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When, in August, I chose a title for
these remarks I thought my approach
would be academic in tone.  Little

did I guess that the topic would be imme-
diate and obvious because of the press of
events, both abroad and at home.  Uncertain-
ties abound in today’s environment.  I must
say, though, that the uncertainties we face
have been in the background all along.  What
is different at the moment, and worth remem-
bering, is that the uncertainties are simply
very obvious right now.

I have long been interested in the analy-
sis of monetary policy under uncertainty.
The problems arise from what we do not
know; we must deal with the uncertainty
from the base of what we do know.  The gen-
eral public seems to have a vastly unrealistic
view of how much the Fed knows, and
sometimes assumes that the problem is
simply that the issues are so complicated
that only the experts can understand them.
In fact, the basic issues of uncertainty can be
explained quite readily.

I will, shortly, talk more precisely
about the current policy situation facing
the Fed, but before getting into current

issues, I do want to indulge my academic
proclivities by providing an outline of the
sources of uncertainty we face.  

SOURCES OF UNCERTAINTY
I divide the sources of uncertainty fac-

ing the monetary policymaker into five cate-
gories:  1) the data; 2) future events, shocks
and disturbances; 3) how the economy
works; 4) market reactions to Fed policy;
and 5) market anticipations of Fed policy.
Let me talk briefly about each of these and
then turn to a policy framework for deal-
ing with uncertainties.

Data
Economics is an empirical science, and

the lifeblood of every empirical science is the
data necessary to confirm theoretical propo-
sitions and to establish the regularities upon
which scientific inference depends.  U.S. data
are pretty good, but we are constantly finding
gaps and questionable areas in our base of
empirical knowledge.  Day in and day out
we struggle to interpret the flow of current
information and must always be alert to var-
ious possible anomalies and biases.  Let me
provide just one example that has been of
interest in recent quarters.

Measuring wage inflation is of tremen-
dous importance in trying to understand
whether unexpectedly robust growth in
nominal demand is feeding through not
only to lower unemployment but also to
higher than desired increases in wages.
For tracking wages, I rely heavily on the
Employment Cost Index (ECI), for that index
is constructed to provide the best possible
measure of increases in labor compensation.
A key feature of the index is that it tracks
compensation changes occupation by
occupation, position by position, and is
meant to be free of distortions that arise
from changes in the industry composition
of employment and the percentage of over-
time in total employment.  The question
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that analysts must deal with now is whether
wage inflation may be taking the form of
promotions to higher grades in firms’
employment ladders.  That type of wage
inflation would not show up in the ECI,
which tracks changes in compensation
grade by grade.

Future Events
The course of the economy will 

obviously depend on things that happen
in the future.  Because of the lags in 
the effects of policy changes, I want 
the Fed to act ahead of future events 
that would require policy adjustments.
Yet, my crystal ball is little better than
anyone else’s.  The private market did 
not foresee the severity of developments
in Asia, nor did I.  Obviously, every 
forecaster does the very best he can 
at forecasting the future, but, without
question, the difference between what
actually happens and the forecast can be
very large indeed.

How the Economy Works
The interplay of developments in eco-

nomic theory and empirical observation
has enormously improved our understand-
ing of the macro economy over the last 50
years.  Yet, there are extremely important
areas subject to wide dispute.  A key area
today, and much in the news, is the mag-
nitude of the wealth effect on household
spending.  The recent decline in the stock
market may depress consumption spend-
ing substantially, or maybe it won’t.  In
recent years, consumption spending has
been high relative to the current flow of
disposable income.  It is certainly consis-
tent with the hypothesis of a substantial
wealth effect to observe this low saving
rate out of current income.  Households
have been relying on the appreciation in
the stock market to increase wealth, and
have, therefore, felt comfortable in spend-
ing a large fraction of current disposable
income.  Under this argument, the decline
in the stock market should indeed be
expected to reduce consumption.  How-

ever, the effects may come about with a
long lag, and there are other possible hypo-
theses to explain the high level of consump-
tion in recent years.  The fact of the matter
is that I really am not confident about the
size of the wealth effect.

Market Reactions to Fed Policy
The economy’s response to a Fed policy

adjustment will depend importantly on whether
the market believes the policy adjustment
is temporary, permanent, or the first of a series
of policy adjustments in the same direction.
I want to separate this discussion from the
immediate policy situation, so let’s think
back to a year ago (before I arrived at the
St. Louis Fed).  At that time, the economy
was growing robustly, and there were pos-
sible signs of overheating.  Suppose that last
fall the Fed had raised the federal funds
rate by 25 basis points.  The economy’s
response would presumably have been
minimal if the market anticipated that the
Fed was going to bring the funds rate back
to 5

1–
2 percent in a matter of a few months.

Or, the economy’s response would be some-
what greater if the market believed that the
25 basis point increase was likely to remain
in effect for, say, a year.  The effect on the
economy would have been even larger if
the market viewed the funds rate as the
first of a series of increases.

Everyone, both inside the Fed and out,
is well aware of this argument.  But at the
time the Fed is considering a policy change,
I have little insight into how the market will
actually react to a policy change of 25 basis
points in the funds rate.  To some extent,
the Fed can shape this reaction by what it
says, but I am not myself confident that I
can predict the reaction.

Moreover, uncertainty about how the
market will react is by no means the end of
the matter.  If a Fed policy adjustment
takes the market largely by surprise as was
the case with the increase in the funds rate
in February 1994, the market reaction may
be one of wholesale revision of expecta-
tions about the state of the economy.  If
the market believes the inflation environ-
ment is benign, for example, and the Fed
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tightens policy, the market may then sud-
denly develop a case of inflation jitters
simply because it believes that the Fed has
a case of inflation jitters.  (Of course, the
Fed never has “jitters” only “concerns.”)
Still, this problem of making the market’s
judgments coincide with the Fed’s judg-
ments is an extremely difficult part of the
policy problem the Fed faces.  One of the
biggest risks we face is a gap between the
market’s expectation of Fed policy and
what the Fed actually does.

Market Anticipations of Fed Policy
Closely related to the problem of

uncertainty over market reactions to 
Fed policy is the uncertainty of market
anticipations of Fed policy.  The diffi-
culty here is that the Fed should not
adjust policy simply because the mar-
ket expects it.  That said, mistaken 
decisions in private markets may arise 
if Federal Reserve policy does not 
match the anticipated policy.

DEALING WITH
UNCERTAINTY

So, what do we do? At the outset, we
need to be clear about several things.  First
of all, at any given time the Fed receives an
ample amount of advice from every direc-
tion and, therefore, after the fact someone
or other will always have had things pegged
better than the Fed did.  But that is not the
right criterion for judging the wisdom of
policy decisions.  We must make the judg-
ments on the basis of ex ante considerations—
you pay your money and make your bets
before the game is played.  The issue is always
whether the Fed is making a mistake that is
predictable at the time the decision is being
made.  With all of the uncertainties in the
environment, it is rarely the case that the
Fed make obvious ex ante mistakes.  Or at
least so it seems to me in recent years.

Second, we should always keep in mind
that the Federal Reserve has essentially only
one policy instrument.  I like to think of
that instrument as the amount of money the
Fed creates, but for those who prefer to con-

centrate on the federal funds rate, the issue
is exactly the same.  However you put it, the
Fed controls just one policy instrument—
money growth or the funds rate.

With one policy instrument, the Fed
can achieve at best one policy goal.  My
conviction, which I believe is the over-
whelming view in the economics profession,
is that the goal must be the rate of inflation.
If the Federal Reserve is successful in keep-
ing the rate of inflation low and stable if,
roughly speaking, the economy enjoys sus-
tained price stability, then the Fed will
have done its job and done it well.  Price
stability aids the efficiency of the economy
and from recent evidence it also appears to
be helpful in holding down the average
level of unemployment.  But with one
policy instrument, the Fed cannot aim
directly at economic growth, the unemploy-
ment rate, the level of the stock and bond
markets, the exchange rate, the growth of
the Japanese economy, and so forth and so
on.  To use a simple analogy, when driving
a car we need a steering wheel to control
direction, an accelerator and brake to con-
trol speed, and a transmission to control
forward or reverse.  If the only control
instrument available were the steering
wheel, at best we could control direction.
There would be no use in also trying to
control speed.

This point, which is so obvious to pro-
fessional economists, is extremely important
in the current environment.  Many are calling
on the Fed to reduce interest rates to calm
the market.  Some argue that cutting rates
in the United States will promote a more
healthy financial and growth environment
abroad, will ease the pressing financial prob-
lems in Russia, and so forth and so on.  The
fact of the matter is that with one policy
instrument the Federal Reserve cannot do
all of these things.  An attempt to pursue other
objectives that in fact damaged pursuit of price
stability in the United States would only add
to world financial problems.  The most impor-
tant contribution the Federal Reserve can make
is to maintain price stability at home, and the
economic stability that accompanies achieve-
ment of that goal.  Do not misinterpret me;
improving growth prospects in Japan and
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elsewhere around the world is an important
objective.  It is just that, in my judgment,
the Federal Reserve does not have policy
instruments to further this objective.  Of
course, if financial turmoil in the world
threatens to depress the U.S. economy,
then adjustment of U.S. monetary policy is
appropriate, and I have no doubt that the
Fed will make that adjustment when the
case for it is clear.

A second important policy principle
for dealing with uncertainty is that we
need to minimize errors in the market’s
expectation of what the Federal Reserve is
going to do.  These errors can never alto-
gether be eliminated, because what the
Federal Reserve will do depends in good
measure on events that no one can fore-
cast.  But what the Fed can do is to reiter-
ate its conviction that maintaining price
stability is the primary, indeed almost exclu-
sive in my view goal of monetary policy.  I
believe that the market in recent years has
in fact come to interpret the Fed’s actions
and analyses within that context.  The
Federal Reserve should also share its views
with the markets and explain the reasons
for its policy decisions.  This is not by any
means an easy job, because individual FOMC
members may differ on the rationale for a
given policy change.  That is, it is typically
the case that FOMC members can agree on
what to do without being able to agree with
great precision on exactly why the action is
appropriate.  Different economists, quite
naturally, have different views on what the
most compelling circumstances are in any
given situation.

Another important principle is that we
should rely on built-in market stabilizers to
the maximum possible extent.  Let me provide
a very brief background on this important
topic, which is by no means fully explored
or understood at the level of the professional
journal literature.  Chicago-school economists
have long argued that a steady rate of money
growth would set a firm basis for the market
to form expectations about the long-run
course of monetary policy.  Given confidence
in price stability, markets could then respond
to current information and current economic
conditions by adjusting interest rates to

equilibrate saving and investment at full
employment.  This vision of monetary policy
did not ultimately prevail, most likely because
of the disturbances caused by unpredictable
changes in money demand in the short run.
Still, the principle of relying on market
mechanisms to equilibrate markets to the
maximum possible extent still holds.

Under the Fed’s operating procedure
of fixing the federal funds rate in a narrow
range in the short run, it appears that a
built-in stabilizing mechanism, a mecha-
nism not anticipated in the policy debates
of the 1960s and 1970s, does operate.  The
market moves longer-term interest rates by
substantial amounts given the base of the
federal funds rate and given market confi-
dence in continued low inflation.  The federal
funds rate has been constant at 5

1–
2 percent

from March of last year to the time of this
writing.  Over this period, long-term interest
rates fluctuated very substantially.  The way
the process seems to be working is that the
market has increasingly become convinced
of the Federal Reserve’s objective of main-
taining price stability and has been adjusting
longer-term interest rates on the basis of those
firm low-inflation expectations.  As market
rates fluctuate, the incentives for businesses
and households to spend on capital goods
and consumer durables rise and fall.  Of course,
this process can only work if the Federal
Reserve does in fact adjust the funds rate in
due time, as required by emerging economic
conditions.  And that, I believe, is exactly what
the Federal Reserve has done to the best of
its ability.

If I am correct with this analysis, then
the market should have confidence that the
Federal Reserve will adjust the federal funds
rate up or down as required by emerging
developments to keep the economy at low
inflation.  There does seem to be a substantial
amount of room to time these adjustments
so as to further the objective of stability in
growth and employment.  But the key to
this process is that the market must believe
that the Fed’s long-term goal is (after allowing
for the biases in broad price indexes) true
price stability—neither inflation nor deflation.

In setting interest rates, the market
should always concentrate on the funda-
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mentals of the situation, rather than on
trying to guess what the Federal Reserve is
going to do next.  The Fed is concentra-
ting on the fundamentals; if the market is
correct in judging that the fundamentals
will require an interest rate adjustment,
then as the data arrive and future prospects
change the Federal Reserve will indeed
change interest rates in the anticipated
direction.  However, under current circum-
stances, the Federal Reserve does have the
luxury of waiting to be sure that the
fundamentals do indeed point in a partic-
ular direction.  That luxury is an extremely
important gain from the Fed’s investment
in policy credibility.  Because the market
trusts the Fed to keep inflation low and
stable, we do not have large changes in
inflation expectations complicating our
policy decisions.

THE POLICY ENVIRONMENT
TODAY

Applying these comments to today’s
circumstances, it is obvious to everyone
who watches the markets that the level of
interest rates has declined in anticipation
of a Fed easing of the federal funds rate
sometime within the next few months or
few quarters.  I can be quite vague about
the timing because the timing doesn’t
really matter very much to a holder of a
30-year bond.  If the fundamentals do
come in as the market anticipates, and let
me reiterate the importance of that condi-
tional word “if,” then of course the Fed
will act.  However, the possible future
events are by no means one-sided.  If the
situation were perfectly clear, the Federal
Reserve would already have adjusted rates.

I am, I hope, only saying very obvious
things, but it is extremely important that
we be clear about these obvious things to
avoid misinterpretation of the Fed’s policy
and what I am saying about it.  If it turns
out that the economy remains much more
buoyant than the market seems to
anticipate at this time, and especially if it
turns out that we see inflationary pressures
rising, then the next adjustment in interest
rates could be up, rather than down.  Most

of the adjustment would be in market rates,
as new information changes market percep-
tions about the likely course of events.  In
time, the Fed might want to move the funds
rate up under these circumstances, but ana-
lysts should not underestimate the importance
of the built-in stabilizing effects from market
adjustments of interest rates.

My discussion so far has been about
what I call the first great principle of mon-
etary policy—the pursuit day in and day
out of price stability in an environment
inherently riddled with uncertainties.

Let me finish with a brief word about
the second great principle of monetary
policy: the need for the Federal Reserve to
act under extraordinary circumstances to
provide extra liquidity to the marketplace.
Every now and then, a crisis erupts in
which the market mechanism itself breaks
down.  These are rare occurrences, as evi-
denced by the list of events in recent years
that have required extraordinary liquidity
provision.  (The most famous recent case
is the stock market crash of 1987, during
which the market mechanism for trading
equities was under extraordinary stress as
evidenced by trading volume outrunning
the capacity of the marketplace, the panic
conditions, and the concerns over the via-
bility of several securities firms.)  In this
circumstance, the Fed acted vigorously to
provide extra funds to the market until
conditions quieted and the panic subsided.
Another circumstance was the near failure
of Continental Illinois Bank in 1984, during
which the market mechanism for large-bank
CDs was severely strained and spreads widened
as investors developed great uncertainties
about the entire CD market.  The Fed inter-
vened to smooth over that market upset.
Another case was the Penn Central Railroad
bankruptcy in 1970.  In this case, the market
for commercial paper was disrupted.

These infrequent events require prompt
and vigorous Federal Reserve actions to
provide extra liquidity and reassurance to
the market.  The essential feature of these
periods is not only that market prices are
moving, but also that the market mechanism
itself is breaking down in some way.
Remember once again that the Federal
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Reserve has only one policy instrument.
We cannot simultaneously achieve our
goal of price stability and provide support
to each individual market in the economy.
The Fed’s day-in and day-out policy must
be concerned with price stability.  As a nation
we rely on many different mechanisms for
keeping the economy humming along
smoothly and efficiently.  We rely on
private markets with decisions made by
millions of individual participants to solve
problems in the distribution of goods and
in the determination of securities prices.
We rely on the mechanisms of government
spending and taxes and regulation to solve
many other allocation and distribution
problems in our economy.  The Federal
Reserve’s role is a key one, but it is just part
of the society’s mechanism for producing
good outcomes for the long run.

SUMMARY
I’ll finish with a very brief summary of

my analysis.  The Fed faces many uncertain-
ties, and must adjust its one policy instrument
to navigate as best it can this sea of uncer-
tainty.  The fundamental principle is that
the Fed should use that one policy instru-
ment to achieve long-run price stability.
The Fed, by making clear to everyone its
commitment to that goal, is able to rely
increasingly on market adjustments of
interest rates to equilibrate the economy.
The Fed needs to adjust the funds rate
target from time to time, but not day in
and day out.

The second great principle of monetary
policy is that the Fed should stand ready
to provide extra liquidity to stabilize mar-
kets in those rare circumstances that panic
is breaking down the market mechanism
itself.  Because U.S. markets work so well,
extraordinary policy intervention is fortu-
nately extraordinarily rare.

My bottom line is that market participants
should concentrate on the fundamentals,
and so should the Fed.  With success in
maintaining price stability, the Fed will
need to adjust its policy instrument from
time to time, but if the bond traders can
get it right they’ll do much of the stabiliza-

tion work.  We at the Fed can then sit back
and enjoy life.
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Monetary
Theory in  
the Laboratory
John Duffy

INTRODUCTION

During the past few decades, an
increasing number of economists 
have begun conducting controlled

laboratory experiments with paid human
subjects in an effort to test theories of eco-
nomic behavior.  Economists have turned
to laboratory experiments because in many
instances they lack the appropriate nonex-
perimental field data that are required to
test their theories. Economic experiments
usually involve groups of subjects,
typically college students, who play simple
economic decision-making games and are
paid on the basis of the decisions they
make. The games subjects play and the
monetary rewards they can earn in the
experiment are constructed in a manner
that approximates the theoretical environ-
ment being studied so that the data
collected from the experiment can be used
to prove or disprove the theory.

To date, the experimental methodology
has been used primarily by microeconomists
and game theorists to test theories of indi-
vidual or strategic behavior in various
economic environments.1 Using laboratory
experiments, researchers have made substan-
tial inroads in these fields; microeconomists
and game theorists now readily acknowledge
the relevance of using experiments to test
theory and have begun to develop new theo-
ries to explain experimental findings that
are at odds with existing theories.

By contrast, there has been relatively
little use of the experimental methodology
in macroeconomics. A likely explanation is

that the scale of macroeconomic phenomena
is perceived to be too great to be tested in
controlled laboratory experiments with small
groups of subjects. That would almost cer-
tainly be the view, for example, among
applied macroeconomists working with
field data. Today, however, most macroeco-
nomic theorists work with models that
build on explicit microfoundations for the
behavior of individuals. These models often
impose artificial restrictions on individuals’
behavior that are not embodied in any avail-
able field data.  Consequently, it often is not
possible to empirically test the aggregate
predictions that emerge from these models.
Even in those cases where the aggregate
predictions of microfoundation models can
be tested using field data, it is not always
possible to use field data to verify whether
behavior at the individual level adheres to
the predictions or assumptions of these models.

On the other hand, controlled labora-
tory experiments can be used to test both
the aggregate and individual predictions of
microfoundation models. Though econo-
mists need to be wary of generalizing from
the results of laboratory experiments that
involve small groups of subjects to aggre-
gate macroeconomic activity, there should
be somewhat less objection to using exper-
iments to test the predictions of individual
behavior in macroeconomic models with
explicit microfoundations. Because the
predictions of these macroeconomic
models stand on their assumptions of how
individuals behave, laboratory evidence
can test the reasonableness of a particular
model as a characterization of some
macroeconomic activity.  And in the
increasing number of macroeconomic
models that admit multiple equilibria, 
laboratory evidence can be used to guide
researchers toward those equilibria that
subjects perceive as more relevant. Finally,
macroeconomists can use laboratory
methods to conduct policy experiments
that would be impossible to conduct out-
side of the laboratory.

John Duffy is an assistant professor of economics at the University of Pittsburgh and a visiting scholar at the Federal Reserve Bank of St. Louis.
The author thanks Jack Ochs, Michael Pakko, and Joseph Ritter for helpful comments, Nick Meggos for research assistance, and Denise Hazlett
and Shyam Sunder for permission to reproduce figures from their papers.
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3 While there have been many
experiments involving tests of
backward induction, (see, for
example, Smith, Suchanek,
and Williams [1988] and
McKelvey and Palfrey [1992]),
McCabe’s (1989) is the only
one to consider whether sub-
jects apply backward induction
in assessing the value of money.

4 Wallace (1998) proposes that
money should not be a primi-
tive in theories of money.  In
experimental tests of monetary
theories there is a similar dic-
tum:  The goods that are candi-
dates to play the roles of
money should not be referred to
as money; this prevents 
triggering any preconceived
notions that experimental sub-
jects might have regarding the
proper role of a money object.
Hence McCabe and other exper-
imenters testing theories of
money use more neutral terms
like tickets to refer to objects
that may serve as money.
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For these and other reasons, a few
researchers have begun to use laboratory
experiments, as well as survey questionnaires,
to test both the assumptions and predictions
of modern macroeconomic models. This
paper describes some of these studies,
focusing on laboratory tests of various dif-
ferent models of money.2 Though the
major emphasis is on the results obtained
from laboratory studies of monetary theo-
ries, some attention is also devoted to
issues of experimental design. 

