A Service of

[ ) [ J
(] [ )
J ﬂ Leibniz-Informationszentrum
° Wirtschaft
o Leibniz Information Centre
h for Economics

Make Your Publications Visible.

Buchholst, Birgitte Vglund; Rangvid, Jesper

Working Paper

Leading indicators of distress in Danish banks in the

period 2008-12

Danmarks Nationalbank Working Papers, No. 85

Provided in Cooperation with:
Danmarks Nationalbank, Copenhagen

Suggested Citation: Buchholst, Birgitte Vglund; Rangvid, Jesper (2013) : Leading indicators of distress
in Danish banks in the period 2008-12, Danmarks Nationalbank Working Papers, No. 85, Danmarks

Nationalbank, Copenhagen

This Version is available at:
https://hdl.handle.net/10419/82337

Standard-Nutzungsbedingungen:

Die Dokumente auf EconStor durfen zu eigenen wissenschaftlichen
Zwecken und zum Privatgebrauch gespeichert und kopiert werden.

Sie dirfen die Dokumente nicht fiir 6ffentliche oder kommerzielle
Zwecke vervielféltigen, 6ffentlich ausstellen, 6ffentlich zugénglich
machen, vertreiben oder anderweitig nutzen.

Sofern die Verfasser die Dokumente unter Open-Content-Lizenzen
(insbesondere CC-Lizenzen) zur Verfiigung gestellt haben sollten,
gelten abweichend von diesen Nutzungsbedingungen die in der dort
genannten Lizenz gewahrten Nutzungsrechte.

WWW.ECONSTOR.EU

Terms of use:

Documents in EconStor may be saved and copied for your personal
and scholarly purposes.

You are not to copy documents for public or commercial purposes, to
exhibit the documents publicly, to make them publicly available on the
internet, or to distribute or otherwise use the documents in public.

If the documents have been made available under an Open Content
Licence (especially Creative Commons Licences), you may exercise
further usage rights as specified in the indicated licence.

Mitglied der

Leibniz-Gemeinschaft ;


https://www.econstor.eu/
https://www.zbw.eu/
http://www.zbw.eu/
https://hdl.handle.net/10419/82337
https://www.econstor.eu/
https://www.leibniz-gemeinschaft.de/

DANMARKS

NATIONALBANK

DANMARKS NATIONALBANK
WORKING PAPERS

2013 e 85

Birgitte Vglund Buchholst

Financial Markets
Danmarks Nationalbank, Copenhagen

and

Jesper Rangvid

Department of Finance
Copenhagen Business School, Copenhagen

Leading indicators of distress
In Danish banks in the period
2008-12

September 2013



The Working Papers of Danmarks Nationalbank describe research and
development, often still ongoing, as a contribution to the professional debate.

The viewpoints and conclusions stated are the responsibility of the individual
contributors, and do not necessarily reflect the views of Danmarks Nationalbank.

As a general rule, Working Papers are not translated, but are available in the
original language used by the contributor.

Danmarks Nationalbank's Working Papers are published in PDF format at
www.nationalbanken.dk. A free electronic subscription is also available at this Web
site.

The subscriber receives an e-mail notification whenever a new Working Paper is
published.

Please direct any enquiries to

Danmarks Nationalbank, Communication Desk, Havnegade 5, DK-1093
Copenhagen K Denmark

Tel.: +45 33 63 70 00 (direct) or +45 33 63 63 63

Fax : +45 33 63 71 03

E-mail:info@nationalbanken.dk

Nationalbankens Working Papers beskriver forsknings- og udviklingsarbejde, ofte
af forelgbig karakter, med henblik pa at bidrage til en faglig debat.

Synspunkter og konklusioner star for forfatternes regning og er derfor ikke
ngdvendigvis udtryk for Nationalbankens holdninger.

Working Papers vil som regel ikke blive oversat, men vil kun foreligge pa det sprog,
forfatterne har brugt.

Danmarks Nationalbanks Working Papers er tilgeengelige pa Internettet
www.nationalbanken.dk i pdf-format. P& webstedet er det muligt at oprette et gratis
elektronisk abonnement, der leverer en e-mail notifikation ved enhver udgivelse af
et Working Paper.

Henvendelser kan rettes til :

Danmarks Nationalbank, Kommunikation, Havnhegade 5, 1093 Kgbenhavn K.
Telefon: 33 63 70 00 (direkte) eller 33 63 63 63

E-mail: info@nationalbanken.dk

Det er tilladt at kopiere fra Nationalbankens Working Papers - savel elektronisk
som i papirform - forudsat, at Danmarks Nationalbank udtrykkeligt anfares som
kilde. Det er ikke tilladt at eendre eller forvanske indholdet.

ISSN (trykt/print) 1602-1185
ISSN (online) 1602-1193



Leading indicators of distress in
Danish banks in the period 2008-12"

Birgitte Velund Buchholst® and Jesper Rangvid*

Abstract

Several Danish small and medium-sized banks have become distressed
during and after the global financial crisis. In this paper, a multiple logistic
regression model is used to identify which factors characterize the
distressed Danish banks from 2008-12. The factors are chosen from a
broad range of variables, i.e. the model is unrestricted. The estimated
model identifies the distressed banks fairly well. The variables that
altogether best describe the probability of a bank becoming distressed are:
a bank’s excess capital in per cent of risk weighted assets, the 3 year
average lending growth lagged 2 years, property exposure, and a
benchmark for stable funding (the so-called funding-ratio). The variables
are all adjusted with the sector average to account for the general
development during the period.

Based on experiences from this and past crises the Danish FSA
introduced the so-called "Supervisory Diamond" as part of its banking
supervision in 2010. A multiple logistic regression model is estimated with
deviations from limit values set in the supervisory diamond to assess
whether the variables in the supervisory diamond differ from the
unrestricted model. Overall, the analyses support the establishment of
benchmarks. The results of this analysis show that deviations from the
benchmarks concerning property exposure and funding-ratio are
statistically significant with expected signs. However, deviations from the
benchmarks concerning lending growth, large exposures, and excess
liquidity cover are statistically insignificant.

The authors wish to thank Kim Padkjeer Abildgren, Niels Lyngard Hansen, Birgitte
Sggaard Holm and Jens Lundager for useful comments. The authors alone are
responsible for any remaining errors.

Danish Central Bank. Email: bsv@nationalbanken.dk

Copenhagen Business School. Email: jr.fi@cbs.dk
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Resumé (Danish summary)

Flere sma og mellemstore pengeinstitutter i Danmark er blevet
ngdlidende, siden den finansielle krise brgd ud. | denne analyse anvendes
multipel logistisk regression til at identificere, hvilke faktorer der
karakteriserer ngdlidende pengeinstitutter i Danmark i perioden 2008-12.
Faktorerne udveelges fra en bred vifte af forklarende variable, dvs.
modellen er ubegraenset. Den estimerede model identificerer de
ngdlidende pengeinstitutter forholdsvis godt. De variable, der tilsammen
bedst beskriver sandsynligheden for, at et pengeinstitut bliver ngdlidende,
er instituttets kapitaloverdaekning i forhold til risikovaegtede aktiver, den 3-
arige gennemsnitlige udlansveekst lagget 2 ar, ejendomseksponering samt
et mal for stabil finansiering (den sakaldte funding-ratio). Variablene er alle
fratrukket sektorens gennemsnit for at tage hgjde for den generelle
udvikling i perioden.

Baseret pa erfaringer fra denne og tidligere kriser introducerede
Finanstilsynet tilsynsdiamanten i 2010 som en del af deres tilsyn med
pengeinstitutter. Der estimeres en multipel logistisk regressionsmodel med
afvigelser fra tilsynsdiamantens pejlemaerker som forklarende variable for
at vurdere, om variablene i tilsynsdiamanten adskiller sig fra den
ubegraensede model. Overordnet set understgtter analyserne
fastseettelsen af pejlemaerker. Resultaterne af denne analyse viser, at
afvigelser fra pejlemaerkerne vedrgrende ejendomseksponering og
funding-ratio er statistisk signifikante med forventede fortegn, hvorimod
afvigelser fra pejlemeerkerne vedrgrende udlansveekst, store
engagementer og likviditetsoverdaekning er statistisk insignifikante.

1. Introduction and related literature

Internationally a number of banks and other financial institutions have
become distressed during the global financial crisis. State interventions
and costly bank bail-outs have been undertaken. After the crisis, new
international regulation, not least in the form of stronger liquidity and
capital requirements (Basel Ill and CRD 1V), has been introduced in order
to strengthen the resilience of the financial system. Focus has also been
on promoting sound supervisory systems reflected in a review and update
of the Basel “Core Principles for Effective Banking Supervision”, cf. Basel
Committee on Banking Supervision (2012).

