
1 Introduction

Local government fragmentation raises several issues such as efficient provision of local public services.

A common response to inefficient delivery is the implementation among municipalities of consolidation

programmes. There are several examples of amalgamation in Europe especially among northern European

countries. For example, in the case of Finland, the number of municipalities has decreased sharply (Saa-

rimaa and Tukiainen, 2014) and in Denmark the number of municipalities was reduced from 271 to 98

in 2007. In recent decades, merger plans have been introduced by many countries around the world such

as China (Hinnerich, 2009; Weese, 2015), Canada where the number of municipalities halved between

1996 and 2001 (Poel, 2000), and Israel where amalgamation reform was conducted in 2003 (Reingewertz,

2012).

An alternative to merging is creation of more flexible governance structures at the local level, that

allow for joint provision of local public goods while maintaining jurisdictional autonomy (de Mello and

Lago-Penas, 2013). Many countries (France, Spain, Italy, England, Ireland, The Netherlands, Portugal,

Belgium, Brazil...) allow neighbouring municipalities to set up such inter-municipal agreement on volun-

tary basis, to provide local public goods to the residents of member jurisdictions (Dexia, 2012). In this

setting, after joining an inter-municipal body within a functional cooperation, the municipalities continue

to exist as entities.

In the theoretical literature, work on political economy includes several papers that focus on the

optimal size of a coalition and its characteristics (see e.g. Bolton and Roland, 1997; Alesina and Spolaore,

1997, 2003, 2005, 2006; Brasington, 1999, 2003a, 2003b; Blume and Blume, 2007; Gordon and Knight,

2009; Hyytinen et al., 2014; Saarimaa and Tukiainen, 2014; Weese, 2015, Lago-Penas and Martinez-

Vazquez, 2013). These studies show that nations are more likely to integrate if levels of income are

comparable and voters have similar political preferences. In a within states context, there are similar

issues, which are addressed mostly by work on fiscal federalism. 1 Most of the literature focuses mainly on

municipality mergers, which following a coalition, cause municipalities to disappear, few papers investigate

1. Since the seminal article by Tiebout (1956), numerous articles show that fragmentation can have positive effects since
small governments achieve a better matching between expenditure allocation and local preferences. Therefore, the problem
of optimal size in the production of local public goods can modelled as arbitrage between the welfare gains expected from
small localities and the economies of scale expected from the production of public services within a larger jurisdiction
(Oates, 1972).
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voluntary municipal cooperation (Hulst et al., 2009; de Mello and Lago-Penas, 2013; Di Porto et al., 2013).

To address this issue, we use the French cooperation experiment among local governments. We argue

that if a municipality has a choice between remaining independent or joining a community, the political,

economic, and socio-demographic environment may influence the cooperation decision in a variety of

ways. Also, the cooperation decision is strongly dependent on what neighbours decide since by law, an

inter-municipal community must include just contiguous localities. If no neighbours already cooperate,

the probability of joining an inter-municipal community will be lower than if close neighbours already

cooperating. This allows us to use a discrete choice model in which the decision to cooperate is affected by

the spatial weighted average decisions of the municipality’s neighbours. The main aim of the paper there-

fore, is to estimate the impact of neighbours’ cooperation decisions on municipal decision-making, using

a spatial binary discrete choice model and controlling for the political and socio-economic environment. 2

The applied literature has rarely discussed cooperation decision-making. This is mostly due to the

spatial econometric framework that the researcher should face, the complex computational issues related

to estimation in this environment and the lack of reliable data on this phenomenon. This paper tries to

deal with all these issues providing a robust estimation of a non linear spatial interaction model that is

computationally simple and easily replicable.

Recent work on spatial interaction models discusses the validity and accuracy of traditional spatial

econometric techniques (Gibbons and Overman, 2012) and provides new evidence on the advantages of

instrumental variables (IV) methods over maximum likelihood (ML) technique (Lyytikainen, 2012; Bas-

karan, 2014). According to Gibbons and Overman (2012), weak identification in a spatial framework is

often due to the use of non relevant instruments. 3 Exploiting exogenous variations from policy changes

seems to be the most appropriate method to overcome these problems and derive valid exclusion restric-

tions. In a tax interaction model, Lyytikainen (2012) shows how the use of IV methods associated with

careful choice of instruments can result in more reliable estimates of the spatial lag term in the Finnish

context. Our paper follows Lyytikainen (2012) but advances the binary choice model case.

In the discrete choice model literature, the counterpart of the IV method is control function. Papke

(2005) and Papke and Wooldridge (2008) have extensively investigated the panel data method for a

fractional response dependent variable. In this analysis, the use of control function rather than other

estimation methods has many advantages. Firstly, discrete choice models with spatial interaction are

computationally intensive (LeSage, 2000; Pinkse and Slade, 1998). Therefore, maximum likelihood opti-

misation might be complicated because it requires the inversion of large matrices. When the number of

2. Note that Di Porto et al. (2013) estimate the relationship between the cooperation decision and the fiscal revenues
raised to provide local public goods using a panel dataset of 35,000 French municipalities for 1995-2002. Their paper focuses
on the role of the economic incentives to cooperate. However, they do not address the role of neighbouring municipalities
decisions, nor the impact of political environment on the cooperation decisions.

3. The typical IV strategy uses spatial weighted covariates or spatial weighted lagged dependent variable as exclusion
restriction.
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observations grows, convergence can become unfeasible (Klier and McMillen, 2008). As an alternative,

control function is a simple and well-known procedure, which is suited to large panel data, given that

it involves only linear regressions and standard probit or Generalized Linear Model (GLM) methods in

a binomial family. Also, control function can control for time invariant unobserved heterogeneity via

Mundlak-Chamberlain devices (Papke and Wooldridge, 2008).

Following Papke and Wooldridge (2008), we use a control function to estimate a binary choice model

with spatial interaction. In particular, we treat the spatial interaction as endogenously determined, and

we solve it by imposing exclusion restrictions derived from the French institutional setting. Since finding

a relevant instrument is crucial in a spatial setting, we provide a careful discussion of the weakness of

our instrumental variable. Our analysis shows that our instrument based on the exogenous change in

the French municipal block grant affects our endogenous variable in a way that is clearly different from

linear. We find evidence that specifying our control function in a semi-parametric way improves the causal

interpretation of our parameter and, therefore, provides a better identification strategy than the usual

linear one. To our knowledge, this study is the first to use a control function in this context.

By applying our estimation strategy to panel data on French municipalities, we find that a munici-

pality’s decision to cooperate over the provision of local public goods depends on the decisions made by

its neighbours. In particular, the probability of cooperating with neighbouring municipalities is higher

if the latter already provide joint local public goods. We also investigate the role of political similarity,

i.e. whether a similar political colour increases the propensity to cooperate of neighbouring jurisdictions.

We find that a common political ”colour” increases the incentive to cooperate but in a very weak way.

This suggests that functional cooperation is likely to emerge due to a mimicking motivation and is poorly

motivated by political alignment.

While achieving scale economies and internalizing spillover effects are clearly motivations for most

municipalities to cooperate, own economic and demographic characteristics, such as a high level of fiscal

revenues or a high proportion of elderly people, may lead municipalities to prefer isolation. Clearly,

there is a trade-off between remaining isolated - which implies that public services are more tailored to

citizens/voters - and the achievement of scale economies or the internalization of spillover effects within

a large community.

We believe that this paper will contribute to ongoing debate on the reorganization of sub-national

jurisdictions since it promotes the idea that the emergence of voluntary cooperation among local go-

vernments is less likely if municipalities have different socio-economic characteristics. In terms of public

policies, the state cannot implement such agreements without allocating extra state grants to improve

the incentives to cooperate for the richest local governments.

This paper is organised as follows. Section 2 discusses the conditions for voluntary cooperation among
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local governments. Section 3 presents the French institutional context. The econometric approach is

discussed in section 4. Section 5 presents the results of our estimation and section 6 concludes.

2 Conditions for voluntary cooperation among local govern-

ments

A number of political economy models address the incentives to cooperate. 4 For example, Bolton and

Roland (1997) and Alesina and Spolaore (1997, 2005, 2006) study the compromise in economies of scale

that encourages cooperation and the problem of heterogeneity of preferences that promotes dissolution,

which together determines the optimal size of a given coalition. Nations are shown to be more likely to

integrate if they have comparable levels of income and their voters share close political preferences.

