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CHAPTER 8PRIVATE 


BOND INVESTMENT STRATEGIES

8.1 INTRODUCTION
Bond investment strategies can be classified as either active, passive, or a combination.  Active strategies are speculative positions in which the primary objective is to obtain an abnormal return.  They include taking long positions in longer duration bonds in anticipation of a decrease in long-term rates, investing in Treasury securities in anticipation of the Fed implementing an expansionary monetary policy, and investing in lower quality bonds in anticipation of future economic growth.  Such strategies are used by investment funds, investment companies trading from their own accounts, and individual investors.  Deciding which bonds to buy or sell and how to time trades requires a technique known as bond swaps.


Passive strategies, on the other hand, include selecting bonds or bond portfolios which are immunized against interest rate changes and constructing portfolios that are highly correlated with a bond index.  Passive  strategies are often used by life insurance companies, deposit institutions, and pensions because their primary objective is to ensure that they have sufficient funds to meet their future liabilities.  Passive strategies are also used by investment companies that manage bond portfolios or mutual funds constructing bond funds with the objective of maximizing return under specified risk and liquidity constraints.  Ideally with a passive strategy, no change of position is necessary once the bonds or portfolios are selected.  Prudence and practicality, though, usually dictate at least minimal monitoring and change.


In the last three chapters we examined the characteristics of bonds.  In this chapter we extend our analysis from evaluation to selection.  First we examine some popular active selection strategies, including trading based on anticipated yield shifts and several bond swaps.  This is followed by analysis of passive strategies including cash matching, bond immunization, indexing, and bond portfolio construction using the Markowitz portfolio model.

8.2 ACTIVE INVESTMENT STRATEGIES
Active strategies can be grouped into five categories: interest rate or yield curve expectation swaps, quality or sector swaps, yield pick-up swaps, tax swaps, and callable/noncallable bond swaps.

8.2.1 Interest Rate Expectation Strategies
Rate Anticipation Swap
If a bond speculator expected interest rates to decrease across all maturities by the same number of basis points (i.e., a parallel shift in the yield curve), he could attain abnormal returns by purchasing bonds with larger durations.  In contrast, if a bond manager expected the yield curve to shift up, she could minimize her exposure to market risk by changing her portfolio to include more bonds with shorter durations.


Active strategies of selecting bonds or bond portfolios with specific durations based on interest rate expectations are referred to as rate-anticipation swaps.
  Success with these strategies requires correctly forecasting shifts in the yield curve.

Yield Curve Shifts and Strategies
Three types of yield curve shifts occur with some regularity: parallel shifts, shifts with twists, and shifts with humpedness.
  In a parallel shift, yields on all maturities change by the same magnitude (see Exhibit 8.2-1a).  A twist, on the other hand, is a non-parallel shift.  It implies either a flattening or steepening of the yield curve.  As shown in Exhibit 8.2-1b, with a flattening the spread between long-term and short-term rates decreases; if there is a steepening the spread increases.  A shift with humpedness is also a non-parallel shift in which short-term and long-term rates change by greater magnitudes than intermediate rates.  An increase in both short and long-term rates relative to intermediate rates is referred to as a positive butterfly, and a decrease is known as a negative butterfly (see Exhibit 8.2-1c).  Given the different types of yield curve shifts, investors actively managing bond portfolios will pursue different strategies based on their yield curve forecast.  There are three general types of yield curve strategies used by active bond investors: bullet, barbell, and ladder.


The bullet strategy is implemented by constructing a portfolio concentrated in one maturity area (see Exhibit 8.2-2a).  This strategy is profitable when there is a downward shift in the yield curve with a twist such that long-term rates decrease more than short-term.  In such cases, a bullet strategy consisting of a portfolio of long-term bonds would yield an abnormal return if the yield curve twist occurs.
  When investors expect a parallel shift in the yield curve with decreasing rates, a bullet strategy with longer duration bonds (which would have the greater percentage increase in price) would also yield the greatest returns if the expectation turns out to be correct.  The barbell strategy is one in which investments are concentrated in both the short-term and long-term bonds (see Exhibit 8.2-2b).  This strategy can be profitable for an investor who is forecasting a negative butterfly yield curve shift.  Finally, the ladder strategy is constructed with equal allocations in each maturity (see Exhibit 8.2-2c).


If the shift in the yield curve could be forecast there is also the question of how to determine an appropriate yield curve strategy.  One approach for identifying the appropriate strategy is a total return analysis.  In this approach, potential returns from several yield-curve strategies are evaluated for a number of possible interest rate changes over different horizon periods to identify the best strategy.  An example is presented in Appendix 8-A at the end of this chapter.

8.2.2 Quality Swap
In a quality swap, speculators try to profit from expected changes in yield spreads between different quality sectors.  Quality swaps often involve a sector rotation in which more funds are allocated to a specific sector in anticipation of a price change.  For example, suppose speculators in the early 1990s believed that the 1980s market overreacted to junk bonds, buying too many low quality bonds.  To  capitalize on this, speculators could have taken either a short position in lower quality bonds, planning to close the position once the market adjusted and the prices of low quality bonds declined, a long position in higher quality bonds in anticipation of investors selling their lower quality bonds and buying higher quality ones, or both a short position in lower quality bonds and a long position in higher quality bonds.