New national regulation has been introduced in several countries and
reforms of supervisory practices have been undertaken. The Danish
Financial Supervisory Authority (FSA) introduced the so-called
"Supervisory Diamond" in 2010 as part of its banking supervision. The
supervisory diamond consists of a number of benchmarks encompassing



what must be considered as banking activity subject to enhanced risk,
such as high lending growth, less stable funding conditions, etc. (the
supervisory diamond is defined precisely in Section 5.1). These
benchmarks are based on characteristics of the banks that became
distressed during the crisis — characteristics also experienced in previous
crises. Danish banks should keep to the limit values as of end 2012. The
idea behind the supervisory diamond is that it should identify, and
ultimately prevent, banks pursuing a more risky strategy at an early stage.
In other words it is a forward-looking instrument.

In order to identify banks at risk early on, it is necessary to understand
what the key drives were for banks that became distressed during the
recent crisis. The scope of this paper is to analyse what characterized the
distressed banks in Denmark during the period 2008-12 primarily by using
information from the banks' financial statements. In Denmark, the distress
of a bank was in most cases revealed during an examination performed by
the FSA. Although the timing of these examinations is risk-based it is
difficult to estimate the exact timing of a bank becoming distressed. As a
consequence, the results of this model are interpreted as risk indicators of
a bank becoming distressed in the nearby future rather than an exact
timing of the distress event. In other words, this paper primarily identifies
the leading indicators of distressed banks in the period around the global
financial crisis and does not develop a model that as such predicts
distress in banks. The paper is, however, related to the literature regarding
early warning signals. A wide range of central banks and/or supervisory
authorities have developed models to identify problem banks and refer to
these in their Financial Stability reports, e.g. Deutsche Bundesbank, cf.
Porath (2004), European Central Bank, cf. Betz et al. (forthcoming),
Norges Bank, cf. Andersen (2008), Oesterreichische Nationalbank, cf.
Hayden et al. (2004), Bank of England, cf. Logan (2001) and in the USA
the Office of the Comptroller of the Currency, cf. Whalen (2010) and
Federal Reserve, cf. Thomson (1991), Whalen (1991) and Jagtiani et al.
(2003). The models consist of both logit models and hazard rate models.
In Hayden et al. (2004) both types of models are estimated and
complement each other.

During the period 2008-12, 26 Danish banks became distressed'
comprising 6 per cent of the total assets of Danish banks’ by end 2007. In
order to model distressed banks, a multiple logit model is estimated using

" Inthis paper a distressed bank encompasses not only failed banks but also mergers in
distress. The definition of distressed banks is described in Section 3.1.
Danish banks comprise the Danish Financial Supervisory Authority's groups 1, 2 and 3.



lagged explanatory variables such as lending growth, amount of capital in
the banks, exposure to the real estate market, etc.’ The variables that are
included in the finally chosen unrestricted model are excess capital

(capital in excess of the solvency requirement of the individual bank) in per
cent of risk weighted assets, the 3 year average lending growth lagged 2
years, property exposure, and the funding-ratio (a measure of the liquidity
position of banks).

These results, based on the present crisis, are overall in line with the
experience from the previous banking crisis in Denmark during the late
1980s to early 1990s. In general the banks that became distressed during
the previous crisis had a higher occurrence of rapid lending growth prior to
the crisis, a higher lending to capital ratio, lower excess capital, lower and
decreasing return on capital, and a higher concentration of large
exposures than the non-distressed banks, cf. the Ministry of Economic
Affairs (1995). One important difference between the crises in 1987-93
and 2008-09 is that the liquidity position of the banks has been a
significant factor during this crisis but not during the previous crisis. This
difference is due to the shift in the bank funding structure round about the
millennium rollover. The funding structure switched from lending and
deposits being more or less balanced to a customer funding gap financed
by issuing short-term bonds and borrowing from foreign credit institutes,
cf. Abildgren et al. (2011).

The supervisory diamond consists of a number of benchmarks
encompassing what must be considered as banking activity subject to
enhanced risk. This paper also examines whether the variables in the
supervisory diamond differ from the unrestricted model. Due to their
distinct purposes differences between the two approaches should be
expected. The supervisory diamond is forward-looking and its ultimate
purpose is to prevent banks from pursuing a risky strategy. On the other
hand the purpose of the unrestricted model is to identify the characteristics
of the banks that have become distressed in the period 2008-12.

Two differences are identified. First, last year’'s lending growth enters into
the supervisory diamond whereas in the univariate regressions lending
growth over one year is not statistically significant in relation to banks
becoming distressed — only lagged high lending growth over several years
is. However, the supervisory diamond sets a limit for yearly lending growth

* I the related literature a number of different variables are found significant when
predicting banks becoming distressed, in particular lending growth, property exposure,
earnings, capital, etc., cf. Whalen (1991), Thomson (1991), Logan (2001) and
Andersen (2008). Demirguc-Kunt (1989) and Kumar et al. (2007) provide overviews of
related studies.



and thus puts limits on a higher yearly lending growth persisting over
several years. Second, excess capital enters into the unrestricted model.
The supervisory diamond does not include a role for the capital position of
banks.

Before commencing the paper itself, two cautionary remarks regarding the
results should be made. First, the supervisory diamond reflects the
experiences from both the current crisis and the crisis in the early 1990s.
For this reason, it is not surprising that different results are found when
estimating an unrestricted model versus a model based on the supervisory
diamond. Second, and related, it would be interesting to estimate a model
including data from both crises. However, due to data limitations this is not
straightforward, and is beyond the scope of this paper.

After these introductory remarks the rest of the paper proceeds as follows.
In Section 2 the econometric method is discussed and described. In
Section 3 the data are described followed by estimations of unrestricted
logit models resulting in a final unrestricted model in Section 4. In Section
5 logit models with the benchmarks in the supervisory diamond are
estimated. Section 6 concludes and offers scope for further research.

2. Econometric method

In the related literature different models, especially hazard models and
logit/probit models, are used as indicators of the soundness of banks, see
Kumar et al. (2007) for a review of applied methods. The aim of the
models is typically to identify problem banks in advance in order to be able
to take action to reduce the likelihood of bankruptcies, i.e. early warning
signals.

Logit and hazard models have both strengths and weaknesses. For
instance, Shumway (2001) and Cole (2009) argue that a hazard rate
model is preferred rather than a logit model primarily because there is no
conflict with the assumption of independent observations in the hazard
model. An example of a hazard rate model is in Halling (2007). However,
in hazard models the time to failure is estimated. The weakness of these
models, therefore, is that it is assumed that all banks will fail eventually
(survival theory), cf. Cole et al. (1995). This is not assumed in logit
models. On the other hand, the logistic model assumes that the
observations are independent. This is a strong assumption since the data
contains multiple observations from the same bank at different points in
time.

In this paper we follow Andersen (2008), Thomson (1991), Logan (2001),
and Poghosyan et al. (2009) and use a multiple logistic regression model.



The logit models are typically estimated using annual data, with the
explanatory variables being lagged 1 or 2 years. As an example of such a
logit model, Whalen (1991) sets up a model using year-end 1986 data and
estimates the probability of failure within the succesive 0-24 months.

The models estimated in this paper assume a linear relationship between
the explanatory variables and the response variable. This might not
capture all dimensions of the data and in several studies the variables are
transformed to ensure the linear relationship, cf. Porath (2004). The linear
relationship is proxied by adjusting the variables with the sector average
and thus takes into account the general development in the period.’

3. Data

The explanatory variables in related literature are either market-based or
derived from banks' financial statements or a combination of both. In
several studies these variables are combined with macro variables. The
advantage of using market-based variables rather than accounting figures
Is that the first are based on expectations to future earnings, i.e. are
forward-looking, whereas the latter are backward-looking.

The aim of this study is to analyse distresses in all Danish banks.
However, many of these are not listed. For this reason, the explanatory
variables used here are primarily from the financial statements
supplemented with macro variables to account for business cycle
variations (i.e. change in GDP, property prices, interest rate and
unemployment rate). It is important to notice that variables derived from
the financial statements can only indicate beginning problems if the
financial statements give an accurate picture of the health status of the
institutes, as already noted in the Ministry of Economic Affairs (1995).

The model comprises data from Danish banks included in the Danish
Financial Supervisory Authority's groups 1, 2 and 3. They comprise banks
with working capital (deposits, bonds issued etc., subordinated capital and
equity capital) of at least approximately EUR 33.5 million. Some niche
banks are excluded.” Some of the banks are parent companies to other
financial enterprises and prepare both separate and consolidated financial
statements. To analyse the banking activities of the institutions the

" The sector is defined as the banks in the Danish Financial Supervisory Authority’s
groups 1, 2 and 3.

* These are: FIH Kapitalbank and Ekspres Bank have no deposits, Bank DNB Nord and
SEB Bank are Norwegian and Swedish subsidiaries respectively, and they have
returned their Danish banking licenses in 2012 and merged with their respective parent
companies. Saxo Bank (bought E-trade Bank in 2009) and Carnegie Bank are primarily
investment banks.



analysis is therefore based on the separate financial statements, i.e.
unconsolidated data.

