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Learning Outcomes

1. “Embedded Options and Option-Adjusted Spreads” (Ch. 12, Van Horne)

a) Explain the concept of static spread and demonstrate how a static spread for non-U.S. Treasury fixed-income securities is computed;

b) Differentiate static spread from option-adjusted spread, focusing on how the OAS considers future interest rate volatility;

c) Describe an option-pricing approach to evaluating callable bonds; 

d) Illustrate a simple two period model for an embedded-option security, using a binomial-tree and mapping cash flows along each path;

e) Calculate the theoretical present value of the security using the simple two period model illustrated in (d);

f) Explain why a constant spread (an OAS) is added to all one-period rates when evaluating a callable bond;

g) Cite specific limits of OAS analysis and caveats needed to interpret OAS results; 

h) Differentiate the price–yield relationship of a noncallable from the price–yield relationship of a callable bond and illustrate the convexity of each;

i) Relate a change in the value of an embedded call to a change in the direction and level of interest rate volatility;

j) Use a given call option value to compare a callable bond with a non-callable bond.

Summary

· Three ways to measure value in non-Treasury securities: (1) Yield spread (to maturity, call, or worst), (2) Static spread (to maturity, call, or worst ), Option adjusted spread (OAS). 

· Traditional methodology of yield spread fails to account for (1) term structure, (2) embedded options, and (3) expected volatility of interest rates.

· Static spread: spread over Treasury spot curve that equates NPV of cashflows with market price.  NPV is calculated by discounting assumed cashflows at spot yield plus the static spread.  Static spread is calculated by trial and error. 

· Static spread methodology accounts for current term structure and credit but ignores interest volatility and consideration of all possible interest rate paths in future.  This measure is the same as OAS for option-free bonds. 

· OAS yield measure accounts for term structure, credit, and volatility of interest rates. 

· Bonds with embedded options can be valued by generating a binomial lattice of all future possible one-period forward rates based on:

· Treasury yield curve

· an assumed interest rate evolution process

· an assumed volatility (a critical assumption)

· a rule based on which the option is exercised

· a constant spread that is added to all rates (OAS) to equate market price to the theoretical present value (probability weighted)

· Option adjusted spread provides an average spread over all potential paths of interest rate that can be realized

· OAS drawback: spread earned by investor depends on the actual path realized and can be substantially different from the OAS.  OAS should be viewed as a summary measure of all possible outcomes.

· Callable (putable) bonds have less (more) convexity than option-free bonds 

· Value of Embedded Option(s) = Value of option-free Bond – Value of bond with embedded options  (if positive (negative) options are sold (bought) by buyer of the bond with embedded option.  

LOS 1.a) Explanation and Calculation of Static Spread

· YTC = Yield to call date, YTW = Yield to worst – calculated to the most onerous date
· Simple yield spread = (YTM or YTC) minus (YTM or YTC) of comparable Treasury bond.

· Three Ways to Price Callable Bonds:

· Yield Spread (to call, worst, or maturity)

· Static Spread (to call, worst, or maturity)

· Option Adjusted Spreads (OAS)

Drawbacks of Traditional Yield Spreads

· The YTM or YTC of bonds does not take into account the term structure of interest rates and differences in the two bonds’ cash flow structures: YTM and YTC use a single rate to discount multiple cash flows. 

· YTM, YTC, and YTW ignore interest rate volatility effects.  For bonds with embedded option, changes in interest rates and their volatility will alter the expected cash flows.

Static Spread:

· Spread earned over the entire Treasury spot rate curve and not just one point of the curve.

· Static spread accounts for the shape of yield curve (e.g. steep or flat).  In steep yield environment static spreads is greater for bonds with principal amortization.  

· It is a single spread that makes the present value of all future cashflows, when discounted at Treasury spot rate plus the spread, equal to the market price of the bond

· Static spread is calculated in a trial-and-error by first guessing a value and adjusting it until 

· Compensates for the term structure considerations and differences in cashflow structures but not for option features in presence of interest rate volatility.  

· Static spread depends on yield curve shape and cash flow structure – the steeper the curve and the more un-bullet like the cash flows (sinker bonds and mortgages), the larger the differences between yield spread and static spread.

