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Loan price modelling for local

governments using risk premium

analysis

Andrés Navarro-Galera, Salvador Rayo-Cantón, Juan Lara-Rubio*
and Dionisio Buendía-Carrillo

Department of Accounting and Finance, University of Granada,
Granada, Spain

Previous studies have highlighted the question of government loan interest
as one of great current importance. Government borrowing levels are high,
and reducing interest payments would generate savings to meet other
spending needs and/or to lower taxation, thus supporting the sustainability
of public finances. However, no previous study has presented a method for
a local government to calculate its own credit risk and thus be in a position
to negotiate lower interest rates on its borrowing. This article defines a
financial model that enables local governments to estimate the interest rate
payable on a bank loan, based on their credit risk premium, in accordance
with the Basel II rules and the findings of our empirical study of large local
governments.

Keywords: loan pricing; probability of default; credit risk premium; local
governments; Basel II

JEL Classification: C33; H72; H74

I. Introduction

In the present international context of economic
crisis and widespread debt, the conditions attached
to government borrowing are crucial to the finan-
cial sustainability of the public sector, according to
researchers (Guillamón et al., 2011, 2013; Bailey
et al., 2014; Bastida et al., 2014; Checherita-
Westphal et al., 2014; Navarro et al., 2014;
Šťastná and Gregor, 2015) and international orga-
nizations (European Union, 2012, 2015; IFAC,
2012; International Monetary Fund, 2014;
Worldwide Bank Group, 2014).

Thus, in line with the Maastricht Treaty rules and
the EU Stability and Growth Pact, concerns about
high levels of bank lending to eurozone governments
have led researchers to identify the study of interest
rates (IRs) as an issue of great current interest,
especially in countries like Portugal, Ireland,
Greece, Italy and Spain, where for decades public
spending rose much faster than government reven-
ues, generating significant budgetary shortfalls
(Lassen, 2010; Martell and Kravchuk, 2010; Bailey
and Asenova, 2011).
However, to date studies have focused more on

identifying factors that influence the volume of
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government debt (León et al., 2010; Guillamón et al.,
2011; Pérez et al., 2013; Capalbo and Grossi, 2014)
or explanatory factors of IRs (Christieaens et al.,
2010; Lassen, 2010; Martell and Kravchuk, 2010;
Bastida et al., 2014), and none have specifically
undertaken to design a methodology for local gov-
ernments (LGs) to calculate the minimum IRs corre-
sponding to their respective credit risk premiums,
and thus reduce debt repayments.
The increased volume of government borrowing

need not necessarily increase the IRs applicable.
Furthermore, any savings that can be achieved in
this respect will greatly benefit LGs by allowing
other spending needs to be met or the tax burden
lightened (Hoelscher, 1986; Vijayakumar, 1995;
Bastida et al., 2014).
Nevertheless, LG managers do not currently have

access to a solid methodological procedure that
would enable them to calculate the appropriate IR
for their specific circumstances, prior to negotiations
with financial institutions. The only information
available is the offer made by the bank in question,
often with little or no explanation of its justification.
If a calculation methodology were available so that
LGmanagers could themselves estimate the financial
risk (credit risk premium) pertaining to their loans,
this would provide them with solid arguments to
determine the maximum IR acceptable, thus enabling
loans to be subscribed under optimal conditions.
In view of the above considerations, the aim of this

article is to define a financial model to enable an LG to
estimate the IR corresponding to its bank borrowing, in
accordance with its credit risk premium. Taking into
account recent legislation on bank credit risk (Basel
Committee on Banking Supervision (BCBS), 2006),
we propose a loan pricing model, based on two factors
that can be estimated by the LG itself, namely the
probability of default (PD) and the market risk pre-
mium for the banking sector. To design and construct
this model, we conducted an empirical study of 148
large LGs in Spain.
Large municipalities were chosen for study

because they represent a level of administration
where very high volumes of bank debt are managed
(Bailey et al., 2014; Bastida et al., 2014) and also
because rating agencies (Moody’s Investors Service,
2013) and the EU Fiscal Sustainability Report (2012)
consider the financial situation of LGs to be among
the areas of greatest concern within the eurozone. We
chose to study the situation in Spain in particular

because this is one of the countries with the greatest
structural gap in its government finances (EU, 2012)
as a result of a severe disparity between revenues and
expenses (caused by the housing bubble), which is
significantly hindering LGs’ access to bank credit.

