Chapter 2 - INTEREST RATES


 

Nominal Interest Rates: Interest rates observed in financial markets, e.g., ___________________________________.

 

 

REVIEW OF TIME VALUE OF MONEY
 

Compound interest, based on reinvestment assumption.  Compounded because interest is paid in current period on interest earned in previous periods, "interest on interest."  Simple interest: Interest not reinvested.  See Figure 2-2 on p. 30.    

 

Formulas for compound interest for LUMP SUMS:
 

FV = PV (1 + i )n     "compounding,"  FV of a lump sum today (PV)

 

PV =  FV / (1 + i )n     "discounting,"  PV of a future lump sum (FV)

 

 

Examples of LUMP SUM:
 

$1000 lump sum invested for two years @ 12%:

 

FV = $1000 x (1.12)2  =  $1254.40

 

PV of a lump sum of $10,000 to be received in 6 years @ 8%?

 

PV = $10,000 / (1.08)6  =  $6,301.70

 

@ 12%:  $10,000 / (1.12)6  = $5,066.31

 

@ 16%:  $10,000 / (1.16)6  = $4,104.42

 

@ 16%, semi-annual compounding: $10,000 / (1.08)12  =  $3971.14

(8% per semi-annual period for 12 semi-annual periods)

 

Notice: As interest rates increase (decrease), PV (price) decreases (increases).  Logic: a) At a higher interest rate, fewer funds have to be invested today to grow to $10,000 in 6 years.  b) The higher your required rate of return, the less you are willing to pay today for a fixed CF later.  c) The riskier the investment, the higher the discount rate (int rate) and the lower the price.     

 

 

Examples of FV of a LUMP SUM:
 

$10,000 lump sum invested for 6 years, solve for FV:

 

@ 8%: $10,000 x (1.08)6 = $15,868.74

 

@12%: $10,000 x (1.12)6 = $19,738.23

 

@16%: $10,000 x (1.16)6 = $24,363.96

 

@16% semi-annual compounding: $10,000 x (1.08)12 = $25,181.70

 

 

Examples of PV of an ANNUITY:
 

$10,000 annual PMT for 6 years, solve for PV

         

   N        
 I   

PV* 

  PMT           FV
                                          
    6         
8%     
   ($46,228.80)     
$10,000        
0       

 

 

If you receive $10,000 per quarter for 6 years at 8% annual rate:
    

   N        
 I   

PV* 

  PMT            FV
                                          

   24    

2%     
     ($189,139)     
$10,000          0       

 

 

If PMTs are paid at the BEGINNING of the quarter:

Set calculator: ORANGE KEY, BEG/END, Solve for PV.

    

   N        
 I   

PV* 

  PMT           FV
                                          

   24            
2%            ($192,922)     
$10,000         0       

 

 

or leave at END of period and solve for N = 23 + $10,000

 

$182,922 (23 future CFs) + $10,000 today = $192,922

 

 

Examples of FV of an Annuity
 

Invest $10,000 each year for 6 years, solve for FV @ 8%

  
     N              I            PV           
PMT            
    FV*
          
     6       
8%          0             $10,000          
$73,359       

Invest $10,000 each quarter for 6 years @ 8%

     

  N        
I            
PV     
 
PMT                FV*  
            
  24      
2%     

0        

$10,000      
$304,218       

 

If investments take place at the BEGINNING of the quarter:

Set calculator: ORANGE KEY, BEG/END, Solve for FV.

       

    

  N         
I          
PV           
PMT            
   FV*  
                           
  24       
2%          
0         

$10,000     
$310,303       

 

 

Solving for Effective Annual Return 
 

The frequency of payments/CFs affects the true annual rate, called the Effective Annual Return (EAR).  Rule: the more frequent the payments, the higher the EAR.  Formula:  EAR = ( 1 + i/m )m - 1, where m is the number of compounding periods in the year.  Examples using 12% interest rate:

 

Compounding Periods:
 

Annual:             
1.12 - 1 = .12 or 12%

 

Semi-Annual:    
(1.06)2 - 1 = .1236 or 12.36%                 

 

Quarterly:        
(1.03)4 - 1 = .1255 or 12.55%

 

Monthly:        
(1.01)12 - 1 = .126825 or 12.6825%

 

Daily (360):    
(1.000333)360 - 1 = .1274743 or 12.74743%

 

