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 Abstract 
We analyze the determinants of bank branch location in 
Spain controlling for geography explicitly. After a long 
period of intense expansion, most savings banks are now 
involved in merger processes. However, given the contri-
butions of this type of bank to combatting financial exclu-
sion, this process might exacerbate the consequences of 
the crisis for some social groups. Related problems such 
as new banking regulation initiatives, or the current ex-
cess capacity in the sector, add further relevance to this 
problem. We address the issue from a Bayesian spatial 
perspective, which has several advantages over other 
methodologies used in previous studies. Specifically, the 
techniques we choose allow us to assess with some pre-
cision whether over-branching or under-branching have 
taken place. Results suggest that both phenomena exist in 
the Spanish banking sector, although implications for the 
three types of banks in the industry (commercial banks, 
savings banks, credit unions) differ.

 Key words 
Bank, Bayesian statistics, branch, municipality.

 Resumen 
Este documento de trabajo analiza los determinantes de la 
ubicación de sucursales bancarias en España teniendo en 
cuenta el papel de la geografía. Tras un periodo de intensa 
expansión territorial, muchas cajas de ahorros han iniciado 
procesos de fusión, la mayoría de los cuales han supuesto el 
cerrar oficinas. Pero si consideramos el papel de estas enti-
dades para frenar la exclusión financiera, se podrían agravar 
las consecuencias de la crisis para algunos grupos sociales. 
Algunos problemas relacionados (nuevas iniciativas de re-
gulación bancaria, exceso de capacidad, etc.) otorgan mayor 
relevancia al problema. Nosotros analizamos esta proble-
mática desde un enfoque bayesiano de estadística espacial, 
que tiene ventajas sobre otros métodos, al permitir evaluar 
si existe exceso o escasez de oficinas bancarias. Nuestros 
resultados sugieren, entre otras conclusiones, que ambos 
fenómenos están presentes en el sector bancario español, si 
bien las implicaciones para los tres tipos de entidades ban-
carias (bancos, cajas, cooperativas) son dispares.
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Al publicar el presente documento de trabajo, la Fundación BBVA no asu-
me responsabilidad alguna sobre su contenido ni sobre la inclusión en el 
mismo de documentos o información complementaria facilitada por los 
autores. 

The BBVA Foundation’s decision to publish this working paper does not 
imply any responsibility for its contents, or for the inclusion therein of any 
supplementary documents or information facilitated by the authors. 

La serie Documentos de Trabajo tiene como objetivo la rápida difusión de 
los resultados del trabajo de investigación entre los especialistas de esa área, 
para promover así el intercambio de ideas y el debate académico. Cualquier 
comentario sobre sus contenidos será bien recibido y debe hacerse llegar 
directamente a los autores, cuyos datos de contacto aparecen en la Nota
sobre los autores.

The Working Papers series is intended to disseminate research findings 
rapidly among specialists in the field concerned, in order to encourage the 
exchange of ideas and academic debate. Comments on this paper would be 
welcome and should be sent direct to the authors at the addresses provided 
in the About the authors section. 

Versión: Abril 2012 
© los autores, 2012 
© de esta edición / of this edition: Fundación BBVA, 2012 

EDITA / PUBLISHED BY
Fundación BBVA, 2012 
Plaza de San Nicolás, 4. 48005 Bilbao 

La serie Documentos de Trabajo, así como información sobre otras 
publicaciones de la Fundación BBVA, pueden consultarse en: 
http://www.fbbva.es

The Working Papers series, as well as information on other BBVA 
Foundation publications, can be found at: http://www.fbbva.es

Al publicar el presente documento de trabajo, la Fundación BBVA no asu-
me responsabilidad alguna sobre su contenido ni sobre la inclusión en el 
mismo de documentos o información complementaria facilitada por los 
autores.

The BBVA Foundation’s decision to publish this working paper does not im-
ply any responsibility for its contents, or for the inclusion therein of any 
supplementary documents or information facilitated by the authors.

La serie Documentos de Trabajo tiene como objetivo la rápida difusión de 
los resultados del trabajo de investigación entre los especialistas de esa área, 
para promover así el intercambio de ideas y el debate académico. Cualquier 
comentario sobre sus contenidos será bien recibido y debe hacerse llegar 
directamente a los autores, cuyos datos de contacto aparecen en la Nota 
sobre los autores.

The Working Papers series is intended to disseminate research findings  
rapidly among specialists in the field concerned, in order to encourage the 
exchange of ideas and academic debate. Comments on this paper would be 
welcome and should be sent direct to the authors at the addresses provided 
in the About the authors section.

Versión: Julio 2013
©  Luisa Alamá Sabater, David Conesa Guillén, Anabel Forte Deltell and 

Emili Tortosa-Ausina, 2013
© de esta edición / of this edition: Fundación BBVA, 2013

edita / published by
Fundación BBVA, 2013
Plaza de San Nicolás, 4. 48005 Bilbao



3

Documento de Trabajo – Núm. 3/2013

1. Introduction

DURING the last few years the geography of bank branches has been changing in several 

countries around the world. From a European point of view, analogously to what happened in 

the US, the passing of a similar law to the Reagle-Neal Act in Spain1, which has one of the five 

largest banking systems in Europe, allowed savings banks to enter other markets different to 

their traditional ones, since they were authorized to set up offices in regions other than their 

regions of origin (Illueca et al., 2009). This deregulatory banking initiative triggered off the 

reshaping of the geography of Spanish banking in which, simultaneously to the Latin America 

forays of some large commercial banks (the Spanish Banco Santander and BBVA are the larg-

est banks in Latin America), savings banks expanded geographically throughout the country, 

becoming the main actors in such important dimensions, for retail banking especially, as total 

branch numbers.

The recent economic and financial crisis might have called into question the validity 

of the geographical expansion policies followed by most savings banks which, together with 

private commercial banks and credit unions, constitute the Spanish banking system. However, 

in terms of geographical expansions into other territories, savings banks have been much more 

active than other types of banks because of the regulatory constraints they faced in this respect 

prior to 1989. Many of these firms based their expansion on inflating the housing bubble, whose 

bursting is closely related to the difficulties some of these banks have been going through in 

recent times. Credit unions were also active on this respect, although their expansion was gen-

erally within narrower geographical limits.

However, the severity of the current economic and financial crisis has triggered a re-

structuring process in the Spanish banking sector, which has had some implications in terms of 

a back off policy by closing some offices—the total number of bank branches in Spain started 

to decline in 2008, and the decline has intensified in 2009 and 2010, as we shall see below. The 

total number of bank branch offices can therefore be forecast to decrease further in the next few 

years, not only for savings banks but also for commercial banks and credit unions2. However, 

1 Royal Decree 1582/1988.

2 According to the calculations of the Bank of Spain, in compliance with the provisions of law Royal 
Decree-Law 2/2011 of 18 February for the reinforcement of the Spanish financial system, twelve banks 
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since this pattern is not expected to reverse but, on the contrary, to worsen further, some con-

cerns might be raised about its likely negative effects, especially in terms of financial exclusion, 

as recently documented by Bernad et al. (2008) or Alamá and Tortosa-Ausina (2012).

In this study we consider a Bayesian spatial approach in order to approach the analysis of 

branch bank location and service availability with more detail. One of the advantages of our ap-

proach is the possibility of testing for the existence of either under- or over-branching, which are 

important problems now in the Spanish savings bank sector, for various reasons. Under-branching 

might be related to the problem of financial exclusion. Apart from the studies cited in the previ-

ous paragraphs, which focus mainly on the case of Europe, there is additional relevant literature 

analyzing different aspects of this issue, including Dymski and Veitch (1996), Pollard (1996), 

Leyshon and Thrift (1995), Leyshon and Thrift (1996), or Marshall (2004), among others. More 

recently, as previously indicated, Carbó et al. (2005, 2007) have analyzed how important this mat-

ter may be in the context of European banking. In the particular case of Spain, which has one of 

the five largest banking systems in Europe, and where the intensity of the economic and financial 

crisis is particularly severe, the previous studies deal with the issue but only partially—at least 

from a geographical point of view. Specifically, they exclude a non-negligible number of munici-

palities. In particular, the La Caixa database, used by both Bernad et al. (2008) and Alamá and 

Tortosa-Ausina (2012), includes only those municipalities with a population above 1,000. This 

implies excluding a relevant number of municipalities which might not be very large in terms of 

population, but are of considerable importance in terms of land occupied.

In contrast, over-branching may also have been an important issue due to the restructuring 

process in the Spanish banking sector, which is taking place now due to the excess capacity of several 

banks. This has been a recurrent problem in banking, as reported in several contributions such as Shaf-

fer (1996), Bikker et al. (2000) or Amable et al. (2002). The recent economic and financial crisis has 

severely affected many Spanish financial institutions, especially savings banks, and as a result, the 

sector is going through intense restructuring. Royal Decree-Law 9/2009 of 26 June 2009 (FROB Law) 

laid the legal foundations for the reshaping of the savings bank sector which is resulting in a sharp de-

cline in the number of savings banks. Most of them will ultimately operate as commercial banks, and 

consequently their contribution to financial inclusion might be impeded. The institutions involved in 

had to increase their capital (to an amount totaling €15.15 billion). Two of this number were Spanish 
commercial banks, two were subsidiaries of foreign banks and eight were savings banks.
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each particular merger come from different regions and, therefore, the links with the local and regional 

economies of the resulting bank will be much weaker than those of the merging institutions.

