Chapter 3 - INTEREST RATES AND SECURITY VALUATION    


1. INTEREST RATE MEASURES
 

Coupon Interest Rate: The interest rate that determines a bond's annual or semi-annual coupon CF or payment.

 

Required Rate of Return (rrr): The interest rate an investor should receive given its risk (default, liquidity, etc.).  The rrr is used to discount future CFs to determine the Fair Present Value (FPV) of a security.  Generally the current market price (P) should equal the FPV, (P = FPV).   If P < FPV, the security is undervalued, if P > FPV it's overvalued.  

 

Expected Rate of Return (Err):  Yield on a security bought at the current market price and held for a desired period.  

 

Compare Err vs. rrr:  If Err > rrr, P < FPV and security is ________________ .  Buy or not? 

If Err < rrr, P > FPV and security is ________________.   Buy or not?

 

Example: 4 year bond with $100 PMTS, expected value of $960 in YR 4.  Market Price is $925, what is the Err?

 

         

       N          I*             PV            PMT           FV          

        4      ______       (925)           100            960 

 

 

If the rrr is 11.25%, what is the Price?

         

      N           I              PV*            PMT          FV         

      4         11.25      _______          100           960                     

 

 

Therefore, rrr (11.25%) < Err (11.607%) and the P ($925) < FPV ($935).  Buy or not?

 

Points: 1) Err and rrr are both ex ante (before the fact) interest rates.  

 

2) When market are efficient, securities are priced fairly and efficiently to reflect all available information, and P = FPV and rrr = Err.  Securities would only be undervalued or overvalued infrequently and temporarily.  Why?  

 

Realized Rate of Return (rr) is the actual, ex post (after the fact) return on an investment, looking back with complete information about the original Price, the actual CFs, actual reinvestment rate, actual selling Price, etc.

 

Example:  You buy a bond for $890 with $100 annual CFs and sell it in two years for $925:

 

                rr         

    N         I*               PV            PMT         FV                 

     2    ______          (890)           100          925         

 

 

2. BOND VALUATION (Example 3-4, p. 67)
 

Coupon Bonds.  Bond with a 10% coupon rate, semiannual payments, face value of $1000 and maturity of 12 years.  

 

rrr = 8%

    N          I            PV*            PMT          FV       

    24         4       ________          50           1000

         

rrr = 10%         

    N          I            PV*            PMT         FV       

   24         5         ______            50           1000         

         

rrr = 12%

    N          I            PV*            PMT         FV      

   24         6      _________         50          1000         

 

 

Notice:

 

1. When rrr = Coupon Rate, bond sells at par, P = $1000.

2. When rrr < Coupon Rate, bond sells at a premium, P > $1000.

3. When rrr > Coupon Rate, bond sells at a discount, P < $1000.

 

Yield to Maturity (YTM): The return on a bond if you buy at current P, hold the bond until maturity, receive all CFs (payments and face value) as promised, and reinvest all CFs at the YTM.  

 

Example3-5: 15 year bond, semiannual payments, 11% coupon rate, selling at $931.176.  YTM = ?

 

     N          I*                 PV              PMT          FV    

     30    ________     (931.176)        55             1000         

 

 

 

3. INTEREST RATE CHANGES AND SECURITY VALUES
 

Inverse relationship between interest rates and bond prices, see Figure 3-1 on p. 70.  At 10% interest, the bond sells at par, P = $1000, as interest rates increase above 10%, the bond price falls below $1000.  At interest rates below 10%, the bond price increases above $1000.  Notice that the relationship is nonlinear.    

See Table 3-5 on p. 70 for an example of a FI's exposure to interest rate risk.  Notice: Equity falls from $152.47 to $125.50 when interest rates increase by 2%.  In millions, this would be a fall in value of almost $27m.  

 

 

4. MATURITY AND SECURITY VALUES
 

Price Sensitivity: Percentage change in a bond's price when interest rates change.  General Rule: The longer the maturity, the greater the price sensitivity.  See Table 3-6 on p. 72.  Note in Figure 3-2, p. 73, that the relationship between maturity and percentage price changes is nonlinear.  

 

 

5. COUPON RATES AND SECURITY VALUES
 

General Rule: The higher the coupon rate, the lower the price sensitivity.  See Table 3-7 on p. 74.  The 12% bond has lower price sensitivity than the 10% bond.  Intuition: The higher (lower) the coupon payments, the more money you get sooner (later), and the bond will be less (more) price sensitive to interest rate changes.  

 

6. DURATION
 

Duration: Weighted-average measure of maturity (measured in years), where the years (or periods) are weighted by the percentage of total cash flows received in a given year (period).