In Table 1 the number of banks having presented financial statements for
the year in question and the number of distressed banks are listed. For
instance 9 banks were distressed whose last financial statement was for
the year 2007.° In total there are 512 observations.

NUMBER OF BANKS AND NUMBER OF DISTRESSED BANKS Table 1
Of which
number of
distressed Number of
banks issuing Relative banks and the
last annual frequency, year of distress
Year-end Banks report per cent announcement

92 1.1

]
95 9 9.5

86 2 23 9

84 7 8.3 3

78 4 5.1 4

77 3 3.9 5

- - - 5

TOAl oo 512 26 5.1 26

A final remark regards the registration of distress in the data. The distress
of a bank is attributed to the last financial statement reported from a
distressed bank. There can be a considerable time lag from the publication
of the last financial statement of a distressed bank until the date of the
announcement of the distress. For instance, in Table 1 the distressed
bank that returned its last financial statement for the year 2006 was
announced distressed in early 2008. This is in line with the results of the
models that are interpreted as risk indicators of a bank becoming
distressed in the nearby future rather than an exact timing of the distress
event.

3.1. Identification of distressed banks

From 2008 until March 2013 60 banks in Denmark have ceased business.
This number comprises 19 smaller ceased banks not included in the
model, i.e. the Danish FSA’s group 4 banks with a working capital of less
than approximately EUR 33.5 million. Neither ceases of foreign nor niche
banks are included in the analysis, cf. footnote 5; 4 such banks have
ceased business during the period. One bank ceased business in 2013

¢ Financial statements of solvent banks are included.



and is not included in the model.” 11 of the banks have been taken over by
Finansiel Stabilitet A/S’ — the government-owned company in charge of
the resolution of distressed banks — and are identified as distressed. Of
the remaining ceased banks it is assessed whether the banks had a viable
business model in the short run. If not, the bank is identified as distressed.
Ultimately 26 ceased banks are identified as distressed during the period,
cf. Table 1 and Appendix 1.

3.2. Explanatory variables

Data are from the individual banks’ quarterly financial statements reported
to the Danish FSA.” Approximately 55 variables have been selected and
calculated. As in related literature the explanatory variables are grouped
into different CAMELS categories to ensure that all key factors initially are
encompassed in the model, cf. Appendix 2. CAMELS rating system is the
United States' FSA's method of assessing the overall soundness of banks
and stands for Capital adequacy, Asset quality, Management, Earnings,
Liquidity and Sensitivity to market risk. The hypothesis is that these factors
are key elements in assessing the health of a bank.

However, it is not possible to directly assess management competence
through a financial statement. Instead some variables assessed to indicate
management competence are derived from the statements, i.e. costs in
per cent of earnings, cf. Appendix 2. One variable, interest rate risk, is
included regarding sensitivity to market risk.

In the estimations the sector average has been subtracted from the
variables (lending growth of bank i minus average lending growth of the
sector) to take into account the general development in the period
resulting in negative values for the banks below the sector average. To
calculate yearly lending growth, the average equity during the year, etc., it
is necessary to have financial statements from each bank for at least 5
succeeding quarters, otherwise the observation is not included.

If a bank is owned by another financial corporation there is a risk of
negative reputation for the parent if the subsidiary becomes distressed.
This implies that the bank might have a smaller probability of distress
since the parent has an incentive to inject capital into its subsidiary in case

The takeover of Sparekassen Lolland by Jyske Bank announced on the 25th of
January 2013 as a private solution on market conditions is not included as a distress
event in the data.

Finansiel Stabilitet is a public limited company owned by the Danish State through the
Ministry of Business and Growth, cf. www.finansielstabilitet.dk.

With the exception of lagged lending growth. It is calculated from statistics concerning
"Balance sheets and flows of the MFI sector" as from 2003.
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of financial distress. Relevant information concerning owner structure has
been collected from Greens online. A dummy variable is created: if a
financial company owns more than 50 per cent of a bank it is regarded as
having reputational risk and the dummy equals 1 and 0 otherwise. For 9
banks in the sample the dummy equals 1."

On 3 February 2009 a bill on government capital injections into credit
institutes was passed by the Folketing (Danish parliament). A dummy
variable is included in the analysis equal to 1 if a bank received a capital
injection from the government and O otherwise.

Furthermore four macroeconomic variables are included in the analysis,
cf. the introduction of Section 3.

3.3. Descriptive statistics

In Appendix 2 the distribution of the median values of the explanatory
variables is given by all banks, the non-distressed banks and the
distressed banks respectively. Furthermore the expected signs of the
coefficient estimates are given. Note that financial statements of the
distressed banks prior to the last financial statement are registered as
financial statements from non-distressed banks.

A priori, one would expect that the likelihood of a bank becoming
distressed is lower the higher the level of capital in the bank. For this
reason, Appendix 2 indicates that a negative sign is expected in the
regressions. The Appendix also shows that the median of the distressed
banks in general had lower levels of capital than the median of the non-
distressed banks, and a higher leverage ratio.

The asset quality is expected to be lower in distressed banks and is
captured by different indicators, for instance different measures of lending
growth, property exposure, large exposures, loan impairment charges,
concentration index, etc. In general the median distressed bank has a
lower asset quality than the non-distressed banks.

Indicators of management competence such as cost in per cent of
earnings, growth of deposits, the implicit margin between deposit and
lending rates are expected to reduce the probability of distress. However,
the statistics do not in all cases show a clear difference between the
distressed and non-distressed banks.

" The banks are: Alm. Brand Bank, BRF Bank, Laegernes Pensions Bank, Nordea Bank
Danmark, Nykredit Bank, Ngrresundby Bank, Pen-Sam Bank, Saxo Privatbank and
Banque Internationale a Luxembourg Danmark.
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There might be a risk of endogenous and/or omitted variable bias
problems concerning the implicit interest margin. For instance a bank that
expects to face problems might raise the interest margin. This could
induce clients to switch bank which will further enhance the need for the
bank to increase the margin. Ultimately, this could potentially result in
actual distress. In such a case the distress could be attributed to the rise in
interest margin even when it was in fact other factors that initially triggered
the distress event. In the data used here, this hypothesis, however, is not
supported. The distressed banks both raised and lowered their margins in
the year prior to distress.

As would be expected the variables measuring earnings clearly indicate
lower earnings in distressed banks.

Liquidity issues might arise either due to funding liquidity (the ability to
make payments when needed) or market liquidity (how quickly an asset
can be liquidated without significant price effects) and are closely linked. In
this analysis liquidity is proxied by the funding-ratio, excess liquidity cover
and customer funding gap. Funding-ratio is defined as loans relative to
working capital less bond issuance with a remaining maturity less than 1
year." The different measures indicate a slightly lower level of liquidity in
distressed banks than in other banks.

It is assessed that the majority of the Danish banks are subject to a fairly
low level of market risk — credit risk is the dominant risk. Of the different
market risks the interest rate risk constitutes a major part of the banking
institutes' market risk. Therefore, sensitivity to market risk encompasses
only one variable, the Danish FSA's key ratio "interest-rate risk".”” The
statistics show a lower level of interest rate risk for the median of the
distressed banks compared to the non-distressed banks.

4. Model
A logistic regression model is estimated where the probability of distress
within the coming period t for bank i is given by:

ti

_ e)<p(a+/8jxt—l,i,j+ei) <:>In( P
T l+ep(a+ Bi%ait+e)

1P, j =a+ X 4 +€,

where X is a vector of j explanatory variables measured in a previous
period, a is a constant, B8 are the coefficient estimates, and e is the error
term.

1; Amount of loans and deposits is calculated excluding repo transactions.
The ratio is an expression of the part of the core capital (after deductions) which is lost
on a parallel shift of the yield curve by 1 percentage point.
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Some of the explanatory variables are highly correlated meaning that a
model including all the explanatory variables could suffer from co-linearity
problems resulting in unreliable coefficient estimates. In particular
variables measuring capital adequacy, asset quality and earnings are
highly intercorrelated.

Due to the high correlation in the data a selection process is developed to
select the variables to be included in the final model. It commences with a
univariate regression for each explanatory variable. These regressions are
performed both with the bank specific variable and the bank specific
variable adjusted with the sector average. The results of the univariate
regressions are shown in Appendix 3. The variables being individually
most important (AUC above or equal to 70 per cent) are variables such as
excess capital, Core Tier 1 ratio, accumulated lending growth over several
years, property exposure, large exposure, return on equity, and funding-
ratio.

Two criteria assess whether the variable is used in the further estimation
process: if the variable is statistically significant at the 5 per cent level of
significance and the size of the Area Under the receiver operating Curve
(AUC = 0.7), cf. Appendix 3. A model that fits the data perfectly has an
AUC equal to 1 whereas a random model will have an AUC equal to 0.5,
cf. Section 4.2.1. The initial selection process narrows the number of
variables to 29 possible candidates of which some are highly correlated,
cf. Appendix 4. In general the variables adjusted with the sector average
have higher explanatory power than those not adjusted. This is indicated
by higher p-values and AUC. None of the macroeconomic variables are
statistically significant.