Therefore, taking into account both the relevance of financial exclusion and recent 

changes in the banking industry in general, and in the geography of bank branches in particular, 

this article analyzes the association between some socio-economic variables and the spatial 

distribution of bank branches in all Spanish municipalities. This will enable spatial effects 

to be dealt with more effectively, since each municipality will always be comparable with its 

neighbors, regardless of its population size. Since access to bank services is unlikely to be im-

proved simply by an increase in the number of bank branches (which is not anticipated in the 

near future), the spatial distribution of branches needs to address points of actual and growing 

unmet demand—which could also be points of declining demand.

The article is structured as follows. After this introductory section, Section 2 provides 

some insights into the Spanish banking system and its financial institutions’ policies on branch-

es. Section 3 presents details on the modeling of bank branches, while the empirical analysis 

occupies Section 4, which describes the data, and Section 5, which presents the results. Section 

6 outlines some concluding remarks.

2.  On the Distribution of Bank Branches and Municipalities 
in Spain

ONE of the main features of the Spanish banking system for many years—long before the deregu-

latory initiatives of the 1980s took place—has been its large number of bank branches per capita3. 

This characteristic is shared by all types of firms in the industry, namely, commercial banks, savings 

banks, and credit unions. In the years immediately preceding the start of the international crisis, this 

pattern was especially intense. In particular, the law that allowed these firms to expand geographi-

cally (Royal Decree 1582/1988), removing the barriers impeding their nationwide expansion, result-

ed in a sharp increase in the total number of savings bank branches, especially outside their regions 

of origin. Simultaneously, the total number of commercial bank branches actually declined. 

3 Although, compared to other European Union countries, the size of the average bank branch is much 
smaller, both in terms of employees and assets managed.
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Table 1 reports information on the evolution of the number of bank branches between 1986 

(just before nationwide expansion was allowed for all banking firms) and 2010. The information 

is also detailed for the different types of banks that make up the Spanish banking industry. The 

total number of bank branches has increased dramatically, from 30,961 to 42,894, although it had 

peaked in 2008, when it reached 45,662 branches. This represents a hefty average annual increase 

of 1.37% between 1986 and 2010, but even higher between 1986 and 2008 (1.78%). In contrast, 

during the crises years (between 2008 and 2010) the total number of branches decreased sharply, 

and it is forecast to decline even further due to the restructuring in the savings bank sector.

As indicated above, the increase in the number of bank branches was mainly due to the 

geographical expansion of those banks which were not allowed to do so before 1989, name-

ly savings banks. Their total number of branches more than doubled between 1986 (11,061 

branches) and 2008 (24,985 branches), although it has declined sharply during the crisis’ years, 

until 2010. Therefore, although the change between 1986 and 2008 was an annual 3.77% on 

average, the decline in the last two years has been 4.79% 4. Due to this recent decline, the sav-

ings bank share of total bank branches, which had increased sharply, is backing off, although 

it is still, by and large, the group of banks with more branches—representing 52.8% of the 

total number of branches. Finally, the number of credit union branches has also increased sub-

stantially, although, in contrast to what occurred with savings banks, they are going through a 

moderate decline in the total number of branches. Actually, their share of the total number of 

bank branches increased modestly from 1986 (10.3%) until 2010 (11.7%) although, in absolute 

terms, this represents a hefty increase—close to 50%.

Table 2 reports information on the distribution of bank branches according to munici-

pality size. This table clearly shows how peculiar the size distribution of Spanish municipalities 

is, since out of 8,109 municipalities, more than half (4,858) have fewer than 1,000 inhabitants, 

and almost 85% have fewer than 5,000. These municipalities also represent a hefty share of the 

total Spanish surface area, as also indicated in table  —38.12% for municipalities up to 1,000 

inhabitants and 31.61% for those up to 5,000 inhabitants. 

4 It is also predicted to decline even more sharply in the next few years. For instance, Banco Sabadell, a 
Spanish commercial bank based in Catalonia, recently acquired one of the largest Spanish savings banks, 
Caja de Ahorros del Mediterráneo (CAM), and it has been announced that the number of branches of the 
acquired firm that will be closed should be at least 300. This will also imply a non-negligible reduction 
in the number of employees.
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table 1:    Number of branches in the Spanish banking sector by type of institution

Year Total Commercial banks Savings banks Credit unions
Number % change Number % change Share Number % change Share Number % change Share 

1986  30,961  16,518  11,061  3,382 
1987  31,500  1.7  16,498  –0.1  52.4  11,754  6.3  37.3  3,248  –4.0  10.3 
1988  31,972  1.5  16,691  1.2  52.2  12,252  4.2  38.3  3,029  –6.7  9.5 
1989  32,735  2.4  16,677  –0.1  50.9  13,168  7.5  40.2  2,890  –4.6  8.8 
1990  33,478  2.3  16,917  1.4  50.5  13,642  3.6  40.7  2,919  1.0  8.7 
1991  34,873  4.2  17,824  5.4  51.1  14,031  2.9  40.2  3,018  3.4  8.7 
1992  35,429  1.6  18,058  1.3  51.0  14,291  1.9  40.3  3,080  2.1  8.7 
1993  35,193  –0.7  17,636  –2.3  50.1  14,485  1.4  41.2  3,072  –0.3  8.7 
1994  35,544  1.0  17,557  –0.4  49.4  14,880  2.7  41.9  3,107  1.1  8.7 
1995  36,251  2.0  17,842  1.6  49.2  15,214  2.2  42.0  3,195  2.8  8.8 
1996  37,079  2.3  17,674  –0.9  47.7  16,094  5.8  43.4  3,311  3.6  8.9 
1997  37,634  1.5  17,530  –0.8  46.6  16,636  3.4  44.2  3,468  4.7  9.2 
1998  38,639  2.7  17,450  –0.5  45.2  17,582  5.7  45.5  3,607  4.0  9.3 
1999  38,986  0.9  16,905  –3.1  43.4  18,337  4.3  47.0  3,744  3.8  9.6 
2000  38,967  0.0  15,811  –6.5  40.6  19,268  5.1  49.4  3,888  3.8  10.0 
2001  38,676  –0.7  14,756  –6.7  38.2  19,829  2.9  51.3  4,091  5.2  10.6 
2002  38,673  0.0  14,072  –4.6  36.4  20,326  2.5  52.6  4,275  4.5  11.1 
2003  39,405  1.9  14,074  0.0  35.7  20,871  2.7  53.0  4,460  4.3  11.3 
2004  40,230  2.1  14,168  0.7  35.2  21,503  3.0  53.5  4,559  2.2  11.3 
2005  41,599  3.4  14,533  2.6  34.9  22,410  4.2  53.9  4,656  2.1  11.2 
2006  43,286  4.1  15,096  3.9  34.9  23,418  4.5  54.1  4,772  2.5  11.0 
2007  45,086  4.2  15,542  3.0  34.5  24,591  5.0  54.5  4,953  3.8  11.0 
2008  45,662  1.3  15,580  0.2  34.1  24,985  1.6  54.7  5,097  2.9  11.2 
2009  44,085  –3.5  14,840  –4.7  33.7  24,202  –3.1  54.9  5,043  –1.1  11.4 
2010  42,894  –2.7  15,227  2.6  35.5  22,649  –6.4  52.8  5,018  –0.5  11.7 
Average change 1986-1999  1.66  0.17  3.68  0.73 
Average change 1999-2008  1.77  –0.90  3.50  3.49 
Average change 2008-2010  –3.08  –1.14  –4.79  –0.78 
Average change 1986-2008  1.78  –0.27  3.77  1.88 
Average change 1986-2010  1.37  –0.34  3.03  1.66 

Source: Bank of Spain and authors.
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table 2:    Distribution of bank branches according to municipalities’ population size, 2008

Size of the 
municipality 
(population)

Number of 
municipalities

Cumulated 
population

Percentage of 
population

Cumulated 
land occupied

Percentage of 
land occupied

Percentage 
of commer-
cial banks’ 
branches

Percentage of 
savings banks’ 

branches

Percentage of 
credit unions’ 

branches

<1.000 4,858 1,508,949 3.27 192,351.63 38.12 0.81 5.09 12.05
1.000–5.000 1,961 4,540,905 9.84 159,504.84 31.61 9.74 11.45 21.51
1.000–20.000 906 8,855,578 19.19 89,824.34 17.80 21.41 15.42 18.43
20.000–50.000 239 6,997,338 15.16 34,784.06 6.89 13.46 13.53 12.05
50.000–100.000 84 5,848,264 12.67 14,122.57 2.80 11.89 12.40 8.51
>100.000 61 18,401,641 39.87 13,952.72 2.77 42.69 42.11 27.44
Total 8,109 46,152,675 100.00 504,540.16 100.00 100.00 100.00 100.00

Sources: Bank of Spain, Instituto Nacional de Estadística and Guía de la Banca (ed. Maestre Edibán).
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The last columns in table 2 provide some insights into the differing contributions of 

the three types of firms to financial inclusion. The percentage of commercial bank branches in 

villages with a population under 1,000 (0.81%) is proportionally much lower than that corre-

sponding to the share of total population living in these villages (3.27%). In contrast, for both 

savings banks and credit unions the sign of these discrepancies is reversed, and it is especially 

high for the latter. For municipalities with a population between 1,000 and 5,000, commercial 

banks are still affected by under-branching (in the case of population only determining the 

number of branches), although to a much lesser extent. In contrast, the other types of banks still 

contribute to financial inclusion by branching more than proportionally with respect to popula-

tion—cæteris paribus. However, the analysis of the number of bank branches per municipality 

depends on other factors that will be examined thoroughly in the ensuing sections.

