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THC Residential Mortgage Loan Valuation: a Unified Prepayment-Default Model 
A. The Importance and Challenges in Valuing Residential Mortgage Loans

Prepayment models of residential mortgages have been extensively described over the past twenty years. See for example, Levin and Davidson (2005), Longstaff (2002) and Schwartz and Torous (1992). These models show the mortgagor’s prepayment behavior is mainly affected by four factors: aging, seasonality, refinance incentive and burnout. These prepayment models are estimated from the mortgage pool data the government agencies and the underlying collateral mortgages are usually fixed rate conforming loans with the agencies’ guarantees, eliminating the mortgagors’ default risks.

Today, agency mortgage loans comprise only around 50% of outstanding mortgages as the origination of non-conforming loans has grown substantial in recent years. There are many types of non-conforming mortgage loans such as the prime, Alt-A and subprime mortgages from the credit perspective. They can be jumbo, for a mortgage loan size exceeding $417,000. These mortgages also have a broad range of features. They can be either fixed rate or hybrid ARMs with an initial reset date in two, three, five, seven and ten years. The mortgages may amortize over 15 and 30 years, a balloon payment or without amortization for an initial period ( an interest-only period). These non-conforming loans can also be second liens or home equity loans.  Finally, there are mortgage features and contingencies such as the prepayment penalty feature, options for the mortgagors to prepay, a broad range of market indices in setting the adjustable mortgage rates and interest rate caps, no or partial documentation available.

Non-conforming loans are also prevalent. Aside from being warehoused in the bank’s structural balance sheet, a large portion of these loans are securitized as private labels, the whole loan pools. Many of these pools are structured to become asset-backed securities (ABS) with a wide range of water-fall structures to allocate the default risk among their tranches. Many of these ABS are further collateralized to create the Collateralized Debt Obligations (CDO)s. Whole loans, ABSs and CDOs are widely held as investments. Furthermore, the mono-lines (mortgage insurers) and mortgage servicers are also exposed to the prepayment and credit risks of these mortgage loans. 

Given the market size of these residential mortgage loans and their prevalence in the financial system, a robust valuation model is important for regulators, bankers, investment managers and many other market participants. Furthermore, given their vastly different characteristics when compared with the agency loans, the standard mortgage prepayment models cannot be simply extended to model these loans. A new approach to value and analyze these mortgage loans has to be developed. THC offers such a solution.
The THC approach deals with the following challenges:

Complex mortgagor’s default behavior. Unlike corporate bond default experience, residential mortgage loan default experience is affected by a broad range of factors including the home price, interest rate levels, seasonality, mortgage types in addition to the credit worthiness of the mortgagor. 
Complex and diverse mortgage features. The many mortgage types and features described above require extensive modeling of all the prepayment and default behavior for each loan type and product features.
Lack of market liquidity. Unlike the agency mortgage-backed securities market, whole-loan and the mortgage loan markets are not liquid and the market rates or prices are not widely available. Therefore, the valuation models cannot use the market observed prices extensively to calibrate the model parameters. 

This document provides a description of the THC residential mortgage loan valuation model that incorporates both prepayment and default risks. The model is developed to be consistent with the market arbitrage-free conditions such that the model analysis can be used for capital market actions, such as derivative hedging and trading. It values the many mortgage loan types in a consistent framework so that the model can be used for relative valuation, product profitability analysis, asset-liability management, credit risk and market risk management.   
B. Description of the Residential Mortgage Loan Model

Assumptions of the Model

The valuation model extends the Dunsky Ho model (DH) (2007). Similar to the DH model, the model has two components: the prepayment-default model and the option-adjusted model. The prepayment-default model is empirically estimated from the loan default and prepayment data. The option-adjusted model is based on an arbitrage-free interest rate model. 

The model is extended from the DH model in three substantial ways. (For more details, see Dunsky Ho (2008).) (1) The THC prepayment-default model is extended beyond the fixed rate mortgages to include the hybrid ARMs, balloon and interest-only and many types of mortgage listed above. (2) The mortgage can remain delinquent, foreclose which leads to liquidation, can become current when all interests are back paid, or, the principals and interests can be paid in full that leads to prepayment. The probabilities of attaining each state are estimated from the roll rates. These transitional probabilities per month in essence also define the lags between the expected foreclosures and the default event. As a result, the default, defined as 90 day delinquent, is related to the liquidation at foreclosure, and the liquidation value in turn is modeled as an option on the home value. This model, the foreclosure model, explicitly specifies the mortgagor’s put option. (3) The house price appreciation (HPA) index is incorporated in the prepayment-default model. For any projected HPA into the future, the prepayment-default model provides the corresponding SMM (single monthly mortality) rate and the MDR (monthly default rate) forecasting the prepayment rate and the default rate respectively. The THC model also extends the interest rate arbitrage-free framework to incorporate the stochastic movements of the house price appreciation index. The house price appreciate index stochastic movement is estimated from the OFHEO HPA data for 50 states. The drifts of the HPA are constructed to be consistent with the interest rates movements. 

For clarity of this exposition, a brief summary of the DH model is described here. To take the competing default and prepayment risks into account, a multinomial logit model is used. The SMM and MDR are specified by exp (b.X)/Y and exp(b’.X’)/Y respectively, where Y = (1 + exp(b.X) + exp (b’.X’)) respectively. b and b’ are the coefficients of the factors (X, X’) of the SMM and MDR models respectively and these coefficients are estimated jointly from the historical data. The explanatory variables of the models are: the seasoning effects, seasonality, cohort, loan size, FICO, LTV, yield curve slope, refinance ratio and burnout. 
The DH model does not include the house price appreciation index (HPA), something that the extended model does. The house price appreciation (HPA) index affects the valuation model in two ways. On the one hand, the initial loan to value (LTV) and the assumed movement of the HPA are used to determine the current LTV (CLTV), which affects both the prepayment and default probabilities of the loan via the prepayment-default model. On the other hand, the stochastic movement of the HPA offers the mortgagor a put option on the house price. The model assumes that the lender recovers the minimum rate of 1 and R/CLTV of the unpaid balance (UPB), where R is a constant ratio such as 70%. That is, the model assumes that the lender recovers a portion of the liquidation value of the house, but cannot receive more than the unpaid balance amount. 

To the extent that a mortgage has a chooser option between a put option on the house price and a call option on the interest rate, the option valuation model should be based on the modern option pricing approach. The interest rate movements are specified by the Generalized Ho Lee (2008)(G HL) model. The G HL model implied volatility function is calibrated to over 130 at-the-money swaption market prices and hence the model is consistent with capital market actions, such as static and dynamic hedging.  

