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Money and Output: Correlation or Causality?

A puzzle

Al the center of monetary economics is a
puzzling observation: innovations (unexpected
surges) in the nation’s total supply of money are
historically correlated with innovations in real out-
put. Stunclard monetary economics can casily explain
why an increase in the number of dollars will
increase the prices of goods and thus nominal out-
put. the dollar value of the economy’s production.

But why should the number of nearly ficti-
tious items called dollars be linked 1o the amount
of real goods produced by workers and machines?
Can dollars make workers more intelligent or
reduce the breakdown of machinery?

The question is of interest to policymakers
as well as academics. The Federal Reserve System
has a great deal of control over the money supply
of the United States. If changes in the money
supply truly cause changes in real output, the Fed
can stimulate (or hold back) the nation’s real
production by manipulating the money supply. A
moderation of the business cycle might then be
within the powers of the Federal Reserve. If,
instead, changes in the money supply have no
effect on real output, then efforts to stimulate the
cconomy through money supply increases will
result only in inflation

That changes in the money supply cause the
changes in real output is only one way to inter-
pret the observed correlation between the two. It
might also be that the output changes cause the
money supply to change or that both the money
supply and output are reacting to innovations in
some third factor. This last possibility is the focus
of this article.

Friedman and Schwartz in their historical
studies (1963a and 1963b) brought the positive
correlation between the money supply and real
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output to the attention of the profession. Positive
innovations in the total stock of money were
found to occur during expansions in real eco-
nomic activity and negative innovations during
recessions. In addition, Sims (1972) found that the
innovations in the money stock preceded the
innovations in output, Past innovations in output
were of no help in predicting changes in the
money stock, but past innovations in the money
stock could help predict changes in output.' This
finding led some in the profession to believe that
the money stock innovations caused the output
innovations.*

However, the usefulness of the money/
output correlation as a guide for monetary policy
is challenged by the observation that while innova-
tions in the total money stock are strongly corre-
lated with output, innovations in the monetary
base—the money distributed by the Federal
Reserve—are not. Cagan (1965), Sims (1972), and
King and Plosser (1984) all find that innovations
in output are more strongly linked to innovations
in inside money—that part of the money stock

When interest rates were included in the studies with maney
and output, it was found by Sims (1980) and by Litterman
and Weiss { 1985) that their innovations, nol those of money,
helped predict oulput. Stock and Watson (1989) find that
detrending the money dala restores much of the predictive
content of monetary data See Stock and Walson for a
summary of recent investigations into the money/output
correlation

In opposition to this belief, Tobin (1870) argued that the
precedence of the changes in money did nol imply that
money changes caused the oulput changes His reason-
ing, that the Federal Reserve might be forward-looking,
differs from the reasoning to be presented here
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consisting of deposits at banks—than to innova-
tions in the money issued by the Federal Reserve,
or outside money. This observation is the key to
the explanation of the money/output puzzle that I
will now propose.

An explanation

Some definitions. To study the links between
money and output, it is essential to identify care-
fully the components of each. First, a definition
of real output is needed. In any period f+1, real
output (GNP,,)) is an increasing function F(...) of
its inputs. For simplicity, I limit the list to the two
most obvious, current labor (Z,,,) and previously
created capital (K). An important but realistic
assumption is that new investment in capital
cannot produce goods instantly—factories take
time to build. I also assume that the productivity
of these inputs is subject to random shocks, which
I represent with a parameter x,, . We can now

el
represent real output in the following way:

(1 GNP,

1+ = 'rn IF( !‘i-l ‘Kr )
Capital may come from two sources, direct
investment by individuals (K ) and investment

financed by bank loans (H), implying
(2) GNP, =x,, F(I,, K +H,).

The money supply in some period 1 (MS,) is
defined as the total dollar value of assets readily
used in making purchases—currency and liquid
(checkable) deposits at banks and similar financial
intermediaries,* which can be written

! Each measure of money calculated by the Federal Reserve
includes both currency and some deposits The measures
differ by the variety of deposits included, but that need not
concern us here Most of the empirical studies looked at the
most restrictive definition, called M1

If there were no holdings of currency, the money multiplier
would simplify [0 the inverse of the reserve-to-deposil ratio,
which is the money multipher often taught in introductory
textbooks

(3) MS, = nominal currency + nominal deposils.