Within a state, Oates (1972) points out that the formation of a coalition internalizes inter-jurisdictional

spillovers externalities and can be a solution to the problem of free riding. The motivation for coalition

formation within a country has also attracted considerable interest from theoretical and empirical econo-

mists. Borge and Rattso (2002) confirm that in Norway, political strength, measured by the fragmentation

of parties and types of coalition, is important for growth and influences decentralized spending and the

formation of agreements. Also for Norway, Sorensen (2006) shows the impact of political transaction

costs on voluntary local government mergers. He identifies the role of state grants, revenue disparities

and expected changes to party strengths after unification, in merging process. Gordon and Knight (2009)

and Weese (2015) propose structural econometric methods to analyse spatial mergers. Where a merger

is decided voluntarily by the municipal councils, they show that the local political environment plays an

important role in the mergers decision. These authors point out also that political fragmentation can be

an obstacle to the formation of coalitions and conclude that the political environment can discourage

optimal coalition formation. Saarimaa and Tukiainen (2014), using Finnish municipal data, study the

case of mergers that were decided independently at the local level, and analyse empirically the coali-

tion formation of local governments. Using a novel reduced form econometric procedure that allows for

multi-partner mergers, they find that the decision to cooperate or merge depends on the preferences of

voters, and that mergers are much less likely if the distance between median voter in the coalition and the

center is large. They argue that in order to reduce political competition and to be re-elected, councillors

seems to prefer mergers. Finally, Hyytinen et al. (2014) study how anticipated changes in the electoral

vulnerability of municipal councillors also affect their voting behaviour over municipal mergers.

Since we want to address a specific class of cooperation where municipalities continue to exist as entities

4. Issues related to coalition formation and analysis of bargaining are the subject of number of theoretical studies of
game theory, which are beyond the scope of the present study (see e.g. Myerson, 1977; Shenoy, 1979; Aumann and Myerson,
1988; Bloch et al., 2006).

4



after joining an inter-municipal body, we address three factors that are key to functional cooperation

decision-making: economic, political and socio-demographic determinants.

Although improved cost efficiency is a major incentive for consolidation, it is one of the most difficult

key elements for the municipality to assess a priori (Sorensen, 2006). To assess the trade-off between

remaining isolated and cooperating, a municipality will compare its revenue with what can be expected

after joining the inter-municipal community. Therefore, we expect that if a municipality has higher levels

of (exogenous) revenues than her potential partners, it may be opposed to cooperation to avoid revenue

sharing with poorer municipalities. Inversely, a relatively poor (in terms of fiscal revenues) municipality

will have more incentives to share the resources with richer neighbours.

Citizens of neighbouring municipalities may have more or less close policy preferences. The politi-

cal costs associated with larger, more heterogeneous jurisdictions have been the subject of long debate

(Sorensen, 2006). The new local official in the case of merger may pursue a different policy to those

pursued by former separates localities, leading to loss of allocation effectiveness (Oates, 1972). In the case

of functional cooperation where former jurisdictions do not disappear, the political factor may be less

strategic than in the case of merger case. Although cooperation among local governments to provide joint

local public goods is also more likely if voters share close political preferences, each municipality retains

autonomy for the provision of specific municipal public goods. A cooperating municipality can transfer

some spending to the inter-municipal community but retain many important competences (such as local

urban services, buildings, nursery provision, primary schools, and municipal roads maintenance), which

respond to specific local preferences.

The socio-demographic characteristics of municipalities are closely related to economic and political

determinants. First, the larger the municipality’s population, the greater will be its local public needs and

the greater will be the spillovers of public goods to neighbouring localities. Free riding behaviour from

citizens who do not live in a city but benefit from its public good delivery provides a dense jurisdiction

with a greater incentive to share or transfer to the inter-municipal group some competences and associated

supply of services. Second, the prospect of shared social responsibilities could also be a strong motive for

some municipalities to join an inter-municipal agreement. However, the provision of social services is not

ordained by law for inter-municipal communities. Moreover, elderly people are less sensitive to investment

by inter-municipal jurisdictions (sport facilities, public transport, road investment). A high proportion of

elderly people in one municipality is likely to influence the probability of cooperation negatively.

Finally, we can conclude that if a municipality has a choice between remaining independent or joining

a community, the political, economic, and socio-demographic environment may influence the cooperation

decision in a variety of ways. Neighbourhood characteristics in terms of economics (e.g. per capita fiscal

revenues), politics (political affiliation) and demography are key factors that need to be addressed to
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understand the cooperation decision. In this context, the French experience is an interesting case.

3 The French institutional context

France is a very fragmented country; since the lowest layer of local government consists of more than

36,700 municipalities and the French local institutional context is characterized by three overlapping

tiers of local government. The middle tier consists of 96 counties or départements; the top tier consists

of the 22 French regions. Municipalities are responsible for local urban services, buildings, provision of

nurseries, primary schools, sports facilities, maintenance of municipal roads, and urban public transport.

The counties administer social assistance; and maintain county roads and middle schools. Regions are

responsible for provision of vocational training, economic development, and building and maintenance of

high schools.

Local revenues come mainly from taxation (54%), block grants (23%), and borrowing. The local

business tax (Taxe Professionnelle) 5 is the major source of local government tax revenues, accounting

for approximately 45% of the revenue derived from direct local taxes. The tax base consists mainly of

capital goods and is related to the rental values of buildings, and of equipment (assumed to be 16% of

the equipment cost). The remaining tax revenues are collected from households in the form of residential

tax (taxe d’habitation), property tax (taxe foncière sur le bâti), and land tax (taxe foncière sur le non

bâti”). All municipalities receive a state grant, related to various criteria including population and tax

bases.

Since the beginning of the 1990s, several laws on local cooperation have been passed to solve the

problem of municipal fragmentation:

— The law of February 6, 1992 established the basis of inter-municipal cooperation in order to promote

economic development.

— The law of July 12, 1999 known as the ”Chevǹement law”, is one of the main laws encouraging

consolidation of inter-municipal cooperation in France.

— A government reform, in 2010, enforced all municipalities to join an inter-municipal structure

before January 1, 2014.

Local cooperation is expected to i) reduce local public spending through the achievement of substantial

economies of scale in the production of some local public goods such as public transport, cultural and

sports facilities etc. (mainly investment spending) and ii) limit fiscal and spending inequalities among

member municipalities. These objectives are achieved through the transfer of some tax and spending

powers from the municipalities to the corresponding inter-municipal group.

5. This tax, which was related mainly to private capital, was removed in 2010 and replaced by a territorial economic
contribution based on property and firm value added.
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In France, responsibility for creating inter-municipal communities (‘Etablissement public de coopération

intercommunale’ or EPCI ) is left to the municipalities, which (before 2010) could cooperate with the mu-

nicipality(ies) of their choice, provided that they share at least one common border. This is “the principle

of territorial contiguity”. The EPCI is governed by a board of delegates elected by municipal councils

among their members. Therefore, unlike council members in municipalities, inter-municipal officials are

not directly elected by population. 6 The number of seats held by a municipality is generally proportional

to the municipal population. Each municipality must have at least one seat, and no single municipality

can hold more than half of the inter-municipal council seats.

Cooperation among local governments has been widely promoted by government based on financial

incentives. In 1999, the inter-municipal community was awarded a new state unconditional transfer (based

mainly on community population and inter-municipal tax bases), which coexists with the block grant

attributed to the municipality. The latter remains unchanged whether the locality cooperates or not and

is based on a complex computation that relies on municipal population and tax base.

The communities also benefit from specific tax revenues since they apply additional tax rates to the

four municipal taxes (business, residential, property and land taxes) or set a single business tax (SBT) or

Taxe Professionnelle Unique rate. 7 If the municipality chooses to impose a SBT, it loses the right to set

her own business tax rate but can still set the rate for the three household taxes (residential, property

and land taxes).

We employ a panel data set of 1,056 municipalities in the French region - Brittany - over a period of 8

years (1995-2002). The choice of this region is justified by its geographical position: Brittany occupies the

northwest peninsula of continental Europe in northwest France. It is bordered by the English Channel

to the north, and the Atlantic Ocean to the west and south. Thus, Brittany is affected by its borders

with other regions to only a small extent. Note also that there is no specificity in this region concerning

inter-municipal communities since the laws on local cooperation are national laws.

Figures 1 and 2 depict the municipalities that entered into an inter-municipal agreement between 1996

and 2002. Inter-municipal cooperation in this period was quite successful. However, some municipalities

remained independent. The obvious financial gains from cooperation (through the extra state transfer)

and the provision of new public services might be counterbalanced by each cooperating municipality

losing some fiscal autonomy through devolution of competences and tax revenues to the community. Our

aim is to explain why some municipalities decided to remain independent while others concluded joint

local public goods provision agreements.

6. Note that this is not the case anymore since 2015. Citizens vote directly for specific inter-municipal officials at municipal
elections.

