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The Progress of Quantitative Geographic Researches in Japan

——Mainly Referring to the Researches in Human Geographical Realms—

Takashi OKUNO

Human geographical studies characterized by the nomothetic approach and quantitative
method were initiated in the early 1930’s in Japan. The progress of these studies during
the last fifty years can be broadly divided into the pre-war and the post-war periods. The
progress in the former period is characterized by Chorometry which aims mainly to measure
and present some quantitative aspects of regional phenomena. The progress in the latter
period is independent of the former one and obviously is influenced by the quantitative
revolution in the United States. The discrete tendency between the two progresses is a
clear characteristic in the quantitative geography history in Japan. The quantitative studies
in the post-war period can be classified into two periods of pre-development and formal
development : before and after the establishment of the quantitative geography commission
in the Association of Japanese Geographers in 1968.

THE PRE-WAR PERIOD

Quantitative researches in the Japanese geographical world started from 1930, and the
first contribution is the theoretical consideration of the relationship between population and
the cultivated land area in a rural village by T. Murata and S. Yoshimura (1930). They
first, in assuming a circular rural village, derived theoretically the cultivated land area
matching the farmers’ workability in this village and the habitable land area sufficient to
maintain their living, and also investigated the association between the two land areas.
Then, by confirming that the association was held in some rural villages, they found the
existence of an equilibrium in the relationship between population and the cultivated land
area. Following this work, there appeared two notable works by I. Matsui (1930) and T.
Terada (1930). Matsui, as an attempt to quantify geographic information in topographic
maps, presented a formula for classifying landforms. Terada noted the areal variation of
the frequency distribution obtained by a series of treatments of dividing topographic map
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space into square grids and of counting the number of contour lines in each grid and, then,
suggested a possibility of numerical consideration on areal differentiation of landforms thro-
ugh such simple treatment. Obviously, these two works, by treating in a quantitative
manner the topographic map as a geographic information source, attempted implicitly to
describe broadly, but objectively, the geographic distribution of various objects on the land
surface and found some general relations between the objects. A set of works along this
line was named formerly as Choromorphometry and later as Chorometry (see T. Tsujimura
(1930) and S. Yoshimura (1933)).

Thereafter, the chorometric approach was applied actively to many researches in geomo-
rphology and settlement geography. Out of them, the most notable is I. Matsui (1931) on
the distribution of dispersed villages in the Tonami plain. This is followed by T. Murata’s
work (1930) in which, on the basis of the data obtained by overlaying a grid system on a
topographic map for the Tonami plain, he identified the frequency distribution patterns of
the villages and classified them in basing on the results. Matsui noted that, since the
generating process of dispersed villages corresponded to the Poisson process, the patterns
obtained by Murata could be described by Poisson probability distribution. A matter to be
noted in his contribution was that, while the previous researches concerning the distribution
patterns of geographic objects were dependent mostly on visual sense, he introduced a new
methodology based on a mathematical model to the spatial distribution study. His methodo-
logy is surprising in that the point pattern analysis, an important theme of quantitative
geography in the present time, already was done in the early 1930's. However, regretfully
he did not test the goodness-of-fit between Poisson and actual distributions.

Such chorometric works were subject to criticisms by many traditional geographers.
According to G. Imamura (1934), the criticisms were that (i) the deterministic approach was
uncorrect, (ii) social phenomena could be attached to quantitative analysis, (iii) no law could
exist in human geography, (iv) even if a law existed, since human objects show rapid change
through time, the derived law for them becomes meaningless in a moment and, therefore,
(v) human objects should be analyzed on the basis of their historical facts. Though the
detailed implication of the above first criticism is vague, the latter four criticisms are quite
similar to the ones in the quantitative revolution of American geography. It is more intere-
sting that the counteraction of chorometric geographers to the criticisms is the same as
the reaction by the revolution drivers. That is, they argued that, (i) though the fifth
criticism was appropriate in part, peculiarity in geography shsuld not be set against genera-
lity, but regarded as a variation type of the latter, (ii) any geographical research should be
evaluated on the basis of whether it was done with scientific methodology and an original
view-point or not, and (iii) the geographic law clearly existed and temporal change of human
objects could be regarded as the parameter of the law.

