Money and Banking

Instructor: Logan Kelly

Part Il: Interest Rates
Chapters 4,5, and 6

Chapter 4
|

What is an interest rate?

- The rental price of capital

- The exchange rate between monies in period t and monies
in the next period

Note on notation: A time series is a series of observations of a

variable over time, i.e. quarterly GDP since 1940.

X X is a column vector of N observations of the variable X,
it is customary to write a time series as a column vector

Individual observations of X are denoted X, whichis the
observed value of X in period t.

XN

- Thus, the period after period t is period t+1 and the period
before period t is period t-1

Present Value
G

What is present value?
- Present value is today’s value of a payment to be received
in the future when the interest rate is i.
How do | calculate present value?

- Recall: the interest rate is the exchange rate between
monies in different time periods.

t=0, the present period | t=1, one period in the future

Future Value $100 100+ 100 = 104 #i)

00

Present Value -
1+

$100




Present Value

Multiple periods

Period 0 1 2

Future L 2

Value 100| 100(1+i)|  100(1+i)

Present 100 100

Value (1+i) (1+i)! 100
Present Value can be easily generalized to the N
period case:

_ kv
(1+i)N

Present Value

Four Types of Credit Instruments

FV
1.Simple loan P :(l+i)N
NOPMT
2.Fixed-paymentloan PV = —
t=1 (l+|)
N PMT FV
3.Coupon bond PV = ~t T
t=1 (l+|) (1+I)
v FV
4.Discount(zero coupon) bond V :W
+1

Yield to Maturity

What is yield to maturity (YTM)?
- YTMin the interestrate thatequates currentvalue ofan assetto
the presentvalue ofthatasset. (Solve PVformulafori)

L
1.Simpleloan YTM = ﬂ N 1
LV
2.Fixed-paymentloan Must be solved numerically
3.Coupon bond Must be solved numerically
1
4.Discount(zero cou _Rv "
. pon) bond YTM= — -1
R




Yield to Maturity
|

What is a consol or perpetuity?
- This is abond that pays a fixed payment forever.

1
N ¥ i PMT
pv= ML _pyr L opvr A = PMT
t=1 (1+|) t=1 (l+ I) 1- _1 [
1+i
vTM=PMT
P

Distinction Between Interest Rates and Returns

Rate of return from holding a bond one period:

Coupon Payment Change in Price

Distinction Between Interest Rates and Returns

Rate of return from holding a bond one period:

rer=CHRa-R_CLA
R
Current Yield: Part Capital Gain: Part
of the return that is ofthe return thatis
due to the coupon due to the change in
payment marketvaluation of
the bond




Realvs. Nominal Interest Rates

So how do we find the real interest rate?
- The Fisher Equation —is the relationship between nominal and
real interestrates.
Notation: Let I} be the real interest rate in period t.
it be the nominal interest rate in period t.
P, be inflation in period t.
R be the aggregate price level in period t.
Note: we will denoted the expectation of a variable with a supper
scripte.

The Fisher Equation: We need to derive a relationship
between nominal and real interest rates
1. Future value of Py:
FV(R)=R(1+{)  INTERMS OF CURRENCY
2. Future value of one unit of the aggregate good:
FV (lag)=(1+¢) IN TERMS OF GOODS
3. Multiply by next period price level to convert the future value of one
unit of the aggregate good to currency.
. _P .
R(+1) =Ry (1) (1+0) =t (14)
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4. Recall the definition of inflation.

e - -
ADD 1 TO EACH SIDE e Sl 1+pg Ll
R R R R
INVERT 1 _PkR
+p8 R

The Fisher Equation: We need to derive a relationship
between nominal and real interest rates
1. Future value of Py:
FV(R)=R(1+{)  INTERMS OF CURRENCY
2. Future value of one unit of the aggregate good:
FV (lag)=(1+¢) IN TERMS OF GOODS
3. Multiply by next period price level to convert the future value of one
unit of the aggregate good to currency.
. P .
RIL+i) =R (1+r)  (L+r)=5i (1))
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4. Recall the definition of inflation.
P - P P P-|P_F
ADD 1 TO EACH SIDE p‘s =—td 1+p‘e =L gt Lt =t
R RORl P
INVERT 1 [ R
e e
SUBSTITUTE +p| Ra

