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Introduction

» Why do we need LGD? Basel II in context

= Under new Basel IT capitall framework (Pillar 1), calculation
of minimum; capital requirements done using| one of two
approaches: Standardized or Internal Ratings Based (IRB)

= [RB approach further split into 2: Foundation or Advanced

= Under IRB' Advanced approach, need to develop models to
estimate Probability of Default (PD), Loss Given Default
(LGD), Expected Exposure at Default (EAD)

» LGD for Mortgage Lending
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Current Mortgage LGD Models

» Repossession Model often only has LLoan to Value
ratio at estimated repossession date as explanatory.
variable

» LGD is derived using a combination of both models
(Lucas A, Basel IT Problem Solving, Rhino Risk)

» Model LGD (Linear Regression) directly from
characteristics off defaulted observations with high
loan to value

(Qi'and Yang, 2009)

» Acknowledged combination of Repossession and
Haircut Models as a methodology in estimation of
LGD

(Somers and Whittaker, 2007 )
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Current Mortgage LGD Models
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Research Objectives

» Evaluate added value of model with more than
one variable (Loan to Value) in Probability of
Repossession Model

» \alidate approach of using combination: of
Repossession Model and Haircut Model to get
estimate of LGD

» Explore possibility of improved model
performance to be achieved by inclusion of
macroeconomic variables
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Data

» Source: major UK Bank

» Alll observations are defaulted mortgages, with
iInformation oni subseguent repossession or
otherwise

» Observations default between 1988 and 2001

» Observations are repossessed between 1989
and 2003
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Training and Test Sets Split
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Repossession Model Methoadology

Repossession » Before development ofi
i Repossession Model, we

= Remove variables not known

Femove variables that

are nat known at time of at ti m e Of d ef a u It

= [dentify any correlation
HROC WARTLUS and LCalculate Intarmation between Va rla b I es

predictinn

CORRELATIONS Walue

= Calculate information value of
Eligible variables each variable

o » Develop Logistic Regression
otc Rosraasion Model, use backward selection
Backward Selection to identify final variables to use
In model

L el > Create Model RO, consisting of
i only DLTV (LTV at default)
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Repossession Model Statistics

» According to the Delong Delong and Clarke-
Pearson test, which assesses whether there are
any significant differences between ROC of
models, the 2 models are significantly different

» In terms of model performance statistics, see
that the Test set of our Repossession Model
manages to achieve an ROC of 0.7/5

R Test Set| 0.7553 0.4215 60.2858 77.3149 71.2448
RO Test Set 0.7374 0.4359 58.6257 76.0075 69.8117

Table 1: Repossession Models Performance Statistics
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Probability of Repossession
Model Parameters

Variable Relationship to Explanation
Probability of
Repossession

LTV at start

If large proportion of loan is tied impsecurity,
likelihood of repossession increases

Older loans imply that more of thenlaa repaid

which decreases likelihood of repossession
repossessed in the case of default

Table 2: Probability of Repossession Parametentasti Signs

Number of Months i + Loan with large number of months in arrears
Arrears indicates inability to keep up with payments, s
likelihood of repossession increases
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Haircut Model Methodology &
Statistics

e van e » Similar to the Repossession
znd CORRELATIONS Modell we |dent|fy any
correlations between variables,
dontiy pefore truncating outliers

Eligibile va-iables . :
» Develop a simple Linear

Regression, and use backward

Tunzate Outlers selection to select final variables

Sinpe Regresion

Table 3: Haircut Model Performance Statistics
Final Model

I warables)
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Haircut Model Parameters

Variable Relation to Haircut (sale Explanation
price/ valuation at
default)

LTV at start Could be due to policy decisions taken by the b
Due to the large loan the bank has comm
towards the property, when the account does g
default and subsequent repossession, the be
reluctant to let go the repossessed property unl
Is able to fetch a price close to the current prog
valuation.

Ratio of valuation of negative sign we get can be explained by the st
security at default to negative relationship that is observed in the hi
average property end of the value-to-average ratio spectrum.
valuation in that region

Time on book (in years) Older loans imply greater utaiety and error |
estimation of value of security at default, so hig
Haircut is possible

Security Haircut tends to be higher for higher-pnoperties

Age group of property Haircut tends to be highemew properties
Region

Table 4: Haircut Model Parameter Estimate Signs

Introduction Research Objectives Data LGD (Base Model) Preliminary Conclusions LGD (Macroeconomic) Concluding Remarks



LGD Methodology

For example,

An account goes into Default.

