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Abstract We investigate the role of (business) collater-
al and (personal) guarantees alongside small and medi-
um enterprise (SME), lending bank and loan character-
istics, macroeconomic conditions, sectors, and geo-
graphic locations while controlling for unobserved time
effects in predicting default at the peak of the financial
crisis. First, we find a positive relation between collat-
eral and default, and a negative relation between guar-
antees and default. Second, we find a negative relation
between the joint influence of collateral and high credit
score, and a positive relation between the joint influence
of collateral and low credit score and default. We also
find a negative relation between the joint influence of
guarantees and high credit score. These findings are
relevant for SME policies aimed at facilitating access
to credit, reducing the cost of borrowing, and decreasing
default; risk management of banks; and the application

of theories of financial economics in the context of a
financial crisis.

Keywords Corporate financing decisions . Financial
crisis . Government policy and regulation . Banks

JEL classification D82 . G01 . G18 . G20

1 Introduction

The prediction of default in bank loans to small and
medium enterprises (SMEs) has been a concern of man-
agers, academics, and policymakers for several decades
(Dietrich and Kaplan 1982; Laitinen 1992). The topic
acquired renewed interest in the 1990s with the adoption
and implementation of the Basel Capital Accords, which
not only play a vital role in the definition of limit
facilities, pricing, and risk management, but also initiat-
ed the requisite for banks to determine risk-based capital
requirements on the basis of the internal ratings ascribed
to their customers; in addition, they required supervisors
to detect early warning signals in bank loan portfolios
and regulators to assess pressure in the corporate sector
(Siddiqi 2006; Glantz and Mun 2008).

The 2007–2009 financial crisis enhanced concerns
about bank credit at several levels.1 SMEs were in need
of access to bank financing to implement their projects
in an adverse setting. Policymakers were required to
design monetary policy to unlock growth in ailing
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economies, to gauge the potential impact of defaults in
bank loans on the solvability and liquidity of banks, and
their consequent impact on the overall stability of the
financial system. This special setting provided aca-
demics with an exceptional laboratory to test their the-
ories (Abreu and Gulamhussen 2013). We contribute to
this emerging strand of literature by investigating the
role of (business) collateral and (personal) guarantees
alongside SME, bank and loan characteristics, and mac-
roeconomic conditions in predicting default at the peak
of the financial crisis.

The literature on defaults has been developed along
two distinct lines of inquiry. One seeks to develop
models that facilitate the determination of the factors
that predict default and their influence on the probability
of default (Westgaard andWijst 2001). Another seeks to
identify the financial (Laitinen 1992) and non-financial
factors (Dietrich and Kaplan 1982) that predict default.
In this latter vein, Bhimani et al. (2014) shed light on the
role of both the personal liability of owners of SMEs and
financial reporting information of SMEs in reducing
default. We extend this recent study along three main
lines. First, we use data straight from the credit portfolio
of a bank. Second, our data allow us to assess the role of
collateral and guarantees alongside SME and bank char-
acteristics, macroeconomic conditions, sectors, and geo-
graphic locations in which the SMEs operate. Third, our
data cover the peak of the 2007–2009 crisis, an excep-
tionally stressful setting for which we are able to ascer-
tain the predictors and associated probabilities of de-
fault, thus allowing us to draw implications for SME
financing, policymaking and the theory of corporate
finance during financial crisis situations.

The role of collateral and guarantees is particularly
relevant in the context of the financial crisis. Bank
lending to SMEs is commonly fraught with information
asymmetries and consequently involves higher screen-
ing and monitoring costs (Grunert and Norden 2012).
Banks respond to information asymmetries by retracting
on lending and charging higher interest rates (Stiglitz
and Weiss 1981) or lending with collateral regardless of
the project’s quality (Chan and Kanatas 1985).2 During
financial crises, banks may further retract on new lend-
ing to SMEs due to heightened capital requirements
imposed by regulators or to liquidity freezes (Bartoli

et al. 2013). Under these exceptional situations, banks
may secure collateral from SMEs or guarantees from the
owners of SMEs to obtain their commitment to exert
effort (Voordeckers and Steijvers 2006; Menkhoff et al.
2012) and to minimize risk-taking (Stulz and Johnson
1985).

A particular feature of our data is that we are able to
discern the collateral and guarantees of owners.3 With
collateral, SMEs are liable up to the amount of collateral
that they post; with guarantees, owners are liable beyond
their business assets. Collateral removes the downside
risk of owners while preserving the upside potential.
Guarantees amplify the risk of owners to an unlimited
extent. This uneven payoff does not ensure a lower
bound of zero in the payoff of equity and discourages
risk-seeking behavior (Bhimani and Ncube 2006).4

Bhimani et al. (2014) test the role of owner liability
alongside financial reporting information on SMEs in
predicting default during a stable financial setting. Our
data enables us to address the role of owner liability in
conjunction with the credit scores of SMEs and the
financial tension they experienced during the financial
crisis, loan characteristics, macroeconomic conditions,
sectors, and geographic locations in which the SMEs
operate while controlling for unobserved time-specific
effects.

We address the setting of our study in Section 2 and
construct the hypotheses in Section 3; describe the data
and our model in Section 4; report the findings and
robustness tests in Section 5; and summarize the con-
clusions and implications of our study in Section 6.

2 The uniqueness of the setting

Macroeconomic conditions The 2007–2009 financial
crisis is now considered the worst since the Great De-
pression of 1929. It is commonly believed that the
collapse of Lehman Brothers rapidly propagated to Eu-
rope through interbank markets. The impairment in the

2 Banks with more sophisticated lending technology overcome infor-
mation asymmetries by building long-term relationships with SMEs
(Berger and Udell 2002).

3 Ang et al. (1995) and Avery et al. (1998) differentiate business and
personal risks in the context of SMEs in the USA; Peltoniemi andVieru
(2013) assess the influence of personal guarantees in the pricing of
transaction and relationship loans extended by banks to SMEs in
Finland.
4 Financial option models use stock returns and volatility as inputs,
which limit their application to firms listed on stock markets (Duffie
and Singleton 2003).
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functioning of interbank markets soon led to a banking
crisis across the globe (Haughwout et al. 2009).

