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Abstract: This paper sheds light on the residences of white-collar workers in Tokyo and Osaka,
Japan in the modernizing period using historical statistical data and telephone directories from a
historical geographic information system (GIS) analysis. We examined the differences between the
distribution of white-collar workers and the progress of suburbanization by comparing the respective
unemployment censuses and telephone directories of Tokyo and Osaka. The analysis shows that in
1925, there was a tendency for many white-collar workers to live in certain city sectors, as well as in the
city center. However, this trend had changed by the mid-1930s, when data show that private-sector
white-collar workers tended to live more in areas with a relatively low population density. Compared
to Osaka, Tokyo was relatively suburbanized with white-collar workers in private companies.

Keywords: white-collar workers; salaried workers; company employees; company executives;
telephone directories; historical GIS; small-area statistics; Tokyo; Osaka

1. Introduction

Since the late 1990s, the construction and public accessibility of historical GIS databases have
progressed [1], and research on historical geography and spatial humanities has been conducted using
historical GIS data [2]. Historical GIS databases store many types of spatial data resources in various
periods. The typical data included in the historical GIS database are statistical data and map data [3,4],
and historical GIS research on cities after the modernizing period where these materials are often
accumulated has been conducted.

Urbanization had rapidly progressed in the modernizing period, and urban segregation had
begun to attract research attention by urban sociologists of the Chicago School [5]. The research on
the segregation of modern and large cities has also been conducted using historical GIS data. For
example, Beveridge (2002) used the historical census data for New York obtained from the National
Historical GIS [6], and Gilliland and Olson (2010) used non-aggregated data based on historical atlases
in Montreal [7]. In addition, by using the historical GIS database at the country level, it is possible to
analyze comparisons between metropolitan areas in the United States from a long-term perspective.
Furthermore, if there are historical GIS databases based on statistical materials such as census and
detailed atlases, more research can be conducted. Focusing on Japan, the construction of historical GIS
databases is not sufficient, and research examples using them are limited to specific cities. Only the
case of Kyoto [8] is known as a historical GIS database containing statistical data about cities. It is
only after the 1960s that census statistics for rural areas became available in Japan [9]. Therefore, the
historical GIS database on statistics is inevitably created from materials published by local governments
rather than the national statistics office. However, data for analyzing segregation, such as population
by occupation or ethnicity, are only available in a few cities [10]. Fortunately, directory materials

ISPRS Int. J. Geo-Inf. 2019, 8, 375; doi:10.3390/ijgi8090375 www.mdpi.com/journal/ijgi

http://www.mdpi.com/journal/ijgi
http://www.mdpi.com
https://orcid.org/0000-0003-4577-044X
http://www.mdpi.com/2220-9964/8/9/375?type=check_update&version=1
http://dx.doi.org/10.3390/ijgi8090375
http://www.mdpi.com/journal/ijgi


ISPRS Int. J. Geo-Inf. 2019, 8, 375 2 of 13

such as social registers and telephone directories are available to some extent. The people listed in
these materials are often from more affluent social classes, but there are still materials for analyzing
segregation by occupation, as well as social classes that cannot be grasped from statistical data.

The upper class in modern Japan was a pioneer in suburbanization. As a result of population
concentration in large cities in Japan, relatively wealthy capitalist classes and white-collar workers such
as managers, professionals, office workers, and technical workers moved to new suburban residential
areas [11]. The construction and development of railways mainly for intercity transport promoted the
suburbanization of such white-collar workers [12]. On the other hand, detailed geographical studies in
Tokyo [13] and Osaka [14] show a difference in the result regarding this suburbanization by white-collar
workers. In Tokyo in 1920, military personnel, civil servants, and professional workers were living in
the newly expanded western and southern areas, rather than the traditional city center [13]. Meanwhile,
in Osaka in the 1920s, white-collar workers lived in the traditional city center and inner suburbs [14].
Is such a difference caused by differences in the progress of suburbanization by each city? Comparing
these two cities in more detail will allow us to answer this question. It should be noted that the
statistical materials used in these two studies are not the same, and are created independently by each
city government. Therefore, we cannot analyze in spatial units of the same scale, and it is difficult to
make a direct comparison of the two cities.

In addition to the size and progress of suburbanization, it is possible that there are other contributing
factors that cannot be gleaned using data from previous studies. Therefore, we examine this question
using quantitative, historical GIS data that show the distribution status of urban white-collar workers in
the pre-war period. Clarifying the differences or similarities in the distribution of white-collar workers
as an aspect of segregation will help elucidate the spatial structure of modern Japanese metropolises.

