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How Does the Central Bank Control the
Money Supply?

Monetary authority may wish to regulate money-
creating institutions (i.e. banks) in order to
control the total stock of money or to en-

hance revenue from seigniorage.

Three tools commonly used by central banks:

e Reserve requirements

e Loans to banks

e Exchange of money for interest-bearing
debt



Reserve Requirements

The governments force people to hold fiat
money by requiring financial intermediaries
to hold a legally specified fraction of their
deposits in the form of fiat money.

Hence reserve requirements are the amount
of funds that a depository institution must
hold in reserve against specified deposit lia-
bilities.

In the US, this is held either as cash in their
vault or as deposits with the Federal Reserve
Bank.

In Switzerland the reserve requirement ratio
is currently 2.5%.



Reserve Requirements in the World

Country Reserve Requirement
Mexico None/compulsory deposits
Eurozone 2%
Latvia 3%
Chile 4.5%
China 7%
Bulgaria 8%
Burundi 8.5%
Hungary 8.75%
Ghana 9%
USA 10%
Zambia 17.5%
Croatia 19%
Tajikistan 20%
Suriname 35%
Jordan 80%

Source: Survey done in Sept 2003 among
CBC participants at the Study Center Gerzensee
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An OLG Model with Financial Interme-
diation

Consider an OLG model where the agents
live for 3 periods.

T here are two assets available as we had last
time: Illiquid capital and liquid fiat money.

Money supply grows at rate z > 1, and the
initial middle-aged begin with the stock of
fiat money.

2
Let X > (%) - that is the rate of return on
fiat money for two periods is lower than the
rate of return on capital.

Hence there is role for financial intermedia-
tion.



Assume that the intermediation of capital is
costless and competitive.

For each good deposited at the bank, the
bank is required to hold fiat money worth ~

goods. The rest, (1 —+), can be invested in
capital.

Denote the aggregate deposit at the bank as
H.

A bank's balance sheet |looks like:

Assets Liabilities

Reserves ~vH | Deposits
Interest-bearing Assets (1 —~)H | Net Worth

Total Assets H | Total Liabilities
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Who Demands Money in this Economy?
Only the banks!

Because the young can have deposit accounts
in the banks which give a higher rate of

return. So they do not want to hold fiat
money!

So the demand for money is

Nihipty = My

where hy is the real value of the deposit by a
young person, Nithipy IS the monetary value
of the aggregate deposits at the bank and ~
IS the reserve requirement ratio.



Seigniorage

T he real seigniorage revenue in period t is

My — M;_y My — 1M,

Pt Pt
(1- 1y

bt
(1 — %) Ntht’y

If v increases, then seigniorage revenue in-
creases!



Real Output

The real output in period t is the sum of
the endowments of the young, the return on
capital invested two periods ago, and return
on deposits at the bank from two periods
ago.

GNP = Nty + Ni_oXki_o
aggregate return on capital

endowment  privately invested in t — 2
+ Ny o2 X —9y)h o

return on invterm_ediated
capital invested in t — 2

If v increases, then the real output falls!

Note that M; has no such direct affect on
the real output.



Intuition Why the Real Output Falls when
the Reserve Requirement Ratio increases

An increase in reserve requirements increases
the cost of intermediating. Thus it leads to
less financial intermediation. Less interme-
diated capital implies less real output!
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Rate of Return on Deposits

Denote the one-period gross real rate of re-
turn on deposits as r*.

Recall that we had assumed that the banks
are perfectly competitive. So they make zero
profits, hence the interest rate they give to
the depositors is equal to what they can earn.

Thus
r=a(0) + @ -VE

Denote the one-period return on capital with

VX =z
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So

n
r*=~y— 4+ —yx
© n

—ooofe-

2
Recall that X > (%) . Hence the term in the
parentheses is positive.

If v increases, then r* decreases.

If z increases, then r* decreases.
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Effect of Reserve Requirement on Utility

A higher reserve requirement lowers the util-
ity of future generations by forcing them (in-
directly) to hold more of the asset with the
lower rate of return!

If v increases, then the welfare (utility) of
future generations decrease.
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Monetary Aggregates

There are several measures of money: M1,
M2, M3 and M4.

MO = monetary base (currency)

M1 = MO +checking account deposits (highly
liqguid). This is the narrowest measure of
money.

M2 = M1 4 time deposits 4+ saving deposits

M3 = M2 4 repurchase agreements + money
market fund shares and money market paper
-+ debt securities issued with maturity up to
2 years

These definitions can change from country
to country! There is no universally accepted

method of defining these measures.
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Note: Instead of just adding the different
components of monetary aggregates, some
researchers suggest divisia aggregates which
give different weights to different compo-
nents. This method was seen attractive ear-
lier, because of its microeconomic founda-
tions, yet this index has become less popular
in empirical estimations.
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You can get data on the Swiss monetary ag-
gregates from www.snb.ch
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Back to Our OLG Model

Denote M; the stock of fiat money, so M; is
the monetary base.

