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Abstract

This paper presents a structural debt valuation model that links default probabilities and
recovery rates of corporate securities to asset market liquidity. This linking is advantageous
for risk management and regulation of financial institutions in that it provides a method of
calibrating the relationship between probability of default (PD) and loss given default (LGD).
Two innovations in the paper are the placing of the default point in a model of debt valuation into
general equilibrium and conditioning this point on market factors such as asset liquidity. These
allow one to derive implications on the correlation between various components of the model.
Specifically, it finds two relationships between the probability of default (PD) and loss given
default (LGD) of a debt instrument; temporal correlations are positive and cross-sectional ones
negative. Such findings confirm the intuition of existing reduced form approaches and provide
the ability to inspect other properties of the relationship that derive from theory. For example,
one can use the model to forecast LGD. Some empirical validation of the theoretical results is
provided.
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1 Introduction

This paper sits at the intersection of three lines of research and policy making: valuation of liquidated
assets, debt valuation and credit risk modeling. A variety of work in the past 15 years has found that
liquidation values of corporate assets have a material bearing on the debt capacity of the firm prior to default.
Though there are competing stories for this connection, the basic intuition has that differences in ability to
liquidate the firm translate back into differences in risk to lenders. As asset values after default decrease
(increase), lenders are less (more) willing to extend credit. Within the credit risk literature, this concept
is well established as variation in loss-given-default (LGD). Research on liquidation costs has increased in
recent years (see for example, Altman et al. 2002, 2005b, Acharya et al. forthcoming) and has sought,
among other things, to explain the relationship between probabilities of default (PD) and LGD. Much of the
empirical literature draws on the concept of a single underlying factor (see Frye 2000a, b, ¢ for examples) to
explain the observed correlations.

A reading of the literature would suggest that a current open question is whether the correlation between
PD and LGD should imply differences in debt valuation that are not reflected in existing models. In par-
ticular, with a positive correlation of PD and LGD, one should see much larger changes in debt value (for
relatively small changes in default probability) than occur in current models. Because existing structural
debt valuation models make an assumption that PD and LGD enter independently,® this valuation effect will
be muted.

Resolving the debt valuation question requires linking the literatures. In particular, one needs a modifi-
cation of the structural models of default used in the theoretical literature to account for the intuition derived
in the credit risk field. Key here is the presence of a single common factor that drives both PD and LGD.

As will become apparent, for such models to reproduce the observed patterns, it is convenient to introduce

LIn fact, most empirical credit risk models also assume this zero correlation.



an explicit dependence between PD/LGD and potentially time-varying asset market liquidity.

The empirical credit risk literature has found positive temporal and negative cross-sectional correlations
between PD and LGD, but has left as an open question the structural interpretation for these relationships.?
To produce a link between these two, the model here integrates resale markets for liquidated corporate assets
into the determination of default. Debt valuation models have, for 10 years or more, allowed for default to
occur at equity values greater different than zero to accommodate the fact that reorganizations/liquidations
often occur in anticipation rather that at zero equity value. Such anticipation gives creditors a greater ability
to extract value from the failed company’s assets.

This paper generalizes a classic model (Longstaff and Schwartz 1995) of debt valuation to incorporate
two features that enable the linking of PD and LGD. First, it allows for the default point to vary as a function
of the anticipated liquidation values. The value of liquidated assets will determine not only the losses given
a default, but also the default itself if the liquidation value helps to determine the point of default. Second,
since such a determination is due to expectations on asset values, it will be essential to allow this default
point to be determined in general equilibrium. In this vein, this paper provides the first fully theoretical
explanation of the link between PD and LGD in the context of a model of debt valuation.®

With both general equilibrium effects and liquidation values contributing to default probabilities, this
model can reproduce the observed empirical patterns. From a credit risk management perspective, any
structural correlations between the two is of paramount interest to regulators and lenders alike as positive

(negative) correlation implies increased (decreased) capitalization (see Alman et al. 2005a, b).* This paper

2Two recent exceptions are Le (2007) and Bruche and Gonzalez-Aguado (2006)

3A variety of other work has been done on loss given default to explain its patterns and its correlations with default probabilities,
its industry-specific patterns as well as its patterns over time. An excellent discussion is in Schuermann (2004). Initial work on this
topic was done by Altman and Kishore (1996). Le (2007) provides a theoretical link based on derivatives-based pricing approach and
Bruche and Gonzalez-Aguado (2006) use a model of the credit cycle. The literature on corporate credit has a long history and recent
work downplays liquidity considerations and argues that recovery risk is not important (Delianedis and Geske 2001) to the extent that
it cannot explain residual variation in credit spreads after accounting for default risk. This paper does not address spreads, but rather
argues that the correlation between default and losses ex-default generates differences in default probabilities themselves.