1+i .
(1+ r!) :j_lt)_ ro=i - pl-rpf




The Fisher Equation: We need to derive a relationship
between nominal and real interest rates

1. Future value of Py

N/ (DPY=D(1+i) INTERMS NE CURRENCY
2. Euturd This is the fisher equation:

GOODS
of one

4. Recall the definition of inflation.
e

P - P
ADD1TOEACHSIDE ~ pf=—ta—t

R R
INVERT 1 _"P
T pe
SUBSTITUTE ol Ry

The Fisher Equation: We need to derive a relationship
between nominal and real interest rates

1. Future value of Py:

FV(R)=R(1+{)  INTERMS OF CURRENCY
2. Future value of one unit of the aggregate good:

DODS
one

This term is usually quite small so we approximate
the fisher equation as:

H e
>l - By

3. Multiply
unit of th

4. Recall the definition of inflation.

ADD 1 TO EACH SIDE pe :B;P—L
INVERT 1 _R
SUBSTITUTE Lept
(141) =7
(1+p
Chapter5

Determinants of Asset Demand:

Table 1 Response of the Quantity of an Asset Demanded to Changes in Wealth,

Expected Returns, Risk, and Liquidity

Change in
Variable Change in Variable Quantity Demanded
Wealth T T
Expected return relative to other assets T T
Risk relative to other assets T {
Liquidity relative to other assets T T

Note: Only inceases in the variables are shown. The effect of decreases in the variables on the change in demand would be the opposite
of those indicated in the rightmast column

Mishkin, page 88




Loanable Funds Framework

Interest Rate, i (%) [~ Demand for Bonds, B?
(fincreasesT) (Supply of Loanable Funds, L°)
33.0 —
F 't | Demand for bonds = supply
of loanable funds
250
G D
ir=176 Supply of bonds = demand

for loanable funds

Supply of Bonds, B°
(Demand for Loanable Funds, L)

A |

Il 1 1 J
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Quantiy of Bonds, 8

(Loanable Funds, L)

(8 billons)

Loanable Funds Framework
¢ ]

Determinants of Bond Demand:

1.Wealth
A. Economy grows, wealth increases, BY increases, B9 shifts out to right
2.Expected Return
A.idecreasesin future, Re for long-term bondsincreases, BY shifts out to
right
B. pi¢decreases, Relative Re increases, B¢ shifts outto right
C. Expected return of otherassets increases, Bdincreases, BY shifts out
toright
Expected Return is weighted average of all possible
returns, where the weight on each outcome is equal to

the probability of realizing each outcome.

Loanable Funds Framework
G

Determinants of Bond Demand:

3. Risk
A Riskofbonds decreases, Bdincreases, Bdshifts outto right
B.Risk of other assets increases, Bdincreases, Bdshifts outto
right




Loanable Funds Framework
¢ ]

Sources of Bond Risk
Default Risk: the risk that a borrower will not repay aloan

Inflation Risk: the risk that the real interest rate will be different
from what is expected

Interest-Rate Risk: the price of the bond will change, that is the
nominal interest rate changes.

Loanable Funds Framework
¢ ]

Determinants of Bond Demand:

4. Liquidity
A. Liquidity of Bondsincreases, Bdincreases, B9 shifts outto right
B. Liquidity of other assets decreases, BY increases, BY shifts outto right

Loanable Funds Framework
G

Do bonds obey the law of demand?
- Inverse relationship between interest and bond price




Loanable Funds Framework

Do bonds obey the law of demand?
- Inverse relationship between interest and bond price

. F-P F Since bond price isin the denominatori
1 :T == gets smalleras P gets bigger

- Note that expected return in this case is equal to i.
- Thus, demand for bonds is positively related to interest
rates and negatively related to bond price.

- This result holds for the more general case of coupon
bonds.