Example:

Maturity (years) 
4
Coupon (annual) 
9%
Callable in (yrs)
2


Year






0
1
2
3
4

Market Price 
102





Treasury Spot Rate 

3%
5%
8%
10%

Treasury Par Coupon

3%
4.95%
7.72%
9.45%

Treasury Par Price


100.000
100.000
100.000

Cashflow to Maturity
-102
9
9
9
109

YTM 
8.39%
Yield Spread to Maturity (bp)


-106

Static Spread to Maturity (bp)
-108.83





Discount Spot Rate

1.91%
3.91%
6.91%
8.91%

NPV of Cashflows

8.831
8.335
7.365
77.469

Total NPV
102.000





Cashflow to Call
-102
9
109



YTC
7.88%
Yield Spread to Call (bp)
293

Static Spread to Maturity (bp)
-108.83





Discount Spot Rate

-1.09%
-1.09%
-1.09%
-1.09%

NPV of Cashflows

8.831
8.335
7.365
77.469

Total NPV
102.000





Los 1.b) Differentiate static spread from option-adjusted spread

· Static spread accounts for term structure (shape of the yield curve) and credit but it neglects embedded options and their sensitivity to volatility of interest rates.

· Static spread assumes a set of future cashflows and does not account for their variability under different interest rates.  OAS accounts for changes in cashflows that will result when embedded options (put or call) get exercised.  

Los1.c) Describe an option-pricing approach to evaluating callable bonds 

· In binomial process Treasury short rates are assumed to either go up or down  with a certain probability

· Define a binomial tree process of path of Treasury short rates with an assumed volatility and probability

· Probabilities are calibrated such that the option-free Treasury bonds when evaluated over the tree have minimal spread overall.  

· At each future state, some option exercise rule is used to determine the uncertain cashflows. 

· At each future node cashflows are discounted back at the corresponding 1-period Treasury spot rate plus some spread (OAS)

· OAS value that equates probability weighted NPV of uncertain future cashflows to the market price is referred to as OAS.

Los 1.d) Illustrate a simple two period model for an embedded-option security, using a binomial-tree 

· (See Schweser’s Notes, Pages 128-130).  

Los.1.e) Calculate the theoretical present value of the security using the simple two period model illustrated in (d);

· (See Schweser’s Notes, Pages 128-130).  

Los1.f) Explain why a constant spread (an OAS) is added to all one-period rates when evaluating a callable bond

· Constant spread is added to equate the market price with theoretical price.  The binomial tree automatically accounts for the value of embedded options and volatility of interest rates.  OAS represents an average spread to be earned over all future paths.  If the rates in the binomial tree represented the Treasury spot rates, the constant spread measures credit spread plus any cheapness or richness of the security.  If the tree represented the issuer’s curve, the constant spread measures cheapness or richness of the security with respect to other issuer’s security. 

Los1.g) Cite specific limits of OAS analysis and caveats needed to interpret OAS results 

· Option adjusted spread provides an average spread over all potential paths of interest rate that can be realized

· The actual spread earned by a buy-and-hold investor depends on the actual path realized over time and can be substantially different from the OAS.  OAS should be viewed as a summary measure of all possible outcomes.

· Assumes reinvestment at the given spread if not held to maturity (due to exercise or otherwise)

· Assumes a certain probability distribution for the short rates and a constant volatility 

Los 1.h) Contrast the price–yield relationship and convexity of noncallable bonds with callable bonds

·  Disadvantages of callable bonds: (1) limited price appreciation due to call and unaffected price depreciation, (2) reinvestment risk

· Risks in callable bonds: (1) negative convexity (price compression), and (2) reinvestment risk.

· Yield to call or worst: suffers from all the problems of YTM and more- It assumes security is held to the call date and is for certain called by the issuer on that day (not certain)

· Callable bonds are negatively convex or less convex than their equivalent non-callable bonds

· When yields decrease a callable bond does not rise as fast in price as its equivalent noncallable bond as the probability of the call increases – i.e. a callable bond acts shorter in duration than a noncallable bond in a bond market rally.

· When yields increase a callable bond will fall in price similar to noncallable bond as the probability of the call increases – i.e. a callable bond acts increasingly similar in duration to a noncallable bond in a bond market sell-off.

Los 1.i) Relate a change in the value of an embedded call to a change in the direction and level of interest rate volatility

· When interest rates go down (up), the intrinsic value of a call option goes up (down)

· When volatility goes up (down), the time value of a call option goes up (down)

· When interest rates are high (assuming volatility unchanged) callable bonds act more like non-callable because the intrinsic value of call option is relatively small.   However when interest rates move down and volatilities go up, value of the call option goes up and hence result in callable bonds to underperform.

Los 1.j) Use a given call option value to compare a callable bond with a non-callable bond

· Long Callable Bond = Long Noncallable Bond + Short Call Option 

          Callable Bond = Optionless Bond – Call Option 

· Long Putable Bond = Long Non-putable Bond + Long Put Option 

Putable Bond = Optionless Bond + Put Option 

· Price of callable bonds depend on expected implied bond volatility: when volatility increases (decreases) price of callable bond falls (increase) as the price of option sold increases (decreases). 