Quality swaps can also be constructed to profit from anticipated changes in yield spreads between quality sectors.  Recall the study of default risk by Salomon Brothers (Chapter 7) that showed how quality yield spreads have tended to widen during periods of economic recession and narrow during periods of economic expansion.  If the economy were at the trough of a recession but was expected to grow, investors might anticipate a narrowing in the spread between lower and higher quality bonds.  To exploit this, they could form a quality swap by taking a long position in lower quality bonds and a short position in higher quality bonds, with both bonds having the same duration.  Whether rates increase or decrease, speculators would profit from these positions, provided the quality spread narrows.  For example, if rates increase and if the quality spread narrows because of economic growth, then the percentage decrease in the price of lower quality bonds would be less than the percentage decrease in the price of higher quality bonds.  As a result, the capital gain from the short position in the higher quality bonds would dominate the capital loss from the long position in the lower quality bonds.  Similarly, if rates decrease and if the quality spread narrows, then the percentage price increase for the lower quality bonds would be greater than the percentage increase for the higher quality bonds.  In this case, the capital gain from the long position in lower quality bonds would dominate the capital loss from the short position in the higher quality bonds.

8.2.3 Yield Pickup Swap
In a yield pickup swap investors (or arbitrageurs) try to find bonds which are identical, but for some reason are temporarily trading at different yields.  When two identical bonds trade at different yields, abnormal return can be realized by going long in the under-priced (higher yield) bond and short in the over-priced (lower yield) bond, then closing the positions once the prices of the two bonds converge.  It is important to note that to profit from a yield pickup swap, the bonds must be identical.  It could be the case that two bonds appear to be identical, but are not.  For example, two bonds with the same durations, default ratings, and call features may appear to be identical, when in fact, they have different convexities or marketability characteristics that explain the observed differences in their yields.


The strategy underlying a yield pickup swap can be extended from comparing different bonds to comparing a bond with a portfolio of bonds constructed to have the same features.  For example, suppose a portfolio consisting of AAA quality, 10-year, 10% coupon bond and an A quality, 5-year, 5% coupon bond is constructed such that it has the same cash flows and quality risk as say a AA quality, 10-year, 7.5% coupon bond.  If an AA quality, 10-year, 7.5% coupon bond and the portfolio do not provide the same yield, then an arbitrageur or speculator could form a yield pickup swap by taking opposite positions in the portfolio and the bond.


The yield-pickup strategy also can be applied to comparing a bond and a portfolio of strip securities with identical features.  In fact, the strategies of purchasing a T-note, stripping it, and selling the stripped securities and purchasing a portfolio of stripped securities, bundling them, and selling them as a bond, can be considered yield-pickup strategies of going long and short in two identical positions which are not equally priced.

8.2.4 Tax Swap
In a tax swap, an investor sells one bond and purchases another in order to take advantage of the tax laws.  For example, suppose an investor with a two-year horizon period purchased a two-year bond at its par value of $1,000, and one year later the bond was trading at $900.  To  take advantage of the tax laws, the investor could sell the bond to incur a tax loss of $100, then reinvest the $900 proceeds from the bond sale in a comparable one-year bond with a face value of $1,000, plus invest the tax savings of $33 (assuming a 33% tax rate).  At the end of the next year, the investor would receive $1,000, which would be subject to a capital gain tax of $33, thus negating the tax savings  realized the year before.  However, the investor would benefit from the interest earned from the $33 investment of the tax savings.  Note: For this tax swap to be legal, the bond purchased cannot be identical to the bond sold; if they are, then the swap would represent a wash sale which is disallowed.

8.2.4 Callable/Noncallable Bond Swaps
During periods of high interest rates, the spread between yields on callable and noncallable bonds is often greater than during periods of relatively low interest rates.  Accordingly, if investors expect rates to decrease in the future, causing the spread between callable and noncallable bonds to narrow, they could capitalize by forming a callable/noncallable bond swap: short in the callable bond and long in the noncallable one.  To effectively apply this bond swap requires investors to not only forecast interest rate changes, but to also forecast changes in the spread.

8.3 PASSIVE BOND MANAGEMENT STRATEGIES
The objectives underlying passive management strategies vary from maximizing return under liquidity and risk constraints, to attaining returns that mirror the returns on a bond index, to ensuring that there are sufficient funds to meet future liabilities.  Here we look at three passive strategies: liability management, indexing, and bond portfolio construction using the Markowitz portfolio model.  Liability management strategies involve constructing bond portfolios with cash flows which will meet future liabilities.  These strategies are applicable to insurance companies, deposit institutions, and certain types of pension funds which have cash outlays that must be made at specific times.  Markowitz optimization and indexing strategies, on the other hand, are designed to obtain maximum returns given specific risk levels or returns which are highly correlated with an index.  These strategies are applicable for investment companies and some pension funds whose performances can be evaluated on a period-by-period basis.