Policymakers in Europe initially responded to the
banking crisis by bailing out banks with the aim of
maintaining the stability of the financial system and
the supply of credit to the economy. Subsequently,
through the European Central Bank (ECB), they
embarked on a huge liquidity injection program in the
economy by sequentially taking public debt, mortgage-
backed securities, and SME loan portfolios as collateral.
In parallel, through the European Investment Bank
(EIB), they undertook a massive guarantee program to
facilitate the supply of credit to the economy, especially
to SMEs. These enormous efforts significantly alleviat-
ed the credit crunch. Nevertheless, the crisis inevitably
unsettled the supply of credit to the economy with
consequences for economic growth.

Despite the marked efforts of policymakers, banks in
Europe retracted on lending to SMEs during the finan-
cial crisis. In situations where banks did not retract on
lending, they secured business and personal guarantees
to extend loans to SMEs, with the aim of withstanding
the potential adverse outcomes of the financial crisis.
This setting provides an exceptional opportunity to ex-
tend the literature assessing the role of financial
reporting and non-financial information in predicting
default on bank loans to SMEs in the context of a stable
economic setting (Bhimani et al. 2014; Westgaard and
Wijst 2001) to a stressed economic scenario. Our find-
ings can further contribute to the understanding of the
consequences of the financial crisis and in particular of
the disruption in the supply of credit to SMEs.

Institutional infrastructure The impact of disruption in
the supply of credit, especially for SMEs in Europe,
could have been alleviated if these entities had been able
to tap into alternative sources of finance though the
issuance of equity, bonds, or hybrid instruments in cap-
ital markets or, alternatively, if they had had multiple
banking relationships. Unlike the USA, Europe has a
significantly bank-dominated financial infrastructure:
SMEs rely more extensively on bank credit due to the
lower development of capital markets. For example,
Krivogorsky (2011) shows that even in countries where
capital markets are well-developed, the level of separa-
tion between ownership and management remains very
low compared to the USA. Gama and VanAuken (2015)
show that SMEs in our context have a single bank
relationship and use trade credit as an alternative source

of credit. According to the ECB, 70% of SMEs in the
Euro area use bank-based financing via loans, over-
drafts, or lines of credit; 24% use trade credit; and only
2.2% of SMEs use market-based financing via the issu-
ance of debt or equity securities (ECB 2010).

Economic development indicators Despite the diversity
of the legal and judicial framework in Europe, it also
suffers as a result of the inefficiency of these
frameworks in some countries. The countries in the
latter situation are particularly different from the USA
in terms of legal rights, the time required to enforce
contracts, and the efficiency of the judicial system. For
example, the World Bank (2017) economic develop-
ment indicator on legal rights (0 = weak; 12 = strong)
around the world shows that Portugal scores 2 (Europe
scores 6.4) whereas the USA scored 11. Similarly,
whereas in Portugal it takes on average 547 (in Europe
460) days to enforce a contract, in the USA this takes
420 days. When we examine the quality of judicial
processes (0 = poor; 18 = strong), Portugal scores 12.5
(Europe scores 10.8) while the USA scores 13.8.

These economic development indicators highlight
significant differences in the legal and judicial struc-
tures across Europe in general (Portugal in particular)
and the USA, which makes the study particularly
interesting. Moreover, the legal and judicial struc-
tures increase the need of banks relying on the per-
sonal guarantee of owners to secure loans as these
guarantees not only extend the liability of owners but
also facilitate the seizure of owners’ assets that can be
transferred without significant time delay and judicial
costs.5

3 Hypotheses

We build our hypotheses from previous studies on the
prediction of default in bank loans extended to SMEs.
We group our hypotheses into SME, bank and loan
characteristics, macroeconomic conditions, sectors,
and geographic locations.

5 The inefficiency of the judicial system compared to the USA inhibits
banks from repossessing business assets swiftly. Banks may repossess
these assets after a prolonged period but their value may deteriorate.
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3.1 SME characteristics

Banks develop credit scores to guide credit, limit facil-
ities, and pricing decisions (Siddiqi 2006; Glantz and
Mun 2008). SMEs are ascribed internal scores by banks
following an analysis of their financial reporting and
non-financial information. SMEs that receive a high
credit score are expected to default less than those
receiving a low credit score (Butera and Faff 2006).
We thus expect a negative relation between high credit
score and default (H1a) and a positive relation between
low credit score and default during the financial crisis
(H1b). The financial tension faced by the SME to secure
new loans, particularly during a crisis situation, indi-
cates higher potential of default (Bartoli et al. 2013). We
expect a positive relation between financial tension and
default (H1c).

3.2 Bank characteristics

Banks compliant with the Basel Capital Accords need to
carry minimum capital for their banking and trading
books. The banking book comprises loans extended to
SMEs that carry a specific weight for the calculation of
minimum required capital (Jacobson et al. 2005). This
capital is supposed to allow banks to withstand expected
and unexpected losses during crisis situations (Saurina
and Trucharte 2004). We expect a negative relation
between bank capital and default during the crisis situ-
ation (H2).

3.3 Loan characteristics: size

Loan characteristics also influence default. Loan size is
one such characteristic. Compared to small loans, large
loans are granted to finance large-scale projects which
may be complex and risky (Derban et al. 2005). We
expect a positive relation between loan size and default
(H3).

3.4 Loan characteristics: collateral and guarantees

Loans that are secured with collateral or guarantees will
be more negatively related to default than loans that are
not secured with collateral or guarantees because the
former mitigate moral hazard (Ono and Uesugi 2009).
We expect a negative relation between collateral (H4a)
and guarantees (H4b) and default.

There are two circumstances under which loans
may be secured with collateral or guarantees. First,
better-rated SMEs may be willing to post collateral
or pledge guarantees of their owners to signal their
quality (Bester 1985). Second, banks may force
poorly rated SMEs to post collateral or pledge guar-
antees to withstand losses from eventual default of
these firms (Holmstrom and Tirole 1997). We expect
a negative relation between the joint influence of
better rated SMEs and collateral (H4c1), and guar-
antees (H4d1), and default; and a positive relation
between the joint influence of poorly rated SMEs
and collateral (H4c2), and guarantees (H4d2), and
default.