Daily (365):    
(1.000333)365 - 1 = .1274745 or 12.74746%

 

Continuous:    
(.12) ex - 1 = .127497 or 12.7497%

 

HP Calculator:
Put the annual interest rate in I/YR

Put the number of compounding periods in PMT key, (ORANGE Key, P/YR)

Solve for the EFF%

 

Example for 12% interest, monthly compounding:

12, I/YR

12, ORANGE KEY, PMT

ORANGE KEY, EFF%

 
Mortgage Points and Solving for the APR (Annual Percentage Rate):
 

$100,000, 30 year mortgage @ 6%, 2 points (2%):

Solve for monthly PMT:     
       N         
 I 
 
  PV              
PMT*            FV 
    

     360          .50       

$100,000       $599.55           0            

  months    int./month                

monthly pmt 

 (30 x 12)   (6 / 12)
However, you are required to pay 2 points (2%), or $2,000, to get the $100,000 mortgage at 6%, so you only actually get $98,000 ($100,000 mortgage funds received - $2000 points paid), so you enter $98,000 as PV, and solve for I (per month):
       

     N        
   I*           
PV             
PMT           
FV        

   360    
.5158      
$98,000      
$599.55           0            

 

.5158% per month x 12 months = 6.1895% APR
 

 

LOANABLE FUNDS THEORY
 

Supply of Loanable Funds/Credit (Savers, Investors) and Demand for Loanable Funds/Credit (Borrowers), see Figure 2-10, p. 39.  Interest rate is the variable that adjusts to bring about market-clearing equilibrium, SC = DC.  See Table 2-2, p. 39: Households are Net Suppliers of Credit, Businesses are Net Demanders of Credit.  

 

 

FACTORS THAT AFFECT SUPPLY OF CREDIT FOR A FINANCIAL SECURITY
 

FACTOR                                
CHANGE                           INT RATE

Increase in Interest Rate            
Qs of Credit Increases         
Increase

Wealth Increases                       
SC Increases                     
Decrease 

Risk Increases                           
SC Decreases                 
Increase

Near-term Spending Increases   
SC Decreases                   
Increase

Monetary Expansion                  
SC Increases                    
Decrease  

Economic Conditions Improve   
SC Increases                   
Decrease

 

 

FACTORS THAT AFFECT DEMAND FOR CREDIT
 

FACTOR                                    
CHANGE                        
INT RATE

Increase in Interest Rate                
QD of Credit Decreases      
Increase

Utility from Financed Assets Inc 
DC Increases                   
Increase 

Restrictiveness-Credit Terms Inc  
DC Decreases                   
Decrease

Economic Conditions Improve     
DC Increases                     
Increase

Market forces, changes in supply and demand for credit, determine interest rates.  As DC and SC change, interest rates change to clear the credit market, prevent shortages and surpluses of credit.  

  

 

MOVEMENT OF INTEREST RATES OVER TIME
 

See Figure 2-13 on p. 48, Interest Rates over time.
 

 

DETERMINANTS OF NOMINAL INTEREST RATES FOR INDIVIDUAL SECURITIES
 

Inflation: Actual (ΠA) or Expected (ΠE) affects all financial assets.  General Rule: The higher the rate of actual or expected inflation, the higher the nominal interest rate.  

 


Inflation (IP) =    CPI t  -  CPI t-1
  x 100

           
                        
CPIt-1                           

 

Inflation measures the monthly or annual increase in the price of a basket of 364 goods and services purchased by a typical urban consumer.  The higher the rate of inflation, the more expensive the basket of goods in the future, and therefore the higher the inflation premium (IP) and the higher the nominal interest rate.  

 

Real Interest Rate: The interest rate on a security with NO inflation, or the interest rate on a security adjusted for inflation.  The real rate of interest measures the rate of time preference, or the preference to consume today instead of in the future.  The greater the preference for consumption today, the higher the real interest rate.  The greater the preference for future consumption, the lower the real interest rate.  