THE ROLES AND TYPES 
OF MONEY

Monetary theorists have no single uni-
fied theory of money and do not appear
close to achieving any kind of consensus
on what a reasonable theory might entail.
Instead, there are several different and
competing models of money. Each model
can account for some, but not all, of the
important roles that money plays in the
economy. In reviewing laboratory tests of
these theories it is useful to organize the
discussion around the three major roles of
money.  Money serves as a store of value, as
a medium of exchange, and as a unit of
account. Money is a store of value because
it is believed to retain purchasing power
over time. Money is a medium of exchange
because it is readily accepted in exchange
for goods or services. Finally, money is a
unit of account in that prices of goods and
services are quoted all  in terms of units 
of money.

In the discussion that follows, we will
also make reference to two different types
of money: fiat money and commodity money.
Fiat money is unbacked, intrinsically worth-
less liabilities issued by the government
and declared money by the government’s
fiat power. Dollar bills are an example of
fiat money. Commodity money is an
intrinsically valued good, the value of
which serves as the value of money. Gold
coins are an example of commodity
money. Most of the experimental studies of
money have focused on fiat money because
that is the type of money most commonly
used in the world today.

Money as a Store of Value
For money to serve as a store of value,

economic agents must believe that money
will have value in the future. A necessary
condition for such a belief is that there be
a future.  Suppose it was known that the
world would end at a certain future date.
Would individuals continue to hold money?
According to economic theory, no rational
individual would choose to hold money
the day before the world ended, as money
would be worthless the next day. By the same
kind of logic, no one would choose to hold
money two days before the world ended, and
therefore no one would choose to hold money
three days before the world ended, and so
on. This argument, based on backward
induction, implies that if the end of the world
were known with certainty, individuals
would cease holding money. Do human
subjects behave in accordance with this
prediction? This is a good example of a
question that is difficult to address outside
of a controlled laboratory setting.

Testing Backward Induction  
McCabe (1989) conducted an experi-

ment that attempted to test for backward
induction.3 In his experiment, a population
of players is divided up equally into three
types. The players then engage in a simple
trading game that lasts six rounds.  In each
round of this game, two of the three player
types are endowed with a unit of a good that
yields a cash payoff at the end of the
round, but which ceases to have any value
in the following round.  One can think of
these goods as perishable, like fish or
bananas. Furthermore, one out of every
three players also possesses a ticket that
can be used to buy one unit of any perish-
able good. Tickets are not perishable and
can be potentially used over and over
again to purchase perishable goods. Like
fiat money, these tickets have no intrinsic
value—they yield no cash payoff to their
holders.4 In every round of the game, a
ticket holder may use a ticket to buy one
unit of any good, but only if there is another
player willing to sell a good for a ticket.
Barter exchanges of goods for goods are not
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allowed. All offers and exchanges are made
anonymously through a centralized clearing-
house (the experimenter). After any
exchanges occur, players are paid the cash
value of any goods they are holding at the
end of the round.  The cash value from
holding goods varies in a systematic way
over the six rounds of the game and always
differs across the three player types.
Holding goods yields a cash payoff to each
player type of either $0.50, $0.25, or $0
depending on the round number, and this
information is common knowledge. Simi-
larly, the endowment pattern of goods
varies in a systematic manner that is also
common knowledge. The cash values of
goods and the timing of the endowment of
these goods are such that, if the game con-
tinued without end, all players would
maximize their earnings by offering to buy
or sell tickets in certain rounds of the game.
That is, the use of tickets (fiat money) in
this game is Pareto improving. The game,
however, does not continue forever. In round 6,
which all players know is the final round
of the game, no player will want to remain
holding a ticket because a ticket has no
future use or cash value. By backward
induction, no player should offer to trade
for a ticket in any round and therefore no
exchanges should ever be observed.

What happens in the experiment?
McCabe reports that in contrast to the the-
oretical prediction of no exchange, there is
a substantial volume of trade in tickets,
however, this trading volume does diminish
somewhat as the end of a six-round game
approaches. When the same six-round
game is repeated 10 to 20 times with the
same group of subjects, these results are
unchanged. It was only after McCabe
brought the same group of subjects back
for two additional experimental sessions,
each a week apart, that he was able to
obtain a collapse of all exchange in tickets
from the start of a six-round game. Before
McCabe obtained this result, subjects
played the six-round game 45 times!

McCabe’s experiment suggests that a
fiat object, a ticket, may serve as a store of
value for some period of time even when
there is a certain, known finite horizon, if

players do not have sufficient experience with
the implications that a finite horizon has for
the value of their fiat money holdings.
Though subjects clearly failed to apply
backward induction, there are certain
features of McCabe’s experimental environ-
ment that may have served to promote the
use of tickets as a store of value. In particular,
the price of tickets in terms of goods was
known to be fixed at one-for-one, so even
though there was uncertainty regarding the
acceptability of tickets, there was no uncer-
tainty regarding the exchange rate of tickets
for goods if tickets were accepted in trade.
Moreover, tickets were the only means of
transferring goods; barter exchanges of goods
for goods were not allowed.

Overlapping Generations Models 
of Money 

Historically, when fiat money has ceased
to serve as a store of value, the explanation
has not been that the fiat object was known
to have zero value at a certain future date.
Rather, the explanation is always that there
has been a rapid erosion of money’s purchasing
power caused by inflation, as in a very high
inflation, or hyperinflation. One theory of
hyperinflation suggests that such events may
be the result of self-fulfilling expectations. Indi-
viduals expect that future prices will be higher
and make consumption and savings decisions
in accordance with this expectation. Conse-
quently, their expectations of future inflation
become ratified in an actual inflation that is
consistent with their expectations. Laboratory
tests of this theory have been conducted using
Samuelson’s overlapping generations model
of money, which we briefly summarize.

At every date t, a generation of n identical
agents that live for two periods is born; in
period t they are young and in period t + 1
they are old. Each agent consumes cy

t units
of a single, perishable consumption good
when young and co

t+1 units of this good when
old. All agents are endowed with ey units
of the consumption good when young and
eo units of this good when old, with ey > eo.
In addition, each member of the old gener-
ation has a constant m units of a durable
but intrinsically worthless fiat object, or



FEDERAL  RESERVE  BANK OF  ST.  LOU IS

12

SEPTEMBER/OCTOBER  1998

money,  that they acquired in their youth.
These old agents may use their fiat money
holdings to purchase some of the young
agents’ endowment of the consumption
good at an endogenously determined per
unit price of pt. Because old agents will not
be alive in the next period, they will trade
all of their fiat money holdings for m/pt
units of the consumption good held by
young agents.

Assuming that lifetime utility is given
by u(cy

t , c
o
t +1) = cy

t
. co

t +1, and that agents
have perfect foresight knowledge (rational
expectations) of future prices, the
representative young agent’s problem is to

subject to a pair of budget constraints, one
for each period of life as follows:

The first-order conditions imply that
in equilibrium,

(1)    

Equation 1 is a first-order difference
equation for the evolution of equilibrium
price sequences. The specification of the
model is completed by assuming (for now)
that mt is set equal to a constant m > 0 for
all t. Given this assumption, the model has
a unique stationary solution that is given
as follows: 

An illustration of Equation 1 and the
stationary solution is provided in Figure 1.

Figure 1 plots the price level at time t + 1
against the price level at time t. We see
that unless pt is equal to the stationary
solution, 

_
p, the equilibrium path of prices

will be nonstationary. For instance, if
the equilibrium path for

prices, as illustrated in Figure 1, is explo-
sive, and in the limit, fiat money holdings
are worthless and no exchange occurs
between young and old agents—they

simply consume their endowments. In this
case, individuals rationally forecast that
the price level will rise by an ever-increasing
amount in every period, and their forecasts
are always correct—hence the name self-
fulfilling model of hyperinflation.

Lucas (1986) noted that the multiplicity
of nonstationary equilibrium paths for
prices predicted by this model might be
ruled out by assuming that agents did not
possess rational expectations, but instead
formed their expectations of future prices
in an adaptive manner. In particular, if
young agents’ time t expectation of next
period’s price level, pe

t+1, is given by some
weighted average of past prices and
forecasts, for example, if

then one can show that the stationary
solution,  

_
p, will be the long-run price

level of the economy. Replacing the
assumption of rational expectations with
adaptive expectations affects the stability
properties of the stationary solution,
changing it from an unstable equilibrium
to a stable one.

Lucas argued that the question of
which type of equilibrium path for prices
was more likely (stationary or
nonstationary-hyperinflationary) could be
addressed in a controlled laboratory exper-
iment. Following up on Lucas’ suggestion,
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Lim, Prescott, and Sunder (1994) designed
an experiment that aimed to effectively
implement the overlapping generations
environment and address the question
posed by Lucas. In every period of Lim et
al.’s experimental sessions, a group of sub-
jects of size n was chosen from an N-member
subject pool to take a two-period turn in
the model environment. Subjects entered
first as a member of the young generation,
and in the next period they were members
of the old generation. Thus in every period
of a session there were 2n subjects partici-
pating in the model environment and N –
2n > n subjects who were idle. Each agent
in the young generation was endowed with
ey chips and each old agent was endowed
with eo chips (ey > eo).  In addition, the ini-
tial old generation of subjects (who, unlike
other participants, were only in the model
environment for one period), were each
endowed with m francs. At the end of a
two-period turn in the model environment,
each subject earned cash payments that
were proportional to the lifetime utility
objective of cy . co, where cy and co were
the amount of chips a subject acquired
when young and old, respectively. Subjects
who were idle in any period played a fore-
casting game in which they earned cash
payments according to how well they fore-
cast the market clearing price level that
would prevail in the next period, that is,
how close their expectations of next
period’s price level, ,  were to the actual
price level .  Because of the backward
induction problem, the experimenters did
not want to reveal to subjects when the
experimental session would end.5 When
experimenters finally did announce the
end of the session, they used the average
forecast of the future price level, as deter-
mined by the nonparticipating subjects, to
determine the value of all money holdings
in terms of chips. They thus prevented the
backward induction problem and had a
final period price level that was
endogenously determined by the subjects
themselves.

After some experimentation, Lim et al.
settled on a mechanism for the exchange
of chips for francs between young and old

agents. Young agents were asked to
provide a schedule of the quantity of chips
they would supply at various different
prices. The chip supply schedules from all
young agents were then aggregated to form
a market supply schedule. The market
demand for chips was the amount of chips
that could be bought with the total quan-
tity of francs held by all members of the
old generation (that is, old agents
passively offered all of their francs for
chips). The price at which aggregate
supply equaled aggregate demand was
announced as the market-clearing, 
equilibrium price level. This price was
used to determine the quantity of chips
supplied by each young agent (according
to their individual supply schedules), the
lifetime utility of old agents who would
then exit the model environment, and the
winner of the price forecasting game
among those agents who were not partici-
pating as members of either the young or
old generation.

In all of Lim et al.’s experimental sessions
the price level fluctuated somewhat as agents
learned how to make good decisions, but 
it was never explosive. Indeed, near the end
of the experiments, the price level was close
to, though never precisely equal to, the
unique stationary value  

_
p 6. The authors

conclude from their experimental findings
that stationary solutions for prices are good
candidates for the equilibria of overlapping
generations models and that explosive self-
fulfilling hyperinflationary equilibria
appear unlikely.

In some respects, this conclusion is
not too surprising. As previously noted,
Lucas (as well as others) argued that if
individuals did not possess rational expec-
tations of future prices and instead formed
their expectations adaptively, then the sta-
bility of stationary equilibria such as 

_
p

might well be altered. Surprisingly, Lim et
al. did not analyze or report forecasted
prices from their experiment, preferring to
concentrate their attention on the behavior
of the market price level. They did note,
however, that forecasts appeared to be
adaptive, an observation that might
account for their findings.

pt +1

pt
e
+1

5 Of course, subjects were aware
that the experimental session
would last for a finite period—
no more than a couple of
hours.  They did not know,
however, precisely when the
game they were playing would
end.

6 In fact, the price level was 
even closer to another station-
ary Nash equilibrium where
players take account of the size
of the group of buyers and sell-
ers and do not behave as if
they are atomistic in their abili-
ty to affect prices.  This equilib-
rium is close to the stationary
equilibrium p–.

SEPTEMBER/OCTOBER 1998
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7 The derivation of this equation
makes use of the fact that

where is the young agent’s
optimal consumption decision.
The function 

8 Experimental results are replicated
when qualitatively similar results
are obtained using the same
experimental design and treat-
ment variables but with different
groups of subjects.  This notion
of replications differs from that
of Dewald, Thursby and Anderson
(1986), where replication refers
to the ability of different
researchers to duplicate the same
numerical results using the
same techniques on the same
set of non-experimental data.

9 Marcet and Sargent (1989), for
instance, showed that the low
inflation stationary equilibrium,

would be stable and
the high inflation stationary
equilibrium, , would be
unstable if agents forecast infla-
tion by running a least squares
autoregression on past prices.

10 Similarly, Arifovic (1995) argues
that the experimental findings
are similar to those generated
by a genetic algorithm—an
adaptive, stochastic search
process based on principles of
population genetics, which also
converges to a neighborhood of
the low inflation steady state.
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ĉt

m p e ct t y t/ ˆ ,= −

SEPTEMBER/OCTOBER 1998

Setting aside the issue of whether indi-
viduals have rational expectations, one
may question the self-fulfilling theory of
hyperinflation that Lim et al. tested on
other grounds. In particular, this theory
ignores any causal relationship between
the growth rate of the money supply and
the rate of inflation of the price level.
Inflation occurs even though the stock of
money is constant. Historically, most
hyperinflations have been ended by some
effort to reduce the growth rate of the
money stock (see, for example, Sargent
[1986]), which suggests that a growing
money stock should be a prerequisite for a
hyperinflation to occur. 

Marimon and Sunder (1993, 1994,
and 1995) have conducted a series of
experiments involving versions of the
overlapping generations model where the
stock of fiat money is allowed to grow over
time. In these experiments there exists a
government (the experimenter) that seeks
to purchase a constant per capita amount,
d, of the consumption good (chips) in
every period. The government purchases d
chips at price pt by expanding the money
supply (the amount of francs per capita) m
as follows:  

(2)

Using the policy rule, Equation 2, in com-
bination with Equation 1 and assuming
rational expectations, one can derive a law
of motion for gross inflation, defined by

, of the form: 

This equation is illustrated in Figure 2.7

In this version of the model, if d is
small enough, there exist two stationary
inflation rates, .  Under the
assumption that agents possess rational
expectations, the higher of these two
stationary values is predicted to be the
limit of all equilibrium sequences for infla-
tion starting from any initial value for

; Figure 2, illustrates one such
equilibrium sequence with an initial infla-
tion rate of π´.  

What happens when subjects are
placed in this environment? Do they coor-
dinate their expectations in such a way as
to achieve or some explosive
path for inflation? Marimon and Sunder
(1993) sought to address these questions
using an experimental design that was
similar to that of Lim et al. (1994). One
difference was that nonparticipating
subjects now forecast the future inflation
rate rather than the price level.
Furthermore, the government’s means of
financing its consumption requirement by
issuing more francs in every period was
made common knowledge.

Marimon and Sunder report that in
contrast to the rational expectations
prediction, the actual path for inflation in
all of their experimental sessions is always
in the neighborhood around the low-inflation
stationary equilibrium, . In particular,
inflation rates were never observed around
the high-inflation steady state, , nor
were they ever explosive. Figure 3 provides
a representative illustration of the actual
inflation path from one of Marimon and
Sunder’s experimental sessions (No. 7C).
Marimon and Sunder’s findings using the
policy rule, Equation 2, have been replicated
in an independent experimental study con-
ducted by Arifovic (1995).8

As in Lim et al’s. experiment, Marimon
and Sunder’s (1993) finding can be explained
by subjects’ use of some kind of adaptive
rather than rational expectations.9 Marimon
and Sunder explore this possibility and
conclude that though no single adaptive
rule explains behavior in all of their exper-
iments, a rule for expected inflation, πe, of
the type suggested by Cagan (1956), that is,

fits
the data from many sessions reasonably well.
When estimated versions of such rules
are used in place of rational expectations,
the low-inflation steady state, , is
locally stable and the high inflation steady
state, , is locally unstable, thereby
explaining the attractiveness of .10

Using the same experimental design,
Marimon and Sunder (1994) conducted
further overlapping generations experiments
in an effort to understand the effect that

π low

π high

π low

π π α π π αt
e

t
e

t t
e

+ −= + −( ) < <1 1 0 1, ,

π high

π low

π πhigh low,

π πt low>

π πlow high<

π πt tg+ = ( )1 .

π t t tp p= −/ 1

∆m m m p dt t t= − =−1 .



FEDERAL  RESERVE  BANK OF  ST.  LOU IS

15

SEPTEMBER/OCTOBER  1998

different government policies might have
on subject behavior. They consider as an
alternative to Equation 2 a monetary
policy of the following form: 

(3)    

where is the government’s constant gross
inflation target.11 With Equation 3 in place
of the constant government expenditure
rule, (Equation 2), there is again the possi-
bility of two stationary equilibrium values
for inflation. The lower of these two stationary
inflation rates is , the government’s
targeted value, and the higher stationary
inflation rate, , is one in which fiat
money ceases to have value and individuals
merely consume their endowments.  As in
Equation 2, under rational expectations,
the higher stationary inflation rate, , is
predicted as the limiting inflation rate for
most initial conditions.

Marimon and Sunder (1994) report that
when the policy rule, Equation 3 is used in
place of Equation 2, and the government’s
target, , is common knowledge, the infla-
tion rate generated by the experimental
subjects’ decisions is again in a neighbor-
hood of the low-inflation stationary
equilibrium—in this case, .  They also
considered whether preannounced changes
in the two policy variables, d or , have
any effect on the decisions of experimental
subjects. The rational expectations predic-
tion is that a decrease (increase) in either d
or leads to a decrease (increase) in the
low-inflation stationary equilibrium value
for inflation ( ).  Marimon and
Sunder report that preannounced decreases
in these policy parameters do not have
much of an anticipatory effect on subject
behavior. Nevertheless, the inflation rate gen-
erated in the laboratory experiments did
gradually drift downward to a neighborhood
of the new lower stationary equilibrium, and
the timing of this change was coincident with
the actual change in policy.

Given that the two policy rules, Equa-
tion 2 and 3, seem to lead to the same
experimental result, namely coordination
near a stationary, low-inflation equilibrium,
a natural question that arises is which of

these two rules is preferable from a policy
perspective.  For example, which rule
leads to lower volatility in inflation? This
is the kind of question that would be difficult
to ask outside of a controlled laboratory
setting, as natural experiments that could
be used to address such questions are rather
difficult to arrange. And even if such natural
experiments could be arranged, it would
be difficult to disentangle the public’s reac-
tion from issues surrounding the government’s
commitment to its new policy.  In the labo-
ratory, however, the policy rule is under
the direct control of a non-elected official
(the experimenter)—a fact that serves to
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π *
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∆m m m mt t t= − = −( )− −1 11π * ,

11 Under this constant money
growth rule, government rev-
enue is now endogenously
determined according to
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minimize, though perhaps not eliminate
credibility issues. Such control makes it a
relatively easy task to consider the perfor-
mance of different rules. The issue of whether
the policy rule described by Equation 2 or
by Equation 3 leads to lower inflation
volatility is addressed in another paper by
Marimon and Sunder (1995).

In this experiment, Marimon and
Sunder considered a parameterization of the
overlapping generations model where the
inflation target, , under the constant
money growth rule, Equation 3, is nearly
the same as the low-inflation steady state
value, , under the constant government
expenditure rule, Equation 2. They then
asked whether one of the two announced
policy rules is better at stabilizing inflation.
In this set of experiments,  Marimon and
Sunder (1995) simplified their experimental
design considerably so that young agents
only provided an inflation forecast (along
with nonparticipating agents).  This
inflation forecast was used by the computer
program to determine the optimal quantity
of chips that each young agent sells for
francs. Thus the game is now one in which
optimization decisions are entirely absent
and agents are simply concerned with fore-
casting the one-step-ahead inflation rate as
closely as possible.

Though Marimon and Sunder (1995)
claim, on the basis of their experimental
evidence, that there is relatively lower
volatility in inflation under the simpler
constant money supply growth rule, Equa-
tion 3, than under the less transparent
constant government expenditure rule,
Equation 2, the evidence they present does
not clearly demonstrate any significant dif-
ference. Under both policy rules, Marimon
and Sunder report a few experimental ses-
sions in which inflation rates persistently
cycle around the low-inflation steady state,
even though cyclic behavior for inflation
does not constitute a rational expectations
equilibrium.12 They show that the cyclical
behavior of inflation in these cases is tied
to the adaptive forecast processes that agents
appear to be using.13 Moreover, they do
not find that inflation forecasts differ much
under the two policy regimes. In particular,

there is no tendency for increasing coordi-
nation of inflation forecasts around the
announced inflation target value, .

This evidence might be taken to suggest
that a policy of inflation targeting is not
any better at coordinating inflationary
expectations than constant money growth
rules. Indeed, because inflation-targeting
regimes are relatively new, there is little in
the way of nonexperimental, empirical evi-
dence to suggest that inflation-targeting
policies are any better at coordinating
inflationary expectations than earlier policy
regimes.  See, for example, Mishkin and
Posen (1997). Hence experimental evidence
of the sort presented by Marimon and Sunder
might be useful in these sorts of policy dis-
cussions. 