4Expected loss (EL) is calculated as EL=PD*LGD. The common assumption is of independence of PD and LGD. It is trivial to
show that small positive correlation has large absolute impact on EL.



will highlight a handful of the recent papers that are close in spirit or form to this one. Much of the recent
work has been inspired by knowledge that assumptions on the exogenously given nature of LGD rates are
likely to be incorrect.

Various models by Jon Frye (2000a, b, ¢) have explored the relationship between LGD and PD by
examining collateral properties. His basic intuition is that economic cycles impact collateral values. He finds
a strong correlation between LGD and PD that is driven by the underlying economic conditions. While this
paper does not explore cyclical properties of liquidation values, it draws on similar intuition as Frye’s work
in that pre-default calculation of post-default values drive default probabilities. Jose Lopez also discusses
asset correlations in two papers (Lopez 2004, 2005). The Frye and Lopez intuition is confirmed in the
empirical work of Altman et al. (2005a). An excellent recent paper by Bruche and Gonzalez-Aguado (2006)
builds the PD and LGD link up from a model of the unobserved credit cycle.

Adding to the empirical literature, Hu and Perraudin (2002) use Moody’s bond data to illustrate a large
and positive correlation between LGD and PD. Their estimates of the correlation are above 0.2 and highly
relevant for economic capital calculations.® In perhaps the most notable contrasting piece, Carey and Gordy
(2004) find no correlation between LGD and PD in their empirical evaluation.

The majority of the work on recovery rates has been empirical, testing mostly reduced form formulations
of credit risk. Most of the papers mentioned herein are of this nature, as well as models built for commerical
purposes such as LossCalc from Moody’s KMV. A notable exception is Bakshi et al. (2006). The authors
of this paper explore the role of recovery rates on credit pricing using a number of known models and
discuss some of the possible empirical ramifications. While the methods include some structural models,

their techniques are somewhat different and their intent distinct from that of this paper.

5To my knowledge, industry and academic models of credit risk almost exclusively use external assumptions of numbers for LGD
that are not allowed to correlate with PD.

6Most large banks assume no correlation between PD and LGD in their capital models. Based on the Hu and Perraudin results, this
would lead to an underestimation of capital.



In a theoretical paper, Peura & Jokivoulle (2005) use a simplified debt valuation model in the tradition of
the option pricing techniques common in the finance literature. In this respect, their discourse and methods
are similar to this paper’s. In their simplified debt model, they have the value of a firm’s total assets and its
pledged collateral defined by diffusion processes with a fixed correlation parameter. In effect, this allows for
the default point to be the result of independently determined economic processes. At the maturity of the
debt, if the value of the firm’s assets are below the value of its debt, it is in default. Since the authors also
specify a linked diffusion process for the value of collateral, they are able to comment on the connection
between default and recovery rates.

This paper differs from prior credit risk literature by specifying a fully stochastic model of debt valu-
ation with endogenous default. Unlike the Peura and Jokivoulle paper, default can occur at any point and
debt valuation incorporates this fully.” Using a full model of debt valuation allows for one to evaluate the
structural content of the link between PD and LGD. It also extends the debt valuation literature by incor-
porating general equilibrium effects via prices on asset resale markets.® By using a known valuation model
(Longstaff and Schwartz 1995), we can draw on the closed form solution to faciliate numerical evaluation.

Two key features in the debt valuation model here is that it allows the default point of a firm to vary
and to be endogenously determined. Many models of debt valuation, while allowing the default point to
be non-zero, leave its drivers unexplored. A thought experiment to identify some of these mechanisms is
straightforward. First, imagine a lender with a troubled borrower on its books. The lender will evaluate
the anticipated asset sale value of the borrower. This "anticipated" value will have much to do with the
macroeconomy at the time as well as the secondary markets for the assets of the borrower. Williamson

(1988) emphasized that debt capacity is linked to liquidation value of assets. Assets that can be redeployed

"Peura and Jokivoulle look only at default upon reaching time T, rather than at default at any point during the life of the debt.