ES— Repossession Model predicts

IfPredicted Hasrowt < 0, then . . .
Prodicted Haireut =0 Fredicted Huireut >0

Probability of Repossession = 0.774

Expecied Sale Amount =
Predicted Haircut x

Yabaenzietal The Haircut Model predicts Haircut,
g ey which gives Expected LGD = 0.417

Amonnt

Predicted LGD

= (0.774 x 0.417) + [ (1-0.774) x 0]

Predicted LGD = / =0.323

{ P(Repossession | Default) x
E(LGD | Repossession) } +
{ [ 1-P(Repossession | Default) | x
Mean LGD of Actual Non-Repossessions }

Introduction Research Objectives Data LGD (Base Model) Preliminary Conclusions LGD (Macroeconomic) Concluding Remarks




LGD Model Performance

M ethod, Dataset R-sqg MAE

Single Stage Tes 0.2133 0 0269 0.1209
2-Stage Test 0.2961 0.0240 0.0973

Table 5: Performance Statistics of Single and 2x5taGD Models

» Recall single stage model: LGD directly modelled
from characteristics of defaulted observations

» Although single stage model achieves similar
values of MSE and MAE, R-square is much worse

» Also, Single stage model unable to model
distribution of LGD

» Hence confirming the need for a 2 stage model
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LGD Two-Stage Model Performance

Distribution of Actual and Predicted (weighted) LGD (Test Set)

Mean 0. 103003
Std Dev 0. 1284755

Mean 0.021 348
atd Dev 0.035904

] T T T 1 T T T T T T T T T 1 T T

881 B.6F 0,19 8,19 825 6.9 0,37 643 @43 055 0,81 0.EF %73 079 685 0.9 897
i inss_LIMD_{ER
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Single Stage Model Perfoermance

Distribution of Actual and Predicted LGD (Single Stage, Test Set)

Mean 0.103009
otd Dev 0.184756

Mean 0.106438
otd Dev 0.07631

T T T T T T T T T T T T
0.21 0.31 0.41 0.51 0.61 0.71 0.8 0.91 1.01 1.11 1.21 1.31 1.41 1.51
Bins_LGD_U0S
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Preliminary: Conclusions

» Probability of Repossession Model benefits from
inclusion of variables on top of just DLTV

» Single-stage model that directly models LGD:is
unable to accurately reflect distribution of LGD,
thus validating the essential combination of the
Repossession Model and Haircut Model to
predict LGD
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Investigating Effect of Macreeconomic
Variables on Predictive Performance

» So far, deliberately kept economic variables out
of analysis as far as possible

» Encouraging literature on impact ofi
macroeconomic variables on corporate LGD

= Recoveries affected by when on economic cycle
default happened (Frye, 2000a, 2000b)

= Predictive variables of recovery include industry and
macroeconomic conditions (Gupton & Stein, 2002,
2005)

= Recovery models benefit statistically from inclusion of
variable which represents the macroeconomy: (Altman
et al, 2005)

Introduction Research Objectives Data LGD (Base Model) Preliminary Conclusions LGD (Macroeconomic) Concluding Remarks




Including Macroeconomic Variables:
Methodology.

» Decide on “best” starting
TIITE T ety model befiore including
sl Bt NG macroeconomic variables,
——— separately and

independently
» Variables taken at 2 time

points — start and default

» For each macroeconomic
[ieea Variable, compare
- — Improvement to models
(if any)

» Repeat for both
component models
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Macroeconomic Variables Considered

M acroeconomic Variable Source Time Unit Definition
Net Lending Growth Quarterly Total consumer crewit lending,
seasonaly adjusted, quarter on
(previous) quarter percentage chang
Disposable Income Growt 5 Quartefly Real househisisosable income p
head, seasonally adjusted, (constant
2003 prices), quarter on (previous)
guarter percentage change
GDP Growth Quarterly Gross Domestic Product, sedigo
adjusted, (constant 2003 prices),
guarter on (previous) quarter percen
change
Purchasing Power Growth S Annually Internal purcigagower of the poung
(based on Retail Prices Index), not Table 6: Macroeconomic
seasonally adjusted, (constant 2003 Variables and Definitions
prices), year on year percentage cha
Unemployment Rate b Monthly] Unemployment rate, UKaged 16
and over, percentage, seasonaly
adjusted
Saving Ratio ONY Quarterly Household saving ratiosseally
adjusted
Interest Rate BOH Monthly |Bank of England interest rate, mean ¢
the month
House Price Index Growtl}  Haliffx Quarterfy Al housalkbuyers, non seasonally
adjusted, quarter on (previous) quart

percentage change
Introduction Research Objectives Data LGD (Base Model) Preliminary Conclusions LGD (Macroeconomic) Concluding Remarks