In extrapolating from experimental
results to aggregate macroeconomic activity,
however, much caution seems warranted.
First, the amount of time that subjects have
to learn about policies in the laboratory is
not really comparable to the amount of time
the general public would have available to
react to these same policies. Experimental
economists seek to lessen this problem by
having subjects play many rounds of the
same game, in an attempt to compress the
amount of time it takes them to learn.
There is no guarantee, however, that this
compression of learning is a good approxi-
mation of the learning process that occurs
outside the laboratory. Second, the policy
rules themselves are highly simplified
characterizations (some would say carica-
tures) of actual monetary regimes.  For
instance, under either policy rule, Equation
2 or 3, all government expenditures are
financed through seigniorage, a rather
unrealistic assumption. Still, Marimon and
Sunder are only testing models that theorists
themselves have used to characterize mon-
etary policy regimes.  Following a grand
tradition in economic research, these models
(and experimental results from tests of
these models) are best viewed as abstract
versions of reality.14

In the overlapping generations experi-
ments reported thus far, explosive paths
for inflation have not been observed. How-
ever, there is no disputing the fact that,

π *
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π *
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12 Marimon and Sunder rule out
the possibility that agents have
coordinated on some kind of
stationary sunspot equilibrium
because they did not include a
sunspot variable (a purely
extrinsic variable) for individu-
als to condition on.  In
Marimon, Spear, and Sunder
(1993), a two-state sunspot
variable was introduced into an
experimental overlapping gen-
erations economy.  Realizations
of this variable were not found
to play a role in subjects’
expectations.  However, when
the realizations of the sunspot
variable were correlated  with
real shocks for awhile, the
sunspot variable did appear to
be a factor in subject’s expecta-
tions even after the real shocks
had ended.

13 In particular, they find evidence
of learning equilibrium as
described in Bullard (1994).

14 Other overlapping generations
experiments, which test the
effectiveness of different mone-
tary policy regimes, include
Bernasconi and Kirchkamp
(1997), who test whether the
labeling of policy regimes mat-
ters and Evans, Honkaphja, and
Marimon (1998), who consid-
er whether constitutional
restraints on the amount of
government seigniorage can be
used to lower the stationary
equilibrium value of inflation.
Arifovic (1996) implements an
experimental overlapping gen-
erations economy with two cur-
rencies and examines the
behavior of the endogenously
determined exchanged rate.
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though infrequent, there have been historical
episodes of hyperinflation and currency
collapse. How might such hyperinflationary
paths be generated in the laboratory? Ochs
(1995) suggested that rather than adhering
to just one or two constant money growth
rates or expenditure levels, what may be
required to generate hyperinflationary paths
is a policy regime in which the growth rate
of the money supply accelerates for some
period. Here we have an example of histor-
ical evidence (on the likely source of
hyperinflationary episodes) affecting exper-
imental design. Following up on Och’s
suggestion, Hazlett and Kernen (1997)
conducted overlapping generations experi-
ments using the Marimon and Sunder
(1995) experimental design, in which they
steadily increased the value of government
expenditures, d, over the first 10 periods of
an experimental session and then held d
constant. This has the effect of increasing
the low stationary equilibrium value for
inflation, but decreasing the high stationary
equilibrium value for inflation, before both
stationary values level off. Subjects were
informed in advance of the number of chips
(d) that the government would buy in every
period. Though the level of d always remained
below the maximum sustainable level, the
steady increase in d did lead to a hyperin-
flationary path for prices and a currency
collapse in two out of three sessions with
inexperienced subjects. One of these two
sessions is illustrated in Figure 4. 

We see that in this session, actual
inflation tracks the stationary low-inflation
equilibrium rather well through Period 11.
When the government ceases to increase
its chip consumption after Period 11 (so
that d is constant), inflation nevertheless
continues to increase.  After Period 16, the
currency collapses, as young players’ infla-
tion forecasts were so high that it was optimal
for them not to exchange any of their con-
sumption good for francs. Interestingly,
Hazlett and Kernen found that the currency
collapse outcome was possible only with
inexperienced subjects. When they brought
experienced subjects back to play the same
game, they found that the experienced
subjects always coordinated their expecta-

tions around the low-inflation stationary
value for inflation and tracked this value
rather closely, even after government
expenditures, d, had stopped increasing.
This last finding suggests that hyperinfla-
tionary currency collapses may be sobering
affairs, having a lasting impact on the 
way individuals evaluate government 
policies and update their expectations.
One can also interpret this finding as 
support for the notion that agents eventu-
ally learn to form rational expectations 
in the sense that they avoid making
systematic mistakes.

In all of the overlapping generations
experiments where two stationary, rational
expectations equilibria coexist, it is always
reported that either individuals coordinate
on the stationary equilibrium with the lower
inflation rate or there is an explosive hyper-
inflation and currency collapse. Coordination
on the high-inflation stationary rational
expectations equilibrium never occurs.
One might ask why the stationary, high-
inflation equilibrium is ever focal under
any expectations scheme, as it is a Pareto
inferior outcome and is associated with
counterfactual policy prescriptions: A
reduction in government spending, d, or
the money growth rate, , leads to anπ *
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The Path of Inflation in Hazlett
and Kernen's (1997) Experimental
Session 2B
Inflation (Percent Per Period)

250

200

150

100

50

0
0 4 8 12 14 162 6 10

π

π

Periods
Period 16 inflation: 20,841 percent.  Period 17: currency collapses.

high

low



FEDERAL  RESERVE  BANK OF  ST.  LOU IS

18

SEPTEMBER/OCTOBER  1998

increase in the stationary value of 
or .  Experimental evidence
suggests an alternative possibility: The
lack of attractiveness of the high inflation
stationary equilibrium is caused by
individuals’ use of some kind of adaptive
learning process as opposed to rational
expectations. That is, under a variety of
adaptive expectations schemes, the low
inflation stationary equilibrium is locally
stable and the high-inflation stationary
equilibrium is locally unstable. Under this
interpretation, the classical policy prescrip-
tion within the overlapping generations
framework—that a reduction in the money
growth rate is associated with lower infla-
tion—is one that presumes that agents learn
over time in an adaptive manner.

Money as a Medium of Exchange
In McCabe’s exchange game and in the

overlapping generations experiments, the
primary role of money is as a store of
value. If, as has been shown, the money
good serves as a store of value, then it also
serves as a medium of exchange because the
money good is the only means of storing
wealth from one period to the next in all of
these economies.15 However, as Ostroy and
Starr (1990) have pointed out, though
goods that serve as media of exchange must
necessarily be stores of value, the reverse is
not true—stores of value are not
necessarily media of exchange. For
example, old master paintings or baseball
cards might be excellent stores of value
but adopting them as commodity monies
would require that these goods be conven-
tionally used in trade. To understand the
conditions under which a store of value
comes to serve as a medium of exchange,
what is needed is a model with multiple
competing stores of value along with some
motive for individuals to engage in trade.
Kiyotaki and Wright (1989) have proposed
such a model and have characterized the
conditions under which certain stores of
value may come to serve as media of
exchange. Before we can discuss
experimental tests of this model, it will be
useful to have a brief sketch of the search-

theoretic model of money as a medium of
exchange and the predictions that emerge
from this theory.

In Kiyotaki and Wright’s (1989)
model, a population of agents is divided
equally into three different types, labeled
as Types 1, 2, or 3. In addition, there are
three different goods, labeled as Goods 1,
2, or 3. Each player, Type i, desires to con-
sume the good corresponding to his type,
Good i, but produces some other good,

.  Suppose that the distribution of
production goods over types is as given in
Table 1.  Notice that, by design, in the absence
of trade there is never a double coincidence
of wants between any two players; that is,
no agent produces the good desired by the
player type who produces his consumption
good. For trade to occur, some individuals
must accept a good they do not want to
consume with the expectation that they will
be able to use this good to obtain a good
they do want to consume. We will refer to
a good used for such exchange purposes as
a medium of exchange. Agents in this model
are able to store a single unit of any good
in any period, but storage of goods is costly.
Kiyotaki and Wright suppose that the
storage costs of Goods i = 1,2,3, denoted
by ci, are such that: 

where u is the utility that all three types get
from consuming the good corresponding to
their type.  In every period, agents in this
model are paired randomly with one another.
The decision they face is whether to trade
the good they currently have in storage for
the good the agent with whom they are paired
has in storage.  Trades must be mutually

0 1 2 3< < < <c c c u,

j i≠

π **
π high

15 Similarly, in the experimental
economy studied by Lian and
Plott (1998), a cash-in-
advance requirement for pur-
chases ensures that money
serves as a medium of
exchange.

Each Type’s Consumption  
and Production Goods

Player Type 

1     2     3
Desire to Consume Good: 1     2     3
But Produces Good: 2     3     1

Table 1
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agreed on and involve simple one-for-one
swaps of goods in inventory. If a player
successfully trades for his consumption
good, he immediately consumes that good
and produces a new unit of his production
good, which becomes the good he has in
storage. In this case the player earns a pos-
itive net payoff equal to u – cj, where cj is
the storage cost of his production good. If
trade is not mutually agreed on or a player
trades for a good that is not his consump-
tion good, his net payoff for the period is
–cj, where cj is the storage cost of the good
he has in storage at the end of the period.

In the theoretical model, each player’s
trading decision involves weighing the cost
of not trading and incurring the cost of the
good currently held in storage against the
expected net utility benefit from trading for
the good held by the other player. If the other
player’s good is the desired consumption
good, then, by design, it is always optimal
to offer to trade for this good. The more
interesting trading situations are those in
which a player meets a good in trade that is
not his consumption good and that is dif-
ferent from the good he currently has in
storage.  In such cases, the expected bene-
fits from trade involve an analysis of the
relative marketability of the good the player
currently has in storage and the good that
his trading partner has in storage. These
expected benefits must be weighed against
the difference in storage costs between the
two goods. 

Kiyotaki and Wright focus on steady-state,
pure-strategy Nash equilibria. They show
that for all valid parameterizations of this
model, Type 2 and Type 3 players maximize
their utility by adhering to fundamental, or
cost-reducing, pure strategies in which they
agree to trade for goods other than their con-
sumption good only if these goods have lower
storage costs than the good they currently
have in storage. Thus Type 3 players will
never offer to trade their production Good
1 for any good other than Good 3, because
a trade of Good 1 for Good 2 would increase
their storage costs. On the other hand, Type 2
players will always offer to trade their pro-
duction Good 3 for Good 1, because this
trade lowers Type 2’s storage costs.

The optimal trading strategy of Type 1
players depends on parameter conditions.
Type 1 players play the fundamental
strategy of refusing to trade their produc-
tion Good 2 for Good 3, which is more
costly to store, provided that 

(4)

Here, pi1 denotes the fraction of agents of
Type i = 2, 3 holding Good 1; 
is the constant discount factor. The right
hand side of this inequality represents the
discounted, expected difference in utility
from having Good 3, rather than Good 2
in storage. The left hand side, 
denotes the additional storage cost of
Good 3 over Good 2. If this storage cost
difference outweighs the expected gain in
utility, then it is optimal for Type 1 players
to play fundamentally and refuse to trade
Good 2 for Good 3.

Provided the inequality in Equation 4
holds, the unique equilibrium prediction is
that all three types play fundamental strate-
gies. The pattern of exchange in this
fundamental equilibrium is depicted in
Figure 5. Type 2 players trade Good 3 to
Type 3 players in exchange for Good 1.
Type 2 players then trade Good 1 to Type 1
players in exchange for Good 2. Because
Type 2 players do not value Good 1 for
consumption purposes, but nevertheless
agree to trade for it, Good 1 may be regarded
as a commodity medium of exchange in this
environment.

If the inequality in Equation 4 is
reversed, there is a different unique pure-
strategy Nash equilibrium in which Types
2 and 3 adhere to fundamental trading
strategies but Type 1 players choose a
speculative trading strategy, offering to
trade their production Good 2 to Type 2
players in exchange for the more costly-to-
store Good 3. Type 1 players then trade
Good 3 with Type 3 players in exchange
for Good 1, which Type 3 players produce.
(See the illustration of this speculative
equilibrium in Figure 6.)  In this specula-
tive equilibrium, there are two commodity
media of exchange, Goods 1 and 3. Further-
more, because Good 3 is more costly to

c c3 2−( ),

β ∈ ( )0 1,

c c p p
u

3 2 31 21 3
− > −( ) β

.



store than Good 1, Good 3 is dominated in
rate of return as a medium of exchange by
Good 1. The notion that a medium of
exchange or money may be dominated in
rate of return by other assets (in this case
by another medium of exchange) is a real-
world feature that is captured by Kiyotaki
and Wright’s model but is not so easily
obtained in other models of money. 

Kiyotaki and Wright (1989) provide
only a characterization of the kinds of
equilibria that are possible in their model.
An important but unanswered question 
is whether these equilibria might ever be
achieved by agents who do not begin a process
of social interaction with equilibrium

beliefs as the theory presumes, but who
must nevertheless adjust their strategies to
their evolving historical experiences within
the given structure of the model. Several
experimental studies of the Kiyotaki-Wright
environment have been conducted by Brown
(1996) and Duffy and Ochs (1998a and 1998b)
in an effort to address this question.

Brown (1996) considered a parameter-
ization of the Kiyotaki-Wright model in which
the unique Nash equilibrium prediction
was for Type 1 players to speculate in the
high cost Good 3, but for Type 2 and 3 players
to play fundamental strategies, as illustrated
by the pattern of exchange shown in Figure 6.
Brown conducted two experiments in this
environment in which one-third of the pool
of 18 subjects were assigned the role of
Type 1, one-third the role of Type 2, and
one-third the role of Type 3.  Subjects were
informed of each type’s objectives, told which
good they currently had in storage, and
then asked to submit trading strategies for
all possible encounters with other agents.
That is, would they offer to trade the good
they currently had in storage if they met
Type i with Good in storage?  Sub-
jects were then paired randomly and their
trading strategies were implemented. They
were informed of the results of these trading
encounters—for instance, whether the good
they had in storage had changed—and they
were also informed of the dollar amount
they had won or lost for the round. They
then would have the opportunity to change
their trading strategies before the next
round.  Subjects played approximately 
50 rounds, with the end to a session deter-
mined randomly.

Brown reports that nearly all subjects
offered to trade for their consumption good
when given the opportunity.  Furthermore,
99 percent of Type 2s offered to trade their
production Good 3 for the less costly-to-
store Good 1 when faced with the opportunity.
Hence, Good 1 served as a medium of
exchange in the experimental economy.
Brown also found, however, that only 31
percent of Type 1 players offered to trade
their production Good 2 for the more
costly-to-store Good 3, even though the
parameterization of the model was such

j i≠

SEPTEMBER/OCTOBER  1998

FEDERAL  RESERVE  BANK OF  ST.  LOU IS

20

Figure 5

The Pattern of Exchange in the
Fundamental Equilibrium
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Figure 6

The Pattern of Exchange in the
Speculative Equilibrium
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that Type 1 players’ equilibrium best response
was always to agree to such trades.

Duffy and Ochs (1998a) also tested
the previously described version of the
Kiyotaki-Wright model in a laboratory set-
ting but sought to provide subjects with
more information than was available in the
Brown study. In particular, they provided
subjects with population-wide information
on the distribution of goods held in storage
by each player type.  They thought this
information would help subjects assess the
relative marketability of the goods they
might meet in trade.  In the theory, such
information is common knowledge. More-
over, Duffy and Ochs allowed subjects to
observe the type of player they were
matched with and the good that this player
type had in storage, before deciding whether
to trade the good they currently had in
storage.  Finally, these authors made some
effort to implement discounting of future
payoffs, as the theory assumes, and to con-
trol for subjects’ different attitudes toward
risk.  Subjects began a game with 100
points and gained or lost points based on
the outcome of their trading decisions
using known storage costs and other para-
meter values.  Subjects’ probability of
winning a high cash prize was a linear
function of their end-of-game point totals. 

Duffy and Ochs considered two different
parameterizations of the model—in particular,
two different values for u, the utility value
of consumption.  One value was consistent
with the fundamental equilibrium as depicted
in Figure 5 and the other with the speculative
equilibrium as depicted in Figure 6.  For each
parameterization, they report the results of
five experimental sessions, each involving
24 to 30 subjects who participated in an
average of 100 trading rounds. Like the Brown
(1996) study, Duffy and Ochs found that
nearly all subjects offered to trade for their
consumption good when given the oppor-
tunity. Some of their other main findings
are summarized in Figure 7, which reports
average aggregate offer frequencies from five
sessions in which the fundamental equilib-
rium was the unique Nash equilibrium and
five sessions in which the speculative equi-
librium was the unique Nash equilibrium.
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Figure 7

Aggregate Results From  
Duffy and Ochs (1998a)
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Type 2 Offers Good 3 for Good 1
Fundamental Parameterization
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Offer Refuse

Type 2 Offers Good 3 for Good 1
Speculative Parameterization



In the parameterization consistent with the
speculative equilibrium, they found results
that were similar to those of Brown (1996).
An average of 93 percent of Type 2 players
offered to trade Good 3 for Good 1,
whereas an average of only 36 percent of
Type 1 players chose to speculate by
offering to trade Good 2 for Good 3. When
the parameterization of the model was
changed so that the unique Nash equilib-
rium was the fundamental equilibrium,
Duffy and Ochs found that these aggregate
offer frequencies were not significantly dif-
ferent. Nearly all Type 2 players, 97 percent,
continued to offer to trade Good 3 for Good 1,
as predicted in the fundamental equilibrium.
Thirty percent of Type 1 players, however,
speculated in Good 3, despite the fact that
such speculation did not constitute a steady
state best response. Duffy and Ochs attempted
to uncover the motivations for players’
actions (especially those of Type 1 players).
Using a simple learning model, they showed
that subjects were motivated mainly by the
payoff success of past actions and not by
the marketability concerns that the theory
emphasizes.

Duffy and Ochs (1998b) considered a
modification to the Kiyotaki-Wright envi-
ronment in which an intrinsically worthless,
but perfectly durable, fiat object, Good 0,
was added to the model.  This Good 0 could
not be produced, consumed, or discarded
by any player type.  The fiat object was
introduced into the economy by endowing
a fraction, m, of each player type with
Good 0 and endowing the remaining frac-
tion, 1 – m, with their production good. In
one of the experimental treatments, the
storage cost of Good 0 was set at zero,
making it the least costly-to-store good;
the storage costs of the other goods were
unchanged. In this case there is an equilib-
rium in which Good 0 is always accepted
when offered in trade. There is another
equilibrium, however, in which no one
believes that Good 0 has any value.  This
belief becomes self-fulfilling because no
agent offers to trade for Good 0. In either
case, Good 1 continues to circulate as a
commodity medium of exchange in the
fundamental equilibrium of the model.

Thus agents in this environment face an
interesting coordination problem: Whether
to avoid the use of an intrinsically worth-
less object as a medium of exchange in
favor of a valued commodity object or to
use both as media of exchange. Duffy and
Ochs (1998b) report that in the experimental
economy there is, in fact, a substantial
volume of trade in the fiat object, Good 0,
which is accepted anywhere from 80 percent
to 95 percent of the time. Moreover, Good
1 remains a medium of exchange as well.  

The findings that emerge from these
experimental studies of money search
models provide somewhat mixed support
for the theory. On the one hand, goods may
serve as media of exchange if they have
relatively low storage costs compared with
other goods. Moreover, like fiat money,
these low-storage-cost goods need not be
intrinsically valued. These findings are
consistent with equilibria in which all
players play according to fundamental,
cost-reducing strategies. However, in para-
meterizations in which some players are
predicted to play speculative trading
strategies in equilibrium (Type 1 players in
the version of the model described here)
using relatively high-storage-cost goods as
media of exchange, the experimental
evidence appears at odds with these theo-
retical predictions. Further experiments in
search-theoretic environments might help
resolve these issues. On the other hand,
these experimental findings might serve to
motivate further theoretical explanations
for why money is held despite being domi-
nated in rate of return by other assets. 

Money as a Unit of Account
Finally, we consider the role of money

as a unit of account. There is no question
that money serves as a unit of account, that
is, as a common measure of the value of all
goods and services. Indeed, most of us do
not hesitate to think of the value of all goods
and services in terms of the number of
money units it takes to purchase them—
that is, in terms of prices. However, when
it comes to thinking about the value of
goods and services over time, taking infla-
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tion (or deflation) of prices into account,
casual empiricism suggests that individuals
frequently think in nominal, or current-dollar,
terms, rather than in real, or constant-dollar,
terms as is assumed in economic theories.

For example, the U.S. financial press is
fond of reporting on changes in the benchmark
Dow Jones Industrial Average (DJIA), which
is the current-dollar, weighted average
price of 30 Blue Chip stocks.  If there is
inflation of the price level then, over time,
the value of the DJIA will reflect this infla-
tion as well. What stock market investors
should care about is changes in the value
of the DJIA in constant dollars, that is, in
dollars adjusted for inflation (as measured
by changes in a price index). But that is
not the figure that gets reported. 

