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and

provide empirical evidence

that significant correlations exist between the movements

of commodity prices and the credit quality of firms in the

energy sector

The energy price factor

With the defaults of Enron, PG&E and, more recently,
Calpine Corporation, credit risk has acquired prominence
among energy risk professionals. It is important for risk
professionals to understand the nature of credit risk and how
it relates to other risks inherent in a trade in order to be able
to charge for it appropriately.

The charge for credit risk means that the trader has elimi-
nated the credit risk associated with his portfolio and this risk
is now held by some other portion of the operation. In the
absence of a fair price for credit risk, the traders might charge
too much, hence reducing the likelihood of a successful trade,
or might charge too little and bear some extra risk without
any premium.

The current state of methodology for calculating credit
charge assumes that the credit risk is independent of expo-
sure risk. For example, Humphrey (2003) described a simple
method to calculate the charge for the credit risk embedded
in a trade. His methodology relied on calculating the credit
exposure using the Black-Scholes option pricing model. This
exposure was assumed to be independent of the credit risk,
leading to a simple formula that could be used to calculate
the credit charge. Similarly, many practitioners assume credit
default swap spreads as an indicator of the intrinsic credit
risk of a counterparty. This, once again, does not take into
account the dynamics of the underlying exposure and how it
might correlate with the credit risk.'

In this article, we seck to demonstrate that the assump-
tion of independence between exposure risk and credit risk
can be very costly and may lead to a significant mis-estima-
tion of the credit charge. We analyse the impact of correla-
tion between credit exposure and credit risk on the credit
charge. We use a standard lognormal process to model a
generic commodity, and the well-known structural frame-
work to model credit risk of a counterparty. We find that
credit charge can be significantly overestimated or underes-
timated based on the nature of the correlation and the direc-
tion of the trade.

Second, we argue that the credit charge on a portfolio, as
measured by the expected loss, will be a sum of the credit
charges on individual counterparties. In that sense, the credit

charge does not diminish due to diversification. Diversifica-

tion does help reduce the risk, and therefore the loss reserves,
of a portfolio.

This article is organised as follows: we first discuss the
primary drivers of correlation, and offer some intuition as to
why correlations might exist between credit risk and credit
exposure. We provide an example of crude oil producing
firms to substantiate this claim. In the next section, we
develop an analytical model to capture the effect of corre-
lation on the credit charge. We then solve the model and
provide numerical results. Finally, we offer a discussion on
the credit charge in a portfolio context.

Correlation

Credit exposure is driven by the movements of the commod-
ity price that underlie a trade. Credit risk implicit in a trade
depends on the asset value of the counterparty. Correlation
between credit exposure and credit risk can therefore be
captured by the correlation between commodity price move-
ments and the counterparty’s asset value movements. The
magnitude and sign of the correlation is determined by the
underlying business the counterparty is in.

For example, if the counterparty is a natural gas producer,
it is likely to benefit from rising natural gas prices, making
its default risk negatively correlated with natural gas prices.
A natural gas consumer’s default risk, on the other hand, is
expected to correlate positively with the natural gas price
movements.

As an example, in figure 1 we show the distribution of the
correlation between bi-weekly equity returns® and crude
oil price changes over the period 2001-2004 for 94 public
crude oil producers. The data used was from the Nymex CL
contract for Cushing, Oklahoma, delivery of light, sweet
crude oil. As expected, we find that there is a significant
correlation between the two prices with a median correlation
of approximately 0.20.

For private and small firms in the energy sector, we argue
" Duffie (1999) shows that a credit default swap spread is equivalent to the fixed spread over a risk-
free rate that a floating rate note would need to pay in order to sell at par. Since the par value (or
exposure) for a floating rate note is fixed, this approach ignores the dynamics between the exposure
risk and credit risk
2 As we explain later, the correct way to model credit risk is through its asset returns. However, equity

returns can be expressed as delevered asset returns, making their correlations with commodity price

returns a reasonably good proxy
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that the correlations might be even higher. This is because
these firms tend to be more concentrated in their businesses
and have fewer resources engaging in risk management.
Hence we expect they are more vulnerable to commodity
price shocks and have higher correlation between their credit
quality and commodity prices.