Currency consists solely of notes and coins
issued by the Federal Reserve. Deposits are more
complex; they are not simply held as cash in the
vaults of banks. A fraction of deposits is held as
noninterest-bearing reserves in bank vaults and at
the Federal Reserve; the rest is lent to businesses
and home buyers for the interest it generates. In
this way, bank deposits are (partially) backed by
capital, be it the investments of businesses or
housing. Let us therefore call the interest-bearing
assets of banks intermediated capital, capital that
is invested from funds gathered by banks. This
leads to the equation

(4)  nominal deposits = nominal reserves
+ nominal intermediated capital.

Together, equations 3 and 4 imply that

(5) MS, = nominal currency + nominal reserves
+ nominal intermediated capital.

By law, currency and reserves can only be
held in the form of noninterest-bearing fiat money,
money created by the Federal Reserve. Therefore,
these two terms are combined in equation 3 to get

6) MsS,

nominal fiat money
+ nominal intermediated capital
= nominal fiat money

a nominal intermediated capital
» ;5

nominal fiat money

Equation 6 reveals that the total money supply
equals the stock of fiat money times an expres-
sion I will refer to as the money multiplier. The
money multiplier is 1 plus the ratio of intermedi-
ated capital to fiat money." The stock of fiat
money, often called the monetary base—or high-
powered money—is always known, as it is chosen
by the Federal Reserve. The money multiplier
then reveals the total money supply for any given
value of the monetary base. Consider some
examples. Suppose that people hold currency but
no deposits. The money multiplier is then simply
1, implying that the total money supply is simply
the supply of fiat money, all of it used as currency.
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As the use of deposits expands, there is now some
money backed by intermediated capital in addition
to the money backed by the monetary base, so
that for any given level of the monetary base,
there is more total money

Let me introduce some notation to make
equation 6 more readable and useful. Let M,
denote the nominal stock of fiat money, the mone-
tary base, and let Q, denote the real demand for
fiat money, the number of goods that people will

give up to get the fiat money balances they desire.

Recall that H, denotes the real stock of intermedi-
ated capital. A nominal value of a variable is the
product of the price level (p,)—an average of the
prices of goods—and its real value, the goods that
can be purchased by the nominal value. This
implies that

(7)  nominal intermediated capital = p H, , and
(8) nominal fiat money =M, = p Q,.

If one substitutes these expressions into equation 6
and divides the top and bottom of the fraction by
the price level, the money multiplier is expressed
in real terms, which will help link it to real
output. This we do in equation 9:

(9) MS,:M,(1+'°*—"’*)=M,(1+%).

(==

Notice that there are two possible sources of
fluctuations in the total money supply—changes in
the monetary base and changes in the money
multiplier. Changes in the monetary base are
caused by actions of the Federal Reserve. Changes
in the money multiplier, however, can occur if
changes occur in the ratio of intermediated capital
to fiat money, a ratio affected by a private deci-
sion—how much money to hold in currency and
deposits. The more people favor deposits relative
to currency, the greater the money multiplier and
the total money stock; that is, for each unbacked
dollar of the monetary base (fiat money), there
are more dollars backed by bank loans and more
money in total when the ratio of deposits to
currency increases.

What might influence an individual’s choice
of deposits or currency? It is reasonable to expect
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that the choice will be influenced by the person’s
relative costs and rates of return. Currency is
generally the more convenient of the two, at least
for small transactions; it takes less time and effort
to use than checks drawn on bank deposits.
Deposits, however, offer interest and thus a better
rate of return. Most of us hold both deposits and
currency, balancing their relative costs and
returns. It follows that if the costs of one relative
to the other increase, less will be held of that
form of money. Similarly, if the rate of return of
one should rise, more of that form of money will
be held.?

Banks also face a choice of how to allocate
the deposits they receive between interest-bearing
assets and reserves, Reserves, whether held as
vault cash or as deposits with the Federal Reserve,
represent funds that banks can use to make pay-
ments at little cost, but they pay no interest.
Therefore, the higher the rate of return available
to banks, the less banks will want to keep in
reserves and the more they will want to invest in
interest-bearing assets. In recent decades of high
interest rates, banks have tended to hold as reserves
only the minimum required by the Federal Reserve.
In earlier decades, when interest rates were lower,
notably during the Great Depression, banks often
held more reserves than required.

