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Abstract 

The fact that consolidation overcomes externality problems in the provision of local public 

goods is one of the best-known benefits of consolidation presented in the theoretical literature. 

Nevertheless, previous studies provide little evidence of how public service spillovers affect 

boundary reform decisions. This study empirically tests the hypothesis that spillovers induce 

consolidation, by estimating the amount of spillovers from the demand function for public 

goods. Specifically, it uses voting data on local referenda in order to examine the relationship 

between consolidation preference and spillovers through identifying the preferences of 

individual jurisdictions. It is shown that municipalities that have suffered from large public good 

spillover effects prefer consolidation. Moreover, consistent with the findings in the theoretical 

and empirical literature, economies of scale, population size, differences in median income, and 

unconditional grants are found to influence the consolidation decision. 
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1. Introduction 

Throughout the twentieth century, many countries used boundary reform to create larger local 

governments. Specifically, such municipal consolidation took place in several Western countries, 

including Canada, Denmark, Israel, Norway, Sweden, and the former West Germany (e.g., 

Sancton, 2000). 1 Similarly, the number of municipalities in Japan has dropped dramatically in 

recent years from 3,232 in March 1999 to 1,719 in January 2012. Proponents of municipal 

consolidation note that larger local governments can improve administrative and financial 

efficiency through economies of scale in the production of local public services and benefit 

from centralized decisions by overcoming the externality problems in the provision of local 

public goods. 

Numerous theoretical studies have investigated endogenous boundary reform and fiscal 

integration. Most such works focus on the trade-off between the efficiency oflarger 

jurisdictions and the loss of the unitary provision of public goods (e.g., Alesina and Spolaore, 

1997; Bolton and Roland, 1997). The seminal paper by Oates (1972) uses a formal cost/benefit 

analysis to examine decentralization, while Ellingsen (1998) shows how region size affects local 

government behavior by modeling the trade-off between the internalization of externalities and 

preference heterogeneity. Other studies have investigated theoretical models of governmental 

and legislative behaviors in order to overcome the assumption of uniform goods provision under 

centralization (see Besley and Coate, 2003; Lockwood, 2002). Further, Dur and Staal (2008) 

scrutinize the relationship between this important trade-off in consolidation and the role of 

intergovernmental transfers from the central government. Indeed, much of the existing 

theoretical literature investigates the trade-off between the internalization of externalities and 

unitary public provision. 

Theoretical predictions have been tested in several empirical studies. They find evidence of a 

trade-off between economies of scale and preference heterogeneity, particularly with respect to 

income and race (e.g., Alesina et al., 2004; Alesina and Spolaore, 2003; Austin, 1999; 

Brasington, 1999, 2003a, 2003b; Brink, 2004; Gordon and Knight, 2009; Nelson, 1990; 

Sorensen, 2006). To my best knowledge, however, no studies have thus far investigated whether 

the spillover effects of public goods influence boundary reform decisions. As pointed out in 

previous theoretical works, the median voter's motivation to consolidate would generally 

depend on the degree of spillovers. 

1This paper uses the terms consolidation and merger interchangeably. 
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This study explores whether municipalities tend to consolidate in order to overcome the 

problem of spillovers arising from local public goods provision. Put another way, we investigate 

whether municipalities that have larger spillovers among potential merging municipalities are 

more likely to consolidate with them. To this end, a two-step estimation procedure is used to 

measure how spillovers affect consolidation. First, a typical demand function for public goods, 

developed by Borcherding and Deacon (1972) and Bergstrom and Goodman (1973) (henceforth, 

BD-BG), is estimated, assuming that municipal residents enjoy the benefits of public services 

provided by other municipalities. These two seminal works pioneered the estimation of demand 

functions for publicly provided goods.2 BD-BG both assume that the median voter is in charge 

of decisions on expenditure, and reveal that local governments provide public goods that have 

almost the same degrees of the crowding effects as private goods do. 

Since the publication ofBD-BG, most related studies have taken the same approach to estimate 

the demand function for local public services, and presumed the median voter model and the 

congestion effects of public services. However, as this approach indirectly measures publicness 

and the obtained results are problematic in terms of jurisdiction size, alternative approaches 

have been developed in order to rigorously estimate price elasticity and congestion (Reiter and 

Weichenrieder, 1997).3 Nevertheless, subsequent studies mostly agree with the results presented 

by BD-BG's model, and exhibit that the approach remains adequate for estimating the demand 

for local public services. Based on this literature, demand for publicly provided goods in the 

present paper is based on the BD-BG model. 

Further, it is also acknowledged that local public goods are often non-excludable from local 

residents in other regions. In this vein, researchers have hypothesized about the systematic 

exploitation of cities by suburban residents, assuming that the proportion of the effective users 

of a public service in a city to its residents is over one and increasing in terms of the number of 

residents in the city.4 However, this assumption explains only one aspect of the externality of 

local public goods, namely exploitation by suburban residents. The present study thus adopts a 

more general model of spillovers where the distance-weighted average of the local public goods 

provided by other municipalities is used as the spillover rather than the reciprocal of population. 

Further, as noted earlier, we use the BD-BG model of demand function in order to determine the 

extent of spillovers among municipalities. However, since the spillovers are included as an 

explanatory variable in a demand function, that is, the estimation model is spatial autoregressive, 

2Reiter and Weichenrieder (1997) survey the empirical literature on demand estimation for local public services. 
3 The subsequent works concerning the estimation of demand function attempt to deal with issues such as the 
negative agglomeration effect, indivisibility of public goods, Tiebout bias, spillover effects, and migration of capital. 
4For example, Bradford and Oates (1974) is a well-structured survey. 
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the empirical equation is estimated by using the maximum likelihood approach for spatial lag 

models developed by Anselin (1988). 

In the second step, the relationship between consolidation preference and spillovers in local 

public goods is investigated. The total amount of spillovers that can be alleviated through 

consolidation is calculated by aggregating the predicted spillovers among potential 

consolidation partners. Then, affirmative rates for consolidation with particular partners are 

regressed on total predicted spillovers, calculated on an average basis (ATS: average total 

spillovers), after controlling for variables that explain the other features of the merging 

municipalities. 

