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Appendix C: Voting model

The variables determined by a political process at the local level, given a certain munic-
ipality m, are qm, τm, and θm. The national government chooses the transfer function T .
Due to the form of the utility function in (3), all individuals agree on the optimal level
for the public good, q∗

m, and the tax rate, τ∗
m. For the other political choices, however,

different individuals will have different ideal points, and each of these may be multidi-
mensional: the location θm of the public good is geographic (latitude and longitude), and
the transfer function is chosen from a space of functions that in Section 4 is assumed to
be two dimensional. A very simple model of the political process at both the local and
national level gives the result that the policy selected is a weighted sum of individual
utilities. To obtain this result, make the following assumptions:

Assumption 1. There are two identical office-motivated candidates who run on policy
platforms to which that they can commit.

Assumption 2. Voting in elections is determined via a probabilistic voting model where
vote probabilities are linear in utility difference between the two candidates.

Assumption 3. There is a continuum of voters.

Assumption 4. For all θ, θ′, for all γ ∈ (0�1), the set of voters i such that

ui
(
γθ+ (1 − γ)θ′)> γui(θ)+ (1 − γ)ui

(
θ′)

has positive measure.

With these assumptions, the unique political equilibrium is for both candidates to
propose θ∗

m to maximize the sum of individual utilities: this is Theorem 4 in Banks and
Duggan (2005).89
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89An additional requirement of Theorem 4 of Banks and Duggan (2005) is that for each voter, utility is

(weakly) concave with respect to the policy choice. The utility function given in (3) is concave in θ, although
it is not strictly concave.
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C.1 Japanese context

Municipal politics in Japan involve both a mayor and a municipal council, and thus there
is, in reality, more than the one decision-maker assumed above; however, with the ex-
ception of very large “designated municipalities,” the council is elected on an entirely at-
large basis, without wards or other subdivisions. The mayor has veto power, which can
be overruled by a two-thirds vote of the municipal council. Given the lack of wards in
the municipal council, it is not entirely clear how or why policies proposed by the coun-
cil might diverge from policies proposed by the mayor, although examples of this sort
of conflict can be found in municipal records. Because this paper’s focus is inter- rather
than intramunicipal decision-making, the following assumption will be used: mayors
will veto anything other than the policy proposed in their campaign, and less than two-
thirds of the council will be opposed to this policy.90

National level politics are even more complex and thus diverge even more from this
simple model. The candidates in this case would be political parties, which commit to
party platforms. Issues with single-member constituencies and multiple houses in the
legislature, with different malapportionment in each house, are abstracted away from.
Election of representatives is also abstracted away from: individuals in areas that are
overrepresented are simply assumed to be able to cast more votes and are thus weighted
more heavily.

Assumptions 3 and 4 are not quite satisfied in the data actually used: there is a large
but finite number of voters, and there are a few cases (generally in the smallest mu-
nicipalities) where there are locations θ and θ′ such that all voters are indifferent be-
tween randomization between the policies versus a convex combination. The argument
regarding Assumption 3 is simply that thousands of voters is “close enough” to a con-
tinuum. Regarding Assumption 4, violations of this assumption still result in candidates
proposing policies that maximize social welfare, only these policies are no longer neces-
sarily unique. For example, with the utility function in (3), consider a municipality with
exactly half of its population at one point and exactly half at another point. Then any θ∗
between these two points is welfare maximizing and there is not a unique political equi-
librium. Empirically, actual population distributions are never this evenly balanced, and
a unique θ∗ can always be computed. Distance enters the utility function in (3) linearly,
and thus these θ∗ are points that minimize the sum of distances, points sometimes re-
ferred to as generalized medians.

C.2 Japanese merger procedures

The general political rules for municipal mergers were the following.91

90Prior to the merger period, mayors were responsible for delivering hundreds of “agency delegated func-
tions” from higher levels of government, making them bureaucrats as well as politicians and making it
possible (at least in theory) for central ministries to fire a mayor for not performing a delegated function
according to specifications. Agency delegated functions were abolished during the merger period, and mu-
nicipal policies are thus modeled as being determined by local residents through a political process.

91This discussion ignores many details, such as the distinction between hennyuu municipalities, where
bylaws are inherited from one of the merger participants (normally the largest city), and shinsetsu mergers,
where bylaws and regulations are developed from scratch.
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0. Mayors of municipalities can create “voluntary merger committees” and “study
committees” to gather information, but there are no regulations regarding these com-
mittees and they are not necessary in order to proceed with a merger.

1. A petition for a specified merger from 2% of eligible voters (or the municipal
council) in any single municipality forces an official response from all the municipalities
included in the proposed merger, based on a debate in their municipal councils. Unani-
mous “yes” responses result in the creation of an official merger committee. There is no
requirement regarding previous voluntary committees or study committees.

2. If a municipal council rejects the proposed merger committee, a petition from
one-sixth of eligible voters in the relevant municipality forces a referendum on the cre-
ation of the merger committee. A majority vote in the referendum overrides the council’s
rejection.