II. LGs, Basel II Capital Requirements and
Loan Pricing Methods

Generally, in loan negotiations with LGs, banks
assign IRs according to the corresponding risk
of default. In this regard, the International
Convergence of Capital Measurement and Capital
Standards (BCBS, 2006, henceforth Basel II) is a
rules framework for banks to calculate the credit
risk capital requirements to be met in order to comply
with their own credit exposure limits. In Spain, where
our empirical study was conducted, adaptation to the
Basel II rules is required under Circular 3/2008 of 22
May, issued by the Bank of Spain (2008), which
stipulates capital requirements for credit institutions.
The greater the LG credit risk, the more stringent the
capital requirements and the higher the IR applicable
to loans.
The Basel II rules have substantially changed the

way in which banks measure credit risks and calcu-
late IRs. In turn, this has affected the loan conditions
imposed on all their clients, including LGs. An LG
that has a good credit rating should negotiate IRs in
accordance with its PD and with the profitability
required by the bank of its own resources dedicated
to the credit operation.
Basel II provides two methods for banks to calcu-

late the capital requirement arising from their expo-
sure to credit risk. The first, the standardized
approach, relies on the judgement of external rating
agencies (such as S&P, Moody’s, Fitch and DBRS) to
establish the credit risk weighting factors and capital
requirements. Under this standardized approach, LGs
are included within the category Exposures to regio-
nal governments and local authorities.
The second method is the internal ratings-based

(IRB) approach, under which the credit institution
itself calculates the PD, the loss given default (LGD),
the risk weighting factors, the maximum loss that a
loan might produce and the value at risk (VaR) for a
99.9% confidence level. To cover credit risk, Basel II
defines the expected loss (EL), covered by the bank’s
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provisions, and the unexpected loss (UL), covered by
capital provided by shareholders. The PD is calcu-
lated on the basis of the bank’s experience of LG
defaults. The capital requirement (K) calculation
in the IRB approach is set out in Formula A2 of
Appendix 1. Under the IRB approach, LGs are
included in the Institutions category of risk exposure.
The main goal of the loan pricing model for LGs

is to calculate credit risk premiums and the risk-
adjusted IRs to be applied by the banks granting
the credit. Thus, the IR payable on a loan must
remunerate the resources allocated to the bank
loan transaction, including (1) EL, (2) UL, (3) cost
of funds, (4) operational costs and (5) commissions.
The sum of components (3), (4) and (5) is termed the
commercial loan price. This forms part of the IR
specific to each bank and is not directly linked to the
credit risk of the LG receiving the loan.
Thus, the credit risk premium (the technical risk-

adjusted spread) is the sum of the risk premium for
expected loss (return required to funds allocated to
the provision) and the risk premium for unexpected
loss (compensation required for funds allocated to
the capital requirement). The first of these elements
is determined by parameters set out in the Basel II
rules, including PD and severity (LGD = 1 – R),
where R is the rate of loan recovery in the event of
default. The risk premium for UL is calculated by
multiplying the return required from the bank’s own
funds by the own-funds capital requirement (K),
under the Basel II IRB approach (see Appendix 1:
IRB approach). Finally, the technical risk-adjusted
interest rate is the sum of the risk-free IR and the
credit risk premium.
For LGmanagers responsible for negotiating loans

with banks, this breakdown of the different elements
involved reveals that it would be very interesting, on
the one hand, to know how banks calculate the IRs
for the loans granted to LGs and, on the other hand, to
have a model with which the LG itself could inde-
pendently calculate the maximum IR that it is willing
to pay, according to its credit risk premium. If these
managers could apply a loan pricing method

themselves, they would have robust arguments with
which to negotiate IRs more in accordance with their
PD and thus reduce the impact of financial costs on
the municipal budget.
To effectively negotiate bank loans, municipal

managers must use loan calculation instruments for
two purposes: to verify that the IRs charged do not
incorporate risk premiums above those correspond-
ing to the LG’s PD and to minimize the repercussions
of factors not directly related to the LG (such as bank
profitability, market risks, operating costs and com-
missions). These considerations highlight the great
current interest for managers of the present study.
The application of a calculation instrument such as
we describe could transform the credit risk premium
from being a problem into an ally in LGs’ loan
negotiations with banks.

Remuneration to cover expected loss

Following Basel II, we suppose, in line with previous
studies (Hasan and Zazzara, 2006; Domenico and
Gianfrancesco, 2009), that a bank conducts its credit
business in a risk-neutral context and grants, at the
present time, a zero coupon loan of 1 euro at an IR of
r1 for 1 year to a LG that is ranked at the ith level of
the bank’s internal rating, at a known PD and with a
recovery rate of R. The 1-year risk-free recovery rate
in the current market is rf (given r1 = rf +PEL, where
PEL is the risk premium for the EL on a 1-year loan).
At 1 year after the loan, the LG will be in one of

two mutually exclusive situations: (1) default, with
probability PD, where the bank obtains a cash flow
equal to (1 + r1)·R·PD or (0); or nondefault, with
probability (1 – PD), in which case the bank obtains a
cash flow of (1 + r1)·(1 – PD). Alternatively, if we
consider the 1-euro investment to be a risk-free asset,
the cash flow generated in a year is equal to (1 + rf),
regardless of whether the LG is in default or not. As
shown in Fig. 1, in a risk-neutral market, the present
value of the credit and that of the investment in the
risk-free asset are equal. As all assets must yield the
risk-free rate, it also follows that the expected cash

Fig. 1. Cash flows in a risk-neutral context
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flows from both investments, in a year, will be the
same, under Formula 1.