7. During the period of our study, there was a third - marginal - case, which was a mixed case where the community sets
a single business tax rate and an additional tax rate on households. The community received tax revenue from households
and business while municipality i sets a tax only on households.
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Figure 1

Figure 2

4 Econometric approach

Since by law, French local governments were free to decide to join an inter-municipal group, provided

that they share a common border, this allows us to use a discrete choice model. In addition, municipalities

continue to exist as entities after joining an inter-municipal body (Di Porto et al., 2013). Therefore, the

starting point of our econometric approach is a standard binary discrete choice model where the dependent

variable Cit is given by:

Cit =
⎧⎪⎪⎪⎪⎨⎪⎪⎪⎪⎩

1 if municipality i cooperates at time t

0 otherwise

The reduced form of our panel data model is:

Cit = φ(βX
′

it + uit) (1)

where i is the index of municipalities, t is an index of the time dimension, Xit is the matrix of the

covariates, β is the vector of coefficient, uit is the error term, and φ is a normal distribution.

Allowing for the possibility that the error term includes unobserved fixed municipal characteristics,

the model can be written as:

Cit = φ(βX
′

it + ηi + eit) (2)

where ηi = x̄i = T −1∑T xit are Mundlak-Chamberlain transformations controlling for the unobserved

time-invariant individual effects and eit is an independently and identically distributed error term. Papke

and Wooldridge (2008) show that under conditional normality assumptions, the estimation of fixed effect

using covariates time average is straightforward.

To assess the neighbourhood effects on the decision to cooperate, we consider a spatial specification

for our panel probit model including the spatial lag of the dependent variable as a regressor, ∑N
j=1wijCjt,

i.e. the weighted average on its neighbours’ values. Neighbouring municipalities are defined in subsection

4.2.
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The spatial probit model with fixed effects is therefore given by:

Cit = φ(ρ
N

∑
j=1

wijCjt + βX
′

it + ηi + eit); (3)

where N is the number of municipalities, wij is an element of the weight matrix W indicating whether

observations i and j are neighbours, and ∑N
j=1wijCjt is the spatial lag of the dependent variable. We

choose to estimate a spatial lag model but also a Durbin model specification. 8

The form of the spatial Durbin model becomes:

Cit = φ(ρ
N

∑
j=1

wijCjt + βX
′

it + γ
N

∑
j=1

wijX
′

jt + ηi + eit) (4)

where∑N
j=1wijX

′

it is the matrix of spatially lagged explanatory variables with associated parameter vector

γ. In particular, the coefficient β measures the influence of municipality’ i’s characteristics on municipality

i’s decision to cooperate, while the coefficient γ measures the impact of neighbours’ characteristics on i’s

cooperation decision. In both equations (3) and (4) we include in X
′

it year dummies in order to control

for year fixed effects.

We estimate equation (3) and (4) using different techniques and within different specifications. Firstly,

we estimate a fixed effect spatial lag (Durbin) model using a linear probability model (LPM). In this case

we remove ηi, which are redundant given that we control for municipalities fixed effects using demeaned

variables (see Elhorst, 2003).

Secondly, we perform the linearised GMM (L-GMM) procedure in Klier and McMillen (2008). The

technique is intriguing since the model in principle performs a non linear estimation and, is first linearised

around the convenient starting point ρ = 0. In this way it is possible to perform a standard probit

model followed by two-step least squares to obtain consistent estimates of the spatial lag coefficient. This

procedure uses traditional ∑N
j=1w

2
ijX

′

jt as exclusions restriction (where w2
ij are the elements of the W 2

matrix) and can be extended to the panel case including Mundlak-Chamberlain devices.

Our last specification is probably the simplest in terms of computation. We apply control function

(CF) method considering ∑N
j=1wijCjt as an endogenously determined variable. In particular, we use

a two-step procedure where: i) firstly, we regress the endogenous variable ∑N
j=1wijCjt on instruments,

exogenous covariates and time average covariates, and we obtain the residuals ν̂it; ii), we include those

residuals in the original regression, that is (for the spatial lag case):

8. As observed by Gibbons and Overman (2012), Durbin and spatial error models are equivalent under a set of nonlinear
common factor constraints on the coefficients.
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Cit = φ(ρ
N

∑
j=1

wijCjt + βX
′

it + ηi + eit + ν̂it) (5)

This last model can be estimated as a Generalised Linear Model (binomial family) and under fairly

standard conditions produces consistent estimate of ρ. Given that the second-step regression involves a

generated regressor, i.e. the first stage residuals, we follow Papke and Wooldridge (2008) and compute

the standard errors for the average partial effect via bootstrap. 9

Before discussing our results, we explain the identification strategy in more detail (subsection 4.1),

discuss neighbours decisions and other control variables in subsection 4.2 and finally present identification

issues in subsection 4.3.

4.1 Identification strategy

According to Gibbons and Overman (2012), weak identification in a spatial framework is often due

to the use of the traditional ∑N
j=1w

2
ijX

′

jt as exclusion restrictions. Exploiting exogenous variations from

policy changes, therefore seems the most appropriate method to derive valid exclusion restrictions in tax

competition setting (Lyytikainen, 2012). This is still more advisable when the dependent variable is a

discrete binary variable, where the little independent variation due to multi-collinearity may cause serious

estimation problems.

The event of the census in France provide the possibility to develop a credible instrument for our

endogenous variable based on municipal state block grant. Although there is an unconditional transfer

allocated to the inter-municipal community, state block grant is a part of the municipal revenues always

levied by the municipality regardless the decision to cooperate or not. The extent of this block grant -

as a part of local tax revenues - is likely to influence the decision to remain isolated or not. Therefore, in

our case, block grant itself is not a good candidate for a valid instrument. 10

Differently, in order to achieve identification for our spatial interaction term, we follow Gordon (2004)

and we use census discontinuity in block grant computation as exclusion restriction. State (block) grant

is based on a complex computation, that relies on municipal population and tax base. These variables

are therefore updated at every census (1990 and 1999). As explained in Gordon (2004), an exogenous

discontinuity provided by the update may arise in the distribution of state grants. The unpredictability

of both the extent and the direction of the updating in the key criteria (municipal population and tax

base) for French municipalities is thus exploited to ensure exogeneity.

9. The computation of the bootstrap standard error in a spatial panel context is not well established in the literature
yet. However, we provide a new methodology which is suitable in this case (see Appendix A for details).

10. The use of a state grant (block grant) allocated to municipalities as an exclusion restriction in empirical local public
finance is extensive. Papke (2005) and Papke and Wooldridge (2008) provide examples of control function estimation with
block grant as instruments.
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In particular, and similarly to Gordon, we build the discontinuity in the following way. First, we

regress state grants on lagged state grants, population, local business tax base (which is the main source

of tax revenues for municipalities) and we include municipal and year fixed effects. This regression is

performed for the period 1993 to 1998, in which the 1990 census data were used to compute state grant,

and is then used to predict the values for 1999 to 2002. These predictions can be considered as a sort of

synthetic control values or counterfactual values of block grants, derived from the 1990 census information.

Secondly, we derive our census discontinuity in the block grant by computing the difference between actual

state grant values and these predicted values. The discontinuity therefore is equal to 0 from 1993 to 1998

while from 1999 to 2002 is equal to the difference between the expected grant based on 1990 census and

the grant actually received by each municipality. This procedure allows us to compute a non-expected

change in block grants that is likely to influence the cooperation decision-making. Municipalities being

richer than expected may have an incentive to remain isolated, whereas those who did not anticipate a

loss in their block grant may be more likely to try to get new revenues through the state transfer, which

is allocated to the inter municipal community.

Consequently, ifBGCit is our indicator of unexpected block grant change,∑N
j=1wijZit = ∑N

j=1wijBGCjt

will be our exclusion restriction for ∑N
j=1wijCjt. It should be noted that ∑N

j=1wijZit, which is a weighted

average indicator, is a suitable instrument for the spatial correlation coefficient. Intuitively this means

that the spatial endogenous component is predicted by a spatial process that is exogenously determined

by the census discontinuity event, exactly as in Lyytikainen (2012). De facto, some of the cooperating

neighbours in each municipality have chosen cooperation for exogenous motivations, i.e. because their

expected revenue was altered by an unpredictable event.

While exogeneity is ensured by the discontinuity at census year, relevance should be tested with the

proper statistical tools. Figure 3 represents a non parametric interpolation between∑N
j=1wijZit (horizontal

axis) and ∑N
j=1wijCit (vertical axis).