Unfortunately, the active reaction against the above criticisms were not done by practi-
cal work and, as a result, chorometry disappeared virtually after 1934. However, in geomor-
phology chorometry has survived, taking a form of morphometry such as the stream order
analysis in the present time. The disappearance of chorometry was caused probably by
the disrepute for chorometric geographers to use the topographic map insufficiently to do
numerical analysis in terms of uncorrectness and to fail to correspond the law obtained
through research with the actual phenomena. However, it was in part due to the traditional
geographers’ gross ignorance of the chorometric framework.

THE POST-WAR PERIOD (I) - THE PRE-DEVELOPMENT PERIOD-

Quantitative geographic researches in Japan rejuvenated in the first half of the 1960’s.
The initiative of this tendency was taken by M. Moniyama and T. Mitsudera (1953) and K.
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Hattori et al. (1960). The former work carried out factor analysis for the monthly average
temperature .data during forty years to delineate four climatic regions. Hattori and his
associates applied factor analysis to sixteen variables representing the metropolitanization
aspects of Greater Tokyo to identify four underlying dimensions: general urkanization,
residentialization, industrialization, and agriculturalization. Using three conspicuous dimen-
sions, they also divided the metropolitan region into nine sub-regions. These works gave
an impetus to the quantitative treatment of geographic problems, and the attempts of model-
ling some results by such treatment began to appear in various human geographical realms.
Through these attempts, we can indicate three trends. The first trend was an orientation
to socio-economic modelling on the basis of cross-sectional data, which included a gravity
model. Some works worthy to note are Y. Inanaga (1959) deriving a telephone demand
model, H. Kawabe (1963) on specification of the gravity model for interurban migration, T.
Okuno (1967) applying a gravity model to individual trips in the urban region, and K. Suzuki
(1967) reviewing some inter-regional commodity flow models The second trend was concer-
ned with the central place theory. Among the interesting and controversial works, T.
Ishimizu (1966) pursued the rank-size rule to be best fitted in twenty seven major urban
centers of Japan, H. Morikawa (1967) examined comparatively the efficiencies of three deli-
mitation methods for the urban hinterland by Reilly, Godlund and Tuominen, and T. Yama-
guchi (1967) extracted urban function complexes by applying principal component analysis
to major Japanese cities and classified these cities on the basis of the extracted complexes.
The third trend was the study group on economic location theory. In this trend, refining
and specifying of some models presented by Weber’s industrial location theory were emphasi-
zed. T. Aoki (1954) propesed the ideal material index, the modified Weber’'s material index
by freight rate differentials between commodities, and also, on the basis of this index, reali-
zed the measurement on transport orientation of industrial location. S. Kasuga (1959) clarify-
ing the industrial agglomeration in Japan by Florence’'s index and H. Nishioka (1963) re-
examining thoroughly various methods for measuring the agglomeration phenomena in
geographic space were noticeable researches along this trend.

Throughout these works in the first half of the 1960’s, there can be selected three
characteristics. These are, (i) as to the quantitative technique, classical multi-variate ana-
lytical methods such as regression analysis are adopted as the main technique, (ii) in respect
to modelling, great emphasis is laid consistently on small modification of existed models and
simply applying them to the real world, rather than on building new models, and (iii) the
study subjects nomothetically approached is limited or unbalanced in terms of quantitative
geographical growth.

THE POST-WAR PERIOD (II)- THE FORMAL DEVELOPMENT PERIOD-

The quantitative works had not obtained a citizenship in the Japanese geographical
world until the study commission on quantitative geography, chaired by professor F. Ueno,
was founded in 1968. The main reason for this founding is that most Japanese geographers
became aware of not only the extreme efficiency of the nomothetic approach in geographic
research, which in fact they obtained from the geographical periodicals of West European
countries and North America, but also the need to build geographic theory by such appro-
ach.