It is important to point out that the impact of the correla-
tion on the credit charge is related to the direction of trade.
Credit risk exists when a mark-to-market profit is realised on
the transaction. If the trade involves buying 100,000 barrels
of oil at $60 a barrel, then the credit exposure increases with
the oil price. If the trade involves selling the same amount,
then the exposure risk is negatively related to the oil price.
In the latter case, if the counterparty is a consumer of oil,
then a falling oil price is likely to decrease their default risk.
In this case, exposure risk and default risk will be negatively
correlated. If the counterparty is a producer of oil, then there
could exist a positive correlation between the default risk and
the exposure risk.

In this article, we will assume that correlations exist and
focus on its impact on credit charge. As a caveat, one should
keep in mind that our empirical measure of correlation is a
simplistic characterisation of the significantly more complex
behaviour one might see in reality. For example, one has no
reason to believe that correlations will be static over time.
Equity markets might be affected by other factors and enter
a period of high volatility that is not due to oil price shocks.
In those periods, the correlations will decline. Moreover, the
correlation we measured is based on historical data and may
not be the most forward-looking.

As an added layer of complexity, one needs to be aware that
both equity and oil prices are prone to jumps not captured by
our simplistic method of determining correlations. Usually, a
big shock in one market is accompanied with reactions from
other markets. These big movements are mostly due to the
arrival of significant new information, rather than noise. Just
focusing on these big movements may therefore add to the
correlation measure.

However, if we restrict the data to big moves only then we
have an insufficient number of observations to calculate a
reliable correlation measure. We believe a very interesting
subject for future research would be to devise a methodology
to calculate the best measure of forward-looking correlations
that can be used for modelling purposes.

Methodology

Let us describe a simple methodology to quantify the effect
of the correlation. We pick a simple Black-Scholes framework
for commodity price movements (S,) and the counterparty
asset (A) movements. We assume that both of them follow a
lognormal process.” Both the processes have a drift at a risk-
free rate 7 in the risk-neutral space. Working with the risk-
neutral framework allows us to easily calculate the present

value of the credit exposure:
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where r is the risk-free rate, 0, and 0, are volatilities of the
commodity price and counterparty asset value returns, dW?$
and dW* are two independent standard Brownian motions.
While lognormality assumption works reasonably well for
asset prices, it is a stronger assumption for commodity prices.
In reality, commodity prices are affected by distortions such
as storage costs, convenience yields or price spikes. From

the viewpoint of an investor, the effect of storage cost or
convenience yields can be accounted for by adjusting the drift
process, as in Fiorenzani (2005). It is a much more diffi-

cult task to allow for jumps in the commodity price process.
However, the problem can still be solved through simulation
techniques. While a more realistic assumption could affect
the magnitude of our results, we believe that the directional-
ity will stay the same. We leave the question of a more realis-
tic commodity price process for future research.

It is important to point out that our framework under the
risk-neutral measure structure implicitly assumes market
completeness. This means that there are enough assets avail-
able in the economy that can help span the risks implicit in the
commodity and the asset prices. In reality, commodity prices
tend to be illiquid and it is not so easy to hedge their risks.

In other words, the market for commodities is incomplete. A
problem of this nature is solved by Musiela & Zariphopoulou
(2001) and Fiorenzani (2005) in the context of measuring

7 The assumption of lognormality helps us attain a simple solution that can be solved easily. However,
this assumption is not critical. Any assumption on the processes can be used and the solution can be
arrived at using simulation techniques
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illiquidity premium. In our context, the presence of incom-
pleteness is likely to add to the risk inherent in holding an
exposure and is therefore likely to enhance the credit charge.