8.3.1 Liability Management Strategies
Liabilities of financial institutions can vary.  Some liability amounts and timing are known with certainty (for example, a CD obligation of a bank); for others the amount is predictable, but not the timing (e.g., life insurance policy); and in others both the amount and the time is unknown (e.g., property insurance or pension obligations).  In the latter two cases, the law of large numbers makes it possible for actuaries to make reasonably accurate forecasts of the future cash outlays.  Given projected cash outlays, the objective of the investment manager is to obtain a sufficient return from investing the premiums, deposits, or pension contributions, while still meeting the projected liabilities.  Among the most popular approaches used in liability management strategies are cash flow matching, bond immunization, managing economic surplus, and contingent immunization.

Cash Flow Matching
A cash flow matching strategy, also referred to as a dedicated portfolio strategy, involves constructing a bond portfolio with cash flows that match the outlays of the liability.  For example, a pension fund forming a cash flow matching strategy to meet projected liabilities of $100M, $300M, and $400M for each of the next three years, would need to construct a bond portfolio with the same, or approximately the same, cash flows.


One method that can be used for cash flow matching is to start with the final liability for time T and work backwards.  For the first period, one would select a bond with a principal (FT) and coupon (CT) which matches the amount of that final liability (LT):





     
LT  =  Fr  +  CT.

Since this bond's coupons will also be paid in earlier periods, they can be used to reduce the liabilities in each of the earlier periods.  Thus, to match the liability in period T-1, one would need to select a bond with a principal (FT-1) and coupon (CT-1) equal to the projected liability in period T-1 (LT-1) less the coupon amount from the first bond selected:

    



     
FT-1  +  CT-1  =  LT-1  -  CT.

The CT-1 coupons paid on this bond, as well as the first bond (CT) would likewise be used to reduce liabilities in all earlier periods.  Thus, to meet the liability in period T-2, the next bond to be selected would have a principal and coupon in which






FT-2  +  CT-2  =  LT-2  -  CT  -  CT-1.


The primary objective for institutional investors implementing a cash matching strategy is to buy a bond portfolio that matches the liabilities at the lowest possible cost.  A cash flow matching strategy can be subject to some minor market risk given that some cash flows may need to be reinvested forward.  It also can be subject to default risk if lower quality bonds are purchased.  The biggest risk with cash flow matching strategies, though, is that the bonds selected to match forecasted liabilities may be called, forcing one to purchase new bonds yielding lower rates.

Bond Immunization
A bond immunization strategy involves selecting a bond or portfolio of bonds whose duration matches the liability's duration and whose current value equals the present value of the liability.  To illustrate how an immunization strategy works, consider a pension fund with a single liability of $1,352 due in 3.5 years.  Assuming a flat yield curve at 10%, the pension fund could immunize its investment against market risk by purchasing a bond with a duration of 3.5 years (using Macaulay's measure), priced at $968.50 ($1352/(1.10)3.5).  This could be done by buying a four-year, 9% annual coupon bond with a principal of $1000.  This bond has both a duration of 3.5 years and is worth $968.50, given a flat yield curve at 10%.  If the pension fund buys this bond, then any parallel shift in the yield curve would have price and interest rate effects which exactly offset each other.  As a result, the cash flow at year 3.5, referred to as the accumulation value or target value, would be exactly $1,352 (see Exhibit 8.3-1).


This example suggests that setting up an immunization position involves finding a bond with the correct duration and price.  In practice, though, bond managers have to deal with other issues, such as immunizing multiple liabilities, determining whether to immunize with a bond or a portfolio of bonds, and deciding how to rebalance the position over time.

Immunization Multiple-Period Liabilities
For multiple-period liabilities, bond immunization strategies can be done either by matching the duration of each liability with the appropriate bond or by constructing a portfolio with a duration equal to the weighted average of the durations of the liabilities (DPL).   For  example, if a pension fund had multiple liabilities of $1M each in years 4, 5, and 6, it could either invest in three bonds, each currently worth $1M, and with respective durations of 4 years, 5 years, and 6 years, or it could invest in a bond portfolio with a duration equal to 5 years:
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The latter approach is relatively simple to construct, as well as to manage.  Unfortunately, studies have shown that matching the portfolio's duration of assets with the duration of the liabilities does not always immunize the positions (see Bierwag, Kaufman, and Tuevs (1982)).  Thus, for multiple-period liabilities, the best approach is generally considered to be one of matching the duration of each liability to a bond or portfolio with the same duration.

Focus and Barbell Strategies

For a single liability, immunization can be attained either with a focus strategy or with a barbell strategy.  In a focus strategy, a bond is selected with a duration that matches the duration of the liability: if the duration of the liability is 4 years, one would purchase a bond with a 4-year duration.  In a barbell strategy, the duration of the liability is matched with a bond portfolio.  Thus, for a duration liability of 4 years, an investor might invest half of his funds in a bond with a two-year duration and half in a bond with a six-year duration:
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The problem with the barbell strategy is that it may not immunize the position if the shift in the yield curve is not parallel.

Rebalancing

Immunization strategies are often considered as passive.  Since the durations of assets and liabilities change with both time and yield changes, immunized positions often require active management, called rebalancing.  For example, a bond and liability  which currently have the same durations of 3.5 years will not necessarily be equal six months later.  Six months later the liability may have a duration of 3 years, while the bond's duration could be greater or less depending on interest rate changes.  Maintaining an immunized position if the bond's duration is not equal to 3 years would require rebalancing the bond position such that its duration is 3 years.  This rebalancing could be done by selling the bond and buying a new one with a duration of 3 years, adding a bond to form a portfolio which has a 3-year duration, investing the bond's cash flows differently, or perhaps taking a futures position (see Chapter 12).


