Econ3321 Chapter 4: Financial Markets 4 ale tana

The model of economic activity we developed in Chapter 3 did not include an interest rate, so there was no role
for the central bank and its chair. This was a strong simplification, and it is time to relax it. In this chapter, we
shall introduce the simplest model needed to think about the determination of the interest rate and the role of
the central bank, a model in which people face a simple portfolio choice, whether to hold money or to hold
bonds.

In that model, we can think of the interest rate as determined by the demand of money and the supply for
money. Then, in the next chapter, we shall look at how the interest rate in turn affects demand and output. This
simple model does not, however, do justice to the complexity of the financial system.

The Demand for Money

Money and wealth

Suppose, as a result of having steadily saved part of your income in the past, your financial wealth today is
$50,000. You may intend to keep saving in the future and increase your wealth further, but its value today is
given. Suppose also that you only have the choice between two assets, money and bonds:
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= Money, which you can use for transactions, pays no interest. In the real world.

There are two types of money: currency, coins and bills, and checkable deposits, the bank deposits on which
you can write checks. The sum of currency and checkable deposits is called M1.

* Bonds pay a positive interest rate (i) but they cannot be used for transactions.

There are many types of bonds and other financial assets, each associated with a specific interest rate. For

the time being, we will also ignore this aspect of reality and assume that there is just one type of bond and

that it pays, (i) the rate of interest. ) ) ‘
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Assume that buying or selling bonds implies some cost; for example, a phone calls to your broker and the
payment of a transaction fee. How much of your $50,000 should you hold in money, and how much in bonds?
On the one hand, holding all your wealth in the form of money is clearly very convenient. You won'’t ever need
to call a broker or pay transaction fees. But it also means you will receive no interest income. On the other
hand, if you hold all your wealth in the form of bonds, you will earn interest on the full amount, but you will have
to call your broker frequently—whenever you need money to take the subway, pay for a cup of coffee, and so
on. This is a rather inconvenient way of going through life.
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Therefore, it is clear that you should hold both money and bonds. But in what proportions? This will depend
mainly on two variables:

e Your level of transactions. You will want to have enough money on hand to avoid having to sell bonds
whenever you need money.
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e The interest rate on bonds. The only reason to hold any of your wealth in bonds is that they pay interest. If
bonds paid zero interest, you would want to hold all of your wealth in the form of money because it is more
convenient. The higher the interest rate, the more you will be willing to deal with the hassle and costs
associated with buying and selling bonds.
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Deriving the Demand for Money

Denote the amount of money people want to hold—their demand for money—by M%. The demand for money in
the economy as a whole is just the sum of all the individual demands for money by the people in the economy.
Therefore, it depends on the overall level of transactions in the economy and on the interest rate.
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The overall level of transactions in the economy is hard to measure, but it is likely to be roughly proportional to
nominal income (income measured in dollars). If nominal income were to increase by 10%, it is reasonable to
think that the dollar value of transactions in the economy would also increase by roughly 10%. So we can write
the relation between the demand for money, nhominal income, and the interest rate as:

A5 130 (LY sl palaall Jaall) cand) JR0 aa Lok sy ol e OS5 ¢ LaBY) 8 SOl JlaaY) (5 giusall (il Call (e
O ABMa) AUS LSy GUAT Uy 555 710 dopeaty Uyl g Y SLai®Y) 8 Y gally i lalrall A () 2lie V) simall (gad ¢ 710 sy oY) J20
) saill o Bl e g a1 Jaall g 0 il e Callal)

M% = $Y L(i)
+ =)

Where $Y denotes nominal income. Read this equation in the following way: The demand for money M?¢ is
equal to nominal income $Y times a function of the interest rate (i), with the function denoted by L(i).

o The minus sign under i in L(i) captures the fact that the interest rate has a negative effect on money
demand: An increase in the interest rate decreases the demand for money, as people put more of their
wealth into bonds. ‘ ‘
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The demand for money depends negatively on the interest rate: An increase in the interest rate decreases
the demand for money.

i T M

o The demand for money increases in proportion to nominal income. If nominal income doubles, increasing
from $Y to $2Y, then the demand for money also doubles, increasing from $Y L(i) to $2YL(i).
$y T = M4 T
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The relation between the demand for money, and the interest rate implied by
equation Md = $Y L(i) is shown in Figure. The interest rate (i) is measured on
the vertical axis. Money (M) is measured on the horizontal axis.

Interest rate, i

The relation between the demand for money and the interest rate for a given level
of nominal income $Y is represented by the M? curve. The curve is downward
sloping: The lower the interest rate (the lower i), the higher the amounts of money A
people want to hold (the higher M).

Money, M
Example
Suppose that a person’s yearly income is $60,000. Also suppose that this person’s money demand function is
given by: M4 = $Y (0.35— i)
1. What is this person’s demand for money when the interest rate is 5%7? 10%7?