3. Modeling the Number of Bank Branches

IN what follows, we introduce the underpinnings of our approach on how to model the number 

of bank branches on a given location. This will be done regardless of the type of bank, i.e., we 

are implicitly assuming that commercial banks, savings banks and credit unions can provide 

access to similar financial products and services. To do so, we have divided this section into 

two subsections. In the first one (Subsection 3.1) we briefly review those aspects of Bayesian 

statistics that will be helpful for us when making inference on the parameters that govern the 

model we propose. In the second one (Subsection 3.2) we present the model that will allow us 

to check, among other things, the possible existence of either under-branching (because of its 

implications for financial exclusion) or over-branching (because of its implication in terms of 

excess capacity).

3.1. Bayesian approach: some basic ideas

Bayesian statistics is founded on the fundamental premise that all uncertainties should 

be represented and measured by probabilities. On the one hand, traditional statistical methods 

make use of the data (basically) through the likelihood function, which depends on the selected 

probabilistic model and connect the data and the unknown parameters. On the other hand, 
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Bayesian statistics is a more complex methodology that allows us to incorporate into the infer-

ential process not only the data but also all the available prior knowledge about the unknown 

parameters. This information needs to be expressed in probabilistic language in the so-called 

prior distribution. The Bayes theorem combines both types of information and provides the 

posterior distribution, which contains all the relevant knowledge about the parameters of inter-

est. In this sense, from the Bayesian point of view, there is no longer a necessity for ad hoc tests 

such as heterogeneity or normality tests, making the analysis simpler. In particular, Bayesian 

Hierarchical models are a powerful tool for constructing models for complex scenarios (see, for 

example Banerjee et al., 2004; Zhao et al., 2006). The results are expressed through posterior 

probability distributions, which contain all the relevant knowledge about the unknown quanti-

ties of interest.

The computation of posterior probability distributions is not always easy to deal with. 

In fact, these distributions cannot always be obtained in an analytical way. For many years, the 

computational challenge of obtaining posterior distributions has been one of the main issues 

for not using Bayesian statistics. But nowadays this task has been simplified by the increas-

ing capacity of computers together with the development of simulation methodologies based 

on Montecarlo sampling and Markov Chain Monte Carlo (MCMC) (see Green, 2001). These 

useful simulation procedures result in an approximate sample of the posterior distribution from 

which we can make inference (posterior means and medians, credible regions, quantiles, etc.) 

(Gammerman and Lopes, 2006). MCMC methods can be implemented in many statistical pack-

ages. In this paper we will use them through WinBUGS (Spiegelhalter et al., 2003), a statisti-

cal software which provides a simple implementation of a great number of complex statistical 

models.

One important issue that arises when using Bayesian statistics is that of objectivity. 

Many classical statisticians argue that using prior information may introduce some bias into the 

analysis. This is not entirely true. In this sense an Objective Bayesian approach can be adopted 

as shown in Berger (2006). Objective Bayesian statisticians argue that using a good objective 

prior results in the same conclusions as classical analysis while still enjoying the advantages of 

the Bayesian framework (see Berger, 2006)5.

5 An interesting discussion about Objective and Subjective Bayesian analysis can be found in Berger 
(2006) and Goldstein (2006), among others.
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As happens in classical statistics, another relevant issue in Bayesian statistics is that 

of finding the best model to explain some data, usually known as model selection. Among the 

Bayesian criteria for model selection, two of the most popular ones are the Bayesian Informa-

tion Criterion (BIC) (Schwarz, 1978) and the Deviance Information Criterion (DIC) (Spiegel-

halter et al., 2002). Although both of them weigh up the goodness-of-fit and the complexity of 

the selected model, the more useful criterion when comparing models whose posterior distribu-

tion has been approximated by MCMC is DIC. This is the case in our paper, and consequently 

our selected criterion. The smaller the DIC, the better the fit.

3.2. Poisson regression

In order to describe the distribution of bank branches in each of the 8,109 Spanish mu-

nicipalities6 we consider Generalized Linear Mixed Models (see for instance McCulloch and 

Searle, 2001, for a description of these kind of models). Taking into account that our data can 

be seen as count data, we will use the framework of Poisson regression. In particular, similar to 

Okeahalam (2009), we consider that the observed number of bank branches in each municipal-

ity (Oi) follows a Poisson distribution with mean μi: 

Oi ~ Po(μi), i = 1,...,8109.

Since we consider that the number of bank branches depends, among other factors (as 

we shall see below), on the number of people having access to them, as indicated by the litera-

ture on service availability (see, for instance, Evanoff, 1988), and that there are large differ-

ences in population among municipalities, it makes no sense to model μi  directly. Instead, we 

define μi = Ei × λi, where Ei is the expected number of branches in each municipality computed 

with respect to the corresponding population, in such a way that: 

Documento de Trabajo – Núm. 3/2013 
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iii E λµ ×= , where iE  is the expected number of branches in each municipality computed with 

respect to the corresponding population, in such a way that:  

=i
Total number of bank branches in SpainE Population living in each municipality i

Total population in Spain
×

and iλ  is a parameter modifying the expected number iE , representing how many times the 

observed number of branches is larger (smaller) than the expected one. In other words, iλ  measures 

what we could refer to as over-branching (under-branching). 

As usual in Poisson regression, the log-link is used to relate the average number of branches  

( iµ ) to potential causes. Hence, the next step would be modeling )(log iµ , in our case )(log iλ . To 

do so we need to enquire about what effects are involved in this modeling. These can be fixed (as 

covariates or factors) and/or random effects. In our study of the number of bank branches we consider 

the existence of three main possible sources of variability: some covariates (which we choose based 

on previous literature), a random effect per municipality, and some other possible geographical 

effects involved. In the next section we will study these three effects in detail. Therefore, with respect 

to the existing literature, we are considering not only the impact of covariates but also two additional 

effects. 
However, given that we have a particular interest in the geographical component of bank 

branch location, we will specifically include information in this respect. Therefore, the empirical 

strategy will differ greatly from previous approaches, since it will have a structure made of three 

components: (i) covariates; (ii) random effect per municipality; and (iii) geographical effect. 

6 Further specific details on the data and sample used will be discussed in Section 4.
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we choose based on previous literature), a random effect per municipality, and some other 

possible geographical effects involved. In the next section we will study these three effects in 

detail. Therefore, with respect to the existing literature, we are considering not only the impact 
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However, given that we have a particular interest in the geographical component of 

bank branch location, we will specifically include information in this respect. Therefore, the 

empirical strategy will differ greatly from previous approaches, since it will have a structure 

made of three components: (i) covariates; (ii) random effect per municipality; and (iii) geo-

graphical effect.

Covariates

The first source of variability, as mentioned above, is the one related to covariates, or 

factors. Specifically, for this study we have considered the population density in logarithmic 

scale, the unemployment (in percentage) and the foreign population (in percentage) as covari-

ates7.

Denoting Xi as the vector of covariates measured in municipality i, we model log(λi)  

as: 
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Random effect per municipality 

It is worth noting that if we were modeling Poisson data, their mean and variance should be similar. 

But, as is the case in many studies, our data do not follow this rule. In fact, the variance of our data is 

quite a bit larger than the mean. This over-dispersion is the main reason why we consider it necessary 

to include a random effect per municipality in the Poisson regression. In particular, adding an 

independent random effect per municipality, equation (1) becomes:  

i
t
ii UX +αλ =)(log  (2) 

where, ),,(= 81091 UUU  is the vector of independent random effects where each iU  is 

independently and identically distributed (i.i.d.):  

,8109.1,=),(0, 2 iNU Ui σ:  (3) 

Geographical effect 

The third possible source of variability that we consider when explaining the number of bank 

branches in each municipality is the likely effect of the geographical units into which the country is 

divided. In the particular case of Spain we are dealing with there are two basic levels of geographical 

                                                       
7 Previous studies have also considered the total population. However, this information is already available in our model. 

 (1)

7 Previous studies have also considered the total population. However, this information is already avail-
able in our model.
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Random effect per municipality

It is worth noting that if we were modeling Poisson data, their mean and variance should 

be similar. But, as is the case in many studies, our data do not follow this rule. In fact, the vari-

ance of our data is quite a bit larger than the mean. This over-dispersion is the main reason why 

we consider it necessary to include a random effect per municipality in the Poisson regression. 

In particular, adding an independent random effect per municipality, equation (1) becomes: 
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 (3)

Geographical effect

The third possible source of variability that we consider when explaining the number 

of bank branches in each municipality is the likely effect of the geographical units into which 

the country is divided. In the particular case of Spain we are dealing with there are two basic 

levels of geographical units apart from the municipalities, namely regions (which correspond 

to NUTS8 level 2) and provinces (which correspond to NUTS level 3) 9.

