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Abstract

Apart from the separate modelling of the default probability and LGD, in a first approach a
model is presented that implicits the concurrent estimate of the default probability and LGD. A
separate modelling of PD and LGD parameters can lead to biased estimates, if a correlation
between defaults and LGDs can be conjectured. The result should be retraced by using empiri-
cal data. The estimation model is applied for retail business data sets, as sparse literature is
published yet. First, the advantages and disadvantages of various possible risk factors, that
might be reasonable to be applied in the estimation approach, are discussed. A following paper
is going to deal with the development and verification of a model combining further risk drivers
of the three key credit risk parameters: PD, LGD and EAD in terms of private mortgage portfo-
lios.
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1 Introduction

While in recent decades the forecast of default probabilities (known as PD) in terms of
credit risk assessment was intensively analyzed and developed, studies with focus on the de-
termination of loss given default (LGD) had only limited attention”. Only recently, not least by
the events in the capital markets in 2008, there is an increased interest in this topic’. Even the
regulatory capital requirements Basel II deal with the LGD parameter. The application of the
advanced IRB approach requires not only the institution's internal forecast of the probability
of default but also an bank internal LGD estimate’. The procedures should include both the
possible influence of economic factors as well as possible dependencies between the default
probability and loss in case of default’. Moreover, the institutes have an increased interest -
not at least due to margin pressure - to perform a risk adjusted pricing of mortgage loans.

2 Definition of Loss Given Default and Loss Rate Given Default

The loss given default, as well as the probability of default can be reviewed as one of the
major determining factors - besides the exposure at default (EAD) - for the determination of
expected loss covered by standard risk costs. Unlike the already well developed rating systems
for the estimation of borrower-related probability of default, often only constant values per
business segments are applied for the LGD component. Certain credit-cycle related dependen-

" Dipl. Kfm. Jan Schomburg, Tentenstr. 5, 53225 Bonn, Germany, jschomburg-bonn @t-online.de
* Cf. Altman et al., 2005a, p. 41.

3 Cf. Grunert und Weber, 2007, p. 1.

* Cf. Grunert, 2005, p. 90.

3 Cf. Baseler Ausschuss fiir Bankenaufsicht, 2004, p. 90.
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cies between PD and LGD, and exposure-specific characteristics can have significant influ-
ence on the realized loss. So, the assumption of constant LGD should be reconsidered.

The term 'loss given default' describes the irrecoverable amount for bad debts as part of an
outstanding credit exposure (exposure at default, EAD), after the incident of the default event.
If the loss amount is set in relation to the outstanding debt, it can be described as the loss ra-
tio® Since a loss can only occur in the course of a previous default event, a uniform definition
of default should be required. Typical indications pointing to a failure event, may be suggested
as an interest waiver respectively the accumulation of provisions’

LGD estimation processes for retail banking portfolios are not widespread at the moment.
The reasons can be divided into two problematic issues: Firstly, there is, particularly for mort-
gage loans, much less evidence of secondary market prices in comparison to defaulted bonds.
Secondly, due to the confidentiality of default data, only a few researches on bank loans re-
covery are known® A derivation and validation of possible exposure-specific factors influenc-
ing the LGD is challenging.

3 Survey of possible relevant risk factors for LGD development

The following potential factors are considered to be the ones influencing the development
of Recovery or LGDs: the transaction-specific, borrower-specific and macroeconomic factors.
Moreover, the influence of the latter should be estimated and - if possible - the influence
should be reviewed on the basis of empirical study results.