M4 = $Y (0.35—1i) = 60,000 * (0.35 — 0.05) = $18,000

M4 = $Y (0.35—1i) = 60,000 * (0.35 — 0.10) = $15,000
2. Explain how the interest rate affects money demand

An increase in the interest rate from 5% to 10% decreases the demand for money from $18,000 to $15,000

3. Suppose that the interest rate is 10%. In percentage terms, what happens to this person’s demand for
money if her yearly income is reduced by 50%7?

M? = $y (0.35—1i) = 30,000 = (0.35 — 0.10) = $7,500

7,500—15,000 —7,500
——— % 100% = *
15,000 15,000

Percentage change in money demand = 100% = —50% (reduced by 50%)

Example
Suppose that a person’s wealth is $50,000 and that her yearly income is $60,000. Also suppose that her

money demand function is given by M¢ = $Y (0.35- i)
A. Derive the demand for bonds.
Demand for bonds (B%) = wealth - demand for money
B =W — M%=50,000 — [60,000 (0.35 — i)]
B% = 50,000 — (21,000 — 60,000 i)
B% = 29,000 + 60,000 i
B. Suppose the interest rate increases by 10 percentage points. What is the effect on the demand for bonds?
B% = 29,000 + 60,000 i : as interest rate increase , demand for bond increase
AB? = 60,000Ai — AB® = 60,000 * (10%) = 6,000

Demand for bond increase by 6,000
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The effect of an increase in nominal income on the demand for money

For a given interest rate, an increase in nominal income increases the demand for money. In other words, an
increase in nominal income shifts the demand for money to the right, from M4 to M%'. For example, at interest
rate / an increase in nominal income from $Y to $Y’ increases the demand for money from M to M’.
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income $Y)
M M’
Money, M

Determining the Interest Rate

Having looked at the demand for money, we now look at the supply of money and then at the equilibrium.

In the real world, there are two types of money: checkable deposits, which are supplied by banks, and currency,
which is supplied by the central bank. In this section, we will assume that checkable deposits do not exist—that
the only money in the economy is currency. In the next section, we will reintroduce checkable deposits, and
look at the role banks play.

Money Demand, Money Supply, and the Equilibrium Interest Rate

Suppose the central bank decides to supply an amount of money equalto M, so MS = M

Equilibrium in financial markets requires that money supply be equal to money demand, that M5 = M, Then,
using MS = M and M% = $Y L(i)

The equilibrium condition is Money supply = Money demand: M = $Y L(i)

This equilibrium condition is represented graphically in Figure below.
As in the Figure, money is measured on the horizontal axis, and the
interest rate is measured on the vertical axis. The demand for money, Money Supply
M?, drawn for a given level of nominal income, $Y, is downward M#

sloping: A higher interest rate implies a lower demand for money. The
supply of money is drawn as the vertical line denoted M5: The money
supply equals M and is independent of the interest rate. Equilibrium
occurs at point A, and the equilibrium interest rate is given by i.

Interest rate, i

Money Demand
Md
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Example

Suppose that money demand is given by: M4 = $Y (0.25 — i)
Where $Y is $100. Also, suppose that the supply of money is $20.
A. What is the equilibrium interest rate?

At equilibrium: M5 = $Y L(i) - 20=100 (0.25 — i)

20=25-100i —-100i=5

| — —— = F§0,
£= 100 = 2%

B. If the central Bank wants to increase i by 10 percentage points, at what level should it set the supply of
money?

i by 10 percentage points — new interest rate = 5% + 10% = 15%
MS = $y (0.25—i) - MS =100 (0.25-0.15) - M5 =10

Money supply decrease from $20 to $10

The effects of an increase in nominal income on the interest rate

The initial equilibrium is at point A. An increase in nominal income from $Y to $Y'’increase the level of
transaction which increase the demand for money at any interest rate. The money demand curve shifts to the
right, from M9 to M%'. The equilibrium moves from A up to A’ the equilibrium interest rate increases from i o i’

In words: An increase in nominal income leads to an increase in the interest rate. The reason: At the initial
interest rate, the demand for money exceeds the supply. An increase in the interest rate is needed to decrease
the amount of money people want to hold and to reestablish equilibrium.
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The effects of an increase in the money supply on the interest rate.

The initial equilibrium is at point A, with interest rate i. An increase in the money supply, from M5 to M%', leads
to a shift of the money supply curve to the right, from M5 to MS'. The equilibrium moves from A down to 4’; the
interest rate decreases from i to i'.

In words: an increase in the supply of money by the central bank leads to a decrease in the interest rate. The
decrease in the interest rate increases the demand for money so it equals the now larger money supply.