Loanable Funds Framework
¢ ]

Determinants of Bond Supply:
1. Profitability of Investment Opportunities

Business cycle expansion, investmentopportunities increases,
Bsincreases, Bsshifts outto right

2. Expected Inflation
[#increases, Bsincreases, Bs shifts outto right
3. Government Activities
Deficits increases, Bsincreases, Bs shifts outto right

Loanable Funds Framework
G

What happens when p® Changes? The Fisher Effect

Suppog
Remember f{
1. Relaf]
=>Bdd
2 Cost It costs less
decreas| interest rate

increasd NENCe, Relaf|

Price of Bonds, P
Interest Rate, i

(P increases -->)

Quantity of Bonds, B

(i increases <--)




Loanable Funds Framework
¢ ]

Evidence on the Fisher Effect

Annual Rate (%)
20

Expected Inflation

Interest Rate

I | I I I | I I I |
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Expected inflation and interest rates (three-month T-Bills)
usually move together

Loanable Funds Framework
Business Cycle Expansion

1. Wealthincreases, B4

increases, BY shifts outto

Price of Bonds, P right terest Rate, i
(Pincreases 1) i )

2. Investmentincreases, BS
increases, Bs shifts outto
right

3. IfBs shiftsmore than Bdthen P
decreases, i increases

= ¥ 2

Loanable Funds Framework
G

Evidence on Business Cycle Expiation
Shaded areasdenote recession
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Liquidity Preference Framework

Developed by John Maynard Keynes, the Liquidity
Preference Framework determines equilibrium
interest rate in terms of the supply and demand for
money.

Assumption: there are two main assets used to store
value—money and bonds.

Though they look different, the Liquidity Preference
Framework and the Loanable Funds Framework are
closely linked.

Liquidity Preference Framework

Using Keynes’ assumption that there are two
assets—money and bonds.

1D DS . DS \Alaolilh

| Note: that | have said that Keyres assumes that
Total Wealth is a limit on the total 0 y/%('nd bonds twice.

quantity of money and bonds that can M¢ = B¢ - Bs
be purchased

5. Occurs

6. Then Md d d _ — \S so that
+ = = + ’
piage ] M®+B!=wealth= M*+ B p 5003

versa.

Total Wealth is a limit on total Vbqtgﬁdes:
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Liquidity Preference Framework
|

Table 4 Factors That Shift the Demand for and Supply of Money

Change in Money
Change in Demand (M) Change in
Variable Variable or Supply (M*) Interest Rate
Income T Mép T i M
i &
e
M
Price level T M 1T i M
\
i >
mg
me
M

Liquidity Preference Framework
|

Effects of money on interest rates (increase in Ms)
- Liquidity Effect
Ms increases, Ms shifts right, i decreases
- Income Effect

Ms increases, Income increases, Md increases, Md shifts right, i
increases

- Price Level Effect
Ms increases, Price level increases, M? increases, M shifts right, i
Increases
- Expected Inflation Effect
Ms increases, pe increases, BY decreases, Bsincreases, Fisher effect, i
increases
Effect of higher rate of money growth on interest rates is
ambiguous because income, price level and expected inflation
effects work in opposite direction of liquidity effect

Liquidity Preference Framework
|

The dynamic response to an increase in
money supply: Three possible cases

Case 1: The Liquidity effect is larger than other effects: Interest rates
permanently drop

Interest Rate, i

(a) Liquidity effect larger than
other effects

Time
Liquidity Income, Price-Level,
EMect  and Expected
Inflation Effects

11



Liquidity Preference Framework

The dynamic response to an increase in
money supply: Three possible cases

Case 2: The Liquidity effect is smaller than other effects and there is
slow adjustment to expected inflation: Interest rates temporarily drop,

but eventually increase permanently

Interest Rate, i

(b) Liquidity affect smaller than

S g
Liquidity Income, Price-Level,

Effect and Expected-
Inflation Efects:

T other effects and slow adjustrent

Liquidity Preference Framework

The dynamic response to an increase in
money supply: Three possible cases

Case 3: The Liquidity effect is smaller than other effects and there is

fast adjustment to expected inflation: Interest rates increase
permanently

Interest Rate, |

13
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Chapter 6: The Risk Structure of Interest Rates