ð1þ r1Þ � ½R � PDþ ð1� PDÞ� ¼ ð1þ rf Þ (1)

By clearing the variable r1 from Equation 1, we
obtain the credit-risk-adjusted cost of EL (REL) and
the credit-risk-adjusted premium for EL (PEL):

r1 ¼ REL ¼ rf þ PD � ð1� RÞ
1� PD � ð1� RÞ

¼ rf þ PD � LGD
1� PD � LGD (2)

PEL ¼ r1 � rf ¼ REL � rf

¼ rf þ PD � LGD
1� PD � LGD � rf (3)

where

@REL

@PD
> 0 and

@PEL

@PD
> 0 (4)

Remuneration to cover unexpected loss

Under Basel II, the cost of funds assigned to UL in
the loan transaction is calculated by multiplying the
capital requirement arising from the credit risk (K) by
the return required by the market on own funds in the
banking sector (the capital asset pricing model).
The credit-risk-adjusted cost of UL (RUL) and the

credit-risk-adjusted premium for UL (PUL) are,
respectively:

RUL ¼ rE � K ¼ rf þ βE � rm � rfð Þð Þ � K (5)

PUL ¼ rE � rfð Þ � K ¼ βE � rm � rfð Þ � K (6)

where RUL is the credit-risk-adjusted cost of UL;
PUL is the credit-risk-adjusted premium for UL; rE
is the return required by the market on own funds in
the banking sector. This return is adjusted to the
market risk (capital asset pricing model, CAPM);
βE is the beta of shares in the banking sector; rm is
the return on the stock market; rf is the return on a
risk-free asset; (rm – rf) is the risk premium for the

capital market; and K is the capital requirement for
credit risk under Basel II (Appendix 1).

Remuneration to cover expected and unexpected
loss

From the previous sections, we obtain the following
final formulas for the technical risk-adjusted interest
premium and for the technical risk-adjusted IR:

Technical Risk � Adjusted Interest Premium;

PRC ¼ PEL þ PUL

PRC ¼ rf þ PD � LGD
1� PD � LGD � rf

� �
þ βE � rm � rfð Þ � K

(7)

Technical Risk � Adjusted Interest Rate;

iRC ¼ REL þ RUL

iRC ¼ rf þ PD � LGD
1� PD � LGD

� �
þ rf þ βE � rm � rfð Þð Þ � K

(8)

As can be seen, in accordance with Basel II, the
loan pricing model cannot be applied to LGs with-
out previously estimating two parameters, the PD of
the borrower and the indicator of systematic risk, or
beta value (β), of the banking sector. Both para-
meters are needed in order to calculate the return
required by the banking sector and are considered in
our empirical study, as discussed below.

III. Research Methodology

This empirical study is focused on Spain for two
reasons. First, previous research has highlighted the
fact that this country is of particular interest with
respect to the IRs charged on government loans
because for decades public spending here increased
at a faster rate than government revenue, thus gen-
erating significant budgetary shortfalls (Lassen,
2010; Martell and Kravchuk, 2010; Bailey and
Asenova, 2011). This situation, as in other countries
in a similar financial situation, has provoked the
issuance of balanced-budget rules, specifying and
limiting access to borrowing in the Spanish local
sector (Bastida et al., 2013).

6260 A. Navarro-Galera et al.
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Second, Spain has an extremely high level of
borrowing and a large structural gap in its govern-
ment finances (European Union (EU), 2012). This
difficult financial situation is a consequence of the
breach between revenues and expenses, caused by
the housing bubble, which led to cutbacks in public
services and to the adoption of regulatory reforms
such as the Local Government Rationalisation and
Sustainability Act, No. 27/2003 (Cabaleiro et al.,
2013; Bastida et al., 2014).

Estimation of PD

Sample and data. Our empirical study took into
account all Spanish LGs with a population of over
50 000 inhabitants. We selected these large munici-
palities for several reasons. First, they have very high
volumes of bank debt (Bailey et al., 2014; Bastida
et al., 2013). According to the Bank of Spain (2014),
during the period 1992–2005, municipal debt in
Spain increased by 32.60% in real terms. In 2008,
the total debt of Spanish LGs exceeded 26 billion
euros (2.4% GDP), and by 2009 this figure had risen
to over 29 billion euros (2.8% GDP). Most of this
borrowing corresponded to the large LGs, which
account for 38.7% of total local spending
(Fundación La Caixa., 2013).
According to credit rating agencies (Moody’s