An important consideration for a bond manager immunizing a position is how frequently the position must be rebalanced.  Greater transaction costs incurred from frequent rebalancing must be weighed against having a position exposed to less market risk.  In some cases, a bond manager may find that a cash flow matching strategy with little or no rebalancing is preferable to an immunization strategy that requires frequent rebalancing.
  In fact, some managers combine cash flow matching and immunization strategies.  Known as combination matching or horizon matching, these strategies consist of using cash flow matching strategies for early liabilities and an immunization strategy for longer-term liabilities.

Surplus Management

Knowing the duration of assets and liabilities is important not only for constructing immunization strategies, but also for setting up a more general strategy known as surplus management.  Surplus management refers to managing the surplus value of assets over liabilities.  This surplus can be measured by economic surplus, defined as the difference between the market value of the assets and the present value of the liabilities.  Thus, a pension with a bond portfolio currently valued at $200M and liabilities with a present value of $180M would have an economic surplus of $20M.  Whether the $20M surplus is adequate depends, in part, on the duration of the assets relative to the duration of the liabilities.  If the duration of the assets exceeds the duration of the liabilities, then the economic surplus will vary inversely to interest rates: increasing if rates fall and decreasing if rates rise.  For example,  if the duration of the bond portfolio is 7 years and the duration of the liabilities is 5 years, a decrease in rates by 100 BP would augment the value of bond portfolio from $200M to $214M = $200M (1.07) and increase the present value of the liabilities from $180M to $180M (1.05) = $189M, causing the economic surplus to increase from $20M to $25M.  However, if rates were to increase by 100 BP, then the surplus would decrease, from $20M to $15M:





Economic Surplus  =  $200M (1-.07)  -  $180M (1-.05)  =  $15M.

On the other hand, if the duration of the bond portfolio is less than the duration of the liabilities, then the surplus value will vary directly with interest rates.  Finally, if the durations of assets and liabilities are equal (an immunized position), then the surplus will be invariant to rate changes.


As a passive management strategy, surplus management involves determining the degree of exposure to market risk the fund wants to maintain and then setting up and managing the bond position appropriately.  Note that an immunization strategy can be viewed as a specific surplus management strategy of minimizing the exposure to market risk by selecting bonds for which the difference between the bond portfolio's assets and liabilities is zero.

Contingent Immunization
A contingent immunization strategy can be characterized as being both passive and active.  The strategy typically involves pursuing some active bond management strategy until an adverse event occurs which, by agreement between the investment manager and the client, dictates that the manager implement an immunization strategy.  In designing a contingent immunization strategy, the manger often defines a target immunization rate that is less than the attainable immunization rate.  For example, in our duration case, we had a bond with a duration of 3.5 years being used to immunize a liability.  This bond, in turn, had an attainable rate of 10% (ARR for 3.5 years = 10%).  In a contingent immunization strategy, the target immunization rate might be set at 8%.  The manger would then pursue an active strategy until the 8% rate was hit, then be required to set up an immunization strategy.


To illustrate, suppose an investment fund sets up a contingent immunization strategy for a client who has just placed $1M with them and who has an investment horizon of 3.5 years.  Furthermore,  suppose that while the investment fund can obtain an immunized rate of 10% (for example, suppose it could buy a 4-year, 9% coupon bond trading at 10%), the client agrees to a lower immunization rate of 8% in return for allowing the fund to try to attain a higher rate using some active strategy.  Finally, suppose the fund agrees to immunize the position any time the safety margin is zero (the safety margin being the current value of the investment less the present value of the requisite funds needed to ensure the minimum target rate).  Given the acceptable target rate of 8%, the fund would need a minimum of $1,309,131 at the 3.5 year horizon date:
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If the yield curve were currently flat at 10%, the fund would only need $937,767 to meet its target value; that is:
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Given the client's investment of $1M, the initial safety margin would be $62,233:





Safety Margin  =  $1,000,000  -  $937,767  =  $62,233.  


With this positive safety margin, suppose the fund purchases a 10-year, 10% annual coupon bond at par (YTM=10%).  In accordance with the agreement between the fund and the client, the fund can maintain this active position (or other active positions) as long as the safety margin is positive.  For example, suppose one year later the yield curve shifts down to 8%.  The value of the investment would now be $1,224,938:
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The minimum target value would be $1M:
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and the safety margin would now be $224,938:





Safety Margin  =  $1,224,938  -  $1,000,000  =  $224,938.

