EC 223 Chapter 4 Notes
Understanding Interest Rates
Present Value
· A dollar paid to you one year from now is less valuable than a dollar paid to you today.
· A simple loan:
· the lender provides the borrower with an amount of funds ( called the principal) that must be repaid to the lender at the maturity date, along with an additional payment for the interest. 
· If you made Jane a simple loan of $ 100 for one year, you would require her to repay the principal of $100 in one year’s time.
· Let us assume an interest rate of 10%
Discounting the Future
i = 0.10
In one year you would have $100 x (1+0.10)= $110
In two years $110 x (1+0.10)=$121
	or $100 x (1+0.10)2
In three years $121 x (1+0.10)= $133
	or $100 x (1+0.10)3
In general $100 dollars in n years:
	 $100 x (1+i)n
you are just as happy having $ 100 today as having $ 110 a year from now ( of course, as long as you are sure that Jane will pay you back). 
Or that you are just as happy having $ 100 today as having $ 121 two years from now, or $ 133 three years from now, 
or $ 100 × (1+0.10)n  n years from now. 
The process of calculating today’s value of dollars received in the future is called discounting the future.

Simple Present Value
PV = today’s present value
CF = future cash flow or payments
i = interest rate
Four Types of Credit Market Instruments
1. Simple Loan: The lender provides the borrower with the principal that is repaid at the maturity date with interest. Ex: money market instruments such as commercial loans to businesses

2. Fixed Payment Loan(fully amortized loan) The lender provides the principal which is repaid by making the same payment (principal + interest) every period for a set period of time. Ex: mortgages

3. Coupon Bond: A coupon bond pays the owner of the bond a fixed interest payment (coupon payment) every year until the maturity date, when a specified final amount (face value or par value) is repaid

· coupon rate: the dollar amount of the yearly coupon payment expressed as a percentage of the face value of the bond. 
· Ex: if the coupon bond has a yearly coupon payment of $ 100 and a face value of $ 1000, the coupon rate is $ 100/$ 1000= 0.10, or 10%. 
· Ex: Canada bonds and corporate bonds
4. Discount Bond: A discount bond (also called a zero-coupon bond) is bought at a price below its face value (at a discount), and the face value is repaid at the maturity date.
· No interest payments
· Ex: Canadian government t-bills 

Yield to Maturity
· the interest rate that equates the present value of cash flow payments received from a debt instrument with its value today.
· The most accurate measure of interest rates
Simple Loan – Yield to Maturity
· PV = amount borrowed = $100
· CF = cash flow in one year = $110
· n= number of years = 1






For simple loans, the simple interest rate equals the yield to maturity

Fixed Payment Loan – Yield to Maturity

The same cash flow payment every period throughout the life of the loan
· LV= loan value
· FP = fixed yearly payment
· n= number of years until maturity[image: ]
· Given LV, FP, and n; we can solve this equation for the yield to maturity i. 









· A helpful formula to state the loan value (or equivalently the present value) compactly. 

Example 
· You decide to purchase a new home and need a $ 100 000 mortgage. 
· You take out a loan from the bank that has an interest rate of 7%. 
· What is the yearly payment to the bank to pay off the loan in 20 years?













Coupon Bond – Yield to Maturity
Using the same strategy used for the fixed-payment loan
	P=price of coupon bond
	C = yearly coupon payment
	F= face value of the bond
	n= years to maturity






· Find the price of a 10% coupon bond with a face value of $ 1000, a 12.25% yield to maturity, and eight years to maturity.

















Consider a $1000 bond that promises to pay interest of $100 per year for 5 years so that the coupon rate is 10% ($100/$1000=10%). Calculate the present value of the bond, if the yield to maturity is also 10%.










· Table 4- 1: the yields to maturity calculated for several bond prices. 
· Three interesting facts emerge: 
1. When the coupon bond is priced at its face value, the yield to maturity equals the coupon rate. 
2. The price of a coupon bond and the yield to maturity are negatively related; that is, as the yield to maturity rises, the price of the bond falls. As the yield to maturity falls, the price of the bond rises.
3.  The yield to maturity is greater than the coupon rate when the bond price is below its face value
[image: tb04-01]




Consol or Perpetuity
A bond with no maturity date that does not repay principal but pays fixed coupon payments forever.