Investors Service, 2013) and the EU Fiscal
Sustainability Report (2012), the financial situation
of these LGs is among those causing most concern in
the eurozone. Thus, the Local Government
Rationalisation and Sustainability Act, No. 27/
2003, included among its background motivations
the existence of solvency problems arising from
financial mismanagement by large Spanish
municipalities.
Second, Spain has 8112 LGs, most of which have

fewer than 5000 inhabitants and widely varying ser-
vice-provision powers, which forces us to adopt a
selection criterion. In accordance with numerous
prior empirical studies of LG finance (Pina et al.,
2009; Zafra-Gómez et al., 2009; Benito et al.,
2010; Guillamón et al., 2011; Alcaraz-Quiles et al.,
2014; Navarro et al., 2014; Rodríguez et al., 2014),
we chose to examine exclusively municipalities with
relatively large populations.
Among other reasons, this decision was taken

because (a) municipalities with over 50 000 inhabi-
tants represent nearly 56% of the Spanish population
(Fundación La Caixa., 2013); (b) the accounting

model used by LGs with large populations (regulated
by Ministry of Finance and Public Administration,
2013) is considerably more complete and detailed
than the simplified version used by small municipa-
lities, and thus we were able to obtain high-quality
information with which to design our financial
model; (c) as observed by Navarro et al. (2010) and
Rodriguez Bolivar and Navarro Galera (2007), the
professional training of managers in large municipa-
lities is usually more complete than that available to
municipalities with smaller populations, which could
favour innovation regarding IR negotiations; (d)
under current legislation, large municipalities are
obliged to provide an identical catalogue of services
(including public transport, policing, sewage, waste
disposal, green areas and sports services), which
facilitates the homogeneity of our analysis.
In accordance with these considerations, we

selected the 148 Spanish municipalities with more
than 50 000 inhabitants and analysed information for
the period 2008–2011, obtaining a sample of 592
observations.

The dependent variable. According to Basel II
and Circular 3/2008 of the Bank of Spain, a loan is
in default when there are reasonable doubts as to
whether the borrower can meet his financial obliga-
tions. Such doubts may be raised, among other cir-
cumstances, if the debtor’s solvency worsens, as
revealed by an inadequate economic or financial
structure, negative equity, continuing losses, general-
ized late payments, insufficient cash flow to pay
debts, inability to obtain additional financing or a
situation of official receivership. Following these
criteria, and those set out in Spanish legislation and
recommended in prior studies of the financial analy-
sis of LGs (Zafra-Gómez et al., 2009; Cohen et al.,
2012; Moody’s Investors Service, 2013; Cabaleiro
et al., 2013; Rodríguez et al., 2014), we consider an
LG to be in default when at least one of the condi-
tions, or financial indicators, stipulated below is met:

● Default 1: Cash surplus for overheads < 0
(Index of cash surplus). Addressed in Article
193 of the Revised Text of the Local
Government Finance Act. For information on
this item, we consulted various sources, in the
following order of preference: (a) the Court of
Auditors, through its accountability website;
(b) the external audit body for the autonomous

Pricing model in local governments 6261
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community to which the municipality belongs;
and (c) the local authority’s own website.

● Default 2: Legal borrowing limit (capital or
current debt) exceeding 110% of current rev-
enues, in accordance with Article 53.2 of the
Revised Text of the Local Government Finance
Act. For information on this variable, we con-
sulted the virtual office of local authorities,
administered by the Ministry of Finance and
Public Administration.

● Default 3: Solvency (current assets/current
liabilities) < 1. This indicator of solvency is
commonly used in financial analysis. For infor-
mation on this variable, we consulted the same
sources of information as for the Default 1
condition.

● Default 4: Gross budget savings (current rev-
enue – current expenditure) < 0, as established
in Article 53.1 of the Revised Text of the Local

Government Finance Act. For information on
this variable, we consulted the virtual office for
financial coordination with local authorities,
administered by the Ministry of Finance and
Public Administration.

Independent variables. Table 1 shows the input
variables used in our study to calculate PD, classified
into three groups: population, socio-economic and
financial. This classification and the expected signs
for each variable are based on the findings of pre-
vious research into LG finance.
Previous studies (Solé-Ollé, 2006; Schaltegge and

Torgler, 2006; Gonçalves-Veiga and Veiga, 2007;
Zafra-Gómez et al., 2009; Benito et al., 2010;
Guillamón et al., 2011; Wang and Hou, 2012) have
found that four population variables – population
size, population density, dependent population and

Table 1. Description of demographic, socio-economic and government financial variables

Variable Description
Expected
estimator sign (β)

Population variables
Pop_Size Population size (million) Numeric variable. Source: Spanish Institute of Statistics

(INE).
+

Pop_Dens Population density: number of inhabitants/surface area of municipality (km2).
Numeric variable. Source: INE and La Caixa Yearbook.

+

Depend_Pop Proportion of dependent population: number of inhabitants aged < 16 and > 65/
total population. Numeric variable. Source: INE.

+

Immigr Proportion of immigrant population: number of immigrants/total population.
Numeric variable. Source: INE.