Thus, the downward shift in the yield curve leads to an increase in the safety margin from $62,233 to $224,938.  At this point, the investment fund could maintain its position in the original 10-year bond, change its position, or immunize the position.  If it immunized, the fund would sell the bond and reinvest the proceeds and coupon in a bond with a duration of 2.5 years and a yield of 8%.  By doing this, the fund would be able to lock in a rate of 11.95% for the 3.5 year period:
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Suppose  after one year, though, the yield curve shifts up to 12.25% instead of down to 8%.  At 12.25%, the value of investment would be only $981,245 and the minimum target value would be $980,657, leaving the fund with a safety margin that is close to zero ($588):
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In accordance with the contingent immunization agreement, the investment fund now would be required to immunize the portfolio.  This could be done by selling the bond and reinvesting the proceeds plus the coupon (total investment of $980,657) in a bond with a duration of 2.5 years and yielding the current rate of 12.15%.  Doing this would yield an accumulation value of $1,309,131 and the minimum target rate of 8%:
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In general the contingent immunization strategy provides investors with a return-risk opportunity that is somewhere between those provided by active and passive strategies.  In practice, setting up and managing contingent immunization strategies are more complex than this example suggests.  Safety margin positions must be constantly monitored; active positions are more detailed; non-parallel shifts in the yield curve need to be accounted for; and rebalancing strategies must be planned when the position is immunized.

8.3.2 Indexing
Bond indexing involves constructing a bond portfolio whose returns over time replicate the returns of a bond index.  Indexing is a passive strategy, often used by investment fund managers who believe that actively managed bond strategies do not outperform bond market indices.


The first step in constructing a bond index fund is to select the appropriate index.  Bond indices can be either general (such as the Shearson-Lehman Aggregate Index or the Merrill- Lynch Domestic Market Index) or specialized (such as Shearson-Lehman Government Bond Index, the Salomon Brother's World Index, the Eurodollar Index, or First Boston's High Yield Index).  Also, some investment companies offer their own customized index specifically designed to meet certain investment objectives.


After selecting the index, the next step is to determine how to replicate the index's performance.  One approach is to simply purchase all of the bonds comprising the index in the same proportion that they appear in the index.  This approach would, of course, result in a perfect correlation between the bond fund and the index.  However, with some indices consisting of as many as 6,000 bonds, the transaction cost involved in acquiring all of the bonds would be very high.  An alternative to selecting all bonds is to use only a sample.
  By using a smaller size portfolio, the transaction cost incurred in constructing the index fund would be smaller.  However with fewer bonds, there may be less than perfection positive correlation between the index and the index fund.  The difference between the returns on the index and the index fund are referred to as tracking errors.  Using a sample, therefore, increases the tracking error.


When a sample approach is used, the index fund can be set up using an optimization approach to determine the allocation of each bond in the fund such that it minimizes the tracking error.  Another approach is to use a cell matching strategy.  With the approach, the index is decomposed into cells, with each cell defining a different mix of features of the index (duration, credit rating, sector, etc.).  For example, a bond index might be described as having two durations (D > 5 years and D < 5 years), two sectors (Corporate and Municipal), and two quality ratings (AA, A).  These features can be broken into eight unique types of bonds or cells, Ci (2 x 2 x 2 = 8):







C1 = D < 5, AA, Corp.







C2 = D < 5, AA, Muni.







C3 = D < 5, A, Corp.







C4 = D < 5, A, Muni.







C5 = D > 5, AA, Corp.







C6 = D > 5, AA, Muni.







C7 = D > 5, A, Corp.







C8 = D > 5, A, Muni.

Given the cells, the index fund is constructed by selecting bonds to match each cell and then allocating funds to each type of bond based on each cell's allocation.


Given the number of possible attributes describing an index, cell matching can be quite complex.  For example, three duration classes, three sectors, and three quality ratings give rise to 27 cells.

8.3.3 Markowitz Portfolio Theory

Applied to Bond Portfolio Selection

Markowitz Portfolio Theory has been applied primarily to constructing stock portfolios.  With some modification, though, portfolio theory can be used to construct bond portfolios.


The objective of Markowitz portfolio selection is to determine the allocation of securities in a portfolio that will either maximize the portfolio's return given a specified risk, or minimize the portfolio's risk given a specified return.  The expected portfolio return and portfolio risk (as measured by its variance) are:





E(Z) = 
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where:




Ei     = expected one-period rate of return on security i.




Vi    =  variance of security i's one-period rate of return.




Cij    = covariance between security i's and security j's rates of return.




E(Z) = expected portfolio rate of return for one period.




V(Z) = variance of the portfolio rate of return.




wi    =  proportion of the investment fund allocation to security i.


Generating efficient portfolios that satisfy the Markowitz objective requires estimating portfolio inputs (Ei, Vi, and Cij), then using either quadratic programming or calculus to solve for the allocations (wi) which will either minimize V(Z) given a specified E(Z) or maximized E(Z) given a specific V(Z).
  This method for generating optimum portfolio is the same whether the securities are stocks or bonds.  The difference in applying portfolio theory to stocks and bonds is in the way portfolio inputs are estimated.  For a stock portfolio, the expected returns, variances and covariances can be estimated using historical averages or regression.  Similarly, historical averages and regression can be used to estimate portfolio inputs for bonds, but they can also be estimated using an expectations theory and duration.

Expected Rate of Return on a Bond

Using the Unbiased Expectations Theory
The expected rate of return from holding a bond one period is:
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where E(P1) is the bond's expected price at the end of the period, P0 is the current price, and C is the coupon.  Assuming a riskless bond for which the coupon interest is known, the expected return is found by estimating the price of the bond at the end of the period (E(P1)).