In the next step multiple logistic regression models are estimated with
explanatory variables from each CAMELS category; within each category
there might be more than one variable included if they are not highly
correlated, otherwise they are included one at a time. Models including the
different combinations of the variables are estimated and on the basis of
these estimations the model that fits the data best is selected.

4.1. Results

The model that meets the criteria mentioned above (statistically significant
variables and as good a fit as possible) comprises the following variables:
excess capital in per cent of risk weighted assets, the 3 year average
lending growth lagged 2 years, property exposure and funding-ratio, cf.
Table 2.

13



COEFFICIENT ESTIMATES, UNRESTRICTED MODEL Table 2

Coefficient estimate
(standard error)
Variable p-value Odds ratio

-3.5228***
(0.3028)
Constant term.........cccciiiiiiiiiii <0.0001 0.029
-0.1486**
(0.0668)
Excess capital, per cent of RWA ..., 0.0262 0.862
0.0513***
(0.0182)
3 year average lending growth lagged 2 years ............ 0.0049 1.053
0.0351**
(0.0142)
Property eXposSuUre .............cueueueemmemmmmmeeeeeeeeeeeeeeenenenenenenen 0.0134 1.036

0.6669**
(0.3260)
FUNAING-Tatio ...cooovviiiiiiiee e 0.0408 1.948

Note: Standard error in parenthesis. *** indicates that the variable is statistically significantly different from 0 at a 1 per cent level of
significance, ** indicates that the variable is statistically significantly different from 0 at a 5 per cent level of significance and *
indicates that the variable is statistically significantly different from 0 at a 10 per cent level of significance.

Odds ratio equals OR = e®.

As an example the negative sign of the coefficient to excess capital means
that the more excess capital the bank has the smaller the probability of
distress. This is of course intuitive since higher excess capital ceteris
paribus means greater stamina. In the same way higher lending growth,
funding-ratio and property exposure entail higher probability of distress. It
is important to point out, as mentioned, that the included variables are
adjusted with the average of the sector. This means that the probability of
distress is higher if, for instance, the property exposure for a given bank is
higher than the average of the sector and vice versa.

Lending growth is in general statistically significant. However, out of the
different variables for lending growth the one that is statistically most
significant is the 3 year average lending growth lagged 2 years.” This
means that approximately 2 years pass before an extensive lending
growth over 3 years affects the financial statement of the bank to such a
degree that the probability of distress increases. If a bank has a high
lending growth in a single year it does not have a statistically significant
effect on the probability of distress the following year, cf. Appendix 3 which
shows that the period's (latest quarter or year) lending growth is
statistically insignificant. If the bank has a high lending growth for several
years it increases the probability of distress significantly.

" Data on lending goes back to 2003 meaning that the variable until 2008 contains
average yearly lending growth to date lagged 2 years.
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Other indicators of asset quality are also highly statistically significant in
the univariate regressions, such as large exposures and loan impairment
charges. Due to the highly correlated nature of these variables, they are
not included in the final model. The same explanation applies for the
variables measuring earnings. The different variables indicating
management competence are statistically insignificant.

It is difficult to quantify the effect of a change in the variables on the
probability of distress from the coefficient estimate. Instead the odds ratio
is applied. It measures the probability of distress relative to the probability
of non-distress, cf. Table 2.

The percentage change in the probability of distress by a 1 unit change in
a variable is found by subtracting 1 from the odds ratio for a quantitative
variable. For instance an increase of 1 per cent in the excess capital in per
cent of risk weighted assets adjusted with the sector average reduces the
probability of distress by 14 per cent.

Since the explanatory variables are adjusted with the sector average the
probability of distress for the average bank will equal the constant term of
around 3 per cent, cf. Chart 1."

The banks with the estimated highest probabilities of distress show a
rising tendency of their probability of distress until 2010 which presumably
is due to the high lending growth which took place from 2005 till 2008. The
impact of the high lending growth on the probability of distress peaks in
2010 because the average lending growth is lagged 2 years, cf. Chart 1.

Average lending growth in the Danish banking system was high before the
crisis. As mentioned the variables in this analysis are included as
“deviation from means”, i.e. sector averages have been subtracted from
the individual variables. In order to make sure that this choice does not
affect the results for the average bank, a model including the sector's
average 3 year lending growth lagged 2 years was also estimated. The
result of this model was a slightly bell-shaped curve for the probability of
distress for the median bank, cf. Appendix 5. The coefficient estimate for
this extra included variable (sector's average 3 year lending growth lagged
2 years) was statistically insignificant and the fractiles nearly the same.
However, the median probability of distress is increased from slightly
below 3 per cent to around 4 per cent in 2010.

exp(—3.5228
“ R, __op(35228) o
" 1+exp(—3.5228)
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ESTIMATED PROBABILITY OF DISTRESS, UNRESTRICTED MODEL Chart 1

Per Cent
16 { 90th percentile (the 10 per cent weakest)

Median

10th percentile (the 10 per cent strongest)

2007 2008 2009 2010 2011 2012

Note: The probability of distress at year-end.
Source: Own calculations.

4.2. Model validation

In the following sections the performance of the model is examined in two
different ways. First, the classification accuracy of the model is analysed,
I.e. how precise is the model at discriminating between the distressed and
non-distressed banks. And second, how effective is the model in
discriminating between distressed and non-distressed banks on out of
sample data.

4.2.1. Accuracy of the model
The classification table in Table 3 shows, at a chosen threshold, how
many observations the model classifies correctly.

A threshold of 1.3 per cent means that banks with an estimated probability
of distress higher than 1.3 per cent will be classified as distressed, cf.
Table 3. At this threshold 24 actually distressed banks will be classified as
distressed, but 373 observations that are non-distressed will also be
classified as distressed (i.e. false alarms). The threshold is therefore set
higher, at 7 per cent, which is also closer to the relative frequency of
distressed banks compared with non-distressed banks, cf. Table 1. As can
be seen from Table 3, 17 actually distressed banks will be classified as
distressed and 73 observations that are non-distressed will be classified
as distressed. It is also seen that 9 distressed banks had an estimated
probability of distress below 7 per cent which will not be identified by the
model as distressed at this threshold. Finally it is seen that there are 2
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distressed banks where the estimated probability of distress is below 1 per
cent. The model does not capture the distress of these banks at all.

In the related literature the threshold indicates the preference of the
supervisor between missing distress events versus false alarms. If a
supervisory examination can detect problems early enough, regulatory
actions can be taken either to prevent a bank from failing or to minimize
the cost of a failure, arguing in favour of a relatively low threshold, cf.
Thomson (1991). However, the aim of this analysis is to identify the factors
characterizing the distressed banks in the period and the threshold is
chosen also to account for an acceptable level of false alarms.

CLASSIFICATION TABLE Table 3

Correct Incorrect Percentages

Event
(of which no distress in later
periods), Non- False False
Probability level Event Non-event of which unique banks event Correct Sensitivity Specificity positive  negative

413
0.01 ... 24 73 (351) 2 189 923 15.0 94.5 2.7
73

373
0.013 .............. 24 113 (312) 2 26.8 923 23.3 94.0 1.7
69

309
0.02 ... 24 177 (255) 2 39.3 923 364 928 1.1
64

223
003 23 263 (176) 3 559 885 54.1 90.7 1.1
50

168
0.04................. 21 318 (125) 5 66.2 80.8 654 88.9 1.5
41

124
0.05 oo, 20 362 (86) 6 746 769 745  86.1 1.6
33

92
0.06....cccccuveenee 18 394 (60) 8 80.5 69.2 81.1 83.6 2.0
25

73
0.07 ..cccurernenn 17 413 (43) 9 84.0 654 85.0 81.1 2.1
19

61
0.08 ....cceeeennn. 16 425 (34) 86.1 615 874 79.2 2.3
16

42
0.10 v, 11 444 (20) 88.9 423 914 792 3.3
10

Note: Cross validated probabilities.

The 73 incorrectly classified distresses comprise 30 observations that
became distressed in one of the following years until 2012 (13 different
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banks) reducing the number of incorrect classifications to 43, of which
some banks appear in several periods which means that ultimately 19
different banks are incorrectly classified as distressed, cf. Table 3.

Classification tables can be illustrated graphically by the Receiver
Operating Characteristic curve (ROC). The curve shows the sensitivity
(estimated distress relative to actual distress) and 1 minus specificity
(estimated non-distress relative to actual non-distress), cf. Chart 2. The
higher and more to the left the ROC curve is located, the better fit of the
model. A model that fits the data perfectly has an AUC equal to 1 and will
reach the upper left corner whereas a random model will have an AUC
equal to 0.5. The AUC in this model is 0.82. At a threshold level of 7 per
cent 65 per cent of the distressed banks are classified correctly and 84 per
cent of the non-distressed banks respectively.

