1992), and so forth. Though numerous definitions of shopping area have been
proposed in the literature, they are subjective to some extent (Scott, 1970; Brown, 1992)
and no definition can be applied commonly to diverse situations. Inconsistency in the
definition of shopping areas makes it difficult to compare shopping areas between
different regions and times. One might think that data aggregation on lattices or
administrative units are reasonable because they are objectively defined. These methods,
however, impose unnatural boundaries to the distribution of retail stores and thus
sometimes yield strange results. They also suffer from the problem known as the
modifiable areal unit problem (Openshaw, 1984), that is, the results of analysis heavily
depend on the spatial units.
The above discussion suggests that it is desirable to use the locational data of
establishments without aggregation. It is now practically feasible because the diffusion of
geographical information systems (GIS) has been accompanied by the wide spread of
microscale spatial database, say, locational data of individual establishments. However,
there are only a few methods for analyzing a retail structure using such data as mentioned
earlier. A new method needs to be developed which makes full use of the locational data
of establishments.
To answer this demand, the present paper develops a method for analyzing the retail
structure in a metropolis using microscale locational data of establishments. We take an
approach often called the surface-based method which treats the distribution of retail
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stores as a continuous rather than discrete distribution, without aggregating data across
spatial units such as shopping areas and administrative units. Hence the method is free
from the problems mentioned above: unnatural or subjectively chosen spatial units,
difficulties in comparative study, and the modifiable areal unit problem. In addition to
this, as we will see later, the surface-based approach is suitable for analyzing the global
structure of retailing in relation to its underlying urban structure.
The main objective of the paper is to propose an analyzing method rather than to
investigate an actual retail structure. However, we proceed in parallel with its empirical
application since it would help understanding of the analysis procedure. In the following
section, we briefly describe the locational data of establishments in Yokohama that are
used throughout in the paper. From the data we can estimate the probability density
function (PDF) of establishments. We outline the estimation method in Section 3. In
Section 4, we propose two indices drawn from PDF to represent agglomerative
tendencies of retail establishments. The indices focus on individual retail activities rather
than the spatial relationship among them. In contrast to this, we explicitly investigate the
spatial relationship between retail activities and the whole structure of retailing in Section
5. Finally, we summarize the conclusions in Section 6.
2 Locational data of retail establishments in Yokohama
Yokohama is a city located in the south of Tokyo, Japan (Figure 1). The 1997
population is some 3, 340, 000 and the covering area is 76 square kilometers. Yokohama
is the capital of Kanagawa prefecture, and consequently most of administrative agencies
are located around Sakuragicho and Kannai stations (Figure 2). Central business districts
are scattered around Yokohama, Sakuragicho, Kannai, and Shin-Yokohama stations.
Figure 1. Location of Yokohama.
Figure 2. Railway network in Yokohama. Only major stations are labelled with their
names.
There are around 80, 000 retail and service establishments in Yokohama. As shown
in Figure 3, establishments are highly concentrated around railway stations. There seems
a close relationship between the number of boarding passengers of stations and the
density of their surrounding establishments. Though one might think that is strange, retail
agglomerations are usually formed around railway stations in Japan (Okabe and Miki,
1984: Sadahiro, 1994).
Figure 3. Density distribution of establishments in Yokohama.
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The source data used in the present paper is the list of establishments appeared in
the 1997 NTT (Nippon Telegraph and Telephone Corporation) telephone directory. The
directory categorizes establishments into 1, 650 types, each of which contains various
numbers of establishments ranging from 2 to 4, 000. From 1, 650 retail types we chose
78 that are most important and influential for the retail structure (Table 1) for plain
explanation of the analyzing method. We should note that, however, the method we
propose is applicable for any number of retail types or establishments.
Table 1 Retail types analyzed in the present study and the number of establishments
The NTT directory includes not only the phone number but the address of
establishments. We converted the addresses into (X, Y) coordinates in a rectangular
coordinate system through the address matching technique (Bohman-Carter, 1994;
Longley and Clarke, 1995). The obtained spatial data were handled in ARC/INFO ver 7.1
running on a UNIX workstation.
3 Estimating PDF of establishments
Retail establishments seek a location to obtain as much benefit as possible, taking a
variety of spatial factors into account. Gasoline stations, for instance, tend to be located
along highways and major roads to capture running cars. Women's clothing stores form
retail agglomerations in downtown for convenience of comparison shopping. Souvenir
shops are clustered around hotels or convention halls hoping that the visitors of the hotels
stop at the shops. We can say that the distribution of establishments is a realization of
their benefit seeking behavior.
It is almost impossible, however, that all the establishments are located at their best
locations because such locations are usually preoccupied by other buildings or landuses.
Consequently, establishments are forced to choose relatively better location rather than the
best. To consider this more explicitly, we in this paper regard the distribution of
establishments as the distribution of samples taken from an underlying probability
distribution. We estimate the probability density function (PDF) from a retail distribution,
and analyze the PDF in place of the retail distribution itself.
This is a kind of surface-based method which has been often used in geography and
GIS. Similar approach has been adopted in the literature to retail distributions (Okabe and
Sadahiro, 1994), population distributions (Bracken and Martin, 1989, 1995; Bracken,
1993), and so forth (Scott, 1992; Fotheringham and Rogerson, 1994; Bailey and Gatrell,
1995). Advantages of the surface-based approach can be summarized as follows. First,
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the surface-based approach is free from the problems caused by determining crisp
boundaries for data aggregation as discussed in Section 1. Second, comparison between
surfaces can be done straightforward (Bracken and Martin, 1995). Third, since the
approach explicitly focuses on the global structure of spatial phenomena rather than its
individual outcomings, it helps us to detect the relationship between a distribution and its
underlying factors (Scott, 1992; Bailey and Gatrell, 1995).
Let us consider the distribution of type i establishments in a region S. We denote
the location of establishment j by xij , and the number of type i establishments by ni . To
estimate the PDF of type i establishments from their locational data, we employ the kernel
density estimation where the kernel function is defined by the two-dimensional Gaussian
distribution (Silverman, 1986; Scott, 1992). Let fi (x) be the PDF of type i establishments.
Its estimator f̂i ( x ) is then given by
2
 1
1
exp − 2 x − x ij  ,
2 ∑
2 niπhi j
 2 hi