If we use the Unbiased Expectation Theory (UET), the expected price on a bond can be found by discounting the bond's cash flows at implied forward rates (fM1).  For example, given the spot yield curve shown in Column 2 of Table 8.3-1 and their corresponding forward rates shown in Column 3, the expected price one year from the present on an original 5-year, 8% annual coupon bond would be 86.76:
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If the market currently priced the bond at 82, then the expected rate of return from holding the bond for one year would be 15.56%:
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The 15.56% expected return consists of a return of 9.76% from the coupon interest (8/82), and a 5.8% return from the anticipated shift in the yield curve based on the expectation theory.


It should be noted that part of the 15.56% expected return is due to the market mispricing the bond.  If the market correctly priced the bond by discounting its cash flows at spot rates, then the current price of the bond would be 86.13:
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If the bond is priced at 86.13, then consistent with UET, the expected return for holding the bond one year would be equal to the current one-year spot rate of 10%:
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Thus, the 15.56% return that is expected when the bond is priced at 82 reflects the assumption that the market is currently mispricing the bond, but that it will adjust to this mispricing by correctly pricing the bond at the end of the year.

Variance and Covariance
The actual return realized from holding a bond can deviate from the expected return if there is an unanticipated shift in the yield curve (recall our expected return already reflects the anticipated shift), the issuer defaults, the bond is called, or some random factor occurs.  For a riskless, option-free bond, deviations would be explained in terms of just two factors: the unanticipated yield curve shifts (market risk) and random factors.


The rate of return resulting from an unanticipated yield curve shift is approximately equal to the bond's duration times the proportional change in yield resulting from a yield curve shift (assume parallel yield curve shifts):
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Thus, if there were an unanticipated upward shift in the yield curve of 100 BP, then the 5-year, 8% bond with a duration of 3.5 years, would yield a return that is approximately 3.5% less than the expected return.


The rate of return due to random factors can be defined as the deviation in return not explained by marked risk.  Letting ε be the return realized from random factors, the deviation between the actual return (r) and the expected return for a riskless, option-free bond can be expressed as:
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Equation (8.3-2) can be converted into an equation for the variance of the bond's rate of return by squaring both sides of the equation, then expressing the resulting squared deviation as an expected value.  If we assume no correlation between the random term and the unanticipated yield curve change (i.e., Cov(ε, () = 0), the resulting variance equation would be:
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Equation (8.3-3) for the variance of a bond is similar to the variance expression for a stock derived from the single-index model: V(r) = ßV(RM) + V(ε).  Just like the stock variance equation, the risk of a bond can be decomposed into systematic and unsystematic elements.  The first term on right-hand side of (8.3-3) measures the deviation in the bond's return that can be explained by deviations in yield curves.  Since such deviations affect all bonds, this term represents a measure of the bond's systematic risk.  The second term is the variance of the random factor, which is the standard measure of unsystematic risk.


To estimate a bond's variance using Equation (8.3-3) requires calculating the bond's duration and estimating V(() and V(εi).  Under certain assumptions V(() is equal to the variance of the bond market return (RM) divided by the bond market's duration (DM):
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The variance of the bond market return can be estimated using a bond index, and the bond market's duration can be estimated using the duration of the bond index.  The bond's unsystematic risk, V(εi) can be estimated in much the same way a stock's unsystematic risk is estimated  using the following formula:
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Like the variance, the covariance between two riskless, option-free bonds can be defined in terms of bond duration and unanticipated shifts in the yield curve.  By definition, the covariance between returns of bond i and bond j is:

[image: image24.wmf]Cov

r

r

E

r

E

r

r

E

r

i

j

i

i

j

j

(

)

[

(

)][

(

)].

=

-

-


If the deviation for each bond is explained in terms of unanticipated yield curve shifts and random factors, then the covariance is
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Furthermore, if we assume that there is no correlation between the two random error terms and no correlation between each random error term and
[image: image2.wmf]D

(i.e., Cov(εiεj) = 0, Cov(εi,() = 0, and Cov(εj,() = 0), then the covariance between the bond returns simplified to:

[image: image26.wmf](8

.

)

(

)

(

)

.

3

5

-

=

Cov

r

r

D

D

V

i

j

i

j

D


Equation (8.3-5) is analogous to the covariance equation for stocks using the single-index model (Cov = ßißjV(RM)).  The covariance for bonds can be estimated by calculating each bond's duration and using V(RM)/DM as an estimate of V(
[image: image3.wmf]D

).


It should be noted that the covariance for bonds, as defined by Equation (13.3-4), is positive (i.e., both Macaulay's duration and V(() or V(RM)/DM are positive in sign).  This should not be too surprising since we've limited our model to riskless, option-free bonds whose fluctuations can be explained in terms of unanticipated shifts in the yield curve.  A priori, we would expect these bonds to be positively correlated, with their returns all increasing as yield curves shift down and their yields all decreasing as yield curves shift up.  Lower correlations and negative correlations that are often characteristic of lower quality bonds or bonds with option features could be explained at terms of default or call risk.  To explain such correlations, though, would require using a multiple-factor model, instead of the single-factor one that was used here.  Thus, the method presented here for estimating the variances and covariances for bonds is primarily applicable for constructing portfolios consisting of high quality, option-free bonds; for lower quality bonds or bond with embedded options, a multiple-index model should be used.  (For a more formal derivation of the variance and covariance equations and the single-index and multi-index models, see Elton and Gruber (1995).)