For coupon bonds, current yield is an approximation of yield to maturity

· When a coupon bond has a long term to maturity (say, 20 years or more), it is very much like a perpetuity. 
· the cash flows more than 20 years in the future have such small present discounted values that the value of a long- term coupon bond is very close to the value of a perpetuity with the same coupon rate. 
· Thus “i” in Equation 5 will be very close to the yield to maturity for any long- term bond. 
· “the yearly coupon payment divided by the price of the security” has been given the name current yield 
· is frequently used as an approximation to describe interest rates on long- term bonds.

What is the yield to maturity on a bond that has a price of $ 2000 and pays $ 100 annually forever?

The yield to maturity would be 5%. 


 

Discount Bond – Yield to Maturity

For any one year discount bond:



· F = face value of the discount bond
· P =current price of the discount bond.
· The yield to maturity equals the increase in price over the year divided by the initial price.  
· As with a coupon bond, the yield to maturity is negatively related to the current bond price



This formula is derived from the simple present value formula for n=1. 



· Let us consider a discount bond such as a one- year Canadian treasury bill, 
· pays off a face value of $ 1000 in one year’s time. 
· If the current purchase price of this bill is $ 900 calculate the yield to maturity. 






Yield on a discount basis:






· idb = yield on a discount basis
· F= face value
· P= purchase price

Summary
· The present value of a set of future cash flow payments on a debt instrument equals the sum of the present values of each of the future payments. 
· The yield to maturity for an instrument is the interest rate that equates the present value of the future payments on that instrument to its value today. 
· The yield to maturity is the measure that economists think most accurately describes the interest rate. 
· Our calculations of the yield to maturity for a variety of bonds reveal that:
· current bond prices and interest rates are negatively related: 
· when the interest rate rises, the price of the bond falls, and vice versa.







Rate of Return














Rate of Return


the return on a bond will not necessarily equal the yield to maturity on that bond—see Table 4-2
Even for a bond for which the current yield is an accurate measure of the yield to maturity, the return can differ substantially from the interest rate. 
Returns will differ from the interest rate especially if there are sizable fluctuations in the price of the bond that produce substantial capital gains or losses.

Rate of Return and Interest Rates
The return equals the yield to maturity only if the holding period equals the time to maturity.
A rise in interest rates is associated with a fall in bond prices, resulting in a capital loss if time to maturity is longer than the holding period.
The more distant a bond’s maturity, the greater the size of the percentage price change associated with an interest-rate change.
The more distant a bond’s maturity, the lower the rate of return that occurs as a result of an increase in the interest rate.
Even if a bond has a substantial initial interest rate, its return can be negative if interest rates rise.
[bookmark: _GoBack][image: tb04-02]
· a rise in interest rates can mean that a bond has been a poor investment. 
· Puzzling?
· a rise in the interest rate means that the price of a bond has fallen. 
· Therefore a capital loss has occurred,
· if this loss is large enough, the bond can be a poor investment. 
· See first bond the Table 4-2. Loss of 39.7%. 
Interest-Rate Risk
· interest- rate risk: the riskiness of an asset’s return that results from interest- rate changes
· Prices and returns for long-term bonds are more volatile than those for shorter-term bonds.
· Although long- term debt instruments have substantial interest- rate risk, short-term debt instruments do not. 
· There is no interest-rate risk for any bond whose time to maturity matches the holding period.
· Only true for discount bonds and zero coupon bonds however...
· For other bonds, we can re-invest the coupon payments. But there is very little risk on those anyway so the statement holds for all bonds for the most part. 

Why is there no interest- rate risk for any bond whose time to maturity matches the holding period?
· the price at the end of the holding period is already fixed at the face value. 
· The change in interest rates can then have no effect on the price at the end of the holding period for these bonds, 
· the return will therefore be equal to the yield to maturity known at the time the bond is purchased.

Summary
Bonds whose term to maturity is longer than the holding period are subject to interest- rate risk: 
· changes in interest rates lead to capital gains and losses that produce substantial differences between the return and the yield to maturity known at the time the bond is purchased. Interest- rate risk is especially important for long- term bonds, where the capital gains and losses can be substantial. This is why long- term bonds are not considered to be safe assets with a sure return over short holding periods.