+

Socio-economic variables
Abs_Maj Absolute majority. Dummy variable: (0) absolute majority, (1) no absolute

majority. Source: Ministry of the Interior.
–

Political_Sign Political sign. Dummy variable: (0) conservative, (1) progressive. Source:
Ministry of Finance and Public Administration.

–

IPC Municipal income per capita: real budget income (thousands €)/total population.
Numeric variable. Source: Ministry of Finance and Public Administration and
INE.

–

Unemployment Proportion of unemployment: number of persons unemployed/total population.
Numeric variable. Source: Ministry of Employment and Social Security and
INE.

+

Government financial variables
Fin_Aut Financial autonomy: total income less transfers and grants/total income. Numeric

variable. Source: Ministry of Finance and Public Administration.
–

Fin_Struct General financing structure: debt finance/equity finance. Numeric variable.
Source: Court of Auditors.

+

Comp_Debt Debt composition and maturity: short-term debt/long-term debt. Numeric variable.
Source: Court of Auditors.

+

Source_Debt Origin and nature of the debt: financial debt/commercial debt. Numeric variable.
Source: Court of Auditors.

+

6262 A. Navarro-Galera et al.
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immigrant population – are positively associated
with the volume of LG debt; the greater their magni-
tude, the higher the demand for public spending and
services. These variables are expected to present a
positive sign because, as in the business sector
(West, 2000; Abdou, 2009), increased debt would
increase PD.
Second, the socio-economic variables affecting

municipalities could also affect their PD. Previous
research (Solé-Ollé, 2006; Wang et al., 2007; Zafra-
Gómez et al., 2009; Benito et al., 2010; Guillamón
et al., 2011; Pérez et al., 2013) has shown that LGs
without an absolute majority and led by progressive
parties are more likely to resort to borrowing, and so
we expect a negative sign for the first two socio-
economic variables. In parallel to this, Wang et al.
(2007) and Zafra-Gómez et al. (2009) concluded that
a higher value of the IPC suggests there is less need
for borrowing, and so the volume of debt would be
lower (expected negative sign). Furthermore, in stu-
dies of fiscal pressure on LGs, a positive relationship
has been observed between unemployment and the
volume of debt (Zafra-Gómez et al., 2009; Benito
et al., 2010), and so we expect this sign to be positive.
In short, these socio-economic variables may influ-
ence the volume of government debt; accordingly,
we believe they are also related to PD.
Third, we considered the financial variables that

may influence PD. According to Cabaleiro et al.
(2013), greater financial autonomy enhances the
financial health of LGs, in inverse relation to PD.
Therefore, the expected sign for this variable is nega-
tive. Furthermore, studies on default by private com-
panies (Mossman et al., 1998) show that an increase
in the leverage ratio raises PD. To the best of our
knowledge, no previous studies have included the
variable ‘composition of the debt’, but logically this
is a variable of interest for our purposes. A greater
proportion of short-term than of long-term debt
reduces LGs’ decision-making capabilities, and so
an increase in this ratio would be expected to increase
PD. Another variable we include that has not been
considered in previous studies in this field is a proxy
for the origin and nature of the debt (Source of Debt).
We expect a greater weight of bank debt to be asso-
ciated with higher PD.
Finally, research papers focused specifically on

explanatory factors of IRs have highlighted the
value of analysing the three types of variables we
consider. Thus, Christieaens et al. (2010) and Benson

and Marks (2004) recommend further study of the
relationship between financial information and IRs,
while Martell and Kravchuk (2010) and Daniels and
Vijayakumar (2007) believe that socio-economic fea-
tures of the community may account for variations
in IRs.

Statistical model. In this study, a mixed logistic
regression model was used to measure PD.
According to the literature, discrete choice models
are appropriate when the study goal is to analyse
the determinants of the probability of an indivi-
dual economic agent choosing a particular course
of action within a set of options, and such models
have been used in many cases to explain the
factors underlying PD (Hwang et al., 2013;
Jacobson et al., 2013; Kukuk and Rönnberg,
2013; Huyghebaert et al., 2014). Logit panel
data can be used to establish the correlation
between unobserved factors over time, and to
eliminate the bias arising from the existence of
unobservable and time-invariant heterogeneity
among individuals (Train, 2003).
The random intercept logit model was chosen for

several reasons: first, to control and model the unob-
served heterogeneity in our data. The model also
provides intra-class correlation, i.e. a percentage of
the variance of the dependent variable that is due to
individual unobserved characteristics. Second, it
allows for subject-specific interpretations and infer-
ences. However, this model is sensitive to possible
subject-level confounding, which can produce
inconsistent estimates. Third, panel data methodol-
ogy is applied to the financial sustainability of the
public sector, particularly in public administration
and public management (De Mello Jr, 2002;
Schaltegge and Torgler, 2006; Solé-Ollé and
Sorribas-Navarro, 2012).
Under the theoretical framework based on the

discrete choice model proposed by McFadden
(2001) and McFadden and Train (2000), for
each observation i there may be j alternatives at
time t given a deterministic indirect utility func-
tion of alternative j that can be captured by the
explanatory variables. To deal with the particular
structure of these municipal data – i.e. longitudi-
nal data structure and random time effects – a
logit panel model is used to estimate the prob-
ability that a LG i will default at time t (PD).
This can be computed as follows:
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PD ¼ ProbðYit ¼ 1Þ
¼ exp αi þ Xitβi þ εitð Þ