3. The merger committee produces reports on the financial situation of the munic-
ipalities and proposes some characteristics of the merger (e.g., the name of the merged
municipality). A majority vote in each municipal council is required to finalize the
merger.92

The existence of an official referendum process during the planning stage but not at
the final approval stage suggests that the best strategy for politicians who are opposed to
a merger might have been to remain silent during the initial stage, but then prevent the
final resolution from passing in the council. Behavior such as this did in fact occur in a
small number of municipalities, but does not appear to have been particularly common
or successful. First, the process of creating the merger committee generally attracted a
considerable amount of attention, particularly in smaller municipalities. In cases where
there was controversy, referendum turnout rates could exceed 90%. It was thus difficult
for politicians facing a potentially controversial merger to prevent a referendum regard-
ing the creation of the merger committee, and conditional on that referendum passing, it
was difficult to then vote against the final proposed merger. Furthermore, in cases where
politicians did vote against mergers that appeared to have popular support, a hitherto
seldom used recall process was employed to remove them from office via a majority vote
in a recall referendum. Whereas there was only one recall referendum during the 1990s,
there were at least 41 during the merger period.

A formal interpretation of these rules is somewhat difficult; however, a common el-
ement in all mergers is that they were approved by all municipalities in question, either
via local referendum or in the municipal council.93 As council resolutions were subject
to veto by the mayor, this paper will assume that the binding constraint on the behav-
ior of a municipality is the ability of its residents to recall the mayor. Suppose that there

92In general, the division of a municipality was prohibited. In one case, such a split did occur, but both
of the resulting municipalities were immediately merged with different neighbors.

93In about one-third of cases, referenda were held. Most of these were nominally consultative, but there
is only one instance in which a municipal council voted opposite to a referendum result. This case was
complicated due to multiple referenda with conflicting results as well as a number of other procedural
irregularities, and finally resulted in a recall of the mayor and a request to the prefectural governor to reverse
the merger. The request for reversal was denied.
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is perfect information regarding what mergers are feasible (i.e., will be approved by all
other participants). The mayor proposes a merger for the municipality to participate in
or proposes remaining independent. A single challenger then appears and similarly pro-
poses a policy. With the probabilistic voting model presented above, the challenger will
run on the same platform as the mayor and the selected merger will maximize the sum
of the utilities of residents.94

A potential objection here is that the costs of organizing a recall election could be
large, and thus the mayor’s incumbency advantage could be significant enough to allow
merger proposals that are far from the optimal to be enacted.95 There are two responses
to this objection: first, the merger period was sufficiently long that at least one regu-
larly scheduled election occurred during the merger period, and during this election the
merger issue was particularly salient; second, the cost of organizing a recall does not
appear to be as large as might be supposed. Specifically, in 4 of the 41 recalls, a major-
ity voted against the recall in the referendum, and in another 6 of the recalls, the mayor
was reelected in the special election following the recall process (usually after resigning
voluntarily to avoid the recall referendum). Thus, a full quarter of the organized recall
referenda did not succeed in removing the mayor. If the costs of organizing a recall ref-
erendum were very high, one would expect that they would be organized only when
the mayor would not have majority support in the recall referendum or the subsequent
election. Thus, this paper will use the assumption that the municipal merger selected by
each municipality maximized the utility of local residents, given the possible alternative
mergers.96

Appendix D: Data and institutional details

Data for municipal characteristics Xm come from the Statistical Information Institute,
which aggregates a variety of government sources. Where 1995 data were not available,
the year closest to 1995 was used. Data regarding municipal mergers come from the
Japan Geographic Data Center. The 1995 Japanese national census provides population
data at the kilometer grid square level. Information on municipal boundaries is taken
from shape files produced by ESRI Japan, also for 1995. Other data and formulae are
generally taken from Ministry of Internal Affairs and Communications documents.

94The assumption here that mayors do not have a large effect on mergers might still seem suspicious.
Kawaura (2010) investigates the effect of a mayor’s length of tenure on merger configurations, and finds
effects that are small and not statistically significant at the 95% level. While there is certainly anecdotal evi-
dence that certain mayors may have obstructed certain mergers, there is no immediately obvious relation-
ship in the aggregate data. The private incentive for municipal politicians to maintain the independence of
their municipality so as to preserve their own employment is not as strong as might be anticipated. This is
due to central government policies: for example, the length of service required to receive a pension were
reduced for politicians in a municipality participating in a merger, and following the merger period, the
pension system was abolished, with a (disadvantageous) one-time payment to those who did not meet the
standard 12 year length of service requirement.

95A recall referendum required a petition by between one-sixth and one-third of residents.
96The specific definition of “alternative” used here is that they would be deviations as discussed in Ap-

pendix A.
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D.1 Tax base

The tax base Ym is determined from standard fiscal revenue figures produced by the Min-
istry. While the model in Section 1 has each municipality choosing a single tax rate τm,
actual municipal tax revenues come from several taxes, with “fixed asset” taxes (land,
housing, and some business assets) and personal income tax being the two most impor-
tant types. For each type of tax, the Ministry sets a reference tax rate, and then calculates
the total revenue each municipality would receive if it charged these reference rates on
its tax base. That is, if τ̄k is the reference rate for tax type k and Yk

m is the tax base for this
tax for municipality m, the Ministry Standard Fiscal Revenue estimate for municipality m

is
∑

k τ̄
kYk

m. To convert this to the single tax base that is assumed in this paper, suppose
that the single tax base is income and set τ̄ = 0�12, which is total municipal Standard
Fiscal Revenue as a fraction of total income. Then calculate Ym for each municipality so
as to satisfy