fˆi ( x ) =

(1)

where hi is the smoothing parameter of the kernel called window width. Given the
locational data of establishments, we can estimate the window width hi from the data by
various procedures (Scott, 1992). We adopt the least-square cross-validation method
(Rudemo, 1982; Bowman, 1984; Silverman, 1986) which is attractive for its high
tractability and simplicity. Outline of the method is as follows.
Consider the mean integrated square error (MISE) of fi (x), a measure of the illness
of model fitting, which is given by
2
2
2
MISE[ fi ] = E  ∫
fˆi ( x ) dx − 2 ∫ fˆi ( x ) fi ( x ) dx + ∫ { fi ( x )} dx 
 x ∈S

x ∈S
x ∈S
.
(2)
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2
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Suppose an estimator fˆi , − k ( x ) constructed from the locational data set {xij | j ≠ k}, that is,
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{ }

fˆi , − k ( x ) =
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1
exp − 2 x − x ij  .
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2πhi (ni − 1) j ≠ k
 2 hi

2

(3)

Using Equation 3 we have
2
2
MISE[ fi ] = E  ∫
fˆi ( x ) dx − 2 ∫ fˆi ( x ) fi ( x )dx  + ∫ { fi ( x )} dx
 x ∈S
 x ∈S
x ∈S

{ }
= E  ∫ { fˆ ( x )} dx − 2 fˆ ( x ) + ∫


2

x ∈S

i

i , − ni

ni

{ fi (x)} dx
x ∈S
2

(4)

2
2


2
= E ∫
fˆi ( x ) dx − ∑ fˆi , − k ( x k ) + ∫ { fi ( x )} dx
ni k
 x ∈S
 x ∈S
(for details, see Silverman, 1986). Unfortunately, the expectation term of the above
equation is not computable. This makes it impossible to obtain directly the best estimator
of hi that minimizes the MISE[fi ].