Figure 3

As shown in Figure 3, the relation between the weighted average cooperation and the weighted average

discontinuity variable is highly non linear and, in particular, almost constant for high negative values of

the unexpected block grant change (i.e., for municipalities who unexpectedly get a huge loss in their

revenues after the census), increasing when the unexpected loss decreases and, finally, strongly negative

for municipalities who unexpectedly get a gain in the block grant. The economic interpretation of such

pattern is clear: a municipality that gains some block grant unexpectedly is less likely to cooperate than

a municipality that unexpectedly loses some revenues after the census change. Yet, this relationship is

clearly not linear. Since a first stage regression that expresses such relation in linear term may mis-

specify the underlined model and may lead to a weak instrument, in the first stage regression of the
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control function we consider both a linear relationship and a semi-parametric one, in order not to lose

precious information in the prediction of the residual term. In both cases we test for weak instruments

to detect the possible mis-specification and improve the causal interpretation of the parameter. 11

4.2 Neighboring decisions and other control variables

In order to estimate the impact of neighbours cooperation decisions on municipal decision-making, and

following the literature on voluntary cooperation decisions, the cooperation decision (a discrete choice

variable taking the value 1 in the event of voluntary cooperation) is regressed on its spatially lagged

value (with spatial weights given by either contiguity or geo-political distance), and on a set of control

variables proxying for economic, socio-demographic, and political characteristics. Descriptive statistics

are reported in Table A1 in Appendix B.

First, the cooperation decision is strongly dependent on what neighbours decide since by law, an inter-

municipal community must include just contiguous localities. If no neighbours cooperate, the probability

of joining an inter-municipal community will be lower than if close neighbours already cooperating. We can

also expect some mimicking behavior related to cooperation from local officials who might believe it would

be stigmatising to remain isolated when most neighbouring localities have signed an intergovernmental

agreement. Citizens/voters may become aware of new public services provided by a community (e.g.

public transport, cultural and sports facilities) and may put pressure on their local government to join

the community. 12 Officials might recognize that remaining isolated from an existing close community

(which provides a range of good public services to firms and households) could lead to capital flight

from the territory. Tax base mobility might explain the propensity of officials to imitate the cooperation

decisions of neighbours. 13 It is likely also that municipalities, when deciding whether or not to cooperate,

will mimic neighbours’ behavior following the trend suggested by Manski (1993). We can expect also that

obtaining information on cooperation (expected revenues, expected state grant, etc.) will be easier for

an independent municipality located next to a group of cooperating municipalities. Mimicking behaviour

related to cooperation is likely to be observed in this context. The literature on local fiscal decision-making

provides extensive developments on this kind of spatial spillover and its identification (Brueckner, 2003).

As commonly used in this literature, the spatial weight matrix W used in our analysis is a row-

standardised matrix based on contiguity between two municipalities i and j. The value of the element

11. The instrument is used in addition to time lagged covariates in the first stage regression. This ensures that the
instrument is not correlated with some unobservable time-varying characteristics through the covariates.

12. The argument is similar to a yardstick competition models (Salmon, 1987; Besley and Case, 1995) where incumbents
imitate the public decisions of their neighbours to stand for reelection.

13. This is a tax competition argument.
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wij of W is given by:

wij = w∗

ij/∑
j

w∗

ij

w∗

ij =

⎧⎪⎪⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎪⎪⎩

0 if i = j

1 if i and j share a common border

0 if i and j do not share a common border.

(6)

We are aware also that proximity in term of distance is not the only factor in our case. Citizens of

neighbouring localities do not necessarily have the same policy preferences. As argued before, where a

municipality has a choice between remaining isolated or joining a community, politics may have an impact

on the cooperation decision in a variety of ways. If a municipality is surrounded by independent localities,

the creation of an inter-municipal community is more likely to happen if the neighbouring local officials

are of the same political belief. For a municipality that is spatially contiguous to an existing community, a

positive decision to join this community will be more likely if the president of the inter-municipal council

(elected by local councillors from member municipalities) belongs to the municipality’s ruling party.

However, in France, functional cooperation is different from a merger: the cooperating municipalities

continue to exist as entities after joining an inter-municipal body and the cooperating municipality

mayors remain in post after the creation of the inter-municipal jurisdiction. They retain some bargaining

power within the community and some strategic competences within their particular municipal territory

(such as local urban services, buildings, nurseries, primary schools, sports facilities). Therefore, political

factors may be less important in the French context compared to the northern European countries.

Since more than 80% of French municipalities are very small (less than 2,000 inhabitants), many

French mayors do not have a political affiliation and do not want to be associated with a particular

political party. Therefore, the political colour of the municipal government is not directly observable and

there is no political data set for these small municipalities. To proxy for political affiliation, we use the

results of the first round of the presidential elections since these are more likely to represent real affiliation.

This variable comes from the board of elections (”Bureau des Élections et Études politiques, Ministere

de l’Interieur”). During our period of study, there were two municipal elections (in 1995 and in 2002)

but only one presidential election in 1995. We therefore consider a constant municipal political affiliation

over time. In 1995, 546 municipalities could be considered right-wing and 510 localities left-wing.

To capture the political environment of each municipality i, we construct a geo-political matrix as

follows.
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1. For each municipality i we construct a political colour variable PCi as:

PCi =
⎧⎪⎪⎪⎪⎨⎪⎪⎪⎪⎩

0.5 if municipality i voted for a right-wing candidate

−0.5 if municipality i voted for a left-wing candidate.

2. Then we built a political matrix Pij such that:

Pij =
⎧⎪⎪⎪⎪⎨⎪⎪⎪⎪⎩

1 if PCi = PCj

0 otherwise.

3. Finally, we interact the political matrix P with the contiguity matrix W . In particular, for any

couple of municipalities i and j, the value of the element wgeoPol
ij of the geo-political matrix is given

by:

wgeoPol
ij = wgeoPol∗

ij /∑
j

wgeoPol∗

ij

wgeoPol∗

ij =
⎧⎪⎪⎪⎪⎨⎪⎪⎪⎪⎩

1 if i ≠ j, PCi = PCj and i and j share a common border

0 otherwise.
(7)

To assess the trade-off between remaining isolated and cooperating, a municipality will compare

its revenue with what can be expected after joining the inter-municipal community (Sorensen, 2006).

However, efficiency improvements in the production costs of local public goods may be difficult to evaluate.

Therefore, if a locality has a higher level of fiscal revenues (per capita) than its potential partners, it

will be less likely to cooperate. We argue that a municipality makes its decision at time t on the basis

of the level of its fiscal revenues (i.e. the sum of its tax revenues and the per capita state grant) at time

t− 1. We expect that a high level of fiscal revenues at time t− 1 will reduce the probability of joining the

community whereas a financially poor locality will have a greater incentives to forge an agreement with

neighbouring localities. The obvious financial gains from cooperation (from the extra state grant) and

the provision of extra public goods are counterbalanced by each cooperating municipality’s loss of some

fiscal autonomy through devolution of competences and tax revenues to the community. In entering a

cooperative agreement with other localities, a relatively “rich” municipality loses control over a part of

its revenues, which are redistributed among the entire community.

We also include the following explanatory variables: population density, and share of elderly people

in municipality i. We expect a positive impact of density for the following reason. First, the denser the

municipality, the greater will be the local public needs and the public goods spillovers to neighbouring

localities. In order to reduce free-riding behaviour from citizens who do not live in a city but benefit from
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her public good provision, the municipality will have an incentive to share or to transfer some competences

and the associated supply of services, to the inter-municipal group. We would expect a negative sign for

the share of elderly people since this category of the population has comparatively lower needs related to

this investment spending, which are financed by the inter-municipal community. However, if the existence

of a community is seen as a solution to sharing or transferring the supply of other specific services to this

population category, we should observe a positive impact. Since social services are not legally compulsory

for inter-municipal communities, the expected sign of this variable is ambiguous. 14

As usual in this spatial economic context, we cannot rule out the possibility that voluntary cooperation

might be strongly dependent on the weighted average of neighbours’ characteristics. We perform a Durbin

model specification in which the above socio-economic characteristics of neighbours are spatial lagged

covariates. We expect that being surrounded by richer municipalities (e.g. with higher per capita fiscal

revenues) would reduce the probability of cooperation since rich localities are not likely to transfer their

resources to the community. The lagged covariate associated with elderly might exhibit an ambiguous

sign for the reasons given above. Finally, a dense neighbourhood might be a strong incentive to sign an

inter-municipal agreement since local government cooperation allows internalization of spillover effects in

the supply of public goods.

4.3 Identification Issues

As Gordon and Knight (2009) and Weese (2015) argue, the researcher faces a number of issues when

investigating cooperation among local governments: multi-sided decisions, the need for a multinomial

approach and the possible violation of the stable unit of treatment values assumption (SUTVA) through

spatial dependency. However, in our context, we believe that our econometric approach deals with these

issues as detailed below.

First, as mentioned by the referee, the issue of multi-sided decisions does not apply in our context since

the cooperation decision is one-sided and has to be accepted by partners if there is territorial contiguity.

This is an important difference between functional cooperation and merger. Therefore, the functional

cooperation framework helps our estimation since the municipality remains in charge and, therefore, can

be used as an observation in a balanced panel.