τ̄Ym =
∑
k

τ̄kYk
m� (46)

That is, Ym is calculated so that τ̄Ym is exactly equal to the Standard Fiscal Revenue
for that municipality, as reported by the Ministry. The tax rate actually observed in the
municipality, τ∗

m, is defined as taxes as a fraction of Ym.
In general, collapsing multiple tax bases into a single tax base would be problem-

atic, but in the Japanese case, although municipalities are de jure allowed to choose a
tax rate different from the standard rate, the amount of actual variation is very low. For
example, in the extreme case of Yuubari City, effectively bankrupt with a debt of over �3
million per capita, the income tax rate was raised from 6�0% to 6�5%, but almost all other
municipalities charge the standard 6�0%. The standard fixed asset rate of 1�4% is levied
by about 9 out of 10 municipalities, with the remaining tenth mostly charging 1�5% or
1�6%.97 Thus, the observed tax data that the model is attempting to explain involve all
municipalities charging very similar tax rates, which are equal or very close to the Min-
istry’s reference rate τ̄. In particular, there are no cases where a municipality chose to
charge a very high rate on a particular tax base for which the reference rate was much
lower, a situation which could lead to high and nonsensical calculated values for τ∗

m.

D.2 Geographic distance

Surveys conducted around the time of the mergers reveal a widespread perception that
there were unexploited efficiencies of scale in the provision of public services: the most
popular response to questions regarding the potential benefits of municipal mergers
was “avoid duplication of facilities/avoid useless capital expenditures” in Kyoto, “re-
duce expenditures by improving administrative efficiency, eliminating duplicate facil-

97A fixed asset rate of more than 1�7% requires Ministry approval, but few municipalities are at this cap.
While there are Ministry caps on taxes, they are rarely binding. The sole exception is for taxes on corpora-
tions, where a sizeable number of municipalities do charge at the upper bound. These corporate taxes are
a small percentage of total taxes, and thus issues with this upper bound are not considered in this paper.
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ities, and reducing personnel” in Yamanashi, “reduce personnel expenses” in Akita, and
“reduce personnel and other expenditures and improve efficiency” in Okinawa.98

It was thus generally understood that a municipal merger involving a smaller munic-
ipality and a larger one would result in the closure of city hall and some other facilities
in the smaller municipality, and that this would result in substantial cost savings.99 This
led to a concern among residents of smaller municipalities that after a merger, public
services would only be provided at a location much farther away than was the case cur-
rently. As an increase in geographic distance to public facilities was perceived as a major
disadvantage of a municipal merger, it seems appropriate to use geography as the metric
for heterogeneity in the structural part of the model.

By combining census grid square data and municipal boundary shape files, the lo-
cation of individuals in municipalities can be known to the kilometer grid square level.
To calculate distances, first, the population of grid squares that are on a boundary be-
tween two municipalities is divided between the municipalities in proportion to the area
of each grid square in each municipality. Then, for any θm, the distance �(i� θm) can be
calculated as the great-circle distance from the physical longitude–latitude location of
individual i to θm. For computational simplicity, all individuals within a given census
grid square are assumed to live at the center of the square. The distances in question are
small relative to the curvature of the earth, so this is effectively a straight-line distance
calculation.

The location θ∗
m chosen by a municipality will minimize the sum of these individual

distances due to the assumption that the local political process is as described in Ap-
pendix C. These θ∗

m are calculated via standard optimization techniques. Although, as
discussed in Appendix C, there are cases where θ∗

m might not be unique, a unique value
is, in fact, obtained for all municipalities. For each coalition S, the optimal location θ∗

S is
calculated via exactly the same process. The value of �m(θ∗

S) in (4) can then be calculated
by averaging over distances �(i� θ∗

S) for all individuals in m. This process is computation-
ally intensive, but �m(θ

∗
S) depends neither on ε nor on β, and thus the calculation of

these distances only needs to be performed once.

Appendix E: Computational details

E.1 Idiosyncratic shocks

The standard relationship for sample variances from the analysis of variance literature
(e.g., Scheffé (1959)) will hold:100

s2
S =

∑
m∈S

(Nm − 1)s2
m +

∑
m∈S

∑
m′∈S

NmNm′(ω̄m − ω̄m′)2

2NS

NS − 1
� (47)

98Unfortunately, these surveys are difficult to analyze quantitatively, as they were only conducted in a
few prefectures and a different questionnaire was used in each prefecture.

99Although many services at city hall could be accessed via mail, telephone, or the Internet, it is common
and in some cases required to visit in person.

100This is immediate from the “textbook” variance decomposition formula because∑
m

∑
m′

NmNm′
NS

(ω̄m − ω̄m′)2 = ∑
m

∑
m′

NmNm′
NS

((ω̄m − ω̄) − (ω̄m′ − ω̄))2 = ∑
m

∑
m′

NmNm′
NS

((ω̄m − ω̄)2 +
(ω̄m′ − ω̄)2).
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The function ε(·� ·) is exactly as given by (20) and (47), and maps from the 2|M| di-
mensional space of ω̄M and sM to the 2|M| dimensional space of ε. The elements of both
ω̄M and sM have known distributions, which will be helpful when computing moment
inequalities.

