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1 Introduction

Empirical economists have long used geographic units as the unit of analysis, and the growing
popularity1 of the shift-share method introduced by Bartik (1991) and Altonji and Card (1991)
to separate the role of local characteristics such as industrial and demographic composition from
national trends has further increased the importance of local markets in properly understanding
the underpinnings of economic growth. Instead of traditional administrative units such as states
and counties, many researchers in the US have begun using commuting zones (CZs), proposed by
Tolbert and Killian (1987) and Tolbert and Sizer (1996), because these single integrated economic
units are often formed across multiple administrative units through commuting. However, despite
the existence of labor markets in Japan too that cross prefectural and municipal boundaries, to the
best of our knowledge, there has been no attempt to date to delineate CZs in Japan. This study
thus attempts to fill the gap by first developing a set of CZs for Japan, using the Tolbert and Sizer
(1996) hierarchical agglomerative clustering (HAC) method and micro data from the 1980-2015
quinquennial Population Census indicating the municipalities in which each individual lives and
works. After deriving the CZs, we assess their performance by comparing themwith administrative
geographic units.

Commuting zones are not the only cross-jurisdictional geographic unit used for economic
analysis, as the Urban Employment Area (UEA) proposed by Kanemoto and Tokuoka (2002) is
another candidate. While CZs and UEAs are similar in that they both consider cross-jurisdictional
commuting patterns, the UEA, as the name suggests, is exclusively focused on commuting zones
around urban city centers, as defined by population. Because the merging process begins from the
urban centers, many rural municipalities end up not belonging to a UEA. Thus, while UEAs are
mutually exclusive, they do not comprise an exhaustive set of geographic units within a country.
CZs, by contrast, are not defined by urban city centers and so all administrative units belong to a CZ
regardless of how small or remote. CZs thus comprise a set of mutually exclusive and exhaustive
geographic units, which helps to both improve coverage and provide a more fine-grained analysis
with more observations.

The paper first delineates the CZs in Japan using the 1980-2015 waves of the quinquennial
Population Census, administered by the Ministry of Internal Affairs and Communications, which is
conducted based on residence but also records work location. To construct the CZs, we began with
municipalities (Shi Ku Cho Son) as the smallest geographic unit and then progressively merged

1See, for example, Autor et al. (2013); Chetty et al. (2014); Acemoglu and Restrepo (2020).
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them using the Tolbert and Sizer (1996) hierarchical agglomerative clustering (HAC)method, based
on the frequency of commuting between municipalities compared to the size of their work forces.
For 2015, this merging process yielded 265 mutually exclusive and exhaustive CZs from the 1736
municipalities in Japan’s 47 prefectures.

The HACmethod begins by initially treating each municipality as a single geographic unit, with
the "distance" between any two municipalities defined by the number of commuters relative to the
number of workers in the two municipalities. The larger the proportion of commuters relative to
workers, the shorter the distance. Two municipalities are merged to create a group if the distance
between the two is smaller than a cutoff level (explained below). At this stage, a group is either a
single municipality or a set of municipalities. In the second stage, the distance between two groups
is defined as the average of the distances between all possible combinations of municipalities
belonging to the two groups, and two groups are merged if the distance between them is smaller
than the cutoff. This process is iterated until all the distances between clusters are larger than the
cutoff. The groups remaining at the end of the iteration is defined as CZs. As is clear from this
procedure, the choice of the cutoff for the distance metric is crucial. We followed Tolbert and Sizer
(1996) in setting the cutoff because their distance metric, the frequency of commuting between
municipalities relative to their work forces, is a standardized measurement that is free from any
difference in the total population or land size across municipalities and across countries.

In our analysis, we have found that a CZ is typically contained within a prefecture, which
justifies the use of the prefecture as a first order approximation. However, there are several
important exceptions in large metropolitan areas such as Tokyo and Osaka, whereby a single CZ
includes municipalities belonging to different prefectures. On the other hand, we have also found
cases in which a prefecture includes multiple CZs. Together, these features suggest that our CZs
perform better than administrative units such as prefectures when analyzing local labor markets
and issues of urban economics such as agglomeration.

To test this, we compared the performance of the proposed CZs with municipal and prefectural
administrative units. First considering the catchment rate, the fraction of workers commutingwithin
a geographic unit, we found that the CZs performed significantly better than municipalities but only
slightly worse than prefectures. Thus the CZs succinctly capture the actual local labor market as
far as commuting pattern is concerned. On the other hand, the downside of using the relatively
coarse CZ instead of the more fine-grained municipality is the increased heterogeneity within the
geographic unit. To see this, we examined how much additional variation in employment and
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wages could be explained by adding municipality fixed effects in addition to the CZ fixed effects of
the main analysis. The results show that while the municipality fixed effects explain the variation
in employment and wages conditional on the CZ fixed effects in statistically significant ways, the
magnitude of the increase is small. Overall, then, we can conclude that, at the very least, using the
CZ instead of the prefecture as the unit of analysis increases the number of observations without
sacrificing the catchment rate or homogeneity of labor market outcomes.

Lastly, we examined the impact of our choice of cutoff for the distance between geographic units
for merging. We found that setting a low cutoff increases the number of CZs and the homogeneity
of employment probability within a CZ but decreases the catchment rate, or the probability that the
commuting destination is actually contained in the CZ. In other words, increasing the number of CZs
and improving within-CZ homogeneity comes at the cost of failing to capture actual commuting
patterns, which shows the trade offs among these three variables when choosing the cutoff. We
argue that our choice of the cutoff point, which follows Tolbert and Sizer (1996), is reasonable
both because their derivation of CZs is widely accepted by empirical economists and because their
distance metric is normalized so that it is not affected by any differences in population or land area
between countries.

The paper proceeds as follows: Section 2 discusses the existing concepts of geographic units
for empirical analysis and Section 3 describes the HAC method and its application to Japan’s
Population Census. Section 4 shows the clustering results and performance assessment, Section
5 discusses the choice of a key hyperparameter of the HAC method, and Section 6 concludes the
paper.