{ }
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We then turn to the quantity I(hi ) defined by
2
2
2
I (hi ) = ∫
fˆi ( x ) dx − ∑ fˆi , − k ( x k ) + ∫ { fi ( x )} dx .
x ∈S
x ∈S
ni k

{ }

(5)

Comparing Equations 4 and 5, we notice that I(hi ) is an unbiased estimator of MISE[fi ]
which can be calculated from the locational data and hi . We thus choose the window
width hi that minimizes I(hi ) since it is supposed that the minimizer of I(hi ) would be
close to the minimizer of its expectation MISE[fi ].
Practically, it is not necessary to evaluate the third term of Equation 5. Thus hi can
be estimated by solving the following minimization problem.
2
2
min ∫
fˆi ( x ) dx − ∑ fˆi , − k ( x k )
(6)
x ∈S
hi
ni k

{ }

We can reach the optimum hi by a nonlinear programming method such as the descent
method (Fiacco and McCormick, 1968; Gill et al., 1981).
We applied the above method to the individual retail distributions in Yokohama, and
obtained 78 PDFs. Figures 4, 5, and 6 illustrate the PDFs of banks, convenience stores,
and used car shops, respectively.
Figure 4. The distribution of banks and PDF.
Figure 5. The distribution of convenience stores and PDF.
Figure 6. The distribution of used car shops and PDF.
In addition to the PDFs, we calculated the average PDF of all retail types, that is,
1
f ( x ) = ∑ fi ( x )
(7)
N i
where N is the number of retail categories (Figure 7). The average PDF f ( x ) indicates
the degree of retail agglomeration around the location x. The average PDF, however, can
be regarded to represent not only the degree but the size of retail agglomeration. In large
shopping areas establishments are usually clustered, and the definition of shopping areas
has used the size as well as the density of retail establishments (Leeming, 1959; McEvoy,
1972; Potter, 1982; Morrill, 1987). This supports a close relationship between the degree
and the size of retail agglomeration.
In this paper, we use the average PDF instead of strictly defining shopping areas as
regions with clear boundaries. This permits us to treat shopping areas as they are,
namely, regions with fuzzy boundaries, and enables us to avoid the difficulties arising in
the shopping area definition that were mentioned earlier.
Figure 7. The average PDF of 78 retail types.
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4 Agglomerative tendencies of retail establishments
In analyzing retail distributions, we frequently have the question "whether the
establishments tend to be clustered or dispersed?" This is because the degree of
agglomeration is an important key to understand the location behavior of a retail activity.
If establishments tend to form retail clusters, it is probable that they try to capture
customers by providing opportunities for comparison shopping or one-stop shopping. In
contrast to this, if establishments are uniformly distributed, they may be homogeneous in
the quality or price of goods. In this section, in order to measure the degree of retail
agglomeration of individual retail types, we propose two indices calculated from an
estimated PDF.
We first consider the degree of retail agglomeration within a single retail type: "do
the type i establishments tend to be clustered or dispersed?" This can be measured by
applying the Gini coefficient of the PDF. The Gini coefficient is defined as twice the area
between the Lorenz curve (cumulative PDF) and the diagonal, and is often used to
summarize the degree of concentration for discrete distributions (Erickson and
Straussfogel, 1986; Lloyd, 1991). We redefine the Gini coefficient for continuous
distributions to represent the degree of spatial concentration of PDFs.
Let us suppose the function δi (x; a) for retail type i which is defined by
1 if fi ( x ) ≤ a
δ i ( x; a ) = 
.
(8)
0 if fi ( x ) > a
The cumulative PDF is then given by
Fi ( x ) = ∫ fi (t )δ i (t; fi ( x ))dt
t ∈S

(9)

(note that the function fi (t) represents a probability density distribution). The cumulative
area corresponding to Fi (x) is
A( x ) = ∫ δ i (t; fi ( x ))dt .
(10)
t ∈S