8There is existing research that relates debt capacity to liquidation values in settings that speak to capital structure. These leave open
questions on the modeling of debt values. See for example, Diamond (1991), Hart and Moore (1998), Schleifer and Vishny (1992), and
Williamson (1998).



have high liquidation value, and thus are good candidates for debt finance. Second, consider that the default
point itself is not exogenously given. That is, lenders both independently and collectively have a great deal
of influence on the point of default.® The default point will be a function both of bank expectation of asset
resale values and the secondary use value of a firm’s existing assets. These features will drive the linking
relationship between PD and LGD, and distinguish this paper from prior work. An important point to notice
here is that, unlike many existing models, the agency has been moved from the borrower to the lender. This
model does not allow (or evaluate) borrowers’ strategic debt decisions; it is by looking at the actions of the
lenders that we are able to glean novel insight into credit risk.*

To get at the issues mentioned, this model analyzes the role of a common factor on the valuation of
corporate debt as a method of evaluating the relationship between LGD and PD. For parsimony and clarity,
one can use a single parameter 6 to measure the supply of assets on secondary collateral or asset markets.
This will affect PD and LGD in a couple of ways. First, it will impact LGD through the pricing of asset
sales after a default (e.g. a fire-sale) Second, it will impact PD both through post-default pricing as well as
through determination of the timing of default. The mechanism for each of these is explored below.

Section 2 outlines the structure of the model and some model details. The link between default and

recovery risk is outlined in Section 3. Section 4 conducts some numerical exercises, and Section 5 concludes.

2 Model

The model in this paper is a variation on a stochastic debt valuation model in which the default point of

a firm is endogenously determined in the market. The endogenous component of the model is a single

9At the point of refinancing of any loan on a corporation’s books, lenders have the option of refusing refinancing. Similarly, lines
of credit can be reduced or closed periodically (often yearly). These opportunities give lenders relatively large leeway in determining
the point of default.
10 A useful benefit is that this also maps nicely into regulatory standards for the consideration of risk measurement, which universally
look at the lender’s perspective.



factor, 6.1 Consider that this ¢ is drawn from the distribution ©. For simplicity, this paper begins with the
case of 0 being distributed uniformly on the unit interval. As mentioned in the introduction, 6 takes on the
interpretation of the supply of resaleable assets. As this plays a key role in the model, this paper will return

to it momentarily.

2.1 Debt Valuation

The value of debt (e.g. a loan) is given by*?

P(Xg,r,T) =D (r,T) —weD (r,T) Q (Xg,r,T)* (1)

where Xy = W is the ratio of firm assets to the cut-off point for default, D is the value of riskless
debt, wg = w (0) is the expected loss severity, conditional on default and R is the recovery rate. Severity
measures the percent of the debt lost following the default due to factors such as recovery costs, market
prices for collateral, etc. To clarify terminology, a recovery rate is simply 1 minus severity. Finally, @ is the
probability of default for a debt instrument, and is defined in the appendix, r is the risk-free rate and 7" is the
remaining maturity of the debt.

The single factor, 6, as mentioned, takes on a number of roles in this model. Through the function, wy, 6
has a direct influence on the expected loss severity conditional on default. As the supply of available assets,

0, in the secondary market increases, the price of these assets will fall, reducing collections and increasing

severity. The factor, 6, will impact PD in two ways. First, it has a direct impact on the cut-off-point, K.

1 The use of a single factor is useful in the context of the existing literature on PD and LGD. However, the model’s structure does
not limit 6 from being a vector of market variables rather than a single one.

12This formula is for a fixed rate debt instrument, though a translation to floating rate is straightforward.

13For a full mapping to credit risk models, one could similarly specify this debt valuation equation to include exposure at default
(EAD) as well. One simply adds the term EAD (X, Q) , where € is a vector of debt and firm characteristics such as , 7.  Thus,
P(Xg,7, T)=D(r,T) —weD (r,T) Q (Xg,7,T) EAD (Xy, §2) .One can then discuss the same set of correlations done for PD
and LGD. We abstain from the discussion in order to focus on the PD/LGD relationship. For a review of the role of EAD and a survey
of the limited literature on the topic, see Jimenez et al. (2006).