2 Geographic Units for Economic Analysis

In addition to administrative units such as prefecture/state andmunicipality, several non-administrative
geographic units have been used for economic analysis. This section compares these other alter-
natives, particularly the UEA, to the commuting zone proposed in this paper. First, in Japan,
a concept similar to the CZ is the Urban Employment Area (UEA) proposed by Kanemoto and
Tokuoka (2002). The UEA consists of Metropolitan Employment Areas (MEAs) whose central
cities have Densely Inhabited District (DID) populations exceeding 50,000 and Micropolitan Em-
ployment Areas (McEAs) with DID populations between 10,000 and 50,000. In 2000, MEAs
covered more than 80 percent of the population of Japan, (Fujita et al., 2004) and in 2015, there
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were 187 UEAs and 94 MEAs in the country. CZs and UEAs are similar in that they both are
derived from commuting patterns observed in the Population Census but, as the name suggests,
UEA constructs commuting zones exclusively around urban city centers. Kanemoto and Tokuoka
(2002) defines urban centers as municipalities with DID populations above a certain threshold, and
then any surrounding municipality with more than 10 percent of its residents commuting to an
urban center is merged with it. A single UEA may include more than one urban center, but as the
merging process is initiated from urban centers, many rural municipalities do not belong to any
UEA. Thus, UEAs consist of a mutually exclusive but non-exhaustive set of geographic units.

The US counterpart of the UEA is the Metropolitan Statistical Area (MSA), which also leaves
out rural areas, and so for completeness, recent studies in the US have begun to employ CZs
instead of MSAs(Autor et al., 2013; Chetty et al., 2014; Acemoglu and Restrepo, 2020). Excluding
rural municipalities from the unit of analysis is potentially problematic for analyzing the effect of
international trade or factor-biased technological changes (e.g. industrial robots) on manufacturing
employment as studied by Autor et al. (2013) and Acemoglu and Restrepo (2020) because some
manufacturing agglomerations are located in rural company towns (Dorn, 2009). Neglecting this
industrial agglomeration may thus bias the empirical results.

A notable difference between CZs and UEAs is that CZs tend to separate a metropolitan area
into sections whereas UEAs tend to bemore aggregated. There are two potential reasons behind this
discrepancy. First, in deriving CZs, an HAC with average linkage tends to separate two populous
geographic units or a group of units that contains one populous area and many sparse areas, as
discussed later in Section 3.4. To the extent that in metropolitan areas there are many combinations
of such local units, CZs tend to split metropolitan areas. Second, Kanemoto and Tokuoka (2002)
designed UEAs in particular so that the metropolitan areas are more aggregated relative to the
corresponding concepts in other countries such as the US. Further discussion about how best to
treat metropolitan areas with respect to defining local labor markets is left to future research.

3 Method

In this section, we first briefly overview existing methods for delineating local labor markets, then
provide a general description of the hierarchical agglomerative clustering (HAC) method by which
we construct our commuting zones (CZs). We then discuss how to apply the method to our setting,
merging of regional units into clusters using the quinquennial Population Census. Finally we
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discuss the strengths and weaknesses of the method.

3.1 Overview

Although the concept of delineating local labor markets is simple, its implementation is difficult
in practice, as one must choose between many different possible data sets and methods. First, data
that captures the journey-to-work experience as we have obtained from the Population Census is
reasonable to use when workers commute between regions, as this data contains dweller-commuter
pair observations that provide information on worker movement between regions and thus helps
to more accurately describe local labor markets. Delineation of labor markets based on this type
of data is commonly used in Germany, the Netherlands, Spain, the UK, and the US (Kropp and
Schwengler, 2017).

Beyond data attributes, there are additional methodological choices that have led to a lack of
consensus in delineating local labor markets, particularly in the choice of thresholds. The threshold
method (Kropp and Schwengler, 2017), for example, requires the specification of more than one
arbitrary threshold value for commuting flows upon which two regions are separated. This paper
adopts the hierarchical agglomerative clustering (HAC) method employed by Tolbert and Killian
(1987) and Tolbert and Sizer (1996) in the US and Cörvers et al. (2009) in the Netherlands, as it
provides a consistent and non-arbitrary method for choosing a threshold value. The HAC method
is described next.

3.2 Hierarchical Agglomerative Clustering

Here we describe the process of delineating commuter zones by incrementally clustering munic-
ipalities based on their commuting distances. First consider that there is a set of nodes (initially
municipalities; later clusters) with “dissimilarities” (commuting distance, formally defined below)
between each pair of nodes. The problem is how to aggregate nodes into a set of clusters whereby
elements are similar within a cluster but are dissimilar across clusters. HAC is a prevalent method
for doing this, particularly by Tolbert and Sizer (1996) in their derivation of CZs in the US which
we have followed in our delineation of CZs in Japan. We describe the HAC algorithm below.

Let the set of nodes, or groups containing a single node, be {1, . . . , N} ≡ NN . Note that
the superscript N represents the count of groups in NN . For any i, j ∈ NN , suppose we have a
dissimilarity measure Di j . The matrix composed of such dissimilarity measures is “dissimilarity
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matrix” D =
(
Di j

)
i j . The algorithm proceeds as follows. First, from each pair of elements, we

find (i, j) = arg min(i′, j ′) Di′ j ′ . Then we aggregate i and j to create a group c = {i, j}. With a slight
abuse of notation, we write the resulting set of groups asNN−1 ≡ {1, . . . , i − 1, i + 1, . . . , j − 1, j +

1, . . . , N, c}. Note again that the superscript N − 1 represents the count of groups in NN−1. We
may now define a new system of dissimilarities given D as follows: between any two groups c

and d, the distance Dcd can be defined by the average of distances between any pair of nodes in
groups c and d as follows: Dcd ≡