2. “Measuring Price Sensitivity to Interest Rate Changes” (F.J. Fabozzi)

a) Differentiate modified duration from effective duration;

b) Compute changes in price accompanying a shift in yield by using duration, modified duration, and convexity and discuss the reasons for using these measures, in addition to yield to maturity, when making bond investment decisions;

c) Define effective duration and effective convexity and explain why these measures should be used for securities with uncertain cash flows;

d) Compute effective duration.

Fabozzi states the difference between modified and effective duration on p. 71. He asserts that

the cash flow used to calculate the value of the security as the rates increase or decrease is

unchanged for modified duration (e.g., for an option-free bond) and the bond’s price change

is caused only by discounting at a higher/lower yield level. For effective duration, the change

in cash flow caused by an increase/decrease in rates (e.g., as a result of prepayments) is

incorporated in the valuation of the security. Fabozzi’s Equation 1 (as shown on p. 70) is the

formula that would be used to calculate effective duration but with V+ and V– being those

values resulting from the change in cash flows as well as the change in discount rate.

Los 2.a) Differentiate modified duration from effective duration 

· Modified duration measures the linear part of price/yield relationship for option-free securities

· Modified duration assumes cashflows are unchanged when interest rates are changed.  One can apply exact computation of modified duration to callable bonds assuming cashflows stay the same.  However such a measure overestimates the price/yield sensitivity of callable bonds. 

· Approximate duration is calculated from price changes under parallel shift of the yield curve
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When V- and V+ represent estimated prices when yield decrease by ((Y) and increase by ((Y).

V0 represent initial observed price. 

· For securities with embedded options, if one has an accurate (valid) model of the price changes as a function of yield changes (e.g. binomial tree), one can use the approximate duration equation to calculate an effective duration measure or option-adjusted duration measure (OAD).  


· Effective duration measures the first order (linear) price/yield sensitivity

· Linear portion of the price change of securities with embedded options due to interest changes can be approximated using effective duration:  

Approximate Percentage Price Change (Linear) = - Effective Duration x Change in Yield

Los 2.b) Change in price accompanying a shift in yield by using duration, duration and convexity 

· Linear portion of the price change of securities with embedded options due to interest changes can be approximated using effective duration:  

Approximate Percentage Price Change (Linear) = - Effective Duration x Change in Yield

· Convexity measures the nonlinear behavior of price-yield relationship.  Standard exact computational definition of convexity assumes the cashflows are certain and do not vary with interest rate paths.   However one can use approximate relationship for convexity based on an accurate price model to calculate price changes considering changes in cashflow patterns (optionality).  Such a measure for securities with embedded options will be referred to as effective convexity. 
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Approximate Percentage Price Change = - Effective Duration * ((Y) + (1/2) Effective Convexity * ((Y)2 

(note: effective convexity here is defined consistent with Van Horne as opposed to this reading.  This is a more consistent definition with what it is used in practice).

Los 2.c) Define effective duration and effective 

· Effective duration and convexity are measures of price sensitivity to parallel yield changes.  They are calculated using approximate relationships for duration and convexity in terms of price changes due to yield changes.  Prices for (((Y) are calculate from a valid model that accounts for cashflow variability under different interest rate paths. 

· Effective duration and convexity measures are used to calculated instantaneous return to given yield change scenario.  

Los 4.d) Compute effective duration.

Example: V0 = 100, V- = 103 for +50bp, V+ =95 for –50bp

Effective Duration   = - (95-103)/(2*100*0.005) = 8 yrs

Effective Convexity = (103+95-200)/(100*0.005^2) = 800

Recent Exam Questions: 1993 Q13, 1994 Q15, 1995 Q10 & 11, 1997 Q12 & 13

3. “Mortgage Securities and Prepayment Risk” (Ch. 13 Van Horne)

a) explain how securitization of mortgages transforms an illiquid asset into a liquid one and list the steps in the securitization process;

b) differentiate fixed-rate from adjustable-rate mortgages;

c) explain the differences among agency pass-through securities, non-agency pass-through securities, and both agency and non-agency mortgage derivatives (collateralized mortgage obligations) in terms of structure, cash flow, and risk-and-return characteristics;

d) discuss the prepayment risk of mortgage-backed securities (MBS), and demonstrate knowledge of how prepayments on mortgages are measured (single monthly mortality, constant prepayment rate, and PSA prepayment model);

e) explain why using an OAS approach to valuation is more appropriate than using a nominal spread approach for most MBS, using knowledge of prepayments as an embedded option and prepayment behavior of mortgage borrowers under a variety of interest rate scenarios;

f) discuss the factors that affect mortgage prepayment;

g) compare and contrast the monthly prepayment option embedded in an MBS with a callable or putable bond and with a non-callable bond;

h) discuss the performance of MBS derivatives (i.e., planned amortization class [PAC], targeted amortization class [TAC], interest only [IO], principal only [PO] securities) in alternative interest rate scenarios;

i) explain contraction (shortening of duration) and extension (lengthening of duration) risks related to  repayments for a typical PAC, TAC, IO and PO.