As market supply of assets increase, the value of existing assets falls, and the consequent cut off point for

OK2(R(6),0)

determination of default increases. This implies that 59

> 0. To see this relationship, imagine a
firm that uses packaging machinery in the production of its products. When times are slow and revenues
from its primary business low, the machinery can be used on a contract basis. Similarly, an airline with
low revenues during an off-season can increase aircraft utilization through leasing arrangement with charter
companies. As the number of assets of similar nature enter the secondary market and their price falls, the
value of these secondary asset uses falls as well. As the secondary use possibilities of these assets fall, the
cut-off point for default will increase — a creditor will see less opportunity for the borrower to manage in
difficult times with the same book value of assets (17).14

The mechanism posited here is not a new one. This is the "fire-sales" effect well-known in the finance
literature and applied to the PD/LGD case by Acharya et al. (forthcoming). While the stylized model
here does not distinguish between fire-sales and industry-wide effects by looking at industry specific assets,
the set up is sufficiently general as to permit this. Acharya et al. forthcoming) find a fire-sales effect and
this paper uses it as supporting evidence for the assumptions in the model. Importantly, Acharya finds
a "non-linear" effect, one for which the model below provides a structural foundation. Examples of the
effect are also available in Pulvino (1998) and Stromberg (2001). Eckbo and Thorburn (2002) find evidence
suggesting overbidding rather than fire-sales.

Second, 6 will impact PD through the unconditional expected recovery rate R (6). The impact here will

be the same as its role in w. Increased supply of assets will decrease the expected price and thus decrease

140ne could imagine that an alternate method would be to revalue the assets themselves, thus allowing V to be a function of . We
use K in its place as few non-financial companies mark their assets to market.



the recovery rate. A summary of these effects is here:

Ow OR (6)
0 = Y <0
50 > 0, 20 > 0.

2.2 Market Structure and Default

Assume that there are many lenders and borrowers in the market, though each may have only one partner
at a given time. This will side-step issues of debt seniority in the determination of recovery as well as
the problem of distinguishing between the default of a single debt instrument and the default of a firm. As
well, the single borrower framework captures some of the regulatory requirement that risk be determined
according to facility rather than firm. The strategic action in this model is amongst the lenders. And it is the
lenders that determine when default occurs. This is a departure from some traditional model of debt valuation
- most have specified an exogenous process that determines default. This context fits well with the lender
determination both because this maps well to the regulatory (Basel) standard, and because it highlights the
role of lender as the key determinant of credit quality. That is, credit quality prior to default is in the eye of
the beholder — in particular, the lender’s eye. Effectively, lenders have some control over the default point
through their expectations of 6. If a borrower defaults, the lender collects the collateral or remaining assets

and sells it in the marketplace for revenues equal to:

R(0,m,r,T)=D(r,T)f ((0,7)),

where f (k (6, )) is a function that determines the actual severity of losses. One need not specify the form

of this function as it will be unnecessary in solving the model. The function « determines the fraction of



participants that default in a given time interval. Assume here that the f () function is determined uniquely
by « and that , % < 0. As the fraction of defaulting participants increase, the recovery rate falls. In turn,
is determined by the distribution of 6, and the accumulated strategies of lenders in the market, .

These strategies are determined by the lenders’ set of decisions on whether to default in a given time
period conditional on some signal S that reveals imperfect information about the underlying 6. The decision
to default will be based on trading off the expected revenue from liquidating the company and the expected
value of the debt conditional on 6. Both of these expectations can be calculated from the information given.
Thus, one can stipulate that lenders observe the fundamentals, 6, only imperfectly through the private and

iid (across lenders)'® signal, S:

StNU[at—Et,et"‘Et].

Lenders make their default decision based on this signal. Thus, for a given set of strategies of the lenders,
7 (S), k(0,7 (5)) can then be interpreted as the proportion of lenders that default conditional on the state of

the economy, 6, and the strategy, = (.S). Because of the uniformity of the signal distribution, one can write

0+e
k(0,m) = —/9 m(S)dS. 2

Summarizing effects again, one can write:

of ok Ok
%<07%>078_7T>0.