Annual Yield (%)
16—

| \M
Corporate Baa Bonds /,‘;'JJA/

U.S. Government
Long-Term Bonds
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The Risk Structure of Interest Rates
¢ ]

Risk is the degree of uncertainty associated with the

return on an asset

Three reposes to risk

- Risk-adverse: individuals who do not like risk, they require
increasing growth in returns as risk increases

- Risk-neutral: individuals who are neutral towered risk, they
require the constant growth in return as risk increases

- Risk-loving: individuals who like risk, they require only
decreasing growth in return as risk increases

The Risk Structure of Interest Rates
G

Risk-adverse Risk-neutral Risk-loving

Risk
Risk
Risk

Reaquired Retum

Individuals who do not
like risk, theyrequire
increasing growthin
returns as risk
increases

Reaquired Retum

Individuals who are
neutral toweredrisk, they
require the constant
growthinreturn as risk
increases

Required Retum

Individuals who like
risk, theyrequire
onlydecreasing
growthinreturn as
riskincreases

13



The Risk Structure of Interest Rates

Most people are risk-adverse; thus, in general risk requires
compensation. This commiseration is called a risk premium.

Tax Advantages of Municipal Bonds

Municipal Bond Market

1. Tax exemption raises relative RET® on municipal
bonds, D™ increases, D™ shifts right

2. P™increases, i decreases

Treasury Bond Market
1. Relative RET® on Treasury bonds decreases, DT
decreases, DT shifts left

2. PT decreases, i' increases

Outcome:
im<il

The Term Structure of Interest Rates

The term structure of interest rates deals with the
determination of interest rates on bonds of the same
default risk but have different maturities

Term Structure Facts to be Explained

1. Interest rates for different maturities mowve together over
time

2. Yield curves tend to have steep upward slope when short
rates are low and downward slope when short rates are
high

3. Yield cune is typically upward sloping




The Term Structure of Interest Rates
¢ ]

Fact 1: Interest rates for different maturities move together over time

The Term Structure of Interest Rates
¢ ]

The Term Structure of Interest Rates

Fact 2: Yield curves tend to have steep upward slope when short
rates are low and downward slope when short rates are high

Short-term
interestrates
are low and
yield curve
slopes upward

Short-terminterestrates
are high and yield curve
slopes downward

15



The Term Structure of Interest Rates

Fact 3: Yield curve is typically upward sloping

Yield curve is
upward sloping

The Term Structure of Interest Rates

Three Theories of Term Structure
1. Expectations Theory
2. Segmented Markets Theory
3. Liquidity Premium (Preferred Habitat) Theory

Expectations Theory

Expectations Theory
- Key Assumption:
perfect substitutes
- Implication: Expected return on bonds of different
maturities are equal
Note: If the expected return on bonds of differing maturities
where not equal then an arbitrage opportunity would
exist. Thatis, one could make a profit by selling bonds of
one maturity and buying bonds of another the other.

Bonds of different maturities are

16



Expectations Theory

How do we calculate the interest rate of an n-period
bond?
- By aweraging the short term interest rates expected over the
life of the bond

H H: HE- H-)
|n +|1;+1_H 11+2+ H n+(n,1)

i =
nt

n
Where in ¢ is the n-period interest rate observed

in the t" period.

Expectations Theory

Numerical example:
One-year interest rate over the next five years:
5%, 6%, 7%, 8% and 9%:

Interest rate on a two-year bond:
(5% + 6%)/2 = 5.5%

Interest rate on a five-year bond:
(5% + 6% + 7% + 8% + 9%)/5 = 7%

Interest rate for one to five year bonds:
5%,5.5%, 6%, 6.5% and 7%.

Expectations Theory

Expectations Theory can explain factone:  Interest rates for
different maturities move together over time

- Since long term interest rates equal the average of short
term interest rates expected to occur over life of the long
bond, long term interest rates are positively related to short
term interest rates by construction

: e ie i e
Iy Pl gt Honeny

In,l -

n
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Expectations Theory
|

Expectations Theory can explain facttwo:  Yield curves tend to
have steep upward slope when short rates are low and downward
slope when short rates are high
- When short term interest rates are low , we expect them to
rise .