1
|c |×|d |

∑
i∈c, j∈d Di j . From Tolbert and Sizer (1996), this method

of defining the distance is called "average linkage". Given this definition of dissimilarities between
groups, we may iterate the same process of finding the nearest pair of groups and aggregate it into
a group. This process continues, and at each step k of finding the nearest pair and aggregating
it, the number of groups |NN−k | declines by one. Hence, with N − 1 steps, we arrive at the set
of groups that consists of only the one that contains all the nodes, N1 = {{1, . . . , N}}. Note that
each step can be characterized by the largest value of aggregation Dcd such that groups c and d

are aggregated. Moreover, it is trivial to show that such a characterizing value of each step of
aggregation is increasing as each step proceeds because of the property of the minimizing problem
and average linkage. Therefore, to finally define the clusters, we terminate the aggregation process
at a pre-specified hyperparameter of dissimilarity cutoff D. In other words, in the final cluster, c

and d are in the same group if and only if Dcd < D.
In order to visualize the HAC aggregation process with average linkage, a tree diagram called a

dendrogram is useful. One can always arrange the order of elements to show a graph that represents
at what value of dissimilarities the groups are formed with which pairs, and a dendrogram is created
by placing the value of dissimilarities on the vertical axis with large values on the top. Examples
of such trees are shown in Figures 4 and 5 of Section 5. The dendrogram provides the intuition
behind particular groupings resulting from our algorithm. In such a tree diagram, D tells us at what
height the tree is “cropped” and the resulting clusters should be defined, which is sometimes called
the clustering “tree height”. Choice of this tree height is a non-trivial problem without a consensus
as yet. Discussion about the choice of this hyperparameter is discussed in Section 5.

3.3 Application of HAC to Commuting Flows

Next, following Tolbert and Sizer (1996), we apply the HAC method to the data to construct the
clusters. With the idea that distance can be represented not by geographical distance but instead by
commuting flows between two local units, Tolbert and Sizer (1996) use 1990 US journey-to-work
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data that contains for each worker, their residence county (or county-equivalent in some parts of
the US) i and workplace county j. In 1990, there were 3,141 counties in the US. The definition of
the dissimilarity values is the following: for any i, Dii = 0. For i , j,

Di j ≡ max
{
ε, 1 −

fi j + f ji

min
(
pi, p j

) } ∈ [0, 1] ,
where fi j is the number of commuters from residence i to workplace j, pi is population of i, and ε
is an arbitrarily small value.2 A benefit of this definition is that the dissimilarity values lie between
zero and one, so Di j ∈ [0, 1] ⇒ Dcd ∈ [0, 1] for any clusters c, d since fi j < pi for any i. Therefore,
two groups are close in terms of commuting flows if Dcd is small and close to zero, while they are
far apart if Dcd is large and close to one. Finally, Tolbert and Sizer (1996) set D to be 0.98.

To implement this method in Japan, we first obtained micro data from the 1980-2015 waves
of the Population Census administered by the Ministry of Internal Affairs and Communications
(MIC). The Census takes place in October every five years and covers all individuals in Japan,
including foreign residents. It collects basic demographic information such as age, gender, marital
status, employment status and work location. Employment status is determined by the actual
employment/unemployment situation during the last week of September.3 The respondent chooses
either of (1) mostly worked; (2) worked besides doing housework; (3) worked besides attending
school; (4) absent from work; (5) unemployed; (6) did housework; (7) attended school; (8) other
(elderly persons, etc) .

Table 1 summarizes the sample used to construct the CZs. Row (1) reports the total number
of people included in each census. From there, the analysis sample was constructed by choosing
the observations with valid household type, employment status and employment location. This did
not eliminate many observations, as the percentage with non-missing variables was high at more
than 97 percent in the 1980-2005 Population Censuses. In 2010 and 2015, the number of missing
variables increased, but still covered more than 90 percent of the total population. To construct
the actual CZs, we further limited the sample to households with non-institutionalized household
heads.4 Among the non-institutionalized population, we selected those household members who

2Following Tolbert and Sizer (1996), we set ε = 0.001. The choice of this variable does not materially affect the
clustering result.

3The Census defines employment status by the "actual" method, and not the "usual" method employed by some
other large-scale surveys such as the ESS.

4Non-institutionalized households are defined as those whose head of household is not a hospital inpatient, a prison
inmate, an active Self-Defence Forces member, an inmate of a reformatory institution, or other social institutions.
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mainly worked. Row (6) reports the analysis sample size used to construct the CZs.
Next, using data on individual employment status and the municipalities of residence and work,

we aggregated the data using the HAC method to delineate the CZs. We began the process with
municipalities5 instead of Census tracts, which are finer geographic units, because most relevant
data for our purposes such as residence and workplace was available only at the municipality level.
Using this information, we constructed frequencymatrices of commuting flows, again restricting our
sample only to thosewhomostly worked. Column (2) of Table 2 shows the number ofmunicipalities
in Japan during each Census year. We then applied HAC using the average linkage and dissimilarity
measure defined in equation (3.3) and, following Tolbert and Sizer (1996), D = 0.98.

3.4 Discussion of the CZ Derivation Method

This section highlights the strengths of deriving CZs based on Tolbert and Sizer (1996)’s method
in Japan as compared to the implementations in the US. In addition, this section discusses the
strength and weakness of Tolbert and Sizer (1996)’s method compared to the alternative methods
for delineating local labor markets.