Now we define the index γi , the continuous version of the Gini coefficient, in order to
measure the degree of spatial concentration of type i establishments:
Fi ( x )
γ i =1− ∫
dx .
(11)
x ∈S A( x )
The index γ i takes a value from 0 to 1. A large γ i represents the high degree of
concentration, whereas a small value represents the dispersion or uniformity.
We next investigate the degree of type i establishments to be located in retail
agglomerations consisting of a variety types of establishments. In other words, we try to
answer the question "do the type i establishments tend to cluster with other types of
establishments?" The index γi is not suitable for this question, though it tells us the
degree of agglomeration within a single retail type. We hence propose another index to
measure the degree of propensity for clustering with other types of retail activities.
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Let us consider the PDF fi (x) and the average PDF f ( x ) . The average PDF
represents the average degree of retail agglomeration at the location x, that is, the relative
density of all kinds of retail establishments. Therefore, if type i establishments tend to be
located in retail agglomerations, fi (x) shows a positive correlation with f ( x ) . In contrast
to this, the PDF of establishments that prefer isolated locations has a negative correlation
with f ( x ) .
To describe this relationship between fi (x) and f ( x ) quantitatively, we calculate the
Bhattacharyya distance (Fukunaga, 1972; Basseville, 1989) between these functions, and
define the index ηi which represents the degree of propensity for agglomerations of type i
establishments by the equation below.

{∫

ηi = − log

x ∈S

}

fi ( x ) f ( x )dx

(12)

The index ηi shows a large value if the establishments prefer retail agglomerations. This
index is comparable among different retail types in S because the integration of fi (x) in S is
always equal to 1.
We should note that the indices γi and η i are defined without spatial aggregation
based on shopping areas or spatial units. Theoretically they are given by integrating
functions in the whole region. Though the calculation usually requires numerical
integration, we can decrease numerical errors by using fine grids in the calculation to
obtain almost true values.
The index values calculated for the individual retail types are shown in Table 2. Let
us first examine the index γi which represents the degree of agglomerative tendency
within type i establishments. We notice that apparel activities such as men's clothing and
accessory show large values. This suggests that spatial agglomeration increases their
benefit, and supports that they are comparison-shopping activities. On the other hand,
transport related activities such as car parts, motorcycle, and gasoline station have small
values. This implies that these kinds of establishments are widespread in Yokohama.
Food stores have a wide variation in γi , and there we cannot find any significant pattern.
Though restaurants also show diversity in γi , there seems a tendency that expensive
restaurants such as Japanese-style restaurant, sushi restaurant, and steakhouse are more
concentrated than inexpensive restaurants such as Chinese noodle, pizza, and Japanese
noodle.
Let us move to the index ηi . Table 2 seems to indicate a close relationship between
γ i and η i . Retail types having large γi such as apparel activities again show large η i ,
whereas those of small γi have small ηi . The Spearman's correlation coefficient between
the two indices is 0.9098, which is significant at the level of 1%. This implies that retail
activities that tend to gather within the same type of establishments also gather with other
types of establishments. Apparel activities typically shows this tendency. In contrast to
7

this, we can say that retail activities that avoid agglomeration with the same type of
establishments do not prefer agglomeration with other types of establishments. Transport
related activities show such a tendency.
Table 2 Agglomerative tendencies of retail establishments.
5 Spatial structure of retailing
The indices proposed in the previous section reveal agglomerative tendencies of
retail establishments, and they are useful for analyzing individual retail activities.
However, they are not enough to understand the whole structure of retailing composed of
a variety of retail activities. We hence propose a method for analyzing the spatial structure
of retailing in this section.
5.1 Classification of retail distributions
The spatial structure of retailing consists of numerous types of retail activities in
metropolises as seen Section 2, and there is a very wide diversity of spatial distributions.
Gasoline stations, for instance, are located along main roads and highways. Apparel
activities, as seen in the previous section, prefer retail agglomeration. Department stores
are located in downtowns.
In the analysis of the retail structure in metropolises, a huge amount of information
to be handled often conceals spatial patterns to be detected. It is thus desirable to
categorize retail distributions into some classes in advance in order to reduce the
information and make the underlying patterns recognizable. To this end, we propose a
method for classifying retail distributions using PDF which helps us to detect typical
patterns of retail distributions.
Classification method usually requires a measure of similarity or dissimilarity
between elements to be classified. As the measure of dissimilarity between retail
distributions, we employ the Jeffrey-Matsushita distance (Fukunaga, 1972; Basseville,
1989) between their PDFs. Suppose the PDFs of retail types i and j, that is, fi (x) and
fj (x). The Jeffrey-Matsushita distance between fi (x) and fj (x) is defined by
JMij =