The second issue is related to the set of potential partners, which would require a multinomial ap-

proach. However, we can consider the cooperation decision-making process represented by a decision tree

where the municipality first decides to cooperate (or not) and second chooses its partner if cooperation

was chosen in the first stage. Our paper studies only the first stage of this decision process, i.e. to join/not

14. Due to collinearity problems, we had to remove from the estimations population, percentage of unemployed and share
of young people in the municipality i.
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join a community. A multinomial approach would be necessary in order to study the second stage of the

decision process. Note that we find that a jurisdiction faces a high (close to 7) average number of alterna-

tives in our context. We are aware that our paper is less informative than a multinomial approach which

would investigate the partner choice, but we believe that our strategy remains relevant for the first stage

decision. We provide information on the decision to join (or not) a functional cooperation and on the

determinants of this choice.

The last issue deals with spatial dependency and with the possibility that in our framework the so

called stable unit of treatment value assumptions (SUTVA) are not verified. Our instrumental variable

strategy can be seen as an attempt to develop a quasi experiment since we try to estimate a local average

treatment effect (LATE). The instrument ∑N
j=1wijZit can be effectively seen as a variable that randomizes

the treatment ∑N
j=1wijCit. As a consequence, this exogenous change affects Cit through ∑N

j=1wijCit and

allows us to identify the spatial lag coefficient which, in turn, would estimate the LATE. In this case, the

SUTVA should guarantee that the effect of a change in ∑N
j=1wijZit affects the specific local government

decision of a locality i through the changes in its ∑N
j=1wijCit specific value. If this is not the case the

SUTVA is violated. 15

However, SUTVA violation is hard to identify in most social interaction models. The fact that we only

address the cooperation/non cooperation decision rather than a multi-sided decision of partner helps us

to achieve identification since the choice set is simpler.

As Mansky (2013) argues, the SUTVA is quite restrictive in situations that allow for social interactions.

Our baseline specification allows a potential treatment to depend on both the individual treatment

and the average level of treatment in the group of neighbours (as captured by ∑N
j=1wijCit and also by

∑N
j=1wijXit in the Durbin model). Mansky defines this as a functional interaction response, a relaxed

version of the SUTVA or ”individualistic treatment response”. In other words, the social interaction

can happen through some function of the distribution of the treatments across the hypothetical specific

groups. In our case, there are no well-defined specific groups, but intuitively these are represented by

the spatially weighted average covariates. Relaxing SUTVA in our case would lead to what Mansky calls

distributional interaction, where individual treatment response depends on the distribution of treatments

across others in the group, but not on the size of the group or the identity of those treated (Gibbons et

al., 2015). Other possible relaxations of the SUTVA are plausible, and progressively weaker assumptions

make the identification less credible. In our case, the lower levels of the estimated coefficients using a more

15. An example of violation would be as follows: suppose that a change in ∑N
j=1wijZit of a non contiguous municipality

(i.e. not contiguous with i) changes the cooperation status of one neighbour of the local government i, the cooperation
decision of the municipality i could be affected by the cooperation decision of this neighbour and not directly by the
exogenous change. In other words, a spillover induced by a treatment of a municipality, which is not contiguous to i,
changes the treatment status of local government i and then affects its outcome. If this violation happens, we can no longer
be certain that the estimated LATE coefficient is well identified.
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credible instrumental strategy let us believe that the parameter is relatively better identified respect to

the traditional works in this field. Note that Gibbons et al. (2015) recognize that the literature on this

issue is in its infancy. Mansky (2013) also states that outside of linear models, the relationship between

identification of structural functions and reduced forms remains largely an open question.

5 Results

Tables 1 and 2 report respectively the estimations for the Spatial Lag Model in Eq. (3) and the Spatial

Durbin Model in Eq. (4), using the linear probability model (LPM), the L-GMM probit and the control

function (CF) approach, with the contiguity matrix and the geo-political matrix. The L-GMM and CF

estimators are performed using either W 2X or our external instrument WZ. Results using WZ in a semi-

parametric way are exhibited in each Table after s(WZ). Note that ρ is the spatial lag coefficient while

ν̂ is the predicted residual computed after the first stage regression using the control function approach.

For the sake of space, first stage regressions are shown in Tables A2 and A3 in Appendix C. Full models

estimations are reported in Tables A4 to A7. Table A5 shows a linear IV specification (using a contiguity

matrix only).

Table 1: Spatial lag estimation results

Table 2: Spatial Durbin estimation results

The estimation results in Tables 1 and 2 show that the spatial dependence parameter (ρ) is almost

always highly significant and positive in both models (Lag model and Durbin Model). This parameter

indicates the influence of neighbouring municipalities’ cooperation decisions on the cooperation choice of

municipalities. We thus provide evidence that cooperation decision-making is largely dependent on the

decision of neighbours, independently of the definition of spatial matrix.

Note that this spatial coefficient is decreasing along the different specifications in Table 1 (Spatial Lag

Model). LPM results are around 0.5 to 0.7 while CF estimates are always lower, i.e. around 0.1. L-GMM

results are less informative, ranging from 0.5 to 0.2 but showing also a 0.7 non significant result when

policy change instrument is included together with geo-contiguity matrix. Tables A2 and A3 shows the

F-test for the first stage of the CF estimations for each weight matrix. These results were expected since

the instrument designed from the policy change is stronger. 16

In Table 2 (Durbin model), all the spatial coefficients are positive and significant (except those in L-

16. The F-tests reported in Tables A2 and A3 are computed including the instrument and its specific Mundlak-
Chamberlain device. Both Tables also show an F-test that is computed excluding the Mundlak-Chamberlain devices, thus
showing the power of the instrument alone. We observe that the relevancy of the instrument increases when specified via
semi-parametric regression.
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GMM when the instrument is specified through policy change). We confirm that the coefficients estimated

via CF are lower than LPM in most specifications. Tables A2 and A3 show the F-tests, which are in line

with the previous results: the instrument is weaker if specified in the traditional way rather than through

a policy change. Note that the only case in which LPM shows a lower result respect to CF is associated

with a first stage F-test that is lower than 10 (see Table A6, column 5).

The statistical interpretation of our parameters suggests that both the specification chosen (i.e. LPM,

L-GMM or CF) and the validity/relevancy of identification strategy matters in shaping the results.

Within each specification shown in Tables 1 and 2, the spatial lag coefficient increases together with

the relevancy of the instrument (from the traditional instrument W 2X to the external instrument WZ

used in a semi-parametric way). We believe that this is a consequence of the fact that different instruments

identify different local average treatment effect (LATE). 17 Using the CF estimations in which the first

stage linear regression is specified against those with a semi-parametric first stage, we find a similar

effect: the coefficient increases with the relevancy of the instrument. In this case, even if the instrumental

variable is the same and thus compliers are similar, the first stage specification changes the extent of

treatment and leads to a different LATE.

We find a negative coefficient for ν̂, the predicted residual computed after the first stage regression.

As explained in Baum-Snow and Ferreira (2015), this coefficient has a useful economic interpretation. It

is negative for those observations, which were treated more than expected. In our case, localities that

receive more state grants than expected are more likely to remain isolated. More specifically, a weighted

average increase in unexpected block grant predicts a weighted average decrease in cooperation. Although

the direction of the bias correction is different from the one observed in Lyytikainen (2012) and Baskaran

(2014), we similarly find that the coefficient is moved in a unique direction (i.e. upward) when the

instrument becomes stronger.

Our results are also in line with those of Lyytikainen (2012) and Baskaran (2014) since they show,

in the case of a linear spatial model, that employing IV methods associated with a careful choice of

instruments can result in clearly different and more reliable estimates of the spatial interaction term. We

believe that our results support the previous literature leading to the conclusion that a better specification

of the model and an adequate identification strategy ameliorates the assessment of the spatial interaction

effects.

From an economic point of view, we can interpret this positive spatial lag coefficient in different ways.

First, the territorial contiguity constraint, imposes that two municipalities can cooperate provided that

they share a common border. Obviously, a municipality is more likely to cooperate if it is surrounded

by cooperating municipalities. We can expect also that information related to cooperation (expected re-

17. In other words the compliers identified by each instrument (W 2X or WZ) are different within each specification.
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venues, expected state grant, etc.) will be more easily obtained by an independent municipality that is

located next to a group of cooperating municipalities. This is also in line with the literature on yardstick

competition (Besley and Case, 1995) and tax competition (Brueckner, 2003). An incumbent may try to

avoid stigmatisation and non-reelection by mimicking the cooperation (or isolation) decision of neigh-

bours. We cannot exclude a ”tax competition” explanation for this result. Local governments are likely

to avoid capital flight from their territories by cooperating in a close community, which provides a new

range of public services to firms and households.