With this construction of ε, for any guess β̂ for the parameter vector, any ob-
served partition can be rationalized: simply choose s2

S sufficiently close to zero if S is
in the observed partition, and large otherwise, and then choose ω̄S and ω̄S′ such that
(ω̄S − ω̄S′)2 is sufficiently large to discourage any coarsenings into larger coalitions.

A linear approximation is important for implementation, as the moment inequality
that will be described immediately below requires a search over ε, constrained by the
stability of the observed partition. Using the approximation

log s2
S � log (1 + δS)� δS ∼ N

(
0�

2
NS − 1

)
(48)

� δS

makes the stability constraints linear and, thus, makes the optimization problem com-
putationally feasible.101

The correlation of εS and εS′ in this case will be approximately NS∩S′√
NS

√
NS′

, where NS∩S′

is the number of individuals in common between the two coalitions. Thus, ε are uncor-
related when there is no overlap and approach perfect correlation as the overlap be-
comes total. A covariance matrix with this structure will not, in general, have full rank:
this rank deficiency makes the estimation approach that follows feasible.

E.2 First type of moment inequality

Specifically, for an observed partition π, consider the two types of deviations

S c(π) = {S′|S′ is a merger of two geographically adjacent singletons in π}�
S r(π)= {S′|S′ ⊂ S ∈ π}�

Here S c(π) are coarsenings of the partition π and S r(π) are refinements. To retain
computational feasibility, restrict S r to contain only coalitions that are geographically
contiguous and do not cross more than two county boundaries.102 Here, counties are

101More specifically, Bartlett and Kendall (1946) show that δS ∼ N(− 1
NS

− 1
3N2

S

� 2
NS−1 ). Multiplying gives√

NS−1
2 δS ∼ N(−

√
NS−1√
2NS

−
√

NS−1
3
√

2N2
S

�1), which has a mean of approximately zero for large NS .
102For the purposes of determining geographic adjacency, islands with only a single municipality on

them are treated as being connected to the closest municipality on the mainland (i.e., Hokkaidō, Honshū,
Shikoku, or Kyūshū) if it is within 50 km. Using this definition, almost all observed mergers are geograph-
ically contiguous. More specifically, not counting island municipalities there are 13 observed mergers that
are not geographically contiguous. This is usually because one of the participants dropped out late in the
merger process.
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defined using county definitions from the Meiji era.103 For some larger observed coali-
tions S, the number of such subsets is still very large. In cases where there are more than
1000 potential subsets S′ ⊂ S for a given S ∈ π, use only the following:

1. Subset S′ is a singleton.

2. The remainder S \ S′ is a singleton (i.e., subsets that involve leaving out only one
municipality).

3. A random sample of other subsets such that the number of subsets examined
totals 1000.

The following conditions are necessary for π to be in the stable set Π∗(ε(ω̄M� sM)|
X�β):

∀S′ ∈ S c(π) either vmm(β)+ εm(ω̄M� sM) > vmS′(β)+ εS′(ω̄M� sM)
(49)

or vm′m′(β)+ εm′(ω̄M� sM) > vm′S′(β)+ εS′(ω̄M� sM)�

where S′ = {m�m′} is the potential merger of two singletons, and

∀S′ ∈ S r(π) ∃m ∈ S′
(50)

s.t. vmS(β)+ εS(ω̄M� sM) > vmS′(β)+ εS′(ω̄M� sM)�

where S is the coalition that m is a member of π. As S′ ⊂ S, this condition can be ex-
pressed in a computationally simpler form:

∀S′ ∈ S r(π) max
m∈S

(
vmS(β)− vmS′(β)

)
> εS′(ω̄M� sM)− εS(ω̄M� sM)� (51)

Here S c considers only singletons in π, and S r considers only the nonsingletons
in π. Equations (20) and (47) show that the calculation of ε for the coalitions involved
in these two sets of potential deviations depends on the ω̄ and s of disjoint sets of mu-
nicipalities. This is because checking the necessary conditions for the coarsenings re-
quires examining only those municipalities that remained as singletons, while checking
the necessary conditions for refinements requires checking only those municipalities
that participated in mergers. Furthermore, within the latter set, each actually observed
merger can be checked separately. That is,

h∗∗(π|β�X) = minh(ω̄M� sM |X) s.t. (49) is satisfied
(52)

+
∑
S

minh(ω̄M� sM |X) s.t. (50) is satisfied for S�

103In particular, the county boundaries used are from 1878 for eastern Japan and from 1896 for western
Japan. Counties are statistical divisions and have not had any political function since the 1920s. Counties
in Tokyo and Nagano prefectures are anomalously large; thus, in those prefectures only, the restriction is to
one and two counties, respectively, rather than three. Two actual mergers violate the restriction on num-
ber of counties that is imposed: one size 12 merger in Shizuoka and one size 11 merger in Niigata. This
represents 0�3% of all observed mergers.
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where conditions (49) and (50) depend on π, β, and X .
Next, note that for a given β̂, the problem of calculating h∗∗ can be represented as

a minimization problem where the variables are (ω̄m − ω̄m′)2 for adjacent m and m′,
and s2

m for all m. The constraints in (49) and (50) are linear in these variables, and the
objective function h is a quadratic of them. Thus, the problem of computing h∗∗ can
be expressed as a quadratic program or as a sum of the solutions to several quadratic
programs as shown in (52). This latter form is computationally feasible and can be solved
quickly using commercially available quadratic programming libraries such as CPLEX.