Los 3.a) Securitization of mortgages

· Individual mortgage loans are placed in a pool and the cashflows from the mortgages are redirected to the pass-through securities issued on this pool.  

· Individual loans are illiquid and can not be traded in the secondary market.

· Pass-through securities are very liquid and traded in both the primary and secondary market (second only to Treasuries in terms of liquidity).    

Los 3.b) Features of fixed-rate and adjustable-rate mortgages (loans)

Fixed Rate:

· Interest rate is set at the beginning and does not change throughout the life of the loan

· Payments are equal and occur at fixed intervals, normally monthly

· Periodic payments constitute interest on remaining balance and a return of a portion of the principal

· Term (amortization period) is usually 30 years, but can be 15, or ballooned at 7 or 5 year (balloons are amortized over 30 years)

· Usually it may be prepaid at anytime at borrower’s option without penalty (recently there has been some prepayment penalty loans issued)

· Interest rate and prepay risk are born by lender/final investor.

Floating: 

· Interest rate varies by some well-known index rate (e.g. 1-month T-bill or LIBOR) plus a fixed spread

· Payments occur at a fixed interval but amount changes when the interest rate resets.  Interest rate reset frequency may be different than payment frequency, e.g. monthly paid but reset annually.

· The amortization term are typically 15 or 30 years

· Borrowers normally have the right to prepay the remaining or any portion of their loan balance at anytime without penalty.

· Interest rate risk is born by the borrower but the prepayment risk is born by investor.

Los 3.c) Agency and non-agency pass-through securities and mortgage derivatives

MBS Cashflow Characteristics:

· Depends on the cash flow characteristics of underlying loans less servicing and guarantee fees
· Contract rate (underlying loan rate) = Pass-through rate + Servicing Fee + Guarantee Fee 

· Delayed by a specified number of days which varies by type.
· Monthly cashflows consists of monthly payment of pass-through coupon on the remaining balance, scheduled principal, and prepayments of principal (partial or full)
· Pass-through cashflows are monthly cashflows of underlying mortgage loans – servicing and guarantee fees. 
· Cash flows of pass-through are not certain because of the prepayments.

· Cash flows affect the price for a given required yield and vice versa.  

· Cash flow variability affects risk, hence required yield and pricing. 

· Weighted Average Coupon (WAC) is calculated by weighting each mortgage coupon by their outstanding (remaining) balance relative to the total balance of the pool. 

· Weighted Average Maturity (WAM) is calculated by weighting each mortgage maturity by their outstanding (remaining) balance relative to the total balance of the pool. 

· WAC, WAM and net coupon are used to describe any given pool.

Types of Pass-throughs

· Agency pass-throughs  (GNMA, FNMA, FHLMC) – pool of conforming mortgages with guarantee of timely payment of interest and principal (fully modified passthroughs) or guarantee of timely payment of interest and ultimate payment of the scheduled payment no later than a specified (modified passthroughs). Default in essence is only a prepayment risk as the full amount is guaranteed.

· Private-label pass-throughs – Pool of nonconforming mortgages without any agency guarantees but rated by rating agencies.  Default can lead to deterioration of credit support for higher rated classes and loss of principal to the lower classes. 

Credit Enhancement IN PRIVATE-LABEL MBS

Unlike agency pass-throughs, private-labels are affected by delinquencies and defaults. Since there are no agency guarantees, issuers have employed several ways to increase credit worthiness:

· External Credit Enhancement

Third party guarantees providing first loss protection against losses up to a certain level:

(1) Pool insurance, (2) Bond insurance, (3)  Corporate guarantee, (4) Letter of credit

Credit analysis is required for both the collateral and the third-party guarantor.  

· Internal Credit Enhancement

· Excess servicing spread account – Excess cashflows generated from a pool are accumulated in a reserve account and used as a buffer against future losses. A form of self-insurance.