The G HL model has other features important for the mortgage loan valuation. The interest rate movement of the model is lognormal and normal when interest rates are low and high respectively. This regime switching feature ensures the simulated interest rate movements resemble those of the historical experience. The recombining lattice framework provides accurate valuation of the mortgage loans along with their possible hedging instruments that have American or Bermudan options. Furthermore, the lattice framework allows for probability weighted sampling paths resulting in variance reduction. 
The stochastic movement of the HPA should also be constructed in an arbitrage-free framework. To illustrate the arbitrage-free framework of the HPA, first consider the Black-Scholes stock option model. If an option model assumes that the underlying stock drifting at an expected rate higher than the risk free rate, then the discount rate for the option cannot be the risk free rate. Otherwise, a deep in the money option would not converge to the stock price. Likewise, if a mortgage model assumes the HPA drifts in an arbitrary rate while the discount rate is the risk free rate, then, the mortgage model would not be consistent with capital market valuation. For example, let the current LTV be very high, say 1000%, and the home would default with a portion of the home value recovered with certainty. However, if the HPA is assumed to drift at a rate significantly high exceeding the risk free rate, then the present value of the recovery amount can exceed the current home price significantly, or consistent with the initial LTV used in the valuation. To avoid this problem, current literature assumes that the HPA drifts at the risk free rate net of the “rental rate”.  The rental rate is analogous to the dividend rate of a stock, lowering the price appreciation of the underlying asset and providing payoffs (consumption) to the homeowner. Specifically, let ρ be the rental ratio, the ratio of the rental rate to the risk free rate, then the HPA expected drift is r (1 - ρ ), where r is the risk free rate. When the rental ratio is one, then the house price will not appreciate in expectation and will not have any investment value to the homeowner, as in renting a home. When the rental rate is zero, then, the house is treated as a security for investment and the homeowner derives no consumption value from the house.
The liquidation amount depends on the current LTV. In particular, we assume that the amount is 

L = UPB min ( 1, R/CLTV)                                                               (1)
where UPB is the unpaid balance; R is the foreclosure recovery rate and CLTV is the current loan to value ratio. That means, the bank recovers a portion of the home value at liquidation but not exceeding the full principal amount. There may be a time lag in liquidation. The cost to carry the home is incorporated in the foreclosure recovery ratio, an estimate that banks often have prepared. Since the home value is simulated stochastically in the model, the liquidation payoff, in essence is a put option on the home value. Since a home default can remain default the next period, the time to liquidation can be measured by the number of periods between the time of default to liquidation.
The simulated interest rates and HPA stochastic process generate the mortgage loan cashflows via the prepayment-default model. The cashflows are then discounted by these risk free rates with a constant option adjusted spread, called the “clean OAS.” The terminology of “clean OAS” is used to underscore that the OAS has isolated all default and prepayment option values. Following the standard valuation methodologies, the average of these pathwise values is the fair value of a mortgage loan.
Components of the Mortgage Model
In summary, the THC mortgage model has four main components: interest rate model, HPA model, prepay-default model and the foreclosure model.  Refer to the figure below.
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The valuation process begins with inputting the current yield curve and the volatility surface to the arbitrage-free interest rate model, the Generalized Ho-Lee model. The Generalized Ho Lee model then simulates the future yield curves to the HPA model and to the THC prepayment-default model. 
Based on the loan’s descriptions, the former generates the stochastic movements of the HPA index consistent with the interest rate movements and the latter generates the prepayments, amortized payments, interest payments and the 90 defaulted principals. The foreclosure model breaks down the defaulted principals into current balance, prepayment, default and liquidation.  
The current balance flows back to the prepay-default model; prepayments becomes part of the cashflows; defaulted amount flows back to the foreclosure model; and the liquidation becomes part of the cashflows, as defined by equation (1).
Estimation of the Prepayment-default Model

The econometric methodology in estimating the prepayment-default model is explained in Dunsky-Ho (2007).The loan level data from Loan Performance, a firm that remarkets mortgage servicing data. The loan sample consists of the hybrid ARMs, specifically 1-1, 2-1, 3-1, 5-1, 7-1, and 10-1. All the loans are backed by owner occupied single family residences. The original loan balance spans both the conforming market and the Jumbo market. The credit quality spans over a wide range. 
Prepaid loans are identified in the transaction data as loans with a zero unpaid principal balance prior to maturity, and which have never been in the state of 90 days delinquent. The date of prepayment is defined as the date in which the balance transition to zero. The date of default is defined as the date of the last completed full payment. 
The explanatory parameters of the prepayment-default model are: 

· seasoning effect: modeled by a spline function

· seasonality: modeled by dummies for each month of the year

· cohort effect: modeled by a dummy for each year

· FICO and CLTV: modeled by a two dimensional spline surface to capture their combined effect on prepayment and default

· size effect: modeled by the unpaid balance 

· yield curve slope: modeled by the 10 year CMT net of the 2 year CMT

· refinance ratio and the burnout effect: modeled by a two dimensional spline surface

· CLTV: modeled by House Price Appreciation drifts
Backtesting and Robustness of the Model

This document presents the goodness of the model two ways. Table 1 depicts the goodness of fit of the prepayment rate and the default rate over the life of the hybrid ARMs 5-1 loans, using in sample data. The results show that the fit is reasonable. The results also show the significance of the unsystematic risk of prepayments and defaults. In the latter years when there were few loans in the sample, both the observed average prepayment rates and the default rates fluctuate significantly.

Table 1. Comparing Actual and Predicted Prepayment and Default Rate of 5-1 ARMs
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Table 2 provides an out-of-sample comparison for three vintages of the 5-1 hybrid ARMs. The prepayment rates and the default rates in year 2008 are out-of-sample forecasts and they are compared with the actual experiences. The results show that the forecasts are reasonably accurate. The noise in the fitting for the age greater then 70 months comes from the lack of data.
Table 2 Out-of-Sample Comparison of a 5-1 Hybrid ARM
	Vintage
	2007
	2006
	2005

	Date
	Pjt CPR
	Act CPR
	Pjt CDR
	Act CDR
	Pjt CPR
	Act CPR
	Pjt CDR
	Act CDR
	Pjt CPR
	Act CPR
	Pjt CDR
	Act CDR

	2008m3
	1.59%
	0.59%
	2.38%
	1.43%
	1.31%
	0.66%
	1.68%
	1.32%
	1.32%
	0.77%
	0.31%
	0.29%

	2008m2
	1.50%
	0.76%
	2.22%
	1.57%
	1.26%
	0.98%
	1.67%
	1.15%
	1.29%
	0.84%
	0.33%
	0.32%

	2008m1
	1.37%
	0.83%
	2.32%
	1.21%
	1.36%
	1.02%
	1.87%
	1.05%
	1.30%
	1.12%
	0.40%
	0.34%

	2007m12
	1.27%
	0.77%
	2.29%
	1.31%
	1.71%
	1.00%
	1.94%
	1.15%
	1.39%
	1.02%
	0.43%
	0.31%

	2007m11
	1.23%
	0.86%
	1.68%
	1.21%
	1.70%
	1.05%
	1.73%
	1.16%
	1.21%
	1.04%
	0.38%
	0.33%

	2007m10
	1.31%
	0.71%
	1.28%
	1.00%
	1.59%
	0.87%
	1.58%
	1.24%
	1.03%
	0.92%
	0.37%
	0.41%

	2007m9
	1.24%
	0.69%
	1.03%
	0.95%
	1.62%
	0.92%
	1.53%
	1.27%
	1.04%
	0.90%
	0.39%
	0.38%

	2007m8
	1.21%
	0.81%
	0.84%
	0.95%
	1.65%
	1.03%
	1.46%
	1.20%
	1.09%
	1.02%
	0.41%
	0.37%

	2007m7
	1.13%
	0.97%
	0.65%
	0.78%
	1.59%
	1.08%
	1.40%
	1.25%
	1.12%
	1.01%
	0.41%
	0.44%

