Credit Exposures:  Risk Metrics for Implementation
Naveen C. Andrews

I. Summary:

· Algorithm and Actual Calculational Results (Deal Names: Eli Lilly and Electrolux, Section Vb) for the Total/Potential Exposure for counterparty or transaction, and portfolios, along with eight other metrics useful for credit risk management and assessment.
· Proposals for portfolio (ie, counterparty ) RiskTrack implementation.


 II. Introduction:

· This paper focuses on estimating counterparty credit risk for derivative portfolios.  Here credit risk is defined as the risk of loss incurred in the event of a default (as opposed to credit migrations, etc.).  This is what the current credit reserve model is based on.  Default occurs if the counterparty fails to honor its contractual payments.

· We need to model three processes that define credit risk: (1) the counterparty credit exposure at the time of default, (2) the probability that default will occur, and (3) the amount that can be recovered after default occurs.

· There are 2 types of credit risk:  (1) Pre-settlement risk -- losses arising from prematurely terminating a contract due to counterparty default.  This loss depends on the replacement value of the contract at the time of default.   (2) Settlement Risk:  This loss refers to the losses realized when contractual payments are not received on the settlement date.  In this discussion, we consider only pre-settlement risk.

III. Credit Exposure:

· Credit Exposure is the cost of replacing or hedging the contract at the time of default.  This is the maximum value that will be lost if the counterparty to the contract defaults.  Since default is an uncertain event that can occur at any time during the life of the contract, we consider not only the contract’s current exposure, but also the potential changes in exposure during the contract’s life.  Therefore we introduce three measures of credit exposure:  Actual Exposure, Total Exposure and Potential Exposure.

· Actual Exposure of a contract c  defined 

 + Net 	A/R	                   (1)

 Here V(c,t) is the value of the contract at time t.  Currently we obtain V(c,t) in our system by simulating Forward curves (based on Mutifactor HJM model) using the curve simulation code utilized in our Value at Risk system.  Net A/R represents the total accounts receivable over a certain billing cycle, usually current month and previous month (netting should be included as appropriate).   If t is the current time, the actual exposure then depends on the current marked-to-market of the portfolio.  If t is a future point in time, then AE(c,t) is defined with respect to an assumed state at time t.

· A more practical way to achieve that is to force the default at each month, and calculate the various exposures and losses (assuming a given recovery.  See the ensuing paragraphs for that).

Examples:  1.  Swap/Options

Today = eff_date                         Settlement date
T = 0     F0                K                        SD1
T = 1     F1                K                        SD2
T = 2     F2                K                        SD3
T = 3     F3                K                        SD4
T = 4     F4                K                        SD5
T = 5     F5                K                        SD6
T = 6     F6                K                        SD7
T = 7     F7                K                        SD8
         
Do I = 1 to 30,000 simulations
              = 1       (ie default happens at 1)
              Move all forwrad prices greater than 1
              Also, if T=1 less than SD2 (Settlement date 2), include the intrinsic value for that in there.

FiT=1	=	Over all time steps FI exp[-.5*(drift)dt + Sum-Factorj dWj]
(Multi-Factor HJM Methodology) 
V(c,T=1) = Sum over i (FiT=1   -  K)*Discount Factor  (I > 1)
                   + (F1 – K)Discount Factor (if SD2 > T =1 )
EndDo

· For each time step, obtain Exposures and Losses at various confidence levels.

For Options, V(c,T=1) = Sum over i Ci(FiT=1  , K)*Discount Factor  (I > 1)
                   + (F1 – K)Discount Factor (if SD2 > T =1 )
Here Ci is the Call Option value.


     		
· The Potential Exposure of the contract is the additional amount (over the Actual Exposure) that will be lost if default occurs not at time t, but at some time between t and the maturity of the contract, T:

                                               (2)

where PVt[*] is the operator which transforms future values to the present at time t.  A market scenario is a particular simulation path.  The Potential Exposure must be defined with respect to a particular assumed market scenario.