ROC CURVE, UNRESTRICTED MODEL Chart 2
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Note: The dotted line shows the threshold level of 7 per cent.

4.3. Model validation: Predicted distress in 2012

The robustness of the model is examined by reestimating the model for a
subset of the data and testing this model on the remaining data. The
model is estimated on the same data excluding the observations from
year-end 2011 corresponding to 435 observations of which 23 distresses,
compared to the full sample which comprised 512 observations of which
26 distresses.
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COEFFICIENT ESTIMATES, MODEL UP TO AND INCLUDING 2010 FINANCIAL STATEMENTS Table 4

Coefficient estimate
(standard error)
Variable p-value Odds ratio

-3.5186***
(0.3295)
Constant term...........cccciiiiiiiiis <.0001 0.029
-0.1594**
(0.0732)
Excess capital, per cent of RWA .................... 0.0295 0.853
0.0438**
(0.0193)
3 year average lending growth lagged 2 years 0.0230 1.045
0.0400***
(0.0154)
Property eXposure .........ccccceeveeeveeieiieeeiieeeeenens 0.0093 1.041
0.7185**
(0.3588)
Funding-ratio........ccccoooiiiiiiiiiece 0.0452 2.051

Note: Standard error in parenthesis. *** indicates that the variable is statistically significantly different from 0 at a 1 per cent level
of significance, ** indicates that the variable is statistically significantly different from 0 at a 5 per cent level of significance
and * indicates that the variable is statistically significantly different from 0 at a 10 per cent level of significance. Odds ratio
equals OR = e®.

The variables are all statistically significant, the signs correspond to the
ones found in the model estimated on the full sample and the coefficient
estimates are within the confidence intervals found in the full sample
estimation, cf. Table 4.

The out of sample data consists of financial statements for 2011 for 77
banks of which 3 were distresses. The calculated probabilities of distress
show that 11 banks have an estimated probability of distress higher than 7
per cent (10 banks in the model estimated on the full sample), however,
only 1 of the 3 actual distressed banks is among them. On the other hand
the model does not capture the distress of the 2 other distressed banks as
was the case in the model estimated on the full sample, cf. Table 5. The
model is thus fairly robust in estimating probabilities of distress also for
data not included in the model.

ESTIMATED PROBABILITIES OF DISTRESS IN 2012 Table 5

Full sample estimated
Bank probability Out of sample estimated probability

Distressed bank 1 0.20 0.21
Distressed bank 2 0.05 0.05
Distressed bank 3 0.02 0.02

5. Model including Supervisory Diamond variables

5.1. Background
After the financial crisis there has been an increased focus both nationally
and internationally on supervisory practices. The Basel “Core Principles
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for Effective Banking Supervision” have been updated and reviewed to
take into account “significant developments in the global financial markets
and regulatory landscape since October 2006, including post-crisis
lessons...”, cf. Basel Committee on Banking Supervision (2012).

New national regulation and reforms of supervisory practices have also
been introduced in several countries. In the UK, for instance, the intention
of creating three new regulatory bodies was announced in June 2010.
Similarly, in the context of the European Union, a new supervisory
framework is being developed as part of a broader vision of a European
banking union.

The Danish FSA introduced the so-called "Supervisory Diamond" as part
of its banking supervision in 2010." The supervisory diamond consists of a
number of benchmarks encompassing what must be considered as
banking activity subject to enhanced risk. Danish banks are required to
comply with the limit values as of end 2012. The benchmarks of the
supervisory diamond concern lending growth, property exposure, large
exposures, funding-ratio, and excess liquidity cover. The limit values are
as follows:

e Sum of large exposures (less than 125 per cent of total capital)
e Lending growth (less than 20 per cent per year)
e Commercial property exposure (less than 25 per cent of total loans)

e Funding-ratio (lending/working capital — less bond issuance with
remaining maturity less than 1 year). Limit value: less than 1

e Excess liquidity cover (over 50 per cent)

5.2. Model and explanatory variables

As in the previous section a multiple logistic regression model is estimated
where the probability of distress for each bank is estimated. The
explanatory variables comprise a constant term as well as the values of
the five benchmarks adjusted with the limit values set in the supervisory
diamond."

** Letter from The Danish Financial Supervisory Authority of June 25th 2010 and letter of
December 14th 2010, cf. www.ftnet.dk.

" Due to changes in definitions and lack of data it is not possible to calculate the exact
benchmarks back in time. For instance the definition of large exposures has changed
and data on term to maturity on debt instruments is not available. All debt instruments
are presumed to have a term to maturity over 1 year.
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The limit value for excess liquidity cover is a minimum requirement while
the limits for the other benchmarks are maximum requirements. The
maximum requirements are met if the variable is negative and vice versa
for the excess liquidity cover. A positive sign for one of the coefficients of
the maximum requirements entails ceteris paribus that the probability of
distress is reduced if the limit is met and similarly for a negative estimate
for the excess liquidity cover.

The benchmarks are to some extent correlated, cf. Table 6. For instance
property exposure is correlated with large exposures. However, the
correlation is not perfect and not nearly as high as in the previous section,
cf. Appendix 4, and a model is estimated including all five benchmarks
adjusted with the limit values.

CORRELATION MATRIX, DEVIATION FROM LIMIT VALUES Table 6

Property  Excess liquidity
Lending growth Large exposures Funding-ratio exposure cover

Lending growth .........ccccoiiiiininnn. 1.0
Large exXposures .........cccceeeevvvvveeennns 0.14 1.0
Funding-ratio ........ccccceviiiiiniienene, 0.15 0.46 1.0
Property exposure ..........ccccceeeenenen. -0.04 0.42 0.19 1.0
Excess liquidity cover ........ccccevurnnnenn. -0.31 -0.23 -0.42 -0.03 1.0
Note: Figures in bold represent a correlation greater than 0.3.
5.3. Results

Property exposure and funding-ratio are both highly statistically significant
with positive signs, cf. Table 7. The larger the deviation from the limit
values set in the supervisory diamond the higher probability of distress.
The three other benchmarks are not statistically significant. The statistical
insignificance of lending growth can reflect that effects of a, perhaps, not
so strict lending policy take a few years to materialize in the financial
statements.

The estimated probabilities for the median bank are slightly higher than in
the previous model and lower for the 10 per cent with the highest
probabilities, cf. Charts 1 and 3. If a bank exactly meets the limit values in
the supervisory diamond the probability of distress is given by the constant
term, equal to 7.6 per cent and it would actually be classified as
distressed. The differences between the results from the unrestricted
model (Table 2 and Chart 1) and the model based on the supervisory
diamond (Table 7 and Chart 3) relate to the different specifications and
objectives of the models. The main difference being that the first model is
backward-looking whereas the supervisory diamond is forward-looking.
Second, in the previous model the variables were adjusted with the sector
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average to take into account the general development whereas in this
model the adjustments are given by the limit values in the supervisory
diamond and are fixed. This means that in this model the explanatory
variables also try to account for the general development. Third, a wider
range of variables are included in the previous model and the specification
Is unrestricted whereas the model including the benchmarks from the
supervisory diamond is restricted to these variables. These differences
result in a lower explanatory power in this model than in the previous
model. Finally, it should be noted that the banks were not required to
comply with the benchmarks set in the supervisory diamond before end
2012 and the purpose of these benchmarks is to ultimately prevent
excessive risk taking. Thus, since Danish banks from end 2012 are
required to comply with the supervisory diamond, it seems reasonable to
assume that the variables eventually will become statistically insignificant.
Such an outcome will, however, depend on whether the banks in the end
will fulfil the limits defined in the supervisory diamond.

SUPERVISORY DIAMOND, FULL SAMPLE, ESTIMATION PROCESS Table 7
Variable Step 1 Step 2 Step 3 Step 4
-2.1267*** -2.1311%%* -2.0907*** -2.4979***
(0.3187) (0.3171) (0.3085) (0.2177)
Constant term .........ccccvveeeiiiiiiinns <0.0001 <.0001 <0.0001 <0.0001
-0.00352
(0.00956)
Lending growth..........ccooiiininene 0.7129
0.00165 0.00152
(0.00264) (0.00263)
Large exposures ...........cccoeeuvueeeeennn. 0.5312 0.5626
0.518 0.5331 0.6492*** 0.8418***
(0.3751) (0.3725) (0.3145) (0.3224)
Funding-ratio.......ccccoccervvvenienineennn. 0.1673 0.1523 0.039 0.009
0.0432*** 0.0439*** 0.048*** 0.0404***
(0.0148) (0.0147) (0.0128) (0.0116)
Property exposure.........ccccccoevunnnees 0.0035 0.0027 0.0002 0.0005
-0.004 -0.00366 -0.00394
(0.00266) (0.00246) (0.00244)
Excess liquidity cover 0.1328 0.1369 0.1057
Note: Standard error in parenthesis. *** indicates that the variable is statistically significantly different from 0 at a 1 per cent level

of significance, ** indicates that the variable is statistically significantly different from 0 at a 5 per cent level of significance
and * indicates that the variable is statistically significantly different from 0 at a 10 per cent level of significance.
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ESTIMATED PROBABILITIES OF DISTRESS, SUPERVISORY DIAMOND Chart 3

Per Cent
10

Median

{ 90th percentile (the 10 per cent weakest)
9

10th percentile (the 10 per cent strongest)
8 -

2007 2008 2009 2010 2011 2012

Note: Model with a constant term, property exposure and funding-ratio adjusted with limit values.
Source: Own calculations.