E.3 Second type of moment inequality

To see how (26) can be used to create a moment inequality, first let FQ(β) be the distribu-
tion of the number of municipalities that would have participated in mergers during the
1999–2010 period if the government had not implemented any new merger promotion
policies. By assumption (and after making an appropriate adjustment for the fact that
the 1979–1998 period is longer than the 1999–2010 period), FQ(β) is stochastically dom-
inated by F79

Q (β), the distribution of the number of municipalities that participated in
mergers during the 1979–1999 period. The FQ is difficult to calculate directly: not only
is the true equilibrium selection rule unknown, but, as discussed at the beginning of
Section 3.1, the precise membership of S is both unknown and likely very large. Thus,
instead consider a bound μ∗

Q, such that

EQg2
(
Q79�β0|X) = μ79

Q −μ∗
Q

(
β0|X)

(53)
≥ μ79

Q −μQ�

which is greater than zero because the expected number of mergers under no policy
change has been assumed to not be greater than the number of mergers that occurred
before the merger period.

This bound μ∗
Q can be computed by examining only size 2 mergers. Specifically, if

S = {m�m′} and umS > umm, um′S > um′m′ , then any stable partition must have at least
one of m and m′ participating in a merger, because S is a blocking coalition for all other
partitions. Let Sa be the set of size 2 mergers where the municipalities are geograph-
ically adjacent and both municipalities prefer the merger to remaining as a singleton.
This set can then be used to construct an easily computable minimal number of mu-
nicipalities that must be involved in mergers. Consider the following variable, which is
random because the membership of Sa depends on the draw of ω̄M and sM :

Q∗ = argmin
Q⊂M

#Q s.t. ∀S ∈ Sa� S ∩Q 
= ∅� (54)

That is, Q∗ is a minimal hitting set for Sa: for each potential geographically contiguous
size 2 merger where both participants prefer the merger relative to not merging at all, at
least one of those municipalities is in Q∗. For a given random draw of shocks, Q∗ can be
computed via a linear program. Let F∗

Q(β) be the distribution of #Q∗. The FQ stochasti-
cally dominates F∗

Q, because Sa is a subset of all mergers whose participants prefer the
merger to remaining as a singleton, and thus any stable partition must include at least
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#Q∗ municipalities participating in mergers regardless of equilibrium selection rule. Ex-
amining potential pairwise mergers thus gives a lower bound on the total number of
municipalities participating in mergers of any kind.

The calculation of Q∗ involves a high dimensional integral because there are two id-
iosyncratic shocks for each municipality and many municipalities in a prefecture. How-
ever, as only size 2 mergers between geographically adjacent municipalities are consid-
ered and very few of these mergers actually occur, the interactions between municipal-
ities that are far away are very weak. Thus, in a large prefecture such as Hokkaidō, with
210 municipalities, simulation error in the southern portion of the prefecture will have
little effect on mergers of northern municipalities, and thus the law of large numbers
will apply. In addition, there are multiple prefectures, and there are assumed to be no
interactions between them.104

E.4 Identified set and confidence sets

The data consist of 47 prefectures, which are treated as independent coalition forma-
tion games. As in Table 1, prefectures are classified as metropolitan, mixed, and rural,
depending on the percentage of municipalities with a population of less than 10,000. Let
these sets of prefectures be Jmetro, Jmixed, and Jrural, respectively. Let ḡmetro

1 (β) be the
sample moment of g1 with prefectures Jmetro,

ḡmetro
1 (β) = 1

#Jmetro

∑
j∈Jmetro

g1
(
π0
j �β|X)

� (55)

where π0
j is the actually observed partition in prefecture j.105 Construct ḡ2 similarly: for

example, ḡmixed
2 would be

ḡmixed
2 (β) = 1

#Jmixed

∑
j∈Jmixed

g2
(
Q79

j �β|X)
� (56)

where Q79
j is the actually observed number of municipalities participating in mergers in

prefecture j during the 1979–1998 period. There are thus three sample moments calcu-
lated from g1 (metro, mixed, and rural), and another three calculated in the same way
for g2. On the other hand, g3 is only calculated for metro (it will not bind for any value of
β for mixed or rural, due to the large number of mergers in these types of prefectures),

ḡmetro
3 (β) = 1

#Jmetro

∑
j∈Jmetro

g3
(
Q99

j �β|X)
� (57)

where Q99
j is the actually observed number of municipalities participating in mergers in

prefecture j during the 1999–2010 period.

104An adjustment is made to both g2 and g3 to take into account that mergers are infrequent, and thus
are not well approximated by a normal distribution: quantiles of the actual distribution of the lower bound
on the number of mergers are estimated, and these are then used to perform a normalization.