3.1 Transaction-specific factors

One of the most important factors, influencing the level of recovery and LGD, is the senior-
ity of the debt receivable’ LGD falls by trend with increasing seniority of the amount'’. This
relationship between the seniority and the amount of the recovery was also confirmed through
empirical work i.e. by Acharya (2004, p. 29) or Gupton et al. (2000, p. 9 f.). In retail business
the seniority is considered in the sense that a mortgage usually is divided into the so-called
first rank (1a) and a 1b-financing part“'

The collateral is another significant transaction-specific impact factor. It can be assumed
that collaterals influence the recovery rate, as the revenues of the recovery reduce the LGD.
This circumstance is also confirmed by the empirical results of Carty et al. (1998, p. 12), Gup-
ton et al. (2000, p. 12) and Dermine and Neto de Carvalho (2005, p. 16). However, it must be
taken into account that the influence on the recovery strongly depends on the object type
(Franks et al., 2004, p. 83).

The amount of the credit has, in accordance with the studies of Carty and Lieberman
(19964, p. 8), a statistically significant negative impact on the amount of the recovery. The
recovery drops with increasing credit volume. One possible explanation for these facts is the

% The recovery rate is defined as 1-LGD. In this context the LGD shows the loss in case of default of
the borrower. The LGD might either be understood as an absolute value or can be seen as loss rate in
relation to the current exposure (loss rate given default).

7 Cf. Schuermann 2005, p.5 ff.

8 Cf. Grunert und Weber, 2005a, p. 37.

? The seniority names the priority of a receivable satisfaction.

' Cf. Schuermann, p.13 ff.

""The value of the recovery (rate) for specific financial instruments is determined by its relative frac-
tion to total capital. Hence, concerning estimation procedures, capital structure might be taken into
account as well. So the recovery rate of senior-tranches might be, by trend, higher than the recovery of
mezzanine tranches.
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assumption that banks may - due to the value of the business relationship - delay a liquidation
of the collaterals. Dermine and Neto de Carvalho (2005, p. 16), Grunert (2005, p. 114 ff) and
Franks et al. (2004, p. 51), however, have not been able to derive a statistically significant
influence of this factor on the development of the recovery (rate).

As far as the transaction-specific area is concerned - especially in the context of private
mortgages - the available collateral can be evaluated as an influencing factor. The value of the
collateral is reflected in the so called loan to value ratio as percentage between exposure and
collateral value'?. On the other hand, due to the different empirical results, the consideration
of loan volume as a relevant factor is waived. Seniority as well, offers a potential influencing
factor, but the analysis focuses on loans which are only provided by one institute covering 1a-
and 1b-financing part referring to the cadastral register in Germany.

3.2 Borrower-specific factors

The empirical results of Franks et al. (2004, p. 44-57) - regarding the influence of the juris-
diction'® on the amount of recovery - show different results especially for the UK, Germany,
France and i.e. the Netherlands. In some countries an early replacement solution of the failure
event occurs, in other countries subsequent replacements appear. Some countries such as
France, give a high priority to the protection of employees. Other countries such as Germany
tend to a strong creditor protection. According to the results of the study the LGDs in the UK
were the lowest, while France has the highest values. Other authors, however, did not show
systematic country differences.

Another borrower specific risk factor is the expected creditworthiness of the debtor. This
factor was first identified in connection with defaulted securities. The conjecture was that a
negative correlation between the borrower specific default probability and the amount of the
recovery for bank loans exists. Gupton et al. (2000, p. 13 ff.) confirmed the hypothesis by em-
pirical results. This result suggests that the input parameters used to determine the credit
standing of a borrower might be partially similar to the factors influencing the LGD develop-
mentl4. A statistical validation of this hypothesis was established by Acharya et al. (2004, p.
29 f.). The investigation concludes that the parameters applied for default probability figures
generally have a significant influence on recovery estimates as well.

Only the credit standing as one of the borrower-specific factors offers a statistical distinc-
tive and uniform result. This factor, however, should not be considered in a valuation model,
as the figure of creditworthiness is a value that is based on several other factors. Probably,
these factors have impact on the recovery as well. This means that - besides a reduction of
auditability - there is also the danger of multiple usage of relevant factors leading to a distor-
tion of the estimation results.