∫

x ∈S

{

fi ( x ) −

}

2

f j ( x ) dx .

(13)

If the types i and j are similar in the retail distribution, JMij shows a small value. Thus,
we can classify retail distributions by the cluster analysis where the distance between
elements is given by the Jeffrey-Matsushita distance (Romesburg, 1989; Everitt, 1993).
We performed the unweighted pair-group clustering method using arithmetic
averages (UPGMA), and obtained the dendrogram shown in Figure 8. The structure of
the dendrogram appears to indicate six major classes (the dotted line). We hence classified
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the 78 retail categories into six types: location types L-A1, L-A2, L-A3, L-B1, L-B2, and
L-C. Figure 9 depicts the value of indices γi and η i categorized by the location type. In
addition to this, in order to examine the spatial characteristics of each location type, we
calculated the average PDF of each type and draw Figure 10 showing the regions where
the average cumulative PDF is equal to 0.95.
Figure 8 The dendrogram for retail distributions.
Figure 9 The indices γi and ηi categorized by the location type.
Figure 10 Regions where the average cumulative PDF is equal to 0.95. a) overlaid with
the railway network, b) overlaid with the road network.
Spatial characteristics of each location type are summarized as follows.
Types L-A1, L-A2, and L-A3: Types L-A1, L-A2, and L-A3 are very similar in the degree
of concentration as shown in Figure 9. They tend to gather not only within the same but
different types of stores. They are also similar in the propensity for railway stations. The
retail activities of these types are in higher order, that is, relatively expensive and
infrequently purchased. A key to distinguish these types lies in the stations surrounded by
the establishments; the L-A1 establishments are highly concentrated around railway
stations of a great number of passengers such as Yokohama, Kannai, Tsurumi,
Tamapuraza, and Kamioka; the L-A2 establishments can be found only around stations in
the central Yokohama, that is, Yokohama, Kannai, and Tsurumi; the L-A3 establishments
are located around not only the stations mentioned above, but also those of fewer number
of passengers such as Mitsuzakai, Futamatagawa, Shinsugita, and Kanazawa-Bunko.
Type L-B1: Type L-B1 shows less degree of concentration than Types L-A1, L-A2, and
L-A3. The establishments are located around railway stations that are very similar to those
preferred by the L-A3 establishments. Type L-B1 activities are distinctive in that they are
not frequently used though not so expensive as those of Types L-Ai .
Type L-B2: The L-B2 establishments are less concentrated than all of those mentioned
above. Retail activities in the upper column of Type L-B2 in Figure 8, say, camera,
sporting goods, and toy, show preference for railway stations. Retail activities in the
lower column, say, meat, green grocery, and pharmacy do not show such a clear
tendency. Type L-B2 is a mixture of higher and lower order retail activities.
Type L-C: Type L-C is distinctive for its spatial dispersion. The L-C establishments are
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distributed over the whole area of Yokohama. Retail activities in the upper column of
Type L-C in Figure 8 tend to gather around railway stations, whereas those in the lower
column are located along main roads and highways. This type consists of retail activities
much varying in order.
The above results indicate that retail activities similar in goods price or purchase
frequency do not always show a similar distribution. Though retail activities of types L-Ai
are consistent to some extent, other types consist of a variety of activities ranging from
lower to higher order. This implies that the location of stores is fairly affected by other
factors such as the quality of goods, agglomeration effects, and so forth.
Comparing Figures 10a and 10b, we notice that the road network does not
influence the spatial structure of retailing as much as railway stations. Though one might
think this is very strange, it is usual with big cities in Japan. This is mainly because the
railway system works as a major transportation system in Yokohama and other big cities,
and the road network is of secondary importance. Retail stores concentrate around
railway stations where numerous people gather.
5.2 Relationship between the agglomeration degree of establishments and retail
function
Relationship between the size and function of retail agglomerations has drawn much
attention in geography (Potter, 1982; Morrill, 1987; Jones and Simmons, 1990; Brown,
1992; Okabe and Sadahiro, 1996). In metropolitan areas, however, the size of retail
agglomeration is not measurable in a strict sense because of the indeterminate boundaries
of shopping areas. We hence employ the degree of retail agglomeration instead, and
analyze it in relation to the retail function. Though this approach is not the same as used in
existing studies, it will provide a useful information because a close relationship usually
exists between the degree and the size of retail agglomeration as mentioned earlier.
Let us denote the summation of Type L-Θ PDFs at x as fΘ(x). Consider the ratio of
fΘ(x) to the summation of all PDFs, that is,
f (x)
r(Θ, x ) = Θ
.
(14)
∑ fi (x)
i