Irving Fisher (1928) defined money
illusion as the “failure to perceive that the
dollar, or any other unit of money, expands
or shrinks in value.” Fisher argued that
money illusion was a serious problem
because economic contracts are nearly
always specified in money units, and the
parties to such contracts must recognize
the possibility of inflation or deflation of
prices over the length of the contract to
properly judge whether the contract is
likely to result in a real gain or loss.
Because Fisher thought that money
illusion was pervasive, he argued that it
was the task of the monetary authority to
stabilize the level of prices and therefore
the purchasing power of money. He
likened this task to government efforts to
standardize weights and measures to
prevent cheating. “If,” Fisher argued, “we
are at such pains to standardize or stabilize
the yard, the pound and every other goods-
unit, having—as we do—official settlers of
weights and measures to prevent the cheating
of the public because of changes in those
goods-units, how much more important is
it to stabilize the unit of money, applying
as it does to every purchase and sale.” 

Fisher’s argument for price stability is
predicated on the notion that the public
suffers from money illusion, but what is
the hard evidence for this claim? Fisher
himself related conversations he had with
Germans he met while touring Germany,

as well as with various Americans, (including
his own dentist!) to buttress his
contention that money illusion was perva-
sive. Since Fisher’s (1928) book, however,
economists have largely ignored the empir-
ical question of whether individuals suffer
from money illusion, preferring to believe
that there can be no such illusion. As
Howitt (1987) notes, money illusion con-
tradicts economists’ assumptions of
rational, utility, or profit-maximizing
agents, and for this reason economists
tend to dismiss the possibility of money
illusion out of hand. 

Recently, the question of the extent to
which individuals may suffer from money
illusion has been reconsidered by Shafir,
Diamond, and Tversky (1997). Going
beyond the casual empiricism of Fisher
and others, these authors have sought to
document, through the use of survey ques-
tionnaires, the extent to which individuals
think in nominal rather than real terms.16

Though the use of survey questions is
prone to a number of biases and differs in
many respects from controlled laboratory
environments where individuals are paid
on the basis of the decisions that they
make, the idea of attempting to quantify
the extent of money illusion by asking the
public how they think about economic
decisions is similar to the experimental
methodology. 

Shafir et al. used a variety of different
survey questions that were designed to detect
the presence or absence of money illusion in
economic decision-making. The questions
were presented to large groups of people
(typically 100 or more) at two New Jersey
shopping malls, the Newark International
Airport, and to Princeton undergraduates.
In most cases, the answers given by the various
groups were similar. The authors conclude
that the answers to these survey questions
indicate that “money illusion is a widespread
phenomenon in the United States.”

Consider for example, the following
question, which is typical of the survey
questions in the Shafir et al. study:

“Two competing bookstores have in stock
an identical leather-bound edition of

16 Similarly, Bewley (1998) uses
surveys of firm behavior to exam-
ine the extent to which labor mar-
kets suffer from a related illusion,
namely resistance to nominal
wage cuts.  Shiller (1997a)
uses survey evidence to explain
why there is resistance to
indexation of long-term con-
tracts.  In another paper, Shiller
(1997b) uses survey evidence
to demonstrate that econo-
mists’ mental models of infla-
tion are substantially different
from those of non-economists.
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Oscar Wilde’s collected writings. Store A
bought its copies for $20 each. Tom, who
works for Store A, has just sold 100 copies
of the book to a local high school for $44
a copy. Store B bought its copies a year after
Store A. Because of a 10% yearly inflation,
Store B paid $22 per copy. Joe, who works
for Store B, has just sold 100 copies of
the book to another school for $45 a
copy. Who do you think made a better
deal selling the books, Tom or Joe?”

Shafir et al. report that 87 percent of a
group of 130 subjects incorrectly chose
Tom. The authors hypothesize that these
subjects focused on the fact that Tom’s
nominal profit of $24 was higher than Joe’s
nominal profit of $23, even though in real
terms Joe earned more than Tom. 

Some might argue that findings of this
sort are simply a result of the manner in
which the problem is framed, or presented,
to subjects.  Indeed, Shafir et al. address
the possibility of framing effects at some
length.  The framing problem—that results
may differ under different frames—is one
that plagues all research, not just survey 
or experimental methods. Indeed, it is dif-
ficult to imagine developing any model of
behavior that does not rest on some partic-
ular framing of a problem. 

To illustrate the potential importance of
framing effects, suppose the wording of the
preceding question was changed as follows:

“Tom and Joe both paid the same real
price for 100 copies of an identical
leather-bound edition of Oscar Wilde’s
collected writings. Tom has just sold his
100 copies to a local high school for $44
while Joe has just sold his 100 copies to
another school for $45. Who do you
think made the better deal selling the
books, Tom or Joe?”

With this new wording, I would
hazard that most would find the correct
answer (Joe) rather obvious. The new
wording of the problem, however, is such
that there is no possibility for money illu-
sion to occur—that is, the problem has
been assumed away, as in most economic

theorizing. As Shafir et al. point out, there
are ways of providing more neutral frames,
which eschew terms such as real. Using
these more neutral frames, the authors
report that the incidence of money illusion
is only somewhat diminished.

A stronger critique of Shafir et al.’s survey
results is that the decisions subjects were
asked to make were, in all cases, hypothet-
ical, and with one exception, subjects were
not paid according to the answers they
provided.17 In fact, most subjects were not
paid anything to answer the survey questions,
which might make us wonder whether
they were sufficiently motivated to think
hard about their responses. It thus remains
to be seen whether these same kinds of
results will continue to be obtained when
an individual’s decisions have direct and
significant payoff consequences as they do
in actual markets.18 Indeed, one can think
of the survey findings as a kind of pilot
test for controlled laboratory experiments;
if the survey results did not reveal evidence
of money illusion, then it seems unlikely that
paying subjects according to their decisions
would lead to significantly different results.
Casual empiricism of the type alluded to
earlier suggests that it should be possible
to find evidence of money illusion with
paid human subjects in controlled labora-
tory settings.19

CONCLUSION
What, if anything, can we learn from

these experimental studies? Can experimental
evidence be used to confirm or refute a
particular monetary model or equilibrium
prediction? Some might argue that the the-
oretical environments examined, especially
the overlapping generations and search
theoretic models of money, are too complex
for subjects to comprehend, and for this
reason, these theories cannot be tested in the
laboratory. This argument, however, begs the
question of just what type of behavior these
theories seek to describe. If a theory cannot
be tested, because of a lack of non-experi-
mental data and because laboratory tests of
it are judged to be impossible, then what one
has, essentially, is a vacuous theory.

17 The exception is an experiment
conducted by Thaler, Tversky,
Kahneman, and Schwartz
(1997) which is discussed in
Shafir et al. (1997).

18 Tversky and other psychologists
have argued that in many (but
not all) cases, subjects’
responses to hypothetical sur-
vey questions do not depend
on whether the subjects are
paid according to their respons-
es.  Experimental economists,
for example, Smith and Walker
(1993), have disputed this
view, with experiments that
show that paying subjects
according to the decisions they
make does make a big differ-
ence in behavior and nearly
always reduces the variance of
observed actions.

19 See, for example, the work of
Fehr and Tyran (1998).
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A more reasonable critique is that the
experimental environment is not complex
enough or that it leaves out many real
world features—for example, communica-
tion or observation of the decisions of
others, which, if allowed, would serve to
further promote the adoption of money as
a store of value, as a medium of exchange,
or as a unit of account in accordance with
the theoretical predictions. But this same
critique can be made of the theory itself,
which does not allow for, or more typically
has nothing to say about, such real-world fea-
tures and is itself only an approximation to
some observed real-world phenomena.

The approach of experimental researchers
is to attempt to approximate the theoretical
environment as closely as possible and then
argue that the experimental results from the
approximated environment can be used to
test the theory. In many cases, as we have
seen, these laboratory approximations deliver
results that are consistent with some of the
theoretical predictions.  Furthermore, in
the overlapping generations and search-
theoretic environments where multiple
equilibria are possible, evidence from labo-
ratory experiments can be used to resolve the
question of which equilibrium is likely to
be more focal, and therefore more relevant,
for policy purposes or theoretical extensions.

In cases where the experimental results
are at odds with the theory, there is always
the possibility that further refinements of
the experimental environment—for instance,
changes in the manner in which problems
are framed—may serve to deliver experimental
results that ultimately confirm the theoret-
ical predictions. There should also, however,
be feedback from experimental results to
theoretical modeling, especially when
experimental results are continually found
at odds with a particular theory.

The experimental studies discussed in
this paper provide some support for several
different theories of money, but large gaps
still remain in our understanding of why
money is held and how decisions involving
money are made. Further theoretical work,
in combination with laboratory experiments
can serve only to deepen our understanding
of this important topic.
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The FOMC in
1997: A Real
Conundrum
Peter S. Yoo

Dr. Pangloss might have described the
performance of the U.S. economy dur-
ing 1997 as “the best of all possible

worlds,” and in many respects he would
have been correct.  The economy grew
rapidly throughout the year while most
measures of inflation fell steadily.  More
important, the strength of the economy
generated visible benefits: nearly 3.2 mil-
lion new jobs, a higher average real wage,
and a Federal government’s budget that
was within whispering distance of balance.

Clearly, Dr. Pangloss was not a
practitioner of the dismal science, otherwise
he would have found 1997 a trying time.
Throughout the year, economists struggled

to identify the factors that produced strong
real growth and lower-than-expected infla-
tion.  This was especially important for the
members of the Federal Open Market Com-
mittee (FOMC) because traditional signals
of inflationary pressures—monetary aggre-
gates and strength of the real economy—
provided little guidance.  The performance
of the U.S. economy during 1997 indicated
aggregate supply factors were at play as well.
Thus the FOMC had to sort through aggre-
gate demand and supply factors to
determine inflationary pressures.

Some economists speculated that the
U.S. economy had entered a new era of
rapid sustainable growth.  Low inflation
and strong growth during 1996 and 1997
fueled such speculation.  If true, any
factors that produced such outcomes were
long lived and required a different set of
policy responses.  Such considerations
likely motivated the questions, “What is
behind the good performance of the
economy?” and “Will it persist?” during
Alan Greenspan’s Humphrey-Hawkins 
testimony in July 1997.

Peter S. Yoo is an economist at the Federal Reserve Bank of St. Louis.  Joshua D. Feldman provided research assistance.

Members of the Federal Open Market Committee in 1997

Alan Greenspan, Chairman of the Board of Governors of the Federal Reserve System and of the FOMC

Alice M. Rivlin, Vice Chair of the Board of Governors of the Federal Reserve System

Edward W. Kelley, Jr., Governor of the Federal Reserve System

Susan M. Phillips, Governor of the Federal Reserve System

Laurence H. Meyer, Governor of the Federal Reserve System

Roger W. Ferguson, Jr.,* Governor of the Federal Reserve System

Edward M. Gramlich,* Governor of the Federal Reserve System

William J. McDonough, Vice Chair of the FOMC and President of the Federal Reserve Bank of New York

J. Alfred Broaddus, Jr., President of the Federal Reserve Bank of Richmond

Michael H. Moskow, President of the Federal Reserve Bank of Chicago

Jack Guynn, President of the Federal Reserve Bank of Atlanta

Robert T. Parry, President of the Federal Reserve Bank of San Francisco

*Drs. Ferguson and Gramlich took office on November 5, 1997, and their first FOMC meeting was on November 12.
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1 Members of the FOMC cited
these factors as potential
sources of favorable inflation
numbers.  Oil prices fell nearly
30 percent during 1997.  The
medical care services compo-
nent of the CPI rose 2.9 per-
cent in 1997, its lowest rate
since the 1960s.  The technical
revisions to the CPI probably
lowered the inflation rate by
0.2 percent.
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AGGREGATE SUPPLY
1997 marked the sixth year of the cur-

rent expansion.  As summarized in Figure
1 and Table 1, the economy showed
remarkable strength and lower inflation
during the year.  Real Gross Domestic
Product (GDP) grew 3.7 percent between
the fourth quarter of 1996 and the fourth
quarter of 1997.  The civilian unemployment
rate fell steadily throughout the year, starting
the year at 5.1 percent and finishing at 4.3
percent.  When compared to 1996, all
measures of inflation were lower in 1997.
The Consumer Price Index (CPI) rose a
scant 1.7 percent in 1997, after rising 3.3
percent in 1996, and the Producers Price
Index fell 1.2 percent during 1997.

The strength of the economy and
lower inflation made it more difficult to
formulate appropriate policy because they
implied aggregate supply factors had
affected the economy.  An increase in
demand produces higher prices and higher
output, whereas an increase in supply gen-
erates lower prices and higher output.
Since the data showed that output and
inflation were moving in opposite
directions, aggregate demand analysis was
not sufficient to determine how much
inflationary pressures existed in the
economy.  The FOMC, therefore, discussed
factors that affected aggregate supply.
There were several candidates: job insecu-
rity, oil prices, slow growth of health care
expenses, increased competition (both
domestic and international), technical
changes to the CPI, the lack of pricing
power and increases in labor productivity.1

Productivity
Of the potential factors listed, labor

productivity deserved careful consideration
because it allows companies to produce
more with a given amount of labor, thereby
reducing the cost of production.  Most
likely all other factors were temporary.
Although the observed higher productivity
may have been temporary as well, it also
had the potential to have a much longer
effect on the economy.  The May meeting’s
minutes noted,

Members focused on the possible role
of faster-than-reported increases in pro-
ductivity as a key explanation for the
benign behavior of inflation in current
circumstances...The ongoing develop-
ment and spreading adoption of auto-
mated equipment along with the
increasing skills and other infrastruc-
ture needed to use it effectively
appeared to be creating growing effi-
ciencies or synergies that were marked-
ly enhancing productivity and enabling
firms to hold the line on prices and
maintain high profit margins.

The growth rates of productivity and
investment were two striking features of
the U.S. economy’s performance in 1997.
After languishing for decades, labor
productivity of nonfarm businesses during
1997 grew at a rate near its post-war
average (see Table 1) and followed a
respectable performance in 1996.  Labor
productivity in the manufacturing sector
grew even more quickly and had been

The U.S. Economy in 1997

Nonfarm Business
Period Real GDP Inflation - CPI Output per Hour Unemployment Rate

1997 3.7 1.7 2.1 5.0
1948-1997 3.5 3.9 2.1 5.7
1948-1969 4.5 2.2 3.2 4.7
1970-1997 2.8 5.3 1.4 6.6

Note: Real GDP and Inflation are fourth quarter over fourth quarter growth rates.

Table 1
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2 The Full Employment and
Balanced Growth Act of 1978,
also known as the Humphrey-
Hawkins Act, requires the
Federal Reserve to report target
ranges for monetary aggregates
to Congress.  Pakko (1995)
discusses the role of monetary
aggregates as intermediate 
targets of monetary policy.

3 Ritter (1993) discusses the
instability of the signals from
monetary aggregates during
the early 1990s.
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strong since the end of the last recession.
In addition, investment as a fraction of
GDP continued to grow and reached its
highest level since the end of World War
II, adding to the economy’s productive
capacity.  Investment in computers and
other information technologies grew espe-
cially quickly during the year.

AGGREGATE DEMAND
Although falling inflation and rapid

growth suggested a positive shift of aggre-
gate supply, there were indications that
aggregate demand had increased as 
well, and signaled a possible source of
inflationary pressures.  Growth of real
GDP was strong during 1997 and came 
on the heels of strong growth during 1996.
Real GDP surpassed its post-war average
and also surpassed most estimates of 
the potential growth rate of GDP.
Moreover, various factors that support
aggregate demand showed strength
throughout the year.  Personal income,
supported by large net job creation, grew
rapidly throughout the year; household
wealth increased substantially as the stock
market continued to rise; and consumer
confidence rose to record levels.  All 
these factors provided the wherewithal 
for robust consumer spending.  Businesses
continued to invest as the cost of capital
fell and profits rose, further adding to
aggregate demand.

Monetary Aggregates
Nearly all economists believe excesive

money growth causes inflation.  As recently
as the early 1990s, the behavior of M2 was
an important input into monetary policy.2

Unfortunately, the unexpected and
persistent rise of M2 velocity during the
early part of this decade diminished its rel-
evance for monetary policy.3 1997 brought
M2 back into the policy discussion as the
velocity of M2 showed signs of stabilizing
at a higher level.

During 1997, FOMC members noted
the growth of M2 above or at the upper
end of its target range, possibly signaling

an expansionary monetary policy, thereby
stimulating aggregate demand and fueling
future inflation.  Certainly, most measures
of economic activity were high throughout
the year, and asset prices rose sharply.  But,
could the monetary aggregates be trusted
once again to send reliable signals about
inflationary pressures?  Such issues were
most likely on the FOMC members’ minds
as they discussed policy.  But in the end,
the committee decided to watch the aggre-
gates carefully but sought other indicators
of aggregate demand pressures.

...any tendency for growth of the
monetary aggregates to move outside
the Committee’s ranges would not in
itself call for a policy adjustment but
would continue to be interpreted in
the context of a broad range of busi-
ness and financial developments bear-
ing on the prospective performance of
the overall economy.

...the period of more predictable M2
and M3 behavior was still relatively
brief and such behavior had occurred
at a time of generally settled condi-
tions in financial markets and the
overall economy.  The prospective
performance of these aggregates in
periods of rapid changes in financial
and economic conditions was still an
open question, and in light of the
uncertainties that were involved the
members concluded that it would be
premature to place increased reliance
on them in the conduct of policy.

Resource Constraints
So, the FOMC turned to the other 

traditional indicator of excess aggregate
demand and inflationary pressures:
resource constraints, which embody the
notion that prices increase when demand
exceeds supply.  Two notable and
somewhat related concepts of resource
constraints are measured by the Phillips
curve and the difference between actual
and potential GDP.

The Phillips curve suggests that 
the amount of slack in the labor market
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4 Estimates of NAIRU also consider
other factors like demographics.
Gordon (1997) discusses recent
developments and estimates of
NAIRU.  Staigler, Stock, and
Watson (1997) suggest that
the uncertainty of a NAIRU esti-
mate is quite large, perhaps too
large for policy makers.

5 Under certain conditions these
two relationships may be
mapped one-to-one onto each
other.  Okun’s law is one such
empirical relationship between
the output gap and employ-
ment gap.  It states that a 
1 percentage point drop in
unemployment is associated
with a 3 percentage point
increase in output.
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effects prices in the short run by affecting
production costs.  Strong aggregate demand
increases demand for labor and thus increases
wages.  Rising labor costs increase the cost
of production which firms pass along to con-
sumers as higher prices.  Although price
measures did not show higher inflation in
1997, the unemployment rate fell substan-
tially, many new jobs were created and
several measures of labor costs, including
employment cost index, accelerated.  The
February FOMC minutes noted,

If labor markets remained under pres-
sure, nominal compensation costs
were likely to pick up at some point
as one-time savings in worker benefit
costs ran out and as workers became
less willing to trade off lower wages
for increased security; such a develop-
ment would foster increases in labor
costs that ultimately would feed
through to higher prices.

Economists often translate the idea
into a non-linear relationship between
unemployment and inflation by estimating
a threshold beyond which inflation accel-
erates.  This measure is called NAIRU,
non-accelerating inflation rate of unemploy-
ment; by definition, unemployment rates
above (below) NAIRU are associated with
accelerating (decelerating) inflation.  Most
estimates of NAIRU were near 5.5 percent.4

The pace of economic activity
produced strong employment growth and
thus a lower unemployment rate.  At the
end of 1996, the unemployment rate was
5.3 percent—a rate below most estimates
of NAIRU—and it fell steadily to 4.7 percent
by the end of 1997.  Moreover, the unem-
ployment rate during 1997 was below the
post-war average and significantly below
the average for the post-1970 era.

The other measure of resource
constraint is the gap between actual and
potential GDP.  The idea is similar to the
Phillips curve with potential GDP replacing
NAIRU.5 Like the difference between the
unemployment rate and NAIRU, the differ-
ence between actual and potential GDP
measures strength of demand relative to

supply.  The measure suggests that if aggre-
gate demand grows more rapidly than an
economy’s ability to produce, inflationary
pressures develop.  If the growth of real GDP
is above (below) that of potential GDP, infla-
tion accelerates (decelerates).  Chairman
Greenspan noted in his July Humphrey-
Hawkins testimony, “[W]e endeavor to prevent
strains from developing in our economic
system, which long experience tells us produce
bottlenecks, shortages, and inefficiencies.
These eventually create more inflation, which
undermines economic expansion and limits
the longer term potential of the economy.”

Economists often characterize an
economy’s productive capacity using an
aggregate production function that has two
components: labor and labor productivity.
So, an estimate of potential GDP requires
estimates of those two factors.  The long-
run growth rate of the labor force equals
the growth rate of the population, currently
about 1 percent.  The other variable, labor
productivity, is much harder to forecast
because it incorporates factors such as the
rate of net capital accumulation and tech-
nological change.  One simple guess at the
growth rate of labor productivity uses a
long-run historical average as an estimate
of the growth of labor productivity.  Labor
productivity growth has averaged 1.4 percent
since 1970.  Combining the population
growth rate and the recent growth rate of
labor productivity yields a potential growth
rate of the U.S. economy of 2.4 percent,
near most estimates of potential GDP growth.

LONGEVITY AND LAGS
Complications introduced by potential

shifts of aggregate supply were compounded
by uncertainty about how long such aggre-
gate supply enhancing factors would last.  If
the productivity continued to grow rapidly,
potential GDP would be higher.  Perhaps they
would last as long as those factors possibly
affecting aggregate demand.  If the aggregate
supply and demand factors had similar dura-
tions, perhaps no monetary policy response
was necessary.