However, it is not a priori evident whether this effect is at the region or at the province 

level. Neither is it evident whether this effect enters the analysis as a factor (or fixed effect), as an 

8 NUTS stands for Nomenclature of Territorial Units for Statistics. See the web page http://epp.eurostat.
ec.europa.eu/portal/page/portal/nuts_nomenclature/introduction for more information. Municipalities 
corresponded to NUTS level 5 until 2003. Since then, both levels 4 and 5 have been replaced by Local 
Administrative Units (LAUs). In the case of Spain, provinces (NUTS level 3) correspond to LAU level 
1, and municipalities correspond to LAU level 2.

9 Although before 1988 savings banks were already allowed to expand geographically within their home 
regions, this was actually done only at moderate rates —although it also depended on the particular 
savings bank considered. In addition, previous regulations had prevented them from expanding outside 
their provinces. Therefore, we consider a geographical effect constrained to the province because of the 
traditionally tighter links with their closest territorial units, which are the provinces.
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independent random effect or as a random effect with a dependence structure. Therefore, in order 

to determine which the best option is (combination of the level and the type of effect) we perform 

a model selection based on DIC , and let the data inform us about this issue. In what follows we 

just briefly describe the three possible types of effects and leave the selection for Section 5.

Explaining the geographical effect as fixed effects is equivalent to considering k  dif-

ferent dummy variables, one per geographical unit. According to this, each observation iO  

corresponding to municipality i  will have an effect βj due to being located in the geographical 

unit j . In order to avoid collinearity, fixed effects are considered for k −1 of the k geographical 

units, with the remaining one being considered as base unit. Hence the fixed effect βj of each 

geographical unit will indicate the deviation with respect to the value of the base unit (which is 

usually taken to be the one with the larger number of observations). Adding this effect, equation 

(2) becomes
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will indicate the deviation with respect to the value of the base unit (which is usually taken to be the 

one with the larger number of observations). Adding this effect, equation (2) becomes 

βαλ t
ii

t
ii ZUX ++=)(log  (4) 

where iZ  is a 1)( −k -vector with value 0 in every position except for the one corresponding to the 

geographical unit of municipality i  which has value 1. The presence of a geographical fixed effect 

would indicate specific differences among geographical units. This sort of effect can indicate that 

something is happening in one unit which makes it different to the rest. 

We can also model geography via independent random effects. This sort of effect will 

indicate that there are no real differences (in terms of bank branches) among units, and that those 

                                                       
8 NUTS stands for Nomenclature of Territorial Units for Statistics. See the web page http://epp.eurostat.ec.europa.eu/portal 
/page/portal/nuts_nomenclature/introduction for more information. Municipalities corresponded to NUTS level 5 until 
2003. Since then, both levels 4 and 5 have been replaced by Local Administrative Units (LAUs). In the case of Spain, 
provinces (NUTS level 3) correspond to LAU level 1, and municipalities correspond to LAU level 2. 
9 Although before 1988 savings banks were already allowed to expand geographically within their home regions, this was 
actually done only at moderate rates —although it also depended on the particular savings bank considered. In addition, 
previous regulations had prevented them from expanding outside their provinces. Therefore, we consider a geographical 
effect constrained to the province because of the traditionally tighter links with their closest territorial units, which are the 
provinces. 

 (4)

where iZ  is a (k −1) -vector with value 0 in every position except for the one corresponding 

to the geographical unit of municipality i  which has value 1. The presence of a geographical 

fixed effect would indicate specific differences among geographical units. This sort of effect 

can indicate that something is happening in one unit which makes it different to the rest.

We can also model geography via independent random effects. This sort of effect will 

indicate that there are no real differences (in terms of bank branches) among units, and that 

those differences are just due to randomness. This effect assumes explaining extra variability, 

as was the case for the municipality random effect, but at the geographical unit level. Adding 

this effect, equation (2) becomes 
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differences are just due to randomness. This effect assumes explaining extra variability, as was the 

case for the municipality random effect, but at the geographical unit level. Adding this effect, 

equation (2) becomes  

iuniti
t
ii VUX ++αλ =)(log  (5) 

where unit i  is the corresponding geographical unit of municipality i  and ),,,,(= 1 pj VVVV

is a vector of random effects with p  being the number of units. In particular, as in the case of 

random effects per municipality, each jV  is i.i.d. )(0, 2
VN σ .

Finally, geographical effects can also be modeled considering dependent random 

geographical effects. This sort of effects is considered when there is a dependence structure among 

geographical units. The model for log( iλ ) in this case is:  

iuniti
t
ii WUX ++αλ =)(log  (6) 

where ),,,,(= 1 pj WWWW  is the vector of dependent random effects, one per unit. 

Conditionally autoregressive models ( CAR ) are the most popular distributions for modeling these 

spatially correlated random effects. These models were introduced by Besag (1974), but their use has 

spread extensively in the last 15 years. In particular, with this approach each jW  is normally 

distributed given ),,,,,(= 111 pjjj WWWWW +−−  as:  

2

[ | ] : ,jm m Z
j j

m j j j

W
W W N

w
ω σ

ω−
≠ + +

 (7) 

where jmω  are the elements of a proximity matrix Ω  which gives a measurement of the 

relationship among regions, jmmj ωω + =  and 2
Wσ  is a variance parameter. Thus each spatial 

effect jW , conditional on the remaining provinces, is normally distributed with a mean that depends 

on the neighboring provinces whose influence is weighted in the sense of how close they are to 

element j . The neighbors for a given municipality or province are chosen by adjacency, and 

 (5)

where unit i  is the corresponding geographical unit of municipality i  and ),,,,(= 1 pj VVVV 
 

is a vector of random effects with p  being the number of units. In particular, as in the case of 

random effects per municipality, each jV  is i.i.d. 
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where jmω  are the elements of a proximity matrix Ω  which gives a measurement of the 

relationship among regions, jmmj ωω + =  and 2
Wσ  is a variance parameter. Thus each spatial 

effect jW , conditional on the remaining provinces, is normally distributed with a mean that depends 

on the neighboring provinces whose influence is weighted in the sense of how close they are to 

element j . The neighbors for a given municipality or province are chosen by adjacency, and 
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Finally, geographical effects can also be modeled considering dependent random geo-

graphical effects. This sort of effects is considered when there is a dependence structure among 

geographical units. The model for log(
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where ),,,,(= 1 pj WWWW 
 is the vector of dependent random effects, one per unit. Con-

ditionally autoregressive models ( CAR ) are the most popular distributions for modeling these 

spatially correlated random effects. These models were introduced by Besag (1974), but their 

use has spread extensively in the last 15 years. In particular, with this approach each jW  is nor-

mally distributed given 
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where jmω  are the elements of a proximity matrix Ω  which gives a measurement of the 

relationship among regions, jmmj ωω + =  and 2
Wσ  is a variance parameter. Thus each spatial 

effect jW , conditional on the remaining provinces, is normally distributed with a mean that depends 

on the neighboring provinces whose influence is weighted in the sense of how close they are to 

element j . The neighbors for a given municipality or province are chosen by adjacency, and 
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on the neighboring provinces whose influence is weighted in the sense of how close they are to 

element j . The neighbors for a given municipality or province are chosen by adjacency, and 

 are the elements of a proximity matrix 

Documento de Trabajo – Núm. 3/2013 
  

14

differences are just due to randomness. This effect assumes explaining extra variability, as was the 

case for the municipality random effect, but at the geographical unit level. Adding this effect, 

equation (2) becomes  

iuniti
t
ii VUX ++αλ =)(log  (5) 

where unit i  is the corresponding geographical unit of municipality i  and ),,,,(= 1 pj VVVV

is a vector of random effects with p  being the number of units. In particular, as in the case of 

random effects per municipality, each jV  is i.i.d. )(0, 2
VN σ .

Finally, geographical effects can also be modeled considering dependent random 

geographical effects. This sort of effects is considered when there is a dependence structure among 

geographical units. The model for log( iλ ) in this case is:  

iuniti
t
ii WUX ++αλ =)(log  (6) 

where ),,,,(= 1 pj WWWW  is the vector of dependent random effects, one per unit. 

Conditionally autoregressive models ( CAR ) are the most popular distributions for modeling these 

spatially correlated random effects. These models were introduced by Besag (1974), but their use has 

spread extensively in the last 15 years. In particular, with this approach each jW  is normally 

distributed given ),,,,,(= 111 pjjj WWWWW +−−  as:  

2

[ | ] : ,jm m Z
j j

m j j j

W
W W N

w
ω σ

ω−
≠ + +

 (7) 

where jmω  are the elements of a proximity matrix Ω  which gives a measurement of the 

relationship among regions, jmmj ωω + =  and 2
Wσ  is a variance parameter. Thus each spatial 

effect jW , conditional on the remaining provinces, is normally distributed with a mean that depends 

on the neighboring provinces whose influence is weighted in the sense of how close they are to 

element j . The neighbors for a given municipality or province are chosen by adjacency, and 

 which gives a measurement of the re-

lationship among regions, 

Documento de Trabajo – Núm. 3/2013 
  

14

differences are just due to randomness. This effect assumes explaining extra variability, as was the 

case for the municipality random effect, but at the geographical unit level. Adding this effect, 

equation (2) becomes  

iuniti
t
ii VUX ++αλ =)(log  (5) 

where unit i  is the corresponding geographical unit of municipality i  and ),,,,(= 1 pj VVVV

is a vector of random effects with p  being the number of units. In particular, as in the case of 

random effects per municipality, each jV  is i.i.d. )(0, 2
VN σ .

