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Abstract. Applying the method of “Land-Use Mix” (Amindabari
et al. (2013)) and Focusing on changes in highly mixed land use
areas within an extensive survey area and detailed analytical unit, the
analysis in this study revealed some trends of distribution of mixed land
use areas and their declining patterns in the eastern part of Saitama
Prefecture, Japan. For example, among the changing land use patterns of
Highly-Mixed-Points-as-of-1994, the pattern that a decreasing mixture
index was associated with increasing residential land and decreasing
commercial land occurred most often, and the points that changed with
that pattern accounted for about 32% of all the Highly Mixed Points, and
about 51% of the decrease in mixture index points.
Keywords. Metropolitan Form Analysis; Land-Use Mix; GIS;
Mixed land use; Compact City.

1. Introduction
Amidst global environmental problems, cities around the world are turning to
sustainable urban structures. As advocated by these efforts and research conducted
throughout the world, in an intensive urban structure (i.e., a “Compact City”),
urban functions and city populations are aggregated within a walkable range,
thereby decreasing dependence on automobiles. In Japan, the importance of
intensive urban structures has been recognized as a measure for coping with the
declining population, the financial deterioration of local governments, and the
decline of central urban areas. Research on this topic is urgently needed to develop
methods and tools to foster a more comprehensive understanding of urban structure
design.
“Mixed land use”-an essential condition of the Compact City that means
including diverse types of land use in a neighborhood-is important for reducing
dependence on automobiles, revitalizing central urban areas, and keeping people
on the streets all day. To design and formulate plans for future urban development
that include mixed land use, it is necessary to analyze changes in selected highly
mixed land use areas over time. Previous studies have been conducted on mixed
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land use in Japan. For example, Eom et al. (2016) proposed a new method of
evaluating land use components that considered spatial adjacency, integrity, and
proximity, and analyzed relationships between the share ratios of various transport
modes and the classification of mixed land use patterns in 23 wards in Tokyo.
However, few studies have focused on highly mixed land use areas and considered
changes to their distribution over an extensive survey area by analyzing detailed
analytical units.
In this situation, Amindabari et al. (2013) proposed several analytical methods
that used GIS and metrics to measure urban forms called “Metropolitan Form
Analysis” (MFA), and a method for measuring the degree of mixed land use called
“Land-Use Mix,” which was proposed as one of the MFA’s metrics. Although this
method will be described later, under the Land-Use Mix method, sample points are
identified in the survey area at specific intervals, and the extent of highly mixed
land use in the whole survey area is evaluated, based on the “degree of mixture”
in each sample point’s designated radius area.
Applying the Land-Use Mix method and analyzing changes in the degree of
mixed land use based on the detailed designated radii in the extensive survey area
clarifies the changing trends in highly mixed land use areas in detail. Furthermore,
focusing on the continuity of unit areas exhibiting similar kinds of changes,
the analyst can consider the changing trends in mixed land use areas from the
viewpoint of the scale of occurrence.
2. Objectives
The main objective of this paper is to use the analytical Land-Use Mix method and
detailed analysis units to discover the underlying trends of changes occurring in
highly mixed land use area distributions over a wide survey area. The survey area
selected for this study was the eastern part of Saitama Prefecture in Japan, where
there is a preference for a diverse land use mixture due to stronger linkages with
people’s daily lives. Detailed land use data for 1994 and 2005 are also available
for this area. This paper analyzes the mixture of residential and commercial land
in this area, and describes the following:
• Fundamental trends of changes in the composition of land use in highly mixed
areas as of 1994
• Fundamental trends of changing land use patterns in a region in which the
mixture of residential and commercial land area is decreasing, but which had
a high degree of mixture as of 1994