· Senior/Subordinated structure – it may or may not include shifting interest structures (redirect of prepayments to senior classes)

· Reserve funds

Pass-through Derivatives:

Different pools of mortgage pass-throughs and individual loans can be pooled together as collateral and the resulting cashflows redirected to different classes (tranches) of securities.  Generically these are referred to as collateralized mortgage obligations (CMO)

Los 3.d) The prepayment risk of MBS and how it is measured 

· Impact of Prepayment on Price: Many mortgage securities are priced based on a prepayment assumption, and required yield spread over equivalent average-life on-the-run treasuries or static spread.  Faster than expected prepayments will shorten the average life and reduce (increase) the price of premium (discount) bonds.  Similarly, slower than expected prepayments will lengthen average-life and increase (reduce) the price of premiums (discounts).  This is referred to as contraction/extension risk. 
Mortgage prepayments are measured using three conventions:

· Single Monthly Mortality SMM 

· Prepayment rate measured monthly

· SMM= (EOM Scheduled Principal – EOM Actual Principal)/ EOM Scheduled Principal

Where EOM stands for End of Month

· Prepayment for month t = SMM * {Beginning mortgage balance for month t–Scheduled principal payment for month t }

· Conditional Prepayment Rate (CPR) 

· Assumes the same fraction of remaining principal is prepaid each month for the life of the pool

· Is an annual number

· (1-SMM)^12 = 1-CPR  (CPR= 1-(1-SMM)^12 or SMM=1-(1-CPR)^(1/12)

· PSA Prepayment Benchmark – A schedule described by Public Securities Association. 

· 0.2% CPR for the first month, increased by 0.2% CPR each month for the next 30 months and kept at 6% thereafter

· Slower or faster speeds are referred to by some percentage of PSA – e.g. 200 PSA meaning twice as fast and 75 PSA meaning ¾ as fast for each month of the PSA benchmark

· It indicates that mortgages season and level off after some time (assumes 30 months)

· It is a benchmark not a model.

Limitations and Value of Prepayment Conventions

· A convenient shorthand enabling market participants to quote prices and cash flow yield. 

· PSA, CPR, and SMM are conventions, not models, hence actual prepayment patterns can be significantly different depending on many factors

Los 3.e) OAS Approach to Valuation of Mortgages

· Prepayment models can be coupled with interest models to construct possible paths of future interest rates and cashflows. 

· Option-adjusted spread (OAS) is an average spread when added to all the future path Treasury rates that equate market price to the probability weighted NPV over all the paths. 

· This methodology accounts for both interest rate volatility and cashflow variability (prepayment) of MBS.

· OAS approach is a much better approach than yield spread or static spread methodologies that neglect cashflow variability and interest rate volatility.

· Effective (option adjusted) duration and convexity is calculated from Monte Carlo methodology by holding OAS constant and shifting the term structure up and down.

· Option Cost (in terms of  yield) = Zero Volatility Spread (i.e. static spread) – Option Adjusted Spread

· Option cost increases with volatility

· Consider two cases:

(A) Market price is kept constant and volatility is increased

Zero volatility spread unchanged since price is kept constant.

Option cost is increased since volatility is increased.

Option adjusted spread must have gone down  

(B) Consider market OAS is kept constant and volatility is increased

Option cost is increased since volatility is increased.

Zero volatility spread must have gone up; hence price must have gone done. 

Limitations of Option Adjusted Spread

· More useful than static spread

· Limitations of OAS

1. Similar to binomial model, OAS is a product of the valuation model.

2. Considerations for the richness of the on-the-run treasuries are ad-hoc.

3. It assumes a constant OAS for all the interest rate paths over time (ignores a term structure of OAS).

4. It assumes prepayment model is exact and it makes an assumption on the level of future volatility.

5. Portfolio OAS is calculated by calculating a market weighted average of individual holdings OAS.  Actual OAS for a portfolio can only be calculated if Monte Carlo is applied to all holdings as one bond.

6. OAS does not represent the excess return over treasury in any single path and hence by itself can not forecast the performance of any security (absolute or relative to treasury) over a horizon period. 

Los 3 .f) Factors affecting mortgage prepayment

Main factors: (1) prevailing mortgage rates, (2) characteristics and type of the underlying mortgage loans, e.g. loan type (e.g. FHA/VA), WAC, WAM, geographic distribution, and burnout, (3) seasonal factors, and (4) general economic factors and housing market. Mortgage prepayments can be due to (1) refinancing, (2) housing turnover, and (3) default. 

(1) Prevailing Mortgage Rates

· Refinancing incentive – proportional to the spread between contract rate and prevailing mortgage rates

- Refinancing saving adjusted for cost is the single most important factor.  

- Competition among mortgage bankers, media effect, and technology has added to this factor

· Path of mortgage rates – not only the current level of the mortgage rates but also their path is important.  Path of mortgage rates affects burnout through percentage of underlying loans that are willing and able to refinance.  