105In the actual computations, the weights on individual prefectures differ to account for the differing
number of municipalities in each prefecture.
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Due to the distributional assumption already made regarding ω̄ and s, the first six of
these terms are uncorrelated. However, ḡmetro

3 could well be correlated with ḡmetro
1 , as π0

affects both of these sample moments. Similarly, ḡ4 could plausibly be correlated with
other moments. These correlations are estimated using the subsample approach given
in Andrews and Guggenberger (2009), with critical values of T(β) computed accordingly.
The identified set is the set of β̂ such that

β̂= argmin
β

T(β)� (58)

Optimization is performed via Nelder–Mead, using the base implementation in R.
For the second and third types of moment inequalities, 1000 simulation draws are used
to calculate the moment. The optimization algorithm used finds only a local minimum,
and thus there is the possibility that this differs from the global minimum. The calcula-
tion of the confidence set for each parameter, however, involves rerunning the optimiza-
tion routine with the relevant parameter fixed at a certain value. On average, about 100
values were used: some of these values were very close to the estimated parameter, while
others were farther away. These additional starting points do not result in any objective
function values lower than the one at the reported optimum.

Following convention, the 95% confidence set will be
{
β|T(β) < T(β̂)+ T0�95(β̂)

}
� (59)

where T0�95(β̂) is the 0�95 quantile of the distribution of the test statistic under the hy-
pothesis that β = β̂. Constructing a 95% confidence set for β is simplified because as-
sumptions regarding the distribution and most of the correlation structure of the error
terms have already been necessary to develop the model.

The coverage probability of this confidence set is checked via the Monte Carlo
method. One-hundred simulations of the municipal merger process are performed us-
ing the estimated parameters as the true parameters. The 95% confidence set has a cov-
erage probability of 1�00 and an 80% confidence set has a coverage probability of 0�98.106

E.5 Example with two municipalities per prefecture

The moment inequality based on g1 has not previously appeared in the literature. A sim-
ple example illustrates the identified set produced: notably, it will not exclude β = 0.

Let J be a set of prefectures each containing only two municipalities, Aj and Bj , with
a potential merger Sj = {Aj�Bj}. For simplicity, let there be only a single idiosyncratic
shock εj in each prefecture,

uAjAj
= uBjBj = β� (60)

uAjSj = uBjSj = 2β+ εj� (61)

and make the distributional assumption εj ∼ N(0�1). Here, setting the variance to 1 nor-
malizes the scale for β. Let π0 be the observed partition: the only options for prefecture

106In these simulations, an average of 67 municipalities participated in mergers under the original gov-
ernment transfer policies. This corresponds to about 2% of the 3255 original municipalities.
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j are the singletons {Aj} and {Bj} or the merger {Aj�Bj}. Define the stability restriction

R(ε�π|β): ∀j ∈ J� εj ≤ −β if {Aj}� {Bj} ∈ π� (62)

εj ≥ −β if {Aj�Bj} ∈ π� (63)

Now choose h(ε) = ∑
j∈J ε2

j . Thus, E(h)= |J|. Then define

ε∗(β) = argmin
ε

h(ε) s.t. R
(
ε�π0|β)

� (64)

That is, ε∗(β) is the vector of idiosyncratic shocks that generate the least extreme value
from h while still rationalizing π0. Let that value of h be

h∗(β) = min
ε

h(ε) s.t. R
(
ε�π0|β)

� (65)

Let ε0 be the actual εs that were drawn and resulted in π0 being observed. Let β0 be the
true value of β. Then

h∗(β0) ≤ h
(
ε0) (66)

because ε0 being drawn resulted in partition π0 occurring, and thus R(ε0�π0|β0) must
be satisfied. If the inequality is always satisfied, it is satisfied in expectation,

E
(
h(ε)

) −E
(
h∗(β0)) ≥ 0� (67)

where E(h∗(β0)) indicates the expected value of h∗ for a partition generated from a ran-
dom draw of ε. In this particular example, for any draw of ε, there will only be one sta-
ble partition, but neither this uniqueness nor any particular assumptions regarding an
equilibrium selection rule is required for the above inequalities to hold.

The expected fraction of prefectures with a merger is Φ(β0). The expected value of
h∗(β) is

Φ
(
β0)min(0�β)2 + (

1 −Φ
(
β0))max(0�β)2� (68)

Using only the above moment inequality for identification, we will have the identi-
fied set

{
β|1 −Φ

(
β0)min(0�β)2 + (

1 −Φ
(
β0))max(0�β)2 ≥ 0

}
� (69)

which corresponds to the interval [ −1√
Φ(β0)

� 1√
1−Φ(β0)

]. This interval contains zero,

which is a general property of this type of moment: the “entirely idiosyncratic” null hy-
pothesis will never be rejected. To reject β̂= 0, some additional moments of some other
type must be used. In the estimator in the main paper, these correspond to the moments
comparing the expected number of mergers if the government had not changed any
transfer policies to the actual number of mergers observed during the period in which
the old transfer policies were in effect. Considering the specification used in the main
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analysis, at β̂ = 0, there would have been a large number of random mergers, and thus
this null hypothesis is easy to reject using these other moments.107

