INTEREST  RATE  RISK, INTEREST  RATE  RISK MANAGEMENT AND BOND PORTFOLIO MANAGEMENT

Objectives of this module

This module deals with interest rate risk of fixed income securities and duration and convexity based methods which bond portfolio managers can apply to manage interest rate risk of bond portfolios. 

At the end of this module students are expected to have a clear grasp of the characteristics of bonds that determine their interest rate risk, the relation of duration and convexity to interest rate risk, how duration and convexity can be used to manage interest rate risk of bond portfolios and also the limitations of these techniques.

Readings


BKM - Chapter 16




The topics discussed in this module are arranged as follows

1.  Understanding Interest Rate Risk

2.  Duration and its Measurement

3.  Duration as a Measure of Interest Rate Risk

4.  Use of Duration in Interest Rate Risk Immunization

5.  Some Caveats in Applying Macaulay's Duration 

6. Hedging Interest Rate Risk With Convexity

7. Techniques of Active Bond Portfolio Management




What is interest rate risk ?

Price fluctuation of bonds is a major concern of every bond portfolio manager. So what causes bond prices to vary ?

Among default free bonds, the major factor causing variation in bond prices is changes in market interest rates. 

Price volatility of bonds caused by interest rate variation is called interest rate risk of bonds.
Bond Prices and Yield to Maturity (YTM)

We know the bond price is related to YTM as follows. YTM is of course determined by market interest rates.
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where C = coupon payments, F = face value, P = bond price and r = YTM

 bond prices and interest rates are inversely related.

Example

Calculate the price of a 6% annual coupon, $1000 face value, 2 year bond if the discount rate for such bonds is 10%. What is the price if YTM increases to 11% ?

P = 60/1.1 + 1060/1.12
   = 930.58

P = 60/1.11 + 1060/1.112
   = 914.37




Bond Characteristics and Relationship to Bond Price Sensitivities  

1.  Bonds with longer maturities are more price sensitive to interest rate changes than bonds with shorter maturities.
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Example



Value of 1 year bond

Value of 14 year bond 

r = 15%

1000.00


1000.00

r = 20%

958.30



769.47

2.   Bonds with smaller coupon rates are more sensitive to interest rate changes than bonds with larger coupons (maturities being equal).
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Example



Value of 10% coupon bond

Value of 1% coupon bond 

r = 15%

1000.00


r = 1%

1000.00

r = 20%

769.47



r = 6%

535.25

3. The price decrease from an increase in the YTM of a bond will be smaller than the price increase from an equal decrease in the YTM. This is because of the curvature of the bond price curve, called convexity.
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Value of  bond 

r = 10%


1368.33

r= 15%



1000.00

r= 20%



769.47

A Composite Measure of Bond Price Volatility - Price Elasticity of Bonds

Define price elasticity as :

Price elasticity   =    Proportionate change in bond price




                   Proportionate change in discount rate
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A bond characteristic that is closely linked to Price Elasticity  -  Duration of Bonds

Macaulay's duration

Macaulay's duration (MD) is defined as the weighted average of the time spans of the cash flows of the bond (usually stated in years), using the relative present value of each cash flow as the weights in calculating the weighted average.
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where    P = price of bond ,  r = Yield to Maturity (YTM) , and C = cash flows 

Relationship Between Duration and Price Volatility of Bonds

The reason for the importance of duration is its close link to price volatility of bonds
Duration is a function of the time to maturity of the bond and the coupon rate of the bond, both of which are also determinants of the price sensitivity of bonds. 

 It is logical that duration would be a good indicator of bond price volatility.

To Show That Bond Duration =  -  Price Elasticity

Price of bond  = 
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differentiate with respect to r, 
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but duration  =   
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substituting in (1)
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                                     =  - Price elasticity

Example:

If the duration of a bond with a 6% YTM is 2.81 years, calculate its percentage price change if YTM increases by 1% 



Duration
 = 
[image: image12.wmf]e

YieldChang

iceChange

%

Pr

%

-

 = - 2.81



% price change =  
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 = -.0265 = - 2.65%


Duration illustrated graphically

[image: image14]

Calculating Macaulay's duration

1. The duration of a zero coupon bond 

The duration of a $1000, three year zero coupon bond is 3 years because all its cashflows occur at the end of 3 years.
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 Duration =  bond's term to maturity

2. The duration of a coupon paying bond 

The duration of a $1000 face value, three year, 7% coupon bond.

Cashflows occur at the end of years 1, 2 and 3. Therefore the average time to maturity of all cashflows must be less than years
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The duration of a coupon bond   <  bond's term to maturity (3 years)

Calculating the duration of the $1000 face value, 7% annual coupon, 3 year bond whose YTM is 6%.