Probability off Repossession Model
Revisited

M odel
Base -

Additional Variable

ROC (Test)

Base + Years

Yr_def (dummys)

Base + DLTV

DLTV

Base + DLTV + Years

Base + DLTV + MV 1

Yr_def (dummys)

Additional Variable
AT START
Net Lending Growth

Model Sgn  ROC (Test)

insignificant

Base + DLTV + MV 2

Disposable Income Grow

insignificant

Base + DLTV + MV 3

GDP Growth

insignificant

Base + DLTV + MV 4

Purchasing Power Grow

insignificant

Base + DLTV + MV 5

Unemployment Rate

insignificant

Base + DLTV + MV 6

Saving Ratio

0.7731

Base + DLTV + MV 7

Interest Rate

insignificant

Base + DLTV + MV 8

Base + DLTV + MV 9

House Price Index Grow
AT DEFAULT
Net Lending Growth

0.7731

Base + DLTV + MV 10

Disposable Income Grow

Base + DLTV + MV 11

GDP Growth

Base + DLTV + MV 12

Purchasing Power Grow

Base + DLTV + MV 13

Unemployment Rate

Base + DLTV + MV 14

Saving Ratio

Base + DLTV + MV 15

Interest Rate

Base + DLTV + MV 16

House Price Index Gro

insignificant

Table 7: Performance of
Repossession Model with
Macroeconomic
Variables
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Haircut Model Revisited

Additional Variable R-Square (Test)
Base -
Base + Years Yr_def (dummys
Base + DLTV DLTV
Base + DLTV + Years|Yr_def (dummys
Additional Variable @ Model Sgn R-Square (Test)
AT START
Base + DLTV + MV 1 | Net Lending Growth insignificant
Base + DLTV + MV 2 | Disposable Income Grow insigraint
Base + DLTV + MV 3 | GDP Growth insignificant
Base + DLTV + MV 4 | Purchasing Power Grow 0.1317
Base + DLTV + MV 5 | Unemployment Rate 0.1285 Table 8: Performance of
Base + DLTV + MV 6 | Saving Ratio 0.1262 Haircut Model with
Base + DLTV + MV 7 | Interest Rate 0.1352 Macroeconomic Variables
Base + DLTV + MV 8 | House Price Index Grow 0.1283
AT DEFAULT
Base + DLTV + MV 9 | Net Lending Growth
Base + DLTV + MV 10| Disposable Income Growth
Base + DLTV + MV 11| GDP Growth
Base + DLTV + MV 12| Purchasing Power Growth
Base + DLTV + MV 13| Unemployment Rate insignificant
Base + DLTV + MV 14| Saving Ratio 0.1266
Base + DLTV + MV 15| Interest Rate 0.147/8
Base + DLTV + MV 16| House Price Index Grow 0.1357
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Two-Stage LLGD Revisited

» Both component models benefit from inclusion

of DTV
M ethod, Dataset R-sqg MSE MAE

2Stage | 0.2961 0.0240 0.09
2-Stage DLTV | 0.2062 0.0240 0.0¢

Table 9: Performance of all LGD Models

» Although quite a number of macroeconomic
variables turn out to be significant in component
models

» They do not add much predictive power to LGD
Model
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Concluding Remarks (T)

» Although macroeconomic variables have gained
significance in corporate LLGD models, they do
not seem to have the same level of importance
In retail LGD models.

» Both component models benefit from inclusion
of DLTV, although not as large as expected

because HPI (the leading macroeconomic
variable in the housing market) is already
unavoidably embedded in both the Haircut
Model and the calculation of mortgage loan LGD

» Macroeconomic variables are statistically
significant but they do not seem to give much
further improvement to predictive performance
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Concluding Remarks (1II)

» Again, because the HPI is already involved in
calculation of mortgage loan LGD and DLTV, the
improvement in predicted LGD that is derived
from the inclusion of macroeconomic variables is
not as large as expected. This result is similar
to that of Bruche and Gonazalez-Aguado (2009).

» Current work on survival analysis model with
time-dependent macroeconomic variables,
looking to predict number of months taken to do
from default to repossession and/or close, which
will be used mainly for stress-testing purposes
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