3.5 Macroeconomic conditions

Macroeconomic conditions can significantly influ-
ence the ability of SMEs to repay their loans.
Under good macroeconomic conditions, SMEs will
be able to repay their loans or delay default, where-
as SMEs experiencing difficulties in stressful mac-
roeconomic conditions may not be able to delay
default on their loans (Westgaard and Wijst 2001).
We expect a negative (positive) relation between
good (stressful) macroeconomic conditions and de-
fault (H5).

3.6 Sectors and geographic locations

Different industries and geographic regions may ex-
hibit distinct opportunities and challenges. We distin-
guish between the sectors [primary (control variable
within this group of variables), secondary, and tertia-
ry] and the geographic locations [North, Center, Lis-
bon and Vale do Tejo, Alentejo, South (Algarve),
Madeira, Azores, and the Special Administrative Re-
gion (control variable within this group of character-
istics)] to capture their idiosyncratic influence on
default.6 We do not hypothesize any prior relation
between the sectors (H6a–c) and regions (H7a–h) and
default.

6 The sectors are classified according to the classification used by the
bank that provided the data. The locations are classified according to
the regional office that is responsible for the loan.
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4 Data, variables, and method

4.1 Sample

We use proprietary and confidential financial data on
loans extended to SMEs by a major commercial bank
operating in Portugal, gathered between January 2007
and December 2010, a period of severe crisis that coin-
cided with the liquidity crunch in the interbank market.7

We define SMEs as legal entities with fewer than 250
employees and annual business volumes of less than €50
million or assets that do not exceed €43million (European
Commission (EC) 2003). Our data comprise 5898 loans
granted to SMEs. European law mandates that all institu-
tions report every loan above €50 on a monthly basis to
their central banks. This information is maintained in the
central credit register of central banks. Thus, when
granting a new loan, a bank can observe the total amount
borrowed from other banks and whether the applicant has
any overdue loans. We exclude mortgage-backed loans
and loans extended to unincorporated businesses because
the assets of the owner are by their nature not separable
from the assets of the business; therefore, these loans
require separate analysis (Berger and Udell 2002).

4.2 Variables

Our data include one dependent variable: Default is
binary and equals 1 if the SME defaults after obtaining
the loan and 0 otherwise. The data also include four
distinct groups of independent variables: SME, bank,
loan characteristics, and macroeconomic conditions;
and sectors, and geographic locations. SME character-
istics include credit scores and financial tension. Credit
score is the internal rating ascribed by the bank to the
SME. This score combines data on the SME’s financial
reporting and non-financial information: high credit
score equals 1 if the score is classified as AAA to BB;
medium credit score equals 1 if the score is classified as
BB- to B-; low credit score equals 1 if the score is
classified as CCC to C; it equals 0 otherwise. Financial
tension is the ratio of the loan amount approved by the
bank to the firm and the total credit available to this firm

in the entire financial system. Bank characteristics in-
clude the Tier 1 capital, the ratio of total equity minus
revaluation reserves to risk-weighted assets. Loan char-
acteristics include the loan size in euros and collateral/
guarantees. Collateral equals 1 if the borrower has
offered firm assets to secure the loan, and guarantees
equals 1 if the borrower has pledged a personal guaran-
tee to secure the loan, and 0 otherwise. Macroeconomic
conditions include change in the growth rate of gross
domestic product from 1 year to another. Sectors and
geographic location variables include dummies for the
primary, secondary, and tertiary sectors; and dummies
for theNorth,Center, Lisbon and Vale do Tejo, Alentejo,
South (Algarve), Madeira, Azores, and the Special Ad-
ministrative Region (see also footnote 6).

4.3 Descriptive and univariate statistics

We report the descriptive statistics of our sample in
Table 1. In our sample, 27% of SMEs that received
new loans defaulted, a significantly higher proportion
than the 6% observed under stable macroeconomic eco-
nomics conditions (see for example in Bhimani et al.
2014). SME characteristics show that 45% were as-
cribed high credit score, 49% medium credit score,
and 6% low credit score; on average, they drew 36%
of their total credit from the bank. The bank in our
sample had an average Tier I capital of 7.79%, which
is above the minimum under the Basel Capital Accords
at the time. The average loan sizewas €117,000; 14% of
SMEs posted collateral and 57% pledged guarantees.8

The lower proportion of collateral compared to guaran-
tees is common in countries with weak legal rights and
high (large) contract enforcement costs (periods). In the
sample, 4% of SMEs are from the primary sector, 39%
from the secondary sector, and 58% from the tertiary
sector. In addition, 32% of SMEs in the sample are from
the North, 32% from the Center, and 17% from Lisbon
and Vale do Tejo, 9% from Alentejo, 4% from Azores,
3% from the South (Algarve), 1% from Madeira, and
3% from the Special Administrative Region.

Focusing on the interaction of collateral with credit
score variables, our descriptive statistics reveal that 6%
of SMEs that posted collateral had a high credit score,

7 There are two reasons for including data for 2010 in our analysis:
First, although the global financial crisis occurred in 2007–9, its impact
on our setting extended beyond this, and culminated in a bailout of the
country in 2011. Second, as common to the study of defaults, we use
data for 2007 (2008 and 2009) to predict defaults in 2008 (2009 and
2010).

8 From the SMEs’ perspective, this could be related to the inability to
subsequently dispose of the assets for alternative uses or to the absence
of assets to post collateral. From the banks’ perspective, this could also
be related to the quality of assets. Understanding these issues constitute
interesting avenues for future research.
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Table 1 Descriptive statistics for variables used in the study