There are several advantages of our dataset relative to those used for deriving CZs in the
US. First among these is that Japan’s Population Census provides more frequent, comprehensive
and consistent data than is available in the US. With Japan’s Population Census conducted every
five years instead of every ten years in the US, the evolution of CZs can be studied on a more
frequent basis in Japan. In addition, Japan’s Population Census has included a question about the
respondent’s work location since 1980, and this is planned to continue, whereas the US Population
Census ceased to ask that question in 2010. This has required American researchers to find other
sources of workplace data, and the American Community Survey (ACS), a sample survey and not
a census, has been adopted for this purpose. However, in the Fowler et al. (2016) reassessment
of US CZs in 2010 using ACS data, they find significant variations in the results depending on
the application method, so the consistent data source available for CZ research in Japan is a non-
negligible benefit. Another benefit of using a census rather than a sample is to have information
on commuting flows without margins of error (MOE). In their discussion of the role of MOEs in
determining CZs in the US, Foote et al. (2017) state that MOEs distort the dissimilarity measures
between counties in a non-linear fashion, making it difficult to apply the law of large numbers to

5We treated municipalities with multiple administrative districts, called government-designated cities, as a single
geographic unit. Government-designated cities include large cities such as Sapporo, Sendai, Tokyo, Yokohama,
Nagoya, Kyoto, Osaka and Fukuoka.
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Table 1: Sample Construction

Census year
1980 1985 1990 1995

Data availability
(1) Entire sample 117,075,477 121,063,836 123,693,359 125,674,544
(2) Household type available 117,052,840 121,007,577 123,287,027 125,439,937
(3) Work status available 116,836,846 120,830,526 122,867,728 124,912,814
(4) Work place available 116,836,846 120,830,526 122,867,728 124,912,814
(Fraction of non-missing, %) (99.8) (99.8) (98.2) (98.2)
Sample restriction
(5) Non-institutionalized population 115,649,464 119,489,171 121,462,573 123,437,206
(6) Mainly worked 46,497,979 48,269,232 52,072,091 53,595,949

Census year
2000 2005 2010 2015

Data availability
(1) Entire sample 126,925,843 127,767,994 128,057,352 127,094,745
(2) Household type available 126,697,282 127,285,653 128,057,352 127,094,745
(3) Work status available 124,956,611 123,928,692 120,874,438 118,405,660
(4) Work place available 124,956,611 123,928,692 117,388,130 114,840,345
(Fraction of non-missing, %) (98.4) (97.0) (91.7) (90.4)
Sample restriction
(5) Non-institutionalized population 123,256,450 121,885,156 115,129,468 112,299,559
(6) Mainly worked 53,173,075 50,808,827 47,059,134 46,556,082

Note: This table shows the Population Census data used to calculate the CZs. Here, non-institutionalized population is
defined as the population belonging to households whose heads are not inpatients of a hospital, an inmate of a social
institution, a person in a Self-Defence Forces camp, an inmate of a reformatory institution, or other social institution.
The analysis sample includes only household members who "mainly worked". Column (6) tabulates the analysis
sample size used to delineate the CZs.

9



remove the errors. As the Japanese Population Census does not have sampling errors, our clustering
is free from such errors.

The strength of CZs as compared to UEAs is that the derivation process is data-driven and
largely free from any prior knowledge of geographic divisions except for the choice of the cutoff
value. To delineate UEAs, we need to specify the center of the employment area around which the
employment area is defined. This first step entails the choice of the threshold of the population
density that generally requires the expert knowledge so that the resulting delineation makes sense.
In addition, the recent substantial improvement of computing power makes the implementation
of Tolbert and Sizer (1996) even more free from the expert knowledge than the original process
proposed by Tolbert and Killian (1987) and Tolbert and Sizer (1996). The original implementation
uses expert knowledge to separate counties into two or more regions in the US to reduce the
computational burden. Fowler et al. (2016) however point to a potential bias in the resulting
delineation. We simply input the full commuting matrix into the algorithm to avoid any possibility
of this potential bias.

As for general weaknesses of the method, Fowler et al. (2016) point out the following three, all
of which also apply to our implementation. First and foremost, it tends to privilege the connection
between large and small municipalities, since the denominator of the (dis)similarity measure is
determined by the size of the small municipality. In other words, the method undervalues the
connection between two large municipalities that would have large denominators in the similarity
measure (so the measure overstates the dissimilarity). This may imply that the agglomerated large
metropolitan areas such as those centered around Tokyo are likely to be separated from each other.
Second, the average linkages method of calculating the distance between clusters undervalues the
connection between one large core and many peripheries since, for each periphery municipality,
the distance to the rest of the cluster also reflects the commuting distance to other peripheries and
not only to the core. Finally, we do not have external measures to evaluate the goodness of fit. This
last point is discussed more fully in Section 5.

To conclude our methodological discussion, we point out that Fowler et al. (2016) also compare
the performance of CZswith other labormarket concepts according to how connected and contained
is each delineated region. According to their analysis, the CZ is generally more connected but less
contained than other available measures in the US that are mutually exclusive and exhaustive. Our
future research is to study these and other measures to compare the performance of various labor
market concepts in Japan.
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Table 2: Number of CZs in Each Population Census

Municipality code Original Harmonized
Year CZs Municipalities CZs Municipalities

(1) (2) (3) (4)
1980 684 3,278 405 1,741
1985 609 3,276 367 1,741
1990 542 3,268 334 1,741
1995 496 3,255 315 1,741
2000 450 3,251 292 1,740
2005 322 2,239 277 1,741
2010 267 1,750 267 1,741
2015 265 1,736 265 1,736

Note: This table shows the results of the Hierarchical Agglomerative Clustering method described in section 3.2. The
"Original code" columns are the results of delineating the commuting zones using the definition of the municipality
as of each survey year. The "Harmonized code" columns are based on the definition of municipalities as of 2015.
In 2000, one municipality was excluded from the analysis due to the impact of a volcanic eruption. Similarly, in
2015, five municipalities were excluded from the analysis due to the effects of nuclear damage. A City with multiple
administrative districts, called a government-designated city (Seirei Shitei Toshi), is treated as a single city.

4 Results

The CZs constructed according to the algorithms described in Section 2 are summarized in Table
2. One thing we should note is that the number of municipalities in Japan has decreased over
time, particularly during the 2000s, due to mergers (Weese, 2015). The results in column (1)
show the number of CZs derived based on the number of municipalities (column (2)) as defined at
each Census year. For comparison, the results in columns (3) and (4) are based on a harmonized
municipality code as of 2015.