Interest rate, i

M M
Money, M

Monetary Policy and Open Market Operations

Open market operations, the way central banks change the supply of money is by buying or selling bonds in the
bond market.

If a central bank wants to increase the amount of money in the economy, it buys bonds and pays for them by
creating money. If it wants to decrease the amount of money in the economy, it sells bonds and removes from
circulation the money it receives in exchange for the bonds. These actions are called open market operations
because they take place in the “open market” for bonds.

o If the central bank buys, say, $1 million worth of bonds, the amount of bonds it holds is higher by $1 million,
and so is the amount of money in the economy. Such an operation is called an expansionary open market
operation, because the central bank increases (expands) the supply of money.

If the central bank buy bonds in open market operation —  money supply increase
o If the central bank sells $1 million worth of bonds, both the amount of bonds held by the central bank and
the amount of money in the economy are lower by $1 million. Such an operation is called a contractionary

open market operation, because the central bank decreases (contracts) the supply of money.

If the central bank sells bonds in open market operation = money supply decreases
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The Supply and the Demand for Central Bank Money

v" The demand for central bank money is equal to the demand for currency by people plus the demand for
reserves by banks.

v The supply of central bank money is under the direct control of the central bank.

v" The equilibrium interest rate is such that the demand and the supply for central bank money are equal.

The demand for money by people is for both checkable deposits and currency. Because banks have to hold
reserves against checkable deposits, the demand for checkable deposits leads to a demand for reserves by
banks. Consequently, the demand for central bank money is equal to the demand for reserves by banks plus

the demand for currency. The supply of central bank money is determined by the central bank. The interest rate
must be such that the demand and the supply of central bank money are equal.

The Demand for Money

When people can hold both currency and checkable deposits, the demand for money involves two decisions.
First, people must decide how much money to hold. Second, they must decide how much of this money to hold
in currency and how much to hold in checkable deposits.

It is reasonable to assume that the overall demand for money (currency plus checkable deposits) is given by

the same factors as before. People will hold more money the higher the level of transactions and the lower the
interest rate on bonds.

So we can assume that overall money demand is given by: M¢ = $Y L(i)
-)

How do people decide how much to hold in currency, and how much in checkable deposits?

Currency is more convenient for small transactions (it is also more convenient for illegal transactions.) Checks
are more convenient for large transactions. Holding money in your checking account is safer than holding cash.

Assume that people hold a fixed proportion of their money in currency (call this proportion ¢) and, by
implication, a fixed proportion (1 - ¢) in checkable deposits. Call the demand for currency CU¢ Call the demand
for checkable deposits D¢. The two demands are given by:

cU4 = cM?

D¢ = (1-c)M?

The Demand for Reserves

The larger the amount of checkable deposits, the larger the amount of reserves the banks must hold. Let 6
(theta) the reserve ratio, the amount of reserves banks hold per dollar of checkable deposits. Let R denote the
reserves of banks. Let D denote the dollar amount of checkable deposits. Then, by the definition of 6, the
following relation holds between Rand D.

R= 60D

If people want to hold D® in deposits, then from equation above, banks must hold 8 D¢ in reserves. The demand
for reserves by banks is given by:
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RY = 0(1-c)M?

The Demand for Central Bank Money

Call H* the demand for central bank money. This demand is equal to the sum of the demand for currency and
the demand for reserves.

H? = CU% +R?
H® = cM% + 6(1-c)M?* = [c+ 6(1-c)]M“
Replace the overall demand for money, MY, by its expression from equation to get:

H® = [c+0(1-0)]$YL®)

Suppose banks doubled the number of locations of ATMs, making them more convenient to use for their
customers. What would happen to the demand for central bank money?

The Determination of the Interest Rate

Let H be the supply of central bank money; H is directly controlled by the central bank (the central bank can
change the amount of H through open market operations).

The equilibrium condition is that the supply of central bank money be equal to the demand for central bank
money:

H = H®

Or, using equations:

H=[c+60-0)]$YLC(®

The supply of central bank money (the left side of equation) is equal to the demand for central bank money (the
right side of equation), which is equal to the term in brackets times the overall demand for money.

Look at the term in brackets. Assume that people held only currency, so ¢ = 1. Then, the term in brackets would

be equal to 1, and the equation would be H = $Y L(i). In this case, people would hold only currency, and
banks would play no role in the supply of money.

Assume that people hold only checkable deposits. /n this case, ¢ = 0, and the term in brackets is equal to 6.
Suppose, for example, that 8 = 0.1, then, the demand for central bank money is equal 10% of the overall
demand for money.