Let (M1); be the total nominal stock of de-
posits at banks in period t. In this model
there is no fiat money held outside of the
banks.

Thus
My = ~v(M1)y
So we have
1
(M1) = — My
y ) ~~~
—~— high-powered
money money
multiplier

Note that when ~ increases, then (M1); de-

creases.
17



Is the Model Still Consistent with the
Quantity Theory of Money?

Recall that
_ M
Nyyhy

bt

So
_oy(M1)y  (M1)

t_ p—

Nivhy Nihy

The model is consistent wit the Quantity
Theory of Money. If M1 increases, then p in-
creases proportionally — assuming that Nihy
remains unchanged!
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What is the Effect of an Increase in (M1);
on Seigniorage and Real Output?

The answer depends on the means by which
(M1); is changed!

Suppose that ~ decreases. Then the real
output would go up and the seigniorage rev-
enue would decrease.

If, on the other hand, M; increases, then the

seigniorage revenue would increase. But the
real output would not be affected.

Hence it might be better not to look at M1
when we think about monetary policy.
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Central Bank Lending

If the banks find themselves unexpectedly
short of fiat money and cannot meet the
reserve requirements, they can borrow from
the Central Bank.

In the US the interest rate charged by the
Federal Reserve Bank is called the discount
rate.

20



The banks can also borrow from each other.
The interest rate they charge to other banks
is called the federal funds rate in the US.

It is determined by the market. It has been
always more volatile than the discount rate.
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Central Bank Lending in the OLG Model

Assume that the 6 is the fraction of a bank’s
reserves that can be financed by loans from
the central bank.

A bank with deposits H and reserves of vH
is entitled to borrow 6vH from the central
bank.

Let P represent the total nominal amount
of borrowed reserves. And M; is the stock of
fiat money that has not been borrowed from
the central bank (nonborrowed reserves)

So
_ Iy
2+ M,
(borrowed reserves as a fraction of all re-
serves)
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A profit maximizing bank would acquire addi-

tional interest-bearing assets using the cen-
tral bank loans.

So the balance sheet of the bank looks like:

Assets Liabilities
Reserves vH | Deposits H
Interest-bearing A.  évH + (1 —v)H | Loans from the CB ovH
Net Worth 0
Total Assets H 4+ 0yH | Total Liabilities H 4+ oyH
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The demand for fiat money comes from the
reserve requirement again, which may now
be satisfied from a combination of borrowed
and nonborrowed reserves.

Nih; = dvNih M.
Pt Ly pt OYNithy —+ '
required borrowed monetary value of
reserves reserves nonborrowed reserves

Hence the price level is

_ My
(1 —6)vNihy

Pt

24



Note that the price level is higher with the
introduction of central bank lending.

By supplying some of the reserves needed to
meet the reserve requirement, central bank
lending essentially lowers the reserve require-
ment from ~ to ~v(1 — §).

Central bank lending also expands interme-
diated investment.
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The total money supply is also affected.

Y(M1)y = oy(M1) + My

So (M1), = %
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What is the Rate of Return on Deposits?

Let v denote the real gross rate of return
paid on central bank loans.

The total rate of return that the bank re-
ceives on its assets is equal to v(n/z) + [1 —
~(1—46)]z. And the bank has to pay interest
on the loan of é~.

Hence the real rate of return on deposits is:

r =vg+ [1 —~(1 = 0)]z — oy

Furthermore, if ¥ = x, then

r*=’yg—|—(1—5)x

So the rate of return is unaffected by central

bank lending.
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Open Market Operations

A purchase or sale of an interest-paying asset
by the monetary authority is called an open
market operation.

So the central bank becomes a financial in-
termediary itself!
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Open market operations are sales and pur-
chases of (usually) government securities in
the open market.

Open market purchases expand reserves and
the monetary base, thereby raising the money
supply and lowering the short-term interest
rate.

Open market sales shrink reserves and the
monetary base, lowering the money supply
and raising short-term interest rates.

This is the primary way a central bank gener-
ates changes in the monetary base and hence
in the money supply.
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For example, in the US, open market opera-
tions involve government bonds, rather than
private bonds, mortgages, shares in firms,
and so on. That is because the Fed does
not hold these types of private obligations.
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Advantages of OMO

The central bank has control of the volume
— effect on the monteary base is much more
certain than on reserves.

OMO are flexible and precise.

OMO are easily reversed. Counteract mis-
takes.

OMO can be quickly implemented.
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General Trends

Recently, there has been greater importance
of OMQO as a tool for monetary policy.