3.3 Macroeconomic factors

From the empirical perspective, there is extensive encouragement for the argument, that the
overall economic development affects the level of default probability and LGD. In this con-
text, indicators such as unemployment figures, GDP trends or even inflation rates might be
mentioned. Thus, for example, the work of Araten et al. (2004, p. 28) or Franks et al. (2004, p.
89) documents that in recession periods the LGDs are significantly higher than in high-growth

"2 The collateral value depicts the assumed market value ex haircuts. The result is designated as col-
lateral value secured by property.

' Especially the law conditions in accordance to bankruptcy and foreclosure sale types and patterns
can have impact on the realized LGD value.

' Risk parameters i.e. industry sector of the borrowers' entrepreneur or free assets are often consid-
ered in rating systems. A resemblance is revealed concerning the factors for estimating PD und LGD.
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phases. Franks et al. (2004, p. 89) explain this influence in recessionary phases with declining
recovery revenues of collateral. Wildenauer (2007, p. 93 ff), as well, argues that due to the
fluctuations of default rates over time, macro-economic factors should be taken into account.

Dermine und Neto de Carvalho (2005, S. 17) investigated another macroeconomic factor
namely the interest rate levels. They found out that there was no significant relation with the
amount of the recovery. On the contrary, Grunert (2005, p. 122) draws attention to a strong
increase of LGDs at high interest rate levels'”. Under consideration of the aim of the essay the
macroeconomic factor 'unemployment rate' seems to be appropriate trigger for the default rate.
So, the application of the unemployment rate lends itself to be considered in the following
estimation model.

3.4 Other factors

The quality as well as the duration of the workout process can have a significant impact on
the development of the recovery16. Both components can approximately be measured focus-
sing the costs of the workout process. In the existing literature Grunert (2005, p. 122) has ex-
amined this relation. He concludes that high payouts in the workout process negatively affect
the recovery rate leading back to a presumably more difficult credit recapitalisation process.
The manners and costs of the workout process are strong linked with the lending bank, so that
it is difficult to derive a generalisation. The costs can be interpreted as a proxy for the duration
and quality of the workout process in addition with the complexity of the loan-recapitalisation.

General estimates for the selection of impact or risk factors on LGD

For all considered potential factors may be declared that the study results - proposed and
presented - are based on partially small dataset, so that the information level from a statistical
point of view may be restricted. However, in many cases, the existing empirical results con-
firm the presented impacts of the specific factors on the LGD level.

4 Recommendation of a LGD estimation approach

The bank-economic analysis of risk development through credit- and interest-default functions
for the description of the relationship between risk factors and loss expresses the effectiveness
and the degree of influence of risk factors on losses. Depending on the purpose of the analysis,
the credit- and interest-functions can be expanded or narrowed, or other parameters can be
included in the study.

4.1 Assumptions for conceptual model

The conceptual model for the mortgages portfolio K is based on the defined risk factors.
The bank economically possible combinations of risk factors leading to the same credit- and
interest-loss event, can be described as the so-called indifference curve. In other words, the
linked combinations are indifferent in accordance to their credit- and interest-loss'’. The si-
multaneous reduction or increase of two risk factors reduces or stresses the credit- and inter-
est-loss and even the risk status. The credit- and interest-loss level might change (see figure
01).

" The argumentation can be agreed, regarding the interest rate level development 2006-2008 in USA
previously to the subprime crisis.

'® Cf. in this context Schomburg, J. p.3 ff. the workout-process includes the measures and the duration
of the intensive supervision respectively the credit recapitalisation for one exposure.

"7 Cf. Oppitz, V. und Nollau, V., p. 251 ff.
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Figure 01: Indifference curves, Figure 02: Indifference curves including two risk factors r;, r;.
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Assuming a given indifference point: the necessary substitute from one risk factor to an-
other risk factor - if risk should remain unchanged - is characterized as substitution relation or
as a marginal ratio of substitution. The points E, F (see figure 02) highlight indifferent loss
locations.