Some empirical works that have examined the merger decisions of each community use the 

bivariate discrete choice model and structural estimation. 5 These studies aim to develop a 

sophisticated econometric discrete choice method for identifying a specific jurisdiction's 

decision. However, the information contained in the dummy variables about whether to merge is 

not sufficient for confirming (a) which jurisdiction refused to merge (in failed consolidations) 

and (b) what proportion of residents approved the merger. By contrast, the preference variable 

used in the present work is affirmative rates of consolidation, which allow us to measure 

consolidation preference in a specific municipality. In the second step, unique data on 

consolidation preference are exploited to investigate the causal relationship between spillover 

effects and eagerness to merge. 

The findings of this paper shed light on the roles of key features in municipal consolidation 

decisions. First, municipalities that have larger interregional spillovers in public service 

provision are more likely to consolidate. The theoretical assumption that the amount of 

spillovers among potential merging partners is a key determinant of a merger decision is 

confirmed by the estimation, with ATS being both statistically and economically significant. 

This paper also attempts to overcome the possibility of specification error by testing functional 

forms of consolidation preference.6 

5 In the bivariate choice approach, the dichotomous choice of whether to merge or not depends 
on the joint decision of two jurisdictions (e.g., Austin, 1999; Brasington, 1999, 2003a, 2003b ). 
By contrast, structural estimation is conducted using econometric models of merger estimation 
that focus on two-sided decision-making and multiple potential merger partners (e.g., Gordon 
and Knight, 2009; Saarima and Tukiainen, 201 O; Weese, 2008). 
6 I estimate empirical equations in which consolidation preference is not considered, year or prefecture dummies are 
excluded, or referendum purposes dummies are included, as well as the two-limit Tobit. Tobit model is estimated 
because local referendum data might be truncated when municipalities whose residents have clear views about 
consolidation do not intend to hold a referendum. 
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Second, economies of scale, population size effects, disparities in median income, and 

unconditional grants are shown to all be determinants of consolidation preference, even after 

controlling for spillover effects, consistent with theoretical predictions and the existing 

empirical evidence (e.g., Alesina et al., 2004; Austin, 1999; Brasington, 1999, 2003a, 2003b; 

Brink, 2004; Gordon and Knight, 2009). Municipalities that could attain larger cost reductions 

from consolidation prefer to consolidate more strongly. Meanwhile, municipalities that have 

small and large populations are likely to consolidate. Further, as for the changes of tax base and 

unconditional grants before and after consolidation, large differences in median income and 

larger amounts of per capita unconditional grants lower the tendency to consolidate. 

The remainder of this paper is organized as follows. The next section presents background 

information on Japanese local government and municipal consolidation. Section 3 develops the 

theoretical model, and Section 4 discusses the data used in the regressions. The main results are 

outlined in Section 5, and Section 6 concludes the paper. 

2. Background on the Local Government System and Boundary Reform in Japan 

This section describes the local government system in Japan with a particular focus on 

municipal consolidation. Japan has three politically elected levels of government: central 

government, prefectural government, and municipality. Municipalities, composed of cities, 

towns, and villages, form the basic local government, while prefectures are wider-area regional 

governments. 

As noted in Section 1, the number of municipalities in Japan had declined to 1,719 by 2012. In 

2010, the average municipal population was 73,600 with a large variance ranging from 170 to 

3.7 million. The responsibilities oflocal governments in Japan are similar to those in many 

developed countries. Municipalities deal with the basic concerns closely related to the daily 

lives of residents, such as the registration of present and permanent addresses, operation of 

elementary and junior high schools, social welfare for infant children and senior citizens, city 

planning, operation of waterworks and sewer systems, collection and disposal of garbage, and 

fire prevention.7 

Thus, municipalities in Japan constitute a major part of the public sector, accounting for 

7Japan has 47 prefectures. Prefectures are responsible for many matters of broad public interest, including the 
establishment and management of senior high schools, upgrades of industrial infrastructure, and oversight of job 
training and police affairs. 
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approximately 30% of the government budget compared with prefectures' share of 28%. Total 

public spending in Japan was 24% of GDP in 2010, while municipal spending was 7% of GDP. 

Municipalities are largely dependent on the central government for funds. Indeed, as much as 

31 % of their budget comes from intergovernmental transfers, of which 16% represents 

unconditional grants (known in Japan as local allocation tax) and 15% conditional grants 

(national treasury disbursements). 

The remaining 69% of municipal revenues come from taxation (approximately 34%), bonds, 

and other independent resources. Local taxes consist mainly of income tax (municipal inhabitant 

tax) and property tax (fixed asset tax), accounting for 43% and 44%, respectively, of the total 

local tax. Municipalities partly are authorized to set tax rates. However, since they have not 

been entitled to determine tax rates until recently, municipal income tax rates are nearly uniform 

throughout the country. By contrast, property tax rates vary because municipalities have long 

been allowed to change such rates within a limited range fixed by the central government. 

Although the legal structure in Japan offers a degree of autonomy to local governments, 

municipalities do not enjoy a high degree of freedom in their budgetary decisions, such as 

setting local tax rates and raising bond funds. Although, they can, in principle, borrow from the 

bond market in consultation with the central government, the latter regulates their bond 

operations. For example, the central government would most likely control the level of debt. 

Therefore, in practice, municipalities cannot borrow as much as they want.8 The Ministry of 

Internal Affairs and Communications (MIC) has the overall charge oflocal governments in 

Japan. The MIC always has a pro-municipality policy unlike the Ministry of Finance, whose 

chief concern is ensuring the central government's financial soundness. 

As for municipal consolidation, the number of municipal consolidations over the past decade 

has increased substantially because of the so-called Great Heisei Merger, which has aimed to 

strengthen the administrative and financial foundations of municipalities and promote 

decentralization because of Japan's declining birth rate, aging population, and the expansion of 

suburban sprawl.9 Because a reduction in population causes a loss of efficiency in 

administrative management and in the provision of local public services, municipalities, 

particularly small ones, have been eager to merge. Some municipalities have also had found it 

necessary to consolidate in order to offset severe financial deficits. 

8Akizuki (2001) describes the relationship between the central and local governments as "controlled 
decentralization." 
9Scc, for example, CLAIR (2009), Yokomichi (2007), and MIC (2006, p. 41). 
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Until 1999, municipalities did not merge voluntarily, since the 1965 Special Law for Municipal 

Mergers failed to provide any motivation for consolidation. However, consolidations increased 

rapidly after the law's 1999 amendment, which provided strong financial and economic 

incentives for municipal consolidation, including a grace period for local governments to avoid 

unconditional grant reduction that resulted from the merger and a subsidy for the principle and 

interest of local bonds municipalities issued in order to finance the additional costs that 

stemmed from the merger. In 1999, the Japanese government also mandated that prefectural 

governments report on merger patterns and constructed, in 2001, a headquarters to assist in 

municipal merger matters. 