Observations Type Mean Standard deviation Minimum Maximum

Dependent variables

Default 5898 Yes = 1; No = 0 0.267 0.442 0 1

Independent variables

SME characteristics

High credit score 5898 Yes = 1; No = 0 0.447 0.497 0 1

Medium credit score 5898 Yes = 1; No = 0 0.494 0.500 0 1

Low credit score 5898 Yes = 1; No = 0 0.058 0.233 0 1

Financial tension 5898 Continuous (%) 36.107 27.873 0.024 100

Bank characteristics

Tier 1 capital 5898 Continuous (%) 7.790 1.071 6.2 8.9

Loan characteristics

Size 5898 Continuous (k€) 117,465 159,279 5000 997,596

Collateral 5898 Yes = 1; No = 0 0.136 0.343 0 1

Guarantees 5898 Yes = 1; No = 0 0.567 0.496 0 1

Macroeconomic conditions

Growth 5898 Continuous (%) 0.149 2.147 −3.071 2.292

Sectors

Primary (control) 5898 Yes = 1; No = 0 0.038 0.191 0 1

Secondary 5898 Yes = 1; No = 0 0.387 0.487 0 1

Tertiary 5898 Yes = 1; No = 0 0.575 0.494 0 1

Geographic locations

North 5898 Yes = 1; No = 0 0.324 0.468 0 1

Center 5898 Yes = 1; No = 0 0.318 0.466 0 1

Lisbon and Vale do Tejo 5898 Yes = 1; No = 0 0.170 0.376 0 1

Alentejo 5898 Yes = 1; No = 0 0.086 0.281 0 1

South (Algarve) 5898 Yes = 1; No = 0 0.025 0.155 0 1

Madeira 5898 Yes = 1; No = 0 0.013 0.113 0 1

Azores 5898 Yes = 1; No = 0 0.039 0.193 0 1

Special Administrative Region (control) 5898 Yes = 1; No = 0 0.026 0.158 0 1

Time-specific effects

2007 5898 Yes = 1; No = 0 0.201 0.401 0 1

2008 5898 Yes = 1; No = 0 0.240 0.427 0 1

2009 5898 Yes = 1; No = 0 0.276 0.447 0 1

2010 5898 Yes = 1; No = 0 0.282 0.450 0 1

Interactions

Collateral × high credit score 5898 Yes = 1; No = 0 0.058 0.233 0 1

Collateral × low credit score 5898 Yes = 1; No = 0 0.009 0.096 0 1

Guarantees × high credit score 5898 Yes = 1; No = 0 0.249 0.433 0 1

Guarantees × low credit score 5898 Yes = 1; No = 0 0.036 0.187 0 1

Default = 1 if the borrower did not default previously but defaulted after the loan was granted (0,1); high credit score = 1 if the loan is
classified with an internal credit score of AAA to BB (0, 1); medium credit score = 1 if the loan is classified with an internal credit score of
BB- to B- (0,1); low credit score = 1 if the loan is classified with an internal credit score of CCC to C (0,1); financial tension = ratio between
the loan amount approved by the bank to the firm and the total credit available in the entire financial system for the firm (%); Tier 1 capital
[(total equity – revaluation reserves)/risk-based assets]; size = loan amount, in thousands, measured in euros (in the regressions used as the
natural logarithm); collateral = 1 if the borrower posted firm assets as collateral (0,1); guarantees = 1 if the borrower posted personal
guarantees (0,1); growth = Gross Domestic Product per capita growth (base year =2011) (%); primary = 1 if the borrower operates in the
primary sector (0,1); secondary = 1 if the borrower operates in the secondary sector (0,1); tertiary = 1 if the borrower operates in the tertiary
sector (0,1); north = 1 if the loan is monitored by a bank branch in the Portuguese region BNorth^ (0,1); center = 1 if the borrower operates in
the Portuguese region BCenter^ (0,1); Lisbon and Vale do Tejo = 1 if the borrower operates in the Portuguese region BLisbon and Vale do
Tejo^ (0,1); Alentejo = 1 if the borrower operates in the Portuguese region BAlentejo^ (0,1); South (Algarve) 1 if the borrower operates in
Portuguese region BSouth (Algarve)^ (0,1); Madeira = 1 if the borrower operates in the Portuguese region BMadeira^ (0,1); Azores = 1 if the
borrower operates in the Portuguese region BAzores^ (0,1); Special Administrative Region = 1 if the borrower operates in the Portuguese
BSpecial Administrative Region^ (0,1); 2007 = 1 if loan was extended in 2007 (0,1); 2008 = 1 if the loan was extended in 2008 (0,1);
2009 = 1 if the loan was extended in 2009 (0,1); 2010 = 1 if the loan was extended in 2010 (0,1)
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Table 4 Probit regression for the baseline model

Y = Default

Baseline

Probit estimate
coefficient

Marginal
effects

SME characteristics

High credit score −0.966*** −0.283***
(0.041) (0.011)

Low credit score 0.249*** 0.083***

(0.074) (0.026)

Financial tension −0.002*** −0.001***
(0.001) (0.000)

Bank characteristics

Tier 1 capital −0.161*** −0.050***
(0.019) (0.006)

Loan characteristics

Size 0.003 0.001

(0.016) (0.005)

Collateral 0.093* 0.029*

(0.055) (0.018)

Guarantees −0.125*** −0.039***
(0.039) (0.012)

Macroeconomic conditions

Growth −0.015 −0.005
(0.009) (0.003)

Sectors

Secondary 0.464*** 0.148***

(0.110) (0.036)

Tertiary 0.297*** 0.090***

(0.109) (0.032)

Geographic locations

North −0.034 −0.010
(0.116) (0.036)

Center −0.060 −0.018
(0.116) (0.035)

Lisbon and Vale do Tejo −0.015 −0.005
(0.120) (0.037)

Alentejo −0.126 −0.037
(0.129) (0.037)

South (Algarve) −0.268 −0.075*
(0.166) (0.042)

Madeira −0.267 −0.075
(0.207) (0.051)

Azores 0.019 0.006

(0.144) (0.045)
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and 1% had a low credit score. Regarding the interaction
of guarantees, our descriptive statistics reveal that 25%
of SMEs that posted personal guarantees had a high
credit score and 4% had a low credit score.

We report the univariate statistics for our sample,
distinguishing between the SMEs that defaulted and
those that did not in Table 2. For SMEs that defaulted
and SMEs that did not, we find statistically meaningful
differences across all variables except loan size and
collateral. In this panel, we find statistically meaningful
differences in Madeira and the Special Administrative
Region. In particular, fewer of the SMEs that defaulted
pledged guarantees (51%) compared to SMEs that did
not default (59%).

In Table 3, we report the correlations for all
variables. We do not find linear dependence in our
variables to the point of causing any bias in the
estimation of our model.

In addition, we also computed the variance infla-
tion factors (VIF) for SME characteristics, namely
credit scores (high–1.07; low–1.07) and financial
tension (1.02); bank Tier I capital (1.21); loan char-
acteristics, namely, size (1.07), collateral (1.08), and
guarantees (1.10); and macroeconomic conditions,
namely, growth (1.14). These VIF are very low and
reinforce the finding of absence of linear dependence
of the variables in Table 3.