Finally, geographical effects can also be modeled considering dependent random 

geographical effects. This sort of effects is considered when there is a dependence structure among 

geographical units. The model for log( iλ ) in this case is:  

iuniti
t
ii WUX ++αλ =)(log  (6) 

where ),,,,(= 1 pj WWWW  is the vector of dependent random effects, one per unit. 

Conditionally autoregressive models ( CAR ) are the most popular distributions for modeling these 

spatially correlated random effects. These models were introduced by Besag (1974), but their use has 

spread extensively in the last 15 years. In particular, with this approach each jW  is normally 

distributed given ),,,,,(= 111 pjjj WWWWW +−−  as:  

2

[ | ] : ,jm m Z
j j

m j j j

W
W W N

w
ω σ

ω−
≠ + +

 (7) 

where jmω  are the elements of a proximity matrix Ω  which gives a measurement of the 

relationship among regions, jmmj ωω + =  and 2
Wσ  is a variance parameter. Thus each spatial 

effect jW , conditional on the remaining provinces, is normally distributed with a mean that depends 

on the neighboring provinces whose influence is weighted in the sense of how close they are to 

element j . The neighbors for a given municipality or province are chosen by adjacency, and 

 and 

Documento de Trabajo – Núm. 3/2013 
  

14

differences are just due to randomness. This effect assumes explaining extra variability, as was the 

case for the municipality random effect, but at the geographical unit level. Adding this effect, 

equation (2) becomes  

iuniti
t
ii VUX ++αλ =)(log  (5) 

where unit i  is the corresponding geographical unit of municipality i  and ),,,,(= 1 pj VVVV

is a vector of random effects with p  being the number of units. In particular, as in the case of 

random effects per municipality, each jV  is i.i.d. )(0, 2
VN σ .

Finally, geographical effects can also be modeled considering dependent random 

geographical effects. This sort of effects is considered when there is a dependence structure among 

geographical units. The model for log( iλ ) in this case is:  

iuniti
t
ii WUX ++αλ =)(log  (6) 

where ),,,,(= 1 pj WWWW  is the vector of dependent random effects, one per unit. 

Conditionally autoregressive models ( CAR ) are the most popular distributions for modeling these 

spatially correlated random effects. These models were introduced by Besag (1974), but their use has 

spread extensively in the last 15 years. In particular, with this approach each jW  is normally 

distributed given ),,,,,(= 111 pjjj WWWWW +−−  as:  

2

[ | ] : ,jm m Z
j j

m j j j

W
W W N

w
ω σ

ω−
≠ + +

 (7) 

where jmω  are the elements of a proximity matrix Ω  which gives a measurement of the 

relationship among regions, jmmj ωω + =  and 2
Wσ  is a variance parameter. Thus each spatial 

effect jW , conditional on the remaining provinces, is normally distributed with a mean that depends 

on the neighboring provinces whose influence is weighted in the sense of how close they are to 

element j . The neighbors for a given municipality or province are chosen by adjacency, and 

 is a variance parameter. Thus each spatial 

effect jW , conditional on the remaining provinces, is normally distributed with a mean that 

depends on the neighboring provinces whose influence is weighted in the sense of how close 

they are to element j . The neighbors for a given municipality or province are chosen by adja-

cency, and consequently it is considered that two provinces or municipalities are neighbors if 

they have a common border.

To perform the Bayesian analysis we should consider a prior distribution for each un-

known parameter in the model. In particular, for this study, we consider priors which contain 

little information and leave the lowest possible trace on the posterior. We adopt this objective 

point of view because we do not have much prior information apart from the one used in the 

choice of the model and the covariates10.

10 For more information about the specific priors used see Armero et al. (2008) where a similar analysis 
is done.
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4. Data, Variables and Sources

THE data on the geographical location of bank branches are provided by the Guía de la Banca, 

published by Maestre Edibán11. This data set corresponds to years 2004 and 2008, and contains 

information on the precise location (postal address) of every bank branch in Spain for selected 

years. This information is also available for other years (from 1992 to 2011). However, other 

variables used in the study are only available for a few periods, constituting an important de-

termining factor which determines the time coverage of the study. Specifically, the last year for 

which data for unemployment at a municipal level was available was 2008.

Nonetheless, these years correspond to relevant periods, since 2004 is a year in which 

the Spanish economy was surging, whereas 2008 corresponds to the year in which the financial 

crisis started. Although, ideally, it would have been even more interesting to have information 

as updated as possible, in order to examine the effects of the crisis in more detail, the years 

examined contain enough information relevant to make our study interesting per se.

Table 3 reports information for all the variables used in the study and for the selected 

periods. This information is provided for each province (provincias) and each region (comuni-

dades autónomas), in order to report it in a condensed way.

As indicated in the previous sections, the literature has been considering a number of 

factors that may determine the number of bank branches in a given location. In the particu-

lar case of the Spanish banking industry, the studies by Bernad et al. (2008) and Alamá and 

Tortosa-Ausina (2012) have considered a relatively large number of socioeconomic variables. 

However, these studies partly have a geographical bias in the sense that they include only mu-

nicipalities with more than 1,000 inhabitants which, as shown in Section 2, account for less 

than 70% of the Spanish territory. Therefore, extending the sample to these municipalities is 

beneficial, since conclusions will be much more accurate (especially from a geographical point 

of view), and will be applicable also to the population living in remote locations, which may be 

relevant from a financial exclusion perspective. Although this comes at the price of dropping 

some of the variables which are considered in the studies by Bernad et al. (2008) and Alamá 

and Tortosa-Ausina (2012), the number of municipalities included in the study increases sub-

stantially, comprising all Spanish municipalities and, therefore, the entire Spanish territory—

11 See http://www.maestre-ediban.com.
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no-one is excluded. In addition, although in comparison with the studies by Bernad et al. (2008) 

and Alamá and Tortosa-Ausina (2012) our list of likely determinants is shorter, compared with 

most other studies dealing with similar issues in different banking systems, the set of explana-

tory factors is similar.

table 3:    Basic data by province (NUTS 3), 2004 and 2008

Province Unemployment 
(number of people)

Population  
(number of people)

Immigrant popula-
tion (number of 

people)

Number of 
commercial 

banks’ branches

Number of 
savings banks’ 

branches

Number of 
credit unions’ 

branches
2004 2008 2004 2008 2004 2008 2004 2008 2004 2008 2004 2008

Álava/Araba 9,493 18,219 295,905 309,635 12,058 22,840 110 135 132 167 62 72
Albacete 20,062 36,733 379,448 397,493 16,065 31,128 97 108 160 185 76 83
Alicante/Alacant 53,470 175,969 1,657,040 1,891,477 260,316 446,368 643 765 691 881 191 215
Almería 13,877 56,499 580,077 667,635 66,181 131,330 166 207 248 347 201 186
Ávila 6,106 12,249 166,108 171,815 4,448 11,782 527 72 306 135 104 19
Badajoz 44,180 72,423 663,896 685,246 8,600 21,569 61 333 119 347 12 140
Balears (Illes) 34,072 44,792 955,045 1,072,844 131,423 223,036 327 736 281 657 125 31
Barcelona 161,656 373,364 5,117,885 5,416,447 469,236 745,216 584 1,932 571 4,079 27 94
Burgos 12,523 22,934 356,437 373,672 13,331 32,073 1,790 159 3,667 362 98 77
Cáceres 21,896 63,831 411,390 412,498 11,466 13,746 140 171 335 338 70 21
Cádiz 80,807 157,370 1,164,374 1,220,467 21,409 42,804 252 307 236 464 9 62
Castellón/Castelló 11,408 47,071 527,345 594,915 52,247 106,125 218 239 227 293 173 190
Ciudad Real 25,424 45,583 492,914 522,343 16,945 41,396 11 135 12 265 2 110
Córdoba 40,501 72,609 779,870 798,822 10,303 21,937 122 233 239 396 101 109
Coruña (A) 64,979 82,588 1,121,344 1,139,121 19,945 33,711 563 628 392 459 3 4
Cuenca 6,895 14,270 204,546 215,274 10,325 24,348 74 75 100 108 85 90
Girona 15,887 46,925 636,198 731,864 79,133 149,236 167 340 320 556 14 5
Granada 35,722 76,762 841,687 901,220 26,876 58,775 257 221 374 441 54 188
Guadalajara 5,497 16,708 193,913 237,787 13,504 34,310 201 78 357 191 101 21
Guipúzcoa/Gipuzkoa 21,436 36,347 686,513 701,056 18,232 35,935 318 333 494 231 2 118
Huelva 17,987 43,709 476,707 507,915 14,428 37,110 192 141 369 251 163 87
Huesca 4,346 11,146 212,901 225,271 11,905 24,363 60 109 148 165 23 75
Jaén 22,359 47,943 654,458 667,438 8,745 18,572 297 164 184 371 104 144
León 19,592 34,171 492,720 500,200 11,577 23,380 117 278 210 290 82 30
Lleida 7,326 22,839 385,092 426,872 31,370 69,366 101 200 158 390 71 18
La Rioja 8,039 20,113 293,553 317,501 24,988 43,856 157 160 346 316 131 58
Lugo 16,850 19,871 358,452 355,549 5,542 11,582 130 210 275 133 43 34
Madrid 203,824 405,150 5,804,829 6,271,638 664,255 1,005,381 236 2,998 226 3,268 17 122
Málaga 58,175 154,947 1,397,925 1,563,261 144,462 250,432 191 563 352 691 15 206
Murcia 36,707 103,089 1,294,694 1,426,109 132,918 201,700 207 446 122 721 34 270
Navarra 17,270 37,939 584,734 620,377 43,376 65,045 2,432 339 2,628 307 85 186
Ourense 18,820 24,351 340,258 336,099 10,283 14,006 12 190 6 214 2 7
Asturias 58,619 74,381 1,073,761 1,080,138 22,429 40,804 374 526 568 375 248 134
Palencia 8,293 11,300 173,990 173,454 2,765 5,998 450 100 503 130 154 26
Palmas (Las) 62,754 131,389 987,128 1,070,032 91,080 142,757 261 366 287 371 168 62
Pontevedra 56,383 83,670 930,931 953,400 22,617 36,269 189 501 210 418 7 3
Salamanca 18,691 27,806 350,984 353,404 8,838 15,355 89 198 120 196 25 85
Sta. Cruz de T. 50,626 106,856 928,412 1,004,062 94,701 140,844 299 336 246 338 42 87
Cantabria 23,827 38,382 554,784 582,138 16,364 33,242 428 267 354 265 3 20
Segovia 3,747 8,359 152,640 163,899 9,370 20,451 161 82 167 117 81 32
Sevilla 93,986 183,991 1,792,420 1,875,462 29,166 62,319 297 594 267 847 71 170
Soria 2,213 4,615 91,652 94,646 4,209 8,420 77 57 94 72 31 50
Tarragona 18,220 55,211 674,144 788,895 63,107 139,972 515 251 703 606 152 38
Teruel 3,273 7,350 139,333 146,324 7,428 17,043 53 55 67 121 45 74
Toledo 25,081 59,336 578,060 670,203 32,019 74,826 209 246 544 326 27 163
Valencia/València 86,539 205,817 2,358,919 2,543,209 151,754 294,846 58 1,017 115 1,252 69 489
Valladolid 25,179 37,986 510,863 529,019 14,139 29,674 205 262 256 290 146 109
Vizcaya/Bizkaia 44,542 66,191 1,132,861 1,146,026 28,876 58,555 888 500 1,008 462 424 186
Zamora 9,205 13,150 198,524 197,221 2,623 7,669 214 86 226 123 105 69
Zaragoza 25,603 61,432 897,350 952,445 58,212 113,330 444 347 388 642 148 287
Ceuta 5,333 8,551 74,654 77,389 2,863 3,124 78 12 107 15 65 2
Melilla 4,214 8,651 68,016 71,448 5,874 6,472 323 14 555 8 249 2
 Sources: Instituto Nacional de Estadística (INE) and Guía de la Banca (ed. Maestre Edibán).
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The set of covariates considered in Section 3 contains some of the most frequently con-

