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Is Inflation 
Too Low?
William Poole

W hat is today’s big monetary policy
issue?  It is, surely, the extraor-
dinary volatility of the financial

markets and the wide quality spreads that
opened up between riskier bonds and
Treasury bonds following the Russian
default in mid-August 1998.  No one fore-
cast these problems; the financial-market
upset certainly was not a real, live policy
issue back in the spring and early summer.

We should not underestimate the mag-
nitude of the current disturbance in the
U.S. financial system.  Monetary policy
today is, I believe, appropriately focused
on dealing with the possible effects of the
financial-market disturbance on the U.S.
economy.  The size of that disturbance and
the circumstances surrounding it are so
unusual in the context of U.S. history that
policymakers must concentrate on dealing
with this situation for the time being. 

The financial upset, however, will dis-
appear from the radar screen of pressing
policy issues as the markets settle down in
due time.  All of us will then return—or
should return—to analyzing longer-run
issues.  With regard to the current outlook,
I will say only that I am optimistic that we
will work through current problems,
painful as they have been for many, with
no significant damage to the U.S. economy.
My optimism stems from the economy’s
strong initial conditions of low inflation,
low and stable inflation expectations, and 
a well-capitalized banking system.  These
are about as favorable a set of initial con-
ditions as one can imagine for getting
through financial turmoil with minimal
effect on the real side of the economy.

The issue I wish to explore is this:  Is
zero inflation, abstracting from measure-

ment error in the broad price indexes, too
low?  I think zero is a very nice number,
especially when it comes to inflation.  But
there is a serious argument that the econ-
omy is likely to work better with a mod-
erate inflation of, say, 2 or 3 percent per
year.  I disagree with that argument.

I will concentrate on two arguments
for moderate inflation.  The first argument
holds that inflation facilitates the smooth
operation of labor markets and thereby
promotes maximum employment in the
face of nominal wage rigidity.  The second
argument contends that inflation, via the
Fisher relationship, keeps nominal interest
rates from falling too close to the zero
bound, and thereby gives the Fed sufficient
room to ease—that is, to cut rates—should
a recession appear imminent.

In my view, both arguments are wrong.
I will begin by outlining some reasons why
I believe that zero inflation should be the
paramount objective of monetary policy.

THE CASE FOR ZERO
INFLATION

As Chairman Alan Greenspan has
pointed out on numerous occasions, our
economy’s fine performance since the early
1990s was accompanied initially by declin-
ing inflation and, more recently, by low and
stable inflation.  Clearly, the U.S. experience
of the last five years casts doubt on the old
claim that falling inflation will inevitably
bring slower real growth or a higher rate of
unemployment.  This experience also sug-
gests that reducing the variability of inflation
need not increase the variability of output,
as some people argue.

Although the performance of other
countries with low inflation is somewhat
mixed, my point is simply that there is
little evidence to suggest that zero inflation
necessarily implies slow real growth.  Indeed,
Robert Barro (1996) and others have reported
systematic evidence to the contrary.  Cer-
tainly, there are good reasons to expect that
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a zero-inflation monetary regime, sustained
over the long run, would enhance an econ-
omy’s performance.

If the monetary authority is committed
credibly to zero inflation, then one source
of interference with the efficient working
of markets—uncertainty about expected
inflation—would be reduced.  Inflation
uncertainty makes it difficult for individuals
and firms to distinguish changes in relative
prices among goods and services from
movement in the aggregate price level.
Mistakes in the allocation of resources are
more likely to occur because of this uncer-
tainty, with real growth consequently less
than it could be.

By confusing the meaning of indivi-
dual price changes, inflation uncertainty
also raises uncertainty about the prospects
of investment returns.  A rising rate of
inflation can lead both borrowers and len-
ders to be overly optimistic about likely
returns, resulting in inefficient resource
commitment.  If the price expectations that
are assumed when funds are committed are
not realized, borrowers may encounter diffi-
culty repaying their debts, which in turn
puts stress on lenders.  Thus, it is reasonable
to expect that eliminating uncertainty about
the rate of inflation will enhance, although
obviously not guarantee, financial stability.

Presumably, to eliminate uncertainty,
the rate of inflation need not be zero, but
simply predictable.  For at least two reasons,
however, I believe zero should be the target.
First, maintaining a steady but positive
inflation rate probably would be harder
politically than maintaining a steady zero
inflation.  The reason is that we live in a
world where both politicians and econo-
mists often argue that just a little more
inflation would generate positive real eco-
nomic gains.  If we accept the argument
that 2 percent inflation is okay, why not 
2.5 percent?  Let me emphasize that when 
I advocate zero inflation, I am ignoring
measurement questions, such as whether
or not bias exists in the relevant price
index.  As a practical matter, policy is pro-
bably best specified in terms of a measured
inflation range that accounts for our best
estimate of measurement errors.

A second reason I advocate zero infla-
tion concerns the distortions caused by the
interaction of inflation with the tax code.
Inflation indexing is incomplete, especially
for investment income, because nominal
interest income and nominal capital gains
are subject to tax.  Martin Feldstein (1997)
has estimated that reducing inflation from
its current level of about 2 percent to zero
would yield substantial, permanent real
income gains.  Theoretical analysis by James
Bullard and Steven Russell (1998), and
others, also suggests that tax distortions
cost the economy substantial real perfor-
mance at higher rates of inflation.

In short, I think the case is strong that
monetary policy should aim for zero infla-
tion as its paramount objective.  Moreover,
I reject the approach that zero inflation
must be shown to be superior to a poorly
specified alternative of some positive infla-
tion.  The burden of proof really should fall
on those who contend that positive inflation
is better.  So, let me now consider the argu-
ments advanced for a positive rate of inflation.

LABOR MARKET ARGUMENTS
One perennial argument in favor of posi-

tive inflation is that certain wages must fall
relative to other prices or other wages, and
inflation allows this adjustment of real wages
to occur in the face of nominal wage rigidity.
The centerpiece of this argument is the claim
that downward nominal wage adjustments
occur too infrequently to be consistent with
flexible real wages in a world where microeco-
nomic shocks continuously alter the relative
positions of particular firms, industries, or
occupations.  With zero inflation, the argu-
ment goes, rigid nominal wages prevent
optimal adjustment to relative price distur-
bances with the result that employment varies
inefficiently.  Therefore, a little inflation is a
good thing because it allows wages to fall rela-
tive to other prices; inflation “greases the
wheels” of labor-market adjustment.

Zero Inflation in a Different Regime
There are, in my opinion, serious flaws

at three levels of this argument.  First, the
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argument claims that nominal rigidity cre-
ates a large inefficiency that inflation amelio-
rates.  But, if the claim of a large inefficiency
is true (and I will question it later), a simple
theoretical argument creates the presump-
tion that nominal wages would not continue
to be sticky in a zero-inflation regime.

There is some dispute about the extent
to which nominal wages are downwardly
rigid.  But, no doubt some employers have
found it difficult to reduce nominal wages
during the periods covered by the most
popular data sources.  One data source, the
Panel Study of Income Dynamics, started
during the late 1960s.  I mention the sam-
ple period because making an empirical
regularity the foundation, rather than an
implication, of economic theory always is
dangerous.  Robert Lucas (1976) elegantly
demonstrated this point more than 20
years ago.  To the extent that downward
nominal wage rigidity exists, it presumably
serves some economic function.  After all,
putting minimum wage laws aside, fixed
nominal wages are not required by law.
We cannot assume that the present degree 
of wage rigidity—whatever it is—would
continue into a different inflation regime.
Indeed, a compelling case can be made that
the extent of wage rigidity we observe
would not survive in a zero-inflation regime.