To disentangle between these three main sources of spatial interaction (institutional constraint/yardstick

competition/tax competition), the existing empirical literature recommends the estimation of auxiliary

equations (see e.g. Besley and Case, 1995; Brueckner, 2003). More precisely, identifying specific yardstick

competition behaviour would require the estimation of an equation that relates voter approval of an

incumbent to taxes in neighbouring jurisdictions. To do so, a more complete dataset on election results

would be necessary. Unfortunately, such a dataset exists in France for municipalities with more than

10,000 inhabitants only.

Since the geo-political matrix combines both criteria - contiguity and political proximity - at the same

time, we need to disentangle the effect of political proximity weighted by distance from ”pure” spatial

contiguity on the probability to cooperate. The naive CF approach allows us to address this question by

including both matrices in the same specification and considering the two spatially lagged values of the

dependent variable (one derived from the contiguity matrix and the other from the geo-political matrix)

as two different endogenous variables. The model to be estimated therefore is given by:

Cit = φ(ρ1
N

∑
j=1

wijCjt + ρ2
N

∑
j=1

wgeoPol
ij Cjt + βX

′

it + ηi + eit + ν̂1i,t + ν̂2i,t); (8)

where wij and wgeoPol
ij are the spatial weights of the contiguity matrix and geo-political matrix respecti-

vely, ρ1 and ρ2 are the associated spatial parameters and ν̂1 and ν̂2 are the residuals of the two first-step

regressions of ∑N
j=1wijCjt and ∑N

j=1w
geoPol
ij Cjt respectively.

Table 3

The estimation results of Eq. (6) are reported in Table 3. Interestingly, we find that the spatial

parameter associated with the contiguity matrix remains significant and positive in all specifications

while the spatial coefficient associated with the geo-political matrix takes a very low value (positive or

negative), which is sometimes not significant. This suggests that our data weakly support the hypothesis

that political proximity increases the probability of cooperation. In other words, the estimates seem to
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suggest that the main effect at work is an imitation effect of geographic neighbours decisions but that

imitation effect much less applies to political belief.

However, the existing literature has often provided some evidence on the role of politics on municipal

mergers’ decisions (Gordon and Knight, 2009; Weese, 2015; Saarimaa and Tukiainen, 2014; Hyytinen

et al., 2014). In the French case, which deals with functional cooperation, municipal officials remain

in post after joining an inter-municipal jurisdiction and keep some strategic competences within their

municipal territories (i.e. responsibility for local urban services, buildings, nurseries, primary schools,

sports facilities). Municipal councils also decide whether the municipality will join the inter-municipal

jurisdiction (EPCI), which is governed by a board of delegates elected by municipal councils among their

members. Therefore, as opposed to the Finnish case addressed by Hyytinen et al. (2014), functional

cooperation leaves some power to the municipal officials both in their locality and within the community.

Although we could expect some political alignment within the board of inter-municipal officials, the

electoral vulnerability due to the composition of the community board is not as strategic in our case as

in the unification case addressed by most articles.

If we now turn to the socio-economic covariates, we observe that the coefficient of fiscal revenues per

capita (at time t−1) is negative and significant in almost all the specifications. As expected, a high level of

fiscal revenues at time t−1 reduces the probability of joining a community whereas a financial poor locality

may have stronger incentives to set an agreement with neighbouring localities. The obvious financial gains

from cooperation (through the extra state transfer to the community) and the possible provision of extra

public goods are counterbalanced by each cooperating municipality losing some fiscal autonomy through

devolution of competences and tax revenues to the community. The lagged covariate that gives the impact

of the neighbours’ fiscal revenues on the decision to cooperate is also in line with this explanation and

shows, that the municipal fiscal revenues (at time t−1) of the neighbouring municipalities may be relevant

to the cooperation decision. When this lagged covariate is significant, its coefficient is negative suggesting

that, being surrounded by rich municipalities does not encourage cooperation among local governments.

Both results are in line with Sorensen (2006), which shows that for Norway high-revenue municipalities

prefer not to merge with poorer neighbours.

In relation to the remaining economic and socio-demographic determinants of cooperation, once we

control for the cooperation decisions of neighbourhood using the control function approach, we find that

most economic and socio-demographic characteristics of the municipalities exhibit the expected sign. We

find a positive sign of density in line with the need to reduce free-riding behaviour from citizens who do

not live in a city but benefit from her public good provision. In others words, dense municipalities tend

to share or to transfer some competences and the associated supply of services, to the inter-municipal

group. We often get negative and significant sign for the share of elderly people since this category
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of the population has comparatively lower needs related to investment spending, which are financed

by the inter-municipal community. Also, social services are not legally compulsory for inter-municipal

communities. Municipalities with a high proportion of elderly people do not have necessarily the incentive

to transfer those competences. For those covariates, we find similar results in terms of neighbourhood

characteristics. Municipalities surrounded by dense localities has a higher probability to join an inter-

municipal agreement. Those who are located at the proximity of local governments with a high proportion

of elderly people cooperate less.

Achieving scale economies and internalizing spillovers effects clearly appears as a motivation for most

municipalities to cooperate. However, own economic and demographic characteristics such as a high level

of fiscal revenues or a high proportion of elderly people may lead the municipalities to reject cooperation.

Our results show that there is a trade-off between remaining isolated - which implies that public services

are more tailored to citizens/voters - and the achievement of scale economies or the internalisation of

spillover effects within a large community.

6 Concluding remarks

This paper explored empirically the determinants of cooperation decision-making by French munici-

palities, an interesting setting that involves municipalities decide to join an upper tier of government for

the joint provision of some public goods. Unlike merger, this decision does not remove full power from

the local governments and local mayors who retain responsibility for certain services.

To disentangle the political, economic and socio-demographic determinants, we use a unique panel

data of 1,056 municipalities within a French region (Brittany). We employed a control function approach

to develop a binary discrete choice model with spatial interaction. We exploited the exogenous variation in

the block grant computation as an exclusion restriction to estimate the decision to cooperate in response

to neighbours’ decisions.

The estimation results provide evidence that the choice to join an inter-municipal community is largely

dependent on the decision of geographic neighbours. Unlike mergers case, we find that French data less

support the influence of politics in the cooperation decisions.

This paper is likely to contribute to ongoing debate on the re-organization of sub-national jurisdictions

since it promotes the idea that voluntary cooperation among local governments is more difficult to emerge

when municipalities have different socio-economic characteristics. In terms of public policies, state can not

implement such agreement without allocating extra state grants to improve the incentives to cooperate

for the richest local governments.

We contribute also by developing a novel specification of a non-linear spatial regression. We run a
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complete set of tests for inference and identification, which resolves many computational issues. To our

knowledge, this study is the first to use a control function in this context.

Further research should be done to enhance our understanding of the determinants of fiscal coope-

ration, such as the bargaining power that a municipality may have within the inter-municipal community.
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8 Appendix

A - Bootstrap procedure

Due to the two-step regression in the CF approach, the standard errors in the second stage must

be adjusted for the first-stage estimation. As Papke and Wooldridge (2008) suggest, we therefore use a

bootstrap procedure.

Given the spatial structure of the data, ignoring the spatial correlation in the bootstrap procedure and

directly resampling the observations will destroy the correlation structure among the original observations.

To improve the bootstrap method we follow Solow (1985) who introduces a particular bootstrap procedure

for spatially correlated data. The basic idea involves transforming correlated observations to uncorrelated

ones, creating a bootstrapping sample from the latter, and transforming back to a quasibootstrap sample

from the original data.

We extend the Solow’s procedure to panel data, by allowing block-bootstrap for the entire time series

and using a wild bootstrap to take into account the presence of heteroskedasticity.

Given the model Cit = φ̂(⋅) + êit for i = 1, ...,N and t = 1, ..., T , where Cit is the dependent variable,

φ̂(⋅) is the estimate for the deterministic component and êit are the residuals, the bootstrap procedure

consists of the following steps.

1. Estimate the covariance matrix Σ. 18

2. Decompose the resulting positive definite covariance matrix Σ̂ using the Cholesky decomposition

Σ̂ = L̂L̂T , where L̂ is a lower triangular NT ×NT matrix.

3. Use the Cholesky decomposition matrix inverse, L̂−1, to decorrelate the spatial errors, i.e., ε̂ ≡ L̂−1ê.

4. Centers the ε̂ and obtain ε̃ = ε̂ − ¯̂ε.

5. Generate B independent block wild-bootstrap samples in two-steps:

(a) draw with replacement NT residuals from the following two-point distribution:

ε̃⋆ =
⎧⎪⎪⎪⎪⎨⎪⎪⎪⎪⎩

(1 −
√

5)/2 with p = (5 +
√

5)/10

(1 +
√

5)/2 with 1 − p

keeping the temporal structure intact ;

(b) transforming to recorrelated the bootstrap residuals to form the quasibootstrap sample

C⋆

it = φ̂(⋅) + L̂ε̃⋆ and calculate ∑N
j=1wijC

⋆

it.