sidered determinants of bank branch location in the literature. Among them, the inclusion of per 

capita income is usually considered, but this information is not available for all municipalities 

and sample years. Alternatively, we will use unemployment, which is negatively correlated 

with per capita income. The density of population has been considered, for instance, by Evanoff 

(1988) and, previously, by Lanzillotti and Saving (1969) and Seaver and Fraser (1979). In the 

context of Spanish banking, it has been included both by Bernad et al. (2008) and Alamá and 

Tortosa-Ausina (2012). As indicated by Bernad et al. (2008), the rationale would suggest that 

an increase in population density would reduce the number of branches through the effect of 

accessibility costs on the demand for banking services. In the particular case we are dealing 

with, the results can be strongly affected by the different sample we are using, since many of 

the municipalities included in our sample have a low population density.

The third of the selected covariates corresponds to the percentage of the foreign popula-

tion. However, the number of authors who have used this type of information are fewer, since 

it is generally unavailable for many countries. One of the (few) exceptions is Joassart-Marcelli 

and Stephens (2010), who build on the literature on financial exclusion and ecology to investi-

gate the spatial relationships between immigrant settlement patterns in Greater Boston in 2000 

and accessibility to various types of financial institutions. In our particular case, the expected 

effects may not be entirely clear. In addition, the foreign population may be very different in 

terms of wealth12.

5. Results

THE analysis performed in this section has been carried out for all banking firms jointly, and 

for the different types of banks in the Spanish banking sector (commercial banks, savings banks 

and credit unions) separately. We have followed this strategy for reasons related to the different 

implications this might have on financial exclusion (under-branching), or the fact that the sav-

12 Other information considered in the literature that can affect bank branch location are related to eco-
nomic activity in general, and can be decomposed into different variables such as tourism, commercial 
activities (both retail and wholesale), number of trucks, etc. However, in the particular case of Spain we 
are dealing with, this information is missing for municipalities with fewer than 1,000 inhabitants.
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ings bank sector is the only one which is being profoundly restructured now (over-branching). 

In addition, in the separate analysis, we will also consider the number of branches of the other 

types of banks as additional covariates to those listed in previous sections in order to test for 

different industrial organization theories. Specifically, we can test for both rational herding 

Chang et al. (1997 (and/or rival precedence (Hannan and McDowell, 1987).

Several contributions have dealt with bank branching patterns and competition issues 

in Spain, questions which lie beyond the objectives of our article. However, there are some 

related hypotheses we will partly deal with. For instance, Chang et al. (1977) have empiri-

cally explored whether the apparent clustering of bank branches in New York City between 

July, 1990 and June, 1995 could be at least partially attributed to rational herding by banks, 

which refers to situations where it is individually rational for agents/firms to mimic the ac-

tions of others even though such mimicry can potentially lead to aggregate outcomes that 

are suboptimal. In the case of bank branching patterns in Spain, this type of behavior might 

have also existed —since the number of total branches has increased proportionally higher 

than the GDP, especially in the case of savings banks. Therefore, in our particular setting we 

would consider that the presence of other types of financial institutions might influence the 

location of the other types, i.e. once savings banks were allowed to establish branches freely, 

some institutions might have decided to locate where other financial institutions had been 

established for years.

There are other hypotheses related to the one referred to in the previous paragraph that 

could also be plausible, including rival precedence. In the particular case of banking, the underpin-

nings of this hypothesis are explained in Hannan and McDowell (1987), who found that the adop-

tion of automatic teller machines by rivals increased the conditional probability that a banking firm 

adopted such an innovation. This hypothesis is strongly linked to the one referred to above, and we 

will also test for it.

5.1. Total number of bank branches

According to the methodologies presented in Section 3, our first aim is to analyze the 

geographical effects in our data in order to determine which model fits them better. After test-

ing for different models using DIC , we find that the same pattern holds for both years 2004 and 

2008. For these two years, a fixed effect per province is preferred to explain the geographical 
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variation in the number of bank branches per municipality, since these are the models for which 

the lowest values of DIC  are found. Therefore, the final selected model for log(λi) is 
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with Ui : N (0, σ2) for i = 1,…,8109. Notice that, as mentioned above, we will just consider 51 

provincial effects leaving the remaining one as the base province. In particular we consider 

Burgos as the base province as it has the highest number of municipalities —and hence of ob-

servations. We employ MCMC methods for obtaining realizations of the posterior distributions 

for all the parameters.

Here we present a summary of these realizations of the posterior distributions for α  and 

the standard deviation of the independent random effects, σU. This summary contains the mean, 

the standard deviation, the median and a 50% credible interval13, which is a central interval 

containing a share of the probability (50% in our case) under the posterior distribution, and dif-

fers from the classical confidence intervals.

Results for years 2004 and 2008 are reported in table 4. Notice that for both years we 

observe the same pattern: a positive effect for the share of the foreign population, and a nega-

tive effect for the population density and rate of unemployment. This can be seen by noticing 

that the posterior distribution for these parameters concentrates a 50% of the probability around 

positive or negative values (see the credible intervals in table 4). The economic implications 

would suggest that the observed-to-expected ratio of bank branches increases with the foreign 

population, and it decreases with the population density and unemployment rate.

We consider that when the a posteriori observed-to-expected ratio of bank branches in a 

given location is higher than one, it corresponds to the phenomenon of over-branching referred 

to in previous sections. Conversely, if it is lower that one it would indicate the existence of un-

13 From the Bayesian perspective, estimation of parameters can be performed via credibility (or credible) 
intervals. In contrast with classical confidence intervals, Bayesian credible intervals contain the true but 
unknown value of the parameter with a given (by the analyst) probability. When using MCMC, these 
credible intervals can be easily obtained from the resulting MCMC chains.
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der-branching —the number of branches are less than those that we would expect according to 

our model. Since the observed-to-expected ratio of bank branches increases with the percentage 

of the foreign population in each municipality, it would imply that the higher the foreign popu-

lation, the higher the probability of over-branching. If we take the existence of a large share of 

the foreign population as a proxy for relatively higher economic activity —since foreign-born 

immigrants tend to settle where economic activity is higher— these results might indicate that 

banking firms, jointly analyzed, might have overreacted to this phenomenon, which has been 

quite remarkable over the last few years, as shown in both tables 1 and 3.

table 4:     Main features of the posterior distribution of the regression coefficients α  
and the variance of the independent random effect (σU), all banking firms

Year 2004
Quartile

Coefficient Variable Mean sd 25% 50% 75%
α1 Intercept 0.9050 0.0895 0.8475 0.9100 0.9658 
α2 DENSITY –0.0191 0.0039 –0.0217 –0.0191 –0.0164 
α3 UNEMPLOY –0.0202 0.0096 –0.0268 –0.0203 –0.0136 
α4 FOREIGN 0.0055 0.0013 0.0046 0.0055 0.0063 
σU sd-municipality 0.1485 0.0085 0.1423 0.1482 0.1540 

Year 2008
Quartile

Coefficient Variable Mean sd 25% 50% 75%
α0 Intercept 0.8034 0.0644 0.7575 0.8093 0.8489
α1 DENSITY –0.0126 0.0020 –0.0139 –0.0126 –0.0113
α2 UNEMPLOY –0.0193 0.0067 –0.0242 –0.0195 –0.0146
α3 FOREIGN 0.0053 0.0009 0.0047 0.0053 0.0060
σU sd-municipality 0.1365 0.0073 0.1316 0.1368 0.1417

This result is reasonable, and it is strongly related to the finding that the observed-to-

expected ratio of bank branches decreases with unemployment, i.e. when there is an imbalance 

in the labor market, banks tend to behave in an opposite way to that described in the previous 

paragraph. In this case, if any tendency exists, it is to set up fewer branches than those expected. 