Local referenda or questionnaire surveys on consolidation have frequently been used by local 

officials to ascertain public opinion. According to MIC (2010), 352 local referenda on merging 

with a specific municipality took place from 1999 to 2006. Of these, 306 were votes on whether 

to consolidate with a group of potential merger partners and 46 were votes on which groups to 

merge with. During the same period, 66 local referenda on establishing a merger consultation 

committee (a council municipalities must set up before any merger) were carried out. 

Referendum results were not necessarily reflected to the municipal decisions on a consolidation 

or consolidation-related policy such as setting up a committee, but in more than 90% of cases, 

the wishes of the majority ofresidents were respected (MIC, 2010). 

Figure 1 is inserted here. 

Figure 1 shows the numbers of municipalities, consolidations, and local referenda from 1999 to 

2008. The number of municipalities in Japan declined sharply between 2003 and 2005 following 

many consolidation cases. Referenda can be seen to have taken place before the number of 

consolidations peaked. This consolidation trend shows that boundary reform is a historically 

salient process in Japan. 

3. Empirical Model 

As mentioned in the Introduction, a two-step estimation procedure is used to estimate how 

spillovers affect the provision of local public goods. In the first step, a demand function for local 

public services is estimated based on the analysis presented by BD-BG. Previous works that 

estimated demand for public goods by taking into account interregional spillovers have assumed 

the exploitation of center cities by their suburbs as an externality. By contrast, this paper 

includes the level of local public goods provided by other municipalities into a utility, in order 
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to account for spillovers that influence consumer utility. Predictions of spillovers are then 

calculated using estimated coefficients, a weighting matrix for spillovers, and expenditure, wage, 

and population levels. In the second step, the relationship between spillover effects among 

potential consolidation municipalities and consolidation preference is estimated by using these 

predictions. We then regress the proportion of residents that have positive attitudes toward 

consolidation on the predicted values of spillovers, controlling for various elements that affect 

merger decisions. 

3.1 Estimation of the demand function 

A median voter's utility function in municipality i is denoted as 

Ui = U(Xi,Bi19-a, (1) 

where Xi is the amount of private goods, Bi is the number of units of public goods an 

individual can consume, and 9-i = (Bv ... , Bi-1' Bi+1 , ... ) is a vector of public goods in 

municipalities other than municipality i. Individuals in a municipality can enjoy public goods 

provided by other municipalities. The utility function is twice differentiable and well behaved. 

Bi is a function of the public goods, Gi, provided by a municipality. Like the BD-BG approach, 

the crowding of local public services can be observed, and its effective level is a function of 

population size Ni: 

Gi 
Bi =Na' (2) 

r 

where a is a measure of the crowding effects or the publicness of public goods. If a = 0, the 

good is a pure public good. If a = 1, an individual can enjoy only a fraction 1/Ni of the total 

amount of the public good, suggesting that the good is a private good. An individual's budget 

constraint is 

Xi+ ticiGi = ~, (3) 

where ti is an individual's tax ratio, ci is the price of public good, which can be interpreted as 

the marginal cost, and ~ is the gross income given exogenously to the individual in 

municipality i. Following previous studies, we assume the median vote to be a crucial factor in 

deciding the amount of public goods. The median voter maximizes (1) subject to (2) and (3) 

given 9-i· 

Based on conventional wisdom, it is assumed that demand for the public good has constant 

price (o) and income (c) elasticities. We also suppose that the demand depends on a function of 

public goods provided by all other municipalities, B-i = B(9_a: 

Bi= k[ticiNia] 8 Y{B~i' (4) 

where y is assumed to be the elasticity of spillovers. For empirical convenience, B-i enters 
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into the equation in multiplicative form. When taking the logarithm of ( 4 ), y also explains the 

strategic interaction in the choice of public good level, and this can be interpreted as the spatial 

autoregressive parameter in the spatial econometric model if 9-i is expressed as the weighted 

average of public goods other municipalities supply. The linear specification of strategic 

interaction between a jurisdiction and the others is widely used in models that analyze problems 

of externality (see Brueckner, 2003). 

By considering that the values oflocal public goods in all municipalities are jointly determined, 

y can be consistently estimated using the maximum likelihood method (Anselin, 1988; Ord, 

1975) or the instrumental variable method (e.g., Kelejian and Prucha, 1998). If y > 0, the slope 

of the reaction function of demand for local public services is positive, that is, municipality i's 

public good level becomes larger as the public goods of all other municipalities grow. If y < 0, 

the increase in public goods provided by other municipalities raises the municipality's public 

goods. With the substitution of (2) into (3), ticiNia is regarded as the demand price of the 

public good. 

As for the supply side, through the assumption of Cobb-Douglas constant returns on 

production, f3, and a uniform rental rate of capital, r, over all municipalities, the marginal cost 

derived from the maximization problem in public good production can be written as 

c· = a'wa9ef3 · [ [ , I 1 ( r ) a=-- ---
a[3f3 1 - f3 ' (5) 

where a is the Hicks-neutral technology parameter and wa9ei is the wage rate. Thus, a supply 

function is described only on the wage rate, because a' is constant and common to all 

municipalities. Let us define municipal expenditure as Ei = ciGi. 

where 1J is the elasticity of socioeconomic factors. 

We can represent the expenditure, using (2), ( 4), and (5) as 

E. _ k't.15 {3(8+1)yENa(8+1) y . 
r - r wa9ei i i 9-i' k' = (a')l+o k. 

This equation is transformed into logarithmic per capita expenditure, ei, and the econometric 

specification is thus obtained to estimate 

log ei = log k' + olog ti + (log wa9ei + ElogYi + eiogNi + y log 9-i + 1J log Zi, ( 6) 
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where ( = {J(o + 1) and e = {J(l + o) - 1. 

We also assume that the amount of spillovers is based on distance. 1° For example, residents that 

live close to other regions are likely to enjoy the benefits of public services provided by them, 

whereas those located far from another region cannot benefit in the same way, partly because 

travel costs are higher compared with those for residents in closer regions. By applying a 

general specification of spatial weights based on distance decay, the logarithm of the spillovers 

from public services provided by municipalities other than i is thus defined as 

log9_i = [WloggJi = L wij log9j. (7) 
j=l, ... ,n 

Here, wij is the ith row and jth column of the spatial weighting matrix W, where distance is 

the spatial weight and the off-diagonal element of W is wu = (1/ dij )/ If=i ( 1/ dij ), j * i, 
while wu = 0. du measures the distance between municipal capitals i and j in kilometers. 