Determining the duration of such
changes may be easy, in hindsight, but it is
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difficult to do while one is in the midst of
them.  As Chairman Greenspan stated in his
July testimony before Congress,

We do not now know, nor do I sus-
pect can anyone know, whether cur-
rent developments are part of a once
or twice in a century phenomenon
that will carry productivity trends
nationally and globally to a new high-
er track, or whether we are merely
observing some unusual variations
within the context of an otherwise
generally conventional business 
cycle expansion.

Still, advocates of the long-lived, pro-
ductivity-increase hypothesis saw recent
developments in information technology
and recent cost-cutting measures as the
primary drivers of productivity gains.  The
proponents of the structural change viewpoint
noted the persistent growth of investment,
especially in information technologies.6

Chairman Greenspan speculated in his July
Humphrey-Hawkins testimony, “What we
may be observing in the current environment
is a number of key technologies, some even
mature, finally interacting to create signifi-
cant new opportunities for value creation.”

The committee members also had to
consider monetary policy lags because any
policy actions might have accentuated eco-
nomic fluctuations rather than dampening
them, if the effects of policy coincided
with reversion to normal levels of economic
activity. So, if the aggregate demand and
supply factors were short lived, they would
dissipate before effects of monetary policy
would take hold.  Chairman Greenspan noted,7

The Federal Reserve’s policy actions,
the evidence demonstrates, affect the
financial markets immediately, but
work with a significant lag of several
quarters or more on output and
employment, and even longer on
prices.  Too often in the past, policy
makers responded late to unfolding
economic developments and found
they were far behind the curve, so 
to speak; as a result, their policy

actions were creating or accentu-
ating business cycles, rather than 
sustaining expansion.

This lagged effect of policy also
implied that the FOMC had to make
policy decisions before measured inflation
rose and all evidence of aggregate demand
and supply factors were available.  The
Chairman continued in the same speech,

Those who wish for us, in the current
environment, to await clearly visible
signs of emerging inflation before act-
ing are recommending we return to a
failed regime of monetary policy that
cost jobs and living standards.  I wish
it were otherwise, but there is no
alternative to basing policy on what
are, unavoidably, uncertain forecasts.

SUMMARY OF  
FOMC MEETINGS

The struggle to find answers to the two
questions posed by Chairman Greenspan
and the FOMC’s decisions about the appro-
priate course of monetary policy was evident
in the minutes of the eight meetings.  (Table
2 summarizes the outcomes of the meetings.)
Throughout the year, the incoming data
showed that the growth rates of monetary
aggregates were near the upper end of
their targets, growth of real output was
greater than that of potential output, and
the unemployment rate was below most
estimates of NAIRU.  All of these factors
hinted at inflationary pressures.  Yet, infla-
tion continued to fall throughout the year.

February 4-5
The first FOMC meeting of 1997 set

the tone for most of the year.  Incoming
information suggested that economic
activity had increased substantially 
during the fourth quarter of 1996.  The
Commerce Department’s advance estimate
of real GDP growth in the fourth quarter 
of 1996 showed the economy grew at a 
4.7 percent annual rate.  The unemployment

6 Interestingly, the discussions
about changes in productivity
were not noticeable in most
estimates of the growth rate of
potential GDP.  If higher produc-
tivity growth is long lived,
potential GDP should grow
faster than 2 to 2 1/2 percent.
Yet, forecasters expected real
GDP growth to moderate and
grow at 2 to 2 1/2 percent with-
in 12 to 18 months.  The
February Humphrey-Hawkins
report’s central tendency of real
GDP growth for 1997 was 2 to
2 1/4 percent.  The Blue Chip,
Congressional Budget Office,
and Office of Management and
Budget all forecasted similar
growth rates of potential GDP.

7 Chairman Greenspan gave the
speech at the Haskins Partners
Dinner of the Stern School of
Business, New York University,
on May 8, 1997.
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8 The small size of the policy
action and lack of any other
changes during the remainder
of the year might have reflect-
ed the uncertainty expressed by
the committee.  Brainard
(1967) argued that policy
made under uncertainty should
be smaller than one made with
full information.

rate was at 5.3 percent and various measures
of labor compensation also accelerated.  At
the same time, inflation showed little change
in its trend.

The members expected the pace of eco-
nomic activity to slow and acknowledged
potential price pressures from high rates of
resource utilization, although recent behavior
deviated from historical patterns. The com-
mittee decided,

an unchanged policy seemed appropri-
ate with inflation still quiescent, with
few signs of emerging price pressures,
with growth in economic activity seen
as likely to moderate appreciably from
the unexpectedly strong and unsus-
tainable pace of the fourth quarter.

One potential dampening factor was
the stock market.  Surprisingly, the
committee viewed the stock market as a
source of potential strength or weakness
for the economy.  The continuing increase
in equity prices added significantly to con-
sumer’s wealth and therefore provided the
wherewithal to support higher spending.
But, the stock market could have fallen,
diminished household wealth, and had 
the opposite effect on spending.

March 25
The data prior to the March 25th

meeting showed “widespread statistical
and anecdotal evidence that the surprising

strength in economic activity over the
closing months of 1996 was persisting in
1997.”  Moreover, the committee and fore-
casters expected the economy to slow, but
“they felt that substantial uncertainty sur-
rounded the timing and extent of such
slowing in the quarters ahead.”  Still, the
continued strength of the economy
increased the risk of inflation, given the
already high levels of resource utilization.
“However, the risks of a rise in inflation
down the road had increased appreciably
as a result of the strength of aggregate
demand and the increase in pressures on
resources that likely would accompany it
absent a firming in financial conditions.”

These concerns led the committee to
act preemptively by raising the intended
federal funds target by 25 basis points to
5.5 percent.  This would be the only
change of the year.8

In this situation, they saw a clear need
for a preemptive policy action that
would head off any pickup of infla-
tion, and it was noted that a shift to a
tighter policy stance would seem to
pose little risk to the expansion.
Indeed, by countering any tendency
for inflation to rise and for higher
inflation expectations to become
embedded in financial markets and
economic decision-making more gen-
erally, such action would help head off
a more abrupt economic slowing, or
even a downturn, and thereby would

Summary of FOMC Decisions

Directive for
Date Reserve Pressure Intermeeting Stance Dissent

2/4-5 maintain asymmetric (tighter) none
3/25 increase slightly symmetric none
5/20 maintain asymmetric (tighter) Broaddus
7/1-2 maintain asymmetric (tighter) none
8/19 maintain asymmetric (tighter) none
9/30 maintain asymmetric (tighter) none
11/12 maintain asymmetric (tighter) Broaddus
12/16 maintain symmetric Broaddus

Table 2
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help sustain the expansion and pre-
serve the firm labor markets and 
their associated benefits.9

The FOMC released an unusually
long statement after the meeting to 
explain its action: 10

The Federal Open Market Committee
decided today to tighten money mar-
ket conditions slightly, expecting the
federal funds rate to rise 1–

4 percentage
point to around 5 1–

2 percent.

This action was taken in light of per-
sisting strength in demand, which is
progressively increasing the risk of
inflationary imbalances developing in
the economy that would eventually
undermine the long expansion.

In these circumstances, the slight
firming of monetary conditions is
viewed as a prudent step that affords
greater assurance of prolonging the
current economic expansion by sus-
taining the existing low inflation envi-
ronment through the rest of this year
and next.  The experience of the last
several years has reinforced the con-
viction that low inflation is essential
to realizing the economy’s fullest
growth potential.

No change was made in the Federal
Reserve discount rate, which remains
at 5 percent.

May 20
The economy showed some signs of

slowing, although the committee members
believed there was underlying strength in
the economy.  Consumer spending rose at
a slower pace as did increases in payroll
employment.  Industrial production was
unchanged between March and April.
Still, they found the high resource utiliza-
tion rates and low inflation nexus puzzling.

[T]he members found it very difficult

to account for the surprisingly benign
behavior of inflation in an economy
that had been operating at a level
approximating full employment,
indeed, possibly somewhat above sus-
tainable full employment in labor
markets in the view of a number of
members, especially taking into con-
sideration the recent further decline in
the unemployment rate.  On the basis
of historical patterns, any overshoot-
ing of full employment would be
expected to generate rising inflation
over time.  Although increases in
labor compensation had been trending
higher, these pressures were muted
and had not shown through to prices.

In light of continuing uncertainty and
the absence of inflation, the committee
decided not to change the federal funds
target.  Not all were in agreement, however.

Mr. Broaddus dissented because he
believed that the strength of invest-
ment demand, due possibly to an
increase in the trend growth rate of
productivity, required somewhat high-
er real interest rates to prevent infla-
tionary pressures from developing.
He was concerned that, with the econ-
omy already operating at a high level
and labor markets apparently very
tight, any increase in such pressures
might be costly to reverse and might
reduce the credibility of the
Committee’s longer run strategy of
promoting maximum sustainable
growth by fostering price level stabili-
ty.  He also believed that the risk to
the economy of a moderate further
tightening was small given the appar-
ent momentum of aggregate economic
activity.

July 1-2
Incoming data suggested that

economic activity during the second
quarter was substantially slower than the
first.  The committee interpreted this as a
general return to the potential growth rate
of the economy over the following six

9 Friedman (1968) and Phelps
(1968) show that a simple
Phillips curve misses the impor-
tance of expectations in deter-
mining any relationship
between unemployment and
inflation.  Lucas (1973)
extends the analysis by incorpo-
rating rational expectations
which showed that a stable
relationship between inflation
and unemployment need not
exist if agents rationally antici-
pate policy maker’s actions.
Kyland and Prescott (1977),
Calvo (1978), Kreps and
Wilson (1982), Barro and
Gordon (1983) and Barro
(1986) show the importance
of reputation and time inconsis-
tency in determining the wel-
fare costs of monetary policy
actions.

10 Prior to 1994 the committee
did not make any announce-
ments about policy decisions.
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quarters.  Still, the members viewed faster
growth as a risk to their forecast.  The
committee also discussed productivity
improvements.

More fundamentally, [the low inflation]
presumably also involved the favorable
effects on production costs of wide-
spread business restructuring and the
large volume of investment in more
productive technology in recent years,
the impact of both factors on the job
security concerns of workers and their
willingness to accept reduced increases
in compensation, and the effects of an
intense degree of competition among
domestic and foreign producers in U.S.
markets.  With regard to the possibility
that more robust productivity increases
would be holding down production
costs, it was noted that a surge in eco-
nomic activity, such as had occurred in
late 1996 and early 1997, tended to be
accompanied by above-trend gains in
productivity.  A slower pace of econom-
ic growth in the second quarter and
beyond might provide an opportunity
to assess whether productivity increases
were on a clear up trend and could help
to explain the favorable behavior of
prices over an extended period.  In any
event, it was too early to reach any firm
conclusion on this issue or the broader
question of whether or when a rise in
inflation might materialize under antic-
ipated economic conditions.

The FOMC members also discussed
their outlook for 1997 and 1998.  Their
forecasts for real GDP growth for 1997 and
1998 showed central tendencies of 3 to 3

1–
4

percent and 2 to 2
1–
2 percent, respectively.

They also saw the unemployment rate within
a range of 4

3–
4 to 5 percent for both years,

and CPI inflation within 2
1–
4 to 2

1–
2 percent

for 1997 and 2
1–
2 to 3 percent for 1998. 

August 19
A new concern for the committee 

surfaced during this meeting, the growth
of inventories.

The uncertain prospects for inventory
investment were a dominant factor in
the outlook for economic activity over
the nearer term.  The accumulation of
inventories had been unusually high
in the second quarter according to the
available evidence.  There was no broad
sense of an undesired buildup, but the
rate of inventory investment would
have to be reined in if an overhang
were to be averted.  A concern in this
regard was that the apparent upturn in
final demand, particularly if it proved
to be somewhat stronger than currently
expected, and related business opti-
mism about sales prospects might well
result in a further buildup of invento-
ries at a relatively rapid rate.  While
such a development was not viewed as
the most likely outcome and, indeed,
less-than-projected strength in the
inventory sector could not be ruled
out, relatively rapid inventory accu-
mulation in the context of persisting
above-trend growth in final demand
would generate additional pressure on
resources and heighten the risks of
accelerating inflation.

The discussion during the meeting
also mentioned high, real short-term
interest rates as a possible damper on
activity.11 The Fisher equation states that
nominal and real interest rates differ by
expected inflation.  Using actual inflation
as a proxy for expected inflation, the real
federal funds rate rose sharply during
1997.  Indeed Chairman Greenspan would
later acknowledge the possibility of a pas-
sive tightening in his February 1998
Humphrey-Hawkins testimony.

Although the nominal federal funds
rate was maintained after March, the
apparent drop in inflation expectations
over the balance of 1997 induced some
firming in the stance of monetary poli-
cy by one important measure—the real
federal funds rate, or the nominal fed-
eral funds rate less a proxy for inflation
expectations.  Some analysts have
dubbed the contribution of the reduc-
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11 The minutes from the May 20
meeting also make a passing
reference to high real interest
rates.
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tion in inflation expectations to raising
the real federal funds rate a ‘passive’
tightening, in that it increased the
amount of monetary policy restraint in
place without an explicit vote by the
FOMC.  While the tightening may
have been passive in that sense, it was
by no means inadvertent.  Members of
the FOMC took some comfort in the
upward trend of the real federal funds
rate over the year and the rise in the
foreign exchange value of the dollar
because such additional restraint was
viewed as appropriate given the
strength of spending and building
strains on labor resources.

The directive issued to the Open
Market Desk at this meeting made an
explicit reference to the intended federal
funds target for the first time.  Previous
directives only mentioned possible
changes to reserve pressure.

September 30
The pace of economic activity acceler-

ated again after a slow second quarter.
Still, the committee delayed making any
further changes in policy.

There were, nonetheless, a number of
reasons for delaying a tightening of
policy.  The behavior of inflation had
been unexpectedly benign for an
extended period of time for reasons
that were not fully understood.
Forecasts of an upturn in inflation
were therefore subject to a consider-
able degree of uncertainty, and the
expansion of economic activity could
still slow to a noninflationary pace.
Members also commented that a policy
tightening was not anticipated at this
time and such an action might there-
fore have unintended adverse effects
on financial markets.  Members recog-
nized that from the standpoint of the
level of real short-term interest rates,
monetary policy could already be
deemed to be fairly restrictive. Several
noted, however, that credit from a wide

variety of lenders appeared to be amply
available in financial markets on favor-
able terms, perhaps overly so in present
circumstances, and some also noted
that the strength in the broad measures
of money in recent months suggested
that policy was not restraining liquidity
or financial conditions more generally.
In the course of the Committee’s dis-
cussion of these diverging considera-
tions, a consensus emerged for
maintaining a steady policy course at
this time, but members also expressed
the need for a heightened degree of
vigilance as they continued to assess
ongoing developments for signs that
inflation might intensify in the future.

November 12
The continued strength of the economy

continued to worry the FOMC.  “[T]he
members agreed that there remained a
clear risk of additional pressures on already
tight resources and ultimately on prices that
could well need to be curbed by tighter
monetary policy.”  But they found
themselves more concerned about a new
development, a crisis in Asia.12 “Turmoil
in Asian financial markets and economies
would tend to damp output and prices in
the United States.  To date, it appeared that
the effects on the U.S. economy would be
quite limited, but the ultimate extent of
the adjustment in Asia was unknown, as
was its spillover to global financial markets
and to the economies of nations that were
important U.S. trading partners.”13

In light of the uncertainty and absence
of inflation the committee decided to leave
policy unchanged.  But once again,

Mr. Broaddus dissented because he
believed that a modest tightening of
policy would be prudent in view of the
recent strength in aggregate demand
for goods and services; such demand
appeared to be growing considerably
more rapidly than the sustainable rate
at which it could be supplied without
an increase in inflation.  While he rec-

12 The crisis in Asia started several
months earlier in early summer
with the devaluation of the 
Thai baht.

13 There was considerable uncer-
tainty about the effects of the
crisis.  Several forecasts issued
at the end of the year showed
slower growth in the Asian
countries.  The crisis’ effect on
the U.S. centered on two
effects.  First, forecasters
expected export of goods pro-
duced in the U.S. to the affect-
ed countries to decrease, but
direct trade between the U.S.
and the affected countries was
relatively small.  Second, the
crisis might induce slower
growth in Japan and other
countries that were larger trad-
ing partners of the U.S. as
demand for their exports fell.
This created another channel
for the Asian crisis to affect the
U.S. economy.
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ognized that a tightening at this meet-
ing presented risks in view of recent
financial and economic developments
in East Asia, he believed these risks
were outweighed by the risk that poli-
cy would have to be tightened more
aggressively if action were delayed,
demand remained robust, and the
recent apparent reduction in inflation-
ary expectations were reversed.  The
negative impact on economic activity
in such circumstances would be
markedly greater than if a more modest
action were taken at this meeting.

December 16
The year ended much as it started.

“[M]embers commented on indications that
growth in economic activity had remained
solid and that inflation had continued to be
surprisingly low.”

More importantly, the Asian crisis 
continued to worry the committee.

However, the effects of the persisting
turmoil in Asian financial markets
were likely to moderate the pace of
expansion, though the extent of this
effect was difficult to judge.  The
ongoing turbulence since the last
Committee meeting, which included
further noticeable increases in the dol-
lar against the currencies of affected
countries, likely would have a some-
what greater damping effect on output
and prices in the United States than
previously had been anticipated.
Exports to many Asian countries, and
possibly to other U.S. trading partners
whose economies might be adversely
affected by the spillover effects of devel-
opments in Asia, would be reduced,
and declines in import prices would
ease inflation pressures.  However, the
ultimate extent of the adjustment in
Asian economies remained unknown,
and more substantial downward pres-
sure on the economies of the United
States and its trading partners could 
not be ruled out.

The uncertainty surrounding the 
economic outlook led the committee to change
the asymmetric, intermeeting directive that
had been in place for most of the year.

A majority of the members indicated a
preference for a shift to a symmetrical
directive even though many contin-
ued to anticipate that the next policy
move was likely to be in a tightening
direction.  They noted that while the
probability of any policy change in the
near term was very low, uncertainties
in the outlook had increased, and they
could not rule out the possibility that
the next change might be in the direc-
tion of some easing if, contrary to cur-
rent expectations, the turmoil in Asia
were to intensify to the extent that it
seemed likely to exert very substantial
effects on the U.S. economy.  A sym-
metric directive would position the
Committee to respond flexibly in
either direction to unanticipated
developments in the period ahead.

But all were not in agreement.

Mr. Broaddus dissented because he
continued to believe that a modest
tightening of policy would be prudent
in light of the apparent persisting
strength in aggregate demand for
goods and services.  He recognized
the case for holding policy steady
given recent developments in East
Asian economies and financial mar-
kets; he believed, however, that a
slight firming at this meeting would
provide valuable insurance against the
risk that demand growth might
remain above a sustainable trend and
require a sharper policy response later.
He thought further that the potential
benefits of this insurance outweighed
the risk that such an action would
have a significant negative impact on
U.S. economic activity.  He also
believed that signaling a greater will-
ingness to tolerate modest policy
adjustments in response to emerging
developments would foster more flexi-
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ble movements in longer term finan-
cial markets, and specifically enable
longer term interest rates to play their
traditional role as automatic stabiliz-
ers for the economy more effectively.

CONCLUSION
Although the economic performance

of the U.S. economy in 1997 was very good,
it was in at least one respect troubling for
the FOMC.  Traditional signals of inflation
—rapid money growth and high levels of
economic activity—were not accompanied
by higher inflation.  Rather, inflation fell
steadily throughout the year.

The committee put forth several
hypotheses for the subdued inflation but
found the situation puzzling, nevertheless.
Compounding the problem, the members
did not know how long such dampening
factors would last, and thus did not know
if policy actions would exacerbate a
foreseen slowdown of the economy.  In the
end the FOMC changed the intended fed-
eral funds target once and then searched
anxiously for the answers to the
conundrum they faced in 1997.
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1 Typically, countries express their
objectives in terms of the infla-
tion rate—that is, the rate of
change in the aggregate price
level, rather than in terms of the
price level itself.  The terms price
stability and inflation stability
often are used synonymously,
and we will do the same in this
article except where the distinc-
tion is important. 
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Price Stability
and Financial
Stability:   
The Historical
Record
Michael D. Bordo
David C. Wheelock

During the past decade, many countries
have set explicit inflation targets and
mandated inflation control as the

paramount objective of monetary policy.1

Some critics of the view that monetary pol-
icy should focus solely on minimizing
fluctuations in the inflation rate or price
level argue that such a narrow focus would
compromise the stability of the financial
system.  A central bank with price stability
as its sole objective might not respond to
financial instability unless its inflation goal
was threatened.  The financial system and
the economy as a whole might then suffer
increased instability.

An alternative view argues that a 
monetary policy directed at maintaining
price level stability would lessen both 
the incidence and severity of financial
instability.  Anna Schwartz (1988, p. 53)
argues that a central bank “that was able 
to maintain price stability would also 
incidentally minimize the need for lender-
of-last-resort intervention.”  Financial
instability, according to Schwartz, has
often been caused or made worse by 
fluctuations in the aggregate price level.  
A monetary policy that maintains price
stability would thus also promote 
financial stability.  