 

Example: Maturity = 3 years, 20% of total CFs are received in YR 1, 15% in YR 2 and 65% in YR 3.   

 

Duration = (.20 x  1)  +   (.15 x  2)   +  (.65  x  3) = 2.45 years

 

Duration measures the average amount of time to receive all CFs, or the average life of an investment.  Duration is also a measure of price sensitivity or price risk.  Economic meaning of Duration is an elasticity measure, telling us the percentage change in price for a change in interest rates.  Example: If Duration = 2.45, that tells us that for every 1 percentage change in interest rates, the bond price will change by 2.45%.  If interest rates change 2%, the bond price will change by 2 x 2.45 = 4.90%.  

 

D = %PRICE / ΔINT

 

2.45  = 2.45% / 1%

 

See Figures 3-4 and 3-5 on p. 76 for an example of Duration.  One year bond, 8% coupon rate, $1000 face value, market interest rate = 10%.  

 
Solving for DURATION:
Step 1. Solve for bond price
 

      N          I            PV*              PMT           FV                   

       2          5       _________         40             1000         

 

Step 2. Solve for the PV of each CF
 

      N          I            PV*            PMT          FV       

       1          5        ________          0              40              

 

 

      N          I            PV*            PMT          FV      

       2          5        _________        0            1040         

 

 

Step 3. Divide each CF/Price for the Weights for Each YR
 

CF1: $38.10 / $981.41 = .0388 (or 3.88%)

 

CF2: $943.31 / $981.41 = .9612 (or 96.12%) 

 

[CHECK: .0388 + .9612 = 1]

 

Step 4. Multiply the Weights by Each PERIOD:
 

D = .0388 (.5 year) + .9612 (1 year) = .9806 Years  OR
 

 

D =    38.01 (.5)  +   943.31 (1)     =   .9806 years

                      981.41

 

 

D =   (PV of CF1 x YR) + (PV of CF2 x YR)
                            PRICE 

  

See General Formula on p. 77.

 

See Example 3-6 on p. 78, and Tables 3-8 to 3-11 on p. 78-79.    

 

In-class Excel Demonstration.  

 

Duration of Zero Coupon Bond = Maturity.  See Example 3-7, p. 80.  A four year zero-coupon has a maturity and duration of 4 years.  

 

7. FEATURES OF DURATION
 

a. Duration and Coupon Rates.  The higher the coupon rate, the lower the duration.  Intuition: The higher the coupon rate, the higher the PMT, the more weight on earlier years, the lower the duration.  

 

b. Duration and YTM.  The higher the YTM, the lower the duration.  Intuition: The higher the YTM, the more heavily the distant CFs get discounted, reducing the relative weights of the distant CFs, increasing the relative weights of the early CFs, decreasing Duration.  

 

c. Duration Increases at a decreasing rate as maturity increases, see Figure 3-6 on p. 81. Non-linear relationship again.  

 
8. ECONOMIC MEANING OF DURATION
 

Besides being a weighted-average measure of maturity (average life of a bond), Duration is also a direct measure of interest rate sensitivity (interest rate risk).  The higher the duration, the higher the bond's price risk, ceteris paribus.  Formula, for annual PMTs:

 

%P = - D   x    [   ΔR    ],   where

                           1 + R

 

 

%P = Percentage change in the price of the bond (ΔP / P)

 

ΔR = the change in interest rates

 

R = original level of interest rates

 

For semi-annual payments:

 

%P =  -D  x   [    ΔR    ]  

                       1 +(R/2)

 

For small changes in interest rates, bond prices move in an inversely proportional (linear) direction, according to the length of duration.  The higher the duration, the greater the price change (in %), the greater the capital loss (gain), and the greater the price risk.  

 

Example 3-8, p. 83.  4-year bond, 8% YTM, 10% coupon rate, semiannual PMTs, P = $1067.34, D = 3.42 years, (Table 3-8, p. 78).  Suppose that the YTM increases by 10 basis points (1% = 100 basis points), or by .10%, what is the %P and the new bond price?  

 

%P = -3.42  x  (+.001 / 1.04)  = -.00329 or -.329%, or Enter interest change as PERCENT:
 

%P = -3.42  x  (+.1% / 1.04)  = -.329%

 

New Price = $1067.34 - .329% = $1063.83

 

 

What about a 1% increase in interest rates?

 

%P = -3.42  x  (+1% / 1.04)  = -3.29%

 

New Price = $1067.34 - 3.29%  =  $1032.22

 

 

What about a 0.5% decrease in interest rates?