18. Given the high dimensionality of our covariance matrix, we use a maximum likelihood covariance estimator with
condition number constraint to get an invertible and well-conditioned matrix (see Won et al., 2013). This estimate is carried
out using the ”CondReg” R package.
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6. Estimate the model for each C⋆

1 , ...,C
⋆

B and take the estimated parameters of the second stage

regression.

7. Compute for each bootstrap sample, b = 1, ...,B, and for each explanatory variable, k = 1, ...,K, the

average partial effect APEk
b .

8. Calculate the bootstrap standard errors and the p-values.

In our estimates we set B = 1000.

B - Descriptive Statistics

Table A1

C - Estimation results

Table A2

Table A3

Table A4

Table A5

Table A6

Table A7
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9 Estimates

Table 1 – LPM, L-GMM and CF Estimations of ρ in the Spatial Lag Model

Lag Model
Contiguity Matrix Geo(Contiguity)-Political Matrix

Instruments: W 2X Instruments: W 2X
LPM L-GMM CF LPM L-GMM CF

ρ 0.707*** 0.495*** 0.170*** 0.534*** 0.227*** 0.073***
ν̂ 0.305*** 0.365***

Instruments: WZ Instruments: WZ
LPM L-GMM CF LPM L-GMM CF

ρ 0.707*** 0.735 0.202*** 0.534*** 0.451* 0.071***
ν̂ 0.271*** 0.264***

Instruments: s(WZ) Instruments: s(WZ)
LPM L-GMM CF LPM L-GMM CF

ρ 0.707*** - 0.559*** 0.534*** - 0.133***
ν̂ -0.094*** 0.247***
Note. For CF Average Partial Effects (APEs) are reported.

Significance levels: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

Table 2 – LPM, L-GMM and CF Estimations of ρ in the Spatial Durbin Model

Durbin Model
Contiguity matrix Geo(Contiguity)-Political Matrix

Instruments: W 2X Instruments: W 2X
LPM L-GMM CF LPM L-GMM CF

ρ 0.706*** 0.437*** 0.296*** 0.532*** 0.248*** 0.302***
ν̂ 0.182*** 0.131***

Instruments: WZ Instruments: WZ
LPM L-GMM CF LPM L-GMM CF

ρ 0.706*** 0.428 0.299*** 0.532*** 0.388 0.650***
ν̂ 0.179*** -0.221***

Instruments: s(WZ) Instruments: s(WZ)
LPM L-GMM CF LPM L-GMM CF

ρ 0.706*** - 0.647*** 0.532*** - 0.507***
ν̂ -0.177*** -0.083***
Note. For CF Average Partial Effects (APEs) are reported.

Significance levels: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01
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Table 3 – CF Estimations of ρ1 and ρ2 in the Lag and Spatial Durbin Models

Lag Model Durbin Model

Instruments: W 2X
CF CF

ρ1 0.207*** 0.302***
ρ2 -0.015*** 0.005*
ν̂1 0.239*** 0.160***
ν̂2 0.050*** 0.015**

Instruments: WZ
CF CF

ρ1 0.122*** 0.281***
ρ2 0.087*** -0.003
ν̂1 0.344*** 0.176***
ν̂2 -0.077*** 0.027***

Instruments: s(WZ)
CF CF

ρ1 0.571*** 0.640***
ρ2 -0.012*** 0.009***
ν̂1 -0.122*** -0.186***
ν̂2 0.030*** 0.009*
Note. Average Partial Effects (APEs) are reported.

Significance levels: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

A Tables

Densityt−1 Elderlyt−1 Revenues pct−1 WDensityt−1 WElderlyt−1 WRevenues pct−1
min 8.77 0.06 0.06 87.19 0.18 0.18
max 35281.29 0.53 7.01 4784.50 0.30 0.40
median 306.56 0.25 0.21 762.36 0.25 0.25
mean 753.59 0.25 0.25 752.25 0.25 0.25
std.dev 1928.14 0.08 0.21 491.14 0.03 0.03

Table A.1 – Descriptive statistics
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Table A.2 – Results of the First-stage Regressions for CF with Contiguity Spatial Matrix.

Model Lag Contiguity Model Durbin Contiguity
Instruments: W 2X WZ s(WZ) W 2X WZ s(WZ)

Time FE: YES YES YES YES YES YES

W2Densityt−1 0.000∗∗∗ − − 0.000∗∗∗
(0.000) − − (0.000)

W2Elderlyt−1 12.270∗∗∗ − − 12.350∗∗∗
(1.301) − − (2.020)

W2Revenues pct−1 −0.688∗∗∗ − − −0.467
(0.235) − − (0.371)

W2Densityt−1 0.000 − − 0.000∗∗
(0.000) − − (0.000)

W2Elderlyt−1 −11.670∗∗∗ − − −11.450∗∗∗
(1.300) − − (2.020)

W2Revenues pct−1 0.610∗∗ − − 0.671∗
(0.240) − − (0.372)

WZit − 0.000 − − 0.000 −

− (0.000) − − (0.000) −

WZit − 0.001∗∗∗ − − 0.001∗∗∗ −

− (0.000) − − (0.000) −

s(WZit,WZit) − − 24.69∗∗∗(a) − − 24.84∗∗∗(a)

F-test on instruments(b) 24.256∗∗∗ 47.657∗∗∗ 24.294∗∗∗ 12.045∗∗∗ 35.260∗∗∗ 23.644∗∗∗

F-test on instruments(c) 32.933∗∗∗ 0.0385 35.817∗∗∗ 14.382∗∗∗ 0.2931 27.050∗∗∗
R̄2 0.12 0.11 0.17 0.12 0.12 0.18

N.Obs 7392 7392 7392 7392 7392 7392

Note. Standard errors in parenthesis. Significance levels: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01.
(a) Estimated Degrees of Freedom (edf) for semiparametric model.
(b) F-test on instruments including Mundlak.
(c) F-test on instruments excluding Mundlak.
Coefficients of exogenous regressors are not reported for sake of shortness.
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Table A.3 – Results of the First-stage Regressions for CF with Geo(Contiguity)-Political Spatial Matrix.

Model Lag Contiguity Model Durbin Contiguity
Instruments: W 2X WZ s(WZ) W 2X WZ s(WZ)

Time FE: YES YES YES YES YES YES

W2Densityt−1 0.000∗∗ − − 0.000
(0.000) − − (0.000)

W2Elderlyt−1 9.390∗∗∗ − − 8.249∗∗∗
(1.139) − − (1.387)

W2Revenues pct−1 0.081 − − 0.288
(0.227) − − (0.273)

W2Densityt−1 0.000∗ − − 0.000
(0.000) − − (0.000)

W2Elderlyt−1 −7.300∗∗∗ − − −5.797∗∗∗
(1.138) − − (1.389)

W2Density revenues pct−1 0.321 − − 0.196
(0.230) − − (0.274)

WZit − 0.000 − − 0.000 −

− (0.000) − − (0.000) −

WZit − 0.001∗∗∗ − − 0.00∗ −

− (0.000) − − (0.000) −

s(WZit,WZit) − − 28.47∗∗∗(a) − − 27.21∗∗∗(a)

F-test on instruments(b) 634.07∗∗∗ 61.447∗∗∗ 61.451∗∗∗ 103.14∗∗∗ 1.5915 23.579∗∗∗

F-test on instruments(c) 24.185∗∗∗ 0.7019 65.205∗∗∗ 13.052∗∗∗ 1.0874 21.444∗∗∗
R̄2 0.39 0.10 0.26 0.40 0.12 0.40

N.Obs 7392 7392 7392 7392 7392 7392

Note. Standard errors in parenthesis. Significance levels: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01.
(a) Estimated Degrees of Freedom (edf) for semiparametric model.
(b) F-test on instruments including Mundlak.
(c) F-test on instruments excluding Mundlak.
Coefficients of exogenous regressors are not reported for sake of shortness.
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Table A.4 – Results of the Second-stage Regression for CF Estimations with Contiguity Spatial Matrix.