Moreover, [W log g Ji is a spatial lag for log g (::::: (log 9 1 , log 9 2 , ... , log 9n)') in i, where 

n is the total number of municipalities. By using gj = ejN/-a /( a'wagej) from (2), (5) and the 

definition of expenditure (Ei = ciGi), we rewrite the spatial weighted spillover (7) as 

log 9-i = -log a'+ L wij log ej - {J L wij log wa9ej + (1 - a) L wij log Nj. (8) 
j j j 

By substituting (8) into ( 6) and adding a row vector of the logs of socioeconomic variables, 

log Z i> we obtain the estimation equation that is estimated in the first regression: 

log ei = K + olog ti + (log wa9ei + ElogYi + eiogNi 

+y L wij logej + y' L wij logwa9ej + y" L wij logNj + 1J logZi + ui, (9) 
j j j 

where ( = {J(o + 1), e = [J(l + o) - 1, y' = -y{J, y" = y(l - a), and 1J is a coefficient 

vector of log Z i. K is a constant and ui denotes a standard error. 

In this model, per capita expenditure is jointly determined in a Nash equilibrium. Because 

municipality i's expenditure is a function of municipality j's expenditure (i * j), the variables 

are endogenous, implying that ordinary least squares estimates of the parameters of (9) are 

10There are other conceptual ways to analyze the impact of spillovers. Another theoretical approach is the exploitation 
hypothesis, where the inhabitants of a suburb are assumed to benefit from the services provided by the city center in 
which they work. Therefore, city centers arc exploited by suburbs. Sec, for example, Bradford and Oates (1974). 
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inconsistent. Then, such an empirical model, known in the econometric literature as the spatial 

lag model, is consistently estimated by using the maximum likelihood method, which is 

efficient under standard regularity conditions. 11 The specifications for the spatial lag model can 

be tested by applying the Lagrange multiplier test suggested by Anselin ( 1988).12 However, 

unlike the typical spatial econometric specification, this model is subject to non-linear 

constraints. Thus, a non-linear-constrained spatial lag model, equation (9), is estimated by 

extending the maximum likelihood method developed by Anselin (1988). 

3.2 Estimation of consolidation preference 

As can be shown the below, the second step of the analysis is to estimate the causal association 

between spillovers of local public goods and consolidation preference. First, spillovers are 

calculated using spatial weights and variables for expenditure, wage, and population as well as 

the estimated coefficients obtained from the regression of demand function (9). To measure 

accurately the internalization of spillovers owing to consolidation, the amount of total spillover 

effects that will diminish following the integration of public good provision is defined as the 

sum of spillovers among potential consolidation partners, averaged by the number of merging 

municipalities. 

Figure 2 is inserted here. 

Figure 2 depicts an illustrative example. We assume that a local referendum is held in 

municipality A, and examine whether its inhabitants are more likely to consolidate with 

municipalities B to E than they are to remain separate. Because spillovers among municipalities 

A to E would be internalized if the consolidation were realized, the total internalized spillovers 

calculated per municipality (ATS) are denoted, from (8), as 

E 

ATS (average total spillovers)=~ L Iogg_k 
k=A 

E E 

=~I I ( wkh Iogeh - /3 wkh Iogwageh + (1 - a)wkh IogNh) (10) 
k=A h=A 

where x denotes the estimate of x and Mis the number of potential consolidation partners. 

11 Another econometric approach that provides consistent estimates is the instrumental variable method developed by 
Kelejian and Robinson (1993) and Kelejian and Prucha (1998). See, for example, Brueckner (2003). 
12The Lagrange multiplier test is preferable to the Wald or log likelihood tests in that the alternative model need not 
be estimated. 
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Second, we regress the proportion of voters who agree to consolidation on the average total 

spillover effects that can be internalized through consolidation, controlling for the factors that 

affect the referendum. Voting data are collected from the referenda held in Japanese 

municipalities between FY2002 and FY2005, and are used to proxy for residents' preferences 

on municipal consolidation. 

The estimated equation is derived from the theoretical model of the median voter approach 

(Austin, 1999; Brasington, 1999, 2003a, 2003b; Brink, 2004; Gordon and Knight, 2009; 

Miyazaki, 2013). The econometric model in the present study is therefore expressed as 

REFERENDUMi = f(ATSi,iJCOSh !J.POPi, !J.TAXINCi,SHAREPOPi, (SHAREPOPJ 2 , 

iJMEDINCi, iJEDUCi, !J.POPDENi, iJDEBTi, iJSPECGRANTi, iJUNCON _GRANTi ), (11) 

where i is an index of the municipality that held a local referendum. 13 

Here, REFERENDUMi represents the proportion of voters who support consolidation with 

potential merger partners. AT Si is calculated according to (10). iJCOSTi captures efficiency 

gains, namely improvements in efficiency from economies of scale due to consolidation. 14 

Because in Japan the logarithm of the per capita cost function of public service provision is 

U-shaped for the logarithm of population, it is thus modeled for population size and its square. 15 

Based on the estimation results, efficiency gains are defined as the difference between the 

predicted costs of an existing municipality and those of a group of potential merger partners. 

The benefit derived from consolidation is also dependent on the difference between taxable 

incomes before and after consolidation. As predicted in the theoretical models proposed by, for 

example, Austin (1999) and Brink (2004), the larger the expected per capita taxable income 

after a potential merger, the more likely a merger is to occur. Moreover, according to the 

theoretical analysis presented by Miyazaki (2013), this taxable income effect can be divided into 

!J.PO Pi (change in taxable income due to population variations resulting from consolidation) 

and !J.T AX IN Ci (change caused by variations in per capita income). Thus, in the presented 

model, we adopt the two effects of variations in per capita taxable income as the explanatory 

variable. Size effects are expressed as SHAREPOPi and(SHAREPOPJ 2 , which represent the 

13 More detailed explanation for the specification and variables is presented in Miyazaki (2013). 
14 Many previous studies of mergers show that economies of scale frequently prevail in public 
schooling and that efficiency gains are a typical driving force behind local government mergers 
(e.g., Austin, 1999; Gordon and Knight, 2009). 
15 See, for example, CLAIR (2006). 
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original population as a percentage of the merged population and its square, respectively. If the 

population percentage is negative but its square is positive, the size effect curve is U-shaped, 

suggesting that large and small municipalities are likely to consolidate (e.g., Brasington, 