This commission has had two aims since its foundation. One is to spread quantitative
research over all geographical fields and the other is to raise systematically its own profes-
sional level. An effort for the former aim is realized by publishing the translated works of
M. H. Yeates (1968) and L. J. King (1969) respectively by J. Takahashi in 1970 and T. Okuno
and H. Nishioka in 1973. It is followed by the publication of six general books: T. Ishimizu
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and T. Okuno eds. (1973), Theoretical and Quantitative Study Group (1974), F. Suzuki (1975),
T. Ishimizu (1976), H. Nishioka (1976), and T. Okuno (1977). These books act as a stimulus
to the Japanese geographical world in terms of facilitating the understanding of some impli-
cations of quantitative geography, which seem to be troublesome for traditional geographers.

With regard to the latter aim, quantitative works develop further in quantity and
quality than in the previous period. If the topics of quantitative geography are to be
arranged in eight themes: (1) point pattern, (2) network, (3) spatial co-variation, (4) trend
surface, (5) regionalization including factorial ecology, (6) spatial interaction, (7) spatial diffu-
sion, and (8) spatial behavior, Japanese quantitative geographers have conducted research on
all these themes. In this section, some noticeable researches will be introduced for each
theme.

Point pattern analysis makes less progress compared with other themes. J. Takahashi
(1967), the first work of this sort in Japan, on the basis of the quadrat method, finds some
probability distribution models to be best suited for each industrial type in the spatial
distribution of plants in the Keihin manufacturing area, and proposes a negative binomial
model as the best suited model to four distributions of chemical, iron and steel, metal works,
and measuring instrument plants. After this work, research has not done on the identifica-
tion of the distribution pattern by the simple quadrat or nearest neighbor method, and
more stress is placed on analyzing the compound distribution pattern and its generating
process. The objects considered in such research are mainly urban land use. This trend
reflects probably the increasing need by urban society to solve the land use problem. The
works worthy of mention in this respect are T. Abe (1976), J. Takahashi et al. (1978), and
0. Koide (1978). Abe collects the incident data as to whether particular land use type occurs
or not in each grid of the Sapporo metropolitan area and then, in doing a chi-square test
for the data, finds some land use combinations peculiar to the study area. Takahashi and
his associates clarify the land use diversity within Soka city on the basis of entropy conce-
pts and, using the degree of interaction for land use to evaluate whether any actual combi-
nation is desirable or not in terms of regional economy and society, investigate some suffer-
ing areas from land use trouble. While these two works emphasize generally the consi-
deration on urban land use situations, Koide devotes himself to find the generating process
of particular land use on the basis of joint statistics, a measure of spatial auto-correlation.

In regard to network analysis, we have only three works to be noted. S. Doi (1976)
derives an optimal network in the K=7 central place system in the sense of the minimiza-
tion of construction cost and also evaluates this network by means of graph theoretical
measures. M. Miyagi (1976) applies some entropy cencepts to the airline network in the
United States to consider the urban nodality and its temporal variation from 1959 to 1965.
T. Okuno and H. Takamori (1976) discuss general problems of network analysis and present
a new orientation of this analysis.

Analysis of spatial co-variation has been one of the main themes since the previous
period and, in fact, we have a large number of contributions of this sort. Noticeable works
among them are three articles concerning demographic aspects. They are K. Suzuki (1975)
in which he finds that, after specifying four regression models for regional redistribution
of population, this redistribution is determined by three variables of wage level, labor pro-
ductivity, and employment opportunity, H. Morikawa (1975) in which he induces six explain-
ing factors such as wage level, by applying step-wise regression to the migration phenomena
in the hinterland of Hiroshima city, and Y. Ishikawa (1978) in which he indicates the diffe-
rence of explaining variables between two migrations of the 1950’s and the 1960’s and also
the same tendency between various sizes of regions. It is interesting that, though the
input variables are different in each of these works, the variable of income or wage is
found in common as the principal explaining factor for migration. Also, S. Fujime (1977),
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applying the same techniques as in the above works, can be noted. He summarizes the
intraurban traffic flows by factor analysis and pursues the relationship by regression analysis
between the summarized flows and some urban attributes. Another interesting work is by
Y. Nishiwaki (1975) in which he uses input-output analysis to derive the relationship between
land use change and population growth, and also provides an alternative framework for
spatial co-variation analysis.