	2007m6
	1.01%
	0.99%
	0.51%
	0.69%
	1.53%
	1.06%
	1.33%
	1.27%
	1.16%
	1.11%
	0.42%
	0.42%

	2007m5
	0.96%
	1.05%
	0.40%
	0.50%
	1.49%
	1.17%
	1.25%
	1.21%
	1.22%
	1.09%
	0.43%
	0.42%

	2007m4
	0.94%
	1.03%
	0.29%
	0.04%
	1.47%
	1.39%
	1.18%
	1.13%
	1.27%
	1.24%
	0.41%
	0.38%

	2007m3
	0.65%
	0.85%
	0.14%
	0.00%
	1.39%
	1.43%
	1.11%
	1.06%
	1.31%
	1.19%
	0.40%
	0.40%

	2007m2
	0.44%
	0.60%
	0.08%
	0.00%
	1.44%
	1.68%
	1.03%
	0.88%
	1.35%
	1.35%
	0.39%
	0.39%

	2007m1
	0.30%
	0.23%
	0.04%
	0.00%
	1.50%
	1.80%
	0.93%
	0.89%
	1.41%
	1.44%
	0.36%
	0.38%


C. Critical Input Assumptions

Thus far, the document has provided a description of a valuation model of a residential mortgage loan.  It must also be emphasized that the model can be used as a valuation tool, whereby, critical economic input assumptions can be made subjectively to explore the value of a loan. That is, the model can be used for what-ifs analysis. 

The what-if analysis begins with the specification of the loans. A sample of the specifications of a loan is given in Table 3. As described in the model, the size of the mortgage loan affects the loan value. The mortgage rate, margin, and the amortization term are standard specifications. The FICO and LTV are measures of the credit risk. The cap structures affect the values of the loans by their option values.

Table 3 Mortgage Loan Descriptions 
	Description       
	Face Value
	WAC
	WAM
	FICO
	LTV(%)
	Cap/Floor Structure
	Price

	
	
	
	
	
	
	
	

	FRM15
	　
	　
	　
	　
	　
	　
	　

	FRM15
	350 
	5.63%
	180 
	650 
	70 
	　
	104.35

	FRM15
	350 
	5.63%
	180 
	650 
	80 
	　
	104.26

	FRM15
	350 
	5.63%
	180 
	750 
	70 
	　
	105.93

	FRM15
	350 
	5.63%
	180 
	750 
	80 
	　
	105.87

	10yr BalloonFRM15
	350 
	5.63%
	180 
	650 
	70 
	　
	104.22

	10yr BalloonFRM15
	350 
	5.63%
	180 
	650 
	80 
	　
	104.13

	10yr BalloonFRM15
	350 
	5.63%
	180 
	750 
	80 
	　
	105.66

	FRM30
	　
	　
	　
	　
	　
	　
	　
	　
	　

	FRM30
	350 
	5.63%
	360 
	650 
	70 
	　
	103.78

	FRM30
	350 
	5.63%
	360 
	650 
	80 
	　
	103.51

	FRM30
	350 
	5.63%
	360 
	750 
	70 
	　
	104.03

	FRM30
	350 
	5.63%
	360 
	750 
	80 
	　
	103.96

	ARM11(1Y LIBOR + 225BP)
	　
	　
	　
	　


	ARM1/1
	350 
	5.63%
	360 
	650 
	70 
	2/2/5
	103.39

	ARM1/1
	350 
	5.63%
	360 
	650 
	80 
	2/2/5
	102.63

	ARM1/1
	350 
	5.63%
	360 
	750 
	70 
	2/2/5
	104.19

	ARM1/1
	350 
	5.63%
	360 
	750 
	80 
	2/2/5
	103.93

	10yr IOARM1/1
	350 
	5.63%
	360 
	650 
	70 
	2/2/5
	103.49

	10yr IOARM1/1
	350 
	5.63%
	360 
	650 
	80 
	2/2/5
	102.49

	10yr IOARM1/1
	350 
	5.63%
	360 
	750 
	80 
	2/2/5
	104.13

	10yr BalloonARM1/1
	350 
	5.63%
	360 
	650 
	70 
	2/2/5
	101.05

	10yr BalloonARM1/1
	350 
	5.63%
	360 
	650 
	80 
	2/2/5
	100.97

	10yr BalloonARM1/1
	350 
	5.63%
	360 
	750 
	80 
	2/2/5
	101.39


The loan values are affected by other economic assumptions that are often related to the specific lender, product types, and mortgagors. The values of these inputs are often uncertain and the model can be used to evaluate the sensitivity of the value to these input assumptions. In particular, these assumptions are:

Foreclosure Recovery Rate
The definition of the foreclosure recovery ratio R, a proportion of the house value recovered by the lender at liquidation, has been given above. The recovery ratio is often used in credit risk analysis, especially for commercial loans and corporate bonds. We must note that the recovery ratio for residential mortgage loans deserves special attention, as there is no market convention in its definition. The confusion begins with the definition of “default”. There are alternative definitions of a residential mortgage loan “default”. Default can be defined as 90 day or 120 day delinquent. The actual recovery ratio is affected by the precise definition of default since only a portion of the delinquent loans leads to liquidation, and this portion depends on the default definition. THC model defines default as 90 day delinquent and the recovery ratio is defined as the proportion of the house value available to the lender at liquidation, not at default. Historical experiences seem to suggest that the foreclosure recovery rate to be 60%-70%.

Some banks are more efficient in liquidating homes or renegotiating the recovery. In these cases, the foreclosure recovery rate can be as high as 95%. Conversely, given an extremely illiquid housing market in some regions, the foreclosure recovery rate can be as low as 50%. The use of foreclosure recovery rate should provide a more precise specification of recovery.
HPA Projections
In the model description, we have provided a positive (or equilibrium) model based on a relative valuation framework in determining the expected drift of the HPA index by state. However, the model can be used for normative purposes, such as analyzing the projected prepayment rates and default rates under different HPA projections. 

For example, Table 4 provides the projected SMM and MDR under two alternative HPA projections. Given that the average national house prices is projected to reach the low next year, for illustration, one projection assumes that the HPA is flat for one year and is 3% (an approximation of the inflation rate) for the subsequent years. The alternative HPA projection assumes that the HPA is the ten year historical average. The table below provides some insightful results. The simulation shows that the projected MDR under the historical experience leads to the low default rates that we had experienced until last year. However, under the alternative HPA projection, which seems optimistic according to many house price forecasts, the MDRs are much higher.