Real and Nominal Interest Rates
· What we have up to now been calling the interest rate makes no allowance for inflation-- referred to as the nominal interest rate. 
· Real interest rate: the interest rate that is adjusted by subtracting expected changes in the price level ( inflation) so that it more accurately reflects the true cost of borrowing. 
· This interest rate is more precisely referred to as the ex ante real interest rate because it is adjusted for expected changes in the price level. 
· Ex post real interest rate: The interest rate that is adjusted for actual changes in the price level. 
· It describes how well a lender has done in real terms after the fact.
· Ex ante real interest rate is adjusted for expected changes in the price level.
· Ex post real interest rate is adjusted for actual changes in the price level.
· The real interest rate is more accurately defined by the Fisher equation
· states that the nominal interest rate equals the real interest rate plus the expected rate of inflation.



Fisher Equation



· i = nominal interest rate
· ir = real interest rate
· πe = expected inflation rate
· When the real interest rate is low, there are greater incentives to borrow.
· Low interest rates reduce the incentive to lend. 
· The real interest rate is a better indicator of the incentives to borrow or lend. 
Because most interest income in Canada is subject to income taxes, the true earnings in real terms are not reflected by the real interest rate defined by the Fisher equation
Use the after- tax real interest rate, which equals the nominal interest rate after income tax payments have been subtracted, minus the expected inflation rate.



· after- tax real interest rates are always below the real interest rate defined by the Fisher equation

if you face a 30% tax rate and take out a business loan with a 10% interest rate what is the after- tax real interest rate when the expected inflation rate is 5%? (effective cost of borrowing in real terms)
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TABLE 4-1 Yields to Maturity
inTenYears (Face Valu

Maturi

10% Coupon-Rate B
$1000)

Price of Bond ($) Yield to Maturity (%)
1200 713
1100 8.48
1000 10.00
900 11.75
800 13.81

Copyright © 2011 Pearson Canada Inc.




image13.wmf
c

c

c

c

P

C

P

i

C

P

=

=

=

=

=

c

c

i

 

:

as

equation 

 

above

 

 the

rewrite

Can  

consol

 

 the

of

maturity 

 

 to

yield

 

i

payment

interest 

yearly 

 

 

C

consol

 

 the

of

 

price

 


oleObject11.bin

image14.wmf
5

equation 

  

i

 

c

c

P

C

=


oleObject12.bin

image15.wmf
%

5

05

.

0

2000

100

i

 

c

=

=

=

=

c

P

C


oleObject13.bin

image16.wmf
P

P

F

i

-

=


oleObject14.bin

image17.wmf
P

P

F

i

-

=


oleObject15.bin

image18.wmf
n

i

CF

PV

)

1

(

+

=


oleObject16.bin

image19.wmf
%

11

.

11

1111

.

0

900

900

1000

=

=

-

=

-

=

P

P

F

i


oleObject17.bin

image20.wmf
maturity 

  

 to

days

365

x

P

P

F

i

db

-

=


oleObject18.bin

image21.wmf
g

 

gain 

 

capital

 

of

 

rate

i

 

 

yield

current 

P

C

payment

coupon 

 

 

C

1

  t

at  time

  

bond

  

  the

of

  

price

P

 t

at time

 

bond

 

of

 

price

 

P

1

  t

  t  to

  time

from

  

bond

  

 the

holding

  

from

return  

 

1

c

t

 

1

t

t

1

=

=

-

=

=

=

+

=

=

+

=

+

=

-

+

=

+

+

+

t

t

t

c

t

t

t

t

P

P

P

RET

g

i

P

P

P

P

C

RET


oleObject19.bin

image22.wmf
g

i

RET

c

+

=


oleObject20.bin

image23.png
TABLE 4-2 One-Ye eturns on Different-Maturity 10%-Coup

When Interest Rates Rise from 10% to 20%

)
Years to 2 (@) (5) (6)
Maturity Initial 3) Price Rate of Rate of
When Current Initial Next Capital Return
Bond Is Yield Price Year* Gain (2+5)
Purchased (%) (8) (s (%) (%)
30 10 1000 503 —49.7 —39.7
20 10 1000 516 —48.4 —38.4
10 10 1000 597 —40.3 =303
5 10 1000 741 =259 -15.9
2 10 1000 917 —83 aFil7/
1 10 1000 1000 0.0 +10.0

*Calculated with a financial calculator using Equation 3.

Copyright © 2011 Pearson Canada Inc.
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