Numerical example:

One-year interestrate over the nextfive years:
2%, 3%, 4%, 5% and 6%:

Interestrate on a two-year bond:
(2% +3%)/2 = 2.5%

Interestrate on a five-year bond:
(2% +3% +4% + 5% + 6%)/5 = 4%

Interestrate for one to five year bonds:
2%,2.5%, 3%, 3.5% and 4%.

Expectations Theory
|

Expectations Theory can explain facttwo:  Yield curves tend to
have steep upward slope when short rates are low and downward
slope when short rates are high
- When short term interest rates are high , we expect them to
fall .

Numerical example:

One-year interestrate over the nextfive years:
14%,12%,10%, 8% and 6%:

Interestrate on a two-year bond:
(14% +12%)/2 =13%

Interestrate on a five-year bond:
(14% +12% +10% + 8% + 6%)/5 = 6%

Interestrate for one to five year bonds:
14%,13%,12%,11% and 10%.

Expectations Theory
|

Expectations Theory cannot explain fact three: Yield cune is
typically upward sloping
- Short rates as likely to fall in future as rise, so average of
future short rates will not usually be higher than current
short rate: therefore, yield curve will not usually slope
upward

18



Segmented Markets Theory
|

Segmented Markets Theory

- Key Assumption:  Bonds of different maturities are
not substitutes at all

- Implication: Markets are completely segmented:
interest rate at each maturity are determined
separately

ExplainsFact Three: Yield curvesare usually upwar  d sloping
People typically prefer short holding periods and thus have higher
demand for short-term bonds, which have higher price and lower
interest rates than long bonds

Doesnot explain Fact 1 or Fact 2 because itassume  slong and
shortratesare determined independently

Liquidity Premium (Preferred Habitat) Theory
|

Liquidity Premium (Preferred Habitat) Theory

- Key Assumption: Bonds of different maturities are
substitutes, but are not perfect substitutes

- Implication: Modifies Expectations Theory with features
of Segmented Markets Theory
Investors prefer shortrather than long bonds; thus, a
positive liquidity premium mustbe paid in order to entice
investors to hold long-term bonds
- Results in following modification of Expectations Theory:

H HCS ie ;e
Il; +I1,t+1+| 1U+2 + +|1;+(n—1) +l
nt

In,l -

n

Liquidity Premium (Preferred Habitat) Theory
|
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Liquidity Premium (Preferred Habitat) Theory
|

One-year interestrate over the nextfive years:

5%, 6%, 7%, 8% and 9%
Investors’preferencesfor holding short-term bonds ,liquidity
premiums for one to five-year bonds:

0%, 0.25%, 0.5%, 0.75% and 1.0%.
Interestrate on the two-year bond:

LP: (5% + 6%)/2 + 0.25% =5.75%

ET: (5% + 6%)/2 = 5.5%

Interestrate onthe five-year bond:

LP: (5% + 6% + 7% + 8% + 9%)/5 + 1.0% = 8%

ET: (5% +6% + 7% + 8% + 9%)/5 = 7%
Interestrateson one to five-year bonds:

LP: 5%, 5.75%, 6.5%, 7.25% and 8%.

ET: 5%, 5.5%, 6%, 6.5% and 7%

Comparing with those for the expectations theory, liquidity premium

(preferred habitat) theories produce yield curves that are more
steeply upward sloped

Liquidity Premium (Preferred Habitat) Theory
|

Explains all 3 Facts

- Explainsfact one in the same way as expectations
theory

- Explainsfacttwo in the same way as expectations
theory

- Explainsfactthree in the same way asthe segmente
market theory

Interpreting Yield Curves
|

Future short term interest
rates are expected to rise
under both expectations
theory and liquidity preference
theory.
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Interpreting Yield Curves

Future short term interest
rates are expected to rise
under expectations theory, but
future short term interest rates
are expected to remain
constant under liquidity
preference theory.

Interpreting Yield Curves

Future short term interest
rates are expected to remain
constant under expectations
theory, but future short term
interest rates are expected to
fall under liquidity preference
theory.

Interpreting Yield Curves

Future short term interest
rates are expected to fall
under both expectations
theory and liquidity preference
theory.
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