For 2015, 265 CZs were derived from 1,736 municipalities, so the average number of munici-
palities per CZ is 6.55. In the US, Tolbert and Sizer (1996) obtain 741 CZs from 3,141 counties,
which results in an average count of 4.24 counties per CZ. The larger number of average munici-
palities in Japan is not surprising given the smaller size of municipalities in Japan as compared to
US counties and the greater mobility across smaller local units.

We now examine the properties of the derived CZs. in the interest of space, we discuss only
2015 here, but the discussion applies to other years as well. Figure 1 is a colored map that shows
the delineation of our output CZs based on the input of the harmonized municipality codes in 2015.
Panel (a) shows the nationwide map while Panel (b) shows a close-up of Kanto district around
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Tokyo. The figures show that CZs are delineated as geographically contiguous units even though
our algorithm outlined in 3 does not impose the restriction that the municipalities in a CZ must
be contiguous. In particular, if many workers in a municipality commute to another municipality
that is not contiguous then geographically separated municipalities could form a CZ that entails
enclaves. Merger of non-contiguous municipalities is relevant when the residential population of
central business district (CBD) is smaller than the commuter to the CBD from a municipality,
because the distance metric between the CBD and the municipality is zero. This case indeed
happens for Chiyodaku of Tokyo-to, a CBD of Tokyo, resided by a small population. Given this,
a notable feature from this figure is that, there are no enclaves in any of the derived CZs. This is
particularly striking given Japan’s intensive use of trains for commuting and the fact that housing
development tends to cluster most densely around stations. We interpret this in the following three
ways. First, the commuting pattern may generally be characterized by geographic proximity, so
that even while good station-based commuting connections may well play an important role, it
does not override the effect of geographic proximity. Second, our clustering method may classify
two station-centered economic zones as separate CZs. Third, the threshold is high enough so that
enclaves generated in the middle of the process are merged into a geographically contiguous CZ. In
any case, we view it as an attractive feature that we do not have any enclaves in our results, as the
analysis of local labor markets containing enclaves is not trivial. Further, this feature is shared by
other major local labor market definitions such as the US CZs (Tolbert and Sizer, 1996) or Japan’s
UEA (Kanemoto and Tokuoka, 2002).

To further characterize the properties of our CZs, Figure 2 shows the distribution of workers
in each CZ as estimated by the kernel density method. As can be seen from the estimated
density, there are many small-scale CZs and a few large-scale CZs, and this skewed distribution
is especially apparent in the log-scaled distribution shown in the panel (B). Reflecting the right
skewed distribution, the sample mean is 175,683 while the median is 53,607. The sample standard
deviation is 483,121.

4.1 Performance Assessment

As our goal is to define the geographic units that best represent the local labor market, it is
important that we evaluate the goodness of fit of our derived CZs. We evaluated the performance
of our derived CZs as compared to other potential geographic units in two ways: 1) the fraction of
workers who commute within CZs and 2) an analysis of variance (ANOVA) with respect to labor
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market outcomes.
First, we examined the proportion of workers who commute within a geographic unit. Figure

3 shows the box diagrams of the distributions when the unit is a municipality, CZ, or prefecture.
Panels (a) and (b) show the results unweighted and weighted by population, respectively. We can
see that when the municipality is the unit of analysis, the proportion of commuters is below 0.7,
meaning that more than 30% of workers work outside of the municipality. By contrast, when the CZ
or prefecture is the unit of analysis, the proportion increases up to to 0.95, meaning that fewer than
5% of workers commute to a workplace located outside of the unit. A notable difference between
the population unweighted and weighted results for both prefectures and CZs is the difference in
the 25th percentile, with the unweighted results providing a higher proportion of commuters within
the unit. Comparing CZs and prefectures as the unit of analysis, the performance is similar, and
while enlarging the geographic area to the prefecture slightly increases the proportion of within-unit
commuters, it comes at the cost of a substantial decrease in the number of geographic units. In
sum, the analysis demonstrates that the proposed CZs capture actual commuting patterns well while
keeping the number of observations reasonably high.

As an additional performance assessment, we examined how much the local labor market is
integrated within various geographic units by testing the law of one price within a single market.
Specifically, if workers in a local labor market can find jobs without friction, then every worker will
face the same offered wage, and identical workers, including their reservation wages, are expected
to share the same market outcomes such as employment and wages. To check how integrated the
labor market is, we examined how much of the variation in labor market outcomes is shared across
individuals within a geographic unit, conditional on demographics. To study how each CZ captures
the variation in these data, we conducted an analysis of variance drawing on the 2017 Employment
Status Survey (ESS), administered by the Ministry of Internal Affairs and Communications, and
extracted labor market variables (working or not and annual income), demographic variables
(age, sex, education), and the municipality of residence. Using this, we matched our CZ to the
municipality.6 Demographic variables are five-year age bins, sex dummy variable, and four-bin
educational attainment (Less than high school diploma, High school diploma, Technical/Vocational
school diploma, four-year university diploma). We then studied how the variation in the labor
market variables could be explained by different layers of geographic units from coarse to fine;
namely, prefectures, CZs, and municipalities, after conditioning on the demographic variables. We