4.4 Method

We investigate default as a function of the SME
(High (low) credit scores and Financial tension),
bank (Tier I capital), and loan (Size, Collateral,
Guarantees) characteristics, macroeconomic condi-
tions (Growth), and dummies for the sectors (Prima-
ry, Secondary, and Tertiary) and geographic locations
[North, Center, Lisbon and Vale do Tejo, Alentejo,
South (Algarve), Madeira, Azores, and the Special
Administrative Region].

Our method involves the testing of hypotheses formu-
lated in Section 3 of this paper, i.e., whether or not the
sign and significance of the coefficients reject the hypoth-
eses; the marginal effects to assess the impact of change
in independent variables on the dependent variable; and
the computation of the predicted probabilities of default
with the binary probabilistic model (probit).9

We developed one model from the training sample
with one-third partition and tested this model on the
holdout sample composed of different SMEs or the
same SMEs but with different year accounts. We used
the training dataset for preliminary model fitting and the
holdout sample to assess the model and estimate prob-
abilities of default. We used stratified random sampling
to maintain partitioned datasets.

5 Findings

We report the findings on default rates in Table 4. In
this table, we find a negative relation between high
credit score and default (statistically significant at the
1% level of confidence) and a positive relation be-
tween low credit score and default (statistically sig-
nificant at the 1% level of confidence). A discrete
change in high credit score (from 0 to 1) decreases
the probability of default by 28.3%, and a discrete
change in low credit score (from 0 to 1) increases the
probability of default by 8.3%. We do not reject
hypotheses H1a–H1b. We find a negative relation
between Tier I capital and default (statistically sig-
nificant at the 1% level of confidence). A unit in-
crease in the Tier I capital decreases the probability

9 Our sample comprises information on new loans to firms. In this
sample, we do not have firms that received more than one loan. If we
had pooled data, then the generalized estimating equations would
certainly be more appropriate.

Table 4 (continued)

Y = Default

Baseline

Probit estimate
coefficient

Marginal
effects

Intercept 0.790***

(0.218)

Time-specific effects Yes

Predicted probability of default 23.80%

−2 log likelihood −3024.340
N 5898

Cragg-Uhler (Nagelkerke) R2 0.183

Maximum likelihood
(Cox-Snell) R2

0.126

For the definition of the variables see Table 1. Standard errors are
reported between brackets

***p < 0.01; **p < 0.05; *p < 0.10

600 F. D. Duarte et al.



Table 5 Probit regressions for Collateral × Credit Scores

Y = default

A: Collateral × high credit score B: Collateral × low credit score

Probit estimated
coefficient

Marginal effects Probit estimated
coefficient

Marginal effects

SME characteristics

High credit score −1.021*** −0.298*** −1.681*** −0.283***
(0.044) (0.012) (0.074) (0.011)

Low credit score 0.254*** 0.084*** 0.382*** 0.074***

(0.074) (0.026) (0.130) (0.027)

Financial tension −0.002*** −0.001*** −0.004*** −0.001***
(0.001) (0.000) (0.001) (0.000)

Bank characteristics

Tier 1 −0.159*** −0.049*** −0.269*** −0.048***
(0.019) (0.006) (0.033) (0.006)

Loan characteristics

Size 0.004 0.001 0.014 0.003

(0.016) (0.005) (0.028) (0.005)

Collateral −0.038 −0.011 0.134 0.024

(0.068) (0.020) (0.100) (0.019)

Guarantees −0.123*** −0.038*** −0.207*** −0.037***
(0.039) (0.012) (0.066) (0.012)

Macroeconomic conditions

Growth −0.015 −0.005 −0.026 −0.005
(0.009) (0.003) (0.016) (0.003)

Sectors

Secondary 0.460*** 0.147*** 0.826*** 0.153***

(0.110) (0.036) (0.197) (0.038)

Tertiary 0.289*** 0.088*** 0.537*** 0.093***

(0.109) (0.032) (0.194) (0.033)

Geographic locations

North −0.026 −0.008 −0.028 −0.005
(0.116) (0.036) (0.199) (0.035)

Center −0.054 −0.017 −0.069 −0.012
(0.116) (0.035) (0.199) (0.035)

Lisbon and Vale do Tejo −0.008 −0.002 0.005 0.001

(0.120) (0.037) (0.205) (0.037)

Alentejo −0.119 −0.036 −0.187 −0.032
(0.129) (0.037) (0.221) (0.036)

South (Algarve) −0.260 −0.073* −0.431 −0.068*
(0.167) (0.042) (0.287) (0.040)

Madeira −0.251 −0.071 −0.477 −0.074
(0.208) (0.052) (0.369) (0.049)

Azores 0.025 0.008 0.063 0.011

(0.144) (0.045) (0.245) (0.045)
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of default by 5.0%. We do not reject hypothesis H2.
We find a positive relation between collateral and
default (statistically significant at the 10% level of
confidence).10 A discrete change in collateral (from
0 to 1) increases the probability of default by 2.9%.
We reject hypothesis H4a. We find a negative relation
between guarantees and default (statistically signifi-
cant at the 1% level of confidence). A discrete change
in the guarantees (from 0 to 1) decreases the proba-
bility of default by 3.9%. We do not reject hypothesis
H4b. With respect to sectors, we find a positive
relation between the secondary and tertiary and de-
fault (statistically significant at the 1% level of con-
fidence). Discrete changes in the secondary and ter-
tiary sectors (from 0 to 1) increase the probability of
default by 14.8 and 9%. We do not reject hypotheses
H6b–c. With respect to regions, we find a negative
relation between South (Algarve) and default (statis-
tically significant at the 10% level of confidence). A
discrete change in the region South (Algarve) reduces

the probability of default by 7.5%. We do not reject
hypothesis 7e.11

5.1 Interaction of collateral (guarantees) and high(low)
credit score

To ascertain the joint influence of collateral (guaran-
tees)with high(low) credit score SMEs, we re-estimated
our baseline model, including the interaction variables.
We report the findings of these estimations in Table 5
(collateral), panel A (high credit score) and panel B
(low credit score); and Table 6 (guarantees), panel A
(high credit score) and panel B (low credit score). We
focus our analyses on the coefficients and marginal
effects obtained from the linear combination of the
independent variables of interest. In Table 5, panel A,
we find a negative relation between collateral × high
credit score and default (statistically significant at the
1% level of confidence). A discrete change in the

10 This finding is surprising albeit at the 10% level of confidence. In
unreported regression, we re-estimated this (and other) models with
data for only 2008–2009 and the relation between collateral and
default ceased to be significant at a statistically meaningful level.