2. Data and Methods

Before showing the distribution of white-collar workers, it is necessary to grasp the characteristics
of urbanized areas in Tokyo and Osaka during the modernizing period. GIS data on land use in both
the cities at that time were not available. Instead, using the population data based on the census [10],
we see that urbanized areas are based on population density. In Japan, districts with a population
density of 4000 or more per square kilometer in small area units [15] have been regarded as urban
areas, and those with a population density less than this are considered suburbs. In addition, the
location of the city center is identified using the highest land price indicated in the statistical data of
1935. The highest land price point in Tokyo is Muromachi 1-chome, Nihonbashi-ku [16], and in Osaka
is Kitahama 2-chome, Higashi-ku [17]. Figures 1 and 2 show the urban and suburb areas in 1935, and
the city center. The concentric circles are measured in two-kilometer intervals and the sectors from I to
IV from the highest land price point. The population density was divided into five levels based on a
density of 4000 per square kilometer. In both the cities, most of the city area at that time was thought to
be urbanized, but areas with low population density still remained in areas close to the city boundaries.
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Figure 1. Population density based on the 1935 Population Census, the highest land price point and 
concentric circles in two-kilometer intervals from the highest land price point in Tokyo in 1935. 

 
Figure 2. Population density based on the 1935 Population Census, the highest land price point and 
concentric circles in two-kilometer intervals from the highest land price point in Osaka in 1935. 

Figure 1. Population density based on the 1935 Population Census, the highest land price point and
concentric circles in two-kilometer intervals from the highest land price point in Tokyo in 1935.
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In this study, we mainly analyze two materials: The unemployment census of 1925, and
modernizing-era telephone directories. The unemployment census was conducted because of the need
for measures against unemployment in the recession during the 1920s, but the census was conducted
for all workers, and the number of factory workers, salaried workers, and day laborers could be
grasped [18]. The salaried workers in the unemployment census are those who earn salaries and
engage in administrative and technical positions, and workers who are employed by local governments
or private companies having representative occupations [18]. In other words, the salaried workers
in the unemployment census are public or private white-collar workers, excluding managers and
professionals. The results of the unemployment census are summarized only in units of municipalities
published by the national statistics bureau of Japan, but the small area statistics on the unemployment
census are only published by some cities. In order to make it consistent with the analysis of the
telephone directories, we will use the results of the unemployment census within the city boundary as
of 1935 and 1937.

Next, using the telephone directories of 1935 and 1937, we confirm the distribution of company
employees and executives at that time. Telephone directories were created in many cities in Japan
before World War II, so it is possible to grasp the occupations of telephone subscribers (Figure 3).
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Directory of Osaka City and Suburbs)”.

Depending on the region, there are also telephone directories classified by occupations. The
telephone directories used in this study were “Syokugyou-betsu Denwa Meibo Dai 25 Han (Classified
Telephone Directory of Tokyo, 25th Edition)” [19] published in 1935 and “Osaka-shi Oyobi Kinko
Denwa Bango-bo (Telephone Directory of Osaka City and Suburbs)” [20] published in 1937. We
extracted registrations corresponding to company employees and executives from the telephone
directories: the number of telephone subscribers of company employees and executives (TSCEE) in
Tokyo in 1937 was 9702, and in Osaka in 1935 was 1904. However, the telephone subscription rate at
that time was still low, and not all individuals owned a telephone, as the telephone system in Japan had
just begun in 1890. In 1935, the telephone subscriber rate in Tokyo was only 10.4% [16], considering the
number of households. The number of all telephone subscribers per 100 households was 9.6 in 1935 in
Tokyo [16] and 13.3 in 1937 in Osaka [21]. For this reason, an exhaustive analysis is not possible, as
telephone subscribers mainly belonged to higher social classes. However, this material does allow for
comparisons between cities.
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The georeferencing of records in the telephone directories is possible from the address information.
However, georeferencing by lot number is difficult because the map at that time cannot be obtained for
a wide area. The address matching system has been created for Tokyo [22], but its coverage is limited
to the former Tokyo city until 1932 and cannot be used for this analysis. Although it is necessary to
consider the issue of the modifiable areal unit problem (MAUP) [23], here we will count up on a town
block basis in consideration of consistency with demographic data. The larger the population size of
the town block, the greater the number of telephone subscribers. Therefore, we calculate the number of
the TSCEE per 100 households based on the 1935 Population Census [10]. Since there is no population
data for 1937 for Osaka, the results of the 1935 census are used. Local Moran’s I statistics [24] was used
to analyze the spatial distribution of the number of the TSCEE per 100 households. The bandwidth
in the calculation of the spatial weight matrix is the distance between the centroids of the polygon
that guarantees at least one neighbor: the distance in Tokyo is 1583.32 m and in Osaka is 1211.49 m.
When calculating the weight, we use the inverse distance. The number of permutations is 999, and
GeoDa [25] calculates the high-high (HH), high-low (HL), low-high (LH), low-low (LL) clusters which
are significant at the 5% level, except for areas with zero households. Then, based on the distance
between the city center and the centroids of the town blocks and the direction, the distribution is
quantitatively grasped.