The actual default decision trades off the expected value of collections conditional on a default (6 = 1) at

15The iid assumption is simply that imperfect information on the supply of secondary assets is public information. The model is
consistent with signals that vary over time.
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time ¢

R (0,mt,T) = E[RO,7)]6=1] 3)
1 S+e
= 5 ). ROm@
1 S+e

= = [ peDrkem)6,
€ JSs—¢

and value of debt conditional on no current period default (6 = 0):

E[P(Xy,r,T)|[0 =0 = D(rT)—weD(r,T)E[Q (Xg,7,T)] 4)

D () [1 g /01 O (Xg,r, T do)]

Notice that the time ¢ expectation of debt value is over future 6. Since the signal for 6 is drawn iid, while R is
determined based on one’s own current period draw and beliefs about the draws of other agents, expectations
on P are calculated based on the full distribution of 8. Effectively, the decision is between the defaulting
now and realizing collections as determined by the proportion of other defaults at the time and choosing to
wait for future realizations of 4.1

In short, the decision is a trade off of R® (0, w,¢,T) and E [P (X, r,T)]. When
RE(0,m,t,T) = E[P(Xg,r,T)[6 = 0],

expected recovery rates are greater than current debt value and lenders declare default.

16This problem is similar to one posed by Avinash Dixit (1993) in the investment literature. He considers the problem of a firm choos-
ing the optimal investment time for one of two mutually-exclusive investment opportunities. He presents a solution to this problem
which is broadly similar to structure of the problem here - essentially, the static trade-off presented here is a sufficient characterization
of the problem.

11



2.3 Properties of Model

In this subsection, the paper discusses some basic properties of the model — including the basic equilibrium
relationships. Begin with a necesssary conclusion of the model — the existence of a unique 8 = 6*. This
0 allows for the unique determination of debt value for each firm, and thus permits one to comment on the

relationship between PD and LGD.Y’

Proposition 2.1 For any distribution of fundamentals © such that E© £ 0, 1, there exists, for each remain-
ing maturity, T, a unique 6* such that for # > 6" lenders maintain the status quo and for < 6* lenders

call in debt.

Proof Since agents consider the expectation of P (), their decision effectively compares a fixed number,
P*(Xe,r,T) = Po. Then, since R () is decreasing, one need only to show that for 6 = 0, R > Py and
for9 = 1, R < Pg. That is, one must show that R® (0, 7, r,T) > E [P (Xe,r,T)] and R® (1,m,r,T) <
E[P(Xe,r,T)] . Ase — 0, k(6,7) — 1, when § = 0 we can see that R = D (r,T) f (1). Simi-
larly, we can see that when 6 = 1, R = 0. F[P(Xe,r,T)] has a constant value on the set = [0, 1].
E[P(Xeo,m,T)|=D (r,T)[1 —wz(0)] > 0, where z = fol [Q (Xp,r,T)] d6 and is contained in the open
interval (0, 1) for any nondegenerate distribution ©. When 6 = 1, itis clear that 0 < D (r,T) [1 — w,,2].

When 6 = 0, one needs to show that

D(r,T)f(0) > D(r,T)[l—woz]

) > [1—woz].

Here one can use the assumption f (0) > 1 — w1 Q (Xy,7,T). Since Q (X1,7,T) < fol [Q (Xg,7,T)] db,

then £ (0) > 1 — w1Q (X1,7,T) > 1 — wpz. This completes the proof.

proposition 2.1 requires the technical assumption f (0) > 1 — w1 Q (X1, 7, T).

12



A graphical illustration of Proposition 2.1 is shown in Figure 4 below. With this, one can proceed to
evaluation of lenders’ decisions. Lenders call in debt when R° (0, 7,t,T) > E [P (Xp,r,T)|S:]. Assume
that lenders call in debt when indifferent between the two.

To have an intuition for the relationships present in the model, consider the corollary below. It finds
that P () is a decreasing function of 6. That is, as asset liquidity increases, on balance this leads to debt
devaluations. To understand the logic behind this, recall that there are opposing impacts of increases in 6.
It both increases the ability of firms to use existing assets, which lowers K and increases P, and it decreases
the market value of the underlying assets, which decreases P. On balance the latter of the two is stronger in

this setup; however, both will be important for the relationships discussed in the next section.
Corollary 2.2 P (Xy,r,T) is decreasing in 6.

Proof A sufficient condition for P (X, r, T) to be decreasing in # is for Q (X, 7, T) = Q (W, T, T)
to be increasing in 6. That Qx < 0 is given in Longstaff and Schwartz (1995), page 798. It is shown above

that X is decreasing in 6.

An illustration of this Corrolary 2 is available in Figure 4. The equilibrium 6* is shown at the intersection

of the two curves.