5.4. Model validation: Classification table

If the threshold for the probability level is set at 7 per cent as in the
previous section the model will identify half of the distressed banks and 55
non-distresses will be identified as distressed, cf. Appendix 6. In
comparison, the model in the previous section identified more distresses,
however, also more false alarms. The AUC equals 0.788 indicating that
the model explains approximately 3 per cent less of the variation in the
data than the previous model in Section 4.1.

5.5. Model validation: Predicted distress in 2012

Estimating the model based on the supervisory diamond excluding data
for the financial statements for 2011 results in a model where the variables
are statistically significant with the same signs. Using the probability level
of 7 per cent 12 out of 23 distressed banks are identified and 58
incorrectly classified distresses. Using the estimates on the out of sample
financial statements for 2012 the model identifies 1 of the 3 distressed
banks and not the other 2 distressed banks in 2012, i.e. the same result as
in the model in Section 4.3.

The purpose of the supervisory diamond is to prevent excessive risk
taking in banks. Some of the benchmarks can be difficult to change over a
short period of time. In the models the probabilities of distress are
estimated for the successive year; however, this might be too short a
period of time to rectify for a bank facing problems. Therefore, the model is
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also estimated with a longer lag, representing a case where the authorities
have time to react earlier to signs of problems.

If the model is estimated with the variables lagged 1 year none of the
variables are statistically significant. If the model is estimated with the
variables lagged 2 years only large exposures are statistically significant at
the 10 per cent level of significance. In the model estimated with the
variables lagged 2 years the number of observations is reduced to 420 of
which 25 are distressed banks, cf. Table 8. 1 distressed bank is omitted in
this model because data from the Danish FSA dates back to 2005.

If the model with a lag of 1 year is estimated on the same data as the
model estimated with the variables lagged 2 years, i.e. leaving out the
observations for 2006 (based on 420 observations) a similar number of
correctly classified distresses is obtained as in the model with 2 year lag in
the variables. This means that there are some observations in the data
that the model cannot explain.

If the model is estimated with the variables lagged 3 years the number of
observations is reduced to 325 of which 16 are distresses. All the
variables are statistically insignificant and no distressed banks are
identified at the threshold level of 7 per cent.

SUPERVISORY DIAMOND, LAGGED VARIABLES AND FINAL MODEL Table 8

Correct classification  Incorrect classification

Correctly Incorrectly
Correctly classified classified Incorrectly

classified non- non- classified Distresses,
Lag distresses  distresses distresses  distresses Total total
NO 18G . eeeieiiiiee 13 431 55 13 512 26
With 1yearlag.....ccccooeeviiieiiiiiiiiiecciee, 1 468 18 25 512 26
With 2 yearlag.....cccccceeviieeiiiiiiiiieceie, 4 325 70 21 420 25
With 3yearlag....cccccceeevviiiieieeiieeciiiieeeeene 0 274 35 16 325 16

Note: Probability level at 7 per cent. The model with no lag equals the model in Table 7, step 4.
Source:  Own calculations.

6. Conclusion and scope for further research

This paper examines leading indicators of Danish banks becoming
distressed during the period around the global financial crisis. It is the first
study of this type using Danish data. The study is, at the same time,
limited to a particular time horizon, the particular regulatory framework and
the economic conditions during the period. Bearing this in mind, lower
excess capital, higher lending growth, higher property exposure, and a
higher funding-ratio indicate a higher probability of distress. Lending
growth and property exposure relate in particular to credit risk whereas the
funding-ratio relates to liquidity risk. Excess capital indicates the size of
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the buffer the bank has to cover losses. It takes a few years before a high
lending growth affects the financial statements in a way that results in a
higher probability of distress which is also found in related literature, cf.
Logan (2001).

Even though the supervisory diamond is forward-looking a model is
estimated where the explanatory variables comprise a constant term as
well as the values of the five benchmarks adjusted with the limit values set
in the supervisory diamond. The purpose of this estimation is to assess
whether the variables in the supervisory diamond differ from the
unrestricted model. The results of this model show that deviations from the
benchmarks concerning property exposure and funding-ratio are
statistically significant with expected signs. However, deviations from the
benchmarks concerning lending growth, large exposures, and excess
liquidity cover are statistically insignificant. The model describes the
variation in the data to a less extent than the unrestricted model.

The unrestricted model uses average lending growth through 3 years
lagged 2 years and finds that it is statistically significant while the
supervisory diamond uses the yearly lending growth which is not
statistically significant. This difference arises because the unrestricted
model is backward-looking and thus explains the experience through the
crisis period. In this period it was rather several years of high lending
growth that caused problems for the banks than high lending growth in a
single year and it takes a couple of years before it results in a higher
probability of distress. However, the supervisory diamond now sets a limit
for yearly lending growth and will thus in the future limit higher yearly
lending growth persisting over several years. Another important difference
is that excess capital is comprised in the unrestricted model and not part
of the supervisory diamond. Overall, however, the analyses presented
here support the establishment of benchmarks.

The model is estimated for one specific time horizon; the period around
the global financial crisis. It would be interesting to estimate a similar
model for a longer period of time encompassing more business cycles and
the Danish banking crisis in the beginning of the 1990s. Another
interesting expansion would be to estimate the model for different
countries so as to allow for comparisons of the effects of different stages
in the business cycles as well as regulatory frameworks and practices.
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7. Appendices

7.1. Appendix 1: Distressed banks in FSA groups 1, 2 and 3, January
2008 — December 2012, by year of announcement.
DISTRESSED BANKS, JANUARY 2008 - DECEMBER 2012 Appendix 1

BANKS YEAR

Sydbank and bankTrelleborg merged in March 2008 with Sydbank as the continuing company .. 2008

Roskilde Bank failed in August 2008. Initially, the bank's activities were transferred to
Danmarks Nationalbank and the Danish Contingency Association, but later transferred to the
Financial Stability COMPANY ....oo.uiiiiiiiiei et 2008

Vestjysk Bank and Bonusbanken merged in October 2008 with Vestjysk Bank as the continuing
Lo 101 o - )/ 2008

Morse Bank and Sparekassen Spar Mors merged in November 2008 with Morsg Bank as the
CONTINUING COMPANY ...iiiiiiiiiiiiiii it e e e et e e e e e e e e e e e e e s s s ee e e e e e e s aanseeeeeeeaasnneeeeeeeaannnnseeeeeaannnnnneeeeeaanns 2008

ebh bank failed in November 2008. The bank's activities were transferred to the Financial
Stability Company under Bank Rescue Package T .........cooiiiiiiiiiiiiiiienice et 2008

Handelsbanken and Lokalbanken i Nordsjeelland merged in April 2009 with Handelsbanken as
the continuing company (announced 15 September 2008)...........ccccceiiiiiiiiiiiieiiiee e 2008

Nykredit Bank and Forsteedernes Bank merged in April 2010 with Nykredit Bank as the
continuing company. (announced 15 September 2008) ...........cccoiiiiiiiiiiiiiiee e 2008

Vestjysk Bank and Ringkjebing Bank merged in December 2008 with Vestjysk Bank as the
CONTINUING COMPANY  ..eiiiiiiiii ittt e e e ettt e e e e e e e e e e e e e s e e e e e e e e e aaas s e e e ee e e e e snnseeeeeeeannnneeeeeeaannnnneeeeeaanns 2008

Lokken Sparekasse failed in March 2009. The bank's activities were transferred to the Financial
Stability Company under Bank Rescue Package T ........cooiiiiiiiiiiiiiiiieceee et 2009

Gudme Raachou Bank failed in April 2009. The bank's activities were transferred to the
Financial Stability Company under Bank Rescue Package 1 .........cooeviuiiiiieieiiiiiiiieee e esiieeee e e e 2009

Fionia Bank failed in May 2009. The bank's activities were transferred to the Financial Stability
Company under Bank Rescue Package T ...t 2009

Capinordic Bank failed in February 2010. The bank's activities were transferred to the Financial
Stability Company under Bank Rescue Package 1 .......cccuvviiiiiiiiiiiiiiice et e e 2010

Sparekassen Lolland and Finansbanken merged in March 2010 with Sparekassen Lolland as the
CONTINUING COMPANY ..eiiiiiiiiieitiesie et e e st e seeesteesteesseeeeeesseesseeeseeaseeaseeanseesseeasseanseeseensensnseenseensensssennsennns 2010

