The Term Structure of Interest Rates 

Objectives of this module

Market interest rates form the point of reference for the determination of required rates of returns of all financial assets. As market interest rates change over time, prices of securities change so as to bring about corresponding changes to required rates of returns. Investors and portfolio managers must therefore, have a sound understanding of the structure and behaviour of interest rates. This understanding is particularly important for the management of fixed income security portfolios. 

This module is designed to provide the theoretical background for understanding some important characteristics of interest rates - the term structure of interest rates. 

Reading References:


BKM - Chapters 14, 15


Juttner, J. - Financial Markets, Interest Rates and Monetary Economics, 


Chapters 21, 22





The topics discussed in this module are organised as follows

1.  Terminology and definitions

2.  Term Structure of Interest Rates - Introduction






Why it is important

3.  Constructing the term structure

4. Calculation of implied forward rates

5. Theories to explain the term structure - 


Unbiased Expectations Theory 


Liquidity Preference Theory


Market Segmentation Theory


Preferred Habitat Theory
6. Yield curve changes over time

Interest Rates, Yields and Bond Prices - A Note on Terminology and Definitions

The relationship between a bond's coupon payments C, face value F, current market price, P and its YTM r is given by 
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Yield of a zero coupon bond.

If the face value of a zero at the end of 5 years is $1000, and its price today is $850, the yield of the bond is, 

with annual discounting 



850 = 
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r = .0330 = 3.30%

with continuous discounting



850 = 1000.e-r(5)
r = .0325 = 3.25%

Yield to Maturity (YTM) of a coupon paying bond
The YTM of a bond is the average rate of return earned by an investor who buys the bond at the prevailing market price and holds it until maturity. The YTM is loosely referred to as the yield or the interest rate of the bond. 

Example

A three year, 10,000 face value bond pays a 10% yearly coupon. An investor purchases the bond at the market price of 9,520 and holds it to maturity. The average rate of return earned is the yield to maturity of the bond, r.
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9,520 = 
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Solving for r



r =  12%

The holding period return (HPR)

The HPR is the rate of return earned by an investor who holds a bond for less than its maturity period. 

For example, an 8% annual coupon paying bond is purchased for $1000 and is held for a year when it is sold for its market price of $1050. The one year HPR is 



HPR = [80 +(1050-1000)]/1000 = 13%


The Structure of Interest Rates 

The interest rates of securities observed in the market differ from one another mainly on account of two factors. (a) Differences in their term to maturity (b) Differences in their default risk

Interest rates that differ on account of default risk is termed the default structure of interest rates and interest rates that differ on account of their term to maturity is called the term structure of interest rates
The Term Structure of Interest Rates (TSIR)

The Importance of Understanding the Term Structure 

1. Monetary policy implications

An objective of monetary policy is to vary interest rates in order to influence private investments and economic growth.

The initial impact of the monetary policy transmission process is on the short rate.

Long term investment decisions of firms are largely based on long term rates and their cost of capital.

2. Interest rate forecasting

3. Inflation forecasting

4. Forecasting future economic activity

5. The valuation of interest rate dependant securities


Constructing the Term Structure 

To examine the term structure, we have to examine interest rates of a series of fixed income securities that differ only in their maturities.  All other attributes of these securities must be the same as far as possible.

We usually use different maturity treasury securities because these securities have similar tax, marketability and default risk features.
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 Upward sloping yield curve

      Inverted yield curve

To construct the term structure correctly, interest rates applicable to a series of time lengths must be available. The interest rate of a particular time length corresponds to the yield to maturity of a Zero coupon bond with the same maturity. Zero coupon bonds of different maturities are available in the USA (called Treasury Strips) but not in Australia.   

Australian long term treasury securities are coupon bearing. Term structures constructed based on the yield to maturities of coupon bearing bonds are not accurate because of the implicit assumption that coupons are reinvested at the yield to maturity of the bond. Implicit zero coupon bonds yields must then be calculated from observed coupon bearing bond prices.