1999). 16 

Preference heterogeneity is also closely related to the extent of welfare gains from consolidation 

and the motivation to merge (Brasington, 1999; 2003a; Gordon and Knight, 2009). According to 

the above-mentioned studies, residents' preferences for public service rest on their median 

incomes and educational levels. Some of the difference in residents' preferences is therefore 

measured by lJMEDINCi, which is defined as the original median income minus the potential 

median income of the proposed consolidation partners, and by lJE DU Ci , the ratio of residents 

in the concerned municipality who have at least graduated from university to the expected 

number of graduates in the potential merging municipalities. Further, to reflect the difference in 

the extent of urbanization, we use lJPOPDENio which is the population density of the relevant 

municipality minus the post-consolidation density. All these preference variables are calculated 

as absolute values, and the greater preference heterogeneity, the less likely is a merger. 17 

As a fiscal incentive for consolidation, we use accumulated debts and the specific and 

unconditional grants. lJDEBTi represents the per capita accumulated bonds in the municipality 

in question minus that after consolidation and serves as a proxy for free-riding effects, a 

common pool problem in pre-merger debt accumulation caused by boundary reform (Tyrefors 

Hinnerich, 2009). 18 Because intergovernmental transfers from central government to local 

governments may influence the extent of consolidation preference (e.g., Dur and Staal, 2008; 

Gordon and Knight, 2009), two types of intergovernmental grants, lJSPEC_GRANTi (the 

difference in specific grants to municipalities from national and prefectural governments 

between the relevant municipalities and the post-merged municipality) and lJ UN CON _GRANTi 

(the same difference in unconditional grants as specific grants) are added into the regression. 

16Brasington (1999) investigates the relationship between size difference and attitude toward consolidation, 
incorporating the difference between the numbers of pupils in two neighboring school districts, and shows that large 
and small cities are likely to consolidate. By contrast, if the population percentage is positive or if the 
size effect is linear and upward, a larger municipality would want to consolidate with a smaller 
one. Brasington (2003a) shows that larger districts that could account for a decisive number of voters after 
consolidation prefer to merge with smaller districts. 
17 Although racial composition is an important feature that may affect the preference for local public goods 
(Brasington, 2003b), it is not taken into account here because Japan is mostly composed of people of the same ethnic 
group. 
18Tyrefors Hinnerich (2009) finds that a local government that has a strong tendency to free-ride increases its 
pre-merger per capita debt by approximately 25%. 
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4. Data 

Table 1 is inserted here. 

Table 2 is inserted here. 

The variables used to estimate demand for public goods comprise the logs of MEDSHAREi 

(median share of taxable income), WAG Ei (wage of public servants, per public servant), 

MEDIN Ci (median taxable income), POPi> (population), and POPDENi (population density), 

POP65i (proportion of the population aged 65 or over), and FOREIGNERi (proportion of 

foreign residents). 19 Table IA defines these variables in detail. The data set relates to 3225 

municipalities as of 2000.20 The year 2000 is adopted for two reasons. First, simultaneous bias 

can be avoided because consolidations among Japanese municipalities only began to grow 

rapidly after 2000. Second, the 2000 data from the Government Census are the latest available 

before the frequency of consolidations increased.21 The descriptive statistics of the data are 

provided in Table 2A. 

To estimate merger preference, the data set employed herein consists of LJCOSTi> !:::,.PO Pio 

!:::,.TAXINCi> SHAREPOPi> LJMEDINCi> LJEDUCi> !:::,.POPDENi, LJDEBh LJSPEC_GRANh 

and LJUNCON _GRANTi for the 309 municipalities that held local referenda on consolidation 

between FY2002 and FY2005.22 Definitions and statistical sources are given in Table 1 B, and 

Table 2B provides the descriptive statistics of these variables. 

The range of affirmative rates of consolidation is considerable, meaning that merger preference 

varies by municipality; however, its mean is close to 50%, suggesting that, on average, one in 

every two residents approves municipal consolidation. The positive difference in predicted costs 

at the minimum shows that all municipalities could benefit from the economies of scale that 

result from possible consolidation. Finally, as shown in the sixth row of Table 2B, the disparity 

in SHARE PO Pi is extremely large, implying that various sizes of municipalities have held a 

merger vote. 

19Thc median ratio of taxable income is used as a proxy for the median tax ratio. Both coincide if a proportional tax 
rate is adopted without any income exemption. 
20Similar sized municipalities in terms of population are often chosen to estimate demand for public services for 
comparability reasons. However, because this study examines the relationship between the amount of spillovers and 
merger preference for municipalities that held local referenda regardless of municipal size, it seems better to use as 
many municipalities as possible; therefore, all municipalities are used for the estimation. 
21The Government Census is cmTied out at five-year intervals. 
22For more details, sec the Appendix herein or Appendices A and C in Miyazaki (2013). 
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5. Estimation and Results 

5.1 Regression Results 

Table 3 provides the estimation results for the cost function. L(POP) and its square are, 

respectively, significantly negative and positive, implying that the logarithm of per capita 

expenditure is U-shaped compared with that of population. Table 4 presents the estimated 

results of the non-linear-constrained spatial lag regression model of public good demand. All 

estimates excerpt for (} are shown to be statistically significant, and income elasticity (E) has 

an expected positive sign, although price elasticity (8) is also significantly positive, inconsistent 

with the theory. Because a = (1 + (})/(1 + o) from the theoretical model, a congestion 

parameter, a, equals approximately 0.85 and is statistically significant. 

According to Reiter and Weichenrieder ( 1997), the range of crowding estimates is 

approximately 0.8-2.0, but this is valid in the 0 to 1 range in light of the theoretical model. 

Therefore, the estimated crowding parameter is valid according to the findings of previous 

empirical works and the theory. In addition, the public services provided by Japanese 

municipalities are more public than those examined in previous empirical studies,23 that is, 

Japanese municipalities provide services that present more intense economies of scale in 

production. 

Table 3 is inserted here. 

Table 4 is inserted here. 

Figure 3 is inserted here. 

Figure 4 is inserted here. 

