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Calculating Interest Rates





	Interest rates are the most important determinants of the behavior of financial institutions.  However, the fact that there are many interest rates that are related to different types of securities make them somewhat mysterious.  It would therefore be worthwhile to carefully distinguish between different methods of calculating interest rates.





1. Simple Interest: 


	Principal  x  Rate  x  # of Years


	100          x  0.05  x  1                = 5


	100          x  0.05  x  3                = 15





	Total future amount:  Principle (1 + Rate)


					100     (1 + 0.05) = 105


					100     [1 + (0.05 x 3)] = 115





2. Compound Interest:


	Total future amount:  Principle (1 + Rate)


			First year:       100 (1 + 0.05) = 105


			Second year:    105 (1 + 0.05) = 110.25


					or 100 (1 + 0.05)2 = 110.25


			Third year:      110.25 (1 + 0.05) = 115.76


					or 100 (1 + 0.05)3 = 115.76





	Given the last formula, we can deduce that the total future amount is 	related to the concept of present value in the following way:  





		100 = 115.76/(1 + 0.05)3  Therefore, $100 is the present value of the 	future sum of $115.76 given an annual compounded interest of 5% for a 	period of 3 years.


�
3. Implicit Interest:


		When a one year bond with a face value of $100 is sold for a 	discount price of $95, the implicit interest earned is given by the following 	formula:





	r = (Pf - Pd) / Pd  Where Pf is the face value and Pd is the discount price





	100 - 95 / 95 = 5 / 95 = 0.0526  or  5.26%





		We can conclude from the formula that the lower the discount price 	the higher the implicit interest paid on the bond.





4. Coupon Rate:


		If you buy a twenty-year coupon bond at a price equals to its face 	value of $100, and get $5 coupon payment at the end of each year, then 	coupon rate is 5/100 = 0.05  or  5%





5. Current Yield:


		If you pay $90 for a $100 face value, twenty-year, 5% coupon bond, 	you will receive a current yield of  5/90 = 0.0556  or 5.56%.  However, 	this current yield ignores the capital gain when you redeem the $100 face 	value of the bond at the time of its maturity.





6. Yield to Maturity:


		It is the rate that will equalize the sum of the present values of all the 	expected earnings (current yield + capital gain) of the underlying asset with 	its purchase price. 





	Example: Say that you are faced with an option to buy a security with a 


		1. $100 face value


		2. 10% coupon rate = $10 payment a year


		3. It will mature in 10 years: This means that there are 11 future 			payments (10 interest payments + face value at maturity).


		4. The market price of the bond is $90





	In order for you to calculate the return on this purchase, then you must find the yield to maturity which is that particular rate of interest which will equalize the sum of the 11 future payments with $90.  This rate is sometimes misleadingly referred to as the discount rate.  Be careful not to confuse it the Federal Reserve's discount rate).  We find this annual yield to maturity by solving for the value of (r) in the following equation:





	Pm = C1 / (1+r) + C2 / (1+r)2 + ........... + C10 / (1+r)10 + Pf / (1+r)10





		Where Pm = The market or current or discount price of the bond


			 C1 = The first coupon payment


			 C2  = The second coupon payment


			  2   =.The number of years


			  Pf = The face value at maturity





	If we substitute the actual value into the formula, we can solve for r





	90 = 10 / (1+r) + 10 / (1+r)2 + ........... + 10 / (1+r)10 + 100 / (1+r)10


  


	Fortunately, we can find (r) in tables that list alternative values for (r) or with the aid of calculators or computer programs that are specialized in calculating the yield to maturity from the other elements of the formula that are known to us.  By looking at the last column of the attached table you will find that the closest market value for the bond that is selling for $90 in the 10 year maturity bond to equal 89.86 which, in turn, corresponds to a yield in the first column that equals to 11.75%.


	However, the 11.75% yield that we calculated represents the return when you hold the bond for the entire life of the bond.  But what if you are to sell the bond before it matures.  What happens to the yield to maturity?  Below, we will find out.