Duration is a weighted average of the timings of the cash flows. 

   

 MD  =  1. W1    +  2 . W2   +  3 .  W3       

 where
W1 etc. are the weights and



W1    +   W2   +    W3   =  1

Each weight is equal to the relative present values of  its cash flow
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where P = bond price =

[image: image20.wmf]70

1

06

70

1

06

1070

1

06

2

3

.

(

.

)

(

.

)

+

+

  =     1026.73

MD  =   
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  =  2.81 years

3. Duration of a Perpetual Bond
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Duration of a perpetual bond is given as        D =  
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If the yield to maturity is 6 % , then duration is    1.06 / .06  =  17.67 years 

4. Duration of an annuity





D = 
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Where T is the number of payments and r is the yield per payment period.
Example: The duration of a 10-year annual annuity with a yield of 8% per annum will be
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 = 4.87 years
Duration of a Portfolio of Bonds

The duration of a portfolio of bonds with the same yield to maturity is a market value weighted average of the durations of the individual bond durations.
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where Vi  =  market value of bond i

Modified Duration and Price Volatility

Modified duration is defined as:        Macaulay Duration





             1+ r


But since  Macaulay Duration    =     
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Modified duration  =   
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Modified duration  gives the proportional change in bond price for a small absolute change in the interest rate.


BOND IMMUNIZATION

(Immunization Against Interest Rate Risk)

Bond portfolio managers are often required to meet certain promised cash payments at a given future time.

If an investment in a bond portfolio can be made such that the payoff from the bond will equal the desired payoff at the end of the holding period regardless of a variation in interest rates, then the bond portfolio is immunized.

In other words, a bond is immunized if it provides a certain return over a given holding period which is called the immunization period. 

Immunization with Pure Discount Bonds

Suppose a payment of $1000 has to be made in 10 years time.

Assume that pure discount bonds of 10 year maturity, yielding 10% are available.

To ensure the availability of $1000 in 10 years and also to immunize from interest rate risk, the current market price of 10 year zero coupon bonds to be invested in is 



1000/ (1.1)10  =  $385.54

Dedicated Portfolios - A Technique of Immunization with Zeros

When a series of promised cash commitments have to be met, such as in pension funds, bonds have to be invested in so that the cash flows from the investment matches the series of promised payments. Such an investment portfolio is called a dedicated portfolio. 

Immunization techniques known as cash matching have to be adopted for this purpose. In cash matching a series of zero coupon bonds are invested in, whose payoffs will as far as possible, match the desired cash payouts

Immunization of Coupon Paying Bonds by Duration Matching

Immunization is achieved by equating the duration of the bond (or the portfolio of bonds), to the duration of the desired  cash flow payout.

How Immunization Works with Coupon Bonds 
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Let  time to maturity of bond = N,  c = coupons,  V = value of bond at time T

Suppose a fixed cash payout is required at time T. To achieve this payout, we invest now in a bond. The bond is to be immunized over the period T. ie. The immunization period = T. 

This means the bond must provide a fixed return over the period 0 to T, even though market interest rates may change in the interim period.

The total return from the bond over the T period consists of 

(i) the return from reinvestment of the interim coupons and 

(ii) proceeds from the sale of the bond, V at time T

which in total, must be a constant. 

If interest rates increase, the value of the bond V decreases but the interest earned from reinvesting the coupons, increases. If these two opposing effects exactly match each other over the period T, the return from the bond is unchanged and hence the bond is immunized over the time period T.

This can achieved by selecting a bond (or bond portfolio) with a duration equal to T.


Example

A portfolio manager has to pay $ 1 mil. at the end of two years. Present investment opportunities consist of pure discount bonds ‘A’ with one year maturity and coupon bonds ‘B’ with 7% annual coupon and a 3 year maturity. 
Current YTM of these bonds are 6%. 

How can an immunized bond portfolio be formed now to achieve the desired payoff?

Let the weights of the portfolio to be invested in the 1 and 3 year bonds be Wa and Wb respectively.
The duration of A bonds is 1 year and duration of B bonds is 2.81 years, (as calculated earlier).