Based on the estimated coefficients, ATS (Average total spillovers) is calculated according to 

(10). Its histogram is depicted in Figure 3, showing that ATS is distributed uniformly between 

0 and 0.3 but that its frequency drops precipitously above that threshold. Figure 4 illustrates the 

distribution of ATS against the population size of pre-merger municipalities. The findings 

confirm that the larger the population size, the higher is the level of ATS, indicating that larger 

merging municipalities could internalize a relatively large amount of public service spillovers. 

23 See, for example, Reiter and Weichenrieder (1997). 
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Table 5 is inserted here. 

The basic estimation results derived using municipal-level data on local referenda are reported 

in Table 5. The analyses presented herein include year dummies to capture the varying 

economic situation over time and reformation of financial incentive schemes for consolidation 

as well as prefecture dummies to reflect prefecture-level differences in eagerness for 

consolidation and policies.24 

Column ( 1) of Table 5 provides the basic regression estimates. The estimated coefficient of 

ATS is significantly positive and economically large as well. We see that a one-point increase in 

average spillovers among potential consolidation partners raises the proportion of voters who 

agree with consolidation by approximately 17%. Roughly speaking, since ATS is calculated 

from the weighted sum of the logarithmic form of local public services, this result can be 

interpreted as a 17% increase in approval rates for every one percentage point increase in public 

services, weighted by the inverse of distance, provided by other merger partners. This finding 

implies that a municipality that can largely alleviate public good spillovers through 

consolidation has a strong incentive to consolidate, supporting the theoretical assumption that 

the internalization of externalities is an advantage of consolidation or the centralization of 

public service provision (e.g., Besley and Coate, 2003; Dur and Staal, 2008; Ellingsen, 1998; 

Lockwood, 2002). Moreover, tJ.COST is also significantly positive, implying that economies of 

scale provide an incentive for consolidation; therefore, smaller municipalities are likely to 

consolidate, consistent with the empirical literature that has investigated the motivating effects 

of economies of scale on consolidation (e.g., Alesina and Spolaore, 2003; Alesina et al,, 2004; 

Austin, 1999; Brasington, 1999, 2003a, 2003b; Gordon and Knight, 2009; Nelson, 1990; 

Sorensen, 2006). 

The presented estimation results also show that REFERENDUM, the rate of support for 

consolidation, is U-shaped with regard to SHARE POP, suggesting that small and large 

municipalities tend to consolidate (Brasington, 1999). This result agrees with the theoretical 

prediction that larger jurisdictions prefer to merge more strongly than small jurisdictions (Dur 

and Staal, 2008; Ellingsen, 1998). This result could also be explained by the institutional 

background of small municipalities, which are required to consolidate in order to cope with the 

fiscal difficulties anticipated to result from the aging population and declining birth rates in 

24Financial support for mergers was subtly reviewed almost annually from 1999 to 2006 in order to encourage 
municipal mergers. 
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Japan.25 Concerning the other variables, LJMEDINCi and LJUNCON_GRANTi have 

significantly negative signs with large point estimates. The estimate of LJMEDINCi infers that 

consistent with theoretical and empirical works, a large difference in median income before and 

after consolidation makes municipal residents less likely to choose consolidation. The 

coefficient of LJUNCON_GRANTi also has the expected sign. It is known from simple 

theoretical analyses that municipalities that receive relatively large unconditional grants per 

capita compared with other consolidation members are less likely to consolidation (Dur and 

Staal, 2008; Miyazaki, 2013). 

Column (2) of Table 5 presents the estimates of the regression that drops the potential effects of 

preference heterogeneity and financial incentives. Column (3) further omits (SHAREPOP) 2 

from the regression in order to check the robustness of the estimation results regarding share of 

population, since this variable was not included in some earlier empirical works (e.g., 

Brasington, 2003b; Gordon and Knight, 2009). Finally, column (4) presents the same 

specifications as the baseline model in Table 4 except for the exclusion of the year dummy. In 

columns (2) to ( 4), similar signs and significance levels to those in column (1) are obtained for 

ATS. Although tJ.COST in column (2) and SHARE POP in column (3) become non-significant, 

the other estimates in columns (2) to (4) that are significant in the basic regression remain 

significant. 

5.2 Robustness Check 

Table 6 is inserted here. 

Columns (1) to (3) of Table 6 show the estimation results ofa variant of the baseline model 

presented in Table 5. These models are different in that they include dummy variables on the 

local referendum. NEWCREAT takes 1 when a new municipality is created through 

consolidation, while CONSOLIDATION takes l ifthe referendum question is whether to 

consolidate and 0 if it is whether to establish a merger consultation committee. 26 NEW x 

CONSOL is the variable of NEWCREAT times CONSOLIDATION, which takes 1 ifthe local 

referendum issue is whether to create a new municipality by consolidation. As shown in 

columns (1) to (3), including these dummies as explanatory variables does not change the signs 

and significance levels of the estimated coefficients other than SHARE POP in column (3). 

Moreover, the numerical values of the coefficients are similar to the baseline estimates 

25These situations were pointed out as a reason to encourage small municipalities to consolidate by CLAIR (2009). 
26 A brief explanation of the merger consultation committee is presented in Section 2. 
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presented in Table 5. The estimates, therefore, seem to be valid and robust. Meanwhile, 

NEW x CONSOL turns the estimates of SHAREPOP non-significant, suggesting that the 

impact of population share might be vulnerable to a regression specification. 

Finally, a Tobit model is estimated with both lower and upper censoring limits, because the 

approval rate data might be censored on both sides. That is because a local referendum is 

unlikely to be held if the mayor or legislature can recognize whether the majority of residents 

are in favor of consolidation. The smallest observation is assumed to be the lower and the 

highest, the upper limit. The results of the two-limit Tobit are shown in column (4) of Table 6. 

The coefficients and standard errors obtained here remain unchanged, and all estimates 

significant in the basic model are also significant with the large point estimates. 

In sum, the regression results imply that larger interregional spillovers in municipality's public 

services raise its preference for consolidation, as is consistent with the theoretical prediction. 

Moreover, besides spillover effects, economies of scale, population size effects, disparities in 

median income, and unconditional grants are shown to be significantly associated with 

consolidation preference. 

6. Conclusion 

Extensive theoretical and empirical work worldwide has investigated the factors that drive 

boundary reform in local governments. Most such theoretical formulations, based on a median 

voter model, demonstrate the importance of the amount of public good spillovers in the choice 

of whether to integrate or remain separate. However, no empirical study has thus far provided 

valuable insights into how spillover effects influence the structure of local government. 