This article examines whether the
financial history of the United States is
consistent with Schwartz’s claim that insta-

bility in the price level exacerbates
financial instability, a view we term 
the Schwartz Hypothesis.  The most 
recent episodes of significant financial
instability in the United States and other
developed countries occurred in the 
1970s and 1980s.  In the United States,
this instability was most evident in the
form of widespread bank and savings 
and loan failures.  Relative price shocks—
specifically sharp declines in commodity
and real estate markets after several 
years of price increases—were the
proximate cause of the financial distress.
The fluctuations in these markets,
however, occurred in an era of aggregate
price inflation followed by a sharp disinfla-
tion, which, according to Schwartz,
increased the severity of the resulting
financial distress.

Sustained inflation, according to the
Schwartz Hypothesis, encourages specula-
tive investment and borrowing because
there exists an expectation that prices will
continue to rise.  When inflation abruptly
declines, however, as it did in the early
1980s, borrower incomes may prove insuf-
ficient to repay loans that had been made
with the expectation of continued price
increases.  The resulting rise in borrower
defaults reduces the equity of lenders, pos-
sibly causing an increase in financial
institution failures.  In the absence of infla-
tion and disinflation, real shocks, such as
those affecting commodity markets in the
1970s and early 1980s, might still cause
significant financial distress.  The Schwartz
Hypothesis argues, however, that if the
aggregate price level is stable, or at least if
its movements are fully predictable, then
resources will be employed more economi-
cally, and financial distress, regardless of
its proximate cause, will be less severe.

A definitive test of the Schwartz
Hypothesis would require micro-level
information about the decisions of house-
holds, firms, and financial institutions.
Here we present an informal analysis of

Michael D. Bordo is professor of economics at Rutgers University and a research associate of the National Bureau of Economic Research.  David
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helpful comments, and Heidi Beyer for research assistance.
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2 The Schwartz Hypothesis is
compatible, however, with
other theories of financial dis-
tress.  The shaded insert
includes a summary of com-
mon models of financial dis-
tress and explains how price
level instability can exacerbate
financial crises.

3 In addition to causing mistakes
that increase default rates,
uncertainty about future infla-
tion can add to the cost of
finance because lenders may
add inflation risk premiums to
interest rates that would not
exist in the absence of inflation
uncertainty.
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the timing of distress in U.S. financial his-
tory, supplemented by the histories of the
United Kingdom and Canada, to gauge
how closely associated financial instability
and price level instability have been histor-
ically.  This circumstantial evidence is
largely consistent with the Schwartz
Hypothesis.  At a minimum, the historical
association of severe financial instability
with fluctuations in the price level would
seem to support the arguments of those
who favor a price stability mandate for
monetary policy.

THE SCHWARTZ
HYPOTHESIS

Schwartz contends that a monetary
regime that limits fluctuations in the infla-
tion rate also will tend to limit financial
instability by lessening the information
problems associated with evaluating the
quality of alternative investments.  Price
level instability, on the other hand, can
exacerbate financial instability by increasing
the uncertainty both borrowers and lenders
face about the potential real returns to 
a project:

Both evaluate the prospects of projects
by extrapolating the prevailing price
level or inflation rate.  Borrowers
default on loans not because they
have misled uninformed lenders but
because, subsequent to the initiation
of the project, authorities have altered
monetary policy in a contractionary
direction.  The original price level and
inflation rate assumptions are no
longer valid.  The change in monetary
policy makes rate-of-return calcula-
tions on the yield of projects, based
on the initial price assumptions of
both lenders and borrowers, unrealiz-
able. (Schwartz, 1995, p. 24)  

Schwartz does not formally model
how changes in the inflation rate can lead
to financial instability, but her description
fits well with the monetary misperceptions
model of Lucas (1972 and 1973).2 In that
model, individuals cannot distinguish

(with certainty) shifts in relative prices
from changes in the aggregate price level.
This uncertainty can lead to resource mis-
allocation, which is corrected only once
the true nature of a price change becomes
known.  Thus, for example, a firm might
increase its production in response to an
apparent increase in demand for its
product as reflected by an increase in the
market price.  If, however, the producer
understood that the price increase merely
reflected an increase in the prices of goods
and services generally, and not a change in
relative prices in favor of the firm’s output,
the producer likely would not find it profitable
to increase output.  Uncertainty about
whether the change in one price reflects a
shift in relative prices or simply a change
in the aggregate price level can thus cause
a misallocation of resources.

This model is extended easily to incor-
porate financial decisions.  Uncertainty
about the nature of price changes can lead
to bad forecasts of real returns to investment
projects and, hence, to unprofitable
borrowing and lending decisions.  When
borrowers and lenders forecast returns
based on incomplete information or uncer-
tainty about the future level of prices,
mistakes that increase borrower defaults 
ex post can occur.  Inflation tends to
encourage overly optimistic forecasts of
real returns and thus can lead to lending
booms, both because of misperceptions
regarding the nature of individual price
changes and because the default risk
premiums that lenders require may decline
when inflation is expected to continue.  By
the same token, disinflation and especially
deflation may lead to overly pessimistic
forecasts or an increase in risk premiums
and hence discourage the financing of pro-
jects that might otherwise be funded.3

When not fully anticipated or hedged,
a change in the inflation rate can cause the
realized real return to investment to
deviate from what had been expected.
Default rates in debt markets can thus be
affected.  An unanticipated disinflation, for
example, can increase default rates by
causing realized borrower incomes to fall
below expectations.  Although disinflation
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4 Although Schwartz emphasizes
how inflation increases the diffi-
culty of projecting real returns
for both borrowers and lenders,
variability in the price level,
according to Schwartz (1988,
p. 49), can also worsen prob-
lems associated with asymmet-
ric information between
borrowers and lenders because
“fraud and mismanagement
are more likely to gain ground
in conditions of price variability,
and institutions of unimpeach-
able standards of risk manage-
ment may make judgments
that later turn out to be mistak-
en, if not disastrous.”

causes the real income to lenders on loans
that do not default to exceed expectations,
an increase in default rates could more
than offset this gain and result in significant
distress for lenders.  The Schwartz Hypoth-
esis argues that in the aggregate, financial
instability is likely to be associated with
disinflation because some projects will gen-
erate sufficient income to repay loans only
if the rate of inflation equals or exceeds 
the rate that had been expected when the
loans were made.4

EMPIRICAL EVIDENCE 
ON THE SCHWARTZ
HYPOTHESIS

For the Schwartz Hypothesis to be
important empirically, the following two
conditions must be met: 1) fluctuations in
the rate of inflation must, to some extent, be
unexpected; and 2) borrowers and lenders
cannot hedge completely against all possible
inflation outcomes.  If all movements of the
inflation rate are fully anticipated, or if indi-
viduals can fully insure themselves against
all such movements, then inflation will not
exacerbate financial instability through the
Schwartz mechanism.  Neither condition is
ever likely to hold completely of course, but
the better anticipated inflation is, or the
more able people are to insure against unfa-
vorable outcomes, the less effect price level
variability is likely to have on the stability of
the financial system.

The form and possibly the severity of
financial instability associated with either a
real or inflation shock will be affected by a
country’s institutional environment.  For
example, banking panics, which are char-
acterized by widespread conversion of
deposits into cash, and possibly by suspen-
sion of cash payments, increases in bank
failures, and monetary contraction, are
much less likely to occur in the presence
of an effective lender of last resort.
Similarly, high bank failure rates are less
likely in systems dominated by large,
branching banks than in unit banking sys-
tems.  Nevertheless, regardless of the
institutional environment, price level
instability can still increase borrower

defaults and thereby reduce banking
system profits.  Financial market structure
and regulations can affect the nature of
financial instability and perhaps even
lessen the effects of inflation shocks, but
price level instability will tend to
exacerbate financial instability regardless
of the institutional environment.

Similarly, the contribution of price 
level stability to stability of the financial
system depends neither on the cause of 
specific price level movements nor on the
nature of the monetary regime, except
insofar as they affect the extent that changes
in the inflation rate are anticipated.  An
abrupt decline in inflation following a sus-
tained inflation will likely contribute to
financial distress regardless of whether a
country is on, for example, a gold standard
regime or a fiat monetary system.

Throughout much of the nineteenth
and twentieth centuries, the United States
was on a gold standard of one sort or
another.  Under a gold standard, real
shocks to the demand or supply of gold
cause changes in the money stock and,
over the long term, the price level.  The
underlying shock might be an adverse
movement in the trade balance, for
example, leading to a gold outflow, mone-
tary contraction, and, if sustained, a
decline in the price level.  There may well
be theoretical reasons not to offset real
shocks of this sort—the classical rules of
the game, for example, held that gold flows
should not be offset and that the price
level should be permitted to adjust to
restore equilibrium in the international
gold market.  Nevertheless, one
consequence of an unstable price level
may well be an increase in financial insta-
bility.  Even if there are reasons to permit
some movement in the price level, if finan-
cial distress is worsened by price level
instability, then financial instability could
be lessened by limiting fluctuations in the
price level, and price stability and financial
stability should be considered complemen-
tary, rather than competing, policy
objectives.  We now turn to the historical
record to gauge whether there may be 
support for the proposition that inflation



5 Schwartz (1986) makes the
distinction between real and
pseudo financial crises.  The for-
mer is a banking panic or stock
market crash leading to a
scramble for currency or central
bank liabilities (high-powered
money); the latter refers to all
other events.  Pseudo crises are
marked by significant loss of
wealth but no connection to the
money supply or payments sys-
tem.

6 There have also been settings
in which banks issue notes that
are convertible into some com-
modity, such as gold.  In these
settings, a panic can occur if
noteholders fear the inability of
banks to redeem their notes for
the commodity.
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THE SCHWARTZ HYPOTHESIS AND THEORIES OF
FINANCIAL CRISIS

The Schwartz Hypothesis is not a theory of financial crisis, but rather an explana-
tion of how price level instability can lead to or exacerbate financial distress and possi-
bly lead to a crisis.  Moreover, the mechanism Schwartz describes is compatible with a
variety of explanations of why crises occur, which we briefly describe here.  

We define a financial crisis as a banking panic, which is an event characterized
by widespread depositor runs on banks, leading to a decline in the deposit/currency
ratio and possibly many bank failures.  A banking panic is also characterized by conta-
gion, or runs, on solvent banks.  Before the Federal Reserve was established, panics
typically ended in suspension of convertibility of deposits into currency.  Other
researchers use the term financial crisis to describe a variety of episodes in which sud-
den losses occur in financial markets or firms.  Such episodes could include a sudden
increase in bank failures not associated with depositor runs on the banking system as a
whole (as occurred in the United States during the 1980s), a stock market crash, fail-
ures in the non-bank financial sector, such as the commercial paper market, or a cur-
rency crisis.5 Where important, we will make the distinction between financial crises,
banking panics, and other types of financial distress clear.

Financial instability can have either monetary or non-monetary causes and may
be solely domestic or spread among countries.  The monetarist approach, specified for
example by Friedman and Schwartz (1963) and Cagan (1965), identifies financial crises
with banking panics that either cause or aggravate monetary contractions.  According
to monetarists, banking panics occur when the public loses confidence in the ability of
banks to convert deposits into currency.6 In a fractional reserve banking system,
attempts by the public to convert deposits into currency en masse, if not offset, will con-
tract the stock of money and lead to widespread failures of otherwise sound banks.  

A second theory of financial crises (defined broadly) relates financial instability
directly to business cycle turning points, regarding crises and contractions in econom-
ic activity as inevitable consequences of the excesses of economic booms.  Modern pro-
ponents of this financial fragility view include Minsky (1977), Kindleberger (1978),
Kaufman (1986), Friedman (1986), and King (1994), who extend arguments made by
Fisher (1932 and 1933).

According to Fisher, business cycle upturns are triggered by exogenous factors
that provide new, profitable investment opportunities in key sectors of the economy.
Rising prices and profits encourage more investment and also speculation for capital
gains.  Much of the process is debt financed, primarily by bank loans, which, in turn by
increasing deposits and the money supply, increase the price level.  A general optimism,
or euphoria, takes hold and increases monetary velocity and further fuels the expan-
sion, while rising prices, by reducing the real value of outstanding debt, encourages fur-
ther borrowing.  The process continues until a general state of overindebtedness is
reached, that is, the point at which individuals, firms, and banks have insufficient cash
flow to service their liabilities.  At this point, the financial system is vulnerable to crisis.

The inability of borrowers to repay their debts leads to distress selling, which, if wide-
spread, produces a decline in the price level.  As loans are extinguished, bank deposits and
the money supply decline, further lowering the price level.  Deflation then increases the
real burden of remaining debt, leading to further bankruptcies and declining economic
activity, a process referred to as debt-deflation.  The process continues until either wide-
spread bankruptcy has eliminated the overindebtedness or a reflationary monetary policy
has been adopted.  Once recovery begins, however, the whole process will repeat itself.



7 Gavin and Hausman (1996)
make a similar argument.
They contend that lending
booms, which may be associat-
ed with rapid monetary expan-
sion, are characterized by
falling credit standards and
increased difficulty with evalu-
ating credit risks.  Bad loans
are revealed when economic
activity declines, causing
increased bankruptcies and
stress on the banking system.
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The principal difference between the monetarist approach and the financial
fragility—debt–deflation approach concerns the role of monetary policy.  Monetarists
argue that crises are triggered by exogenous monetary shocks, whereas proponents of
the financial fragility view believe that the financial system is inherently unstable and
that crises arise mainly because euphoria at business cycle peaks encourages uneco-
nomic lending that sows the seeds of its own collapse.  Fractional-reserve banking,
however, provides a key mechanism by which crises and deflation propagate in both
the monetarist and financial fragility views.

Diamond and Dybvig (1983) suggest that the maturity mismatch of bank assets
and liabilities provides an additional source of instability within the banking system.
Banks transform illiquid assets into liquid financial assets by offering liabilities with a
different, smoother pattern of returns over time.  The illiquidity of bank assets leaves
banks vulnerable to depositor runs, however, and only the presence of a lender of last
resort or deposit insurance can prevent banking panics.

Asymmetric information, in which lenders are less informed than borrowers
about the potential returns of alternative projects, provides an alternative source of
financial instability.   Lenders, unable to distinguish good from unsound loans, might
ration credit or disproportionately discourage good quality borrowers by adding a
lemons premium to interest rates.   Heightened uncertainty, perhaps caused by instabil-
ity of the price level, that makes screening of borrowers more difficult can worsen such
adverse selection problems.  

The asymmetric information approach explains bank panics as stemming from
the fact that depositors cannot costlessly value individual bank assets, and hence have
difficulty in monitoring the performance of banks (Jacklin and Bhattacharya, 1988).  A
panic can occur when new information causes depositors to perceive an increase in the
riskiness of bank assets generally, but incomplete information prevents depositors from
distinguishing sound banks from potentially insolvent banks (Calomiris and Gorton,
1991).  A decline in asset values or disinflation can be one source of new information
triggering panic among depositors.  By reducing the net worth of borrowers, falling
prices can also increase agency costs and thereby adverse selection because borrowers
have less to lose by default.  Thus disinflation can discourage lending and further dis-
rupt the financial system or contribute to a decline in economic activity.

The Schwartz Hypothesis is compatible with any of the mechanisms of financial
crises described here.  Like the financial fragility view, Schwartz argues that financial
instability occurs because of inefficient lending during economic booms associated with
inflation.7 But, whereas proponents of the financial fragility model attach an air of irra-
tional behavior to such lending, Schwartz argues that unproductive lending occurs
because inflation makes discerning the quality of borrowers and projects more difficult.
Thus price instability worsens the information problems lenders face.  Like the asymmet-
ric information model of crises, inflation may make it more difficult for lenders to uncov-
er the true quality of borrowers.  However, inflation also causes information problems
about potential real returns that are common to both lenders and borrowers.
Misinterpreting inflation as increases in relative prices could encourage lenders to make
unproductive loans, whereas disinflation could discourage lending, again by making it
difficult to distinguish relative price changes from movement of the aggregate price level.
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8 The timing and extent of disin-
flation were, of course, always
somewhat uncertain, and some
financial distress did occur dur-
ing postwar disinflations.
Nevertheless, postwar financial
disruptions were small com-
pared with the extent of disin-
flation. 

instability exacerbates financial instability
in general.

Testing the Schwartz Hypothesis
A test of the Schwartz Hypothesis

using macroeconomic data presents several
challenges.  First, the hypothesis does not
address the underlying causes of financial
instability and argues only that price level
instability will contribute to financial dis-
tress—episodes in which banks or other
intermediaries suffer unusually high losses
as a result of borrower default.  Financial
distress can be triggered by shocks to rela-
tive prices, however, as well as by shocks
to inflation.  Thus the occurrence of finan-
cial instability during periods when the
price level was relatively stable is not nec-
essarily evidence against the Schwartz
Hypothesis.

A second difficulty arises because the
hypothesis pertains only to unexpected dis-
inflation.  If a disinflation were widely
anticipated, the mechanism of a lending
boom followed by financial instability
described by Schwartz would not apply.
We argue that the substantial disinflations
after the Civil War, World War I, and
World War II were not accompanied by
serious financial disruptions because those
disinflations were widely anticipated out-
comes of the gold standard monetary
regime.8 Other, smaller disinflations have
been accompanied by major financial
crises, perhaps because those disinflations
were unexpected.

The nature of the monetary regime can
affect the extent to which changes in the
price level are predictable.  Under a gold
standard, for example, the price level tends
to be mean-reverting.  That is, offsetting
increases (decreases) in the price level tend
to follow declines (increases) in the price
level (Bordo, 1981).  Similarly, when the
public views a government’s commitment
to the gold standard as credible in the 
long run, it will come to expect that any
inflation occurring during a period of 
gold suspension will be offset by deflation
(Bordo and Kydland, 1995).  In the
classical gold standard era, 1879-1913,

however, inflation in the United States was
virtually a random walk, with just a slight
tendency for deflation to follow inflation
after two or more years (Barsky, 1987).  

Since the establishment of the Federal
Reserve System in 1914, inflation has
become increasingly persistent, implying
that forecasts of inflation closely resemble
current inflation (Barsky, 1987).  This
period has witnessed the decline and even-
tual abandonment of the gold standard in
favor of a government-managed fiat standard.
Sudden changes in the rate of inflation or
its direction, as occurred in the early 1980s,
seem especially difficult to anticipate in a
fiat monetary regime, particularly when
central bank objectives are not clear.
Because inflation historically has been dif-
ficult to predict under all types of regimes,
however, we make no attempt in this article
to estimate the extent to which changes in
inflation were anticipated, though any
formal analysis of the Schwartz Hypothesis
would need to make such a distinction.

A third problem we face in estimating
the contribution of price level instability to
financial instability is one of reverse causality.
Financial instability that directly causes a
decline in the growth rate of the money
stock can, in turn, cause disinflation.  Indeed,
banking panics have occurred often before
large deflations.  Identifying the effect of
price level instability on financial stability
is thus especially difficult for the nineteenth
century, when banking panics occurred
relatively frequently.  However, cross-
country comparisons, as well as cross-regime
evidence within a country, enable us to
sort out these difficulties to some extent.
With such comparisons we can show that
financial instability can take many forms,
depending on the extant institutional envi-
ronment.  And, because financial distress
that produces a negative monetary shock
will likely have more subsequent effect on
the price level than other forms of financial
distress, we can provide more convincing
evidence for the Schwartz Hypothesis by
comparing similar episodes of price insta-
bility across countries with different
institutions and thus different forms of
financial distress.  We begin, however, by
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focusing on the financial history of the
United States.

THE U.S. HISTORICAL
EXPERIENCE

We now examine the history of finan-
cial instability in the United States to
gauge the extent to which the American
experience before the 1980s is consistent
with the Schwartz paradigm.  Specifically,
we attempt to determine how closely
episodes of banking instability align with
instability in the rate of inflation.  We find
that most episodes of serious financial
instability in the United States were associ-
ated with disinflations and that all large
disinflations, except those immediately fol-
lowing wars, were accompanied by
financial instability.  Our evidence does
not prove that financial instability was
made worse by price level instability; how-
ever, the proximity of episodes of banking
distress to inflation and disinflation is cir-
cumstantial evidence in favor of the
Schwartz Hypothesis.

The average annual inflation rate for
the United States from 1789 to 1996 is
plotted in Figure 1.  Banking panics
occurred in years marked with black
arrows on the figure; other years character-
ized by unusually high numbers of bank
failures or losses to bank depositors, but
not panics, are marked with blue arrows.
The Schwartz Hypothesis is not a theory of
banking crises, but rather an explanation
of how inflation variability can exacerbate
financial distress, which may or may not
be reflected in crises.  We focus on the
timing of banking disruptions because the
information about financial distress in the
nineteenth century is largely anecdotal,
with only fragmentary data existing on
business failures, bank loan losses, and
even bank failures—especially for the early
part of the century.  Moreover, the
presence of unit banking and the absence
of a lender of last resort meant that in the
nineteenth century banking panics often
accompanied other forms of financial dis-
tress.9 Fortunately, nineteenth century
banking panics and other episodes of

financial distress are well documented in
contemporary and historical sources,
which we use to identify years of banking
distress.10 Throughout U.S. history, many
of the years of financial distress were char-
acterized by declining rates of inflation,
even deflation, and several were years of
economic depression (for example, 1837-
43 and 1929-33).

Pre-Civil War Era Banking Instability
In the pre-Civil War era, the United States

had a small, open economy in which the
money supply and price level were determined
mainly by inflows and outflows of gold
and silver.11 American export and import
prices were determined in world markets
and, not surprisingly, the American price
level rose and fell in concert with that of
the United Kingdom.  As we focus on the
relationship between fluctuations in the
price level and financial stability in the
United States, we see that the United Kingdom
had a parallel experience.  Institutional
differences, however, affected the form and
severity of financial instabilities in the two
countries, as we discuss in a later section.