3. Methods
In this paper’s Land-Use Mix analysis, individual sample points are inserted at
100-meter intervals, and changes in the degree of mixture at these points are
noted. Further, considering groups of consecutive points with the same changing
mixture as one type of cluster, this paper also focuses on differences in the scale
of occurrence for each type of change.
Chapter 4, which follows, provides detailed descriptions of the analytical
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Land-Use Mix method, and Chapter 5-based on the results of applying the
Land-Use Mix method to land use data of the eastern Saitama Prefecture-discusses
the trends of changes in the degree of mixture from 1994 to 2005. In Chapter 6,
Section 1, fundamental trends of changes in the degree of mixture in the highly
mixed area as of 1994 are analyzed. Then, in Chapter 6, Section 2, the trends
in each land use area are analyzed for occurrence scale and changing patterns, to
identify regions that had had a high mixture degree as of 1994, but where the
degree of mixture was now declining.
All analyses in this paper are based on the data of “Digital Map 5000 (Land
Use)” and data of “Detailed Digital Information (10m Grid Land Use)” which
contain data of each parcel of land use in 2005 and data of each 10 meters grid
of land use in 1994 respectively. Both of them were produced by Geospatial
Information Authority of Japan (GSI). This paper considers land use class of
“Commerce and Office” in the above data as commercial lands and classes
of “Medium-to-High-Rise Housing” and “Low-Rise Housing” and “Crowded
Low-Rise Housing” as residential lands
4. Details of land use mixture analysis
4.1. SETTING METHOD FOR UNITS OF ANALYSIS

In the Land-Use Mix method, sample points are assigned to the whole survey area
at regular intervals, and the degree of mixture is evaluated for the designated radius
area of each sample point. The designated radius area for each sample point is set
so as to contact other points in vertical and horizontal directions (Figure 1). In other
words, the designated radius is equal to the length of regular intervals among the
sample points and the circles of the designated radius areas, which are regarded as
the units of the mixture analysis, and overlap with each other. As mentioned above,
in this research, individual sample points are inserted at 100-meter intervals.

Figure 1. Image of sample points and designated radii areas’ distribution using the Land-Use
Mix method (Created on the basis of Amindabari et al. (2013)).

Although there was an overall increase in the degrees of mixed use of
residential land and commercial land between 1994 and 2005, the highly mixed
regions of 1994 became less mixed in 2005. The results of this study indicate
that, due to patterns of declining mixture, residential land use increasingly replaces
commercial land use. With regard to the opposite pattern (that of residential land
use being replaced by commercial land use), point clusters on a large scale tend to
occur relatively close to the railway station.
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4.2. DETAILED CALCULATION OF THE MIXTURE INDEX

Amindabari et al. (2013) proposed a method for quantifying mixed land use around
each sample point using a “matching index.” This index represents the degree of
matching between the actual mixing ratio of targeted land use areas in each sample
area, and the expected mixing ratio designated by the analyst. Further details are
described below.
Representing the set of targeted land uses as N , and the known designated
radius area of a sample point as i, the matching index Mn:i , which corresponds to
the index of the targeted land, uses n: an element of N in i is defined in following
equation:
Mn:i = 1 − |Sn:i − ESn:i |
(1)
ESn:i is the expected mixing ratio of n in i. ESn:i represents the expected
percentage of area n relative to the total area of targeted land uses in i. Details
about the methods of determining the expected mixing ratio of each targeted land
use will be described later. Sn:i is the actual mixing ratio of n in i, which represents
the actual percentage of area of n relative to the total area of all targeted land uses
in i. It is defined as follows:
An:i
Sn:i =
(2)
∑N Ak:i
An:i is the area of n in i. When the land use n does not exist at all, the denominator
of Sn:i becomes 0, and Mn:i cannot be calculated. In this case, the degree of mixed
land use is not defined.
After the matching index was calculated with regard to each land use target,
the mixture index of all targeted land uses was as follows: M Xi is calculated
multiplying the product of all matching indexes and the percentage of the total
area of all targeted land uses in i to the whole area of i, which is stated as Si .
M Xi and Si are defined as follows:
M Xi = Si (∏N Mn:i )

(3)