1þ exp αi þ Xitβi þ εitð Þ (9)

where αi represents the constant term, Xit represents a
vector of explanatory variables that affect the PD
each year and εit is a random term. Yit is a dummy
variable that equals 1 if at time t the LG i is in default,
and 0 if at time t it is not:

Yit ¼ 1; if local government i defaults ;
0; if local government i does not default

�
(10)

Finally, the model implemented in this study meets
all the requirements of Basel II and of Circular
3/2008, issued by the Bank of Spain, for statistical
models used to calculate PD. In both texts, these
requirements include the following: (a) the model
must present good predictive power; (b) the variables
introduced should provide a reasonable and effective
basis for the predictions made, and the model must
not be subject to any significant degree of bias;
(c) there must exist a process to verify the data
entered as parameters for the model, assessing the
accuracy, completeness and appropriateness of the
data; and (d) it must be shown that the data used to
build the model are truly representative of the credit
institution’s debtors and of its risk exposure.

Empirical estimation of the β of the banking sector

To calculate the β of the banking sector, we used a
linear regression model in which the return of this

sector is the dependent variable and the return of the
General Index of the Madrid Stock Exchange is the
explanatory variable. We then calculated the market
risk premium and the return required by bank share-
holders on the capital invested, applying a CAPM
model.
Formulas 7 and 8 above depend on the return

required by bank shareholders on the capital sup-
plied in loan operations. In turn, according to the
CAPM model, this return depends on the risk-free
IR, the systematic risk (β) of the banking sector
and the risk premium of the capital market. The β
for the Spanish banking sector was estimated by
running the OLS regression for the above equa-
tion with 2008–2011 data for the Spanish Index,
according to the banking sector data set, where Ri

is the average monthly return in the Spanish bank-
ing sector (Madrid Stock Exchange bank shares
index) and Rm is the average monthly return on
the Madrid Stock Exchange general shares index
in the regression. Ruthenberg and Landskroner
(2008) and Kontogeorgis (2010) have also applied
this methodology, to the Israeli and Danish bank-
ing sectors, respectively.

IV. Empirical Results

Calculating the probability of default

The logistic regression analysis performed on the
data included in this study shows that a loan default
occurred in 302 cases (51.01%), while in 290
(48.99%) there was no default. Table 2 presents the
estimated coefficients of the conditional random-
effects logistic regression of the final model, together

Table 2. Variables included in the final model

Variable Coeff. (β) SE Exp (β)

POP_DENS −0.270232*** 0.0768787 0.7632023
DEPEND_POP −21.59687*** 7.266459 4.1744E-10
POLITICAL_SIGN (1) −1.757557*** 0.3756014 0.1724656
IPC −5.756884*** 0.7862592 0.0031609
FIN_STRUCT 0.444984*** 0.1428 1.560465
COMP_DEBT 1.182225*** 0.2314663 3.261624
Constant 13.267*** 2.618851

Notes: Log likelihood: 261.67.
Wald χ2: 77.07; sig.: 0.000.
χ2: 28.54; sig.: 0.000.
Hausman (1978) test: 7.79; sig.: 0.2542.
*Represent significance at the 10% level, **represent significance at the 5% level and ***represent
significance at the 1% level.
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with their statistical significance and other relevant
statistics. Of the 12 variables analysed, 6 were found
to be significant. The model overall was significant,
and according to the coefficients, two variables
exerted a positive influence on PD, and another
four, a negative influence. There was a very low
level of correlation among the statistically significant
variables.
For an optimal cut-off of 0.50, we obtained an

accuracy of 76.01% for the correct classification of
the database items. This result, together with a sensi-
tivity value of 76.42% and a specificity of 75.64%,
suggests that the model has good predictive
capabilities.
Our results show that an increase in the two

population variables (population density and
dependent population) can increase PD. We also
found evidence of an inverse relationship between
PD and the socio-economic variables per capita
income and government by a conservative party.
The results for the financial variables suggest that
an increase in the proportion of short-term debt
can increase PD.
The multicollinearity study confirms that there

is no relationship among these variables that
would account for the event studied. We con-
clude, therefore, that the results obtained are
robust and reliable.