· Housing Turnover – level of the rates affects housing turnover via affordability of homes

(2)  Characteristics of the Underlying Mortgage Loans

· The type of loan – e.g. 30 year, 15 year , 7 year balloon, and 5 year balloon level pay

· The weighted average coupon rate (WAC)

· The seasoning (age) represented by weighted average maturity (WAM)

· Conventional (FNMA or FHLMC) or FHA/VA guaranteed (GNMA)

· Geographical distribution

(3) Seasonal Affects 

· Prepayments trough in winter, begin to rise in spring, and peaks in late summer or early fall due to delay.

· Mainly affects housing turnover component rather than refinancing or default.

(4) General Economic Activity 

· Level of general economic activity affects family mobility, hence housing turnover due to relocation.
· Explicit inclusion of economic variables require forecast of their future path and may not improve prepayment model significantly

· Specifying a relationship between interest rate level and housing turnover may be used as interest rate future path are explicit in some models that use binomial models

Prepayment Models: Statistical models built based on the past prepayment experience to forecast future prepayments based on the level of interest rates.  Some models try to forecast interaction of four separate factors: (1) refinancing incentive, (2) seasoning, (3) burnout, and (4) seasonality.  For example GS model uses a multiplicative function which is then fitted using historical prepayments:

SMM= (refinancing incentive) * (seasoning multiplier) * (month multiplier) * (burnout multiplier)

Los 3.g) Comparison of MBS Embedded Prepayment Option with Callable Corporates

· Mortgage borrowers have a call option at par 

· Mortgage investors in pass-throughs are short embedded call options to the borrowers

· As the rates fall, prepayments accelerate on premiums ( shorter duration ( limits upside potential of price appreciation

· As the rates rise, prepayments slow down on discounts ( longer duration ( increases price decrease

· Pass-throughs exhibit negative convexity in much the same way as callable corporate and agency bonds

· Mortgage pass throughs exhibit a negative convexity of price/yield behavior in much the same way as callable corporates 

· Callable corporate bonds tend to be called efficiently (i.e. when it is financially advantageous) by the issuers whereas mortgage prepayments may be a function of several factors such as financial status of the borrower, housing price levels, and behavioral factors. 

Los 3.h) MBS Derivatives Structures:

To meet different investors maturity and risk requirements, the payment stream of mortgage collateral(s) is reconfigured in many different classes (tranches) known as CMOs or mortgage derivative products.

· Plain-Vanilla Sequential Bonds

· All principal payments run sequentially through the tranches.

· The structure allows creation of bonds with various average lives.

· Average-life variability unchanged. 

· Z (Accrual)

· Interest paid to Z bond are made in additional bonds 

· Cash freed up for other tranches such as VADM.

· Usually the last bond in a deal.  

· Sequential most common but TAC, PAC, and Companion Accrual bonds exist. 

· More price sensitive than the average-life variability.

· Very Accurately Defined Maturity (VADM)

· Short final maturity guarantees no extension risk.

· Cash flows are taken from Z tranche to protect the average maturity.

· PAC (Planned Amortization Class)

· Amortizes with a sinking fund schedule that is predetermined with a broad range of prepayment speeds – PAC Band or Collar
· PAC-Band: The prepayment speed within which there is no average life variability
· PAC bonds have a constant average life across a range of collateral prepayment speeds (PAC band)

· Created to appeal to investors with little tolerance for prepay risk.

· Cash-flow stability is supported by “companion” tranche and/or accrual bonds.

· PAC-band may change (erode or expand) with time depending actual prepayment history

· Wider ranges are preferred.

· PACs of discount collateral (slow prepay) are least sensitive to prepayments

· TAC (Targeted Amortization Class)

· Provides some level of cash flow stability, but not as much as a PAC. 

· TAC performance depends on its priority within the deal structure.

· Companion Bonds

· Absorbs the variability of collateral principal cash flows

· Characterized by high degree of average life variability.

· Yield spreads over treasury are substantial to compensate for risk

· High yield volatility would favor the PAC. 

· Jump Z (accrual)

·  Accrual bonds begin to pay down upon occurrence of a “triggering event”

·  Long average life so accruals help support other tranches

· Triggering events can be a specified Treasury level or a prepayment level

· Principal-Only Strips (PO) and Super PO

· Zero-coupon MBS representing the principal from the entire pool of mortgages.

· Sold at deep discount

· Very sensitive to prepayment – extension risk

· Bullish – lower yields will cause faster prepayment at par and higher price.

· Has extension risk under higher rate environment and lower prepayments.