6The choice of 2017 ESS is simply based on its proximity to the 2015 Population Census. ESS is surveyed every
fifth year, ending with digits 2 and 7. Thus the 2017 ESS is closest to capturing the labor market patterns as of 2015.
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implemented this by adding the fixed effects (FEs) of each layer of geographic units to the linear
regressions. The regression is weighted by the sampling weights of the ESS. Formally, we ran the
following regression:

yi = αl(i) + Xiβ + εi, (1)

where i is individual and l(i) is the location of i. The vector Xi includes the demographic
variables: five-year age bins, sex dummy, and four-bin educational attainment. We are interested
in the role of different layers of geographic fixed effects αl(i), measured by R-squared and the F

statistics of added fixed effects.
Table 3 and 4 show the result of the analysis of variance for the variable of employment and log

earnings, respectively. Column 1 of Table 3 shows that the demographic variables explain 0.388
of the total variation. Adding 47 prefecture FEs increases the fraction up to 0.389, and further
addition of 227 CZ FEs increases the fraction up to 0.390. Finally 1372 municipality fixed effects
renders the fraction 0.393. Reflecting the large sample size, the additional fixed effects are all
statistically significant in F-tests. Among the changes, the relatively small value of F statistics
when we control CZ FEs relative to municipality FEs is notable reflecting the large decrease in the
degree of freedom due to the large number of FEs added to the regression. We find similar tendency
in the F-test results for annual earnings reported in Table 4. Overall, the CZs capture significant
amount of variations of the employment and earnings within a prefecture. Municipalities captures
the additional variation within a CZ but additional gain is limited relative to the decrease in the
degree of freedom.

5 Discussion of Dissimilarity Cutoff

In this section, we discuss our choice of the dissimilarity cutoff, or tree height, which is a key
hyperparameter of the HAC method. Figure 4 shows the overall dendrogram of our clustering
method. The "Height" on the y-axis denotes the height of the tree at which each node (or group
of nodes) is aggregated into a larger group, and one can see that the tree branches become dense
near the cutoff D ≈ 1. The red rectangle shows the metropolitan Tokyo CZ. The blue dashed line
indicates our cutoff value of 0.98.
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Table 3: ANOVA Result for Employment

(1) (2) (3) (4)
VARIABLES working working working working
Observations 896,439 896,439 896,439 896,439
Demographic Controls X X X X
Prefecture FE X X X
CZ FE X X
Municipality FE X
R-squared 0.388 0.389 0.390 0.393
Decrease in the degree of freedom - 46 226 1371
Added FE F statistics - 42.01 7.13 3.08
Added FE p value - <0.00001 <0.00001 <0.00001

Note: The result of ANOVA analysis in equation (1). The dependent variable is the dummy variable indicating
working (including part time). The demographic controls are five-year age bins, sex dummy, and four-bin educational
attainment. When including municipality FEs, prefecture FEs are not identified since municipality delineations are
contained in those of prefectures. The reported number of added FEs in each column is the marginal addition of FEs
in each column relative to the one left, netting out the non-identified FEs in the other FE categories. All regressions
are weighted by the sampling weight of ESS.

Table 4: ANOVA Result for Log Annual Earnings

(1) (2) (3) (4)
VARIABLES log(earning) log(earning) log(earning) log(earning)
Observations 518,044 518,044 518,044 518,044
Demographic Controls X X X X
Prefecture FE X X X
CZ FE X X
Municipality FE X
R-squared 0.324 0.329 0.331 0.335
Decrease in the degree of freedom - 46 226 1369
Added FE F statistics - 88.64 6.29 2.50
Added FE p value - <0.00001 <0.00001 <0.00001

Note: The table presents the results of an ANOVA analysis from equation (1). The dependent variable is the natural
logarithm of the median value of earnings classification in the ESS survey. For the largest annual earnings category,
15 million yen or above, we assigned 15 million yen. The demographic controls are five-year age bins, sex dummy
variable, and four-bin educational attainment. When including municipality FEs, prefecture FEs are not identified since
municipality delineations are contained in those of prefectures. The reported number of added FEs in each column is
the marginal addition of FEs in each column relative to the one to the left, netting out the non-identified FEs in the
other FE categories. All regressions are weighted by the sampling weight of ESS.
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Figure 1: 2015 CZ Delineation

(a) Nationwide

(b) Kanto district

Note: The colored map is based on authors’ calculation using the 2015 Population Census and hierarchical
agglomerative clustering with average linkages. The harmonized municipality codes are used as an input to the
algorithm. The ESRI shape file for creating the map was generated by Kirimura et al. (2011).
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Figure 2: Distribution of Worker Counts

(a) Level Scale (b) Log-10 Scale

Note: Figure of the kernel density estimates based on authors’ calculation based on the 2015 Population Census. The
density is estimated with the Epanechinikov kernel function and optimal bandwidth.

Figure 3: Proportion of Workers Who Commute within a Geographic Unit

(a) Population unweighted (b) Population weighted

Note: Authors’ calculation based on the 2015 Census. The dot indicates the mean, the line in the middle of the box
indicates the median, and the upper and lower ends of the box indicate the 75th and 25th percentiles. The line above
and below the box show the 90th and 10th percentiles.
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Figure 5 shows a close-up of the dendrogram for the metropolitan Tokyo CZ. One can see from
the order of the node labels that indicate municipality names, the relatively eastern wards in Tokyo
and beyond are on the top, while western Tokyo wards and beyond are on the bottom. For example,
in the middle, “Tokyo-to, Koutouku” is merged with “Tokyo-to, Chiyodaku” at tree height 0.5.
This happens because a large proportion of residents of Koutouku, a residential area, commute
to Chiyodaku, which is the Central Business District with relatively few residents. Then, to this
Koutouku-Chiyodaku cluster, the Minatoku-Chuuouku cluster is merged, as large numbers of its
residents also commute to Chiyodaku.

As these figures illustrate, the critical question is at which height of the dendrogram we should
stop merging municipalities. In Figure 4, the blue dashed line indicates our cutoff value of 0.98,
and we find that the tree branches become dense near D ≈ 1, which implies that the number of
CZs may be sensitive to changes in the dissimilarity cutoff D close to 1.7 For the remainder of this
section, we aim to quantify this sensitivity.