· The Total Exposure of the contract at time t is the sum of the Actual and Potential Exposure

                                                         	                   (3)		 
As an example, consider a situation where ENE buys a commodity swap, where the current MTM is negative.  In this case, the contract’s Actual Exposure is zero.  However, if commodity prices rise in the future, the contract can have positive value.  Although the contract carries no current exposures, it carries potential exposures that presents credit risk to ENE.

· At the counterparty level, credit exposure depends on the netting agreements / credit migration provisions.  If full netting is allowed, contracts with positive values can be offset with negative values to reduce the net exposure.  In this case, the actual exposure to the counterparty P at time t is given by

	         (4)

The potential Exposure to a counterparty under an assumed simulation (market condition) is the maximum additional exposure at some future time.  It can be obtained by substituting V(P,t) in place of V(c,t) in Equation (2).  The Total Exposure is the sum of the counterparty’s Actual Exposure and Potential Exposure.

· If netting is not allowed, the Actual Exposure to a counterparty is simply the sum of the positive-value contracts with the counterparty.  In other words,
 		
		         (5)

· The Potential Exposure in this deal is then conservatively defined as 

					         (6)
· Note, from Eq. 2, the Potential Exposure of a contract depends on the Maximum Value the contract takes during the life of the contract, and that different contracts may reach their maximum values at different points in time.  Hence, by defining the PE(P,t) as in Eq. (6), we allow the possibility that in the absence of netting agreements, the counterparty may cherrypick the timing of default for each default.  Finally, the Total Exposure to a counterparty in the absence of netting agreements is given by

	         (7)

· Credit Losses: While Credit Exposures refer to the Maximum amount that will be lost if default happens, the credit losses take into account the amount that can be recovered after default occurs.  The credit loss on contract c, if default occurs at time under some assumed market scenario is

				       (8)

 where R is the recovery percentage.  Ultimately R depends on the seniority of the contract.  If netting is allowed, counterparty credit losses are a function of Actual Exposure.  The credit loss on a counterparty portfolio if default happens at time is given by
							       (9)
When netting is allowed a single R applied to all transactions.

· Credit loss when netting is not allowed:  If default happens at time the counterparty credit loss are conservatively defined as 

                                      	     (10)

The total exposure is used because, in the absence of a netting agreement, the institution cannot offset the exposure immediately after default occurs on the first contract.  Eq. (10) allows for the possibility that the counterparty may choose to default on the contracts when each of them reaches its maximum exposure.  In this case, it is possible to have contracts with different recovery rates.

· Other mitigation strategies: posting of collateral, MTM caps, and early termination clauses.  


IV. Risk Metrics Implementation (Exposures and Losses): 

(1) Actual Exposure:  Include Net A/R over a 60 or 90-day billing cycle.

(2) Potential/Total Exposure: calculate for each counterparty based on above equations.

(3) Potential/Total Exposure as a function of time: Obtained by calculating the Potential/Total Exposure for t=0 (today),  t = 1 month, t = 2 months, t = 3 months, etc., until the end of the deal.

(4) Potential/Total Exposure by E-Rating.


(5) Expected Total Exposure as of today (t=0): Obtained by looking at Total exposures as of today and taking an average.

(6) Maximum Total Exposure (MTE-99%) as of today (99%) [useful in some EES transactions]: Rank the Total Exposures for all your simulations or scenarios and pick the one satisfying the following equation
                                                        Pr{TE(P,t) < MTE-99%} = 99%

(7) Expected Loss (EL) (this is currently being calculated): Get a loss for each of the 1000 simulations (if default month is greater than the term of the deal, loss = 0).  The expected loss is obtained by taking the average over the simulations.

(8) Losses at various confidence levels (95, 99, 99.9)




V. Credit Reports: 

(a) Table of Losses and Exposures by major counterparty

Credit Exposures in MM –USD
________________________________________________________________________
Counterparty            MTM(V)               Actual Exposure       Ex.Total Exp.        MTE-99
Duke
Aquila
BPAmoco
Dynegy

Credit Losses in MM –USD
________________________________________________________________________
Counterparty            Expected Loss               P-95        P-99    P-99.9    
Duke
Aquila
BPAmoco
Dynegy




(b) Exposure Profile Diagrams—RECENT DEALS (ELECTROLUX, ELLI-LILLY)
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