Consider an environment where,
broadly speaking, the annual changes in
broad price indexes usually are close to
zero and have been for some time.  Sup-
pose, also, that the Fed’s commitment to
maintaining this regime is clear.  In such
an environment, nominal wage rigidity,
according to the grease-the-wheels argu-
ment, would generate a large inefficiency
that inflation—now zero—would no lon-
ger ameliorate.  This inefficiency, however,
is exactly what should make us doubt that
nominal wage rigidity would continue to
exist.  The main function of the price
system is to allocate resources by setting
relative prices.  Competitive forces likely
would eliminate anything that interferes
with relative price adjustment, particularly
if failure to adjust is very costly, unless
there is some compelling reason for it to
exist.  Could we imagine that nominal

wage rigidity would continue during a sus-
tained 10 percent deflation?  Of course not.
Why?  The private costs of interfering with
relative price adjustment would be too
high.  It may take longer for competitive
forces to erode nominal rigidity under zero
inflation, but the principle is the same.

Keep in mind that the magnitude of
ongoing resource reallocation in U.S. labor
markets dwarfs the employment growth
that makes headlines on the first Friday of
every month.  Jobs appear, jobs disappear,
and people move into and out of them at
rates far higher than net employment
growth.  This is prima facie evidence that
U.S. labor markets do not suffer from any
massive inefficiency.

If nominal wage rigidity creates signi-
ficant economic inefficiency, it seems
entirely plausible that it is perpetuated by
inflation.  I admit I do not know for sure.
Based on the current state of economic
theory, however, I think we must favor the
presumption that inefficient wage rigidity
would disappear in a zero-inflation econ-
omy.  This position makes sense if we take
economic theory seriously.

Other Mechanisms for Relative
Wage Adjustment

A second flaw in the grease-the-wheels
argument is that it imagines only two mech-
anisms for achieving adjustments to a work-
er’s relative wage:  Either cut the nominal
wage, or let all other prices around it rise.
In fact, the workings of labor markets sug-
gest at least two other mechanisms, and so
the presence of nominal wage rigidity—
were it to exist—might not be a hindrance
in a zero-inflation world.

First, average compensation tends 
to rise over time, as overall productivity
improves.  Thus, in a zero-inflation environ-
ment, nominal wages may not need to fall,
even in some declining occupations.  Pro-
ponents of the grease-the-wheels view some-
times ignore this mechanism.

Internal labor markets provide yet
another adjustment mechanism.  Compen-
sation tends to increase with seniority,
partly because of an individual’s accumula-
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tion of human capital.  Edward Lazear
(1981) has argued that an upward-sloping
path for earnings also acts as a mechanism
to overcome agency problems within the
firm.  James Malcomson (1984) and others
have argued that promotions may play a
similar role; rather than simply filling 
positions necessary for the technological
operation of the firm, promotions provide
necessary incentives for those at lower
levels of the hierarchy. 

The common theme in these observa-
tions about internal labor markets is that
an individual worker typically will expect
an increasing real wage.  Therefore, the
kind of base adjustment achieved by infla-
tion can also be accomplished by delaying
wage change relative to an individual’s
upward-sloping real wage path.

Of course, there is a segment of the
labor market where little human capital
accumulation exists and long-term implicit
contracts are rare.  But, for obvious reasons,
this is exactly the segment where turnover
costs are low on both the supply and
demand sides of the market.  Hence, any
nominal wage rigidity that is present is not
especially costly.

INFLATION AND RELATIVE
PRICE VARIABILITY ARE
LINKED

The third flaw in the labor-market case
for positive inflation is perhaps the most
transparent.  Inflation tends to increase the
sort of microeconomic shocks—because
cross-sectional variation in price changes
tends to rise with higher aggregate infla-
tion—that underlay the case for pursuing 
a positive rate of inflation.  Thus, the 
claim that inflation helps the economy
cope efficiently with relative price changes
is suspect immediately, since there is more
relative price variation to cope with if
there is more inflation.

Labor Market Costs as 
Well as Benefits

Overall, I believe that the benefits of
inflation as labor-market grease are exag-

gerated.  Furthermore, inflation itself
seems to worsen the problem it ostensibly
alleviates.  In addition to these theoretical
arguments, we now have some direct evi-
dence, supplied by Erica Groshen and
Mark Schweitzer (1996, 1999).  They 
recognize that compensation typically is
set for at least a year, and that there are, 
in essence, two pieces to a firm’s wage-
setting process.  First, management decides
on the overall change in the wage pool,
based in part on the rate of inflation
expected to prevail during the following
year.  This wage pool, in effect, sets the
firm-wide budget constraint.  Second, 
individual wages and salaries are adjusted
in a way that satisfies the budget con-
straint.  This two-step process is explicit 
in many organizations.

Mistakes occur during the first stage
when managers misforecast inflation.
“Sand-in-the-wheels” effects occur if higher
average levels of inflation result in more
inflation variability, causing larger inflation
forecasting errors.  A consequence is that
inflation will cause more interfirm varia-
tion in wage adjustment.  Grease effects
operate, as I outlined earlier, and imply
more dispersion of interoccupational wage
adjustment.  The grease effects should
taper off as inflation rises because some
level of inflation enables employers to
make all of the relative wage adjustments
they would make in a frictionless labor
market.  Because they view wage setting 
as a two-stage process, Groshen and
Schweitzer estimate the grease and sand
effects separately.  They find evidence of
both effects, with sand effects rising rapidly
with the inflation rate.  Comparing the
grease and sand effects directly, Groshen
and Schweitzer find that even for low infla-
tion rates the net benefit of inflation is
statistically indistinguishable from zero,
although point estimates of the gross benefit
do slightly exceed estimates of gross cost.

One might quibble with the specifics
of their empirical strategy, but Groshen
and Schweitzer’s emphasis on evaluating
costs as well as benefits is absolutely
correct.  From the standpoint of labor mar-
kets, I think it is fair to say that the
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evidence of net benefits from an infla-
tionary monetary policy is slim to none.

THE ZERO NOMINAL
INTEREST RATE BOUNDARY

Now let us consider whether concerns
about conducting countercyclical mone-
tary policy in a low-inflation environment
can justify a positive rate of inflation.  Specif-
ically, does price level stability cause special
problems for monetary policy because nom-
inal interest rates cannot be less than zero?

The zero-bound view is an old and
much debated one in macroeconomics.
With rising inflation during the 1970s and
early 1980s, the issue largely became moot,
as policymakers scrambled to get inflation
back under control and to regain lost cred-
ibility.  Recently, however, the topic has
resurfaced as inflation rates in the industri-
alized countries have fallen and stayed low
during the 1990s, and as central banks
around the world have adopted inflation
targeting as a method of achieving and
committing to price stability.

The zero-bound view holds that mod-
erate inflation aids in the implementation
of stabilization policy by keeping nominal
interest rates from falling too low.  The
bottom line, according to this argument, is
that an inflation target of zero interferes
with the attempts of monetary policymakers
to stimulate an economy in recession
because the nominal interest rate obviously
cannot fall below zero.  Put another way,
with moderate ongoing inflation the poli-
cymakers have room to push the real rate
of interest below zero, which they cannot
do when the steady inflation rate is zero.

The zero-bound story begins with the
commonplace idea that monetary policy is
concerned with setting a short-term nom-
inal interest rate—in the United States, the
nominal federal funds rate.  A higher nom-
inal federal funds rate is often described as
a tighter policy, while a lower nominal fed-
eral funds rate is described as an easier
policy.  When the economy is weak, the
monetary authorities lower the nominal
federal funds target in an effort to stimu-
late interest-rate-sensitive sectors of the

economy.  So according to this view, when
a recession hits, the current level of the
federal funds rate determines the number
of basis points the Fed has available to com-
bat the recession:  the lower the initial
funds rate, the less scope for subsequent
easing.  As you might guess, I dislike this
characterization of monetary policy, but let
me finish the story.