The sign of this result coincides with previous findings. What had not been measured so far in 

the previous literature is the magnitude of the effect, i.e. whether the number of bank branches 

is either too high (or too low) with respect to what we should find according to our model of 

bank branching.
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The random effect per municipality, reflected by parameter σU , is the standard deviation 

of the distribution of the random effects per municipality. The value of this parameter can be 

translated in that the value of λi  for a specific municipality can be at most 1.3 times the value 

of this parameter in another municipality. Recall that this parameter is assuming the variability 

that cannot be explained by means of the covariates. The results hold for both 2004 and 2008, 

as shown in table 4.

Finally, the geographical effect is reported in the maps in figure 1, which show the mean 

per province of the observed-to-expeted ratio of the total number of bank branches, namely, the 

mean of the λi’s of all the municipalities in each province, for both sample years. This effect, 

however, does not only contain the geographical effect but also the effect of the covariates as well 

as the random effect per municipality, in order to provide a fuller summary of results. The areas 

in darker colors correspond to the phenomenon of over-branching, whereas those areas in light-

er colors correspond to under-branching. It can be observed that over-branching has decreased 

slightly comparing 2008 and 2004 for some provinces. Although two years (which in addition are 

relatively close) are not enough for drawing sensible conclusions in terms of dynamics or possible 

tendencies, it could indicate that the phenomenon of over-branching might have started its retreat 

when the financial crisis began in Spain.

figure 1:     Mean λi per province, all banking firms
a) 2004 
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b) 2008  

5.2. Number of commercial bank branches

As indicated in the initial paragraphs of the study, analyzing commercial banks, savings 

banks and credit unions separately may be important because of the different implications, es-

pecially in terms of financial exclusion/inclusion, and because their policies in terms of setting 

up new branches have differed considerably since complete deregulation took place in 1989. In 

the case of commercial banks, we will analyze their particular behavior using the model: 
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where the number of saving bank branches ( SAVINGS ) and credit union branches (UNIONS ) are 

also considered as covariates. In table 5 we can observe that the effects of the covariates are similar 

for both years considered—although the magnitudes of the coefficients vary slightly. Interestingly, 

population density ( DENSITY ) seems to have the opposite behavior for the commercial banks 

compared with the general number of bank branches, suggesting that a separate analysis taking into 

account the different types of firms might indeed be appropriate. Our findings suggest that 
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for the commercial banks compared with the general number of bank branches, suggesting that 

a separate analysis taking into account the different types of firms might indeed be appropriate. 

Our findings suggest that commercial banks tend to over-branch in those municipalities where 

population density is higher, which are usually locations where bank competition is tighter. 

This finding could be related to those by Jayaratne and Strahan (1996), who observed improve-

ments in loan quality but no consistent increase in lending after branch reform. In our case, 

an excess of bank branches in a given location might indicate the existence of competition in 

quality. In contrast, both the variables UNEMPLOY and FOREIGN have the same sign as those 

found for all banking firms. These trends hold for both years, although they are stronger for 

UNEMPLOY in 2004, and for FOREIGN in 2008. This would imply that financial exclusion 

might be exacerbated over time because of commercial bank branching policies. 

table 5:     Main features of the posterior distribution of the regression coefficients α 
and the variance of the independent random effect σU, commercial banks

Year 2004
 Quartile 

Coefficient Variable Mean sd 25% 50% 75% 
α0 Intercept 0.0113 0.1605 –0.1009 –0.0006 0.1134 
α1 DENSITY 0.0075 0.0051 0.0041 0.0076 0.0111 
α2 UNEMPLOY –0.0159 0.0134 –0.0246 –0.0149 –0.0062 
α3 FOREIGN 0.0203 0.0019 0.0190 0.0204 0.0216 
α4 SAVINGS 0.0002 0.0001 0.0002 0.0002 0.0003 
α5 UNIONS 0.0014 0.0011 0.0006 0.0014 0.0022 
σU sd-municipality 0.1583 0.0124 0.1494 0.1580 0.1664 

Year 2008
Quartile 

Coefficient Variable Mean sd 25% 50% 75%
α0 Intercept 0.0145 0.1411 –0.0940 0.0073 0.1188 
α1 DENSITY 0.0083 0.0031 0.0065 0.0082 0.0103 
α2 UNEMPLOY –0.0219 0.0129 –0.0310 –0.0229 –0.0129 
α3 FOREIGN 0.0149 0.0013 0.0141 0.0149 0.0158
α4 SAVINGS 0.0001 0.0001 0.0001 0.0001 0.0002 
α5 UNIONS 0.0020 0.0009 0.0014 0.0020 0.0026
σU sd-municipality 0.1501 0.0138 0.1410 0.1502 0.1589 

Also notice that the number of credit union branches and savings bank branches have 

a positive correlation with the number of commercial bank branches, as may reasonably be ex-
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pected in the case that the rational herding and rival precedence hypotheses hold. The value of 

the corresponding parameters is small, although this is due to the magnitude of the variable and 

has nothing to do with this value being close to 0. The σU parameter also differs for that found 

for all banking firms. Its higher value for both years (σU
2004 = 0.1583 and σU

2008 = 0.1501), would 

indicate that the differences across municipalities in the case of commercial banks are larger 

than when considering all financial institutions.
In the maps in figure 2 we cannot observe remarkable changes between 2004 and 2008, 

apart from some movements among provinces. However, we can observe remarkable differences 
when comparing these maps to those in Figure 1, since for commercial banks the dark blue color, 
which indicates observed-to-expected bank branch ratios higher than unity, vanishes almost en-
tirely, and the white color predominates. This is especially evident in the year 2008, as shown in 
the lower panel of Figure 2. This implies that in the case of commercial banks, for several prov-
inces the effect that has predominated is under-branching and, therefore, we might conclude these 
are not the firms contributing to eradicate financial exclusion. In addition, if any tendency exists, 
it would point towards contributing less to financial inclusion, as some provinces move down in 
their observed-to-expected ratios —as shown by clearer colors— when comparing the maps cor-
responding to 2004 and 2008.

figure 2:     Mean λi per province, commercial banks
a) 2004
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b) 2008

5.3. Number of savings banks and credit union branches

For the number of savings bank branches in each municipality we consider a slight vari-

ation of the models presented above, namely: 
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in which, with respect to models (9) and (10) we are including covariates with the number of 

commercial banks (commercial) and savings banks (SAVINGS).

Results are reported in table 6 in the case of savings banks, and table 7, in the case of 

credit unions. In both cases, results do not mimic entirely those found for commercial banks. 

For instance, in the case of population density (DENSITY) the sign is just the opposite with 

respect to that found for commercial banks, and this occurs for both savings banks (table 6) 

and credit unions (table 7). In both cases, this effect is clearly negative as the credible interval 

indicates. Therefore, for these financial institutions, the lower the density (in terms of popula-

tion per square kilometer), the higher the observed-to-expected ratio of bank branches, i.e. the 

possibility of over-branching. This would corroborate the stronger commitment of this type of 

financial institutions to rural areas (especially in the case of credit unions), or communities liv-

ing in more isolated locations, for which access to bank services is more difficult (especially in 

the case of savings banks). In contrast, UNEMPLOY has the same sign. In this case we would 

find that even though credit unions tend to concentrate in rural areas, they will be discouraged 

by the fact that the economic conditions in the target area might be difficult. This result is also 

consistent with the specialization of this type of firms, whose main objective is to provide fi-

nancial aid to their members.