It can be presumed, that the credit- and interest-loss will not change in case of

- either in point E: OA parameter values r; and OC parameter values r;

- orin point F: OB parameter values r; and OD parameter values r,

are applied. So, the credit- and interest-status E contains higher parameter values of risk
factor r,, and F displays higher parameter values of the risk factor r;.

Since both risk locations are indifferent in regard to their risk level, the average rate of sub-
stitution r; from r; and r, between the credit- and interest-location E and F is obtained as fol-
lows:
r,=r, = AB
AB from "1 = DC thatleadsto = DC

The average rate is the tangent of the angle a, between the ordinate and the secant, inter-
secting the indifference curve in the points £ and F (see Fig. 02). If the point F is moved on
the indifference curve to point E, so the secant begins to rotate and converges to the location
of the tangent close to the indifference curve in point E. The tangent of the angle a; between
the y-axis and the tangent is the marginal rate of substitution related to r; by r; in point E. The
intersection of this tangent with the axis of abscissae in point G, and with the ordinate in point
H, denotes the tagens of the angle o, and the marginal rate of substitution r, in point E obey-
ing the relation:

oG
rg =—-.
OH

The line between the points GH is considered as the substitution tangent for each point of
credit- and interest-loss status touching the indifference curve. If a constant risk impact is as-
sumed, essentially the marginal gain must be equal, assuming that equal parameter values of
the risk factors r;, r; are replaced: The substitution amounts of the factors r;, r, behave to each
other as their marginal credit- and interest-losses. Due to the fact that the same credit-and in-
terest-loss can be assigned to various combinations of risk factors represented by one indiffer-
ence curve, one can not conclude what combination will realise the lowest credit- and interest-
loss. The absolute realized loss given default value must to be known (referring to the specific
risk factors).
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4.2 Identification of credit- and interest-loss function as a basis for LGD calculation

The following sample calculation is performed on the basis of a retail portfolio of a Ger-
man bank. The research includes approx. 22,000 private mortgages related to a default event
in terms of the above mentioned definition. The determination of parameter values (see table
1) of the credit- and interest-loss functions allows to describe and to analyse the issues related
to a loss process.

The parameter values of the credit- and interest-loss function will be approximatedlg. The
result of the credit- and interest-loss development will be reviewed concerning significance
and stability index.

Explanatory variables

parameter unit formula independent variable
Unemployment (%] __reg. unemployed -100
rate (ALQ) " employed +unemployed
ALQ-change rate [-] X = qq—t, 90 =4,
t—1
1 n K: exposure retail-
Weighted loan to (%] T=- : ZBLA K, business
value (BLA) 0 Yk, BLA: K in relation to
i=1 collateral value
Tt
BLA rate [-] Y = 7 =10
t—1
_A A: credit- and interest
Loss rate [%o/a] s = X loss [106€/a]
st
Loss change rate [-] 4= . So =5
t—1

Table 01: Equations for preparation of sample data for any period t.

Model design
The credit- and interest-loss process can be described — under consideration of the above

mentioned background — applying a modified Cobb-Douglas-function. The variable o displays
the so called level-parameter. The variables f and y show the fractional elasticity’s for z; in
relation to x; and y;:

_9rqa _
Xy = ) = Gra =X 4y
T
_ B X _ yi) x _ TT+1 _
L, =a-x -y, = Zra = O X Vi Yra = 5 = T =Yra Tr
T
Sra = Zpa " Sps > Ary =5, Koy

' The credit- and interest process is described by a modified Cobb-Douglas function. The partial use-
respectively production elasticity’s are depicted as  and . Declining marginal productivity or rather
marginal credit- and interest loss impacts exist, if B, x < 1.
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The basis data for the analysis include an empirical result of the risk development pro rata
as marginal rates p.a. x;, y;, z; starting with basis year 2000 (cf. table 02). The equation allows
the approximation of the variables a, f and y, that depict the level parameter (equal to Cobb-
Douglas), the exponent expressing unemployment rate as well as the exponent for the loan to
value ratio rate.