Table 5 (continued)

Y = default

A: Collateral × high credit score B: Collateral × low credit score

Probit estimated
coefficient

Marginal effects Probit estimated
coefficient

Marginal effects

Interactions 0.383***a 0.131*** 0.178b 0.033

(0.111) (0.041) (0.317) (0.062)

Intercept 0.788*** 1.252***

(0.219) (0.377)

Time-specific effects Yes Yes

Predicted probability of default 23.74% 23.81%

−2 log likelihood −3018.507 −3024.153
N 5898 5898

Cragg-Uhler (Nagelkerke) R2 0.186 0.183

Maximum likelihood (Cox-Snell) R2 0.127 0.126

For the definition of the variables see Table 1. Standard errors are reported between brackets

***p < 0.01; **p < 0.05; *p < 0.10
a The coefficient obtained from the linear combination of the interaction is −0.676 (0.087)***
b The coefficient obtained from the linear combination of the interaction is 0.432 (0.174)**

11 We find a negative relation between financial tension and default.
However, its magnitude and consequently economic impact is ex-
tremely low; the marginal effect of a unit increase in financial tension
on default is 0.01%. One possible explanation is that SMEs that are too
exposed to a single bank default less to avoid the negative implication
for their main banking relationship. This is a promising area for future
research.
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Table 6 Probit regressions for Guarantees × Credit Scores

Y = default

A: Guarantees × high credit score B: Guarantees × low credit score

Probit estimated coefficient Marginal effects Probit estimated coefficient Marginal effects

SME characteristics

High credit score −1.598*** −0.269*** −1.680*** −0.283***
(0.103) (0.016) (0.074) (0.011)

Low credit score 0.407*** 0.079*** 0.499*** 0.099**

(0.119) (0.025) (0.192) (0.042)

Financial tension −0.004*** −0.001*** −0.004*** −0.001***
(0.001) (0.000) (0.001) (0.000)

Bank characteristics

Tier 1 capital −0.269*** −0.048*** −0.269*** −0.048***
(0.033) (0.006) (0.033) (0.006)

Loan characteristics

Size 0.014 0.002 0.014 0.003

(0.028) (0.005) (0.028) (0.005)

Collateral 0.150 0.027 0.150 0.027

(0.095) (0.018) (0.095) (0.018)

Guarantees −0.163** −0.029** −0.196*** −0.035***
(0.077) (0.014) (0.069) (0.012)

Macroeconomic conditions

Growth −0.026 −0.005 −0.026 −0.005
(0.016) (0.003) (0.016) (0.003)

Sectors

Secondary 0.832*** 0.154*** 0.829*** 0.154***

(0.197) (0.038) (0.197) (0.038)

Tertiary 0.543*** 0.094*** 0.542*** 0.094***

(0.194) (0.033) (0.195) (0.033)

Geographic locations

North −0.029 −0.005 −0.027 −0.005
(0.199) (0.035) (0.199) (0.035)

Center −0.071 −0.013 −0.069 −0.012
(0.199) (0.035) (0.199) (0.035)

Lisbon and Vale do Tejo 0.007 0.001 0.004 0.001

(0.205) (0.036) (0.205) (0.037)

Alentejo −0.185 −0.031 −0.187 −0.032
(0.221) (0.036) (0.221) (0.036)

South (Algarve) −0.427 −0.067* −0.430 −0.068*
(0.287) (0.040) (0.287) (0.040)

Madeira −0.493 −0.076 −0.481 −0.075
(0.369) (0.049) (0.369) (0.049)

Azores 0.066 0.012 0.064 0.012

(0.245) (0.045) (0.245) (0.045)

Interactions −0.166***a −0.029 −0.141b −0.024
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interaction term decreases the probability of default by
8.7%. We do not reject hypothesis H4c1. In Table 5,
panel B, we find a positive relation between collater-
al × low credit score (statistically significant at 5%).
Thus, a discrete change in the interaction term increases
the probability of default by 17.4%. We do not reject
hypothesis H4c2. In Table 6, panel A, we find a negative
relation between guarantees × high credit score and
default (statistically significant at the 1% level of confi-
dence). A discrete change in the interaction term de-
creases the probability of default by 5.8%. Again, we do
not reject hypothesis H4d1 for guarantees. Surprisingly
though, in Table 6, panel B, we do not find a statistically
significant relation between guarantees x low credit
score. We do not accept hypothesis H4d2 for guaran-
tees. As the findings for sectors and regions are identical
to the baseline, we do not reject hypotheses H6b–c and
H7e.

5.2 Forecasting performance

We evaluated the quality of the forecast with the
ROC curve. We report the findings in Table 7 panel
A1 for the full sample and panel B2 for the holdout
sample. In panel A1, we find that the area under the
curve is 73.2%, whereas in panel A2 it is 77.2%.
These values indicate the very good discriminatory
ability of our model.

We evaluated the potential biases in the classification
of SMEs in the model: if a defaulting SME is wrongly
classified as non-defaulting (Type I) and if a non-
defaulting SME is wrongly classified as defaulting
(Type II). We report the findings in Table 8 panel B1
for the full sample and panel B2 for the holdout sample.
Regarding cut-off values, SMEs above 0.5 are classified
as defaulting and SMEs below or equal to 0.5 are
classified as non-defaulting. For example, for a cut-off
value of 0.5, in panel A1, the model generates an overall
correct classification of 74%; and in panel A2, the
model generates an overall classification of 73%. Re-
ducing the cut-off decreases the number of times that a
defaulting SME is incorrectly classified as a non-
defaulting SME (Type I error). For example, for a cut-

Table 6 (continued)

Y = default

A: Guarantees × high credit score B: Guarantees × low credit score

Probit estimated coefficient Marginal effects Probit estimated coefficient Marginal effects

(0.144) (0.024) (0.240) (0.040)