3 Default Risk and Recovery Risk

Here, this paper highlights the model’s implications for the link between default and recovery risk. As
discussed, € has a couple of impacts on debt valuation and as a result it will lead to various correlations in
the data. To begin, one can see from equation 1 that default and recovery are assumed to be functions of
a single common factor. Once a unique & = 6* has been found, this model makes clear the link between

probability of default and loss given default in a number of different ways.

13



In particular, the model implies two distinct relationships. First, it implies a positive correlation between
PD and LGD measured over time. Since the level of defaults is an endogenous variable dependent on the
aggregation of individual actions, it is easy to see that formation of beliefs about the process of 6 can lead to
fluctuations in its value over time. Then notice that % > 0 and g—“g > 0. Thus, as in the data (see
Schuermann 2004 and Altman et al. 2002), one would expect to see PD and LGD correlated across time. '8

Second, the model suggests that for at a point in time, the PD or @, is inversely correlated with LGD.
To see this relationship, one needs to look at what we can call observational equivalence. My model finds
that increasing asset value (a proxy for risk rating) is observationally equivalent to LGD going up. This
can perhaps explain the apparent negative correlation between risk ratings and losses given default. First
consider the relationship between V' and P. It should be apparent that P (debt valuation) is increasing in
V (asset value). As V' increases, @ falls and P increases. The opposite relationship is seen for increases in

LGD. As w increases, P decreases. Similarly as R falls, P decreases. This can be seen since

OP _ 9P 0QOX 0K
OR _ 9Q0X OK OR ~

noting:

oP Q) 0X oK
%<0,8—X<08—K<0,£<0.

Observational equivalence is emphasized here as the relationship is not a causal one but an incidental one

instead.

18Notice that this is not a definitive proof that cov; (Q,w) > 0. Notice that even if 223¢.2T) > g and 22 > 0, one can
construct examples of paths of @ and w over time that are uncorrelated.

14



3.1 Empirical Validation

In this section, this paper evaluates the model’s implied links between default and recovery risk using a
dataset on bond defaults and recovery rates. The relationships found have also been shown in other work,
as highlighted below. The dataset used is a set of information on corporate defaults and recoveries provided
by Ed Altman and is described in some detail in an appendix. Variables in this database are used to proxy
for the key variables of the model above. We derive probabilities of default from Moody’s KMV default
probabilities by credit rating. Losses given default (LGDs) are measured as one minus the recovery rate,
where the recovery is the open market price for the defaulted debt.

One can look at the two features mentioned above. First, the model suggests an implied positive correla-
tion between probability of default and losses conditional on default. To inspect this relationship, look at the
time series paths of the two variables. Figure 1, below, shows the mean monthly values of PD and LGD over
time. We calculate this number by averaging over the defaulted companies in the dataset at the point in time
of interest. Probability of default is calculated based on the information at the time of default. Over the full
sample, the two were found to be positively correlated over time. While a casual inspection would suggest
that the early part of the time period modeled shows little correlation between the two, one can look more
closely at each time period to get a more accurate sense of the correlation. Figures 1A-1C, below, break
the original sample into three time periods and reveal that all three periods are highly positively correlated.
Further evidence of this relationship is presented in Altman et al. (2002).

Second, one can look at the implication of the model in the cross section. As discussed, the model
suggests that one should find a negative correlation across companies at a point in time. The implied negative
correlation of LGD and PD was examined by looking at a cross section of the two values during a given
month. In each month, this paper inspects the relationship between the mean probability of default for a

credit rating and the mean recovery rate for the issuances with that rating. In each time period one can run

15



the univariate regression, PD; = «ag + BLGD; + ;. This gives a series of 3 — one for each month in
the sample. According the model’s predictions, we would expect that 5 < 0. Figure 1D shows an example
month with a trend line drawn. Subsequently the /3 results are collected from each month and displayed
in Figure 1E. While some of the monthly results are above zero, about 70% are below. One can also see
three time periods in which the coefficient passes above zero are times of relative economic weakness —
particularly around 2001. This implies a potential need to further explore the higher-order derivatives of the
model above. That is, the paper has suggested a particular relationship between PD and LGD via their joint
relationship to §. The empirics has revealed that the relationships could uncouple (or reverse) at various
points of the business cycle. Table 1, below, shows that most months represented in the dataset exhibited
a negative correlation between LGD and PD. This result supports the second implication of the model,
especially as the negative correlations are very strong at the months where the recovery counts are high.
These results are far from conclusive, and the size of the dataset available for this study is relatively
small. Though the model appears to closely match the principal observed moments in the data, one must

naturally encourage additional exploration into these patterns

4 Discussion and Numerical Exercises

As the relationship between PD and LGD depends on @ itself, this section explores the properties of debt
valuation overall with respect to 6. Recall that synchronous movements of PD and LGD lead to greater
capitalization requirements. The logic for this can be seen in the nonlinearity of asset prices as a function
of 0.