Beta of the banking sector

The results obtained from the linear regression
model show that the β of the Spanish banking sector
is 1.445 (i.e. when the return on the market index
changes by 1%, the profitability of the banking
sector changes by 1.445%). The model adequately
explains the variations in the returns of the banking
sector in relation to changes in the Spanish General
Stock Market index (p-value of the β: 0.000;
adjusted R2 value: 88.3%; Durwin–Watson value:
2.062). The Spanish market risk premium used for
the study period was 5.9% (Fernández et al., 2011).
The risk-free IR was 1.969% (LIBOR in euros at 12
months, listed at year-end 2011). Finally, the return
required by the banking sector for credit risk was
10.47% (see Formula 11).

rE ¼ rf þ βE�ðrm � rf Þ
¼ 1:966%þ 1:445 � 5:9% ¼ 10:47%

(11)

Formulation of the study model

As explained in Section II, in order to apply the
financial loan pricing model reflected in Formulas
7 and 8 we must empirically estimate two para-
meters, PD and the β of the banking sector. Once
these estimates have been obtained, the resulting
financial model has the following mathematical
formulation:

PRC ¼ 1:969%þPD�45%
1� PD�45% � 1:969%

� �
þ 1:445% � 5:9%�K

(12)

iRC ¼ 1:969%þPD�45%
1� PD�45%

� �
þ 10:47%�K (13)

To calculate the credit risk premium and the
credit-risk-adjusted bank IR for the LGs analysed,
we assign a rating to each LG according to its PD,
taking as a benchmark the internal credit quality
ratings and the PDs applied by Banco Santander in
its IRB approach for LGs. The rationale for using
the rating scale of this bank is, first, that Banco
Santander is certified by Standard & Poor’s (see
the Banco Santander 2012 Report ‘Information of
Prudential Relevance’, p. 60. http://www.santander.
com) and, moreover, it is the Spanish bank with one
of the largest portfolios of loans granted to LGs in
Spain.
After having assigned the credit ratings, we calcu-

late the average credit risk premiums and credit-risk-
adjusted IRs for each rating group, using both the
standardized approach and the IRB. Finally, for each
of the 148 LGs we calculate its credit risk premium
and the corresponding IRs, taking into account the
PD determined by both methods.
From the PD obtained for each LG, under Formula

10, and from Table A2.1, it can be seen that of the
148 LGs studied, 3 (2% of the total) have an AA–
rating, 1 (1%), has a rating between BB and BB–, 9
(6%) have a rating of B+ to B–, 39 (26%) have a
rating of CCC to C (26%) and 96 (65%) are rated D.
Analysis of the credit risk premium (Fig. 2) shows

that the LGs rated AA– with the standardized
approach obtain an average credit risk premium of
0.16%, while the corresponding figure under IRB is
0.12%. The LGs rated as BB to BB– have a risk
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premium of 1.17% (standardized approach) and
0.97% (IRB). Those rated from B+ to B– have a
risk premium of 1.17% (standardized approach)
and 2.86% (IRB). Those rated from CCC to C
have a risk premium of 2.98% (standard) and
11.42% (IRB). Finally, those rated D have a pre-
mium of 83.43% under both methods since PD in
this case is 100%.
Figure 3 shows the average credit-risk-adjusted

IRs for the different credit ratings. The LGs with an
AA– rating in the standardized approach have an IR
of 2.16% and one of 2.11%with IRB approach. For a
rating of BB to BB–, the IR is 3.30% under the
standardized approach and 3.08% under IRB. LGs
with a rating from B+ to B– have an IR of 3.30%

under the standardized approach and 5.07% under
IRB approach. For those with a credit rating of CCC
to C, the IR is 5.19% under the standard approach
and 13.77% under IRB approach. Finally, those with
a D credit rating have an IR of 85.40% because the
PD is 100%.
Finally, Appendix 2 shows the individual credit

risk situation for each of the Spanish LGs analysed,
with respect to the PD determined according to the
standardized approach and IRB approach, together
with the result of applying this credit risk to the
corresponding credit risk premiums, according to
the standardized approach and to IRB approach,
and in terms of the risk-adjusted IRs according to
each method.

Fig. 3. Credit-risk-adjusted interest rates for the LGs analysed

Fig. 2. Credit-risk-adjusted premiums for the LGs analysed
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V. Conclusions

Analysis of the IRs applied to government borrowing
is a research question of great current interest.
Previous studies and international agencies acknowl-
edge that in the present context of high levels of LG
borrowing a reduction in IRs would produce budget-
ary savings and enable other spending priorities to be
met and/or the tax burden reduced, thus contributing
to the sustainability of public services. However, to
date, previous studies have not sought to provide LG
managers with a means of calculating the IR derived
from the risk premium applicable to their situation.
Following the Basel II rules, in this article we define

a financial model to estimate loan pricing. The math-
ematical formulation of this model allows LG man-
agers to negotiate bank loans with robust arguments to
achieve the lowest possible IR. Based on an empirical
study of the largest Spanish municipalities for the
period 2008–2011, our model allows managers to
calculate, from their own resources, the maximum IR
acceptable by estimating the specific risk premium
applicable and by analysing the technical and com-
mercial components of the IRs charged.
The loan pricing model we have designed shows