7. Yield for any Holding Period:


	If you expect the value of a bond to decline and at the same time you do not want to hold it until it matures, then how do you find the yield to maturity for the holding period?  Say that you bought a $1000 face value-	8% coupon bond for $900 and sold it after three years for $1100, then the yield to maturity (r) is: 





	900 = 80/(1+r) + 80/(1+r)2 + 80/(1+r)3 + 1100/(1+r)3  





If we solve for (r) or look it up in the relevant table or calculator and 	substitute the selling price of the bond in place of the face value, it will equal to the annual rate of 15.27%. 





8. Zero-Coupon Bonds:


	Most corporate bonds, government bonds, and municipal bonds have coupons attached to them that entitle the holder to specific interest 	payments periodically.  However, there are bonds that do not entitle the holder to get any coupon interest payments.  They are called zero-coupon bonds.  The only thing the owner of this bond gets is its face value when it matures.  Whether it would be worth it to buy such a bond depends on its market value.  The lower its market value relative to its face value then, the higher its yield and the more it would be worth it to hold the bond.  The following is the relevant formula to calculate the yield:





		Pm = Pf / (1+r)10





		Where Pm = The market or current or discount price of the bond


		  10   = The number of years to maturity


		  Pf = The face value at maturity





	For example, if you buy a $1000 face value zero-coupon bond that matures 	in ten years for $400, then (r) = 9.6, because it equates the two sides of the 	equation:





	400=1000/(1+9.6)10   





9. Treasury Bills:


	One year treasury bills or less also have no coupons   By using the same notations above:





		Pm = Pf/(1+r).  Therefore, r = (Pf - Pm)/Pm





10. Perpetual Bonds:


	They are also called consols.  These instruments never mature.  They have no redemption date but offer coupon payments for ever.  Therefore,





		Pm = C/r     Thus   r = C/Pm. 





11. The Inverse Relationship Between Yields and Bond Prices:


	It is easy to show form the above equation that the current yield is inversely related to the bond price.  Algebraically, since the numerator is 	fixed an increase in the market price of the bond will mean a lower yield and vice versa.  More specifically, since the market price is the purchase 	price, then a lower purchase price means that the coupon payment is larger relative  to the lower purchase price (although in absolute amount it is fixed).  This means that you are getting a higher return on your investment by purchasing the bond at a lower price.  The opposite is true, if the market price of the bond rises.  Then, you are getting the same fixed coupon payment relative to higher investment.  This also means that the coupon payment is relatively  smaller when compared to the higher purchase price.





12. The relationship Between the Term to Maturity of a Bond, its 	Price, and its Yield: 


	The longer the terms to maturity, the longer the variation in price for a given change in the yield.  This is so because the longer the term to maturity, the more there are future coupon payments that will be discounted for a longer period of time.  For example, suppose that you have two bonds:





	Bond 1: 20-years, Pf = 1000, Pm = 1000, 8% coupon rate. 


	Bond 2:   2-years, Pf = 1000, Pm = 1000, 8% coupon rate.





	The yield to maturity = coupon rate = 8%.  Now, suppose that interest rates in the market rise by 2%.  If the prevailing interest rates on other financial instruments are now at 10%, then how much do you think the two bonds above are going to be worth in the market?  Remember that the two bonds that you are holding pay an annual rate of 8%.  This means that you have to lower the selling price of the bonds until the rate to maturity equals to 10%.  But which bond will end up with the lower market price?  The 20-year bond will have a market value of $830 while 	the 2-year bond will have a market price of $965.  Long term bonds will therefore fluctuate in price more than short term bonds.





13. Rate of Return Versus Current Yield


	The rate of return on a bond is given by the following formula:





			Rate of Return = (C/Pp) + (Pm - Pp)/Pp 





		Where  Pp = the purchase price


					   Pm = the current market price


					...C = the coupon payment





	While the first part of the equation represents the current yield, the second part represents the capital gain or loss.





14. Real Interest Rates Versus Nominal Interest Rates


		We have to distinguish between real interest earned in the past and 	current real interest that a lender would like to charge a borrower.  





	a. The Real Interest Rate Earned on a Past Loan = 


		The Nominal Interest Rate Received - The Rate of Inflation





	b. The Real Interest Rate That Will Be Earned on a Present Loan =


		The Nominal Interest Rate That Will Be Received - The Expected 			Rate of Inflation.
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