Model Lag Contiguity Model Durbin Contiguity
Instruments: W 2X WZ s(WZ) W 2X WZ s(WZ)

Mundlak: YES YES YES YES YES YES
Time FE: YES YES YES YES YES YES

Constant 0.020∗ −0.011 −0.331∗∗∗ −0.066∗∗∗ −0.065∗∗∗ −0.369∗∗∗
(0.012) (0.024) (0.009) (0.022) (0.027) (0.010)

ρ 0.170∗∗∗ 0.202∗∗∗ 0.559∗∗∗ 0.296∗∗∗ 0.299∗∗∗ 0.647∗∗∗
(0.015) (0.028) (0.011) (0.026) (0.031) (0.011)

ν̂ 0.305∗∗∗ 0.271∗∗∗ −0.094∗∗∗ 0.182∗∗∗ 0.179∗∗∗ −0.177∗∗∗
(0.015) (0.029) (0.011) (0.025) (0.031) (0.011)

Densityt−1 0.000∗∗∗ 0.000∗∗∗ 0.000∗∗ 0.000∗∗∗ 0.000∗∗∗ 0.000
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)

Elderlyt−1 0.159∗∗ 0.079 −0.501∗∗∗ 0.112∗ 0.125∗ −0.196∗
(0.076) (0.087) (0.076) (0.080) (0.086) (0.092)

Revenues pct−1 −0.070∗∗∗ −0.073∗∗∗ −0.043∗∗∗ −0.041∗∗∗ −0.043∗∗∗ −0.032∗∗∗
(0.008) (0.009) (0.010) (0.008) (0.008) (0.008)

WDensityt−1 − − − 0.000∗∗∗ 0.000∗∗∗ 0.000∗∗
− − − (0.000) (0.000) (0.000)

WElderlyt−1 − − − 0.166 0.078 −1.857∗∗∗
− − − (0.202) (0.206) (0.151)

WRevenues pct−1 − − − −0.183∗∗∗ −0.181∗∗∗ −0.070∗∗∗
− − − (0.018) (0.020) (0.019)

R̄2 0.53 0.53 0.53 0.53 0.53 0.53
AICc 3421.92 3430.29 3433.80 3375.92 3376.41 3370.90
N.Obs 7392 7392 7392 7392 7392 7392

Note. Average Partial Effects (APEs) and wild bootstrap standard errors (in parenthesis). Significance levels: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

32



Table A.5 – Results of LPM-IV Estimations with Contiguity Spatial Matrix.

Model Lag Contiguity Model Durbin Contiguity
Instruments: W 2X WZ s(WZ) W 2X WZ s(WZ)

Mundlak: YES YES YES YES YES YES
Time FE: YES YES YES YES YES YES

ρ̂ 0.894∗∗∗ 1.917 1.298∗∗∗ 0.829∗∗∗ 1.414∗ 1.406∗∗∗
(0.123) (1.976) (0.278) (0.183) (0.798) (0.355)

Densityt−1 0.000 0.000 0.000 0.000 0.000 0.000
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)

Elderlyt−1 −0.090 −1.356 −0.508 −0.003 −0.537 −0.464
(0.362) (2.468) (0.464) (0.390) (0.802) (0.467)

Revenues pct−1 0.027 0.008 0.022 0.032 0.025 0.025
(0.054) (0.066) (0.054) (0.057) (0.058) (0.057)

WDensityt−1 − − − 0.000 0.000 0.000
− − − (0.000) (0.000) (0.000)

WElderlyt−1 − − − 0.218 −1.605 −1.362
− − − (0.840) (2.537) (1.219)

WRevenues pct−1 − − − −0.023 −0.030 −0.031
− − − (0.109) (0.109) (0.109)

N.Obs 7392 7392 7392 7392 7392 7392

Note. Standard errors in parenthesis. Significance levels: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01
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Table A.6 – Results Second-stage regression for CF Estimations with Geo(Contiguity)-Political Matrix.

Model Lag Geo(Contiguity)-Political Model Durbin Geo(Contiguity)-Political
Instruments: W 2X WZ s(WZ) W 2X WZ s(WZ)

Mundlak: YES YES YES YES YES YES
Time FE: YES YES YES YES YES YES

Constant 0.176∗∗∗ 0.166∗∗∗ 0.109∗∗∗ 0.051∗∗∗ −0.144∗∗∗ −0.061∗∗∗
(0.004) (0.023) (0.007) (0.009) (0.042) (0.008)

ρ 0.073∗∗∗ 0.071∗∗∗ 0.133∗∗∗ 0.302∗∗∗ 0.650∗∗∗ 0.507∗∗∗
(0.003) (0.025) (0.006) (0.013) (0.068) (0.012)

ν̂ 0.365∗∗∗ 0.264∗∗∗ 0.247∗∗∗ 0.131∗∗∗ −0.221∗∗∗ −0.083∗∗∗
(0.004) (0.026) (0.007) (0.013) (0.068) (0.011)

Densityt−1 0.000∗∗∗ 0.000∗∗∗ 0.000∗∗ 0.000∗∗∗ 0.000∗∗∗ 0.000
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)

Elderlyt−1 0.500∗∗ 0.764∗∗∗ 0.6181∗∗∗ 0.397∗ 0.264∗∗∗ 0.362∗∗∗
(0.103) (0.115) (0.109) (0.108) (0.107) (0.114)

Revenues pct−1 −0.110∗∗∗ −0.128∗∗∗ −0.116∗∗∗ −0.091∗∗∗ −0.082∗∗∗ −0.088∗∗∗
(0.024) (0.018) (0.021) (0.026) (0.026) (0.029)

WDensityt−1 − − − 0.000 0.000 0.000
− − − (0.000) (0.000) (0.000)

WElderlyt−1 − − − 0.083 −1.681∗∗∗ −0.976∗∗∗
− − − (0.165) (0.319) (0.163)

WRevenues pct−1 − − − −0.068∗∗ −0.043 −0.056∗
− − − (0.034) (0.034) (0.036)

R̄2 0.38 0.28 0.31 0.38 0.38 0.38
AICc 4335.64 4820.28 4738.82 4309.29 4318.07 4314.76
N.Obs 7392 7392 7392 7392 7392 7392

Note. Average Partial Effects (APEs) and wild bootstrap standard errors (in parenthesis). Significance levels: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01
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Table A.7 – Results of Second-stage regression for CF Estimations with Two Spatial Matrices.

Model Lag Two Matrices Model Durbin Two Matrices
Instruments: W 2X WZ s(WZ) W 2X WZ s(WZ)

Mundlak: YES YES YES YES YES YES
Time FE: YES YES YES YES YES YES

Constant 0.004 −0.020 −0.331∗∗∗ −0.077∗∗∗ −0.052∗∗ −0.372∗∗∗
(0.012) (0.024) (0.009) (0.022) (0.027) (0.010)

ρ1 0.207∗∗∗ 0.122∗∗∗ 0.571∗∗∗ 0.302∗∗∗ 0.281∗∗∗ 0.640∗∗∗
(0.014) (0.042) (0.012) (0.026) (0.032) (0.011)

ρ2 −0.015∗∗∗ 0.087∗∗∗ −0.012∗∗∗ 0.005∗ −0.003 0.009∗∗∗
(0.003) (0.025) (0.005) (0.003) (0.003) (0.003)

ν̂1 0.239∗∗∗ 0.344∗∗∗ −0.122∗∗∗ 0.160∗∗∗ 0.176∗∗∗ −0.186∗∗∗
(0.015) (0.043) (0.012) (0.026) (0.031) (0.012)

ν̂2 0.050∗∗∗ −0.077∗∗∗ 0.030∗∗∗ 0.015∗∗ 0.027∗∗∗ 0.009∗
(0.006) (0.026) (0.005) (0.007) (0.008) (0.006)

Densityt−1 0.000∗∗∗ 0.000∗∗∗ 0.000∗∗ 0.000∗∗∗ 0.000∗∗∗ 0.000
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)

Elderlyt−1 0.112∗ 0.102 −0.508∗∗∗ 0.110∗ 0.153∗∗ −0.190∗∗
(0.076) (0.086) (0.075) (0.080) (0.086) (0.092)

Revenues pct−1 −0.070∗∗∗ −0.079∗∗∗ −0.043∗∗∗ −0.042∗∗∗ −0.045∗∗∗ −0.033∗∗∗
(0.008) (0.009) (0.011) (0.008) (0.008) (0.009)

WDensityt−1 − − − 0.000∗∗∗ 0.000∗∗∗ 0.000∗
− − − (0.000) (0.000) (0.000)

WElderlyt−1 − − − 0.104 0.171 −1.858∗∗∗
− − − (0.203) (0.207) (0.151)

WRevenues pct−1 − − − −0.180∗∗∗ −0.186∗∗∗ −0.072∗∗∗
− − − (0.018) (0.021) (0.019)

R̄2 0.53 0.53 0.53 0.53 0.53 0.53
AICc 3418.01 3432.70 3435.07 3378.28 3377.86 3373.34
N.Obs 7392 7392 7392 7392 7392 7392

Note. Average Partial Effects (APEs) and wild bootstrap standard errors (in parenthesis). Significance levels: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01
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