The American price level fluctuated
widely in the pre-Civil War era, with
periods of rapid economic and financial

Figure 1
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NOTE: Black arrows represent years in which banking panics occurred. Blue arrows mark years
          characterized by unusually high numbers of bank failures or losses to bank depositors, 
          but not with banking panics.

9 Not all episodes of banking dis-
tress were equally severe, of
course, and in future work we
plan to rank the episodes by
their severity so that we can
estimate explicitly their associa-
tion with price instability.

10 Schwartz (1988) lists years in
which banking panics occurred,
citing Thorp (1926).  We use
her dates, except that, follow-
ing Thorp, we mark panics in
1792 rather than 1793 and
1809 rather than 1810.  For
years of high banking distress
not marked by outright panic,
we cite Sprague (1910) and
Friedman and Schwartz
(1963).  To limit clutter, we
plot only one arrow each for
the 1920s and 1980s, even
though bank failures were
numerous in several years of
each decade.  For 1789-1947,
the inflation rate is based on
cost-of-living estimates in David
and Solar (1977).  For 1948-
1996, we plot the consumer
price index of the Bureau of
Labor Statistics.

11 The Coinage Act of 1792
defined the dollar in terms of
both gold and silver, and the
bimetallic standard prevailed
until the Civil War.
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12 Smith and Cole (1935) provide
an excellent description of
American economic growth and
fluctuations during 1790-1860.

13 The possibility exists, of course,
that the apparent high instability
of the U.S. price level and
national product merely reflects
the poor quality of economic
data from this period.
Measurement problems do make
historical comparisons suspect,
but there seems to be wide-
spread agreement among eco-
nomic historians that the U.S.
economy was more stable after
the Civil War than before.  See
Calomiris and Hanes (1994).

growth followed by episodes of severe
financial and economic distress.12 The era
was characterized by numerous shocks,
both nominal and real, which produced
frequent, large inflows and outflows of
gold, with consequent sharp fluctuations
in the money stock and price level.
Although the pace of financial development
in this period was rapid (see, for example,
Sylla [1998]), the American financial
system and world capital markets were fre-
quently overwhelmed by shocks that
reverberated to the gold market.  The
American economy appears to have
suffered considerable instability.13

The annual inflation rate from 1789-
1859, as reflected by annual percentage
changes in the David and Solar (1977)
cost-of-living index, is plotted in Figure 2.
We also mark years in which banking
panics occurred.  The lack of continuous
data on banking distress, except anecdotal
information about the incidence of panics,
forces us to restrict our analysis of
financial instability in this era to banking
panics.  Though the Schwartz Hypothesis
is not a theory of panics, banking panics in
this era appear to have coincided with
episodes of banking distress in general;
consistent with the Schwartz Hypothesis,
most panics, especially the most severe,
coincided with disinflation.

1797.  The 1790s were generally pros-
perous years—agricultural prices rose, as

did consumer prices generally.  Instability
occurred occasionally, however, driven
mainly by fluctuations in commodity
prices.  Some financial instability occurred
between 1792-93, but the economy grew
vigorously during 1794-95.  Thorp (1926,
p. 114) described 1795 as a year of “pros-
perity,” with “active internal trade; land
speculation; many new companies formed”
and “booming” foreign trade.  Banks,
according to Thorp, “multiplied rapidly”
in 1795.  David and Solar’s (1977) consumer
price index rises sharply throughout 1794-
96.  The price level fell in 1797, however,
and was accompanied by a recession and
major banking panic.  The Schwartz
Hypothesis seems broadly consistent with
the historical description of the 1790s 
provided by Thorp’s (1926) anecdotal 
evidence and the David-Solar (1977) price
index.  Financial distress in 1796-97
occurred in a disinflationary environment
that followed several years of inflation. 

The decline in commodity prices in
1797 proved wrong those who had bet on
continued price increases by borrowing
money to speculate on real estate.
Declining prices and incomes left borrowers
unable to repay lenders, and a banking
crisis resulted.  This scenario was to be
repeated many times in American economic
history—most recently in the 1980s.
Falling commodity and real estate prices
have been the proximate cause of financial
distress, but the most serious episodes of
financial instability have occurred when
aggregate price inflation rose with
commodity prices and declined as
commodity prices fell.  In other words,
though financial instability often has its
origins in a particular sector of the
economy, accompanying fluctuations in the
general price level appear to worsen the
financial distress.  Inflation is thought to
make discerning the nature of individual
price changes more difficult, making mis-
takes in the allocation of resources more
likely to occur (Lucas, 1972).  Falling
prices will reveal those mistakes in the
form of increased insolvencies, bank
failures, and other forms of financial
distress.  It is impossible to say how
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serious the financial distress of 1797 or
later years would have been in the absence
of the prior inflation.  The Panic of 1797
and the other severe pre-Civil War crises
did, however, occur in disinflationary
periods that followed substantial inflations. 

1815.  Except for a precipitous decline
in commodity prices in 1802, which appar-
ently did not trigger a banking panic, the
price level was relatively stable during the
first decade of the nineteenth century.  A
minor panic occurred in 1809, but there was
no serious financial disruption until 1815.

The economy grew rapidly in 1810,
according to Thorp (1926, p. 116), and
began a period of “rapid expansion” of bank
notes and rising commodity prices.  The
War of 1812 put a “temporary check” on
economic activity, though commodity prices
continued to rise sharply.  The year 1814
was characterized by “active speculation,
large imports, and no exports,” according 
to Thorp (1926).  Monetary conditions 
grew tight in the second half of the year,
however, and banks outside of New
England suspended payments in August.
The year 1815 witnessed “continued spec-
ulation, especially in land,” but then a
sharp decline in commodity prices and
“financial chaos” (Thorp).  As with the
crisis of 1797, the Panic of 1815 occurred
early in a disinflationary period that
followed a substantial inflation.

1819.  The next panic occurred in 1819.
Deflation was the rule from 1815 to the
mid-1830s, with an average annual rate of
price change of –4 percent between 1815
and 1833.  The commodity price decline
was especially sharp in 1818-19, the effects
of which are described by Smith and Cole
(1935, pp. 20-21) as follows:

These price declines meant serious
losses to merchants who had speculat-
ed in commodities; they portended
decreased money incomes to the
American farmer; and they precipitat-
ed the first major banking crisis of
[the period 1790-1820].  Banks with
extended loans to speculators were
now confronted with a demand for
specie... Contraction of discounts

(loans) at this time became a necessi-
ty, and the curtailment of bank loans
made the position of the American
merchant even more difficult... The
collapse of European markets for
American export products, and ‘inter-
nal predisposition,’ the over-extended
condition of banks and mercantile
credit, became indeed disastrous. 

As with the panics of 1797 and 1815,
the financial crisis of 1819 was triggered
apparently by prices and incomes that
were below what borrowers and lenders
had forecast.

1825. The economy began to revive in
1821, but prices remained stagnant.  The
CPI fell 11 percent in 1823 and 8 percent
in 1824, and another banking panic occurred
in 1825.  According to Thorp, in 1825
commodity prices rose “with feverish spec-
ulation to autumn, when they collapsed.”
Economic activity then declined and
unemployment was “severe.”  

Whether the 1825 episode is consistent
with the Schwartz Hypothesis is unclear.
David and Solar’s (1977) consumer price
index falls sharply in 1823-24, but is
essentially unchanged in 1825-26.  The
panic of 1825 occurred in July, which
appears to have been just before commodity
prices collapsed.  The panic, however, may
have been a delayed result of the deflation
of 1823-24.

The minor panic of 1833 also does not
obviously conform to the Schwartz Hypoth-
esis. The early 1830s were generally
prosperous, with moderate inflation that
continued after the panic of 1833.  Disrup-
tions surrounding President Jackson’s “war”
with Nicholas Biddle and the Bank of the
United States may have caused the panic.
According to Thorp, “easier money
became very tight,” and the panic came
late in the year, following Jackson’s
redistribution of public monies to the so-
called pet banks in September and an
“extraordinary” contraction of credit by
the Bank of the United States.

1837-39. The panic of 1837 ushered
in an exceptionally severe episode of defla-
tion and economic depression.  Inflation,
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caused by inflows of Mexican silver
(Temin, 1969), had prevailed since 1833,
accompanied by “active speculation, espe-
cially in land” (Thorp, 1926).  Thorp
writes that “great activity and excited spec-
ulation” prevailed in the first quarter of
1837, but by mid-year the banking system
was in crisis.

Temin (1969) argues that the crisis
came in two stages.  The first stage came in
1836 when the Bank of England increased
Bank Rate and refused to discount for
commercial banks engaged in Anglo-
American trade.  These actions, which
reflected the Bank’s response to a substan-
tial loss of specie reserves, increased
interest rates and restricted the supply of
credit in the United States.  The second
crisis stage came in early 1837, when the
price of cotton dropped precipitously.
According to Temin (1969, p. 141), “as a
result of this fall, debts secured by cotton
became uncollectible, merchants holding
such debt failed, banks found their assets
illusory or at least illiquid, and they
refused to honor their liabilities.”

The Panic of 1837 was accompanied
by some 600 bank failures—a “slackening
and depression; many failures; unemploy-
ment; complete collapse of the cotton
market...and commodity price decline”
(Thorp, 1926).  A “slight revival” in 1838
and early 1839 brought a revival of land
speculation, according to Thorp, but prices
collapsed again, and another banking
panic occurred in the fourth quarter 
of 1839.  In all, the price level fell 23 per-
cent between 1837 and 1843 (David and
Solar, 1977).

The Panic of 1837 was triggered by
credit contraction and a precipitous drop
in the price of cotton.  The 1839 crisis fol-
lowed a second collapse in commodity
prices.  One might question how much
disinflation, as opposed to a shift in
relative prices, contributed to the panics.
Hard evidence of a disinflationary role is
illusory; however, the fact that the panics
occurred after several years of a rapid
increase in the money supply and rising
inflation, followed by a collapse in the
prices of output in the economy’s

dominant sector—agriculture—suggests
that unanticipated price decline played an
important role in the crisis.  Moreover, as
Temin (1969, p. 146) notes, “it is a
peculiarity of the antebellum financial
structure that in a time of very flexible
prices, many of the credit arrangements
depended on the movements of a single
price (the price of cotton).”  A crisis of
some severity would have occurred almost
certainly in 1837, but the preceding infla-
tion and the dominance of commodity
prices in the aggregate price level indicates
that price level instability exacerbated the
financial distress.  

1857.  The economy remained
depressed through 1843.  Prices and
economic activity rose in 1844, however,
with the price level rising again in 1846.
Consumer prices changed little
throughout the remainder of the 1840s,
whereas the 1850s witnessed strong
economic growth and a rising price level.
Thorp (1926) writes that speculation was
“active” in 1852 and “extensive” in 1853,
when commodity prices rose sharply.
American commodity exports boomed
during the Crimean War, though economic
activity and the price level varied little
during 1854-56.  Money supply growth
was rapid throughout the period, thanks to
gold discoveries in California and banks’
declining reserve ratios (Smith and Cole,
1935, pp. 116-35).

The Panic of 1857 was triggered by a
collapse of western real estate and railroad
stock prices (Calomiris and Schweikart,
1991).  Much like the Panic of 1837, the
1857 crisis was associated with the
collapse of a speculative bubble that
followed several years of inflation.  And,
like 1837, some financial instability might
well have occurred in 1857 in the absence
of variability in the price level.  The
Schwartz Hypothesis suggests that
inflation could have exacerbated the finan-
cial instability, however, by fostering an
environment in which speculative lending
was more likely to occur.  That commercial
bank reserves declined as a fraction of
bank deposit liabilities over the decade
before 1857 suggests that banks were
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taking greater risks (Smith and Cole, 1935,
pp. 120-21).  The occurrence of a major
panic in 1857 is thus consistent with the
Schwartz Hypothesis.

To summarize, the most serious
episodes of banking instability of the pre-
Civil War period appear to conform well to
the Schwartz Hypothesis, occurring early
in disinflationary periods that followed
substantial inflation.  These are the panics
of 1797, 1815, 1837, 1839, and 1857.
Other, less severe, panics occurred in
1809, 1819, 1825, and 1833 and were less
obviously associated with significant fluc-
tuations in the price level.  That the major
financial disruptions of the era occurred
immediately after episodes of substantial
inflation had ended, however, is clear cir-
cumstantial evidence in support of the
Schwartz view.

From the Civil War to 1914
From the end of the Civil War to

World War I, the U.S. economy grew
rapidly and became more diversified.  The
American financial system also became
more developed, with considerably
increased integration between regions
within the United States and between the
United States and the rest of the world.
International capital markets absorbed
substantially more of the shocks that
formerly reverberated through the gold
market.  Hence, gold flows tended to be
less sudden and dramatic, leaving the
money supply and price level more stable
than they had been before the Civil War.

The gold standard was, in effect,
suspended during the Civil War, and the
government issued inconvertible currency
(i.e. “greenbacks”) to help finance the war.
Although the gold standard was not
formally resumed until 1879, price level
expectations formed during the war (espe-
cially as the war’s outcome became more
certain) could well have assumed that sus-
pension would be temporary and that
wartime inflation would be followed by a
period of deflation.  And, indeed, the
United States experienced a prolonged
deflation from 1866 to 1879, with an

average annual rate of decline in the cost-
of-living of 3.5 percent (David and Solar,
1977).  Once resumption was
accomplished, however, the price level was
relatively stable until World War I.

Despite a sharp decline in the price
level immediately following the Civil War,
no serious financial instability occurred
until 1873.  The wartime experience illus-
trates that the effect of inflation on
financial stability depends crucially on the
monetary regime.  The public tolerated
wartime inflation and even accepted nom-
inal yields on government debt that were
below current inflation rates, because they
believed that the value of money would be
restored to its pre-war level soon after
war’s end (see Bordo and Kydland, 1995,
and Calomiris, 1993).  Moreover, because
it was expected, postwar disinflation
brought relatively little immediate
financial disruption, despite the extreme
inflation that occurred during the war.

Figures 3, 4, and 5 supplement 
the information about the timing of finan-
cial distress reflected in banking panics
presented in Figure 1 and plot the inflation
rate alongside bank failures, depositor
losses in failed banks, and the annual 
standard deviation of the commercial
paper interest rate between 1866 and
1913.  Serious banking panics occurred 
in 1873, 1893, and 1907, but significant
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financial distress occurred also in 1878,
1884, and 1890.14

1873.  Like the Panic of 1857, the
proximate cause of the Panic of 1873 was a
collapse of real estate values and railroad
security prices, with the panic’s capstone
being the failure of the banking house, Jay
Cooke and Company.  The Panic of 1873
occurred during the long, post-Civil War
deflation.  The deflation had been interrupted
briefly during 1871-72, however, when
increasing prosperity and stable prices
were accompanied by an increase in the
money stock.  The Panic of 1873, according
to Friedman and Schwartz (1963, pp. 30-31),
came after the money stock and business
cycle had peaked.  If the resumption of
deflation in 1873 was to some extent
unexpected, the Schwartz Hypothesis sug-
gests that it may have contributed to the
severity of loan defaults and bank failures
in this period.15

The United States returned to the gold
standard in 1879.  Mild deflation from
1879 to the mid-1890s was followed by
mild inflation, and the price level in 1913
was essentially the same as it had been in
1879.  As the statistics in Table 1 illustrate,
the year-to-year movements in the price
level during 1879-1913 were also small in

comparison with those of 1789-1859,
1914-41, 1914-96, and 1946-96.  The
average annual inflation rate was never
higher than 4.5 percent nor less than –4.7
percent between 1879 and 1913, and the
standard deviation of the inflation rate was
a mere 1.98.  By contrast, between 1789
and 1859, inflation rates ranged from –17.1
percent to 18.2 percent, with a standard
deviation of 5.88.  During the Federal
Reserve era (1914-96), inflation averaged
3.3 percent, ranging from –11.5 percent to
16.3 percent, with a standard deviation of
5.13.  Since World War II, inflation has
averaged 4.25 percent, ranging from –1
percent to 13.6 percent, with a standard
deviation of 3.26.

Despite the price level being more
stable during 1879-1914 than before the
Civil War, the postwar period was not free
of financial disturbances.  Financial insta-
bility occurred in 1884 and 1890, and
major banking panics occurred in 1893
and 1907.  Each of these episodes was to
some extent caused by monetary
instability, coupled with institutional
arrangements that made the banking
system susceptible to panics.  Indeed, 
the absence of banking panics in the
United Kingdom in this period, which 
we discuss in a later section, reflected nei-
ther greater price level stability nor the
absence of real economic shocks, but
rather the Bank of England’s effectiveness
as a lender of last resort and the relatively
high concentration of the U.K. banking
industry, which prevented financial distur-
bances from becoming full-fledged
banking panics.

1893.  A serious banking panic
occurred in 1893, apparently precipitated
by a stock market crash and large gold out-
flow.  Throughout the post-war period, the
U.S. commitment to remaining on the gold
standard was questioned, which may
explain the general tendency for the
United States to lose gold (Friedman and
Schwartz, 1963, pp. 89-134).  The gold
outflow was temporarily interrupted in
1891-92, however, when U.S. commodity
exports soared.  Both the money stock and
commodity prices increased in these two

14 Sprague (1910) is the classic
history of the banking panics of
this era.

15 Before the Civil War, the United
States had been on been on a
bimetallic (gold and silver)
standard (though silver dollars
had not circulated since 1836
because legislation in 1834
had under-valued silver relative
to gold).  During the war,
unbacked currency was issued,
but the question of how and
when a metallic standard would
be reinstated was left open.
The Coinage Act of 1873 offi-
cially demonetized silver.
Hence the drive to restore the
dollar to its pre-war parity with
gold may have entailed more
deflation than would have been
expected from a resumption of
bimetallism which, presumably,
would have meant more rapid
money supply growth (see
Friedman, 1990).  The extent
of deflation beginning in 1873
thus, to some extent, may
have exceeded what had previ-
ously been anticipated.

Figure 4
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years, and the cost-of-living stabilized.
The gold outflow resumed late in 1892,
however, and a financial crisis ensued in
the spring of 1893.  The proximate cause
of the crisis was a stock market collapse
and increase in commercial failures, which
awakened fears about the solvency of com-
mercial banks.  Sprague (1910, p. 154)
also cites the combination of heavy farm
debt and low commodity prices, along
with railroad bankruptcies that were “due
to oversanguine estimates of the future
and reckless financing of the wildest sort”
as contributors to the banking panic.

Deflation, which resumed late in 1892,
may have contributed to the severity of
panic, as Friedman and Schwartz (1963, p.
108) suggest:

A large number of mercantile failures
during the first half of 1893 had excited
alarm concerning the quality of bank
loans.  As in many such cases, however,
a deeper cause was doubtless the pre-
ceding price deflation.  Loans that
would have been good and banks that
would have been solvent if prices had
been stable or rising became bad loans
and insolvent banks under the pres-
sure of price deflation.

Once again it appears that a sudden
decline in the price level worsened an
episode of financial instability.

1907.  The deflation that followed 
the Civil War ended in the mid-1890s.
Thereafter, the price level rose modestly
through 1913.  Between 1899 and 1907, the
David-Solar (1977) cost-of-living index rose
from 100 to 113.  The trend was interrupted
then, however, by the occurrence of a severe
financial crisis in 1907 and a steep recession
in 1907-08.

The initial disruption was caused
apparently by an increase from 3.5 percent
to 6 percent in the Bank of England’s
discount rate in September 1906, as the
bank sought to stem a serious outflow of
gold from London.  The action had the
effect of reversing the flow of gold to the
United States and severely tightening U.S.
money market conditions.  A stock market

crash occurred in early 1907, and
economic activity began to decline.  The
distress did not envelop the banking
system until October, however, when
depositor runs on trust companies spread
to commercial banks.  Then the money
stock, which had been falling modestly
because of gold outflows, collapsed, banks
suspended cash payments, and the
economy entered a sharp recession.

Like the panics of 1873 and 1893, the
Panic of 1907 was not caused by instability
in the aggregate price level.  And, though
each panic was preceded by a period of
moderate price increase, at least of
commodities, none of these panics offers
strong support for the Schwartz
Hypothesis—the pattern of inflation
followed by disinflation simply was not
large enough to have had a marked
influence on the extent of financial
instability.  This seems especially true of
1907 when, despite a slight contraction of
the money supply, prices continued to rise
until the panic had occurred.

The banking panics of the post-Civil
War era stemmed more from a particular
vulnerability of American banks to crisis
caused by unit banking and the absence of
a lender of last resort.  Given this
institutional structure, serious banking
panics could be triggered by relatively

Figure 5
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minor events.  Calomiris and Gorton
(1991) argue that events, such as a stock
market crash, the failure of a major finan-
cial or commercial firm, or a decline in
commodity prices could trigger a banking
panic by raising questions about the value
of bank assets and hence bank solvency.
Lacking information to discriminate
among the portfolios held by different
banks, depositors run on all banks.  In the
absence of a lender of last resort, commer-
cial banks resorted to suspension of
payments and cooperative arrangements to
provide liquidity, such as the issuance of
clearinghouse loan certificates (Gorton,
1985).  Unit banking, however, made such
coordination difficult, except at a local
level, while also making the banking
system more susceptible to crises
stemming from localized shocks, such 
as a decline in commodity prices.