Of course, financial market participants
are interested mainly in the real interest rate,
not the nominal interest rate. A simple
Fisherian decomposition divides any nom-
inal interest rate (with zero default risk)
into two major components—a real compo-
nent determined by equilibrium conditions
in the economy and a nominal component
determined by the expected inflation rate. 

The zero-bound view holds that the
expected inflation component of nominal
interest rates moves little over periods as
long as a year, so that adjustments in the
nominal federal funds rate mainly change
real returns at the very short end of the
term structure.  Movements in short-term
rates then lead to adjustments in longer-
term real interest rates.

What hampers stabilization policy in 
a low-inflation environment, according to
the zero-bound view?  If inflation is zero
and expected to remain that way, then the
expected inflation component of nominal
interest rates is zero, and the nominal rate
is lower on average than it would be in a
world of persistent inflation.  Thus, in a
recession, the Fed would have less room to
cut interest rates because of the zero nom-
inal bound.  The end result, according to
this view, is a longer and deeper recession
than would otherwise be the case.  The
message is clear: If the Fed is to help the
economy in times of distress, nominal
interest rates must be kept high enough in
normal times, which requires maintaining
a modest rate of inflation. 

The zero-bound view has raised many
counterarguments over the years.  Perhaps
most obviously, this view places heavy
emphasis on the idea that monetary policy
can be used to fine tune the macroecon-
omy, downplaying well-known concerns
that attempts to fine tune can contribute to
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economic instability. Leaving that issue
aside, however, there are still several rea-
sons to doubt the validity of the zero-
bound argument for pursuing a policy 
of positive inflation.

Monetary Policy Is Fundamentally
Not About Nominal Interest Rates

First, we must remember that nominal
interest rates do not indicate the true stance
of monetary policy even though, as a prac-
tical matter, the Fed implements short-term
policy by targeting the nominal federal
funds rate.  This method of implementa-
tion has been effective in recent years.  Con-
trolling the funds rate is not, however, an
end in itself.  Fundamentally, monetary
policy is reflected in the growth of the
money stock and, ultimately, the rate of
inflation.  So the idea that central bankers
are somehow trapped if the nominal short-
term interest rate nears zero seems quite a
stretch to me.  We are in the business of
providing liquidity to the macroeconomy,
and if the situation calls for it, liquidity
can always be injected, regardless of the
level of nominal interest rates.

The first years of the Great Depression
offer perhaps the clearest illustration that
monetary policy is fundamentally about
providing liquidity and not about control-
ling nominal interest rates.  During that
time, nominal interest rates were low,
which seemed to indicate an “easy” mone-
tary policy.  But as Milton Friedman and
Anna Schwartz (1963) have noted, from
1930 to 1933 the money stock was falling
rapidly, indicating a far tighter policy than
was intended.  Of course, that policy was
an unmitigated disaster, as both output
and prices fell by a third and the unemploy-
ment rate hit 25 percent.  That experience,
as well as other, less dramatic historical
episodes, should make it obvious that
blind adherence to nominal interest rates
as indicators of the stance of monetary
policy can be tragically misleading.

We might also do well to remember
that during the late 1950s and early 1960s,
the nominal annualized yield on three-
month Treasury bills fluctuated around 

3 percent, while the yield on 10-year Trea-
sury bonds was around 4 percent.  These
yields are below, but in the general ballpark,
of those we observe today.  Consumer
price index inflation during that period
averaged about 2 percent on a year-over-
year basis—not too different from today’s
inflation rate.  So, while we have not seen
a sustained zero-inflation environment in
the United States during the postwar era,
we have seen an environment not too dif-
ferent from today’s in terms of relatively
low inflation.  And during the late 1950s
and early 1960s, there was no obvious
impediment to the operation of monetary
policy just because inflation was low.

Inflation and Output Variability
The relative stability of our economy

in recent years suggests that low inflation
probably contributes both to less inflation
variability and to less output variability.
Throughout the 1970s and early 1980s, by
contrast, when inflation rose sharply and
then fell abruptly, the United States suffered
through three recessions, including two of
the most severe recessions of the postwar
era.  To be sure, during that period, the
U.S. economy was hit with shocks from
external sources, but at the same time
monetary policy was decidedly uneven—
resulting in a substantial inflation that
caused both unnecessary distortions and
proved difficult to tame.  Thus, the postwar
experience strongly suggests that lower
inflation is associated with less volatile
inflation, and lower inflation volatility is
reflected in lower volatility in real output.
Even in a zero-inflation environment the
lower bound on nominal interest rates
probably would not be a problem for stabi-
lization policy because economic volatility
itself would likely be lower.

Nonlinear Effects Near Zero
A final reason to doubt that monetary

policy would run aground in a zero-infla-
tion world stems from the nonlinearity of
investment demand.  This nonlinearity
implies that a given interest rate change,
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measured in basis points, may well have a
larger impact when interest rates are low
than when they are high.

Much of the thinking behind the zero-
bound view is centered on the extrapolation
of linear effects to very low interest rate
environments.  In much of the work on
this issue, the average effects of short-run
monetary policy changes are estimated
using postwar data, which include many
years of high inflation.  There is little
reason to think that coefficients estimated
from an environment of relatively high
inflation would be good proxies for the
coefficients in the new circumstance. 

We might expect that a given basis
points change in the nominal federal funds
rate target would have a larger impact
when interest rates are lower.  Certainly,
there is no reason to expect that the
response of investment to changes in the
nominal interest rate is linear.  At any
point in time countless investment pro-
jects are available, and as the nominal 
cost of funds moves lower, the net pre-
sent value of many more of these projects
becomes positive.  Accordingly, investment
would be unbounded at very low real
interest rates, implying that the Fed could
conduct a countercyclical policy just as
actively and effectively when interest rates
were low, even if the nominal federal funds
rate target was near zero.

ZERO INFLATION IS NOT
TOO LOW

To summarize, it seems to me that nei-
ther the arguments about wage stickiness 
nor those concerning the zero bound for
nominal interest rates make a convincing
case that monetary policy should aim for a
positive rate of inflation.  Instead, I believe
the logic and the evidence both suggest that
the appropriate goal for monetary policy
should be price stability, that is, a long-run
inflation rate of approximately zero.

Today we are enjoying the benefits of a
low and comparatively stable rate of infla-
tion.  In our present state, we should not
forget the high costs of inflation.  Inflation
makes planning difficult for individuals

and firms, it interferes with the operation
of markets, and it interacts insidiously
with the tax code to discourage saving and
investment.  Moreover, inflation’s effects
are felt most acutely by members of society
who are economically the most vulnerable.
In arguing for a positive rate of inflation,
therefore, the burden of proof should rest
with those who contend that our economy
would perform better with inflation than
without it.  Inflation proponents also
should explain how a moderate rate of
inflation could be maintained without
inching ever higher.  In my view, the case
for positive inflation has not been proven.

A central bank’s single most important
job is preserving the value of the nation’s
money.  Monetary policy has succeeded if
the public can reasonably trust that a dollar
will buy tomorrow what it will buy today.
At this point, inflation will have ceased to
be a hindrance to the smooth functioning
of our market economy.  I cannot promise
that price stability will mean an end to the
business cycle, to unemployment, or to
occasional financial distress.  Indeed, I am
willing to bet that a few years from now we
will look back on 1998 and conclude that
the stability of the inflation environment
was important to containing the financial-
market upset that started in August.