Finally, the share of foreign population presents a different pattern not only for savings 

banks and credit unions, but also for the different time periods in the case of the latter group of 

firms. Credit unions have the opposite behavior with respect to commercial banks, as the prob-

ability of over-branching decreases with the percentage of foreign population. However, in the 

case of savings banks this only happens in 2004, whereas in 2008 the behavior is similar to that 

of commercial banks, although with a much lower coefficient. The positive effect found for the 

year 2008 would imply that the higher the foreign population in a given location, the higher 

the observed-to-expected ratio of savings bank branches, whereas this trend was opposite in 

2004. Therefore, over time, the behavior of savings banks, at least in some respects, converges 

slightly to that of commercial banks. Although the explanations for this finding may be multi-

ple, it could be the case that savings banks’ territorial expansion policies led to an overreaction 

(over-branching) to the surge in economic activity in some particular areas —as proxied by the 

settling of foreign-born immigrants.
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table 6:     Main features of the posterior distribution of the regression coefficients α 
and the variance of the independent random effect σU, savings banks

Year 2004
Quartile

Coefficient Variable Mean sd 25% 50% 75%
α0 Intercept 1.0373 0.1148 0.9576 1.0360 1.1180
α1 DENSITY –0.0249 0.0052 –0.0285 –0.0249 –0.0214
α2 UNEMPLOY –0.0148 0.0112 –0.0225 –0.0147 -0.0074
α3 FOREIGN –0.0013 0.0017 –0.0024 –0.0012 –0.0002
α4 COMMERCIAL 0.0001 0.0001 0.0001 0.0001 0.0002
α5 UNIONS 0.0005 0.0009 –0.0001 0.0005 0.0011
σU sd-municipality 0.1158 0.0095 0.1087 0.1156 0.1222

Year 2008
Quartile

Coefficient Variable Mean sd 25% 50% 75%
α0 Intercept 0.8996 0.0961 0.8372 0.8969 0.9694
α1 DENSITY –0.0163 0.0026 –0.0182 –0.0163 –0.0145
α2 UNEMPLOY –0.0102 0.0091 –0.0170 –0.0100 –0.0033
α3 FOREIGN 0.0022 0.0011 0.0015 0.0022 0.0029
α4 COMMERCIAL 0.0000 0.0001 –0.0000 0.0000 0.0001
α5 UNIONS 0.0019 0.0007 0.0014 0.0019 0.0024
σU sd-municipality 0.1088 0.0093 0.1028 0.1090 0.1148

table 7:     Main features of the posterior distribution of the regression coefficients  α 
and the variance of the independent random effect σU, credit unions

Year 2004 
Quartile 

Coefficient Variable Mean sd 25% 50% 75%
α0 Intercept 1.3138 0.2102 1.1792 1.3265 1.4520 
α1 DENSITY –0.0778 0.0101 –0.0844 –0.0779 –0.0711 
α2 UNEMPLOY –0.0029 0.0218 –0.0184 –0.0012 0.0120 
α3 FOREIGN –0.0168  0.0037  –0.0193  –0.0167  –0.0143 
α4 SAVINGS –0.0005  0.0007  –0.0009  –0.0005  –0.0000
α5 COMMERCIAL 0.0000  0.0008  –0.0005  0.0000  0.0005 
σU sd-municipality 0.3085  0.0220  0.2928  0.3083  0.3230

Year 2008 
Quartile 

Coefficient Variable Mean  sd  25%  50%  75%
α0 Intercept 1.6483  0.2136  1.4902  1.6555  1.7970 
α1 DENSITY –0.0598  0.0055  –0.0635  –0.0596  –0.0558 
α2 UNEMPLOY –0.0324  0.0193  –0.0454  –0.0318  –0.0189 
α3 FOREIGN –0.0125  0.0023  –0.0140  –0.0125  –0.0109 
α4 SAVINGS –0.0006  0.0005  –0.0009  –0.0006  –0.0003 
α5 COMMERCIAL 0.0002  0.0005  –0.0001  0.0002  0.0006 
σU sd-municipality 0.2393  0.0209  0.2276  0.2410  0.2530
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Also in 2004 the number of commercial banks (COMMERCIAL) seemed to have 

a sliqhtly positive effect on the number of savings banks (table 6), although the effect on 

credit unions seemed not to have any affect at all —the posterior mean for the coefficient is 

zero. However, in 2008 the effect of the number of commercial banks on savings banks and 

credit unions has the opposite effect— i.e. no effect for savings banks and slightly positive 

effect for credit unions. The positive effects, especially in the case of savings banks, could 

be due to the fact that, over time, these firms have been providing their customers with fi-

nancial products and services increasingly similar to what commercial banks were already 

providing and, therefore, their geographical expansion policies tend also to be more similar 

to those of commercial banks —i.e., not conditioned by the natural markets in which they 

had been traditionally established (Illueca et al., 2008, 2009).

Analyzing the effects of the presence of credit union branches (UNIONS) on sav-

ings banks (table 6) and vice-versa (SAVINGS in table 7) is slightly more involved, since 

savings banks and credit unions do not compete as vigorously as savings banks and com-

mercial banks do. Credit unions have not usually expanded into territories other than their 

territories of origin, and have a much stronger specialization, especially in the agricultural 

sector. The strongest result is reported in table 7, which indicates that the impact of SAV-

INGS on the probability of over-branching in the case of credit unions is negative corrobo-

rating that this firms cannot be considered as strong competitors. This could also indicate 

that savings banks and credit unions have a substitutive effect —if a credit union has a 

branch in a given area or municipality, savings banks might be discouraged to enter that 

particular market. In contrast, the zero valued effect found for commercial banks would 

indicate that this type of banks and credit unions emphasize different lines of business, i.e. 

have different specializations.

The σU parameter differs strongly in both dimensions, i.e. between savings banks 

and credit unions, and over time for both types of firms. They also differ with respect to 

that obtained for commercial banks. It is especially higher for credit unions (table 7), where 

the effect doubles that found for savings banks (table 6), in both 2004 and 2008, and almost 

doubles that found for commercial banks. This would indicate that the patterns found vary 

strongly across municipalities for credit unions, but less for savings banks, indicating that 

the geographic expansion of these firms has been partly homogeneous throughout the Span-

ish territory.
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In figure 3 we observe a slight decline in the degree of over-branching. This decline 

could suggest that, by 2008, the year in which the financial crisis started in Spain, savings 

banks were starting to re-define their territorial expansion policies. This issue deserves fur-

ther examination, since the policies promoting a restructuring of the savings banks’ sector 

as just starting to being implemented. However, there is an issue which cannot be neglected, 

namely, the higher over-branching of savings banks compared to that of commercial banks 

(see figure 2), for which the dominating trend was the opposite, as indicated above. In con-

trast, in figure 4 we observe that credit unions tend to over-branch much more than the rest 

of the financial institutions aggregates, and this occurs both in 2004 and 2008, but remark-

able differences across the Spanish territory are present.

figure 3:     Mean λi per province, savings banks
a) 2004 
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b) 2008  

figure 4:     Mean λi per province, credit unions
a) 2004
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b) 2008

6. Conclusions

THIS article has analyzed the geography of bank branch location in Europe and, in particular, in 

Spain in the 2000s from a Bayesian perspective. The study is of particular interest for a variety 

of reasons. Among them, we should highlight the fact that the current international financial 

crisis is affecting strongly the Spanish banking system, whose implications should not be ne-

glected because it is the fifth largest bank system in Europe.

Analyzing the geography of Spanish banking is also relevant because there is a di-

verse range of ownership types, including commercial banks, savings banks, cooperative 

banks, and specialized credit institutions, and their performance has differed remarkably 

since the financial crisis started. Specifically, savings banks, which are even larger than com-

mercial banks in dimensions as important as the number of branches, are being especially 

affected due to their high level of involvement in funding the construction boom of the 2000s 

and, related to this, the aggressive geographical expansion policies some of these institutions 

had started since they were allowed to do so in 1989. This deregulatory initiative bears sev-
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eral similarities to that which occurred in the US due to the passing of the Riegle-Neal Act 

in 1994.

These expansion policies are now put into question and, as a matter of fact, the number 

of savings bank branches has decreased sharply between 2008 and 2010, and it is forecast to 

decrease more sharply in the next few years (implying that excess capacity might be taking 

place), partly due to the restructuring of the sector which will ultimately transform them into 

banks —as advised, twenty years ago, by Revell (1989). Therefore, the Spanish banking sector 

is a priori an interesting setting in which to analyze different issues related to the geography of 

bank branching.

This topic is related to the literature on branch banking, service availability and finan-

cial exclusion. Although these literatures, which are closely related, are relevant, the number 

of studies is low, although some recent ones (Bernad et al., 2008; Alamá and Tortosa-Ausina, 

2012) have been focusing on the Spanish banking sector. However, the available evidence has 

not dealt explicitly with two relevant issues: (i) considering the entire geography of Spanish 

banking (in Spain, municipalities with a population under 5,000 represent more than 70% of 

occupied land); and (ii) explicitly addressing the issue as to to whether financial institutions 

might be either under- or over-branching, which the Bayesian techniques used in this paper en-

able. Both phenomena are relevant, and both are related to important literature. The first one, 

i.e. under-branching, is related to the literature referred to on financial exclusion, whereas over-

branching has strong links with the literature on excess capacity in banking, a phenomenon 

which is now affecting the Spanish banking system.

Results can be explored from a variety of angles. Among them, we should highlight that, 

indeed, there was a substantial amount of both over- and under-branching, although with differ-

ent actors involved. According to our models of bank branch location, which explicitly consider 

different covariates that the literature has been taking into account, along with a geographical 

and a random effect per municipality component, both savings banks and credit unions have 

been contributing to limit financial exclusion. However, savings banks are now allowed to set 

up branches throughout the Spanish territory, which has contributed to the phenomenon of 

over-branching. This excess of capacity, a well-known problem in the banking sector in gen-

eral, has led to a deep restructuring in the sector of savings banks and, in the close future, in the 

sector of credit unions. It is therefore an open research question to evaluate further whether this 

phenomenon might jeopardize the future financial inclusion of unfavored local communities.
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