We have the requirements:



Wa  +  Wb  =  1

and duration of bond portfolio must equal duration of payout period (2 years)



1 . Wa  +  2.81  Wb  =  2

Solving,
Wa  =  .45   and    Wb  =  .55

Present total investment in bonds =  1,000,000/ (1.06)2  =   $889,996

This is made up of 

Investment in 1 year bonds (A) =  .45 x  889,996=  400,498

Investment in 3 year bonds (B) =  .55 x  889,996=  489,498


Some Points of Caution and Problems in Applying Macaulay's Duration 

1.  In the MD calculation formula
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all cash flows are discounted by a single rate, r the YTM. This implies that the long and short interest rates are the same. In other words, the yield curve is flat. This is not true very often.

2.  The equation 



Duration    =   -   elasticity 

is true only for very small changes in interest rates. 

Note that the differential dp/dr  is applicable only to small changes in r.

3. The equation 


Duration    =   -   elasticity 

is true only for parallel changes in the yield curve. ie. small and equal changes in long and short interest rates.

When shifts in the yield curve are not parallel shifts, Macaulay duration matching is not effective in bond immunisation.

4. We assume that the bonds are free from call risk or default risk.

5. Portfolio rebalancing

Immunisation with duration matching works only for a single change in the interest rate !

If interest rates change after the purchase of a bond, the bond duration changes. This is because duration is a function of the bond's yield to maturity. 

In portfolio immunisations,  portfolios must be frequently rebalanced to match durations.

6. Duration Wandering 

Once a portfolio is immunised by duration matching, even if interest rates do not change subsequently, portfolios must be rebalanced to match their durations. 

This is because duration is not linearly related with time. This is called duration wandering.

7. Choosing among many candidates

There are often many combinations of bonds that can be invested in to achieve the desired portfolio duration. Techniques such as linear programming must be used to select from the best combination.

Other Measures of Duration  

(i) Fisher Weil duration

The calculation of Fisher Weil duration does not assume all future coupons are discounted at the YTM. The expected future rates are used to discount future cash flows. The future interest rates are determined from the TSIR.

(ii) Cox -Ingersoll Ross duration

Cox -Ingersoll Ross has developed a general equilibrium model that models interest rate changes over time. The computation of the Cox -Ingersoll Ross duration measure is based on their model of interest rate changes. Calculations are mathematically complex.

Which duration works best?

Research studies have shown that although Fisher Weil duration and Cox -Ingersoll Ross duration measures are more sophisticated compared to Macaulay duration, portfolio immunization results based on Macaulay duration works better.


Convexity

Convexity is the relation between the price of a bond and its yield, considered over a range of different yield levels. If the relation between price and yield is convex as opposed to linear, as yield increases, the price falls but at a decreasing rate.

Is high convexity a desirable or undesirable feature for bond investors ?



[image: image31]
Although the two bonds may have the same duration (ie. the same slope) at the current market interest rate,  their convexities may differ. (The curvatures are different).

 This means that at a different YTM their durations will be different.

For the duration of portfolios to be the same at all  YTMs, the portfolios must have the same convexities.

Measuring convexity

Convexity is measured by the second derivative of price with respect to YTM, divided by the price of the bond (for standardization).
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since



[image: image33.wmf]dp

dr

t

C

r

t

t

=

-

+

+

å

.

(

)

1

1



by differentiation
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Convexity


= 
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A bond with a greater dispersion of cash flows over time has greater convexity than a bond with  more centralised cash flows i.e. a zero coupon bond.

With continuous compounding, the convexity of a zero coupon bond is t2 

Fine-tuning immunization by matching convexities

When a portfolio assets has to be immunized with a portfolio of liabilities, the way to achieve this best is if their durations as well as their convexities are matched rather than if just their durations are matched.




Techniques for Active Bond Portfolio Management

1. Active trading and portfolio rebalancing strategies to gain from apparent bond mispricing 

(a) Substitution swaps - 

when the yields between two similar types of bonds are seen to be out of alignment 

(b) Intermarket spread swaps - 

when the yields between bonds in two market sectors are seen to be out of alignment 

2. Active trading and portfolio rebalancing strategies based on forecasts of interest rates

(a) Rate anticipation swaps

Rebalancing portfolio to higher (lower) duration bonds when interest rates are expected to decline (increase).

(b) Horizon analysis

Analysing the holding period return of a range of different bonds over a particular horizon and selecting the bonds with superior returns.


(c) Riding the Yield Curve

A strategy of purchasing bonds with maturities longer than the desired period of investment and selling them prior to maturity.  
If the yield curve is upward sloping, and if it can be expected to remain upward sloping in the future, then the purchased bonds will appreciate in value yielding capital gains on sale as their yields decrease with the passage of time. 

Example:

An investor with a two year investing horizon who expects the yield curve to be upward sloping during that period, buys a five year bond and sells it after two years instead of the alternative strategy of simply buying a two year bond.
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