Mathematics of the term structure 
Forward interest rates
A forward rate is the interest rate on a loan beginning at a future date at a rate agreed upon today. 
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Example:

R0,1  =   One year spot rate observed at time 0.

R0,2  =   Two year spot rate observed at time 0.

F0,1,2  =   The 1 year forward rate starting one year hence.

Forward interest rates implied by the yield curve

Look at the two ways of investing over a two year period in order to obtain the same total return. 

One is investing in a two-year bond, earning the two-year rate R0,2. The other is investing in a one-year bond at R0,1 and simultaneously contracting to reinvest over the second year at a forward rate, so that the total return is the same as the two-year bond investment return.

This mathematical equality can be shown as:



( 1 +  R0, 2 )2  =  ( 1 +  R0,1 )( 1 +  F0,1,2 )

The forward rate F0,1,2 that satisfies this equation is called the forward rate implied by the yield curve.

By extending this idea, the long term spot interest rate of any multi-period bond can be regarded as a geometric average of the short term spot interest rate and a series of forward rates. This is a mathematical definition of the long term interest rate.

For a n-period security:

( 1 +  R0, n )  =  ( 1 +  R0,1 )( 1 +  F0,1,2 )( 1 +  F0,2,3 )........( 1 +  F0,n-1,n )1/n
The investment must yield the same future value whether it is made for an n-year period at the n-year spot rate or whether it is rolled over n times at the respective forward rates.

Example 1

From the two year bond example, the one year forward rate can be calculated  from the one year and two year spot rates as
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Suppose the current term structure is as follows

One year spot rate   =  12%

Two year spot rate   =  11%

Three year spot rate  =   10.5%

The implied one year forward rate one year hence



1 +  F0,1,2   =  (1.11)2 / 1.12  =  1.1 




F0,1,2 
   = 10.0%

Example 2

Calculate the one year forward rate beginning in year 2.


( 1 +  R0,3)3
=     ( 1 +  R0,1 )( 1 +  F0,1,2 )( 1 +  F0,2,3 )


F0,2,3

=     ( 1 +  R0,3 )3  / ( 1 +  R0,1 )( 1 +  F0,1,2 )  -  1

             
            =      ( 1 +  .105)3  / ( 1 +  .12  )( 1 +  .1 )  -  1




=      9.52%


What factors determine the shape of the yield curve -
Theories TO explain the Term Structure of Interest Rates 

1  The Expectations Theory

The expectations theory says that the shape of the yield curve is purely determined by the market’s expectations of future interest rates. 

If the yield curve is upward sloping, future interest rates are expected to be higher than the current interest rates, and if the yield curve is downward sloping, future interest rates are expected to be lower than the current interest rates.

The way this works is as follows. The expectations theory states that the expected future short term rates would be equal to the corresponding forward rates implied by the term structure. In other words, the implied forward rate reflects the market’s expectation of the future interest rate.



F0,1,2
=  Et [R1,2]

This means that, if future short term rates are expected to rise above the current short term rates, then current long term rates would be higher than the current short term rates. The term structure would then be upward sloping.

The justification for the Expectations Theory 

1.
The Expectations Theory would hold because, if the expectations theory is violated, arbitrage profit opportunities would arise and risk neutral investors would quickly exploit these opportunities.
For example, if investors believe that the one year interest rate expected in one year’s time would exceed the one year forward rate implied by the current term structure, then the investors could lock in the implied forward borrowing rate now, and use the funds to lend in one year at the higher expected rate.

Note that investors can lock in a one year forward borrowing rate now by selling two-year bonds and buying one-year bonds, in an appropriate ratio.

Such arbitrage action would force the interest rates in the term structure to conform to the expectations theory.


Example

Assume the current term structure is observed as follows

One year spot rate   =  12%

Two year spot rate   =  11%

Note that the implied one year forward rate implied by the term structure is F0,1,2 = 10.0%

Suppose an investor firmly believes that the one year interest rate next year will be 13%.