3. Results

3.1. Distributions of the Salaried Workers in 1925

The proportion of salaried workers in Tokyo in 1925, shown in Figure 4, is higher than the
average mainly in sectors III and IV. In sector I, except for the area adjacent to sector IV, there are not
many areas higher than the average. In sector II, there are areas with a high proportion of salaried
workers. Nihonbashi-ku, which includes the highest land price point, is the city center, and the
proportion of salaried workers is the third-highest among the municipalities within the targeted area,
50.4% [26]. In Tokyo in 1925, sectors III and IV and the city center were comprised predominantly of
white-collar workers.

Figure 5 shows the proportion of salaried workers in 1925 in Osaka. Since the district is generally
larger than Tokyo, it cannot always be judged by the sector based on the highest land prices, but in
sector III, the proportion of salaried workers is generally higher than the average. However, as in
Tokyo, it does not spread continuously to specific sectors from the city center, but there are areas with
low values in the 3 to 5 km zone, so it is consistently low in sector III. In the case of Osaka, in the
urban area at that time, the city center and part of sector III were areas where white-collar workers
were prominent.
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3.2. Distributions of Company Employees and Executives based on Telephone Directories in the mid-1930s

Figure 6 shows the areas with significant spatial autocorrelation for the number of the TSCEE per
100 households in Tokyo in 1935. The HH clusters are distributed in and around sector IV within 2 to
10 km of the highest land price point. In addition, as an enclave, it is distributed in the range of about
10 to 16 km in sector IV and the southwest area. The latter HH cluster may be located outside the
urban area in the western half and may be a suburban residential area that was just recently developed.
On the other hand, the area around the highest point of land prices belongs to the LL cluster, and the
HH clusters are not seen within two kilometers even in sector IV. There are no significant HH clusters
in sector II, whether in the urban area or the suburb. The HH clusters can be seen in sector I, but they
are integrated with clusters that spread out in sector IV. In this way, the area where there are many
company employees and executives in Tokyo is the area centered on sector IV, not including the core
area of the traditional city center of about two kilometers around the highest land price point. The
residences of company employees and executives were also found outside the suburban area.
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Figure 7 shows the areas with significant spatial autocorrelation for the number of TSCEE per
100 households in Osaka in 1937. In Osaka, the HH clusters are found in areas within two kilometers
from the highest land price point, and in areas more than four kilometers away from the point in
sector III. The HH cluster in the city center including the highest land price point is elliptical, but
it is approximately centered on the highest land price point. The HH cluster in sector III is not
spatially linked to the city center. The LL cluster area is also found in the western half of the two- to
five-kilometer range. Although the HH cluster in sector III is mostly included in the urban area, it
is at the edge of the urban area and adjacent to the suburb. Unlike Tokyo, the HH cluster in Osaka
clearly exists in the city center including the highest land price point, and is extracted as an elliptical
area centered on the highest land price point. However, a large group of HH clusters was also found
in sector III adjacent to the suburb, and as in Tokyo, company employees and executives tended to
concentrate in certain sectors.
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3.3. Relationship Between Residences of the Company Employees and Executives and Distance from the City
Center

Here, we examine the relationship between the distance from the highest land price point, the
number of the TSCEE per 100 households, and the population density for each sector based on the
highest land price point.