In order to bridge this gap in the body of knowledge on this topic, the present study examined 

local government boundary reform, focusing on the relationship between the degree of spillover 

and residents' consolidation preferences and made the following two main findings. First, 

municipalities that have larger interregional spillover effects in public good provision are more 

likely to consolidate. The presented data on the approval rates for consolidation confirm that the 

amount of spillovers among potential partners is a key determinant of the merger decision. 

Second, after controlling for such spillovers, we showed that economies of scale, population 

size, disparities in income levels and intergovernmental transfers all help explain consolidation 

preference. 
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There is, however, a limitation to this study that should be recognized. Spillovers that can be 

internalized after consolidation (ATS) are calculated from the estimates of a demand function 

for local public services. Thus, ATS is not directly observed and measured from data on public 

service spillovers, but rather estimated from predicted values. This restriction implies that the 

amount of spillovers is sensitive to the regression results as well as to the specification of the 

demand function. Nevertheless, public service spillovers are usually unobserved and difficult to 

measure unlike the study of environmental externalities, for example, where the amount of air 

pollution is measured by the distance from pollution sources (Banzhaf and Walsh, 2008). 

Further research to measure public goods externalities accurately is therefore needed. 
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APPENDIX 

Referendum data were collected from the homepage of the MIC, specifically the Digital 

Archives of Mergers (DAM) (http://www.gappei-archive.soumu.go.jp/). However, because 

DAM covers only the referendum cases in which consolidation is realized after the referendum, 

all referendum data cannot be collected from the homepage. Then, information on other 

referendum cases was obtained from the homepages run by the merger consulting committee or 

municipalities, or from other offline documents, such as newspaper articles and municipal 

public documents. More details on the referendum data are presented in Chapter 2, Appendices 

A and C of Miyazaki (2013). 
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TABLE 1. Definitions and Units of Variables 

Variable 

EXP 

MEDSHARE 

WAGE 

MED/NC 

POP 

PO PD EN 

POP65 

FOREIGNER 

REFERENDUM 

!1COST 

11POP 

11TAX/NC 

SHAREPOP 

11MED/NC 

Definition 

A. Variables for the estimation of public good demand 

Per capita total expenditure 

Median taxable income as a percentage of total taxable income 

Salary payment for official public servants, per official public servant 

Median taxable income 

Population 

Population density 

Proportion of residents aged 65 or over 

Proportion of foreign residents 

B. Variables for local referendum analysis 

Percentage of voters who agree to consolidation 

Predicted per capita expenditure of the relevant municipality minus the expected 

amount after the potential consolidation 

Population of the relevant municipality minus the expected population after the 

potential consolidation 

Per capita taxable income of the relevant municipality minus the expected per capita 

taxable income after the potential consolidation for each merging municipality 

Population of the relevant municipality as a percentage of the population after the 

potential consolidation 

Median income of the relevant municipality minus the expected amount after the 

potential consolidation-absolute value as of 2000 

Unit Source 

1,000 yen/population 1 

Percentage (%) 2 

1,000 yen/population 1 

1,000 yen 2 

1 

1,000s of population /ha 1 

Percentage (%) 3 

Percentage (%) 1 

Percentage{%) 

Millions of yen/population 

1 

Billions of yen 2 

Percentage (%) 1 

1,000s of yen 2 



TABLE 1. Definitions and Units of Variables (Continued) 

Variable 

11EDUC 

11POPDEN 

11DEBT 

!1SPEC GRANT 

11UNCON GRANT 

Definition 

Residents of the relevant municipality who have at least graduated from a university 

as a percentage of the population minus the corresponding amount in the potentially 

merging municipalities-absolute value as of 2000 

Population density of the relevant municipality minus the expected density after the 

potential consolidation 

Accumulated municipal bonds per capita in the relevant municipality minus the 

potential amount after consolidation 

Per capita specific grants provided by the central government and the prefecture to 

the relevant municipality minus the potential amount after consolidation 

Per capita general grants provided by the central government (Chi ho Kofuzei, in 

Japanese) to the relevant municipality minus the potential amount after consolidation 

Unit Source 

Percentage(%} 3 

1,000s of population/ ha 
1 

1,000s of yen/population 
1 

1,000s of yen/population 
1 

1,000s of yen/population 
1 

Note: One yen is about 0.01 dollars. Predicted per capita expenditure is a cost function predicted from a regression of expenditure (in thousands of 

yen) on population, squared population, and year dummies. Its estimates can be presented in Table 3. 

Source: 1 = MIC (2002a-2005a); 2 = MIC (2002b-2005b); 3 = MIC (2000). 



TABLE 2. Descriptive Statistics for Key Variables 

Variable 
Standard 

Mean 
Deviation 

Maximum Minimum N 

A. Variables in the estimation of demand for public good 

EXP 383 169 11709 221 3143 

MEDSHARE 0.006 0.013 1.186 2.E-04 3143 

WAGE 6010 665 8951 3474 3143 

MED/NC 2422 318 4072 1707.7 3143 

POP 30624 64222 786882 200 3143 

POPDEN 0.267 0.683 13.527 0.001 3143 

POP65 18.0 5.1 51.7 7.7 3143 

FOREIGNER 0.82 0.76 13.38 0.00 3143 



TABLE 2. Descriptive Statistics for Key Variables (Continued) 

Variable 
Standard 

Mean 
Deviation 

Maximum Minimum N 

B. Variables in the estimation of local referendum 

REFERENDUM 51.5 15.0 86.6 11.0 309 

ATS 0.18 0.13 0.98 0.00 309 

/JCOST 119.2 135.1 3381.1 2.1 309 

!JPOP -132287 159082 -1661 -788194 309 

!JTAXINC -77.0 181.5 470.3 -797.7 309 

SHARE POP 12.6 14.2 81.8 0.4 309 

!JM EDI NC 100.3 88.6 457.7 0.3 309 

!JEDUC 1.60 1.41 7.99 0.0024 309 

!JPOPDEN 0.14 0.27 2.51 0.0004 309 

!JDEBT -2.4 169.9 2455.4 -389.4 309 

!JSPEC_GRANT -2.7 18.7 192.5 -92.7 309 

!JUNCON_ GRANT 16.4 62.1 889.7 -275.8 309 

Note: Variable definitions and units are described in Table 1. 