8.4 CONCLUSION
In this chapter we've extended our analysis of bonds from evaluation to selection and management.  As with all investment strategies, the method of selecting bonds or portfolios depends on the objective of the investor.  Active strategies can be pursued to obtain abnormal returns.  These include trying to profit from forecasting yield curve shifts, taking positions in different quality bonds in anticipation of a narrowing or a widening of the quality yield spread, identifying mispriced bonds, or taking positions in identical bonds that are not equally priced.  For investors who must meet future liability requirements or obtain maximum returns subject to risk constraints, passive strategies should be used.  These include cash flow matching, immunization, cell matching, and optimization.


EXHIBIT 8.2-1


YIELD CURVE SHIFTS

(a) Parallel Shift
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 Steepening (YTMLT-YTMST)


EXHIBIT 8.2-1


YIELD CURVE SHIFTS (continued)

(c) Humpedness
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EXHIBIT 8.2-2


YIELD CURVE STRATEGIES
PRIVATE 
(a) Bullet Strategy
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(c) Ladder Strategy
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EXHIBIT 8.3-2


CASH FLOW AT 3.5 YEARS


FROM 4 YEAR, 9% COUPON BOND


WITH A DURATION OF 3.5 YEARS


PURCHASED AT YTM OF 10%








Value of Bond at Year 3.5 Given


Flat Yield Curves with following YTM




Time (yr)


9%


10%

11%

1

2

3

3.5
Target

Value
$  90(1.09)2.5  = $111.64

   90(1.09)1.5  = $102.42

   90(1.09).5   = $ 93.96

1090/(1.09).5 = $1044.03
                         $1352
$  90(1.10)2.5  = $114.21

   90(1.10)1.5  = $103.83

   90(1.10).5   = $ 94.39

 1090/(1.10).5 = $1039.27
                            $1352   
$  90(1.11)2.5  = $116.83

   90(1.11)1.5   =  $105.25

   90(1.10).5     =  $ 94.82

 1090/(1.11).5 = $1034.58
                         $1352

PRIVATE 
TABLE 8.3-1

SPOT AND FORWARD RATES



(1)

Maturity (yr)
(2)

Current

Spot Rates
(3)

Next Year's Expected Spot Rates

Using Implied Forward Rates (fMt)

1

2

3

4

5
10.0%

10.5 

11.0 

11.5 

12.0 
   f11 = 11.0%

f21 = 11.5 

f31 = 12.0 

f41 = 12.5 




APPENDIX 8-A


TOTAL RETURN ANALYSIS
Total return analysis involves determining the possible returns from yield-curve strategies resulting from different yield curve shifts.  For example, suppose we anticipate lower interest rates in the future and are considering forming either a barbell or bullet strategy.
  Assume the barbell strategy consists of investing 48.5% of our funds in Bond A, a 5-year, 9.5% coupon bond selling at par, and 51.5% in Bond B, a 20-year, 10.5% coupon bond selling at par.  Assume that the bullet strategy we are considering involves an investment in Bond C, a 10-year, 10.25% coupon bond selling at par.  The characteristics of each bond are shown in Exhibit 8-A-1.  Note, the barbell strategy has a duration of 6.167 years (Dp = (.485)(3.908) + (.515)(8.294) = 6.167), the same as the bullet position, but has a greater convexity (convexity = (.485)(19.097) + (.515)(111.228) = 66.544) than the bullet.


To conduct a total return analysis of the bullet and barbell strategies, we determine the possible returns at the end of a specified period, given different assumptions about the shifts in the yield curve.  For example, suppose we take a six-month period for our analysis and calculate returns for the cases of a parallel yield curve shift and a yield curve twist.  For  the parallel shift, let us assume rate changes ranging between -500 BP and 500 BP on all maturities, and for the twist, let us assume two cases: First, a flattening case in which for each change in the yield on Bond C (the intermediate bond), the yield on Bond A changes by 25 BP more and the YTM on Bond B changes by 25 BP less: 


second, a steepening case in which the yield change for A is 25 BP less than the change in C and for B the change is 25 BP more than the change in C:



The possible returns from the three strategies are shown in Exhibit 13-A-2.  Column 1 shows the possible yield changes (ranging from -500 BP to 500 BP), and Columns 2, 3, and 4 show for each yield curve scenario the annualized returns from the bullet strategy, barbell strategy, and their differences (Return [Bullet] - Return [Barbell]).  The  analysis shows that for the case of a parallel shift, the greater returns are associated with the barbell strategy (negative rate differences) when the rate decreases are greater than 1.25% and rate increases are greater than 1%, and greater returns for the bullet strategy when rate changes are between -125 BP and 150 BP.  For the case of a yield curve flattening, the analysis shows greater returns for the barbell position over the entire range.  Finally, for the case of a steepening, greater returns are realized from the bullet strategy (positive rate differences) for rate changes from -375 to 225 BP, while the barbell strategy does better for changes outside that range.


In summary, using the total return analysis the choice of strategy depends on the type and degree of yield curve change.  Moreover, the analysis suggests that just analyzing strategies by looking at their characteristics (duration, yield, and convexity) does not by itself lead to the best selection.