In regard to trend surface analysis trying to describe geographic phenomena on three
dimensional space, Sh. Yamamoto and A. Sakurai (1975), T. Ishimizu et al. (1976), and K.
Isobe and M. Takeda (1978) can be mentioned as representative works. Fitting the sixth
degree surface with the highest explanation level to the agricultural land productivity data
of whole Japan, Yamamoto and Sakurai study the bi-polar structure of the agricultural
region. Ishimizu and his associates investigate iteratively the best-fit surface to the popula-
tion density distribution in the Kanto plain and argue that, while the sixth degree surface
can be extracted as the best-fit one in terms of statistical analysis, many problems remain
to be solved such as the test of residual distribution and goodness-of-fit and the practical
interpretation of trend surface. Isobe and Takeda fit some surfaces to various geomorpholo-
gical elements in the eastern part of the Kanto mountain and induce some correlations be-
tween the smothed elements by surfaces.

Regionalization and factorial ecological research is one of the most active subfields in our
quantitative geography and in fact done for many regions. As the works involving the
classical framework to identify regional structure in a particular period by using factor and
cluster analyses, we can note T. Okuno and E. Suzuki (1972) on general and homogeneous
regionalization of the Nagoya metropolitan area, H. Morikawa (1976a) concerning the similar
regionalization of Hiroshima prefecture, and A. Sakurai (1973) on the numerical taxonomy
of the agricultural region in the Kanto district. As for the noticeable attempts to delineate
the nodal region on the basis of results obtained from factor analysis for inter-regional flow
data, N. Hayashi (1974) studies the Nagoya metropolitan area and M. Miyagi (1973) evaluates
the efficiencies of elementary linkage and factor analyses in applying them to the nodal
regionalization problem. Among noteworthy works in this context, S. Mitsuhashi (1978) finds
a hierarchy of import and export regions by three modes of transport in using factor analy-
sis for Japanese commodity flows. F. Ichiminami (1978) induces flrst both regions of homo-
geneous and nodal by factor and cluster analyses on sccio-economic and commuting data in
Nagoya respectively and then identifies the interdependency between both regions by canoni-
cal analysis. The research of M. Kanno (1976) is of the same framework as Ichiminami.
He extracts eight socio-economic factors, six destination regions, and seven origin regions
by factor analysis for forty three socio-economic variables and commodity flow data of the
United States and also estimates the relationships between the factors and the two types of
regions by canonical analysis. The Schwind-wise research of delimiting the nodal region
through combining of factor and canonical analyses (P. J. Schwind, 1975) has been done by
T. Saino and K. Higashi (1978). They, in identifying some migration patterns in both peri-
ods of the first half and the latter half of 1960’s with the above-mentioned framework,
suggest the existence of five migration fields and the stability of these fields during the
decade. Also we can find some efforts to clarify the spatio-temporal structure of region. M.
Hino (1977) induces urlkan dimensions by principal component analysis in three periods of
1950, 1960, and 1970, respectively, and considers their temporal variation. According to
the results, he concludes that, while the Japanese urban system is fairly stable during the
first decade, it becomes unstable during the latter decade. H. Kohsaka (1978a) investigates,
by factor analysis, the changing process of some economic regions in Nagoya during the
decade from 1965 and also idealizes their transition patterns,

Concerning factorial ecology, T. Yamaguchi (1976) on Sapporo city and H. Morikawa
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(1976Db) on both cities of Hiroshima and Fukuoka are worthy of mention. The most signi-
ficant fact found in common by these works is that the two leading factors of family status
and socio-economic status, which are extracted in the case of the West European cities, can
be derived at least in the three cities and that the spatial configuration of social regions
shows a concentric pattern.