 

%P = -3.42  x  (-0.5% / 1.04)  = +1.64%

 

New Price = $1067.34  +  1.64%  =  $1084.84

 

Notice: Duration assumes a linear relationship between changes in interest rates and the %P, when the relationship is actually nonlinear, convex, see Figures 3-7 and 3-8 on p.84 and on p. 85, True Relationship vs. Duration Model.  Duration is OK for small changes in interest rates.  See Example 3-9 on p. 84-85, Actual Change in Price vs. Predicted Change in Price using Duration.  

 

 

Duration and Immunization
 

Duration as a measure of interest rate risk can be used by FIs, insurance companies and pension fund managers to measure/assess interest rate risk exposure, and then manage or even eliminate interest rate risk.  Matching the duration of a FI's assets (DA) with the duration of its liabilities (DL), results in "immunization," or the complete elimination of interest rate risk when DA= DL.  When there is a mismatch between DA and DL, the FI is exposed to interest rate risk on its balance sheet, or for some subset of its balance sheet. 

 

Example from Appendix 3B.  Suppose an insurance company has a contractual obligation to make a guaranteed lump sum payment of $1469 in exactly 5 years when a client retires, so the DL = 5 years.  To eliminate interest rate risk, the insurance company needs to make an investment with a  D = 5 years, so that DA = DL and they are immunized.   

  

Strategy #1: Invest in a 5 year, 8% coupon bond (annual payments) with $1000 face value.  However, the DA < 5 years, and there will be interest rate risk.  Assume current yields are 8%, P=$1000.  Calculate FV of PMTs if interest rates stay at 8% for 5 years, and all PMTs are reinvested @ 8%. 

 

      N          I            PV              PMT             FV*             

       5          8             0                 80         ____________                     

 

Adding the face value of $1000, the total FV = $1469 to meet the obligation. 

 

But what if interest rates fall to 4% right after the bond is purchased?

 

       N          I            PV              PMT          FV*            

       5           4             0                80        ____________                      

 

Now the insurance company cannot meet its target payment, it must draw on its reserves, which may lower net worth.  Reason: DA < DL, exposing company to interest rate risk, especially if interest rates fall.  

 

Strategy #2:  Invest in a 10 year bond, 8% coupon rate, P=$1000, when current YTM = 8%, reinvest PMTs and sell bond at the end of YR 5.  DA > DL, so there will still be interest rate risk.  What if interest rates go up to 12% right after bond is purchased?  Calculate the FV of the PMTs: 

 

    N           I            PV              PMT             FV*
         
     5          12            0                 80          _________                    

 

Calculate the Price of the bond in YR 5, with 5 years to maturity:

 

    N          I            PV*              PMT             FV            

     5         12       ________           80             1000                 

 

PMTS + PRICE = ____________________

 

Insurance company cannot meet its target payment, it must draw on its reserves, which may lower net worth.  Reason: DA > DL, exposing company to interest rate risk, especially if interest rates rise.   

 

Strategy #3: Match DA= DL with a $1000 investment today in 5 year zero-coupon bond(s).  

 

      N          I            PV              PMT            FV*         
       5          8          (1000)             0        ___________                             

 

Result: Immunization

 

Strategy #4:  What if no zero-coupon bonds are available?  Match DA= DL with a 6-year coupon bond, coupon rate of 8%, face value of $1000, D ≈ 5 years (see Table 3-14 in Appendix), YTM = 8%.  

 

a) Assume interest rates remain at 8%, calculate FV of PMTs at end of YR 5

 

      N          I            PV              PMT          FV*            

      5           8            0                80         ___________                     

 

Sell bond with one year left to maturity:

 

    N           I            PV*             PMT          FV                        

    1            8      __________       80           1000   

Total CFs: ___________________________________

 

 

b) Assume interest rates fall to 6%, calculate FV of PMTs at end of YR 5

 

   N          I            PV              PMT             FV*                       

   5           6            0                  80         ____________                        

 

Sell bond with one year left to maturity:

 

    N          I            PV*              PMT           FV         

    1           6      __________         80           1000   

 

Total CFs: ___________________________________

 

 

c) Assume interest rates rise to 10%, calculate FV of PMTs at end of YR 5

 

      N            I            PV              PMT          FV*                           

       5           10            0                80        _________                          

 

Sell bond with one year left to maturity:

 

      N          I            PV*              PMT          FV            

       1         10    ___________       80           1000   

 

Total CFs: ___________________________________

 

Point: When DA = DL, the insurance company is immunized against interest rate risk.  Interest rates can go up or go down, and the company is immunized against interest rate changes.  

 

Summary:
 

        INT       PMTS      PRICE         TOTAL CFs
a)      8%        $469        $1000            $1469

 

b)      6%        $451        $1018            $1469

 

c)    10%        $488        $981              $1469     

 

General Immunization Formula when PVA ≠ PVL  =  

 

            DA *  PVA  =  DL *  PVL
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