We investigate the relationship between the ratio r (Θ, x) and the average PDF f ( x )
which represents the degree of retail agglomeration.
Figure 11 shows the relationship between f ( x ) and r (Θ, x). It is clear that there is
a close relationship between the degree of agglomeration and retail function, though it is
continuous rather than discrete. When the average PDF f ( x ) is less than 1.0*10-5, Type
L-C activities are predominant. This is supported by the fact that Type L-C shows small
10

values of γ i and η i , which indicates the propensity for isolated locations. As f ( x )
increases, the ratio of Type L-C decreases consistently and Types L-B1 and L-B2 appear
successively. This suggests that local shopping centers whose f ( x ) is under 1.0*10-3.5
consist of these types of retail activities (see also Figures 7 and 8). When f ( x ) exceeds
1.0*10-3.5, Type L-A2 appears first, and then do Types L-A3 and L-A1. The ratios of
Types L-B1, L-A2, and L-A1 increase consistently with f ( x ) . At the highest level retail
agglomerations mainly consist of the L-B1, L-A2, and L-A1 establishments.
Figure 11 Relationship between the average PDF f ( x ) and the ratio of PDFs r (Θ, x).
5.3 Spatial structure of retail agglomeration
Having analyzed the relationship between the size and function of retail
agglomerations, we then proceed to the spatial structure of retail agglomerations. How
many levels of agglomerations do exist? How do they form the retail structure in a
metropolitan area? We propose an analyzing method to answer these questions.
We first divide the region S into a square lattice. Let us denote the region covered
by cell i as Ci . We then calculate the ratio of fΘ(x) to the summation of all PDFs in Ci as
r (Θ, Ci ) =

∫

x ∈Ci

r(Θ, x )dx
.

∫ dx

(15)

x ∈Ci

As seen in the above equation, the ratio r (Θ, Ci ) is the average of the ratio r (Θ, x) in cell
i.
We next perform the UPGMA cluster analysis to classify the cells by the retail
functions. The similarity between cells i and j is defined by
dij =

∑ {r (Θ, C ) − r (Θ, C )}
i

j

2

.

(16)