Assume that people hold some checkable deposits (so that ¢ <1), the term in bracket is less than 1: the demand for
central bank money is less than the overall demand for money. This comes from the fact that the demand for
reserves by banks is only a fraction of the demand for checkable deposits.
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Equilibrium in the Market for Central Bank Money

The demand for central bank money is drawn for a given level of nominal income. A higher interest rate implies
a lower demand for central bank money for two reasons: The demand for currency goes down; the demand for
checkable deposits also goes down, leading to a decrease in the demand for reserves by banks. The supply of
money is fixed, and is represented by a vertical line at H. equilibrium is at point A, with interest rate i.

_— Supply of Central
Bank Money

Interestrate, i

_—Demand for Central
Bank Money

Hi = cud + R*

H
Central Bank Money, H

An increase in the supply of central bank money leads to a shift in the vertical supply line to the right. This
leads to a lower interest rate. As before, an increase in central bank money leads to a decrease in the interest
rate. A decrease in central bank money leads to an increase in the interest rate.

The Supply of Money, the Demand for Money, and the Money Multiplier

We can look at the equilibrium in terms of the overall supply and the overall demand for money (currency and
checkable deposits).

To derive an equilibrium condition in term of the overall supply of money and the overall demand for money,
take the equilibrium condition: H = [c + 6 (1 - ¢)] $Y L(i) and divide both sidesby ¢ + 6 (1- ¢).

1

e M = $Y L(0)

The right side of the equation gives the overall demand for money (currency plus checkable deposits). The left
side gives the overall supply of money (currency plus checkable deposits). Condition says that, in equilibrium,
the overall supply and the overall demand of money must be equal.

Because [c + 6 (1 - ¢)] is less than one, the constant term is grater than one. For this reason, this

1
[c+6(1-0)]
constant term is called the money multiplier. The overall supply of money is equal to central bank money times
the money multiplier.

Money multiplier = m

If the money multiplier is 4, for example, then the overall supply of money is equal to 4 times the supply of
central bank money.
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The overall supply of money depends in the on the amount of central bank money, central bank money is often
called high-powered money, or the monetary base. The term high powered reflects the fact that increase in H
leads to more than one for one increase in the overall money supply. In the same way, the term monetary base
reflects the fact that the overall money supply depends ultimately on a "base" - the amount of central bank
money in the economy.

The presence of a multiplier in equation implies that a given change in central bank money has a larger effect
on the money supply—and in turn a larger effect on the interest rate.

To make the arithmetic easier, let’'s consider a special case where people hold only checkable deposits, so ¢ =
0. In this case, the multiplier is 1/6. In other words, an increase of a dollar of high powered money leads to an
increase of 1/8 dollars in the money supply. Assume further that 6 = 0.1, so that the multiplier equals 1/0.1 =
10.

Example
Suppose the following assumptions hold:

- The public holds no currency
- The ratio of reserves to deposits is 0.1
- The demand for money is given by: M4 = $Y (0.8 - 4 1)
Initially, the monetary base is $25 billion and nominal income is $500 billion.
A. What is the demand for central bank money?
The demand for central bank money equal to the sum of the demand for currency and the demand for
reserves
The public holds nocurrency - ¢ =0
The ratio of reserves to depositsis 0.1 - 6 = 10%

Monetary base is $10 billion — H = 25 billion
Nominal income is $500 billion — $Y = 500 billion

H% = CcU% + R
H* = [c + 0 (1-c)] M?
H% = 0 + 0.1(1- 0)500 (0.8 - 4 i)
H% = 50 (0.8- 4i) = 40 - 200i
B. Find the equilibrium interest rate.
The equilibrium condition is that the supply of central bank money be equal to the demand for central bank
money:

H = H%* - 40-200i =25 - 200i =15 - i = 15/200 = 7.5%

C. What is the overall supply of money? Is it equal to the overall demand for money at the interest rate you
found in (b)?

1
[c+6(1—c)

Overall supply of money = ] H = [040.1(1-0)] x25 = 250 billion.
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Overall demand for money = M4 = $Y (0.8 - 4i) = 500(0.8 - 4x 0.075) = 500x 0.5 = 250 billion.

At i = 7.5% : Overall supply of money = Overall demand for money

D. What is the impact on the interest rate if central bank money increased to 30 billion?

The equilibrium condition is that the supply of central bank money be equal to the demand for central bank
money:

H = H% -> 40-200i =30 - 200i =10 - i = 10/200 = 5%

Interest rate decrease to 5%

HI

Interest rate, /
I

7.5% —

N

He

25 30
Central Bank Money, H

E. If the overall money supply increases to $320 billion, what will be the impact on ?
At equilibrium: Overall supply of money = Overall demand for money
320 = M% = $Y (0.8-4i) — 320 = 500(0.8- 4i)
320 = 400- 2,000i = 2000i = 80 — i = 80/2000 = 4%

MS MEi

Interest rate, |

tn

®
I
p=Y

4% — 2
> \
Md

250 320

Money, M
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