Table 4. SMM and MDR Projections
	
	
	
	Cashflow Analysis

	
	
	
	3% HPA
	Historical HPA (5.48%)
	3% HPA

	Description
	FICO
	LTV(%)
	MDR
	$Loss
	MDR
	$Loss
	SMM

	
	
	
	1y
	3y
	5y
	
	1y
	3y
	5y
	
	1y
	3y
	5y

	FRM1_Loan Size=350000 WAC=5.625% WAM=180 Service Cost=25Bp

	FRM15
	650
	70
	0.96%
	1.30%
	1.04%
	5.64
	0.82%
	0.94%
	0.76%
	4.34
	1.41%
	1.58%
	1.22%

	FRM15
	650
	80
	1.02%
	1.40%
	1.07%
	5.81
	0.88%
	1.03%
	0.72%
	4.44
	1.40%
	1.57%
	1.26%

	FRM15
	750
	70
	0.20%
	0.23%
	0.15%
	1.44
	0.16%
	0.14%
	0.12%
	1.00
	1.45%
	1.50%
	1.06%

	FRM15
	750
	80
	0.22%
	0.29%
	0.17%
	1.55
	0.19%
	0.19%
	0.10%
	1.06
	1.46%
	1.60%
	1.15%

	10yr BalloonFRM15
	650
	70
	1.24%
	1.24%
	0.87%
	4.41
	1.06%
	0.98%
	0.69%
	3.48
	2.21%
	3.06%
	3.06%

	10yr BalloonFRM15
	650
	80
	1.35%
	1.35%
	0.79%
	4.59
	1.13%
	0.97%
	0.60%
	3.58
	2.13%
	3.13%
	3.34%

	10yr BalloonFRM15
	750
	80
	0.30%
	0.24%
	0.12%
	1.11
	0.24%
	0.14%
	0.10%
	0.80
	2.28%
	2.98%
	2.89%

	FRM30_Loan Size=350000 WAC=5.625% WAM=180 Service Cost=25Bp

	FRM30
	650
	70
	0.65%
	0.80%
	0.71%
	6.09
	0.51%
	0.51%
	0.41%
	4.00
	1.31%
	0.79%
	0.73%

	FRM30
	650
	80
	0.97%
	1.17%
	1.00%
	7.74
	0.77%
	0.73%
	0.52%
	5.02
	1.07%
	0.70%
	0.74%

	FRM30
	750
	70
	0.13%
	0.15%
	0.12%
	1.60
	0.10%
	0.08%
	0.07%
	0.91
	1.26%
	0.72%
	0.64%

	FRM30
	750
	80
	0.29%
	0.28%
	0.20%
	2.50
	0.20%
	0.14%
	0.08%
	1.27
	1.11%
	0.70%
	0.69%

	ARM11(1Y LIBOR + 225BP,2/2/5)_Loan Size=350000 WAC=5.625% WAM=180 Service Cost=25Bp

	ARM1/1
	650
	70
	0.45%
	1.86%
	1.62%
	4.23
	0.31%
	1.40%
	1.12%
	3.04
	6.73%
	5.34%
	3.55%

	ARM1/1
	650
	80
	0.72%
	3.45%
	2.49%
	8.20
	0.59%
	2.00%
	1.43%
	5.88
	3.73%
	3.31%
	2.75%


Clean OAS: risk premiums
From the lenders’ perspective, the clean OAS is the required returns net of the servicing cost, default -prepayment option, and time value of money, but the returns does not include the risk premiums, capital charge and required profits. Option adjusted spread (OAS) is used to isolate the option premium so that the spread does not include any option value. However, the spread still incorporates the credit spread. Clean OAS represents the spread available to the investor after buying default insurance on the securities in that when a default occurs, the investor receives the full UPB amount with no loss at default. Therefore, the lender can simulate the mortgage loan value over a range of clean OASs values to determine the profitability in lending a particular mortgage type.

D. Analytical Results

Decrement Table:

One useful analytical tool derived from the valuation model is the decrement table. An example of a decrement table is provided in Table 5 which projects the monthly cashflows, and the components, for a set of interest rates and HPA scenarios. The results can be used to analyze the behavior of a mortgage loan under different market scenarios and they can be used to simulate the net interest income and cashflow liquidity of the loan or a portfolio of loans under different product designs and market assumptions. 

Table 5 Cashflow Decrement Table of a 5-1 Interest Only Hybrid ARM
	 
	Cash Flow
	Monthly CPR
	Monthly CDR
	Amortized Principal
	Prepaid Principal
	Recovered Default Principal
	Not Recovered Default Principal
	Interest
	Service Fee
	Remain Principal

	4/30/2008
	2207 
	0.17%
	0.00%
	0.00%
	606
	11
	3
	1750
	160
	349380

	5/30/2008
	2549 
	0.27%
	0.01%
	0.00%
	943
	20
	5
	1747
	160
	348412

	6/30/2008
	2946 
	0.38%
	0.01%
	0.00%
	1324
	40
	10
	1742
	160
	347039

	7/31/2008
	3578 
	0.55%
	0.03%
	0.00%
	1926
	77
	19
	1735
	159
	345017

	8/29/2008
	3765 
	0.61%
	0.04%
	0.00%
	2096
	103
	26
	1724
	158
	342792

	9/30/2008
	3591 
	0.55%
	0.05%
	0.00%
	1898
	137
	34
	1713
	157
	340723

	10/31/2008
	3762 
	0.61%
	0.05%
	0.00%
	2067
	148
	37
	1703
	156
	338471

	11/28/2008
	3858 
	0.64%
	0.05%
	0.00%
	2174
	148
	37
	1691
	155
	336113

	12/31/2008
	4207 
	0.71%
	0.10%
	0.00%
	2401
	282
	71
	1679
	154
	333359

	1/30/2009
	4120 
	0.67%
	0.15%
	0.00%
	2220
	388
	97
	1664
	153
	330654

	2/27/2009
	4054 
	0.69%
	0.10%
	0.00%
	2294
	260
	65
	1652
	152
	328036

	3/31/2009
	4791 
	0.91%
	0.12%
	0.00%
	2997
	306
	76
	1638
	150
	324656

	4/30/2009
	4492 
	0.84%
	0.11%
	0.00%
	2724
	296
	74
	1621
	149
	321562

	5/29/2009
	4603 
	0.89%
	0.11%
	0.00%
	2852
	292
	73
	1606
	147
	318345

	6/30/2009
	4388 
	0.83%
	0.12%
	0.00%
	2630
	313
	78
	1590
	146
	315323

	7/31/2009
	4349 
	0.82%
	0.14%
	0.00%
	2579
	341
	85
	1574
	145
	312318

	8/31/2009
	4365 
	0.82%
	0.15%
	0.00%
	2567
	382
	96
	1559
	143
	309273

	9/30/2009
	4058 
	0.72%
	0.17%
	0.00%
	2238
	419
	105
	1544
	142
	306512

	10/30/2009
	4055 
	0.75%
	0.15%
	0.00%
	2310
	356
	89
	1530
	140
	303758

	11/30/2009
	3931 
	0.74%
	0.13%
	0.00%
	2237
	317
	79
	1517
	139
	301125

	12/31/2009
	4096 
	0.73%
	0.22%
	0.00%
	2196
	536
	134
	1502
	138
	298259

	1/29/2010
	3904 
	0.64%
	0.27%
	0.00%
	1916
	637
	159
	1487
	137
	295547

	2/26/2010
	3659 
	0.64%
	0.18%
	0.00%
	1892
	428
	107
	1475
	135
	293121

	3/31/2010
	4274 
	0.85%
	0.20%
	0.00%
	2481
	464
	116
	1463
	134
	290060

	4/30/2010
	3994 
	0.77%
	0.19%
	0.00%
	2244
	436
	109
	1448
	133
	287271


Asset/Liability Management Reports

The values of a portfolio of mortgage loans funded by capital market instruments, such as structured advances, or non-maturing or term accounts can be simulated under different market scenarios. The table below shows the value under a range of parallel shifts of the yield curve. Other market assumptions can be a range of the HPA drifts or multiples of the MDRs. These stress tests can uncover the market or credit risks of the mortgage loans relative to their fundings. A stress test result is provided in Table 6.