The aim is - in compliance with the use of risk factors - an estimation of changes in the ex-
pected value of the credit- and interest-loss for the following year. The credit- and interest-loss
amount for the following year can be calculated applying the derived elasticity parameters.

Data collection

weighted | loss- |observed | ALQ | ALQ | Weighted | Weighted | Calc.
credit vol. | rate | loss rate BLA BLA Loss
rate
change change
[EUR] p.a. [%0] rate [%] Rate p-a.
t q S 7t q xt T yt 7t
2000 | 44.681 0,111 1,53 10,7 | 0,91 1,80 0,98 1,691
2001 46.964 0,300 2,69 10,30 | 0,96 1,82 1,01 1,523
2002 53.695 0,437 1,46 10,80 | 1,05 1,00 0,55 1,817
2003 47.361 0,487 1,12 11,60 | 1,07 1,01 1,01 1,292
2004 51.368 0,900 1,85 11,70 | 1,01 1,00 0,99 1,434
2005 60.112 0,906 1,01 13,00 | 1,11 1,01 1,02 1,224
2006 69.293 1,291 1,42 12,00 | 0,92 0,96 0,95 1,675
2007 70.119 1,970 1,53 10,10 | 0,84 0,96 1,00 1,871
2008 65.665 2,705 1,37 9,00 | 0,89 0,94 0,98 1,736

Table 02: Credit- and interest loss rates as well as risk factors.

The table 02 covers both the observed annual loss rate values and the loss change rates in
comparison to the calculated credit- and interest-loss change rates.

Figure 03: Observed and calculated credit- and interest-loss change rates p.a..
3,00 T -

calculated loss rate change ‘

‘ — observed loss rate change
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1,50
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The figure 03 displays once more the development of the observed as well as the calculated
credit- and interest-loss change rates p.a..
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S5 Analysis and validation of results — LGD estimates

The years 2002 up to 2008 (see figure 03) show a satisfactory assessment of the credit- and
interest-loss change rates in comparison to the observed rates of the retail portfolio. Only for
2000 and 2001 larger deviations occur. The derived data for 2000 and 2001 could be influ-
enced by credit system changes and even show problems with first experiences concerning
collecting and assessing data sets related to mortgages business (potentially including errors in
measurement).

Conclusions:

If high unemployment rates in combination with high loan to value ratios occur, an in-
crease in credit- and interest-loss rates can be expected. The relatively high changes of loss
rates in the years 2007 and 2008 can be interpreted as a signal for expected rising loss
amounts and reflect the credit spread development as well'®. Thus, it might be reasonable for a
retail bank to increase its credit risk allowance. Unfortunately, the data quality for 2000 and
2001 concerning weighted BLA rate and total losses might not be reliable, but the high credit
spreads - occurring in the year 2002 - are indicated.

Further more, the study of the retail portfolios confirm the above statements that LGDs -
derived from a long-term average- might not represent an adequate indicator for economic
downturn phases. Not least, it seems reasonable to conduct further analysis for other possible
risk factors or respectively to review alternative estimation functions in order to achieve satis-
factory forecast approaches. In this sense the presented calculation approach might be only the
first step in retail business risk measurement and assessment.
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Summary

Apart from the separate modelling of the default probability and LGD, in a first approach a
model is presented that implicits the concurrent estimate of the default probability and LGD.
A separate modelling of PD and LGD parameters can lead to biased estimates, if a correlation
between defaults and LGDs can be conjectured. The result should be retraced by using em-
pirical data. The estimation model is applied for retail business data sets, as sparse literature is
published yet. First, the advantages and disadvantages of various possible risk factors, that
might be reasonable to be applied in the estimation approach, are discussed. A following pa-
per is going to deal with the development and verification of a model combining further risk
drivers of the three key credit risk parameters: PD, LGD and EAD in terms of private mort-
gage portfolios.