 

Or the more future consumption you are willing to sacrifice for current consumption, the HIGHER the real rate of interest.  Examples: Pawn shops, check cashing services, early tax refunds.  Assume you are willing to cash a $500 paycheck on Friday night for $475 instead of waiting until Monday, annual interest is over 600% ($25 / $475 = 5.26% interest for 3 days x 122 = 642% annual interest).  Assume you have a $500 tax refund and are willing to accept $400 today instead of waiting one month , annual interest is about 300% ($100 interest to borrow $400 is 25% x 12 = 300%)  

 

Even in a barter economy, there would implicit real interest rates based on the trading ratios (prices) for Grapes vs. Wine, Milk vs. Cheese, Corn vs. Whisky, etc...  Grapes, wine and corn represent current consumption and wine, cheese and whisky represent future consumption.  The more wine you are willing to sacrifice (pay) to buy grapes, the higher the real interest rate.  Or the more cheese you are will to give up to get milk, or the more whisky you are willing to give up, the higher the real interest rate.  If the trading ratio goes from 1 bottle of wine / 1 bu. of grapes, to 2 bottles of wine / 1 bu. of grapes, the real interest rate has gone up.                

 
Formulas for Interest Rates (Fisher Equation):
 

R = Nominal Interest Rate

r =  Real Interest Rate

 

(1 + R)  =  (1 + r) * (1 + ΠE)

 

(1 + R)  =  1 +  r  + ΠE  + ( r * ΠE )

 

R  =  r  + ΠE  + ( r * ΠE )  (Note: the last, cross-product term will usually be very small, we can ignore). 

 

R  ≈  r  + ΠE   (Fisher Equation: Nominal Interest rate = Real rate + Expected Inflation Rate)  or

 

r  ≈  R -  ΠE   (Real Rate of interest = Nominal Interest Rate – Expected Inflation Rate)
ΠE  ≈  R – r   (Expected Inflation = Nominal Interest Rate – Real Rate)

 

If r is fairly stable and constant, then ΔR ≈ ΔΠ, which is know as the Fisher Effect: changes in expected inflation are reflected as changes in nominal interest rates.  
Note: If we are looking backwards in time, with known information about the Actual Inflation Rate, then we can substitute Actual Inflation (ΠA) for Expected Inflation (ΠE) in the Fisher Equation.  
r  ≈  R -  ΠA   (Real rate of interest = Nominal Rate – Actual Inflation Rate)
 

 

Default Risk
 

For a default risk-free Treasury security: R = r  + ΠE 

 

For any other security, Rj = r  + ΠE + DRPj  
 

DRPj is the default risk premium for Security j, sometimes expressed as the difference between a risky security and a risk-free Treasury security.  Examples: Assume a 30-year T-Bond has a YTM of 4.01% and a Aaa-rated corporate bond is yielding 5.66% and a Baa-rated bond is yielding 6.76%.

 

DRPAaa =  5.66% - 4.01% = 1.65%

 

DRPBaa  = 5.66% - 4.01% = 2.75%

 

See Figure 2-14 on p. 49.  

 

 

Liquidity Risk
 

Liquidity:  Degree to which an asset can be converted to cash, at a predictable price, with low transaction costs, on short notice.  The more illiquid a security, the higher the liquidity risk premium (LRP), the higher the nominal int. rate, the lower the price (or the greater the discount).  Liquid securities: Treasuries, stocks and bonds of large companies.  Illiquid assets? ____________________________

 

 
Special Provisions or Covenants for Fixed-Income Securities
 

General Rule: If a special provision of a security is a benefit to the Investor (Firm/issuer/borrower), the interest rate will be LOWER (HIGHER), ceteris paribus.  Example: If a bond has a call (put) feature, it will have a higher (lower) interest rate.  Call feature benefits issuer/borrower because the bond can be called at the option of the borrower.  Put feature benefits bondholder.  Example: If a bond is tax-free (municipal), or is convertible to common stock (at the option of the bondholder), the interest rate will be lower because those features benefit the investor.  Investor is willing to pay more (higher P) and accept a lower interest rate (yield).  

 

Taxable YTM (1 - Tax Rate) = After-Tax Yield 

 

Assume that taxable yields are 8% and the combined federal and state taxes are 35%:

 

8% (1 - .35) = 5.20% After-tax YTM

 

If taxable bonds are 8%, and municipal bonds have the same risk, liquidity and maturity, municipal bonds will pay 5.20% in equilibrium.  For example, what would happen if YTM on municipals was 5.4%?  

 

Compared to a "straight bond" (noncallable/noncovertible), Convertible bonds will sell at a __________ with a __________ interest rate.  Callable bonds will sell at a __________ with a __________ interest rate.  
 