Figure 8 is a scatter plot of the distance in each sector in Tokyo in 1935 and the number of TSCEE
per 100 households. In sector I, there are areas with a large number of TSCEE per 100 households within
a range of about seven kilometers. In sector II, there are no areas where TSCEE per 100 households is
more than five, and there are generally few. In sector III, there are areas with a large number of TSCEE
per 100 households in the range of five to eight kilometers and 10 to 14 km. In sector IV, areas with a
relatively large number of TSCEE per 100 households can be confirmed within 10 km. In addition,
there are some districts with a large number of TSCEE per 100 households in the region of 13 to 15 km.ISPRS Int. J. Geo-Inf. 2019, 8, x FOR PEER REVIEW 10 of 14 
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Figure 9 is a scatter plot of the distance from the highest land price point in each sector in Osaka
in 1935 and the number of the TSCEE per 100 households in 1937. In sectors I and II, there are some
districts with slightly more company employees and executives than sector I, but most are less than
five company employees and executives per 100 households. In sectors I and II of the HH cluster
around the highest land price point, the absolute number of TSCEE per 100 households is not so large.
In sectors III and IV, in the range of about 500 m from the highest land price point, there are areas
where TSCEE per 100 households is more than five, and there are many company employees and
executives in sectors III and IV in the city center. In addition, it can be seen that the area with a large
number of TSCEE per 100 households spreads between 6 to 8 km, especially in sector III. Many of
these are included in the HH cluster, which had spread to sector III.
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Based on the results of the analysis, areas with a large number of TSCEE per 100 households
and areas where the HH clusters are spread are mainly urban areas with low population density, and
suburban areas. Therefore, we created a scatter plot of the number of TSCEE per 100 households
and population density (Figure 10). In both Tokyo and Osaka, it can be seen that the area with
low population density has the largest number of TSCEE per 100 households. Furthermore, the
districts where company employees and executives lived were mainly residential areas with low
population density.
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4. Discussion

Based on the results of the unemployment census, the distribution of the proportion of salaried
workers in 1925 is different from Ueno’s analysis in Tokyo [13]. This is thought to be due to the
difference between the definitions of public servants, professional workers, and salaried workers which
were used in the different statistics. The public servants and professional workers in the population
census include professionals such as lawyers but do not include clerical or technical workers employed
by retail, wholesale, or manufacturing companies [27]. Thus, the salaried workers in the unemployment
census in 1925 are likely to contain a greater number of white-collar workers than public servants and
professional workers. From this, it can be said that while white-collar workers had advanced into the
suburbs in Osaka by 1937, the same class of workers in 1925 Tokyo had not yet left the city center.

In the mid-1930s, company employees and executives who were white-collar workers of private
companies in Tokyo and Osaka tended to live in areas with relatively low population density. Their
distribution pattern suggests that many lived in the suburbs or urban fringe areas at that time.
Also, considering the comparable data in the mid-1930s, there was a difference in the progress of
suburbanization of company employees and executives between Tokyo and Osaka, in that Tokyo was
more suburbanized. In Osaka, there were fewer company employees and executives in areas close to
the city center than in the suburbs. However, it cannot be denied that a certain number of low-salaried
company employees who did not have a telephone number lived in the city center. Although it is
difficult to comprehensively analyze private company employee lists, by conducting the historical GIS
analysis of local government employees, a more detailed comparative analysis about the progress of
suburbanization is possible.



ISPRS Int. J. Geo-Inf. 2019, 8, 375 12 of 13

In this analysis, since there is no location information data for each street address available in both
the cities, the analysis was performed based on the results of aggregation in small area units. However,
even when tabulating by small area, there is a problem with MAUP. For example, small-area units tend
to be spatially larger in the suburbs, and there will be some impact on this kind of analysis. In the
development of the urban historical GIS database in the future, it will be important to maintain data
on lot numbers that allow georeferencing address information. Such data development is progressing
for Tokyo [22], but future development is desired for Osaka and other large cities in Japan.

5. Conclusions

In this study, we analyzed the distribution of white-collar workers in Tokyo and Osaka in the
modernizing period from a historical GIS perspective using comparable data. The results obtained are
summarized in the following two points.

• As long as comparative statistical data were used, there was a tendency for many white-collar
workers in clerical and technical positions to reside in certain sectors in both Tokyo and Osaka
in 1925.

• In Tokyo and Osaka in the mid-1930s, the white-collar workers in private companies tended to
live more in the urban fringes and suburbs with relatively low population density. Compared to
Osaka, Tokyo was relatively suburbanized with white-collar workers in private companies.

The company employees and executives who have telephones mainly targeted in this study are
relatively upper-class people, and did not include company employees in non-managerial positions.
The possibility of many more company employees still living in the city center cannot be denied, so
an analysis based on more comparable directory materials would be necessary. In addition, in order
to resolve MAUP, it is desirable to develop the historical GIS database for georeferencing at the lot
number level.
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