The credit exposure is determined primarily by the
commodity price, and the default risk is determined by the
asset value of the counterparty. Therefore, we can capture
the correlation between credit exposure and default risk by
assuming a correlation p between the commodity return
process and the asset return process. Suppose a dealer, say, a
large utility company, goes long a forward contract with its
counterparty, say, a small marketer of natural gas, at price
F,, where F, = S e, or the future price of the commodity
continuously compounded at the risk-free rate 7. This trade is
shown in figure 2.

Consistent with the philosophy of structural models of
credit risk, it is assumed that if the firm’s intrinsic asset value
declines below a certain threshold level, then the firm will
not have enough funds to service its debt commitments,
forcing it to default. This approach is explained in Crosbie &
Bohn (2003). The dealer is exposing himself to some credit
risk in case the counterparty were to default. Therefore a
credit charge equal to the present value of the expected loss
will be levied on the counterparty. The credit charge can be

calculated as:
Credit charge = e‘rTE[(ST - )1, >F01AT<DLGD]
where:

Is, > 5, =Lif S;>F;, that is, positive credit exposure
=0,if S;>F,, that is, no credit exposure

1, <p=1, if 4y < D, thatis,counterparty defaults
=0, if 47 > D, thatis,counterparty does not default

The expression (3) is very intuitive in nature. The first term

e is the discount factor at a risk-free rate r over a period
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of the contract T. This is multiplied by the expected loss on
the contract, where the amount of expected loss is non-zero
only when there is a positive credit exposure, that is, 1s,

r, = 1, and the counterparty defaults, that is, 14,<p = 1. The
term LGD reflects the recovery value from a default coun-
terparty, often assumed to be a constant (we use 0.5 in this
study). This expression is easy to solve. As a special case,
when the commodity price and counterparty asset value are
perfectly uncorrelated, this becomes the same expression as
in Humphreys (2003). Using the law of iterated expectations,

the expression becomes:

T R, P

Given the process for S, as in expression (1), one can obtain:
(r~—i02~)T+c W
_ 705 s
Sy =Sye
Therefore S, > F can be written as:

%GZ)T+0'W{-S

Soe(r_ > F,

or equivalently as:

N
L ™ &—(r—lcéjT
ot s, U2
Similarly, given the process for A, as in expression (2), one
can obtain:

(r—%ci)ﬂ-pcAW,.S +y1-p*c ;!

Ap = Aye
Therefore A, < D can be written as:
Aol

or equivalently as:
Wy D

1
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On substituting the above expressions in equation (4), we
obtain the credit charge as:

C=e""E|(S; - Fy)1

xXE le

|7 ||LGD
= <ﬁ(ln (/%)—(r—%ci )T—poAWTS) r

Since (W*T‘)/(\/T) follows a standard normal distribution:

: T B o \r—20 T—po wS ‘ N A (.V)
%<ﬁ(]n( l'?]) (’, ; 2) ., ) T ()( )
Where:
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Also, since F,= SoerT, the term:

(S, -Fy)1

ws 1 A

" R)_(p_152
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can be rewritten as:
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Putting expressions (6) and (8) in expression (5) for credit
charge, we obtain:

C=S,LGD j

%Gsﬁf (y)(e(’%“‘z*'”““' ) _ l)N (X4 (v))dy

where f(y) is the density function of the standard normal distri-

bution. Any standard mathematical package is able to solve it.
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The counterparty credit risk in our model is driven by two
main characteristics — its asset volatility and its capital struc-
ture. A higher volatility of the assets of a firm is more likely
to push its assets below the threshold default level D, making
its default probability higher. Similarly, a higher leverage is
likely to be associated with a higher default threshold level
and makes a firm more likely to default.

In figures 3 and 4, we present the impact of correlation
between credit exposure and credit risk on credit charge.
Figure 3 presents the impact of correlation on credit charge at
three difterent levels of risk of counterparties, as indicated by
their asset volatilities. We find that the riskier the counterparty,
the more sensitive the credit charge is to the correlation.