 

Term to Maturity
 

Term Structure of Interest Rates (Yield Curve) is the relationship between YTM and Maturity, holding everything else constant: liquidity, risk, taxes, special features, etc., e.g. Treasury securities/Treasury yield curve.  Maturity Premium (MP) is the change in required interest rates as maturity increases.  MP is usually positive, but can be negative or zero, see Figures 2-15 A, 15B, 15C on p. 50-51.  

 

Note: The last inverted, downward sloping yield curve was November 27, 2000 and the last flat yield curve was reported on September 21, 2000.  The current (2007) yield curve is flat also.  99% of the time the yield curve is upward sloping, so the MP is positive and increasing.  

 

General Formula for Nominal Interest Rates (R) on Security j (Rj):

 

Rj = f (Πe, r, DRPj, LRPj, SCPj, MPj) 

Unbiased Expectations Hypothesis (UEH)
 

Says that the yield curve reflects the market's expectation of future short term rates.  Upward (downward) sloping yield curves reflect the expectation of rising (falling) short-term interest rates in the future.  Further, the expectations theory says that long term rates are a geometric average of current short term rates (1 year rate now) and expected future short term rates (1 year rates in the future).  A 2 year investment at R2 (spot, or nominal 2 year rate) should be equal to a series of 2 one-year investments at R1 now and f2 in one year (during Year 2), where f2 is the forward rate for year two, i.e. the expected one year interest rate during Year 2.  A 3 year investment at R3 (spot, or nominal 3 year rate) should be equal to a series of 3 one-year investments at R1 now, f2 in one year (during Year 2), and f3 in two years (during Year 3).  OR:

 

2 year time horizon:

(1 + R2)2 = (1 + R1) (1 + f2) 

 

3 year time horizon

(1 + R3)3 = (1 + R1) (1 + f2) (1 + f3) or equivalently

 

(1 + R3)3 = (1 + R2)2 (1 + f3)

 

or for a 30 year period:

 

(1 + R30)30 = (1 + R29)29 (1 + f30)

 

(1 + Rn)n = (1 + Rn-1)n-1 (1 + fn)

 

Forecasting Interest Rates using the Expectations Theory (UEH)
 

Forward rates (ft) are the expected one year spot (nominal) rates in year t.  

 

f2 = Expected One-Year Interest Rate during YR 2

 

f3 = Expected One-Year Interest Rate during YR 3

 

Using nominal (spot) rates from the yield curve, we can forecast one year rates in the future, see Example 2-8 on p. 56-57.  Assume that from the yield curve, R1 = 1.94%, R2 = 2.54%, R3 = 3.17% and R4 = 3.44%.

 

(1.0254)2 = (1.0194) (1 + f2), solving for f2 = 3.144% (Expected 1 YR spot rate in YR 2)

 

(1.0317)3 = (1.0254)2 (1 + f3), solving for f3 = 4.444% (Expected 1 YR spot rate in YR 3)

 

(1.0344)4 = (1.0317)3 (1 + f4), solving for f4 = 4.254% (Expected 1 YR spot rate in YR 4)

 

When yield curve is upward sloping, R4 > R3 > R2 > R1; and f4 > f3 > f2 > R1.  Implication: Short term rates are expected to rise.  

Liquidity Premium Theory
 

Says that there is an increasing Liquidity Premium (LP) based on maturity, to compensate investors for investing long term (more risky) compared to short term (less risky).  Price Risk: For bonds, the longer the term to maturity, the greater the percentage change in price when interest rates change.  Long term bonds are more risky than short term bonds, and investors demand an increasing LP as maturity increases.  They will buy long term bonds, but only at a discount and higher interest rate.  See Figure 2-17 on p. 54.  LPH + UEH theories.  

 

Market Segmentation Theory  
 

Says that investors/borrowers have a preferred investment horizon.  Banks may prefer short term T-Bills to match maturity with their short-term deposits.  Insurance companies may prefer long-term T-Bonds because payouts/liabilities are long-term.  Changes in the Supply and Demand of credit will change the slope of the yield curve.  Example: If Demand for short-term credit falls, short term rates will fall.  If Demand for long-term credit increases at the same time, long term rates will rise.  Yield curve becomes _________________.  

 

The inverted yield curve in 2000 was explained better by the Market Segmentation Theory, than by the EH or LPH.  Reason: Budget surpluses resulted in repurchases of long-term T-Bonds, resulting in Bond Prices _________ and long-term interest rates __________.  
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