To begin, Figure 2 shows debt valuation as a function of 6 for three debt terms (1, 5 and 20 years).

These maintain standard assumptions on underlying variables to produce results. This paper uses values

16



from Longstaff and Schwartz (1995) as follows:

r=.04w=09,02=0.04p=—025a = 0.06,7 = 0.00L.

We can see some of the basic results discussed in the previous section. For example, it should be apparent
from Figure 2 that debt valuation, P, is increasing and concave in . Figure 6 is the reverse — showing
the nonlinearity present for three 6 levels on the relationship between remaining maturity and debt value.
Figure 3 shows the same relationships across 30 different maturities. This illustration has the advantage of
revealing the curvature at work and of highlighting the non-linearity present, particularly at low asset values
where small changes in 6 can lead to large changes in value. The importance of this type of non-linearity
cannot be overstated: small changes in 8 can have large impacts on PD and LGD, and thus on capital.

While this paper assumes that 6 is drawn from a uniform distribution, a ripe area for future research is the
exploration of the role of this distribution. A number of characteristics of the borrower and the market could
play a role. For example, Figure 5 shows the relationship between the equilibrium 6* and debt remaining
maturity for two distributions ©; and ©, where O, is a uniform and © left skewed.

One might also wish to consider the role of collateral or debt seniority, or a market conditions process.
In each of these cases, one could specify a compound parameter «f in place of 6, where « is a measure of
collateral available, seniority, or a market process which is a function of macroeconomic conditions.'® Each

of these is fertile ground for future research.

191°m grateful to Jose Lopez for suggesting this line of discussion.
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5 Forecasting LGD

As default models have increased in sophistication and accuracy, work has recently turned to incorporating
LGD into capital models. The theory in this paper has suggested an underlying relationship between PD
and LGD but does not speak to the value of the correlations. This will depend on the path of ¢ through
time. Without information on @ itself, we can nonetheless use historical correlations between PD and LGD
to predict LGD values. These can then be used for risk management purposes. An explanation follows.
Using probabilities of default derived from KMV-style models in conjuction with empirical correlations
between PD and LGD, one can forecast LGD values for non-defaulted companies. The mechanism for this
works as follows. Depending on one’s confidence in measures of PD and market prices, there are a number
of ways to accomplish the goal. Begin with the asusmption of a perfect forecast of PD. For discussion

purposes rewrite the prototype equation as:

P(X,r,T)=D (r,T) —weD (r,T)Q (X,r,T), (5)

In this construction only LGD is a function of market liquidity. Replace @ with market-accessible forecasts
for default probability and label @ x rrv, and normalize the value of the government security to one (D = 1).

Rearranging we can write:
1-P
QKrmv

= wy. (6)

Now, using information on Q i 5 and market prices for the security, we have a forecast for w.
Broadening the method a bit, we can use historical information on correlations and current prices to tie

down the values of PD and LGD. Again using the full prototype equation and rearranging, we have

=w. @)



For any "candidate" PD, a given correlation then implies values of w and P. Figure 7 graphs implied LGD
against a range of PD/LGD correlations for a couple of PDs.?°

Consider Figure 7. On one axis, the figure has the feasible range of correlation coefficients for PD and
LGD over time. On another, it displays PD’s from zero to 1. On the vertical axis, it has the implied LGD
value. For companies with a default probability of 10%, one can for example see that a correlation of 48%

implies an LGD of 4%. For the 30% default probability case, a 40% correlation implies an LGD of 36%.

6 Conclusion

This paper has shown that by endogenizing the default point in a classic debt valuation model, one can
derive conclusions on the link between probability of default and loss given default. This has import both
for regulatory and commercial purposes. In particular, it suggests an underlying cause for the link between
loss given default rates and default rates that originates in the liquidity of secondary asset markets. As these
markets change over time, their properties can provide some insight into recoveries and default probabilities.