Short-run instability in the price 
level may well have contributed to the
incidence and severity of financial
instability between 1866 and 1913.  The
Schwartz Hypothesis implies that financial
instability would have been even greater in
this period had there been episodes of high
inflation and disinflation.  The experiences
of the pre-Civil War and Federal Reserve
(post-1913) era-regimes suggest this might
well be true.

The Federal Reserve Era
The Federal Reserve System was estab-

lished in response to the recurrent banking

panics of the post-Civil War era.  The Fed
was intended to solve perceived deficiencies
in the banking and payments system, chiefly
the apparent inflexibility of currency and bank
credit supplies in response to fluctuations
in demand.  The Fed’s founding coincided
with the beginning of World War I in
Europe, suspension of the international
gold standard, and rising inflation.

Although the United States briefly
embargoed gold exports during the war,
postwar convertibility of the dollar to 
gold at its pre-war rate of $20.67 per
ounce was never seriously in doubt.  After
the war, however, large gold outflows, as 
well as a desire to halt inflation, caused 
the Fed to increase its discount rate
sharply.  Between October 1919 and June
1920, the rate was increased from 4
percent to 7 percent, where it stayed until
May 1921.  Precipitous declines in the
stock of money and price level coincided
with the Fed’s action.

Unlike the post-Civil War deflation,
which lasted some 30 years, the post-
World War I deflation in the United States
was short lived, though steep.  The money
stock began to grow again in 1922, and the
economy quickly revived.16 Moreover,
despite the large price level decline, there
was no banking panic in 1921 or later in
the decade, perhaps because the post-war
deflation had been anticipated.  Many
banks failed in 1921 and throughout the
1920s, however.  But the failures were con-
fined almost exclusively to small banks
located in the rural Midwest and South.  

16 The extent to which economic
activity declined in 1920–21 is
unclear.  Romer (1988) esti-
mates that the recession was
less severe than many
researchers had thought 
previously.

Annual CPI In ation Rate Characteristics for Different Periods  
in U.S. History

Average Standard Deviation Minimum Maximum

1789-1996 1.38 5.70 –17.06 22.45
1789-1859 –0.10 5.88 –17.06 18.23
1879-1913 –0.02 1.98 –4.74 4.53
1914-1996 3.33 5.13 –11.47 16.29
1914-1941 1.40 7.16 –11.47 16.29
1946-1996 4.25 3.26 –1.25 13.62

SOURCES:  David and Solar (1977) for 1789-1947 and Bureau of Labor Statistics for 1948-96.

Table 1
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The high number of rural bank
failures during the 1920s reflected
dramatic shifts in relative prices—rising
real prices of commodities during the war
and falling real prices after the war—and
unit banking.  Rural economies boomed
during the war, with rising incomes and
land prices.  Many farmers expanded their
operations, buying new land and
improving land that had not been farmed
previously.  Much of this expansion was
financed with money borrowed from
banks, whose numbers and assets in rural
regions grew as rapidly as did their region’s
booming economies.17

As had occurred so often before, a
sharp increase in commodity prices during
the war years was matched by an equally
sharp decline in the postwar—a decline
that exceeded the decline in the aggregate
price level.  Once again, expectations of
continued high output prices, which had
justified the rising price of farmland and
the borrowing to finance expansion, had
been dashed.  Falling incomes left
borrowers unable to repay their loans,
causing banks to fail.  Bank failures were
most numerous in the regions where farm-
land prices and the expansion of
agricultural acreage had increased the
most during the war (Alston, Grove, and
Wheelock, 1994).

The banking distress of the 1920s was
caused primarily by sudden changes in rel-
ative prices that first favored and then hurt
commodity producers and their lenders.
Aggregate price inflation and deflation
could well have contributed to the distress,
but the absence of financial disruption
outside of commodity-producing regions
suggests that relative price shifts had more
to do with the rise of bank failures during
the 1920s than did movements in the
aggregate price level.

The Great Depression
The Great Depression was the most

calamitous macroeconomic episode of the
twentieth century.  Between 1929 and
1933, national output declined by 30 per-
cent, the price level fell some 24 percent,

unemployment reached 25 percent of the
labor force, and some 9,000 banks suspended
operations.  Financial crises included the
stock market crash of 1929 and, beginning
in 1930, banking panics of increasing severity.

Friedman and Schwartz (1963) empha-
size the deflationary effect of banking panics
during the Great Depression.  The money
multiplier dropped precipitously as bank
customers sought to convert their deposits
into cash and banks sought to convert
illiquid assets into liquid reserves.  Because
the Fed failed to supply sufficient currency
and bank reserves to offset the decline in
the multiplier, the money stock fell some 
30 percent.18

Were the banking panics of the Great
Depression themselves caused or worsened
by deflation?  The Schwartz Hypothesis
argues that unanticipated disinflation, or the
absence of full hedging against disinflation,
will exacerbate financial distress.  Falling
prices in 1930-32 dramatically increased
the real burden of debt on borrowers and
many defaulted—contracts were not fully
hedged.  The extent to which the deflation
of 1930-32 was anticipated is less clear.

There is substantial evidence that tight
monetary policy, which the Fed imposed
in 1928 to check the flow of bank credit to
the stock market, contributed to the initial
economic downturn (Schwartz, 1981;
Hamilton, 1987).  And, certainly, in failing
to prevent or offset banking panics, the
Fed’s inaction permitted the money supply
to fall precipitously during 1930-32.
Unclear, however, is whether the Fed’s
inaction was predictable from its previous
policies.  Friedman and Schwartz (1963)
contend, in essence, that a change in
policy regime occurred with the death in
1928 of Benjamin Strong, governor of the
Federal Reserve Bank of New York and the
Federal Reserve System’s leading figure.
Strong pursued stabilizing policies during
the 1920s, according to Friedman and
Schwartz, and his death explains the
apparent contrast in policy performance
between the 1920s and early 1930s.  This
suggests that deflation would not have
been expected from recent Fed performance.
Other researchers have considered the

17 Eight largely rural states that
had bank deposit insurance sys-
tems saw especially rapid
increases in their banking sys-
tems as deposit insurance gave
bankers an incentive to assume
greater risks than would have
otherwise been profitable.
Uneconomic increases in the
number of banks and in bank
assets during the boom caused
these states to have relatively
high bank failure rates and
asset declines after commodity
prices collapsed.  See Calomiris
(1992), Wheelock (1993),
and Alston, Grove, and
Wheelock (1994).

18 Numerous studies have recon-
sidered the origins and effects
of banking panics during the
Great Depression.  See Wicker
(1996) for a recent view.
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consistency of monetary policy between
the 1920s and early 1930s, however, and,
for the most part, conclude that the Fed’s
response to the Great Depression could
have been anticipated from its past actions
(see Wicker, 1966;  Brunner and Meltzer,
1968; and Wheelock, 1991).

Direct evidence on price level 
expectations during the Depression is,
unfortunately, similarly cloudy.  Among
recent studies, Hamilton (1992) argues
that futures market trading indicates that
much of the decline in commodity prices
(and by extension the aggregate price
level) was not expected.  But based on
analysis of univariate time-series models 
of inflation and estimates of the real
interest rate, Cecchetti (1992) concludes
that deflation, at least at short (three- to
six-month) horizons, was substantially
expected.  Evans and Wachtel (1993),
however, contend that such models are
biased.  Their own analysis suggests that
the deflation of the Great Depression was
largely unexpected.

In sum, the evidence for whether
either monetary policy actions or
movements in the price level during the
Depression could have been anticipated is
mixed.  It seems unlikely, however, that
either the timing of the initial downturn
and subsequent shocks or the length and

severity of the deflation could have been
fully expected.  We conclude therefore that
unanticipated deflation probably played an
important exacerbating role in the
financial distress of 1930-33.

The United Kingdom and Canada
We now turn to the historical experi-

ences of the United Kingdom and Canada.  
The British historical experience with

price and financial instability before World
War I can be viewed as a useful comparison
to that of the United States.  The experience
can be divided into two parts:  1) 1790-1866
—a period of both price level (inflation) and
financial instability quite similar to that of
the United States; 2) 1866-1914—when price
behavior was again like that of the United
States, but no banking panics occurred.
There were, however, other nonpanic
episodes of banking distress in this period.

The United Kingdom
1790-1866.   In the period 1790-1866,

financial instability occurred under two
circumstances:  wartime shocks, and
following or coincident with cyclical and
inflation peaks as suggested by the Schwartz
Hypothesis.  Many factors at work over the
business and inflation cycle help explain
the pattern observed in Figure 6 where,
alongside the U.K. inflation rate we have
marked with black arrows years in which
banking panics occurred and with blue
arrows years in which other serious
banking instability occurred.  Shocks pre-
cipitating banking instability in the United
Kingdom included real shocks, such as
domestic harvest failures and wars; stock
market and commodity price speculation;
the operation of the classical gold standard
price-specie-flow mechanism and the Bank
of England’s pursuit of the rules of the
game; and the Bank of England’s failure to
act as an effective lender of last resort.  We
emphasize these factors in our brief narra-
tive of the banking distress of the period,
which is based on Thorp (1926), Gayer,
Rostow and Schwartz (1953), and
Clapham (1945).

Figure 6
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The price levels of the United Kingdom
and the United States moved in concert during
the period as the countries were linked by
the international gold standard and trade
flows.  Episodes of financial and economic
distress tended to coincide across countries.

1793.  The first financial crisis that
was characterized by widespread bank runs
and failures occurred at the outbreak of
war with France in 1793.  Consistent with
the Schwartz Hypothesis, the crisis followed
several years of rising prices and an
economic boom.  The price level peaked at
the time of the crisis.  According to Gayer,
Rostow and Schwartz (1953, p. 7), “There
would probably have been a ‘crisis of 1793’
even if war had not broken out.”

1797.  In February 1797, the Bank of
England suspended gold convertibility
under government authorization.  France’s
return to gold convertibility and fears of
invasion had triggered both an external
drain on the gold reserves of the Bank of
England and a conversion of bank notes
and deposits into specie within the United
Kingdom.  A more fundamental cause of
the suspension was the Bank’s large
issuance of notes to aid the government in
war finance, which the Bank could no
longer freely convert into specie at the
existing parity (see Bordo and Schwartz,
1996).  As in the United States, however,
the crisis was preceded by declining prices
and recession and hence was probably
exacerbated by the mechanism described
by the Schwartz Hypothesis.

1810.  A mild banking panic occurred
following a collapse of speculation in
South American stocks and the subsequent
loosening and tightening of Napoleon’s
Continental blockade in 1810.  It was pre-
ceded by an inflation fueled by fiat money
(Bank of England and country bank
notes), but the panic occurred after the
price peak, thus again suggesting that
unanticipated disinflation contributed to
the financial distress.

1825.  The United Kingdom suffered a
severe financial crisis in 1825, unlike the
United States where the crisis was fairly
minor.  A major banking panic followed an
episode of booming real activity, rising

commodity prices and speculation in Latin
American stocks.  The boom was fueled 
by country bank credit and a highly
accommodative policy of the Bank of Eng-
land following the resumption of specie
payments in 1821 (Neal, 1998; Bordo,
1998).  The Bank reacted to declining gold
prices, (a result of a rising trade deficit) in
late 1824 by selling exchequer bills.  This
triggered a stock market crash in April
1825, a downturn in commodity prices,
bank failures, and a banking panic in
December.  The Bank acted too late in pro-
viding liquidity to the market to prevent
widespread bank failures and bankruptcies. 

As with several subsequent crises in
the United Kingdom and the United States,
it is difficult to disentangle the causal
direction between financial distress and
disinflation in 1825.  Though banking
panics may be triggered by disinflation,
they tend also to precipitate falling prices
by causing monetary contraction.
Causality is especially difficult to identify
for the United Kingdom, where early nine-
teenth century crises often originated from
changes in Bank of England policy.  For
the United States, where foreign shocks
reverberated through gold and trade flows,
changes in the price level were more obvi-
ously exogenous.  Nevertheless, as in later
episodes, the extant evidence for 1825
indicates that business failures, personal
bankruptcies, and other forms of financial
distress arose in the disinflation that
followed the initial panic (see Neal, 1998).

1837-39.  Like the 1825 crisis, the
1837 crisis was preceded by a run up in
commodity prices and a stock market
boom (Temin, 1969; Le′vy-Leboyer, 1978).
The Bank of England, in the face of an
external drain, raised its discount rate,
which quickly ended the boom, turned
prices around, and led to panic and reces-
sion.  The following year, both output and
prices recovered and a similar pattern,
characterized by an internal drain, a rise in
Bank Rates, a decline in prices, and a mild
panic, ensued.  Bank of England policy
and subsequent declines in commodity
prices, as discussed previously, appear to
have been the cause of financial distress in
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the United States, where the crises were
especially severe.  

1847.  The early 1840s in the United
Kingdom, as in the United States, was a
period of recession and deflation, followed
by recovery, rising prices, and a boom in
British railroad stocks.  As in earlier episodes,
the balance of trade turned negative.  The
Bank of England reacted to declining gold
reserves by raising its discount rate.  This
ended the boom, caused prices to fall, and
triggered a major banking panic, which ended
only with an announcement that the chan-
cellor of the exchequer had signed a letter
temporarily suspending the Bank Charter
Act, thereby allowing the Bank to issue
more notes than would be covered by its
gold reserves.  Once again, financial distress
was associated with falling prices, consistent
with the Schwartz Hypothesis, though, like
the crises of 1825 and 1837–39, the
direction of causality between prices and
financial distress is difficult to disentangle.

1857.  The U.K. financial crisis of 1857
was similar.  The late 1840s into the 1850s
was a boom period, with rising prices around
the world caused by gold discoveries in Aus-
tralia and California (Bordo, 1975).  The 1857
crisis started in the United States.   The sus-
pension of convertibility then spread to
England through correspondent banks in
Liverpool.  At the same time the Bank of
England raised Bank Rate to stem a gold
drain.  Commodity prices peaked just 
before the panic.

1866.  The last panic in Britain followed
the pattern of the preceding ones.  The late
1850s into the 1860s was also a period of
prosperity, rising prices, and stock market
speculation.  The panic of 1866 was triggered
by a rise in Bank Rate in May and the col-
lapse of Overend Gurney and Company, a
major discount house that had financial
difficulties for many years (Batchelor,
1986).  The Bank of England’s refusal to
provide assistance to Overend Gurney led
to a banking panic, which was ended (as
were the two previous episodes) by tempo-
rary suspension of the Bank Charter Act.

In summary, as in the United States,
episodes of severe financial distress in the
United Kingdom from the 1790s to 1866

were associated with sharp movements in
the rate of inflation.  Stock market crashes
and banking panics often occurred soon
after price level peaks that followed
sustained inflations.  Bankruptcies and
other forms of financial distress then
followed in subsequent disinflationary
periods.  The evidence thus seems largely
consistent with the Schwartz Hypothesis.

1867-1914.  In the next 60 years, the
pattern of repeated cycles in output and
prices, stock market booms and busts, and
gold flows (with a Bank of England rules of
the game reaction) in response to price
level movements continued, but there were
no banking panics.  In this period the Bank
learned to act as a lender of last resort and
followed Bagehot’s rule “to lend freely but
at a penalty rate” in the face of both an
external and internal drain.  In addition,
the U.K. banking system underwent
consolidation, which further contributed
to its stability.  Thus the various international
financial crises that rocked the gold standard
had only limited effects in Britain (Kindle-
berger, 1978; Bordo, 1986).  Moreover,
movements in the U.K. price level, as in
the U.S. price level, were comparatively
small during the period.

The crisis of 1873, which ravaged the
United States and the continent, was asso-
ciated with a downturn in prices and a rise
in Bank Rate, but no panic.  In 1878, a
major bank failure in Scotland, the City of
Glasgow Bank, created financial stringency
there but little spillover to England.  In
1890 a major banking panic was averted
after the failure of Barings.  Its collapse
was triggered by debt default in Argentina.
Panic in London was prevented by the
Bank of England arranging a “lifeboat”
operation whereby the government
guaranteed loans by other London banks
to recapitalize Barings.  The Bank was also
aided by short-term loans from the Banque
de France and the Russian Central Bank.

The international crises of 1893, 
1900, and 1907 also had limited effect 
on the British financial system.  In the 
last case, prices peaked and the stock
market collapsed but, unlike New York, 
no banks failed.
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The final episode was 1914.  A
meltdown of the international financial
system did not lead to a banking panic in
the United Kingdom because of massive
central bank assistance to the financial
markets (Seabourne, 1986).

After World War I, Britain experienced
deflation and economic weakness through
much of the 1920s.  The United Kingdom
returned to the gold standard at pre-war
parity in 1925 but had difficulty maintaining
its gold reserves.  The big crisis of 1931,
which forced sterling off gold and was trig-
gered by both a banking and currency
crisis in Central Europe, had little effect on
the British financial system (Capie and
Wood, 1986).  Once Britain left the gold
standard, the nation’s price level began to
rise and its economy began to recover from
the Great Depression (Eichengreen, 1992).

To summarize, the United Kingdom,
unlike the United States, did not experience
banking panics or their contractionary
effects after 1866.  This contrast was due
to timely lender of last-resort intervention
by the Bank of England, as well as the
U.K.’s inherently more stable banking
system, and not to differences in the two
countries’ inflation experiences.  Neither
country had large swings in inflation from
the 1870s to 1914, and so their experiences
shed little light on the Schwartz Hypothesis.
The Great Depression, by contrast, was
associated with substantial deflation and
financial distress, particularly in the
United States.

In the post-World War II period, both
the United Kingdom and the United States
experienced an increase in financial
distress during the disinflationary episode
of the early 1980s.  The Bank of England
staged bailouts of the fringe banks in 1974
and Johnson Mathey in 1982.  Consistent
with the Schwartz Hypothesis, these
episodes of increased banking losses and
failure occurred in periods of disinflation.

Canada
Over the period 1867-1914, macroeco-

nomic fluctuations in Canada coincided
closely with those of the United States and

the United Kingdom.  And, like the United
Kingdom but unlike the United States,
Canada had no banking panics, thanks to
its highly concentrated and regionally
diversified banking system.  Moreover,
despite the absence of a well-developed
lender of last resort, the Department of
Finance issued Dominion notes (convert-
ible government notes) to allay financial
stringency during the Panic of 1907 in
New York.  On other occasions, the Bank
of Montreal, the largest chartered bank,
cooperated with the other banks to arrange
mergers for banks in financial straits.

Still, Canada suffered a number of
bank failures associated with loan losses.
Figure 7 plots the inflation rate in Canada
along with blue arrows in years of high
depositor losses associated with bank fail-
ures.  In the period 1867-1900, Canadian
rates of losses to depositors and note
holders were in some years higher than
similar rates for U.S. national banks,
although not for all U.S. banks (Bordo,
Rockoff, and Redish, 1996).  In Canada,
these losses all occurred in isolated
individual, but relatively large, bank
failures, and most occurred during the
period of secular deflation, 1873-1898,
consistent with the Schwartz Hypothesis.
Losses virtually disappeared after 1900 fol-
lowing a vigorous merger movement,

Figure 7
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which consolidated the regional banks and
created a system of a small number of
highly concentrated nationwide branch
banks.  The absence of prohibitions on
branch banking or interprovincial
banking, which prevailed in the United
States, explains why Canadian banks failed
occasionally because of poor judgement or
fraud, but not as a consequence of regional
shocks or even nationwide shocks (Bordo,
Redish and Rockoff, 1995, and Bordo,
Rockoff and Redish, 1996). 

After 1914, Canada experienced only
one major bank failure, the Home Bank in
1923, although Canadian banks were
severely stressed during the Great Depres-
sion, when business failures and other
types of financial distress rose while the
price level fell.  Similarly, in 1984, many
small banks failed and were bailed out by
the Bank of Canada.  Thus the timing
between disinflation and financial distress
in Canada was similar to that of the United
States and United Kingdom.  Institutional
differences, not inflation patterns, account
for the different forms that banking
distress took in the three countries.

CONCLUSION
The Schwartz Hypothesis argues that

unexpected disinflation causes or worsens
financial instability by lowering the nominal
returns to investment below what had been
anticipated as well as by raising the real
burden of nominal debt above what it had
been expected to be.  Schwartz (1997, p.
102) argues that “lenders and borrowers
both evaluate the prospects of projects by
extrapolating the prevailing price level or
inflation rate.  A subsequent decision by
monetary authorities to pursue contractionary
policies will undermine the price-level
assumptions of both lenders and borrowers.
That is why borrowers default and lenders
become distressed.”

Some researchers have concluded that
substantial fluctuations in the rate of inflation
have contributed to financial instability in
many countries in the early 1990s.19 From
our review of episodes of serious financial
instability in U.S. financial history, supple-

mented by the experiences of the United
Kingdom and Canada, we conclude that
price level instability also contributed to
financial instability historically.  Regardless
of what triggers financial distress, be it
monetary or nonmonetary forces, the most
severe episodes of instability have
occurred typically in disinflationary envi-
ronments.  This has not always been true,
however.  Severe banking panics occurred
in the United States in the late nineteenth
and early twentieth centuries, when the
price level was comparatively stable.  Still,
before the Civil War, during the Great
Depression, and since World War II, finan-
cial distress was typically most severe
during periods of substantial disinflation.
The historical record thus suggests that a
monetary policy that focuses on limiting
fluctuations in the price level will tend
also to promote financial stability.
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