Table 6. Stress Test Analysis

	-200 bp
	-100 bp
	0 bp
	+100 bp
	+200 bp
	Fair Value/ Face Value

	401,730.26
	390,731.56
	378,608.00
	366,626.07
	354,736.90
	108.17%


Sensitivity analysis can also be derived from the valuation model, as illustrated in Table 7. In particular, (effective) duration and convexity of a mortgage portfolio can be determined. The duration is the percentage falls in the mortgage value for each percentage parallel shift of the spot yield curve. The convexity measure the impact of the prepayment option on the mortgages. Prepayment duration and default duration are value sensitivity to a parallel shift in the SMM and MDR curves respectively. The results show that all the mortgages analyzed have negative convexity. Likewise, key rate durations (KRD) and credit key rate durations (CKRD) measure the value sensitivity of the loan to shifts in the key term of the yield curve and the MDR curve respectively. KRD and CKRD enable investors to use swaps and credit derivative swaps respectively to dynamically hedge the mortgage positions.
Table 7. Sensitivity Analysis
	Description
	FICO
	LTV(%)
	Duration
	Convexity
	Prepayment

Duration
	Default

Duration

	FRM1_Loan Size=350000 WAC=5.625% WAM=180 Service Cost=25Bp

	FRM15
	650
	70
	2.85
	-0.72
	0.00
	0.17

	FRM15
	650
	80
	2.81
	-0.70
	0.00
	0.17

	FRM15
	750
	70
	3.57
	-0.98
	0.01
	0.23

	FRM15
	750
	80
	3.48
	-0.93
	0.01
	0.23

	10yr BalloonFRM15
	650
	70
	2.26
	-0.39
	0.01
	0.15

	10yr BalloonFRM15
	650
	80
	2.22
	-0.39
	0.01
	0.15

	10yr BalloonFRM15
	750
	80
	2.63
	-0.39
	0.01
	0.20

	FRM30_Loan Size=350000 WAC=5.625% WAM=180 Service Cost=25Bp

	FRM30
	650
	70
	4.15
	-0.95
	0.00
	0.11

	FRM30
	650
	80
	3.83
	-0.91
	0.00
	0.11

	FRM30
	750
	70
	5.76
	-1.33
	0.00
	0.04

	FRM30
	750
	80
	5.48
	-1.35
	0.00
	0.05

	ARM11(1Y LIBOR + 225BP,2/2/5)_Loan Size=350000 WAC=5.625% WAM=180 Service Cost=25Bp

	ARM1/1
	650
	70
	0.58
	-0.11
	0.01
	0.13

	ARM1/1
	650
	80
	0.90
	0.09
	0.00
	0.12

	ARM1/1
	750
	70
	0.22
	-0.31
	0.02
	0.15

	ARM1/1
	750
	80
	0.55
	-0.13
	0.01
	0.16

	10yr IOARM1/1
	650
	70
	0.66
	-0.05
	0.00
	0.14

	10yr IOARM1/1
	650
	80
	0.96
	0.07
	0.00
	0.12

	10yr IOARM1/1
	750
	80
	0.63
	-0.02
	0.01
	0.18

	10yr BalloonARM1/1
	650
	70
	0.47
	0.09
	0.01
	0.03

	10yr BalloonARM1/1
	650
	80
	0.43
	-0.19
	0.01
	0.03

	10yr BalloonARM1/1
	750
	80
	0.35
	0.55
	0.01
	0.04


	KRD 0.25yr
	KRD 1yr
	KRD 3yr
	KRD 5yr
	KRD 7yr
	KRD 10yr
	KRD 20yr
	KRD 30yr

	0.03
	0.21
	0.55
	2.31
	0.23
	-0.02
	-0.14
	0.00

	Credit KRD 0.25yr
	Credit KRD 1yr
	Credit KRD 3yr
	Credit KRD 5yr
	Credit KRD 7yr
	Credit KRD 10yr
	Credit KRD 20yr
	Credit KRD 30yr

	0.15
	0.28
	0.30
	0.21
	0.14
	0.07
	0.01
	0.00


Value Performance Profiles

The value of a mortgage loan is affected by many parameters. The value performance of a loan relative to a particular factor can depict and uncover insightful observations concerning the behavior of a particular mortgage type. To illustrate, consider the 5-1 hybrid ARMs over a range of FICO scores. This value performance can illustrate the difference between subprime and prime mortgage loans.

As the FICO score falls, the value of the mortgage loan falls at an accelerated rate. This result demonstrates the significant default risks embedded in the subprime mortgages in terms of the FICO score.
Table 8 A plot of a 20Year Fixed Rate mortgage loan value against FICO scores
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Credit OAS 

The credit OAS is defined as the additional spread added to the clean OAS to ensure the mortgage value is unchanged when the lender can always recover the UPB at foreclosure. In essence, this change converts a default with the associated foreclosure losses into a prepayment. This conversion does not eliminate the put option on the house value but it does eliminate the default losses. The credit OAS is equivalent to the default insurance premiums or credit derivative swap (CDS) premiums to guarantee against the default losses. But unlike the standard CDS analysis, in this case, the guarantees are applied analogously to a callable fixed income instrument, not a straight bond, as commonly assumed in the corporate bond CDS market. This premium is called the credit option adjusted spread to underscore that the insurance premium has adjusted for the prepayment option embedded in the mortgage.  
Table 9 below provides the credit OAS for a sample of mortgage products. Note that the mortgage rate should incorporate the credit OAS as the credit premium. At equilibrium, in principle, the lender can use this premium to buy credit insurance to protect against the default losses. And therefore credit OAS directly measures the credit exposure of each mortgage loan. 

Table 9 Credit OAS and Clean OAS
	Description
	Face Value
	Mtg Rate
	Maturity
	FICO
	LTV(%)
	Cap/Floor Structure
	Foreclosure Recovery Ratio
	Clean OAS(BP)
	Credit OAS (BP)

	
	
	
	
	
	
	
	
	
	