Similarly, figure 4 presents the impact of correlation on the
credit charge at four different levels of risk of counterparties,
as indicated by their leverage. Once again, we find that the
credit charge is more sensitive to the correlation for counter-
parties that carry higher default risk due to a higher leverage.

In both cases, we find that for extremely positive correla-
tions, the credit charge goes to zero. This means that whenever
a credit exposure is positive, the asset returns are also posi-
tive, and this makes the counterparty very unlikely to default.
Therefore, the credit loss is mostly never realised.

On the other hand, for counterparties that have negative
correlation with the commodity returns, the default probabili-
ties increase when credit exposures are high, making the credit
charge even higher. The counterparty’s default probability is
higher for higher asset volatility or higher leverage, making
the credit charge increase with either of those two drivers of
default risk.

In figures 5 and 6, we examine the impact of correlation on
credit charge at different credit exposure levels, as indicated
by volatilities of commodity price returns, and the maturity
of the contract. If the commodity price is very volatile, the
credit exposure is likely to be higher and therefore the credit
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charge will be higher. The sensitivity of the credit charge with
respect to commodity price volatility will be higher at negative
correlations, as shown in figure 6. At positive correlations, the
inbuilt hedge between credit exposure and default risk makes
the credit charge stay relatively flat regardless of the volatility
level of the commodity. At negative correlation levels, the
impact of a more likely increased credit exposure (due to a
higher volatility) with increased default risk makes the credit
charge a steeper function of commodity volatility.

A similar intuition works with respect to the maturity of
the contract. A longer maturity allows a higher exposure
risk and default risk, and a positive correlation between the
two, that is, a negative correlation between asset returns
and commodity price returns, can exaggerate the resulting
expected loss, while a positive correlation p can offset the
effect to bring down the expected loss. Thus, we find in
figure 6 that the credit charge is a more sensitive function
of the maturity of contract at negative correlation between

commodity price returns and asset returns.

An example of credit charge in a porifolio
While it is true that some risk can be diversified away in
a portfolio context, the expected loss on a portfolio under
some conditions can still be expressed as a sum of the indi-
vidual expected losses. Therefore, the credit charge will not
go away even when one trades a portfolio. To demonstrate
this case, we extend our study to a specific portfolio context.
Imagine a portfolio of contracts on a certain commodity,
where we enter different trades with different counterparties
with different credit risks. These counterparties may or may
not be correlated to each other.

The market value of the portfolio credit loss is:

N ) )
c’'=¢"E 2(){' (Sr )15, ol g <y LGD'

i=1
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where X' is the netted credit exposure to counterparty i at matu-
rity when the market price is §,. Using the property that the
expectations across sum variables equal the sum of the expecta-
tions across the same variables, we can simplify the expression as:

ct=

M=

—rT i i
1e E[(X (ST)IX’(ST)>01A}<DiLGD ):|

i

Ci

Il
M=

Therefore, the credit charge on a portfolio can be expressed
as the sum of the credit charges on individual counterparties.
This is a standard result adapted from the expected loss in a
portfolio context.

It is important to note that some other (more protective)
approaches propose using potential exposure instead of
realised exposure for credit risk assessment (credit VAR
methodology, for example). Under this alternative modelling
approach, porttolio credit loss is no longer the expected loss
but rather the maximum potential loss we may incur given a
certain confidence level. In this case, one should benefit
from diversification. In other words, credit charge in this
article is just a fee for the average credit loss if the counter-
party defaults.

As shown above, under certain conditions, diversifying
across counterparties will not reduce the expected loss of a
portfolio. However, if the credit qualities of the counter-
parties are not perfectly correlated, it will bring down the
unexpected loss of the portfolio. This will have an impact
on the portfolio loss reserves, but not the expected loss. If
credit charge has some alternative definition under which
it compensates for both the expected loss and loss reserves,
diversification could reduce this charge.

We leave an examination of the impact of the correlation
between default risk and exposure risk on loss reserves in a
portfolio context for future research.
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