that the credit risk premium and the risk-adjusted IR
depend on variables that are included in the Basel II
rules (PD, severity and capital requirements), and also
on financial market variables (risk-free IR, the β of the
banking sector and the risk premium of the capital
market). Therefore, for our financial model to accu-
rately calculate the IR applicable, the LG concerned
must empirically estimate two parameters: PD, which
depends on the individual characteristics of each LG,
and the systematic risk of the banking sector, which is
determined by financial market variables.
Our empirical study shows that PD is influenced by

population, socio-economic and financial factors. The
behaviour of these variables may impact on the PD of
the LG requesting the loan and therefore affect the IR
charged, which its managers must negotiate after ana-
lysing the effect produced on the risk premium.
Under the financial model designed, our results

indicate that in municipalities with low population
density and a relatively small dependent population,
LGs have a lower PD, and so their risk premiums
should be lower. In consequence, they should be
charged lower IRs than municipalities where the
population density is high and the dependent popula-
tion larger. The model, thus, provides consistent

arguments to support LG managers in their loan
negotiations with banks.
Furthermore, our evidence shows that a rising per

capita income is associated with a lower PD and
hence the risk premium should be lower.
Accordingly, LGs where this variable presents higher
values should pay lower IRs than less prosperous
LGs. Our empirical results also show that the politi-
cal orientation of the governing party can influence
the risk premium and, consequently, may be an argu-
ment for reducing the IR payable.
Similarly, in designing this model, we obtained

evidence that the short-/long-term nature and the
volume of the debt both affect the risk premium.
Specifically, LGs with greater volumes of short-
term debt would be more poorly placed to negotiate
lower IRs than those with less debt and longer-term
maturities.
In contrast, we found no evidence of any relation-

ship between other factors and PD, although previous
studies have reported that population size, immigrant
population, simple majority of the governing party
and level of unemployment in the municipality all
influence the volume of LG debt. Thus, the formula-
tion of our model shows that not all factors that
contribute to increasing the volume of debt actually
influence the risk premium and hence the IR payable.
This fact could alleviate the upward impact made on
IRs by higher levels of LG borrowing.
In summary, we have designed a loan pricing

model that is useful and reliable for managers seeking
to negotiate lower IRs on LG bank loans. The pro-
posed mathematical formulation allows LGs to justify
alternative proposals by citing credit-risk-adjusted IRs
that are specific to the situation of each municipality.
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Appendix 1. Capital Requirement
Formulas for LGs under Basel II Rules and
according to Bank of Spain Circular
No. 3/2008

Standardized approach

K ¼ EAD �WF½ � � 8% ¼ RWA � 8% (A1)

whereK is the capital requirement according to credit
risk; EAD is the exposure at default, net of bank
provisions; WF is the credit risk weight factor,
according to ratings agencies; RWA is the risk-
weighted asset. Calculated as EAD * WF.
Coefficient of capital according to credit risk = 8%.

IRB approach

b PDð Þ ¼ 0:11852� 0:05478 � ln PDð Þð Þ2 (A3)

RWA ¼ 12:5 � K � EAD (A4)

ρ PDð Þ ¼ 0:12 � 1� e�50�PD

1� e�50

þ 0:24 � 1� 1� e�50�PD

1� e�50

� � (A5)

EL ¼ PD � LGD � EAD (A6)

@K

@PD
> 0;

@K

@LGD
> 0;

@K

@ρ
0 and

@K

@M

� �
0 (A7)

where K is the capital requirement according to
credit risk, or UL; N(x) is the accumulated
distribution function of a standard normal random
variable; G(x) is the inverse accumulated distribu-
tion function of a standard normal random vari-
able; PD is the PD of the LG loan; LGD is
the loss given default. It is normally assumed
that LGD = 45%, given R is the default recovery
rate (LGD = 1 – R); b(PD) is the adjustment for
loan maturity. This adjustment reflects the
increase in K as PD rises; RWA is the risk-
weighted asset; Capital coefficient = 8%. In
Formula d, this coefficient is calculated as

1/8% = 12.5; ρ is the coefficient of correlation
of the borrower with the evolution of the econ-
omy; α(99.9%) is the confidence level at which
default losses are calculated for the bank, to be
met from provisions and capital; EAD is the expo-
sure at default; EL is the expected losses. This
variable is assumed to approximate the value of
bank provisions. It is calculated as PD · PGD ·
EAD; M is the maturity (time horizon of the
exposure to credit risk). It is normally assumed
that M = 2.5 years.

K ¼ LGD � N G PDð Þ þ ffiffiffiffiffiffiffiffiffiffiffiffiffi
ρ PDð Þp � G 0:999ð Þffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

1� ρ PDð Þp
 !

� PD � LGD
" #

� 1þ M � 2:5ð Þ � b PDð Þ½ � � 1; 06
1� 1:5 � b PDð Þ (A2)
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