To see how sensitive our definition of CZs is to the choice of dissimilarity cutoff D, we show
in Figure 6 the plots of cluster counts as a function of D. The left and right panels show plots for
D ∈ [0.5, 1] and D ∈ [0.9, 1], respectively. In each figure, counts of relevant geographic units are
displayed with dotted horizontal lines, and our choice of tree height D = 0.98 is represented by a
dashed vertical line. For example, one can see that for our algorithm to obtain 741 CZs in Japan,
the same number as was found in the US, our tree height would have needed to be D ≈ 0.90, while
to reach the 94 UEAs found in Japan, a D ≈ 0.99 would have been required. As discussed above,
there are reasons why the number of CZs is larger in the US than in Japan, while there are fewer
UEAs than CZs in Japan. As these can be considered the upper and lower bounds, it is reasonable
that our choice of D = 0.98 lies between these values.

We have demonstrated that the dissimilarity cutoff point (tree height) is inversely related to the
number of clustering units, so setting a high cutoff reduces the number of CZs when we implement
the procedure. On the other hand, the benefit of setting a high cutoff is an increase in the proportion
of workers who actually commute within the CZ. Panel (a) of Figure 7 illustrates the relationship
between tree height and proportion of workers commuting within clusters. It clearly shows that an
increase in tree height, implying an enlargement of the commuting zone, increases the probability
of properly catching commuters. Our choice of a tree height of 0.98 captures 87% of the actual
commuting pattern. This means that the remaining 13% commute to a location outside of our

7In Figure 5, the blue line indicates the cutoff value of 0.98. One can confirm that each pair of nodes are combined
at a lower value than the cutoff since all municipalities in the figure are in one CZ.
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defined commuting zone, so this is considered catchment error. This catchment error can be
reduced by increasing the tree height, as demonstrated in Panel (a), but the increase in tree height
would also increase the risk of merging heterogeneous labor markets that do not belong to the
same local labor market. This is the tradeoff in choosing the cutoff. Next, as a way to capture the
heterogeneity of labor market outcomes within a cluster, we calculated the 1 − R2 (Error variance
/ Total variance) of the regression of employment status on geographic fixed effects corresponding
to the tree height, five-year age bins, sex dummy variable, and four-bin educational attainment as
we did in the Anova analysis in (1). This 1 − R2 captures the heterogeneity in the probability of
employment among people who share the same demographic variables within a cluster. Panel (b)
of Figure 7 show the results and, as expected, as tree height increases, so does the heterogeneity
of employment outcomes within a cluster. Thus, we have shown that enlarging the geographic
unit by increasing the tree height increases both the catchment rate and employment heterogeneity,
creating a trade off between the two factors when choosing the cutoff.

Finally, we discuss the applicability of cross validation method to best determine the tree height
(among others, these include Ben-Hur et al., 2001; Tibshirani and Walther, 2005; Fang and Wang,
2012, Fu and Perry, 2019). These pre-existing methods handle the situation that the eventual
number of clusters is substantially smaller than our case. For example, Fang and Wang (2012)
discusses a method of using cross validations to pin down the cluster count to a range of 2 to 10.
In contrast, our goal is to generate more clusters than the scope of these papers. When we applied
the cross validation method to our setting, allowing for a three-digit cluster count to accommodate
the 741 CZs found in the US by Tolbert and Sizer (1996), the process did not converge in a realistic
time. Thus the optimal choice of tree height using the cross validation method remains a subject
for future study.

In sum, our analysis articulates the trade-offs between the number of clusters, catchment rate,
and heterogeneity within a cluster. Setting a lower value for the dissimilarity cutoff increases the
number of CZs and homogeneity within the CZ, but decreases the catchment rate. Determining the
optimal cutoff height requires a reasonable objective function that is maximized with the trade-off
as a constraint. To the best of our knowledge, the choice of the objective function is not discussed in
the CZ construction literature and is left for future research. Our choice of 0.98 as the cutoff based
on Tolbert and Killian (1987) and Tolbert and Sizer (1996) is at least justified for its international
comparability to the US.
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6 Final Remarks

In this paper, we delineated mutually exclusive and exhaustive Commuting Zones (CZs) in Japan
using the Hierarchical Agglomeration Clustering (HAC) method and Japan’s Population Census
data from 1980 to 2015, obtaining from 265 to 684 unique CZs depending on the Census year. The
performance of the resulting CZ delineations was then assessed in comparison to other potential
geographic units commonly used for economic analysis.

We find that, rather than a "magic bullet" to be used in all situations, the proposed CZ is a
geographic unit that can be useful for many practical purposes. For example, the 265 CZs derived
in 2015 increases the number of observations as compared to the 47 prefectures while also better
capturing the actual commuting patterns of Japan’s 1,736 municipalities. This fact can help to
better understand any causal relationship that goes beyond municipal boundaries, such as a shock
to an establishment located in one municipality which affects a commuting worker living in another
municipality. In this case, using the municipality as the geographic unit of analysis fails to capture
the causal relationship. An additional benefit of CZs is that the statistics calculated on CZ suffer
less from small sample problems. In the end, as always, the choice of geographic unit of analysis
should be based on the pros and cons of each potential geographic unit depending on the purpose
of the analysis at hand, and so with this paper we aim to add a useful device to the empirical
researcher’s toolbox.

Finally, we present a caution to readers that CZs are time varying depending on changes
in commuting patterns, which we found in the various waves of the Population Census. What
this means is that, first, a continuous updating of the CZ delineations is required. This work
is straightforward with the program code used in the current analysis and the municipality level
matrix with the number of commuters between origins and destinations. The CZ delineations
for the Population Census from 1980-2015 are available on GitHub (https://github.com/
daisukeadachi/commuting_zone_japan). Second, when data from multiple years are pooled,
researchers need to choose the CZ delineation year carefully, depending on the purpose of the
analysis. Although it is difficult to exhaust the mapping from the purpose to the actual choice of
CZ year, we have provided general guidance for the choice strategy in section B of the Appendix.
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Figure 5: A Focus on Metropolitan Tokyo CZ