Eik Bank Danmark failed in September 2010. The bank's activities were transferred to the
Financial Stability Company under Bank Rescue Package 1 ........ccccooiiiiiiiiiiiiiiiiiiec e 2010

Max Bank and Skaelsker Bank merged in September 2010 with Max Bank as the continuing
(oY0 1T oY= 1 4|2 PSP SEEP PP PPURRPN 2010

Morso Sparekasse and Aktieselskabet Morsg Bank merged in November 2010 and at the same
time changed their name to Fjordbank MOrs ..........ccoociiiiiiiiiiiiieceee e 2010

Amagerbanken failed in February 2011. The bank's activities were transferred to the Financial
Stability Company under Bank Rescue Package 3 .........coouiiiiiiiiiiiiiieniee et 2011

Sparekassen Midtfjord and Sparekassen Himmerland merged in February 2011 with
Sparekassen Himmerland as the continuing COMPaNY .........coociiiiiiiiiiiiii e 2011

Fjordbank Mors failed in June 2011. The bank's activities were transferred to the Financial
Stability Company under Bank Rescue Package 3 .........coouiiiiiiiiiiiiiieniee et 2011

Max Bank failed in October 2011. The bank's activities were transferred to the Financial
Stability Company under Bank Rescue Package 4 ..........occueiiiiiiiiiiiieiiiie et 2011

Sparekassen Limfjorden and Sparekassen Vendsyssel merged in January 2012 with Sparekassen
Vendsyssel as the continUing COMPANY .......coviiiiiiiiiiii e 2011

Sparekassen Farsg and Den Jyske Sparekasse merged in March 2012 with Den Jyske Sparekasse
as the coNtiNUING COMPANY ...ttt e et e e e e e s e e e e saneeeeenne 2012
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DISTRESSED BANKS, JANUARY 2008 — DECEMBER 2012 Appendix 1

BANKS YEAR

Sparekassen @stjylland failed in April 2012. The bank's activities were transferred to
Sparekassen Kronjylland and the Financial Stability Company under Bank Rescue Package 4 ...... 2012

Aarhus Lokalbank and Vestjysk Bank merged in March 2012 with Vestjysk Bank as the
CONTINUING COMPANY ..ttt ettt e e e s e e st e e e e bs e e e e aae e e e bbeeeebn e e e snreesaabeeeanans 2012

Spar Salling Sparekasse failed in April 2012. The bank's activities were transferred to Den Jyske
Sparekasse with compensation from the Guarantee Fund for Depositors and Investors ............... 2012

Tender Bank entered 2 November 2012 an agreement with Sydbank. The bank's assets and
liabilities — less equity and subordinated debt — were transferred to Sydbank ...........cccccoecveeinenne. 2012
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7.2. Appendix 2: Descriptive statistics — by CAMELS and
supervisory diamond.

MEDIAN OF EXPLANATORY VARIABLES, NON-ADJUSTED Appendix 2
Variable | All banks | Non-distressed ‘ Distressed |Expected sign
Capital adequacy

Excess capital in per cent of RWA..........c........ 6.6 6.8 3.9 -
Excess capital in per cent of requirement ....... 72.4 75.2 38.6 -
Excess capital in per cent of loan and

guarantees 6.4 6.5 3.8 -
Tier 1 ratio .. 143 14.5 9.4 -
Core tier 1 capital in per cent of RWA ............ 13.8 14.1 8.0 -
Core tier 1 ratio less requirement, per cent 4.6 4.9 -0.8 +
Leverage ratio, total assets...........ccceevrveeennnn. 5.4 5.3 9.5 +
Leverage ratio, loan and guarantees .. 7.9 7.7 12.5 +
RWA in per cent of total assets .... 86.2 86.5 84.8 +
Individual capital need ................. 8.9 8.8 10.4 +
Total capital ratio.........ccecveiiiiiiiniiiece, 16.2 16.3 14.3 -
Asset quality

Lending growth 2005-08 (including loan

impairment charges), annual average............. 229 22.7 32.0 +
Lending growth 2008- (before loan

impairment charges), annual average............. 8.7 8.4 10.4 +
Accumulated lending growth 2005-08

(including loan impairment charges) .............. 70.3 68.6 119.4 +
Accumulated lending growth 2005-08

(including loan impairment charges) and

2008- 16.2 16.0 18.3 +
Lending growth, latest quarter (including

loan impairment charges) .........cccccccevineeennn. 1.6 1.6 1.4 +
Lending growth, latest year (including loan

impairment charges) ..........ccccevviieiniieeiiieeee 8.8 8.8 10.1 +
Lending growth, latest year (excluding loan

impairment charges)........c.cccccoeviiiiiieeiiieeene 7.7 7.9 5.8 +
Average annual 3 year lending growth .......... 13.5 13.5 13.0 +
Average annual 3 year lending growth,

lagged T year.....cccocuiiieee e 15.6 15.4 23.2 +
Average annual 3 year lending growth,

lagged 2 years........coeueeeiiiieeiee e 16.2 15.9 25.0 +
Average annual 3 year lending growth,

lagged 3 Years......ccceeueeeeiiieeciee e 15.5 15.3 241 +
Property eXposure...........ccccceveiiiiieeecnennineeenn. 11.5 11.3 22.2 +
Agricultural sector exposure...........cccoevveeenen. 8.4 8.4 7.2 +
Concentration index (Herfindahl) by sector.... 25.4 25.5 20.9 +
Large @XPOSUIES .........eeeeeeiiiriirrrieeeeeaenneeeeeanans 65.6 63.0 112.8 +
Large exposures in per cent of excess capital.. 1.5 1.5 3.8 +
Loan impairment charge ratio, latest

QUATTET e 0.7 0.6 1.8 +
Loan impairment charge ratio, accumulated.. 2.4 2.4 4.4 +
Impaired loans ratio in per cent of loans,

(ILR) e 5.3 5.1 9.6 +
Management

Deposit growth, 12 months.............ccceoiieens 9.1 8.9 11.3 -
Costs less loan impairment charges, per cent

Of INCOME .o 67.1 67.1 67.3 +
Costs including loan impairment charges, per

cent of INCOME .....ooiiiiiiii e 88.1 87.7 108.1 +
Annual growth in total assets.... 8.6 8.6 -8.5 -
Size (logarithm of total assets) ........c.cccccueennen. 8.2 8.1 8.6 -
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MEDIAN OF EXPLANATORY VARIABLES, NON-ADJUSTED Appendix 2

Variable ‘ All banks | Non-distressed ‘ Distressed |Expected sign
Implicit deposit rate........c.cccovvviieenieinieneeee 0.5 0.5 0.6 +
Implicit lending rate..........cccoovviieenienneeniee 1.8 1.8 1.8 -
Implicit deposit rate less reference rate.......... -2.8 -2.8 -0.6 +
Implicit lending rate less reference rate... -1.5 -1.5 0.2 -
Implicit interest margin..........cccccceevienneene 1.2 1.2 1.1 -
Earnings

Return on equity after taxes, latest year......... 41 4.4 -5.5 -
Return on equity before taxes, latest year...... 3.5 3.6 -4.7 -
Return on equity after taxes, latest quarter.... -0.1 -0.1 -3.1 -
Return on equity before taxes, latest

QUATTET. e 0.0 0.1 -2.7 -
Return before taxes in per cent of RWA.......... 4.6 4.9 -0.8 -
Liquidity

Excess liquidity cover ........ccccviiiiniiiniiieeen, . 151.1 138.2 -
Funding-ratio, less repo transactions 0.7 0.8 +
Funding-ratio, including repo transactions..... 0.8 0.8 0.9 +
Deposits in per cent of lending, less repo

transactions.......ooceeeiiiieiieiiiiee e 0.9 0.9 0.8 -
Deposits in per cent of lending .........cccccveeene 0.9 0.9 0.8 -
Debt to credit institutes in per cent of

average total assets..........cccoeciiiiiiiiiniiiciiieee 13.9 13.9 14.4 +
Sensitivity to market risk

Interest rate risk .........cccooviiiiiiiiiii, 2.0 2.0 1.5 +/-
Supervisory diamond

Lending growth, deviation from limit value... -12.3 -12.1 -14.2 +
Property exposure, deviation from limit

ValU@ oo -13.5 -13.7 -2.8 +
Large exposures, deviation from limit value... -59.4 -62.0 -12.3 +
Funding-ratio, deviation from limit value....... -0.2 -0.3 -0.2 +
Excess liquidity cover, deviation from limit

VAlU@ oo 100.6 101.1 88.2 -

Note: “+/-" in the expected sign column indicates that the expected sign of the variable is ambiguous.
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7.3. Appendix 3: Univariate regressions