Reserve requirements have declined world-
wide.

There has been less reliance on the discount
window.
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In Switzerland

The Swiss National Bank implements its mon-
etary policy by influencing interest rates on
the money market.

It sets a target range for the three-month
Libor, the economically most significant money
market rate for Swiss franc investments.

LIBOR stands for the London Interbank Of-
fered Rate and is the rate of interest at which
banks borrow funds from other banks, in
marketable size, in the London interbank mar-
ket.
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The SNB influences the three-month Libor
mainly through short-term repo transactions
(repurchase agreements), its chief monetary
policy instrument.

It can prevent an undesirable rise in the three-
month Libor rate by supplying the banks with
additional liquidity through repo operations
at lower repo rates (creating liquidity).

Conversely, by injecting less liquidity or in-
creasing repo rates the National Bank in-
duces an upward interest rate movement (ab-
sorbing liquidity).
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Repo rates cannot be directly compared with
the Libor.

As a rule, the three-month Libor is higher
for two reasons. First, the Libor refers to an
unsecured loan, whereas the repo rate is the
price for a loan backed by securities. The
Libor thus contains a credit risk premium.
Second, maturities for repo transactions are
usually shorter than three months and there-
fore have a lower maturity premium than the
three-month Libor.
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If a bank urgently needs liquidity which can-
not be obtained in the money market, it may
receive an advance against securities
(Lombard loan) from the SNB.

A Lombard loan, however, is limited to the
amount of collateral provided in the form
of securities and granted only at the official
LLombard rate.

The SNB always keeps the Lombard rate
rate at two percentage points above the
call money rate to discourage banks from
using the Lombard loan as a permanent source
of refinancing.
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Link Between Money Supply and Interest
Rates

The central banks do not control the interest
rates directly. They can target interest rates,
but they use other instruments to hit the
targets, such as open market operations.

Open market operations adjust the supply of
reserves in the banking system so that the
central bank can achieve a target interest
rate.
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Two Contradictory Views

1. Liquidity Effect

According to this view, money demand is a
decreasing function of the nominal interest
rate because the interest rate is the oppor-
tunity cost of holding cash (liquidity).

So a decrease in the supply of money must
cause interest rates to increase in order to
keep the money market in equilibrium.
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2. Fisher Effect

The Fisher equation states that the nominal
interest rate equals the real interest rate plus
the expected rate of inflation (Fisher 1896).

Riy1 =141 + Elmygq]

If monetary policy does not affect the real
interest rate, then the Fisher equation im-
plies that higher nominal interest rates are
associated with higher rates of inflation.

Since in the long run, high inflation rates are
associated with high money growth rates,
the Fisher equation suggests that

Money supply T = E(x) T = nominal interest
rates 7.
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Thus the interest rate could react to a mon-
etary expansion by increasing or decreasing!

Liquidity Effect |
Fisher Effect [Inflationary Expectations] 7
Price and Income Effects T

Ultimately, the answer is quantitative! We
need to measure the impact of an increase
in money supply on interest rates and the
impact might be different in short and long-
term (dynamics).
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Dynamics of Interest Rate Adjustment
The liquidity effect is likely to be short term.

The income and price effects are likely to be
longer term (sticky prices, adjustment costs).

Inflationary expectations may be slow or quick
to adjust (speed may depend on past infla-
tionary experiences).
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~
Liquidity Price, Income and Inflationary
Effect Expectations

~
Liquidity Price, Income and Inflationary
Effect Expectations

Vil

——X >
Liquidity  Price and Tncome Effects
Effectand

Inflationary Exp.
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How do interest rates react over time to
a one-time surprise monetary expansion?

We need to find the impulse response func-
tion.

First we estimate the dynamic relationship
between money supply and interest rates us-
ing VAR (Vector Autoregression).

it = a1 + B119—1 + B12Amy_1 + uy

Amy = ap + B2114—1 + BooAmy_1 + €4

Note: Money supply is first-differenced to
ensure stationarity.

First estimate those equations with the avail-
able data. Then let v+ = 0, and let ¢, = o
only for one t and zero afterwards. Then cal-
culate i; for each t and draw its graph (this

is the impulse response function).
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What does the international evidence say?

Lastrapes (1998) documents that for most
OECD countries: Initial effect: monetary ex-
pansion = interest rates decrease.

Consistent with slow updating of inflationary
expectations

Halabi and Lastrapes (2002) show that for
Chile, a country with a recent history of high
inflation: Initial effect: monetary expansion
= interest rates increase.

Consistent with fast updating of inflationary
expectations!
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Reminder

Problem Set # 4 is due on Friday, January
13, 2006.

Next class is on Friday, January 13, 2006.

Happy Holidays!
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