We should not be seduced by arguments
that a little inflation is a good thing.  Look
at the record:  Over the past 50 years, our
economy has performed better when infla-
tion was low than when it was high.  There
simply is no compelling evidence that we
could foster sustained economic growth by
pursuing an inflationary monetary policy.
The evidence points in the other direction.
Thus, I am confident that our economy’s
long-run performance would be enhanced
by a monetary policy that aims at, achieves,
and maintains a zero rate of inflation.
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The FOMC in
1998:  Can It
Get any Better
Than This?
David C. Wheelock

The U.S. economic expansion barreled
into its eighth consecutive year during
1998, the longest peacetime expansion

since World War II.  Amidst rapid growth,
inflation remained low, the unemployment
rate declined to its lowest point since 1970
and real earnings rose at their fastest rate
since 1972.  The stock market, like the
economy, continued to soar and the Federal
Government budget was in surplus for the
first time since 1969.  The year was not
unblemished, however, as recession and
financial instability in Asia, Russia, and
parts of Latin America roiled international
financial markets during the second half 
of 1998.  Slow growth abroad also substan-
tially weakened the foreign demand for
U.S. products and, despite a large increase
in exports during the fourth quarter, the
U.S. trade deficit widened to a record for
the year as a whole.

This article reviews Federal Reserve
monetary policy actions and concerns dur-
ing 1998.  From the standpoint of mone-
tary policy, the year’s pivotal point
occurred in August, when the Russian 
government defaulted on its domestic debt
and devalued the ruble.  Before August,
policymakers focused on whether an
explicit policy tightening would be needed
to slow domestic demand enough to pre-
vent an increase in inflation.  Although
inflation currently was low, extraordinarily
tight labor markets, rapid growth of mone-
tary aggregates, and strong consumer
spending all seemed to point toward high-

er inflation to come.  Accordingly, at their
meetings from March to July, Federal Open
Market Committee (FOMC) members voted
to bias their policy instructions toward a
tighter policy, in effect signaling that their
next explicit action would likely be a tight-
ening move.  Two committee members dis-
sented on at least one occasion in favor of
an immediate tightening.

Financial market upset triggered by
the Russian government’s default and
devaluation of the ruble, coupled with
ongoing concern about economic weak-
ness in Asia and Latin America, caused a
reevaluation of the risks to the U.S. econ-
omy during the second half of 1998.  As
Federal Reserve Chairman Alan Greenspan
remarked before Congress on September
23, the United States cannot “remain an
oasis of prosperity unaffected by a world
that is experiencing greatly increased stress”
(Testimony before the Committee on the
Budget, U.S. Senate, “The Crisis in Emerg-
ing Market Economies,” September 23,
1998).  Between September and November,
the Federal Reserve eased monetary policy
in three successive steps to “cushion the
effects on prospective economic growth in
the United States of increasing weakness in
foreign economies and of less accommoda-
tive financial conditions domestically”
(FOMC Press Release, September 29, 1998).

This article begins by reviewing key
macroeconomic outcomes for 1998.  Next,
the article describes the FOMC’s focus on
domestic spending growth, tight labor mar-
kets, and surging money stock growth as
signals of a possible increase in the rate 
of inflation.  Finally, the article turns to 
a review of the discussion and decisions
taken at each FOMC meeting during 1998.
This section highlights, in particular, 
the actions taken by the FOMC during
September-November to accommodate
increased demand for liquidity in financial
markets following the Russian government’s
default and devaluation of the ruble, wors-
ening economic conditions in Asia and
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parts of Latin America, and attendant glo-
bal financial instability.

1998:  A REVIEW OF  
THE NUMBERS

1998 was a remarkably good year from
the perspective of most macroeconomic
indicators.  After seven continuous years
of expansion, and in the face of faltering
economic performance in Japan and other
key trading partners, logic seemed to sug-
gest that the pace of U.S. output growth
had to slow.  But, it did not.  At 3.9 per-
cent, real GDP growth in 1998 equaled its
pace of 1997, which itself was a year when

growth was well above its historical
average rate.  

During 1997, FOMC officials, like
most private sector forecasters, were
surprised by the economy’s ability to
achieve rapid growth without an increase
in inflation (see Yoo, 1998).  With the
economy thought to be at full employment,
and with ample liquidity in credit markets
and rapid growth of monetary aggregates,
most forecasters again predicted higher
inflation during 1998.  But, inflation did
not rise.  Instead the GDP deflator rose a
mere 1.0 percent (against 1.9 percent in
1997), while the Consumer Price Index
(CPI) increased just 1.6 percent (against
2.3 percent in 1997), its lowest rate since
1964.1 The unemployment rate, more-
over, also fell, dipping to as low as 4.3 per-
cent in April and December, its lowest
level since February 1972.  Further reflect-
ing strength in the labor market, real average
hourly earnings rose 2.74 percent, their
highest increase since 1972.

Figures 1 and 2 illustrate the exemplary
performance of the U.S. economy since the
recession of 1990-91. The recovery from
this recession has been unusual.  Typically,
real GDP grows rapidly during the initial
recovery period, and slows to trend growth
as the expansion matures.  In the present
recovery, however, growth was slow initially,
but has since accelerated.  Inflation, by con-
trast, has fallen with higher real GDP growth
and decline of the unemployment rate.  The
favorable, but somewhat unusual, behavior
of the economy during recent years has
posed a challenge for macroeconomic poli-
cymakers—namely, to understand why the
economy has performed so well and to
implement policies that will best ensure
continued favorable performance.

Monetary Policy Before August:
Where’s the Slowdown?  Where’s
the Inflation?

As 1998 began, analysts were puzzled
by the fact that the Asian recession had not
yet had any serious impact on the U.S.
economy.  Exports had declined, causing
distress among some producers dependent

1 Adjustments in the measure-
ment of the CPI by the Bureau
of Labor Statistics during 1998
accounted for 0.21 percentage
points of the decline in CPI
inflation between 1997 and
1998.  That is, CPI inflation
would have been 0.21 percent-
age points higher during 1998
had these adjustments not
been made.  See Economic
Report of the President (1999,
p. 94).
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Figure 1
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on foreign markets, but strong domestic
demand pushed the U.S. economy forward
at a rapid pace.  As unemployment dipped
further with no signs of slower economic
growth, many forecasters questioned whe-
ther inflation could remain low.  Econo-
mists who thought that NAIRU—the
acronym for “non-accelerating inflation
rate of unemployment”—was approxi-
mately 5 percent of the labor force, became
increasingly concerned about higher infla-
tion as the unemployment rate dropped
further below this level.  Federal Reserve
governor Laurence Meyer, for example,
noted that his “best guess” estimate of
NAIRU was 51/2 percent, and though “spe-
cial forces,” such as unusual declines in
commodity and import prices, had held
inflation temporarily in check, “the very
tight labor markets can be expected to put
upward pressure on wage change and
hence inflation” (“The Economic Outlook
and the Challenges Facing Monetary
Policy,” Public Policy Meeting, Federal
Reserve Bank of Atlanta, April 9, 1998). 

Throughout the first half of 1998, the
FOMC frequently discussed the question of
whether “tight labor markets” and acceler-
ating increases in labor compensation
signaled a forthcoming increase in infla-
tion.  For example, at the meeting of May
19, the committee concluded that “The
decline in the unemployment rate to its
lowest level in nearly three decades under-
scored anecdotal reports of further tight-
ening in labor markets in recent months
and added to concerns about the outlook
for inflation.”  At the same time, commit-
tee “members acknowledged, however,
that the nexus between labor market tight-
ness, accelerating labor costs, and the
effects on price inflation was very difficult
to ascertain and analyses based on earlier
patterns that pointed to rising inflation
had proved consistently wrong in recent
years.”2

Rapid and accelerating growth of mon-
etary aggregates was a second source of
concern about inflation discussed at
FOMC meetings during 1998.  Although
the FOMC had established an annual
growth rate target for M2 of 1-5 percent,

M2 growth exceeded 6 percent during the
second half of 1997, and 7 percent during
the first half of 1998.  At the same time,
growth of money, zero maturity (MZM),
which is not targeted by the FOMC,
exceeded 9 percent, rising to over 11 per-
cent in early 1998 (see Table 1).