UNIVARIATE REGRESSIONS

Appendix 3

Non-adjusted variables

Adjusted variables

Estimate | P-value AUC Estimate | P-value AUC
Capital adequacy
Excess capital in per cent of RWA............ccc....... -0.22 0.00 0.72 -0.22 0.00 0.73-
Excess capital in per cent of requirement 0.03 0.00 0.76 -0.03 0.00 0.77-
Excess capital in per cent of loan and
QUAraNTEes..........ccceiiiiiiiiiei e -0.19 0.00 0.73 -0.20 0.00 0.73
Core tier 1 capital in per cent of RWA................ -0.19 0.00 0.76 -0.16 0.00 0.74
Core tier 1 ratio less requirement, per cent........ -0.22 <.0001 0.78 -0.21  <.0001 0.77
Tier 1 ratio........cccccoeeueee. -0.15 0.00 0.73 -0.14 0.01 0.72
Leverage ratio, total assets................ 0.10 0.00 0.68 0.10 0.00 0.68
Leverage ratio, loan and guarantees.................. 0.30 <.0001 0.76 0.29 <.0001 0.75
RWA in per cent of total assets...........cccovcuernuene 0.00 0.70 0.50 0.01 0.62 0.50
Individual capital need 0.16 0.01 0.64 0.18 0.00 0.69
Total capital ratio........ccooceeeiiiiiiiiieeeee -0.08 0.12 0.64 -0.08 0.14 0.66
Indicator of owner ..........ccccoeviiiiiiiiiiieeeee -15.20 0.96 0.55
Indicator of state capital injection..................... -15.20 0.96 0.54
Indicator of state capital injection, 1 after
INJECHION ... -2.93 <.0001 0.50
Asset quality
Lending growth 2005-08 (before loan
impairment charges), annual average................ 0.02 0.01 0.75 0.02 0.01 0.74
Lending growth 2008- (before loan
impairment charges), annual average................ 0.01 0.33 0.56 0.01 0.25 0.62
Accumulated lending growth 2005-08 (before
loan impairment charges)............ccccccceecceeenunee.. 0.01 <.0001 0.78 0.01 0.00 0.75
Accumulated lending growth 2005-08 (before
loan impairment charges) and 2008-.................. 0.00 0.03 0.58 0.01 0.05 0.62
Lending growth, latest quarter (before loan
impairment charges) .........cccccoviieeiiiieninieeee, 0.00 0.99 0.50 0.00 0.92 0.52
Lending growth, latest year (before loan
impairment charges) .........cccccoecieiinieciiicccen, 0.00 0.86 0.50 0.00 0.70 0.53
Lending growth, latest year (after loan
impairment charges) .........cccccoocieiiiieeiiieccen, 0.00 1.00 NA 0.00 0.86 0.54
Average annual 3 year lending growth.............. 0.03 0.01 0.59 0.05 0.00 0.66
Average annual 3 year lending growth, lagged
T Y@QAI oottt 0.02 0.46 0.54 0.07 <.0001 0.72
Average annual 3 year lending growth, lagged
2 YOAIS..ueiiiieiiiee e 0.05 0.26 0.56 0.07 <.0001 0.75
Average annual 3 year lending growth, lagged
B YIS .o 0.04 0.31 0.56 0.04 0.00 0.69
Property exposure............ccccovueeeeiiiciiiiccecccas 0.04 0.00 0.76 0.04 0.00 0.76
Agricultural sector exposure...........cccoceeeeiveeennee -0.02 0.58 0.54 -0.02 0.61 0.54
Concentration index (Herfindahl) by sector ....... -0.07 0.02 0.67 -0.07 0.02 0.67
Large eXposures............cccccoeeuuuiiceiicciiiiiicee e 0.01 0.00 0.71 0.01 0.00 0.71
Large exposures in per cent of excess capital..... 0.01 0.42 0.69 -0.01 0.31 0.41
Loan impairment charge ratio, latest quarter 0.18 0.02 0.66 0.21 0.02 0.75
Loan impairment charge ratio, accumulated ..... 0.06 0.09 0.61 0.07 0.07 0.65
Impaired loans ratio in per cent of loans, (ILR) .

0.04 0.01 0.62 0.05 0.01 0.67

Management
Deposit growth, 12 months ...........ccceeviiiennenn. 0.00 0.82 0.49 0.00 0.33 0.53
Costs less loan impairment charges, per cent of
INCOME ... 0.00 0.89 0.50 0.00 0.89 0.50
Costs including loan impairment charges, per
cent of INCOME......cccuiiiiiiiiiee e 0.00 0.34 0.65 0.00 0.36 0.69
Annual growth in total assets.........cc.cccevverneenne. 0.01 0.51 0.51 0.01 0.57 0.52
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UNIVARIATE REGRESSIONS

Appendix 3

Non-adjusted variables

Adjusted variables

Estimate | P-value AUC Estimate | P-value AUC
Size (logarithm of total assets) .........ccccoecveeennnne. 0.52 0.57 0.06 0.59 0.56
Implicit deposit rate.........ccccoccoveiiiiieicciiiee. 0.02 0.51 -1.04 0.03 0.39
Implicit lending rate.........ccocevvienieineennen. 0.71 0.46
Implicit deposit rate less reference rate 0.37 0.57 -0.48 0.44 0.57
Implicit lending rate less reference rate 0.68 0.52
Implicit interest margin............cc.cccccoeeecceeennnen.. 0.02 0.44 0.72 0.02 0.44
Earnings
Return on equity after taxes, latest year ............ -0.03 0.00 0.64 -0.03 0.00 0.72
Return on equity before taxes, latest year ......... -0.02 0.00 0.63 -0.03 0.00 0.72
Return on equity after taxes, latest quarter....... -0.04 0.01 0.65 -0.05 0.00 0.70
Return on equity before taxes, latest quarter.... -0.04 0.00 0.64 -0.04 0.00 0.70
Return before taxes in per cent of RWA ............ -0.10 0.03 0.67 -0.10 0.04 0.77
Liquidity
Excess liquidity COVEr .........cccouniiiiniiiaaiiaae 0.00 0.09 0.57 -0.01 0.05 0.59
Funding-ratio, less repo transactions.................. 0.82 0.01 0.67 0.87 0.00 0.75
Funding-ratio, including repo transactions........ 0.80 0.01 0.66 0.86 0.01 0.73
Deposits in per cent of lending, less repo
transactions .............occeeeecieeieciieieiiee e -2.31 0.00 0.70 -2.29 0.00 0.70
Deposits in per cent of lending.............cccc.......... -2.22 0.00 0.69 -2.20 0.00 0.69
Debt to credit institutes in per cent of average
total @sSets.....cooiiiiiiiiiie e 0.00 0.79 0.56 0.00 0.82 0.54
Sensitivity to market risk
Interest rate risk .........coociiiiiiiiiiie -0.07 0.23 0.57 -0.01 0.98 0.00
Macroeconomic variables
Unemployment rate ........ccccociiiiiiiiniieciiieeene -0.01 0.98 NA
Change in GDP .....ccceiiiiiiiiieeee e -0.01 0.83 0.50
Property prices.........ccooveeiiiiiiiniieeeiee e -0.02 0.42 0.51
Interestrate ........cocveeiiiiiii -0.01 0.97 NA
Note: Italics indicate that the variable is statistically significant from 0 at a 5 per cent level of significance. A P-value of “0.00”

indicates a P-value less than 0.05, over 0.0001.

31



7.4. Appendix 4: Correlation matrix
VARIABLES, ADJUSTED WITH THE SECTOR AVERAGE

Appendix 4
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Note: Figures in bold represent a correlation numerically greater than 0.3. The variables are statistical significant from zero at a 5 per cent level of significance and the AUC is greater than or equal to 0.7.
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7.5. Appendix 5

ESTIMATED PROBABILITY OF DISTRESS, UNRESTRICTED MODEL INCLUDING
SECTOR'S AVERAGE 3 YEAR LENDING GROWTH LAGGED 2 YEARS Chart
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Note: The probability of distress at year-end.



7.6. Appendix 6

CLASSIFICATION TABLE, SUPERVISORY DIAMOND Appendix 6
Correct Incorrect Percentages

Probability False False

level Event Non-event Event Non-event Correct Sensitivity | Specificity positive negative
0.01 26 0 486 0 5.1 100 0 94.9 o
0.013 26 0 486 0 5.1 100 0 94.9 .
0.02 26 10 476 0 7 100 2.1 94.8 0
0.03 23 134 352 3 30.7 88.5 27.6 93.9 2.2
0.04 22 269 217 4 56.8 84.6 55.3 90.8 1.5
0.05 17 366 120 9 74.8 65.4 75.3 87.6 2.4
0.06 13 414 72 13 83.4 50 85.2 84.7 3
0.07 13 431 55 13 86.7 50 88.7 80.9 2.9
0.08 8 451 35 18 89.6 30.8 92.8 81.4 3.8
0.10 3 462 24 23 90.8 1.5 95.1 88.9 4.7

Note: Cross-validated probabilities.
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