Appendix F: Optimal national transfer policy

F.1 Theory

The national government’s objective function depends on ε, which it does not know.
Expressed as an expectation, its objective is

E
[
W (T)

] = Pr
(
π = {S}|T )(

(wm +wm′)
(
vmS(TS)+E

[
εS|π = {S}�T ]) − bTS

)

+ (
1 − Pr

(
π = {S}|T ))(

wm
(
vmm(Tm)+E

[
εm|π = {

m�m′}�T ])
(74)

+wm′
(
vm′m′(Tm′)+E

[
εm′ |π = {

m�m′}�T ]) − b(Tm + Tm′)
)
�

For a decrease in Tm, the marginal merger that would occur is the one where
vmm(Tm)+ εm = vmS(TS)+ εS ; thus, the partial derivatives of (74) simplify to

∂E
[
W (T)

]
∂Tm

= ∂Pr
({S}|T )
∂Tm

(
b(Tm + Tm′ − TS)+wm′e′)

(75)

+ (
1 − Pr

({S}|T ))(
wm

∂vmm(Tm)

∂Tm
− b

)
�

107The above estimator may appear to be somewhat similar to other estimation approaches, such as
maximizing the probability that the observed partition is stable. Estimators in this latter set, however, are
not in general consistent, and will thus not necessarily be inside the identified set based on the moment
inequality used above. To take an extreme example, suppose that there are K municipalities in each pre-
fecture and that the only possible mergers are {m1�m2}� {m1�m2�m3}� � � � � {m1�m2� � � � �mK}. Preferences are
determined by

umkS = #S

K
+ √

Kεj� S 
= {mk}� (70)

umkmk
= k− K − 1

2
� (71)

where #S is the number of municipalities in S, and j indexes prefectures. Thus there is again only one
idiosyncratic shock per prefecture and only one stable partition: if ε = 0, for example, municipalities up to
K/2 will merge. The probability of any given merger being stable is thus small if K is large. Now consider
the more general model

umkS = (1 −β)

(
#S

K
+K1/3εj

)
+β

(
k− K + 10

2
+ ε2

j

)
� S 
= {mk}� (72)

umkmk
= k− K − 1

2
� (73)

When β = 1, then, most of the time no mergers are stable, but when there is a very extreme ε, then all
mergers are stable (indifferent municipalities prevent deviations in the definition of stability used in this
paper). Now suppose that the true value of β is β0 = 0, and consider a pseudo-likelihood estimator that
maximizes the probability that the observed partition is stable. Then for sufficiently large K, βPMLE = 1,
because all mergers are stable when any merger is stable, unlike the situation at β0. The identified set using
the technique outlined above, however, would exclude β̂= 1, as this would involve ε∗ that are very extreme,
and the moment inequality would be violated. Thus, the (inconsistent) maximizer of the pseudo-likelihood
function based only on stability is not always contained in the identified set.
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∂E[W (T)]
∂TS

= ∂Pr({S}|T)
∂TS

(
b(Tm + Tm′ − TS)+ηwm′e′ + (1 −η)wme

)
(76)

+ Pr
({S}|T )(

(wm +wm′)
∂vmS(TS)

∂TS
− b

)
�

There is also a third equation, (75′), which is identical to (75) except with m and m′
flipped.

These derivatives show that when there is the potential for mergers, T FB is no longer
the optimal transfer policy. The fixed-boundary optimum maximizes the objective from
(9), and thus at T FB, the second term in (75) and (76) is zero.108 Because there are ef-
ficiencies of scale, however, T FB

m + T FB
m′ > T FB

S . The first terms of (75) and (76) are thus
negative and positive, respectively, at the optimal fixed-boundary transfer policy. This
suggests that the transfer policy that maximizes (74) will have a higher TS and lower Tm

than the fixed-boundary optimum.
To characterize the optimal policy, first note that Pr({S}|T) depends only on the dif-

ferences vmS −vmm and vm′S −vm′m′ . Thus, ∂Pr({S}|T)
∂vmS

= − ∂Pr({S}|T)
∂vmm

and likewise for m′. For
a change in transfers, then,

∂Pr
({S}|T )
∂TS

/∂v·S
∂TS

= −∂Pr
({S}|T )
∂Tm

/∂vmm

∂Tm
− ∂Pr

({S}|T )
∂Tm′

/∂vm′m′

∂Tm′
�

The first right-hand side term of (76) is thus equal to the sum of the first terms of (75)
and (75′). As these equations equal zero at the optimal T , the second terms must also
equal: after rearrangement this gives (33). An alternative form of (33) expresses Pr({S}|T)
in terms of transfers:

Pr
({S}|T ∗) =

(
T FB
m − T ∗

m

) + (
T FB
m′ − T ∗

m′
)

(
T FB
m − T ∗

m

) + (
T FB
m′ − T ∗

m′
) + (

T ∗
S − T FB

S

) � (77)

Furthermore, ∂vmm
∂Tm

= β0+β1
Tm−Ym+β3c(Xm) by substituting (5) into (7) and differentiating.