The FOMC sets target ranges for money
stock growth.  They should be viewed as
benchmarks for money growth that would
be associated with price stability and sus-
tained economic expansion, assuming
velocity will behave consistently with his-
torical patterns.  The FOMC has tended to
downplay the usefulness of the aggregates
as policy guides in recent years because velo-
city has behaved erratically in the past.3

Nevertheless, accelerating growth of the
monetary aggregates, in conjunction with
other evidence that aggregate demand was
increasing at an inflationary pace, caused two

2 The minutes of each FOMC
meeting are published soon
after the committee’s next reg-
ularly scheduled meeting, and
are available from the Board of
Governors web site and in the
Federal Reserve Bulletin.

3 For evidence that the velocity
of M2 recently has behaved
more consistently with its his-
torical pattern, see Anderson
(May 1997) or Dewald
(October 1998).

Annual Percentage Growth
Rates of M2 and MZM  
(Seasonally Adjusted)

M2 MZM

1997:1 4.86% 7.28%
1997:2 4.83 6.68
1997:3 6.49 9.23
1997:4 6.84 9.91
1998:1 7.79 11.49
1998:2 7.70 13.64
1998:3 7.04 12.17
1998:4 11.45 19.38

M2 is the sum of currency held by the public, demand, and
other checkable deposits issued by financial institutions
(except those issued to the U.S. Treasury or depository insti-
tutions), travelers checks, small savings, and time deposits
issued by financial institutions, and shares in retail money
market mutual funds (excluding retirement accounts).  MZM,
i.e., “money, zero maturity,” equals M2 plus institutional
money market fund shares, minus small time deposits.
Finally, M3 consists of M2 plus large time deposits, repurchase
agreements issued by depository institutions, Eurodollar
deposits, and institutional money market fund shares.  The
Federal Reserve sets growth targets for M2 and M3, but not
for MZM.  MZM, however, is frequently used for analytical
purposes.  Additional detail can be found in the Federal
Reserve Bulletin, or Monetary Trends, a monthly publication 
of the Federal Reserve Bank of St. Louis.

Table 1



FOMC members to dissent at least once in
favor of moving immediately to a tighter
policy stance.  A majority of the FOMC,
while not persuaded that rapid money stock
growth alone justified a tighter monetary
policy, viewed labor market tightness, rapid
money growth, and perhaps other factors,
as increasing the likelihood that a tighter
policy would be necessary over the near
term.  Accordingly, at its meetings from
March to July, the FOMC voted to tilt its
policy directive toward a tighter policy.  In
introducing this asymmetry into its policy
instructions, the committee refrained from
an immediate, overt tightening of policy,
but signaled its expectation that an actual
tightening would most likely be the com-
mittee’s next move.

Although the FOMC did not overtly
tighten policy during 1998, by leaving its
federal funds rate target unchanged, the
“real” federal funds rate (measured as the
difference between the nominal funds rate
and the current CPI inflation rate) was
permitted to rise as inflation fell.  As
Figure 3 illustrates, this continued a pat-
tern that began during 1997.4 By this
measure, monetary policy had tightened
during the period, even though the Fed
had not taken an explicit action.  This pas-
sive tightening was not inadvertent, according
to Chairman Greenspan:  “The FOMC …
allowed the real funds rate to rise with contin-
uing declines in inflation and, presumably, 

inflation expectations” (Testimony before the
Committee on Banking, Housing, and Urban
Affairs, U.S. Senate, February 23, 1999).  The
objective of this passive tightening of policy
was to discourage an increase in inflation that
might threaten continued economic expan-
sion.  As noted, however, labor markets
remained tight and money growth rapid,
which during the first half of 1998 left poli-
cymakers concerned that passive tightening
would not prevent an increase in inflation.

Exceptional growth of output and
employment, without an increase of infla-
tion, defied conventional economic rules-
of-thumb during 1998.  The year proved,
once again, the folly of relying solely on
the stability of either output (or employ-
ment) gap or monetary aggregate growth
rate relationships with near-term inflation.
Economists are aware that such relation-
ships can break down for a variety of reasons.
Since the early 1980s, for example, financial
innovations have rendered unstable the
relationship between short-run changes in
narrow monetary aggregates, such as M1,
and inflation.  During 1998, unusual gains
in productivity appear to explain how
output growth could rise as fast as it did,
and the unemployment rate fall as much 
as it did, without an increase in the rate 
of inflation.

In congressional testimony, Federal
Reserve Chairman Alan Greenspan argued
that the United States has enjoyed a
“virtuous cycle” of investment-driven pro-
ductivity gains stimulated by low inflation
and optimistic expectations about future
economic growth.  Productivity growth
then, in turn, has fueled expectations of
future economic returns, prompting
further investment, and so forth:

Evidence of accelerated productivity
has been bolstering expectations of
future corporate earnings, thereby
fueling still further increases in equity
values, and the improvements in pro-
ductivity have been helping to reduce
inflation.  In the context of subdued
price increases and generally supportive
credit conditions, rising equity values
have provided impetus to spending

4 The FOMC increased its funds
rate target by 25 basis points
to 51/2 percent on March 25,
1997.  This was the commit-
tee’s only explicit policy change
during that year.
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Figure 3

Real Federal Funds Rate and Inflation
Monthly data, 1990-1998
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and, in turn, the expansion of output,
employment, and productivity-enhancing
capital investment.  (Testimony before
the Committee on Banking, Housing
and Urban Affairs, U.S. Senate, July 
21, 1998)

Figures 4 and 5 provide two measures
of productivity growth—nonfarm business
productivity growth and manufacturing
productivity growth.  Typically, productivity
growth declines, and may turn negative, as
the economy enters a recession.  Producti-
vity growth then increases sharply late
during the recession and initial recovery
phase.  Although volatile, productivity
growth often falls as the expansion matures.

As is typical, productivity growth
surged during the initial year of recovery
from the 1990-91 recession.  After little
growth in 1993-95, however, productivity
increased sharply beginning in 1996 and
could, in principle, explain the simultan-
eous increase in real earnings and output
growth and the decline in inflation.  Indeed,
the recent surge raises the question of whe-
ther the long-run, or trend, rate of producti-
vity growth has increased.  If it has, then
the economy’s long-run potential growth
rate is higher than the approximately 21/2
percent pace that economists thought pos-
sible. And, the “natural” rate of unemploy-
ment may now be closer to the 4- 41/2
percent rate of the 1960s than to 51/2-6 
percent, the rate economists widely believe
prevailed during the 1980s.  A number of
model-based estimates of the natural rate of
unemployment, however, currently remain
in the 51/4 -5 1/2 percent range.

Forecasting changes in the trend growth
of productivity, or even measuring the true
level of productivity at any point in time,
is notoriously difficult (see, e.g., Griliches
1994).  Unfortunately, mismeasuring pro-
ductivity trends, and hence, potential out-
put growth, can have serious implications
for monetary policy.  For example, suppose
policymakers follow a rule of easing policy
whenever the observed rate of GDP growth
falls below its assumed potential rate.  Then,
suppose that an unexpected decline in pro-
ductivity growth causes both actual and

potential GDP growth to fall simultaneously
and proportionately, so that the output gap
has not changed.  Unless policymakers
understand immediately that potential
growth has fallen, and revise their assump-
tions accordingly, they will ease monetary
policy.  Such an action could prove destabi-
lizing, however, causing a higher rate of
inflation for a given rate of GDP growth,
than would occur if no action were taken.