Intercept 1.225*** 1.247***

(0.378) (0.377)

Time-specific effects Yes Yes

Predicted probability of default 23.79% 23.09%

−2 log likelihood −3024.167 −3024.113
N 5898 5898

Cragg-Uhler (Nagelkerke) R2 0.183 0.183

Maximum likelihood (Cox-Snell) R2 0.126 0.126

For the definition of the variables see Table 1. Standard errors are reported between brackets

*** p < 0.01; ** p < 0.05; *p < 0.10
a The coefficient obtained from the linear combination of the interaction is −1.097 (0.058)***
b The coefficient obtained from the linear combination of the interaction is 0.094 (0.094)

Table 7 Forecasting performance of the model. Area under the
ROC curve

Panel A1 Panel A2
Full sample Holdout sample

N 5898 4719

Area 0.732 0.772

Standard error 0.007 0.007

95% Confidence interval
[lower; upper]

[0.718; 0.746] [0.758; 0.786]
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off value of 0.06, in panel B1, the model generated an
overall correct classification of 29%; and in panel B2,
the model generates an overall classification of 38%.
These are extremely good classifications since we did
not construct artificially matched samples of defaulting
and non-defaulting SMEs.

Last but not the least, we evaluated the predictive
ability of the model by assessing default rates. We report
the findings in Table 9, panel C1 for the full sample and
C2 for the holdout sample. In panel C2 (C1), the average
default rate for SMEs that posted collateral is 34.2%
(27.7%), while for SMEs that did not do so is 33.2%
(26.5%); the difference of −1% (−1.2%) is statistically
non-significant at a meaningful level. But in panel C2
(C1), the average default rate for SMEs that pledged
guarantees is 29.9% (24.2%), while for SMEs that did
not do so it is 38% (29.9%); the difference of −8.1%
(−5.7%) is statistically significant at the 1% level of
confidence. The predicted rate of default for SMEs that
pledged guarantees is lower than that for SMEs that did
not do so.

Focusing now on the interaction of collateral with
credit scores, in panel C2 (C1), the average default rate
for SMEs that posted collateral and had a high credit
score is 21.5% (17.3%), while for SMEs that posted
collateral but did not have a high credit score is 34.1%
(27.2%); the difference of −12.6% (−9.9%) is statisti-
cally significant at the 1% level of confidence. In panel
C2 (C1), the average default rate for SMEs that posted
collateral and had a low credit score is 66.7% (54.5%),
while for SMEs that posted collateral but did not have a
low credit score is 33.0% (26.4%); the difference of
33.7% (28.1%) is statistically significant at the 1% level
of confidence.

Analogously, focusing now on the interaction of
guarantees with credit scores, in panel C2 (C1), the
average default rate for SMEs that pledged guarantees
and had a high credit score is 11.9% (9.4%), while for
SMEs that pledged guarantees but did not have a high

credit score is 40.3% (32.4%); the difference of −28.4%
(−23%) is statistically significant at the 1% level of
confidence. In panel C2 (C1), the average default rate
for SMEs that pledged guarantees and had a low credit
score is 54.4% (43.3%), while for SMEs that pledged
guarantees but did not have a low credit score is 32.5%
(26.0%); the difference of 21.9% (17.3%) is statistically
significant at the 1% level of confidence. These findings
show a strong predictive relation between collateral
(guarantees) and default, and between collateral
(guarantees) and credit scores jointly and default.

6 Summary, conclusions, and implications

We extend the existing literature on the role of owner
liability recently pioneered by Bhimani et al. (2014) in
the prediction of default in bank loans to SMEs. In
particular, we use unique and proprietary data to inves-
tigate the role of collateral and guarantees alongside
SME, bank and loan characteristics, macroeconomic
conditions, sectors, and geographic locations while con-
trolling for unobserved time effects in predicting default
at the peak of the 2007–2009 financial crisis.

Our proprietary data refers to a large bank operating
in the commercial and retail segment in Portugal; unlike
the USA, Portugal experienced an exceptional macro-
economic policy framework during the recent financial
crisis, has a bank-dominated financial infrastructure
with very low separation of ownership and control
where SMEs are less able to tap into capital markets to
raise equity and debt, and has very weak legal rights and
large (long) contract enforcement costs (periods).

The analyses of our data show that only a fraction of
loans granted to SMEs at the peak of the financial crisis
were secured with collateral, which in our context is
most commonly associated with the aforementioned
legal rights and contract enforcement costs and periods.
In testing our hypotheses, we first focus on the relation

Table 8 Forecasting perfomance of the model. Error classification

Panel B1: Full sample (%) Panel B2: Full sample (%)

Cut-off Type I Type II Correct Type I Type II Correct

0.5 81.755 5.595 74.093 56.898 12.397 72.770

0.06 0.826 96.486 29.027 1.208 93.134 37.508

0.05 0.445 98.775 27.450 0.509 97.139 35.071

0.04 0.064 99.607 26.941 0.254 98.951 33.948

Defaults in bank loans to SMEs during the financial crisis 605



T
ab

le
9

Fo
re
ca
st
in
g
pe
rf
or
m
an
ce

of
th
e
m
od
el
.D

es
cr
ip
tiv

e
st
at
is
tic
s
fo
r
de
fa
ul
ts

To
ta
l

C
ol
la
te
ra
l

N
o
co
lla
te
ra
l

G
ua
ra
nt
ee
s

N
o
gu
ar
an
te
es

C
ol
la
te
ra
l
×
hi
gh

cr
ed
it
sc
or
e
=
1

C
ol
la
te
ra
l
×
hi
gh

cr
ed
it
sc
or
e
=
0

C
1:

F
ul
ls
am

pl
e

(M
ea
n
di
ff
er
en
ce
:p

-v
al
ue

>
0.
10
)

(M
ea
n
di
ff
er
en
ce
:p

-v
al
ue

<
0.
01
)

(M
ea
n
di
ff
er
en
ce
:p

-v
al
ue

<
0.
01
)

O
bs
er
va
tio

ns
58
98

80
2

50
96

33
42

25
56

34
1

55
57

M
ea
n
de
fa
ul
tr
at
e

0.
26
7

0.
27
7

0.
26
5

0.
24
2

0.
29
9

0.
17
3

0.
27
2

St
an
da
rd

de
vi
at
io
n

0.
44
2

0.
44
8

0.
44
1

0.
42
8

0.
45
8

0.
37
9

0.
44
5

C
2:

H
ol
do
ut

sa
m
pl
e

(M
ea
n
di
ff
er
en
ce
:p

-v
al
ue

>
0.
10
)

(M
ea
n
di
ff
er
en
ce
:p

-v
al
ue

<
0.
01
)

(M
ea
n
di
ff
er
en
ce
:p

-v
al
ue

<
0.
01
)

O
bs
er
va
tio

ns
47
19

64
9

40
70

27
07

20
12

27
4

44
45

M
ea
n
de
fa
ul
tr
at
e

0.
33
3

0.
34
2

0.
33
2

0.
29
9

0.
38
0

0.
21
5

0.
34
1

St
an
da
rd

de
vi
at
io
n

0.
47
1

0.
47
5

0.
47
1

0.
45
8

0.
48
5

0.
41
2

0.
47
4

C
ol
la
te
ra
l
×
lo
w
cr
ed
it

sc
or
e
=
1

C
ol
la
te
ra
l
×
lo
w
cr
ed
it

sc
or
e
=
0

G
ua
ra
nt
ee
s
×
hi
gh

cr
ed
it

sc
or
e
=
1

G
ua
ra
nt
ee
s
×
hi
gh

cr
ed
it

sc
or
e
=
0

G
ua
ra
nt
ee
s
×
lo
w
cr
ed
it

sc
or
e
=
1

G
ua
ra
nt
ee
s
×
lo
w
cr
ed
it

sc
or
e
=
0

C
1:

F
ul
ls
am

pl
e

(M
ea
n
di
ff
er
en
ce
:p

-v
al
ue

<
0.
01
)

(M
ea
n
di
ff
er
en
ce
:p

-v
al
ue

<
0.
01
)

(M
ea
n
di
ff
er
en
ce
:p

-v
al
ue

<
0.
01
)

O
bs
er
va
tio

ns
55

58
43

14
70

44
28

21
5

56
83

M
ea
n
de
fa
ul
t

ra
te

0.
54
5

0.
26
4

0.
09
4

0.
32
4

0.
43
3

0.
26
0

St
an
da
rd

de
vi
at
io
n

0.
50
3

0.
44
1

0.
29
2

0.
46
8

0.
49
7

0.
43
9

C
2:

H
ol
do
ut

sa
m
pl
e

(M
ea
n
di
ff
er
en
ce
:p

-v
al
ue

<
0.
01
)

(M
ea
n
di
ff
er
en
ce
:p

-v
al
ue

<
0.
01
)

(M
ea
n
di
ff
er
en
ce
:p

-v
al
ue

<
0.
01
)

O
bs
er
va
tio

ns
45

46
74

11
60

35
59

17
1

45
48

M
ea
n
de
fa
ul
t

ra
te

0.
66
7

0.
33
0

0.
11
9

0.
40
3

0.
54
4

0.
32
5

St
an
da
rd

de
vi
at
io
n

0.
47
7

0.
47
0

0.
32
4

0.
49
1

0.
50
0

0.
46
9

606 F. D. Duarte et al.



between collateral and guarantees and default. We find
an unexpected positive relation between collateral and
default, and the expected negative relation between
guarantees and default. In the case of guarantees, the
finding is in line with our hypothesis. In the case of
collateral, as we see below, the unexpected positive
relation with default holds for low credit score SMEs.
Next, we focus on the joint influence of collateral and
guarantees, and credit scores of SMEs. We find a neg-
ative relation between the joint influence of collateral
and guarantees and high credit score, and a positive
relation between the joint influence of collateral and
low credit score and default. Both collateral and guar-
antees reduced default rates for better quality SMEs, in
line with the hypothesis that better quality firms provide
collateral and guarantees as a signal of their commit-
ment to make more effort and to take fewer risks.

During the financial crisis, macroeconomic policies,
in particular those spearheaded by the ECB and the EIB,
were designed not only to unlock growth in ailing
economies by facilitating access to credit by SMEs but
also to safeguard the solvability and liquidity of the
banking systems by reducing the potential impact of
defaults on loans extended to SMEs. Our findings indi-
cate through our data on the proportion of loans granted
with collateral and guarantees that personal guarantees
of owners and managers appear to have eased the im-
plementation of these policies at the peak of the financial
crisis and, in particular, significantly reduced defaults in
bank loans to SMEs.

Our findings show that the binary probabilistic model
deployed here and the variables used to relate SME and
loan characteristics, macroeconomic conditions, sectors
and geographic locations, to default can be of critical use
to banks. Banks can use the method and the findings in the
risk management of their banking book and in the calcu-
lation of minimum capital required under the Basel Capital
Accords. Supervisory authorities can use the method and
the factors that determine default to detect early warning
signals in bank loan portfolios of the type used in this
study; and regulatory authorities can use the method and
the probability of default across similar bank loan portfo-
lios to assess pressure in the corporate sector.

Our findings show that the main hypotheses
explaining defaults in bank loans to SMEs developed
and tested in the context of stable macroeconomic set-
ting are, in general, applicable to the context of financial
crisis, although in the latter case the observed default
rates are particularly high and the relation between

collateral and default is quite unexpected. This being
said, our findings highlight the critical role played by
personal guarantees in facilitating access to bank loans
and reducing defaults in bank loans at the peak of the
financial crisis. On the one hand, personal guarantees
may facilitate access to credit and reduce the costs
associated with posting collateral, which may be partic-
ularly relevant for young entrepreneurs that lack credit
history and operate in sectors that rely extensively on
intangible assets (The Economist 2014). On the other
hand, however, personal guarantees lock-in the effort
and prudence of owners by altering the structure of their
liability. Unlike collateral, which limits the downside
risk of owners while preserving the upside potential,
guarantees increase the liability of owners to an unlim-
ited extent, i.e., beyond business and including personal
assets, making owners of SMEs more susceptible to
personal bankruptcy (Bhimani and Ncube 2006). This
personal bankruptcy or unlimited liability is at odds with
the tenant of corporate bankruptcy or limited liability
that is at the core of the theory of financial economics.
This highly undesirable risk for owners of SMEs de-
serves further investigation both from a theoretical and
empirical perspective.
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