The money/output correlation. The empirical
studies of Cagan and the others listed above
found that changes in output are correlated with
changes in the money multiplier. Let us examine
an example of how this correlation might come
about.”

# While most of us may not pay much altention to the currency
balances we hold, this decision is not trivial for those
handling large amounts of currency on which the foregone
interest may be substantial,

=

The explanation of the money/output correlation presented
here is taken from Freeman and Huffman (1991}, which
drew on ideas from Sargent and Wallace (1982) and Free-
man (1986) The example presented is only one of many
possible causes of a money/foutput correlation. It ts pre-
sented as an illustration, not as an assertion that it is the only
possible cause See Tobin (1970) and McCallum (1983) for
alternative explanations



Suppose some random event” leads people
to believe that capital will be less productive (and
thus offer to pay a lower rate of return) in the
next period. A likely reaction of investors will be
to invest less in the current period. Not only will
direct investment (K) fall, but so will investment
financed through bank loans (H). The effect on
real output is clear: it will fall in the next period
as the result of both the lower productivity of
capital and the lower investment. In addition, the
flow of savings from investment to other assets
will drive down the real interest rate of all assets

What is the effect on the money supply,
MS, =M, (1+ 1 )? The low return on capital does

!

nothing to change the monetary base, M, but what

it Hos :
about the money multiplier, (1 +§’ )? Faced with
4

a reduction in the loans they can make (H),
banks must either hold more reserves or accept
fewer deposits by lowering the rate of return
offered on deposits, thereby encouraging people
to use more currency. The demand for fiat money
(Q)) is therefore increased through some combi-
nation of an increased demand for reserves and
for currency. As we saw above, a decrease in the
ratio of bank loans to fiat money represents a
decrease in the money multiplier, ( l+£.'-) and
£

thus a decrease in the total money supply (MS))

Finally, what is the effect on the price level,
p? The price level can be determined from equa-
tion 8, which tell us that the nominal stock of fiat
money must equal its demand in nominal terms:

Mf = pr!
(10) or p=—=L

The increased demand (increase in Q) for an
unchanged stock of fiat money will raise the value

? Examples include such diverse evenis as political or mili-
tary threals [o oil supphes, summer droughts affecting the
fall harvest, technological changes, or even unfounded
fears of investors, as emphasizedin the Keynesian tradition

of the money: that is, it will lower the price level.
These effects are summarized in Figure 1.

The pattern predicted by this analysis fits the
data puzzled over in the introduction. Changes in
the total nominal money stock are correlated with
changes in real output. ' Moreover, the two move
in the same direction, with the change in money
preceding the change in output. While 1 chose
only one particular shock 1o serve as an illustra-
tion, the money/output correlation is far more
general Look again at the equations defining
output and the money stock:

(2) GNP =x_ F(L K +H), and
H

(9) MS, =M, (1+—L),
Q

Equations 2 and 9 reveal that both output and
the money stock are increasing functions of H,
which represents bank loans or intermediated
capital. Whatever causes bank loans to increase
results in an increase in the money supply and.,
with a delay, in real output (other things being
equal)

Active monetary policy. The Federal Reserve
has considerable control over the total money
supply. Given the observed positive correlation
between money and output, can the Federal
Reserve stimulate the economy by expanding the
stock of money?

Let's try this out. The most direct way to
increase the money stock is to print more fiat
money. Suppose, therefore, that in some period f,
the monetary authority doubles the stock of fiat
money, distributing the new money to people in
proportion 1o their holdings of money so that no
income is redistributed. Will this bring about a
change in real output? No. This is a purely
nominal change, a change in units. Prices will
double, but no real decision will be affected.
People will choose 1o hold the same real value of
deposits, capital, reserves, and currency as before
because no rate of return is changed by this one-
time expansion of the number of dollars. In par-
ticular, the nominal change will not induce any
change in real investment plans or real output.

A policy of printing fiat money whenever inside
money contracts can stabilize the total money
supply and the price level but not real output.
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Figure 1
The Model's Chain of Causes and Effects

An anticipated decline in productivity, x,_ .«
THE REAL SECTOR

Capital fafls, K, 1
| Direct investment falls, P'(r i

Intermediated investment falis, H 1~

e

Output falls, GNP, , |

L]
Fiat money demand rises, @, T
/ < Reserve demand rises /
/;’I Currency demand rises J/
The price level falls, p . /
The money multiplier talls, 1 + H,/Q, -

L]
The total money stock falls, MS, <

Green pieces of paper cannot substitute for the
real capital that banking provides."