So, the investor can derive some gains by locking in a borrowing rate of 10% for next year and lend the funds at the expected lending rate of 13% next year.

The price of a 1 year bond = 1000/1.12 = 892.86

The price of a 2 year bond = 1000/(1.11)2 = 811.62

The investor can lock in the one year forward borrowing rate of 10% by selling 1 two-year bond and buying a 811.62/892.86 fraction of one-year bonds.

This will yield a cash inflow of 811.62(1.12) = 909.02 in one year and an outflow of 1000 in two years. This works out to an effective interest rate of 10%

Implications of the Expectations Theory 

1. 
The expectations theory implies that investors are risk neutral.

 2.
If the expectations theory holds financial markets must be efficient. 
That is, bonds are so priced to reflect the market's best estimates of expected future interest rate.

3.
Bonds of different maturities are perfect substitutes. 

That is, if an investor wishes to make a one year investment, this can be done by buying a one year bond, or equivalently by buying a longer term bond and selling it in one year.  
2. The Liquidity Premium Theory (Hicks, 1946)

Liquidity Premium Theory acknowledges that investors are risk averse.

Prices of longer term bonds fluctuate more in response to a given change in interest rates than do short term bonds. Therefore, long term bonds are riskier.

Lenders prefer to lend short term. Borrowers prefer to borrow on long term.

Lenders need a risk premium to lend on longer term. Therefore, longer term interest rates need to incorporate a bigger risk premium. 

An implication is that the forward rates implied by the term structure must exceed the expected future short rate by the risk (or liquidity) premium.

One year forward rate =  Expected future one year spot rate  +    Liquidity 









premium

Calculating the liquidity premium:


[image: image8]
H0,1,2
=  The return from holding a bond maturing at 2 from time 0 




to 1

LP0,1,2
=  The difference between the holding return from 0 to 1 in a bond 


maturing at time 2 and the one period (0 to 1) spot rate R0,1.



LP0,1,2
=  H0,1,2  -  R0,1
The liquidity premium increases with the maturity horizon of the bond


LP0,1,2 < LP0,1,3
The Liquidity Premium Theory implies that  the yield curve will be upward sloping even if  interest rates are not expected to change in the future. 

Note that the term premium should be a constant (or zero) if the Expectations Theory holds 



LP0,1,2
LP0,1,3 = 0
3. Market Segmentation Theory (Culbertson, 1957)

Market Segmentation Theory takes a different tack to explain interest rate structures.

The interest rate for securities of a particular maturity is determined by the demand for and supply of funds in the market for that maturity.

Lenders and borrowers have definite preferences for funds of particular maturities.

Implies that short term and long term rates are completely independent. 

4. Preferred Habitat Theory (Modigliani and Sutch 1966)

Although lenders and borrowers have preferences for funds of particular maturities (they have preferred maturity habitats), they may be induced to shift their maturity given appropriate yield inducements or premiums.

For example, some lenders may prefer to lend for a one year period, but if adjacent period (2 year) yields are very attractive (they provide a premium) those investors may switch to buying 2 year securities.  

According to preferred habitat theory liquidity premiums are not necessarily increasing with the investing horizon. 
The preferred habitat theory can therefore be regarded as a combination of the market segmentation theory and a particular version of the liquidity premium theory.

Why does the shape of the yield curve change over time?

(a)  Business condition changes and the changes in demand and supply of funds

In favourable business climates, the demand for short term capital increases more than the demand for longer term capital.  Yield curves can become inverted in strong business climates.

(b) Business conditions and liquidity risk premiums

Liquidity premiums can be a function of the level and volatility of interest rates. 

In times of high economic activity when interest rate are high, liquidity premiums are low and in times of recession when interest rates are low, liquidity premiums are high. 

Yield curves are steeper in business cycle troughs. Yield curves are flatter in favourable business climates.

(c)  RBA monetary policy actions can influence the shape of the yield curve
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