During 1998, Fed officials faced simi-
lar uncertainty about potential output.  If
the combination of rapid output growth
and low inflation reflected a permanent
increase in the rate of productivity growth, 
a tighter monetary policy might cause
output growth to fall temporarily below 
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Figure 4

Nonfarm Business Productivity Growth
Quarterly data, 1960-1998
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Figure 5

Manufacturing Productivity Growth
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its potential, and possibly put downward
pressure on the price level.  On the other
hand, if recent gains in productivity are
only temporary, failure to tighten mone-
tary policy when the economy is growing
at such a rapid pace could result in an
eventual increase in inflation.  Indeed, an
increase in inflation could erode producti-
vity growth, possibly resulting in lower
potential output growth over time.5

Because higher inflation might dis-
courage productivity-enhancing invest-
ment and lessen the economy’s growth
potential, price stability has become an
increasingly important objective of mone-
tary authorities in many countries.  Several
countries, as well as the European Mone-
tary Union, have made price stability the
sole objective of monetary policy.  This
emphasis reflects, at least in part, the now
widely held view that a credible commit-
ment to preserving price stability best
promotes maximum economic growth
over the long term.  Chairman Greenspan
argues that the “virtuous cycle” that has
propelled the strong U.S. economy was an
outcome of reducing inflation to near zero:

The essential precondition for the
emergence, and persistence, of [the]
virtuous cycle is arguably the decline
in the rate of inflation to near price
stability. … Risk premiums and
economic disincentives to invest in
productive capital diminish as the
economy approaches price stability. …
Technological innovations and the
rapidly declining cost of capital equip-
ment that embodies them in turn seem
to be a major factor behind the recent
enlarged gains in productivity.
(Testimony before the Committee on
Banking, Housing, and Urban Affairs,
U.S. Senate, July 21, 1998)

The possibility that inflation might, in fact,
hamper growth, explains why preserving
price stability has become the paramount
objective of monetary policy in central
banks throughout the world.6 And, it was
a concern that a reemergence of inflation
might endanger the ongoing economic

expansion that proved to be the central
focus of FOMC policy deliberations during
the first seven months of 1998.

Table 2 summarizes the FOMC’s deci-
sions during 1998, as reflected in the
policy directives issued by the FOMC to
the open market trading desk.  It also lists
the voting members of the committee.7 A
review of the issues that seemed to weigh
heavily in the discussion at each meeting
during the first half of 1998 follows.8

February 3-4. At the first FOMC
meeting of the year, the committee dis-
cussed current economic data and the staff
forecast for the year ahead.  The staff pre-
dicted that the economic expansion would
“slow appreciably” over the next several
quarters, primarily because slower growth
abroad and appreciation of the dollar would
substantially reduce the demand for U.S.
exports.  Despite slower output growth,
however, inflation was forecast to increase
somewhat as declines in energy and import
prices were expected to abate.

The FOMC members agreed that the
economy was likely to slow during 1998,
with a prospective decline in exports and
moderation in the growth of business inven-
tories cited as the principal causes.  The
committee concluded, however, that the
“risks of a considerable deviation on the
upside or the downside of their current
forecasts were unusually high,” and that
“the potential extent of the negative effects
of developments in Asia on the nation’s
trade balance represented key uncertainty
in the economic outlook.” 

The FOMC members also expressed
uncertainty regarding the present stance of
monetary policy.  They noted that the real
federal funds rate was unusually high, but
that “financial conditions seemed to be
quite stimulative as evidenced by lower
nominal and perhaps real intermediate and
long-term interest rates, rising equity prices,
ready credit availability, and rapid growth
of the broad measures of money and
credit.”  In the face of these uncertainties,
the FOMC decided unanimously to leave
the current stance of policy unchanged by
retaining its current target for the federal
funds rate of 51/2 percent.

5 See Orphanides (1998) for a
formal analysis of the effects of
measurement uncertainty on
optimal monetary policy.

6 Although theoretically appeal-
ing, an empirical relationship,
either positive or negative,
between inflation and long-run
real economic growth has been
found to depend on the choice
of countries studied as well as
the time period and estimation
method.  See Barro (1996)
and Bruno and Easterly (1996)
for two recent empirical studies
of this relationship.

7 The FOMC consists of the seven
members of the Board of
Governors of the Federal
Reserve System and the presi-
dents of the 12 Federal
Reserve Banks.  Only five
Reserve Bank presidents are
voting members of the commit-
tee, however.  The president of
the Federal Reserve Bank of
New York is always a voting
member, and serves as the
committee’s vice chair, while
the remaining Reserve Bank
votes are rotated among the
other 11 Reserve Bank presi-
dents.

8 All quotations in this section are
from the minutes of the various
FOMC meetings.
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March 31. By the second meeting of
1998, a majority of the FOMC had become
less optimistic about the outlook for infla-
tion.  Despite continued projections from
the staff that the economic expansion
would slow appreciably over the near
term, FOMC members concluded that

… domestic demand was exceeding
expectations and was likely to con-
tinue to increase rapidly for some
time, supported by accommodative
conditions in key segments of financial

markets.  Developments in foreign
trade were moderating demands on
domestic resources; but with domestic
spending strong, members were
becoming more concerned that those
developments might not exert enough
restraint on aggregate demand to slow
the expansion to a sustainable pace.

Consequently, “the members agreed that
should the strength of the economic
expansion and firming of labor markets
persist, policy tightening likely would be
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Summary of FOMC Decisions in 1998
Federal Funds  

Meeting Date Rate Target Intermeeting Stance Dissents

February 3-4 5.50 symmetric none
March 31 5.50 asymmetric (tighter) Jordan
May 19 5.50 asymmetric (tighter) Jordan, Poole
June 30-July 1 5.50 asymmetric (tighter) Jordan
August 18 5.50 symmetric Jordan
September 29 5.25 asymmetric (easier) none
October 15* 5.00 not applicable not applicable
November 17 4.75 symmetric Jordan
December 22 4.75 symmetric none

*  October 15 was not a regularly scheduled meeting of the FOMC, but rather a conference call in which the members agreed that the
federal funds rate target should be reduced by 25 basis points.

Members of the Federal Open Market Committee in 1998

Alan Greenspan, Chairman.  Chairman of the Board of Governors of the Federal Reserve System
William J. McDonough, Vice Chairman.  President of the Federal Reserve Bank of New York
Roger W. Ferguson, Jr.  Governor of the Federal Reserve System
Edward M. Gramlich.  Governor of the Federal Reserve System
Thomas M. Hoenig.  President of the Federal Reserve Bank of Kansas City
Jerry L. Jordan.  President of the Federal Reserve Bank of Cleveland
Edward W. Kelley, Jr.  Governor of the Federal Reserve System
Laurence H. Meyer.  Governor of the Federal Reserve System
Cathy E. Minehan.  President of the Federal Reserve Bank of Boston
Susan M. Phillips.**  Governor of the Federal Reserve System
William Poole.**  President of the Federal Reserve Bank of St. Louis
Alice M. Rivlin.  Vice Chairman of the Board of Governors of the Federal Reserve System

**  Ms. Phillips resigned from the Board of Governors of the Federal Reserve System during 1998, and attended her last meeting on
May 19.  Mr. Poole was appointed President of the Federal Reserve Bank of St. Louis on March 23, and attended his first FOMC meet-
ing on March 31.  Robert D. McTeer, Jr., President of the Federal Reserve Bank of Dallas, voted as an alternate member of the FOMC 
at the meeting of February 3-4.

Table 2



needed at some point to head off imbalances
that over time would undermine the expan-
sion in economic activity.” As a result, the
committee voted to maintain the prevail-
ing federal funds target of 51/2 percent, but
to adopt an asymmetrical directive tilted
toward a tighter policy.

Jerry L. Jordan, President of the Federal
Reserve Bank of Cleveland, dissented from
the policy directive adopted at the March 31
meeting.  In his view, prevailing rapid money
stock growth was likely to reignite inflation
and, thus, the FOMC should tighten policy
immediately.