	FRM30
	　
	　
	　
	　
	　
	　
	　
	　
	　

	FRM30 + 1.75 points
	350 
	5.88%
	360 
	750 
	75 
	　
	82%
	160 
	21 

	FRM30 + 1.25 points
	350 
	6.00%
	360 
	750 
	75 
	　
	80%
	160 
	24 

	FRM30 + 0.5 points
	350 
	6.13%
	360 
	750 
	75 
	　
	82%
	160 
	22 

	FRM30 + 0 points
	350 
	6.13%
	360 
	750 
	75 
	　
	82%
	151 
	22 

	FRM30 - 0.5 points
	350 
	6.38%
	360 
	750 
	75 
	　
	89%
	175 
	13 

	FRM20
	　
	　
	　
	　
	　
	　
	　
	　
	　

	FRM20 + 1.75 points
	350 
	5.88%
	240 
	750 
	75 
	　
	84%
	179 
	42 

	FRM20 + 1.25 points
	350 
	6.00%
	240 
	750 
	75 
	　
	83%
	180 
	44 

	FRM20 + 0.5 points
	350 
	6.13%
	240 
	750 
	75 
	　
	82%
	179 
	46 

	FRM20 + 0 points
	350 
	6.25%
	240 
	750 
	75 
	　
	82%
	181 
	46 

	FRM20 - 0.5 points
	350 
	6.63%
	240 
	750 
	75 
	　
	77%
	196 
	59 

	FRM15
	　
	　
	　
	　
	　
	　
	　
	　
	　

	FRM15 + 1.5 points
	350 
	5.38%
	180 
	750 
	75 
	　
	82%
	185 
	20 

	FRM15 + 1 points
	350 
	5.50%
	180 
	750 
	75 
	　
	83%
	185 
	19 

	FRM15 + 0.5 points
	350 
	5.63%
	180 
	750 
	75 
	　
	84%
	185 
	18 

	FRM15 + 0 points
	350 
	5.75%
	180 
	750 
	75 
	　
	87%
	185 
	15 

	FRM15 - 0.5 points
	350 
	5.75%
	180 
	750 
	75 
	　
	87%
	170 
	15 

	FRM10
	　
	　
	　
	　
	　
	　
	　
	　
	　

	FRM10 + 1.5 points
	350 
	5.38%
	120 
	750 
	75 
	2/2/5
	80%
	195 
	10 

	FRM10 + 1 points
	350 
	5.50%
	120 
	750 
	75 
	2/2/5
	80%
	195 
	10 

	FRM10 + 0.5 points
	350 
	5.63%
	120 
	750 
	75 
	2/2/5
	80%
	195 
	10 

	FRM10 + 0 points
	350 
	5.75%
	120 
	750 
	75 
	2/2/5
	81%
	195 
	10 

	FRM10 - 0.5 points
	350 
	6.00%
	120 
	750 
	75 
	2/2/5
	76%
	205 
	12 

	ARM3/1(1Y LIBOR  +  225BP)
	　
	　
	　
	　
	　
	　
	　
	　
	　

	ARM3/1 + 1 points
	350 
	5.50%
	360 
	700 
	80 
	2/2/5
	72%
	200 
	71 

	ARM3/1 + 0.5 points
	350 
	5.63%
	360 
	700 
	80 
	2/2/5
	74%
	199 
	66 

	ARM3/1 + 0.25 points
	350 
	5.75%
	360 
	700 
	80 
	2/2/5
	74%
	200 
	65 

	ARM3/1 + 0 points
	350 
	5.88%
	360 
	700 
	80 
	2/2/5
	74%
	201 
	65 

	ARM3/1 - 0.75 points
	350 
	6.38%
	360 
	700 
	80 
	2/2/5
	70%
	201 
	76 

	ARM7/1(1Y LIBOR  +  225BP)
	　
	　
	　
	　
	　
	　
	　
	　
	　

	ARM7/1 + 1 points
	350 
	6.13%
	360 
	700 
	80 
	2/2/5
	86%
	240 
	9 

	ARM7/1 + 0.5 points
	350 
	6.25%
	360 
	700 
	80 
	2/2/5
	82%
	240 
	12 

	ARM7/1 + 0.25 points
	350 
	6.38%
	360 
	700 
	80 
	2/2/5
	72%
	241 
	18 

	ARM7/1 + 0 points
	350 
	6.50%
	360 
	700 
	80 
	2/2/5
	74%
	250 
	17 

	ARM7/1 - 0.75 points
	350 
	6.88%
	360 
	700 
	80 
	2/2/5
	72%
	270 
	18 

	ARM10/1(1Y LIBOR  +  225BP)
	　
	　
	　
	　
	　
	　
	　
	　
	　

	ARM10/1 + 1.25 points
	350 
	6.38%
	360 
	700 
	80 
	2/2/5
	87%
	193 
	54 

	ARM10/1 + 0.75 points
	350 
	6.50%
	360 
	700 
	80 
	2/2/5
	86%
	191 
	59 

	ARM10/1 + 0.25 points
	350 
	6.63%
	360 
	700 
	80 
	2/2/5
	86%
	192 
	59 

	ARM10/1 + 0 points
	350 
	6.75%
	360 
	700 
	80 
	2/2/5
	84%
	191 
	67 

	ARM10/1 - 0.75 points
	350 
	7.13%
	360 
	700 
	80 
	2/2/5
	82%
	201 
	76 


E. Applications of the Residential Mortgage Valuation Model

In the introduction, we argue that the standard mortgage-backed securities prepayment models have limited applications to many current mortgage loan issues which the model exposited in this document can address. This section provides an overview of five specific applications.

Asset Backed Securities (ABS) and Collateralized Debt Obligations (CDO) Valuation

Agency mortgage backed securities pools and collateralized mortgage obligations tend to be backed by relatively homogeneous conforming mortgage loans. For this reason, a mortgage pool traditionally is approximated by pool characteristics. The valuation and analysis of the pool are based on some representative loans that capture the behavior of the pool.

However, the collaterals for the ABS tend to be vastly heterogeneous. They can be a pool of option ARMs, hybrid ARMs, home equity loans and other types of mortgage loans. Simple construction of “representative” mortgage pools to replicate an ABS collateral is often impractical. For this reason, to value ABSs and hence CDOs, analysts have to value the pools on the loan level or close to loan levels. A mortgage loan model, as presented in this document, is therefore central to the valuation of ABS and CDOs. 

Performance Analysis: Product Design and Cheap/Rich Analysis

The section on analytical results shows that the clean OAS is a measure of profitability in lending a mortgage loan. This measure of profitability is consistent across all mortgage types. For this reason, the lender can use the clean OAS for product design, seeking a mortgage type that maximizes the clean OAS, taking the cap structure, reset, adjustable index, margin and all the other attributes into account.

Similarly, since we have shown that the mortgage loan model can be used to value securitized mortgage structured products, the clean OAS can also be used by investors to determine the cheap/rich analysis in their investment process in whole loans, ABS and CDOs. 

Structural Balance Sheet Risk Management

Credit risk measurement on the structural balance sheet often takes the static approach as opposed to the option modeling approach as described in this document. The static approach refers to estimating the expected potential losses from default over a certain time horizon under a set of scenarios. The option-based model can relate to this static approach. In particular, as we have shown in the decrement table, the model projects the MDR of a mortgage loan over a time horizon. Therefore, the model can measure the expected losses from foreclosures. As a result, the model can be used in a consistent framework with the current credit risk management process.

Likewise, the option-based model can be used also in a consistent framework with market risk management. In this case, the stochastic HPA is ignored and the value sensitivity of a mortgage loan is analyzed within the market risk paradigm. 

This residential mortgage loan valuation model can be used not in isolation but in a way consistent with the current risk management practices. As a result, credit VaR and market VaR can be calculated using this model. More importantly, the VaR of the combined credit and market risks can also be calculated, providing a coherent risk management framework.   

Valuation and Analysis of Mortgage Guarantees
As mentioned in the introduction, mono-lines and mortgage servicers have to use an option based model to determine the cost and the risks of the guarantees. We have shown that the former can be measured by the credit OAS and the later by using stress test and sensitivity analysis of a guarantee. Similarly, the servicing fees subject to the default risk can also be modeled in this framework. Therefore, the model can be used by mono-lines and mortgage servicers for profitability and risk management purposes.