In respect to the methodological research in regionalization, we can note two works.
One is T. Ito et al. (1976) pursuing the possibility of delineating the land use planning area
by discriminant analysis and another is K. Doi (1970) presenting a modified Weaver’s combi-
nation method. Doi argues that the variance proposed by J. C. Weaver (1954) to classify
agricultural ragions is influenced by the number of the elements under consideration and
this brings a situation in which a lot of elements might fall excessively into the combination
resulted from the variance, particularly in the case of most elements having a small percen-
tage, and then he proposes a modified variance in which the number of elements is removed.
Also he presents a calculated table for facilitating to identify any combination.

K. Suzuki (1971) can be noted for his spatial interaction analysis. He relates some
practical implications of the coefficients conceptualized from the inter-regional input-output
table on commodities and evaluates their applicability in forecasting any regional interac-
tion.

As representative works in spatial diffusion research, it is appropriate to introduce three
articles. The first is Y. Sugiura (1975) concerning the 1957 epidemic of Asian influenza in
Nagoya. He simulates the diffusion patterns of influenza by the Monte Carlo technique on
the basis of two models respectively : the random process model and the interurban diffusion
model in which the density effect is added to the former model, and then compares the
simu'ated patterns with the actual ones. As a result, he argues that the spatial diffusion
process of influenza is determined by three factors of distance, urban size, and population
density. The second is H. Kohsaka (1978 b) on the urban system in Niigata prefecture. He
simulates the temporal change in popu'ation for each city by an absorbing Markov chain
model and estimates the urban system for every decade to 1995. Also he indicates that,
through evaluating these systems on the basis of some entropy concepts, the force of unifi-
cation operates strongly on the changing of the systems. The last is S. Kubo (1979) treat-
ing the suburkan exgansion in the northwestern part of Tokyo. In order to clarify the
diffusion process of land use, he estimates the land use patterns according to three models:
ergodic Markov chain and two models revised respectively by both effects of land use com-
bination and neighborhood, and finds the usefulness of the latter two models in comparing
the actual land use pattern with the simuiated one.

Research on spatial behavior was started recently and has not attained a fully systematic
level. However, a few but noticeable works have started to appear and we can see a sym-
ptom of great expansion in them. Y. Mizoo et al. (1975), under the aim to investigate the
factors which dominate the tourist resources of Japan, extracts five evaluating dimensions
by factor analysis for the data obtained from questionaires and, in order to confirm the
validity of these dimensions, analyzes by Hayashi’s quantification theory II, which is a kind
of discriminant analysis for nominal data, the rank score data which is obtained from eva-
luating the resources by some professional researchers. Y. Nakamura (1978) analyzes by
Hayashi’s theory IIl the data as to whether some particu'ar place names are known or
unknown to the inhabitants in Nagoya city and draws mental maps of this city. K. Tomita
(1978) considers factors affecting consumers’ spatial preferences and applies Hayashi’s theory
II to the data for the attributes of consumers and shopping centers preferred by them.

Thus, through the above overviewing the quantitative geographical researches in Japan,
it can be understood that to this period we have concerned ourselves actively with various
topics. However, a remarkable characteristic can be noted in this overviewing. It is that,
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while the quantitative analysis on geographic phenomena of the real world has made progress
to a considerable degree, the methodological and modelling aspects have been done just in
an inattentive manner. This is caused probably by the fact that the expert groups of
geographers consist mostly of graduates from the geographical departments of universities
and classical subjects remain supreme in the curriculum of the department of any university,
and that we have taken few interest in co-operating with other quantitative fields.

Now, though none of the quantitative research in physical geography is referred to this
paper, we can point out that the research has been furthered in this respect than in human
geography. “Special Issue on Quantitative Geography” in the Geographical Review of Japan
in 1976 enables us to get a glimpse of this research trend.