May 19. At the FOMC meeting of May
19, Jordan again dissented in favor of an
immediate tightening of monetary policy.
He was joined by William Poole, President
of the Federal Reserve Bank of St. Louis.
Both presidents felt that, unless checked,
rapid money stock growth would bring
about an increase in the rate of inflation and
ultimately threaten the economic expansion.

A majority of the FOMC, however,
concluded that the outlook for inflation
and continued economic expansion was
too uncertain to warrant an immediate
change in monetary policy.  The commit-
tee noted that the economy was continuing
to grow more rapidly than had been fore-
cast, or than was sustainable over the long
run.  Nevertheless, as the committee staff
continued to predict, most FOMC mem-
bers were persuaded that economic growth
would moderate appreciably during the
coming quarters.  Moreover, there was
concern that an explicit tightening of
policy by the Fed “could have outsized
effects on the already very sensitive finan-
cial markets in Asia,” with the resulting
“unsettlement” having “substantial adverse
repercussions on U.S. financial markets
and, over time, on the U.S. economy.”  In
light of these concerns, the FOMC elected
not to change the current stance of mone-
tary policy.  At the same time, the commit-
tee agreed to retain a bias in its operating
directive towards a tighter policy, which
reflected a consensus that the balance of
risks indicated that the next explicit policy
action would be a tightening move in
order to ward off an increase in inflation.

June 30-July 1. Information available
at the time of the FOMC meeting of June
30-July 1 suggested that the rapid pace of
economic activity had slowed.  A strike at
General Motors was expected to substan-
tially reduce the nation’s industrial produc-
tion during June.  Preliminary indications
were that business inventory accumulation
also had fallen substantially during the
second quarter, as did business fixed
investment.  The trade deficit also con-
tinued to increase, further suggesting that
output growth had slowed during the
second quarter.  On the other hand, labor
markets remained exceptionally tight, with
substantial increases in employment out-
side of manufacturing.  Retail sales also
continued to increase strongly.  In light of
mixed signals from the nonfinancial side 
of the economy, and with monetary and
credit aggregates continuing to grow
strongly, the FOMC elected to continue to
“wait and see” before making an explicit
change in policy.  The committee did,
however, retain its bias towards a tighter
policy and, once again, President Jordan
dissented from the committee’s decision in
favor of an immediate tightening of policy.

RESPONDING TO
FINANCIAL SHOCKS

August 18. “Wait and see” was again
the outcome of FOMC deliberations on
August 18.  Further evidence of domestic
slowing, coupled with further economic
deterioration in Japan and other Asian
countries, and a partial debt default and
currency devaluation by Russia on August
17 received the committee’s focus.  Although
consumer spending and nonmanufacturing
job growth remained strong, retail sales and
industrial production declined in July, even
with adjustment for the effects of the Gen-
eral Motors strike.

Perhaps most alarming to the commit-
tee was the deterioration in foreign econo-
mies:  “In Japan … economic activity
appeared to have contracted sharply fur-
ther during the second quarter.  In most
other Asian economies, currencies and
equity prices were under downward pres-
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sure, and in Russia, asset values plummeted
in often disorderly markets.  Risk spreads
on dollar-denominated debt widened sub-
stantially, not only in Russia but for Latin
American issuers as well.”

Regarding the near-term outlook for
the domestic economy, FOMC members
pointed out that “unusually favorable
underlying factors, including solid ongoing
gains in employment and incomes and
substantial further increases in household
net worth” suggested that domestic demand
for goods and services was unlikely to
moderate substantially anytime soon.
Moreover, “business fixed investment also
seemed to be on a solid upward trajectory”
and construction activity remained high.
On balance, a majority of the committee
concluded that “Greater difficulties abroad
and associated downward pressures on
demand and prices had substantially dimin-
ished the chances of a strengthening of
inflation pressures over coming months
and quarters that would require a near-
term tightening of policy.”  A minority,
however, felt that the risks remained
weighted toward an increase in inflation.
Nevertheless, while not changing its tar-
get for the federal funds rate, the FOMC
removed the bias in its directive towards 
a tighter policy.  Once again, President
Jordan dissented, “because he believed 
that the underlying strength of aggregate
demand in the U.S. economy would remain
fundamentally intact, despite economic
problems abroad,” and “continued rapid
growth in the money supply creates the
risk that inflation will accelerate.”

September 29. Global financial mar-
kets became increasingly unsettled during
September and early October, precipitating
a “flight to quality” of funds from relatively
high risk, illiquid securities toward less
risky, more liquid instruments.  Yields on
U.S. Treasury securities plunged, while
those on high-quality corporate offerings
declined less, and those on some low-quality
securities rose. Figure 6 illustrates this
phenomenon, showing the increases in
average yields on Aaa and Baa-rated corpo-
rate bonds relative to the yield on 10-year
U.S. Treasury securities, and the increased
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Figure 6

U.S. Bond Market Quality Spreads
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Figure 7

Short-Term Interest Rates
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Figure 8

U.S. Bonds Market Quality Spreads
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spread between Aaa and Baa-rated yields.
Yield spreads among short-term securities
similarly increased, as Figure 7 illustrates
by plotting the three-month Treasury bill
yield against average rates on three-month
bank certificates of deposit and three-
month nonfinancial commercial paper.
Finally, Figure 8 shows that, by the
standard of the previous five years, bond
market yield spreads during the fall of
1998 were unusually high.

Along with the flight to quality, anec-
dotal reports indicated that many relatively
low quality borrowers were unable to obtain
funds in the money market.  Although
many borrowers were accommodated by
drawing down existing lines of credit at
commercial banks, a special survey of
senior bank loan officers, conducted by the
Federal Reserve in September, indicated
that banks had tightened their standards
for loans to large firms.  According to the
survey, “The banks that reported having
tightened their lending standards and
terms most commonly attributed their
decision to a less favorable economic out-
look and a worsening of industry-specific
problems, as well as a reduced tolerance
for risk.”  Thus the survey results were
consistent with the evidence from credit
markets that lenders were increasingly
fearful about the prospects for continued
economic expansion in the United States,
and had become less willing to take finan-
cial risks.

In light of growing instability in finan-
cial markets and a weakened outlook for
continued domestic expansion, the FOMC
voted to adopt a more stimulative mone-
tary policy by reducing its federal funds
rate target from 51/2 percent to 51/4 percent.
“In the Committee’s discussion of current
and prospective economic conditions,
members focused on developments that
pointed to the potential for a significant
weakening in the growth of spending.”
The members concluded that “the down-
side risks to the domestic expansion
appeared to have risen substantially in
recent weeks.”  And, “It was clear that 
the contagious effects of international 
economic and financial turmoil had

markedly increased the downside threat 
to the domestic expansion.”

In considering policy, the FOMC dis-
cussed the continued rapid growth of mon-
etary aggregates.  While it was suggested
that “rapid growth of key monetary aggre-
gates, including M2, over a period of
several quarters was a worrisome element
in the outlook for inflation,” surges in the
money stock during the most recent weeks
were seen as likely caused by the flight to
quality and increased demand for liquidity.
Thus, policymakers concluded “an easing
policy action at this point could provide
added insurance against the risk of a fur-
ther worsening in financial conditions and
a related curtailment in the availability of
credit to many borrowers.”

Thus the sudden instability in global
financial markets had led the FOMC to
reevaluate the risks to continued economic
expansion in the United States.  Prior to the
onset of financial instability, higher inflation
was viewed as the most likely threat to con-
tinued economic growth.  Inflation imposes
serious economic costs, and history indi-
cates that the more entrenched inflation
becomes, the more difficult it is to bring
down.  The sudden threat to domestic
financial markets and economic activity
from abroad, however, reduced the risk 
of an immediate increase in inflation.  By
increasing the cost and reducing the avail-
ability of credit to private borrowers, as
well as by increasing uncertainty about the
economic outlook, financial instability
threatened to slow U.S. economic activity
appreciably.  Thus the Fed sought to ensure
an ample supply of liquidity to financial
markets to counteract this threat.