PRIVATE 
EXHIBIT 8A-1

RISKLESS, OPTION-FREE BONDS







Bond
Annual

Coupon
Maturity

(yr)
Price
Simple

Annual

YTM
Annualized

Duration+
Annualized

Convexity

A

B

C
9.50%

10.50 

10.25 
5

20

10
100

100

100
8.50

9.5 

9.25
-3.908

-8.294

-6.167
 19.097

111.228

 51.995

    + Duration is measured as the annualized modified duration in which semi-annual

      coupon payments are assumed.
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EXHIBIT 8A-2:  TOTAL RETURN ANALYSIS OF BULLET AND BARBELL STRATEGIES AFTER SIX-MONTH HOLDING PERIOD










(1)

Yield Change
(2)

Parallel Yield Curve Shift: Returns+


(3)

Flattening Yield Curve Shiftτ: Returns


(4)

Steppening Yield Curve Shiftττ: Returns
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- 0.2429
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 39.8014
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 32.7539

 29.3379

 25.9916

 22.7133

 19.5015

 16.3547

 13.2713

 10.2500

  7.2893

  4.3878

  1.5443

- 1.2427

- 3.9744

- 6.6520

- 9.2767

-11.8498

-14.3723

-16.8455

-19.2705

-21.6482

-23.9797

-26.2662

-28.5085

-30.7076

-32.8646

-34.9803

-37.0556

-39.0915
 86.4205

 81.3561

 76.4478

 71.6892

 67.0745

 62.5980

 58.2545

 54.0387

 49.9458

 45.9710

 42.1099

 38.3582

 34.7116

 31.1664

 27.7187

 24.3650

 21.1017

 17.9256

 14.8336

 11.8225

  8.8895

  6.0318

  3.2467

  0.5317

- 2.1156

- 4.6977

- 7.2167

- 9.6749

-12.0742

-14.4167

-16.7043

-18.9389

-21.1220

-23.2556

-25.3411

-27.3801

-29.3742
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-33.2331

-35.1006
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-2.11503

-1.53763

-1.02160

-0.56301
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 0.50425
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 0.99141

 1.17656

 1.32634

 1.44321

 1.52953

 1.58751

 1.61922

 1.62665

 1.61163

 1.57591

 1.52114

 1.44886

 1.36054

 1.25753

 1.14113

 1.01254

 0.87292

 0.72332

 0.56476

 0.39816

 0.22443

 0.04438

-0.14120

-0.33160

-0.52613

-0.72415

-0.92507

-1.12833

-1.33343

-1.53987

-1.74720

-1.95501

-2.16291

PRIVATE 
+     Annualized Dollar Returns = 2(V-100)+annual coupon/2; where V=Value of bond discounted at original yield plus yield change.

++   Annualized Dollar Return from Bond C.

+++ Annualized Dollar Return from Barbell Portfolio = (.485)(Annual Return from A)+(.515)(Annual Return from B).

τ     Flattening: yA=yC+25BP; yB=yC-25BP, where yC=yield changes from Column 1.

ττ    Steppening: yA=yC-25BP; yB=yC+25BP, where yC=yield changes from Column 1.
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    � In Chapter 14 we will describe how rate-anticipation swaps can be implemented using futures contracts.


    � For a good discussion on types of yield curve shifts, see Frank Jones (1994).


    � Note, concentrating in one  maturity group does not mean constructing a portfolio with a portfolio duration corresponding to that maturity.  For example,  if an investor expected five-year bond rates to decrease, but not short-term or long-term rates, she could profit by investing in a bond with a duration of 5-years, but she could incur losses from a portfolio of short and long-term bonds with a portfolio duration of five years.


    �  Note that instead of taking positions in different quality bonds, speculators alternatively can form a quality swap by taking positions in futures contracts on bonds with different quality ratings (e.g., opposite positions in a Treasury bond futures contract and a municipal bond index contract).  Constructing bond swaps with futures is examined Chapter 14.


    � Another type of tax swap involves switching between high and low coupon bonds to take advantage of different tax treatments applied to capital gains and income.  This swap can be used if the tax rate on capital gains differs from the tax rate on income.  If it does, then an investor might find it advantageous to swap a low coupon bond for a high coupon bond with the same duration.


    � For an analysis of the cost and benefits of cash flow matching and immunization, see Fong and Vasicek (1986).


    � The study by McEnnally and Board (discussed in Chapter 11) suggests that the maximum diversification benefits from a bond portfolio are realized with a portfolio consisting of approximately 40 bonds.


    � This section is very technical and it can be skipped without losing continuity.


    � There is a duality theorem from calculus that shows the solution from maximizing E(Z) given V(Z) is the same as the one obtained from minimizing V(Z) given E(Z).


    �	This approach of using the UET to estimate E(r) can be extended to include a liquidity premium and default risk premium.  For a discussion, see Elton and Gruber (1995).


    �	This can be demonstrated by calculating the one-year expected return on our 5-year, 8% bond, using discount rates that are each 100 BP greater than the forward rates.  This is:





                     � EMBED Equation  ���				





Note, the difference between the actual change of 3.25% and the estimated change of 3.5% can be explained by convexity and the change in the bond's duration after one year.


    �	This  example is based on a similar one presented by Fabozzi.  See Fabozzi (1995).
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