Combining with (10) leads to

1
∂vmm

∂Tm

∣∣∣∣
T FB
m

− 1
∂vmm

∂Tm

= 1
β0 +β1

(
T FB
m − T ∗

m

)
� (78)

At the fixed-boundary optimum, it will also be the case that ∂vmm
∂Tm|

TFB
m

= b
w . Thus,

(
wm

∂vmm(Tm)

∂Tm
− b

)
= b

∂vmm(Tm)

∂Tm

1
β0 +β1

(
T FB
m − T ∗

m

)
� (79)

Equation (34) can then be obtained by substituting (77) and (79) into the sum of (75) and
(75′). Finally, dividing (75) by ∂Pr({S}|T)

∂Tm
and (75′) by ∂Pr({S}|T)

∂Tm′ leads to an initial term that
is the same in both cases. The remaining terms thus must be equal, yielding (35).

108The second term is exactly the first order condition from (9).
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F.2 Empirical analysis

One potential explanation for the weakness of the actual incentives is that the national
government may have faced technical restrictions on the type of transfers it could offer.
Specifically, (33) shows that the optimal transfers depend on the probability that the
municipalities in question will merge. However, the optimal fixed-boundary transfers of
(9)–(11) depend only on municipal characteristics relevant to public good provision and
taxation. Thus, the optimal incentive policy requires incorporating new types of data
into the transfer function, related to the attractiveness of potential mergers. Specifically,
in the model in Section 1, the distance term � does not appear in (9)–(11) but does enter
into (33) through the probability of a merger.

To provide the merger incentives described in Section 2, the Japanese government
modified its existing transfer policy. This policy is quite complex: the Chihō Kōfuzei Seido
Kaisetsu explaining the 2009 formula consists of 600 pages of legal text, 460 pages of for-
mulae, and 240 pages of reference values. However, in line with (11), essentially all of
these details are related to either the cost of public goods or the amount of taxes that
can potentially be collected. The merger incentives were provided by modifying these
formulae, with the modifications also being functions only of these characteristics. For
example, two very distant municipalities that merged received the same transfers as two
very close municipalities, despite the fact that if the probabilities of these mergers hap-
pening were different, a different set of incentives would have been optimal.

Figure 20 compares the actual incentives to a set of “restricted” optimal incentives,
where the national government cannot use distance information as part of its transfer
policy.109 The blue points are pairs where the optimal incentive has the form given in
(33)–(35). The pink points are pairs where forcing the municipalities to merge gives a
better outcome than this interior solution.110 The slope for the points involving an in-
terior solution is close to 1, but the actual incentives are still lower than the optimal
incentives: on average, the actual incentive for a pair of municipalities in this group is
about 60% of the computed optimal incentive. Thus, an inability to include distance in-
formation in the incentive policy does not appear to explain the relative weakness of the
incentives offered.

Calculating the per capita value of the incentives in question suggests another po-
tential explanation. As shown in Figure 7, reported cost c̃0 declined dramatically in per
capita terms for mergers of municipalities with small populations: for pairs where both
municipalities had a population between 2500 and 5000, the average decline in c̃0 after a
merger is �64,300 per capita. This corresponds to more than 25% of average transfers to
the municipalities in question, and is roughly half of the estimated cost per capita for the
larger municipalities shown in Figure 7. A merger policy with an incentive I close to 1

109Specifically, suppose that for each pair of municipalities the national government must choose a
transfer policy based only on the overall distribution of distances � across all pairs, rather than the spe-
cific distance changes �S − �m and �S − �m′ for the pair in question. The points in the figure are calculated
following the numerator of (38).

110These are cases where the horizontal externality e is large relative to the information gains from allow-
ing the municipalities to choose. The pink points in the figure are located where the probability of a merger
becomes numerically close to 1, but any location further to the right would be equally correct.



16 Eric Weese Supplementary Material

Figure 20. Actual and optimal no-distance incentives (adjacent pairs).

would thus lead to a situation where, after the mergers were completed, amalgamated
municipalities could be receiving 25% more forever than municipalities with identical
observable characteristics that were not the result of an amalgamation. Discrepancies
in the transfer system of this magnitude and without (current) justification would likely
be difficult to maintain, and post-merger the national government has an incentive to
revert to T FB.

The actual incentive policy involved merging municipalities receiving special treat-
ment for only 10 years and then being treated the same as nonamalgamating municipal-
ities. This is a length of time where most of the bureaucrats implementing the policies,
as well as many of the local and national politicians, would likely remain in place. The
national government might be able to commit to offering special treatment to merging
municipalities for an initial period, while being unable to commit forever.

One alternative to permanent transfer differences would be for the national govern-
ment to structure the merger incentives as large upfront payments. At the low interest
rates prevailing in Japan, however, these lump sum payments would need to be very
large: at 2% interest, the appropriate per capita lump sum payment for the small mu-
nicipalities discussed above would be about 75% of GDP per capita. Payments of this
size might not be politically feasible and could themselves suffer from a risk of future
expropriation.
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Figures 10 and 11 show that the form of the incentives offered roughly matches the
model in Section 1. The strength of these incentives, however, appears to be too low
given the estimated β̂, and this discrepancy cannot be explained by the importance of
the idiosyncratic shock. Given the size of the transfers in question, though, it does ap-
pear plausible that the government may have faced a commitment problem.
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