∑N Ak:i
(4)
Ai
Ai is the whole area of i. M Xi takes a value greater than 0, and less than or equal
to 1. If the actual mixing ratio of each targeted land use is close to the expected
mixing ratio, M Xi is close to 1. If less area is allocated to the targeted land uses in
i, M Xi is close to 0. Calculating the average of the indexes in all the designated
radius areas of sample points, the degree of mixed land use in the whole survey
area can be assessed.
Amindabari et al. (2013) proposed several methods for determining the
expected mixing ratio of each targeted land use. The analysis in this paper
uses a fixed mixing ratio voluntarily designated by the analyst as a method for
determining the expected mixing ratio, and the ratio of “50%-50%” is the expected
mix of residential and commercial land areas. Further, as the degree of the mix of
residential and commercial land, this paper defines the residential and commercial
Si =
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land mixture index (M Xi ), which is calculated using the above expected mixing
ratio. This degree of mixture has a value greater than 0 and less than or equal to 1,
and if the actual mixing ratio of the residential and commercial land areas is close
to the ratio of 50%-50%, the degree of mixture is close to 1, and if less residential
and commercial land exist in a designated radius area, the degree is close to 0.

Figure 2. Values of the mixture index in each mixture situation.

5. Distribution and changes in mixed areas in eastern Saitama Prefecture
Figure 3 shows the degree of mixture of residential and commercial land around
each sample point in 1994 and 2005, and Figure 4 depicts changes in the degree
of mixture from 1994 to 2005. Looking at the whole eastern Saitama Prefecture,
increases in the degree of mixture are evident.

Figure 3. Mixture indexes of residential and commercial land in each sample area of eastern
Saitama Prefecture as of 1994 and 2005.
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Figure 4. Changes of mixture index in each sample point from 1994 to 2005.

Figure 5 is a scatter plot of the mixture index as of 1994, and changes to
the mixture index at each point from 1994 to 2005. As shown in this scatter
plot, sample points with a higher degree of mixture as of 1994 tend to decrease
the mixture. Further, classifying the sample points on the basis of the degree of
mixture, using 0.4 as a reference value, the group with values greater than 0.4 has
a larger number of points with a decreasing mixture, than points with an increasing
mixture.

Figure 5. Scatter plot of the mixture indexes in 1994, and the amounts of mixture index
changes by 2005.

Figure 6. Changes of mixture indexes at the points where the mixture index exceeded 0.4 in
1994.
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6. Results in highly mixed areas as of 1994
6.1. RESIDENTIAL OR COMMERCIAL LAND AREAS AND MIXTURE INDEX
CHANGES IN HIGHLY MIXED AREAS

This paper defines a sample point in which the mixture index (M Xi ) is greater
than 0.4 as a Highly Mixed Point of residential and commercial land. Figure 7 is a
scatter plot of changes to residential and commercial land areas from 1994 to 2005
in the areas labeled Highly-Mixed-Points-as-of-1994. This scatter plot depicts the
negative correlations between residential and commercial land area changes in the
Highly Mixed Points, and the trends that when both residential and commercial
land areas increased, the mixture index also increased, and conversely, when both
residential and commercial land areas decreased, the mixture index also decreased.
On the other hand, when either residential or commercial land areas increased, and
the other decreased, both were cases of increasing and decreasing mixture indexes.

Figure 7. Scatter plot of residential and commercial land area changes in the
Highly-Mixed-Points-as-of-1994 from 1994 to 2005.

The number of increasing or decreasing points in the
Highly-Mixed-Points-as-of-1994-classified into four land use patterns that
changed on the basis of increasing or decreasing residential and commercial
land areas-is shown in Figure 8. Most changes occur when the mixture index
is decreasing, while residential land areas are increasing, and commercial
land areas are decreasing (1613 points), which account for about 32% of all
the Highly-Mixed-Points-as-of-1994, and about 51% of the mixture index’s
decreases.
The increasing residential land and decreasing commercial land patterns shows
a large difference between the number of increases in the mixture index, and the
number of decreases (387 points and 1613 points). In contrast, the decreasing
residential land and increasing commercial land pattern has a smaller difference
in the number of increases or decreases respectively (661 points and 628 points).
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Figure 8. Increases and decreases in each group’s mixture index based on changing land use
patterns in the Highly-Mixed-Points-as-of-1994.