A number of outstanding issues remain that provide ample opportunity for future research in this area.
For example, the growing research on links between PD and LGD could benefit from additional foundation
on the nature of the joint causes. Perhaps the most important issue still on the table is the role of this
correlation over time. In the context of this model, one would want to be able to think about 6 over time (a
structure for this is proposed above). This would facilitate intuition of the sort mentioned above, and would
allow a better linking of this framework with the discussions from Frye (20004, b, c) on the role of collateral

in the business cycle.

20Market price information is also of potential use here. Without information on default probabilities, one can use market prices and
historical PD/LGD correlations to pin down a forecase PD/LGD pair.
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7 Appendix

The value of firm assets and the short-term risk free rate are assumed to follow Brownian processes, V,r

respectively:

dav

dr

w,Vdt + 0,VdZz,

(¢ — Br)dt +ndZs,

where o, (, 3,1 are constants and Z;, Z, are standard Weiner processes. Instantaneous correlation between

Zy and Z, is pdt. The working assumption is that a firm is in distress if V' < K — z , where = is some

threshold value of assets. K (0) is the result of an endogenous process.

This paper draws on Vasicek (1977) for the value of a riskless discount bond of remaining maturity 7°:

D (’I", T) _ eA(T)—B(T)’r"

where

and
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For valuation of outstanding debt, one can follow the pricing methodology of Longstaff and Schwartz.
They use a two-factor model useful both for its closed form solution and for its realistic inclusion of variable
firm default levels. They find that a fixed-rate risky bond has a value of P. Looking ahead, a vector parameter
0 will include relevant equilibrium characteristics of an economy that endogenously determine w and K.

Writing Xy = m, and wy = w (), we have:

P(Xg,r,T) =D (r,T) —weD (r,T)Q (Xo,r,T),

where D (r,T) is as above, and

Q(XQJ",TJ’Z) = hm qu
i=1
@ = N(a)
i—1
¢ = N(a)- Z%’N (biz)
j=1

a; =

where



and

Data Appendix

We use a database of information graciously provided by Professor Ed Altman of New York University.
He has tracked the default event and public price for defaulted debt for 543 companies over 191 months.
We match this information to S&P Credit ratings as a loose proxy for probability of default. Since not all
firms in the database had bond ratings and exact matches were not all possible, we successfully match 233
of the total observations to their credit rating within the 191 month time span. There is something of a lapse
in the recovery data between March 1993 and September 1997 where there are sufficiently few recovery

observations that it is difficult to draw meaningful conclusions from some parts of the data.
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Figures and Graphs

Figure 1
Mean LGD and PD by Month
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Note: The correlation coefficients for the three periods are: .66, .68 and .80 respectively.
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Figure 1A
Mean LGD and PD by Month
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Figure 1B

Mean LGD and PD by Month
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Figure 1C
Mean LGD and PD by Month
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Figure 1D

Slope Coefficient: LGD = o + B*PD
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Note: This Figure displays the probability of default and loss given default of each of 8 credit ratings

categories at a point in time. The 3 from the regression line shown is used for the following figure.
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Figure 1E
Time Series of Slope Coefficients ()
LGD = o + B*PD
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This Figure displays the time series of slope coefficients from a sequence of regressions similar to that
displayed in Figure 1D. The gap in the Figure from October 1994 to July 1995 reflects the absence of

sufficient data. The Figures shows that 70% of the slope coefficients are below zero.
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Figure 2
X(6) and Loan Valuation (T=1,5,20)
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Note: Estimates generated using parameters: r = .04, w = 0.9, 02 = 0.04, p = —0.25, a = 0.06,7 = 0.001.
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Figure 3
Debt Value by Remaining Maturity and X(0)
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Note: Estimates generated using parameters: r = .04,w = 0.9,02 = 0.04, p = —0.25, & = 0.06, = 0.001.
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Figure 4
Re(ﬁ,ﬂ,r,T)

E[P(X,r,T)]
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Figure 5
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Note: Estimates generated using parameters: r = .04, w = 0.9, 02 = 0.04, p = —0.25, a = 0.06,7 = 0.001.
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Debt Value

Figure 6

Debt Value by Remaining Maturity for Various X@) Levels
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High, average and low 6 correspond to X (9) = 1.05, 1.5, 2 respectively
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