F. Calibration to the Market Mortgage Rates
The residential mortgage loan valuation model can be used to determine the mortgage lending rate at origination.  In particular, given a particular mortgage type and specification, the mortgage rate can be determined such that the value of the mortgage loan is par. To the extent that a mortgage loan can be originated charging an upfront payment, “points”, the mortgage fair value for such a loan fair value would be par net of the points. 

Since the valuation model relates the current market conditions such as the interest rate level and volatilities and HPA projections and volatilities to the mortgage rate at initiation, the model can be calibrated to the current mortgage rates. In particular, because the foreclosure recovery ratio and the rental ratio should be the same across the benchmark mortgage loans, the implied foreclosure recovery ratio and the implied rental ratio can both be calibrated from the market mortgage rates. These implied ratios can provide valuable insights into the market expectations.
THC currently is collecting market data on mortgage rates among the mortgage lenders. Table 10 provides a sample, where the “mgt rates” are collected from banks. The implied foreclosure recovery ratio and the implied rental ratio are determined to fit the fair value to equal par net of the points. The initial results are encouraging. The successful completion of this calibration process and the construction of the mortgage rate database will enhance the robustness of the model as well as the applicability of the model to practical problems.

Table 10 Calibrating the Model to the Market Mortgage Rates
	Description       
	Face Value
	Mtg Rate
	Maturity
	FICO
	LTV(%)
	Cap/Floor Structure

	
	
	
	
	
	
	

	FRM30
	 
	 
	 
	 
	 
	 
	 
	 

	FRM30 + 1.75 points
	350 
	5.88%
	360 
	700 
	80 
	 

	FRM30 + 1.25 points
	 
	 
	350 
	6.00%
	360 
	700 
	80 
	 
	
	
	

	FRM30 + 0.5 points
	 
	 
	350 
	6.13%
	360 
	700 
	80 
	 
	
	
	

	FRM30 + 0 points
	 
	 
	350 
	6.13%
	360 
	700 
	80 
	 
	
	
	

	FRM30 - 0.5 points
	 
	 
	350 
	6.38%
	360 
	700 
	80 
	 
	
	
	

	FRM20
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	

	FRM20 + 1.75 points
	350 
	5.88%
	240 
	700 
	80 
	 

	FRM20 + 1.25 points
	 
	 
	350 
	6.00%
	240 
	700 
	80 
	 
	
	
	

	FRM20 + 0.5 points
	 
	 
	350 
	6.13%
	240 
	700 
	80 
	 
	
	
	

	FRM20 + 0 points
	 
	 
	350 
	6.25%
	240 
	700 
	80 
	 
	
	
	

	FRM20 - 0.5 points
	 
	 
	350 
	6.63%
	240 
	700 
	80 
	 
	
	
	

	FRM15
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	

	FRM15 + 1.5 points
	350 
	5.38%
	180 
	700 
	80 
	 

	FRM15 + 1 points
	 
	 
	350 
	5.50%
	180 
	700 
	80 
	 
	
	
	

	FRM15 + 0.5 points
	 
	 
	350 
	5.63%
	180 
	700 
	80 
	 
	
	
	

	FRM15 + 0 points
	 
	 
	350 
	5.75%
	180 
	700 
	80 
	 
	
	
	

	FRM15 - 0.5 points
	 
	 
	350 
	5.75%
	180 
	700 
	80 
	 
	
	
	

	FRM10
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	

	FRM10 + 1.5 points
	350 
	5.38%
	120 
	700 
	80 
	2/2/5

	FRM10 + 1 points
	 
	 
	350 
	5.50%
	120 
	700 
	80 
	2/2/5
	
	
	

	FRM10 + 0.5 points
	 
	 
	350 
	5.63%
	120 
	700 
	80 
	2/2/5
	
	
	

	FRM10 + 0 points
	 
	 
	350 
	5.75%
	120 
	700 
	80 
	2/2/5
	
	
	

	FRM10 - 0.5 points
	 
	350 
	6.00%
	120 
	700 
	80 
	2/2/5
	
	
	

	ARM3/1(1Y LIBOR  +  225BP)
	 
	 
	 
	 
	 
	 

	ARM3/1 + 1 points
	 
	350 
	5.50%
	360 
	700 
	80 
	2/2/5
	
	
	

	ARM3/1 + 0.5 points
	 
	 
	350 
	5.63%
	360 
	700 
	80 
	2/2/5
	
	
	

	ARM3/1 + 0.25 points
	 
	 
	350 
	5.75%
	360 
	700 
	80 
	2/2/5
	
	
	

	ARM3/1 + 0 points
	 
	 
	350 
	5.88%
	360 
	700 
	80 
	2/2/5
	
	
	

	ARM3/1 - 0.75 points
	 
	 
	350 
	6.38%
	360 
	700 
	80 
	2/2/5
	
	
	


G. Conclusions: Unified Approach to Credit Risk and Market Risk Management

This document provides a description of a valuation model of a residential mortgage loan. It also describes the analytical results that the model can generate and the broad applications that the model can provide. The model should be useful to many market participants. 

More importantly, the model has deeper implications in a broader context in financial management. Today, it has become apparent to many financial managers that credit risk and market risk cannot be compartmentalized. Credit risk and market risk management processes cannot continue to evolve separately. This silo approach is problematic for enterprise risk management as it fails to provide a coherent risk management framework. Unified valuation models, valuation models that combine credit and market risks, have to be developed to address this pressing issue.

The importance of this residential mortgage loan valuation model can be highlighted within this context. The model is a unified model for a major market segment, residential mortgages. Along with other unified models (Ho and Lee 2008), this general approach will provide regulatory agencies and financial institutions alike a powerful tool to measure, monitor and manage risks in a coherent whole. The unified models provide the necessary tools for future risk management processes and their implications for enterprise risk management will be significant. (Further details on integrating credit risk and market risk using a unified model are provided in Appendix A ).
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Appendix A

Integrating Credit Risk and Market Risk
A. Introduction 

Credit VaR and Market VaR are often derived from different models. Credit risk models are typically empirically derived and they seek to measure the potential loss from defaults over a time horizon given the uncertain changes in asset values or default probabilities. Market risk models are often derived from modern financial models calibrated to market observed prices. They seek to measure the potential loss of market value of the financial instruments given the uncertain changes in interest rates. 

Enterprise risk management needs to aggregate credit risk and market risk so that the enterprise’s combined risk can be measured and managed. Given the strikingly different approaches taken to measure credit risk and market risk, the aggregation of these risks is problematic.

This document shows that a unified model can be used to provide a coherent framework to measure the combined credit and market risks. A unified model takes the stochastic yield curve and the conditional default rates as inputs to the model. It uses a relative valuation modeling approach to determine the financial instrument value, and this model value can be simulated using a joint distribution of the yield curve and the conditional default rates. This simulation in turn can be used to determine the VaR of the combined risks.

The document further shows the steps in calibrating the unified model to the credit risk models and the market risk models, so that the risk measures derived from the unified model can be made consistent to Credit VaR and Market VaR.  The calibrated unified model can then be extended to measure risks of a portfolio using a multi-factor Copula model. 

This unified model has many applications in risk management. They are:

· Provide a comprehensive breakdown of the components of VaR including Market VaR and Credit VaR

· The methodology is extendable to all asset types including residential mortgage loans, make-whole call provisions (credit options) of commercial loans and mortgages. These asset types tend to be ignored by the structural models used in credit risks.