6.2. TRENDS OF A DECLINING MIXTURE INDEX BASED ON RESIDENTIAL
OR COMMERCIAL LAND AREA CHANGES

According to Figure 9 in the previous section, there are three patterns of land
use change in which the mixture index of the Highly-Mixed-Points-as-of-1994
had decreased by 2005 that reflected the decreasing residential land and
increasing commercial land pattern, the increasing residential land and decreasing
commercial land pattern, and the decreasing residential and commercial land
pattern. This section focuses on these decreasing patterns in Highly Mixed Points,
and analyzes each pattern’s trend of occurrence scale, considering the vertical,
lateral, or oblique consecutive points that have the same changing land use patterns
as the mixture in a decreasing point cluster (Figure 9).

Figure 9. Image of point clusters that have the same kind of changing land use.

Table 1 is a cross tabulation table of three types of changing land use patterns
and cluster sizes. This shows that the decreasing residential land and increasing
commercial land pattern has a relatively large ratio of single points, and that the
increasing residential land and decreasing commercial land pattern has a relatively
large ratio of the clusters of consecutive points. These results represent large
scattered retail stores that have been shown as a single point, and individual small
stores closing down or converting to residences in some shopping streets that have
a sufficient spatial extent to accommodate this use.
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Table 1. Cross tabulation of three types of changing land use patterns and cluster sizes.

Then, in regard to the relationship between the cluster size of each changing
land use pattern, and the location of occurrence, Figure 10 uses a box plot to
represent the distance to the nearest railroad station from each cluster’s location,
for each cluster size, and changing land use pattern. In this figure, compared
to the other patterns, the decreasing residential land and increasing commercial
land pattern clusters tend to have larger sizes in association with being closer to
a station. This is thought to reflect the fact that several mixed areas of residential
land and commercial land close to a railroad station have been exposed to relatively
larger commercial development pressures, and so developed more consecutively
and extensively from 1994 to 2005.

Figure 10. Box plots of distance to the nearest railroad station from each cluster’s location for
each cluster group size and changing land use pattern.

7. Conclusion
The findings in this paper regarding changes to residential and commercial land
in mixed areas in Japan’s eastern Saitama Prefecture from 1994 to 2005 are
summarized as follows:
• There are a relatively more points where the mixture index of residential and
commercial land increased from 1994 to 2005, than there are points where the
index decreased in the eastern Saitama Prefecture. On the other hand, for the
Highly-Mixed-Points-as-of-1994, the decrease in the number of mixture index
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points exceeded the increase in the number of points.
• Among the changing land use patterns of Highly-Mixed-Points-as-of-1994,
the pattern that a decreasing mixture index was associated with increasing
residential land and decreasing commercial land occurred most often, and the
points that changed with that pattern accounted for about 32% of all the Highly
Mixed Points, and about 51% of the decrease in mixture index points.
• For changing land use patterns for which the Highly Mixed Points mixture
index decreased, the increasing residential land and decreasing commercial
land pattern has a relatively larger ratio of clustered consecutive points than
the other patterns.
• On the contrary, points associated with a decreasing residential land and
increasing commercial land pattern tend to occur as single points more
frequently than in the other patterns. Further, unlike the other patterns, the
clusters in this pattern tend to be larger in size, in addition to being closer to
the railroad station.

The analyses conducted in this paper have not compared the factors that led to
a decline in mixture indexes with an actual urban situation survey or fieldwork
investigation. However, this paper has tested and confirmed that the method used
in this paper can be used to understand and visualize changes in detailed land use
mixed areas for purposes of designing future mixed land use and Compact Cities.
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