Θ

Having obtained classified cells, we then examine their spatial distribution.
We applied the above method to the retail distributions in Yokohama. For the size
of cells, we tried various sizes ranging from 200 to 1000 meters, and found that the cell
size does not greatly affect the results. We thus describe the result based on the square
lattice of side 300 meters.
The obtained dendrogram for the cells is illustrated in Figure 12. We show only a
part of the dendrogram where seven major classes are indicated. The probability
distributions of the average PDF are depicted in Figure 13. This figure indicates that the
C-C, C-D, C-E, C-F, and C-G cells are located where the average PDF is fairly small.
Examining the cells in detail, we found that most of them contain only one or two isolated
stores. We thus excluded these cells in further analysis in order to focus on retail
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agglomerations.
Figure 12 The dendrogram for cells.
Figure 13 The probability distributions of the average PDF.
To analyze the characteristics of retail agglomerations more in detail, we reclassified
the Types C-A and C-B cells into 3 subclasses respectively: C-A1, C-A2, C-A3, C-B1, CB2, and C-B3 (Figure 14). We then calculated the average of f ( x ) and r (Θ, Ci ) for each
cell type (Table 3). The spatial distribution of the cells is shown in Figure 15.
Figure 14 The dendrogram for cells representing retail agglomerations.
Figure 15 The spatial distribution of the cells representing retail agglomerations.
Table 3 The averages of the average PDF f ( x ) and the ratio r (Θ, Ci ) (%).
From Figure 15 and Table 3, we summarize the characteristics of each cell type as
follows.
Type C-A1: Type C-A1 corresponds to entertainment districts. This type is distinctive for
the highest degree of agglomeration (the average PDF) and the high ratios of the L-A2 and
L-B1 retail activities, especially taverns, bars, Japanese-style restaurants (which serve
alcoholic drinks), video games, and mahjong games. The C-A1 cells are clustered close to
railway stations such as Yokohama, Kannai, and Shin-Yokohama, which are surrounded
by business districts.
Type C-A2: In contrast to Type C-A1, Type C-A2 is distinctive for the smallest average
PDF. Examining the C-A2 cells in detail, we found that most of them contain only a few
establishments. The L-B1 and L-C activities are predominant. The C-A2 cells are scattered
in the suburban area of Yokohama, and they prefer residential areas at a distance from
railway stations. Considering the above, we regard the C-A2 cells as very small retail
clusters in residential areas.
Type C-A3: Type C-A3 mainly corresponds to unplanned local shopping areas around
railway stations. Many of C-A3 cells are concentrated around railway stations, and others
surround the C-A1 and C-B3 cells. The ratio of lower level activities, say, L-B1, L-B2,
and L-C, seems relatively high. Those indicate that Type C-A3 represents traditional
unplanned retail agglomerations frequently found around railway stations in Japan.
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Type C-B1: Numerical indices of Type C-B1 are similar to those of Type C-A3, though
the average PDF is somewhat smaller and the ratios of Types L-A3 and L-B1 activities are
somewhat different. A clear distinction between the two cell types can be made by their
spatial distributions. While the C-A3 cells are highly concentrated around stations, the CB1 cells are scattered over the whole area of Yokohama off railway stations. Another
difference between the cell types is in the size of cell clusters: the C-B1 cells form smaller
clusters than those of the C-A3 cells. We hence consider that Type C-B1 represents local
retail agglomerations in residential areas, which are also frequently found in Japan.
Type C-B2: Type C-B2 is very similar to Type C-B1 both in the numerical attributes and
the spatial distribution. The difference between them lies in the composition of retail
activities. Many of C-B1 cells contain either a green grocery store or a pharmacy, whereas
most of C-B2 cells have a beauty shop. This suggests that green grocery stores and
pharmacies worked as the nucleus of the C-B1 agglomerations, and so did pharmacies for
the C-B2 agglomerations.
Type C-B3: Type C-B3 corresponds to the highest level of retail agglomerations. The
degree of agglomeration is considerably high, and the ratio of L-A1 activities shows the
largest among the six cell types. The spatial distribution of the C-B3 cells is also
distinctive. They are concentrated only around the stations having a great number of
passengers, that is, Yokohama, Kannai, Shin-Yokohama, Tamapuraza, Konandai, and
Kanazawa-Bunko.
Besides the above types of cells, the C-C, C-D, and C-E cells often contain one or
two isolated establishments. We thus conclude that there are four levels of retail
agglomerations and isolated establishments in Yokohama:
1) 1-st level agglomerations (Type C-B3): Located around the biggest railway stations.
Contain department stores and women's clothing stores. Highest degree of
agglomeration. Often accompanied by entertainment-specialized areas (Type C-A1), or the
2-nd level agglomerations (Type C-A3).
2) 2-nd level agglomerations (Type C-A3): Located around most of the railway stations