· The unified model approach can provide a coherent risk management process in assigning risk management responsibilities to market risk and credit risk departments

B. Credit Risk Model and Market Risk Model: A Review

The purpose of this section is to provide a review of credit and market risk models. This review will enable the exposition of this document to be self contained and precise.

A Credit VaR model can be illustrated by using a KMV framework. Let V is the asset value which has a stochastic value V’ and standard deviation of SV, over a time horizon, say one year.  The default point (DPT) is defined as 

DPT = STD + 0.5 LTD                                                   (1)

where STD and LTD are the short term debt and long term debt face values respectively.

And the distance to default (DD) is defined as

DD = (V’ – DPT)/SV                                                    (2)

Then the Expected Default Frequency (EDF) is given by

EDF = F ( DD)                                                              (3)

where the function F is monotonic declining function, estimated empirically.

The credit loss L is given by:

L  = B* EDF. LGD                                                         (4)

where LGD is the loss given default and B* is the bond value over the time horizon assuming no default.

Given a distribution of the asset value V’, a distribution of EDF is generated by equations 1-3. By applying equation (4) using the EDF distribution, the credit VaR can be derived.

The KMV model uses a structural model to provide a model of the distribution of EDF based on the distribution of the firm’s asset value, the firm’s capital structure and asset return volatilities. This EDF distribution, using all the inputs to the structural model, is the key element of the credit risk model.

A Market VaR is calculated using an arbitrage-free interest rate model and a financial instrument valuation model to determine the instrument value, B, where

B = B( y )                                                                      (5)

where y is a given yield curve.

Then, the Market VaR is determined using a stochastic distribution of the yield curves. The financial valuation model can capture the embedded options of the financial instruments and the instrument value can be calibrated to the market observed prices. As a result, the financial models can simulate the values of complex instruments over a broad range of scenarios with relatively accurate values. 

To the extent that enterprise risk management needs to integrate market risk and credit risk, then a more comprehensive model taking both the market and credit inputs is required. A simple sum or a direct combination of the Credit VaR and Market VaR would not be able to provide adequate measures of the aggregated risks. These are the reasons:

1. Credit risk and market risk cannot be compartmentalized. For example, when the expected default frequency increases, the expected losses from default will increase and the market value of the asset has to fall as well. The unanticipated fall in price, as a result of widening of the credit spread, is often considered “market risk”. 

2. Credit risk and market risk can be competing risks. For example, a mortgagor can default or prepay, but cannot default and prepay at the same time. By ignoring the competing risk aspect would lead to overstating the combined risk.

3. Market risk management takes embedded interest rate options into account. However, embedded credit risk options are often ignored in the credit risk models. Consider the KMV model described above. Credit risk models tend to assume assets are simple cashflows. But in most cases, the losses from defaults can have a complex relationship with the credit volatility, and not just the level. 

C. The Unified Model

The approach proposed in this document uses a unified model, which is a financial model extended from the financial models for market risk. The model takes the levels and volatilities of both the yield curve and the conditional default function as given to provide an arbitrage-free valuation of the assets. This way, the unified model incorporates both credit risk and market risk in one consistent framework. Details of the model are provided in the working paper. 

In sum, let U be the unified model. Then 

U = U ( y , CDR )                                                      (6)

where y is the yield curve and CDR is the conditional default rates, a function of time. When the input CDR is non-stochastic, the unified model is reduced to the standard market valuation model. When the CDR is stochastic and the asset has no embedded credit options, the simulated default rate will be identical to the input CDR value. This is the arbitrage-free condition of the unified model.

D.  Calibration of the Unified Model to the Credit Models

On the one hand, as described in Section C, the unified model is consistent with the market risk model. On the other hand, the unified model can be calibrated to be consistent with the credit risk model. Specifically, the CDR used for the unified model can be derived from the expected default frequency (EDF) of the credit model. Furthermore, the distribution of the CDR can be calibrated to match the distribution of the EDF, derived from the structural model, since the unified model accepts a broad range of stochastic behavior of the risk factors. Note that the LGD is used in both the credit risk model and the unified model. If the distribution of CDR is calibrated to that of EDF, then equation (4) shows that Credit VaR derived from the credit model has to be consistent with that derived from the unified model. 

Given the unified model calibrated to the credit risk model and the market risk model, the unified model can be simulated under alternative set of risks. There are four cases based on the stochastic movements of (1) the yield curve, (2) the CDR curve and the associated default losses over a time horizon, (3) the CDR curve and the associated uncertain financial instrument value, (4) the joint distribution of the yield curve and the CDR curve.

Case (4) provides the VaR of the combined risks. Case (3) provides the Spread VaR. Case (2) provides the Credit VaR. Finally, Case (1) provides the Market VaR. The aggregation results can be summarized as follows:

	ABC Bank 
	VaR Components
	Value $ mil

	
	Market VaR
	 6

	
	Credit VaR
	 5

	
	Spread VaR
	 1

	
	Diversification Effect
	-2

	Total
	VaR
	10


E. Portfolio VaR

For the clarity of exposition, we have described in the methodology in terms of a single financial instrument. In a straightforward manner, the model can be extended to a portfolio risk model. In the credit model calibration, the distribution of the CDR curve, a marginal risk, has been specified. A multi-factor Gaussian Copula model can then be used to aggregate each financial instrument’s marginal risk to the portfolio level. A linear multi-factor Copula model is often used in financial engineering to capture the systematic and unsystematic risks embedded in a portfolio.

The precise specification of this multi-factor model depends on the structural model for credit risks. The concentration risks of a portfolio are also determined by a multi-factor model of the asset values. Therefore, the multi-factor Copula model used by the unified model has to be consistent with that of the structural model. The consistency is assured, again, by calibration.

E. Residential Mortgages and Other Extensions
Thus far, this document describes the aggregation of risks of a bond like asset. For residential mortgages, an alternative unified model has to used, due to the complexity of the factors affecting both default and prepayment.

To combine the competing credit risk and market risk, the unified model uses a family of prepayment-default models. These prepayment-default models take aging, refi-burnout, seasonality, FICO, LTV and many other factor into account to determine the conditional default rate and prepayment rates under different yield curve and credit scenarios.

Despite the differences between the unified model for residential mortgages and the unified model for bonds, the process in aggregating the credit and market risk is the same. Specifically, Market VaR, Credit VaR, Spread VaR and the VaR of the combined risks can be simulated using the prepayment-default model.

This unified model approach can also provide a coherent risk management process. If we measure the risk of a portfolio of financial instrument by assuming the loss given default to be zero, then the portfolio would have no credit risk. The residual risks would be just the interest rate risk and spread risk. The financial instrument created that guarantees the full recovery rate to the investor of the portfolio has the credit risk that the credit risk management should manage. Therefore, the unified model provides a tool to bifurcate the market risk and the credit risk for risk management.

F. Conclusions

Aggregating credit risk and market risk is important because these risks in many cases are not easily separable and cannot be treated separately without maintaining consistency. An integrated approach to measure, monitor and manage these risks is necessary. A unified valuation model that can be calibrated to credit risk and market risk based on the current methods provides a practical solution to the problem. This document provides an overview of such an approach.
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� The variance reduction method is the Linear Path Space (LPS) path sampling, which offers a factor of 10 in computational efficiency. 
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