Note: This figure shows a close-up of Metropolitan Tokyo CZ from the overall dendrogram in Figure 4. The overall
dendrogram was generated using the HAC method and 2015 Census data as discussed in the main text. This figure
is rotated 90-degrees counterclockwise to make the labels more readable. The vertical blue dashed line indicates our
cutoff value, 0.98. This figure includes the cases that municipalities are merged at height zero because of the small
residential population of one municipality. For example, the nighttime population of Tokyo-to, Chiyodaku was 17,369
and the numbers of commuters from Saitama-ken, Saitamashi was 24,051, thus the distance metric is zero. The same
thing happens for Kanagawa-ken, Yokohamashi and Tokyo-to, Minato-ku.
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Figure 6: Dissimilarity Cutoff and Number of CZs

(a) Cutoff values between 0.5 and 1 (b) Cutoff values between 0.8 and 1

Note: Figure was constructed by authors based on the 2015 Japan Population Census. Cutoff values with a bin of
0.0001 were clustered according to the method described in the main text and the count of the resulting CZs was
plotted. The red vertical line highlights our preferred choice, 0.98, based onTolbert and Killian (1987). The blue
horizontal lines provide reference values of relevant geographic units.

Figure 7: Cutoff Point, Within-Cluster Commuting Rate, and Heterogeneity in the CZ

(a) Within-Cluster Commuting (b) 1-R2 of Employment Equation

Note: Figure was constructed by authors based on the 2015 Japan Population Census. Cutoff values with a bin of 0.01
were clustered according to the method described in the main text and the count of the resulting CZs was plotted. The
red vertical line highlights our preferred choice, 0.98, based onTolbert and Killian (1987). The blue horizontal lines
provide reference values of relevant geographic units.
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Appendix

A CZ Correlates with Other Socioeconomic Variables

A.1 Density and Industry Share

In this section, we show the results of our analysis based on the properties of CZs in terms of
local socioeconomic variables. Figure 8 shows the distribution of population densities in the left
panel and worker shares of the transportation machinery manufacturing (TTM) industry for each
CZ in the right panel, using data from the 2007 ESS. In both panels, darker shades indicate that
the relevant values are high. From the left panel, as one expects, the metropolitan areas facing the
Pacific Ocean such as Tokyo, Osaka, Nagoya, Fukuoka have high population densities. In contrast,
from the right panel, we may see that in terms of transportation machinery-manufacturing share,
areas including Toyota City, Hamamatsu City, Kure City, and Kita-Kanto are standing out.8 Also,
note that in contrast to other labor market concepts such as UEAs, our methodology permits the
analysis of the whole of Japan, providing a comprehensive and exhaustive analysis of all local
employment areas throughout the country.

A.2 Relationship to the Railway Network

How are CZs related to commuting infrastructure? To address this question, we studied the overlap
of our CZs and the railway network in Japan by obtaining ESRI shape files of railway networks from
the National Land Numerical Information download service. We then layered the 2015 railway
network on our map of CZs in 2015, resulting in Figure 9. The figures show a pattern that the
railways typically go through central areas of each CZ. This makes sense given that the railway is
a major choice of commuting, particularly in the Kanto region of Japan. As classical commuting
models indicate that central business districts agglomerate along railways (stations, in particular),
around which workers commute (Alonso et al., 1964; Mills, 1967; ?), it is natural that railways
would cross along the interior of CZs rather than along the borders.

8Toyota City is the historic hometown to Toyota Motor Corporation, Hamamatsu City to Honda Motor Corporation,
Suzuki Motor Corporation, and Yamaha Corporation, and Kure City is located near the headquarters of Mazda Motor
Corporation. These cities also have many subcontracting companies who supply automobile parts and so are located
close to these large automobile producers.
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Figure 8: Distribution of Socio-economic Characteristics

(a) Population Density (b) Share of Workers in the TTM Industry

Note: Figures created by authors based on Population Census data, with categorization by quintiles. The ESRI shape
file for creating the map was generated by Kirimura et al. (2011). The “TTM” industry stands for the Transportation
Machinery Manufacturing industry.

B Guidance for Panel-Data Analysis

As econometric analysis using panel data is a quite effective tool in controlling for unobservable
characteristics of the individual analysis unit, it has been used extensively in recent econometric
studies. Since our method is not restricted to any specific years of data, it is possible to construct
several alternative CZs depending on the choice of base year and unit codes. In our study, we
simply provided all combinations of these for a broad choice set available for researchers. Here,
we provide some brief guidance as to which set of CZ delineations should be used depending on
the purpose of the analysis at hand.

First, note that for each year, we employed both original and harmonized municipality codes to
construct CZs. The original municipality codes are those originally published by Japan’s Ministry
of Internal Affairs and Communications (MIC) at that time. However, since municipalities have
merged and split over the years, the original municipality codes are not consistent across years.
The harmonized municipality code, on the other hand, was generated with the 2015 municipality
delineation using the HAC method described in Section 3.9

9We set the harmonization year as the latest year, 2015, since the trend of the total number of municipalities
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Given the definitions of the original and harmonized codes, we suggest the following guideline:

1. Use the original code when the researcher wishes to know the exact employment area for
each period.

2. Use the harmonized code when the researcher wishes to analyze changes in employment
areas, as the harmonized code facilitates a consistent comparison of CZs over time.

3. In either case, when analyzing with a fixed effect and CZ-year panel data, fix the analysis to
one year, using a clear base year if any. For example, if the analysis period is 1990-2007, the
researchers may use CZs based on either original or harmonized 1990 municipality code.

is decreasing. Therefore, later years have fewer problems associated with splitting municipalities when creating
harmonized codes.
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Figure 9: 2015 CZ Delineation with Railroads

(a) Nationwide

(b) Kanto district

Note: Map was created by authors based on the 2015 Population Census and hierarchical agglomerative clustering
with average linkages, and harmonized municipality codes as an input to the algorithm. The railway network was
sourced from Railways (line) files from the National Land Numerical Information download service. The ESRI shape
file for creating the map was generated by Kirimura et al. (2011).
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