TABLE 3. Estimates of Cost Function 

Variable 

L{POP} 

L(POP) 2 

City dummy 

Constant 

Observations 

Adjusted R square 

-1.814*** 

(0.048) 

0.072*** 

(0.002) 

0.309*** 

(0.014) 

16.803*** 

(0.236) 

3225 

0.792 

Notes: Robust standard errors in parentheses. * significant at 

10%; **significant at 5%; ***significant at 1%. All columns are 

the results of OLS estimation. The sample basically comprises all 

municipalities in 2000. 



TABLE 4. Estimates of Demand for Public Good 

Variable 

L{MEDSHARE) c;· 

L{WAGE}.; 

L{MEDINC} E 

L{POP} e 

L{POPDEN} 

POP65 

FOREIGNER 

Spatial lag parameter 

Congestion parameter a 

P-value 

0.160*** 

(0.050) 

0.227*** 

(0.055) 

0.752*** 

(0.051) 

-0.019 

(0.053) 

-0.124*** 

(0.006) 

0.014*** 

(0.001) 

0.032*** 

(0.007) 

0.951 *** 

(0.015) 

0.846*** 

(0.000) 

Specification test of spatial lag 

Robust Lagrange multiplier test 176.29 

P-value 0.000 

Likelihood ratio test H0 : coeff=O 

Observations 

Log pseudo likelihood 

1170.241 

3143 

7.627 

Notes: Robust standard errors in parentheses. * significant at 

10%; **significant at 5%; ***significant at 1%. Variable 

definitions and units are described in Table 1. The congestion 

parameter is calculated from the estimates. 



TABLE 5. Estimates of Local Referendum 

No socio-economic 
No squared ratio Excluding year 

Baseline model and financial 
Variable factors 

of population dummy 

(1) (2) (3) (4) 

ATS 17.245** 20.047** 19.378** 15.190* 

(8.369) (8.384) (8.402) (8.055) 

L1COST 0.011 ** 0.004 0.013*** 0.011 ** 

(0.005) (0.003) (0.005) (0.005) 

L1POP 0.000 0.000 0.000 0.000 

(0.000) (0.000) (0.000) (0.000) 

L1TAXINC -0.010 -0.006 -0.013 -0.010 

(0.008) (0.006) (0.008) (0.008) 

SHAREPOP -0.416* -0.400* 0.073 -0.423* 

(0.223) (0.221) (0.068) (0.223) 

(SHAREPOP )2 0.006** 0.006** 0.006** 

(0.003) (0.003) (0.003) 

L1MEDINC -0.023* -0.025** -0.023* 

(0.012) (0.012) (0.011) 

L1EDUC 0.890 1.098 0.686 

(0.900) (0.910) (0.891) 

L1POPDEN 1.992 2.305 1.583 

(2.288) (2.279) (2.240) 

L1DEBT 0.004 0.004 0.005 

(0.005) (0.005) (0.005) 

L15PEC_ GRANT 0.028 0.024 0.024 

(0.039) (0.040) (0.039) 

L1UNCON_ GRANT -0.039** -0.037** -0.040*** 

(0.015) (0.016) (0.015) 

Year dummy Yes Yes Yes 

Prefecture dummy Yes Yes Yes Yes 

Observations 309 309 309 309 

Adjusted R square 0.159 0.147 0.143 0.158 

Notes: Robust standard errors in parentheses. * significant at 10%, **significant at 5%, *** significant at 

1%. All columns are the results of OLS estimation. Variable definitions and units are described in Table 1. 



TABLE 6. Estimates of Local Referendum, Robustness Check 

Dummy for 
Dummy for 

Cross-term of 
Tobit 

creating the two 
Variable municipality 

consolidation 
dummies 

regression 

(1) (2) (3) (4) 

ATS 15.578* 16.831 ** 16.926** 12.244* 

(8.551) (8.446) (8.391) (6.838) 

!KOST 0.011 ** 0.011 ** 0.011 ** 0.012** 

(0.005) (0.005) (0.005) (0.005) 

!1POP 0.000 0.000 0.000 0.000 

(0.000) (0.000) (0.000) (0.000) 

!1TAXINC -0.010 -0.010 -0.010 -0.011 * 

(0.008) (0.008) (0.008) (0.006) 

SHARE POP -0.422* -0.409* -0.363 -0.314* 

(0.222) (0.225) (0.223) (0.180) 

(SHAREPOP )2 0.006** 0.006** 0.005* 0.005** 

(0.003) (0.003) (0.003) (0.002) 

!1MEDINC -0.022* -0.023** -0.024** -0.023** 

(0.012) (0.012) (0.012) (0.011) 

!1EDUC 0.835 0.839 0.939 0.847 

(0.901) (0.913) (0.894) (0.808) 

!1POPDEN 2.095 2.075 1.906 2.082 

(2.297) (2.313) (2.285) (2.491) 

!1DEBT 0.004 0.004 0.004 0.004 

(0.005) (0.005) (0.005) (0.005) 

!1SPEC_ GRANT 0.023 0.028 0.027 0.045 

(0.040) (0.040) (0.039) (0.034) 

!1UNCON_ GRANT -0.038** -0.038** -0.039*** -0.042*** 

(0.015) (0.015) (0.015) (0.014) 

NEWCREAT 2.419 

(2.232) 

CONSOL/DA TION 1.844 

(2.433) 

NEWxCONSOL 34.628*** 

(7.878) 

Observations 309 309 309 309 

Adjusted R square 0.159 0.158 0.170 

Log Pseudo Likelihood -1216.756 

Notes: Robust standard errors in parentheses. *significant at 10%; **significant at 

5%; ***significant at 1%. All the regressions include year and prefecture dummies. 

All columns other than (4) are the results of OLS estimation; Column (4) is the 

estimation result of the two-limit Tobit. NEWCREAT is a dummy that takes 1 when a 

new municipality is created through consolidation. CONSOL/DA TION is a dummy 

that takes 1 if the referendum question is whether to merge and 0 if it is whether to 

establish a merger consultation committee. NEW x CONSL is the variable of 

NEWCREAT times CONSOLIDATION. 



Figure 1. Number of Municipalities, Consolidations, and Local Referenda 
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Figure 2. Illustrative Example 
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Figure 3. Histogram of Average Total Spillovers 

.2 .4 .6 .8 
Average total spillovers 

Note: Average total spillovers (ATS) is calculated following equation (10). 
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Figure 4. Box Plots of Average Total Spillovers against Population Size 

POP <4,000 4,000-7 ,999 8,000-13,999 14,000-29,999 30,000-99,999 >=100,000 

Note: Horizontal line around 0.125 of average total spillovers depicts their mean. 
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