and the 1-st level agglomerations. Consist of a wide variety of stores from shoppers
goods to convenience goods. The second highest degree of agglomeration.
3) 3-rd level agglomerations (Types C-B1 and C-B2): Distributed in residential areas off
the railway stations. Usually contain a green grocery store, a pharmacy, or a beauty shop
as the nucleus. Frequently purchased goods.
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4) 4-th level agglomerations (Type C-A2): Scattered in the suburban area of Yokohama.
Consist of a few establishments.
5) Isolated establishments (Types C-C, C-D, and C-E): Scattered over the whole area of
Yokohama. Some prefer main roads and highways.
The spatial hierarchy of retailing system in Yokohama seems significant, though its
pattern is not so regular as that of the central place theory. The 1-st and 2-nd level
agglomerations are fewer than those of lower levels, and located only around bigger
stations. The 3-rd and 4-th level agglomerations are dispersed over the whole area of
Yokohama.
The relationship between levels in the hierarchy and types of store is fairly clear.
Higher level agglomerations mainly consist of stores of expensive and infrequently
purchased goods, whereas lower level agglomerations consist of shoppers goods stores.
The hierarchical system is similar to Berry's typology of shopping areas to some extent:
general shopping areas, ribbon developments, and specialized shopping areas. The 1-st
and 2-nd level agglomerations seem to correspond the general shopping areas, whereas
the 3-rd and 4-th levels are the ribbon developments. However, specialized shopping
areas are not detected, and isolated establishments do not have their counterpart in Berry's
typology. The hierarchy of retailing system in Yokohama does not perfectly agree with
that of 1960's. On the other hand, it does not completely support the Brown's typology
proposed in 1991 (Brown, 1991). The system of Yokohama does not have planned
shopping centers such as megastores and speciality shopping areas which are often found
in suburban areas in the UK and the USA. This is mainly because railway system works
as a major transportation system in Yokohama, as stated earlier. We can conclude that the
retailing system in Yokohama is a hybrid of systems advocated by Berry and Brown.
6 Conclusions
In the present paper, we have proposed a method for analyzing the retail structure in
a metropolis and applied it to the retail structure in Yokohama, Japan. The method is
based on the probability distribution function (PDF) of establishments estimated from the
their locational data, and it is better than the existing methods using spatial aggregation
data in several points as discussed earlier.
The two indices γ i and η i drawn from PDF were proved to be useful for
summarizing agglomerative tendencies of retail establishments. Though a PDF itself fully
describes the spatial characteristics of establishments, the summary indices are more
convenient especially in comparing a wide variety of retail distributions.
The classification of retail distributions also worked well in the empirical study: it
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revealed the six major types of location in Yokohama. Though we knew by experience
that there are some typical patterns in retail distributions, there are few methods for
investigating it quantitatively. The PDF-based method provides a useful tool for the
classification of retail distributions.
The spatial structure of retail agglomerations was then analyzed by use of the cells
classified by the retail functions. The classification of cells indicated four levels of retail
agglomerations and isolated stores. The spatial structure of the agglomerations showed a
close relationship with the location of railway stations. Though the result may not be so
surprising, the proposed method appears to be valid for analyzing retail agglomerations.
Finally we should note some limitations of the present study. First, in the empirical
study we used only the locational information of retail establishments, without taking
account of other attributes such as the floor size, the quality and price of goods, and so
forth. That is because such detailed data are unavailable in general. However, if detailed
data are accessible, the proposed method can be easily modified to take various factors
into account. The floor size, for instance, can be reflected in the weight of the kernels.
This assures us applications of the method in other countries where large supermarkets
and megastores are predominant and the size factor is of great importance. The data of
goods types permit us to classify the establishments more strictly or to analyze directly the
distribution of individual goods through the same procedure as used in the present paper.
Second, a quantitative method should be developed to analyze the spatial relationship
among the distributions of retail establishments, railway stations, and residential areas.
The present paper analyzed these relationships only by qualitative methods, thus it
remains unknown whether they are really meaningful. A new quantitative method to treat
these relationships should be developed in further researches.
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