· Super PO – a companion tranche that receive disproportionate share of prepayments – very bullish

· Interest-Only Strips (PO) and IOette

· Receives only the coupon payments from an underlying pool of mortgages

· Sensitive to high prepayments – contraction risk

· At lower interest rates principal prepayments expedite and reduce the overall interest cash flows over the life of the asset than initially expected.

· A bearish instrument – higher interest rates ( slower prepayments ( higher overall cash flows ( possibly higher prices.

· Could have negative duration – i.e. rise in price with increasing rates.

· Floaters

· Coupon rate resets periodically with an index plus a margin – typically a fixed spread over one-month LIBOR

· Nearly all issues are backed by fixed-rate mortgages – tend to have caps

· Without a cap a floater will trade close to par.  With a cap at higher interest rate environments it may trade at a discount.  At higher rates the prepayment also slows down. 

· Floaters have a lower duration than collateral because the coupon reset.

· Super Floater – the coupon will increase or decrease by more than one basis point for each basis point change in the index.

· Inverse Floaters – coupon rate that moves inversely to an index – usually with a leverage factor

· Residuals

· Represents excess cash flow after collateral is chopped into tranches

· It has no stated coupon rate or face value – it is like an equity

· It bears the highest risk than any other class in a CMO

· Has complicated tax consequences

Los 3.i) Contraction and Extension Risks of PAC, TAC, IO, and PO

PREPAYMENT RISKS

· Mortgage pass-through cash flows are uncertain due to prepayment hence prepayment risk

· Extension risk: Prepayment slow down when rates rise, hence average life of return of principal gets extended

· Contraction risk: Prepayment speed up when rates fall, hence average life of return of principal gets shortened

· Extension and contraction can be both adverse as well as beneficial

· Adverse Extension         ( Security trading at a discount (delays reinvestment of principal at higher rates) 

· Adverse Contraction      ( Security trading at a premium (capital loss and reinvestment at lower rates)

· Beneficial Extension      ( Security trading at a premium (delays reinvestment of principal at lower rates)

· Beneficial Contraction   ( Security trading at a discount (capital gain and reinvestment at higher rates)

· Negative Convexity of Mortgage Pass Throughs (Price/Yield behavior) 

· Mortgage borrowers have a call option at par 

· Mortgage investors in pass-throughs are short embedded call options to the borrowers

· As the rates fall, prepayments accelerate on premiums ( shorter duration ( limits upside potential of price appreciation

· As the rates rise, prepayments slow down on discounts ( longer duration ( increases price decrease

· Pass-throughs exhibit negative convexity in much the same way as callable corporate and agency bonds

PREPAYMENT CHARACHTERISTICS OF CERTAIN DERIVATIVES

· PAC: There is no cashflow variability as long as the prepayment speeds are within the PAC band.  PAC band can erode over time.  When interest rates decrease or increase dramatically so that PSA collar is breached, the security becomes known as a “broken PAC.”  The broken PAC cashflows become more like the underlying pass-through with significant cashflow variability and negative convexity. 

· IOs: When interest rates fall, prepayments accelerate leading to significant shortening of the IO class.  When the interest rates rise, prepayments slow down causing expectation of more interest paid to IO holders over time.  As a result IOs tend to rise in price when rates go up to a certain extent beyond which the price flattens.  IOs primary risk is shortening risk under which price decreases. 
· POs: POs are very much like zero coupon bonds with an uncertain maturity. When interest rates fall, prepayments accelerate leading to a significant shortening of the PO class. When the interest rates rise, prepayments slow down causing an extension in maturity as well as higher discount rate.  As a result POs tend to rise much faster in price when rates fall because of lower discount rate as well as shorter maturity or average life.  POs main risk is an extension risk causing prices to fall much faster than collateral when rates go up. 
· Residuals:  Prices of these securities tend to be correlated with interest rates.  As rates go up and prepayment slow down, excess cashflows are reinvested at higher rates increasing value of residual class.  They tend to acct the opposite way when rates fall. 
Recent Exam Questions: 1995 Q9, 1997 Q12 

4. “Asset-Backed Securities Market” (Ch. 25, Fabozzi)

a) Differentiate among the following common types of asset-backed securities (ABS): automobile loan, credit card receivable, home equity loan, and manufactured housing;

b) Explain the cash flow characteristics of ABS; 

c) Discuss the significance of a lock-out period in a credit card receivable ABS;

d) Discuss the importance of default estimates in projecting ABS cash flows;

e) Identify various credit risks associated with purchasing and/or holding ABS in a fixed-income portfolio;

f) Describe various forms of credit enhancement, external and internal, and discuss why credit enhancement is necessary in ABS;

g) Demonstrate an understanding of the limits of various forms of credit enhancement; h) discuss factors that determine the amount of credit enhancement needed to secure investment-grade ratings.