Lessons

The above analysis (or “model”) is of interest
not simply because it explains the money/output
correlation. Any clever economist can come up
with a model to explain some single fact. This
particular explanation is especially intriguing
because it not only explains the money/output
correlation but in so doing explains a phenome-
non not generally addressed by traditional models
of money—that inside money is more tightly
linked to output than is the money distributed by
the Federal Reserve.

I cannot claim, however, that this simple model
represents absolute truth or captures every com-
plexity of the behavior of money and output. Never-
theless, this model illustrates two ways in which the
monetary economists and policymakers may have
been misled by the observed money/output correla-
tion. First, the model illustrates why a correlation
observed between two variables does not imply that
one caused the other. Second, it shows how measures
of money may mislead the analysis of monetary
policy by lumping together two very different types
of money. Let us examine these in tumn,
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THE MONETARY SECTOR

Bank loans fall, H,4

Correlation or causality? Although money may
be historically correlated with real output, we see
from the illustration above that this does not
imply that the changes in the money supply cause
the changes in output. In the example studied,
when money and output both fall, both are
reacling to the anticipated decline in the produc-
tivity of capital. As investors anticipate a reduction
in the return from capital, both direct and inter-
mediated investment fall, which reduces output.
The reduction in intermediated investment (bank
loans) implies a reduction in the money multiplier
and the total money stock. The money stock
reacts first because a switch to currency and
reserves can be accomplished instantaneously,
while a reduction in investment will take a period
to reduce output because of the delay between
the act of investment and the output it produces.

* Aninteresting feature of the model in Freeman and Huffman
(1991) and the related mode! of Lacker (1988) is that
anhticipated future inflation can stimulate output by inducing
people to switch from currency to deposits. The effect is a
small one, however, since currency holdings are small
relative to the nation's capital stock



(In many ways this is similar to stock market
drops that occur before recessions. The stock
market can respond instantly to a drop in antici-
pated profits, but it takes time for the related drop
in investment to show up as a drop in output.)
This example demonstrates a common pitfall
in econometric work involving the total money
supply. The money supply is an endogenous
variable: it reacts 1o other changes in the economy.
Therefore, observed correlations between money
and some other endogenous variable (such as out-
put or interest rates) may result from the reactions
of both to some economic event. The observed
correlation and even precedence of money innova-
tions o output innovations in no way implies that
money innovations cause the output innovations.
It is easy to understand that statistical
evidence that any two variables move together
does not prove that changes in either one causes
the changes in the other; a third variable could be
the source of both changes. The simple intuition
underlying this example is that even evidence that
one of the variables changes first does not prove
that the first one to change causes the change in
the other. It may again be a third factor that causes
the other changes, but one variable reacts before
the other. Therefore, as Cooley and LeRoy (1985)
and Leamer (1985) have argued, the direction of a
causal relation cannot be established by the purely
statistical device of establishing which variable
changes first.
The quantity theory. Finally, the example pre-
sented here warns against exclusively focusing on

monetary aggregates that treat inside and outside
money s if they were entirely the same. Inside
money represents deposits invested through
banks into capital projects. In this way there is a
direct link berween inside money and the real
economy. In contrast, outside money (the mone-
tary base, or fiat money created by the Federal
Reserve) represents merely unbacked pieces of
paper with no direct link to real production. It

is not surprising, therefore, that these two forms
of money have very different links to output in
the data.

The quantity theory of money is so named
as a statement that the total quantity of money,
not its composition, matters, This may be true for
the provision of transaction services that money
provides. However, both the data and the theory
described here indicate that the links of money to
real output are very different for inside and
outside money. When measures of money fail to
distinguish between the two, correlations between
inside money and output appear only as correla-
tions between total money and output. Observing
the correlation between total money and output,
the Federal Reserve quite naturally might hope
that the (outside) money the Fed prints will
increase output. These hopes will be disappointed
if output is only related to inside money. If the
money/outpul correlation is to be studied as a
guide to monetary policy, only the links between
output and Federal Reserve actions should be
examined.
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