Summary

· ABS one of the fastest growth areas in the market with high level of credit support and good performance.  

· Benefits of ABS to Investors: 1) good credit support vs. corporate, 2) more stable cash flow vs. mortgages.  It has broadened the alternatives in the fixed income market.

· Benefits to Issuers: 1)Access to lower cost funding, and 2) Greater balance sheet flexibility.

· Market can be segmented in to two types: 1) securitization of close-end short-end amortizing assets (e.g. auto loans, manufactured housing, and second home mortgages), 2) securitization of open-end loans (e.g. credit cards and home equity lines of credit).

· Credit Card Receivables ABS: An open-end structure. Collateral is credit agreement on credit cards.  Various structures include controlled amortization, hard bullet, and soft bullet. For a hard bullet, principal is paid all at once.  Under soft bullet structure there is a lockout period after that there is a window during which principal is paid down pro rata as received.   Controlled amortization is similar to a tranche structure of MBS to achieve a set schedule.  

· Home Equity Loan (HEL) ABS: It can be either open-end or closed-end.  Closed-end HEL are collateralized by a pool of second mortgage loans that are structured like fixed-rate mortgages (i.e. amortizing).  Closed-end HELs cashflows are similar to pass-throughs and require prepayment modeling.  Open-end HEL are backed by lines of credit given to borrowers to draw down at will.  The cashflows of open-end HELs are similar to credit cards.   
· Auto Loan ABS: Backed by auto loans that are fully amortizing over a fixed term and hence subject to prepayment.  Auto prepayments are somewhat insensitive to interest rate moves.  

· MFH ABS:  Backed by pools of mortgage loans on manufactured housing that are similar to standard mortgages which fully amortize over the life of the loan.  MFH ABS are subject to prepayments which are more predictable than traditional pass-throughs.   The size of the loans are generally smaller and are harder to refinance.  MFH borrowers are generally of lower credit quality. 

· Significant of Default Modeling: Default levels in the underlying pools may significantly affect the cashflows
· Credit enhancements in ABS --  Internal: 1) excess spread protection, 2) senior/subordinated classes, 3) reserve funds, 4) overcollateralization, and 5) Recourse to the issuer. External: 1) Third party guarantee, 2) surety bonds.  The combination of all these factors lead to the overall level of credit support and hence credit rating from agencies.

Cashflow Characteristics:

· In fully amortizing ABS securities or ones with a short lockout and wider windows, principal cashflows are more widely distributed than a bullet security.  Investors prefer tighter windows, i.e. closer to bullet securities and are willing to pay up for them. 

· YTM ignores the distribution of cash flows. Zero-volatility spread combined with a prepay speed (ABS convention) is used to value and price securities.

5. “Swap Contracts, Convertible Securities, and Other Embedded Derivatives” (Ch. 25, Reilly)

a) Identify the two common features of structured notes that distinguish them from regular fixed-income securities;

b) Discuss how dual-currency bonds, equity index-linked notes, commodity-linked bull and bear bonds, and swap-linked notes change the character of traditional bonds.

Summary

· Structured notes are debt issues that have their principal or coupon payments linked to some other underlying variables such as currency rates, equity index, commodity index, or level of swap rates.

· Structured notes are tailored to meet the specific needs of specific types of investors – e.g. commodity linked notes may be used by investors who are concerned about inflation hedging and are restricted in investing in commodities directly.

· Dual Currency Bonds: A regular bond with principal and coupon payments that are denominated in two different currencies. It appeals to investors that either want to hedge a long term currency position or want to express a view on it. 
· Equity Index-Linked Notes: A combination of a zero coupon bond and a call option on an equity index. They appeal to investors who want to receive the upside of the equity market but would like to protect their principal (principal-protected equity-linked notes). 

· Commodity-Linked Bull or Bear Bonds: Principal of these notes tend to be indexed to movements of a commodity index such as precious metal or oil.  Some are structured in two tranches – one moving in the same direction as the index (bull) and another moving the opposite (bear).  As a result the issuer will have no exposure to the underlying commodity index and hence does not need to use a derivative to hedge itself.  The issuers may be able to achieve a lower cost of financing overall. 
· Swap-Linked Notes: It is a combination of either a fixed-rate (floating) bond and a floating-to-fixed (fixed-to-floating) swap agreement to change the obligation to the issuer to a floating (fixed).  These types of structures are used by issuers that can achieve a more favorable financing in fixed (floating) but would desire floating (fixed).






(Ron D’Vari, Ph.D., CFA, 1999 
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