October 15 Conference Call. When the
FOMC voted to reduce its federal funds
rate target on September 29, it also approved
a directive tilted toward additional easing.
Further deterioration of financial condi-
tions in the ensuing two weeks led the
FOMC to approve a second 25 basis point
reduction in the funds rate target to 5 per-
cent.  The committee concluded that addi-
tional stimulus was needed because

… risk aversion in financial markets
had increased further since the Com-
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mittee’s meeting in September, raising
volatility and risk spreads even more,
eroding market liquidity, and con-
straining borrowing and lending in 
a number of sectors of the financial
markets.  Although indications of any
softening in the pace of the economic
expansion across the country remained
sparse, the widespread signs of deteri-
orating business confidence and
evidence of less accommodative
domestic financial conditions suggested
that the downside risks to the expan-
sion had continued to mount.

In conjunction with the federal funds rate
target reduction, the Board of Governors
approved a reduction of Reserve Bank
discount rates from 5 percent to 43/4 percent.

November 17. In reviewing the state of
financial markets and the latest information
about the prospects for continued economic
expansion at its meeting on November 17,
the FOMC observed that while financial
market “strains” had moderated since mid-
October, “uncertainty remained high and
relatively illiquid conditions persisted.”
Moreover, while recent data indicated that
the economy was continuing to grow
rapidly, the FOMC staff forecast “consider-
able slowing” on the horizon, and FOMC
members “generally agreed that the econ-
omy appeared to be headed toward slower
growth.”  And, they “believed that the con-
tinuing fragility of financial markets and
the increased scrutiny of the credit quality
of borrowers … posed a considerable down-
side risk to the expansion.”  Because of this,
the FOMC elected to ease policy once again
by reducing its target federal funds rate 25
basis points to 43/4 percent.  The committee
concluded that this move would “complete
the policy adjustment to the changed eco-
nomic and financial climate that had
emerged since midsummer and would 
provide some insurance against any unex-
pectedly severe weakening of the expan-
sion.” Moreover, “most members saw little
risk that a modest easing would ignite
inflationary pressures in the economy.”
Federal Reserve Bank of Cleveland presi-
dent Jerry Jordan dissented, however,

arguing that the additional easing “risked
fueling an unsustainably strong growth
rate of domestic demand.”  Easing, he
believed, would cause “excessively rapid
rates of growth of the monetary and credit
aggregates [that] were inconsistent with
continued low inflation.”

December 22. At their December
meeting, FOMC members remain convinced
that “The System’s policy easing actions
since late September had helped to stabi-
lize a dangerously eroding financial situa-
tion, and current financial conditions as
well as underlying economic trends sug-
gested that needed policy adjustments had
been completed.”  In deciding against
acting further, policymakers observed that
although financial markets remained
“unusually sensitive,” domestic financial
conditions would support continued eco-
nomic expansion.  Some committee
members believed, moreover, that “the
risks of inflation appeared to be tilted to
the upside.”  Nonetheless, some slowing 
of the economy during the next 12 months
still was expected and, overall, the outlook
for inflation remained “favorable.”  Hence,
all FOMC members agreed that policy was
best left unchanged at this meeting.

CONCLUSION
Like 1997, 1998 proved to be a year of

outstanding economic performance for the
United States—rapid output and employ-
ment growth, rising real wages, and low,
stable inflation.  This strong performance
reflected productivity gains that enabled
the real earnings of labor to rise, while
both unemployment and inflation fell.
Arguably, monetary policy has encouraged
the economy’s strong performance by
reducing inflation to a low level, and
during 1998, policymakers were keenly
interested in maintaining a lid on inflation
to promote continued economic expansion.
Thus, in the first half of 1998, high levels
of domestic spending, tight labor markets,
and rapid growth of monetary aggregates
caused the FOMC to signal that its next
overt policy move would likely be tightening.
Two members of the FOMC were, at the
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same time, sufficiently concerned about an
increase in inflation to vote (at least once)
in favor of  immediate tightening.

Attention changed abruptly in the
autumn, when economic and financial
instability abroad precipitated a scramble
for liquidity and safety affecting U.S. finan-
cial markets.  The FOMC accommodated
the increased demand for liquidity by
easing policy on three occasions.  These
actions were taken not just to assuage
financial markets, but to preserve the
ongoing economic expansion.  The fourth
quarter witnessed rapid growth of real
output, as well as continued low inflation,
and financial markets calmed.  Chairman
Greenspan testified in February 1999 that
“Our economy has weathered the distur-
bances with remarkable resilience,” and
argued that “The Federal Reserve must
continue to evaluate … whether the full
extent of the policy easings undertaken
last fall to address the seizing-up of finan-
cial markets remains appropriate as those
disturbances abate.” (The Federal Reserve’s
Semiannual Report on Monetary Policy,
Testimony of Chairman Alan Greenspan
before the U.S. Senate Committee on
Banking, Housing, and Urban Affairs, 
February 23, 1999).  As Chairman
Greenspan implied, the challenge for 
policymakers is to look forward and
continually reevaluate whether the stance 
of monetary policy remains appropriate 
as conditions change.  In 1998, the FOMC
moved decisively when financial distur-
bances threatened the U.S. expansion, but
held off earlier in the year when traditional
indicators suggested that inflation might
increase.  Throughout 1998, economic
conditions remained favorable.  But, in
light of the old saying that the lag effects
of monetary policy on the economy are
“long and variable,” only time will tell
whether the policy actions taken in 1998
will turn out to be consistent with
preserving price stability and maximum 
sustainable economic growth over the 
long run.

REFERENCES
Anderson, Richard G.  “Is M2 Growth on a New Track?” Monetary

Trends (May 1997).

Barro, Robert J.  “Inflation and Growth,” this Review (May/June
1996), pp. 153-69.

Bruno, Michael, and William Easterly.  “Inflation and Growth:  In Search
of a Stable Relationship,” this Review (May/June 1996), pp. 139-46.

Dewald, William G.  “M2 Velocity Looks to be on a New Track,”
Monetary Trends (October 1998).

Griliches, Zvi.  “Productivity, R&D, and the Data Constraint,” American
Economic Review (March 1994), pp. 1-23.

Orphanides, Athanasios.  “Monetary Policy Evaluation with Noisy
Information,” Board of Governors of the Federal Reserve System,
Finance and Economics Discussion Series no. 1998-50, October 1998.

Yoo, Peter.  “The FOMC in 1997:  A Real Conundrum,” this Review
(September/October 1998), pp. 27-40.

JULY/AUGUST 1999

FEDERAL RESERVE BANK OF ST.  LOU IS

22



1 See Bernanke et al. (1999)
and Siklos (1999) for recent
descriptions of inflation-target-
ing regimes.   

FEDERAL RESERVE BANK OF ST.  LOU IS

23

JULY/AUGUST 1999

Price-Level
Uncertainty
and Inflation
Targeting
Robert Dittmar,  
William T. Gavin, and
Finn E. Kydland

International discussions of monetary
policy today often are focused on inflation
targeting.  At least eight central banks

around the world have now adopted explic-
it targets for inflation.  In all of these cases,
the central bank has a flexible policy process
that focuses on inflation but also cares about
other variables, such as employment, out-
put growth, and the behavior of a short-run
policy guide such as the federal funds rate or
an exchange rate.1 Even among countries
that do not have explicit inflation targets,
their policy behavior has been portrayed as
if they have inflation targets.  Taylor (1993)
explains how U.S. monetary policy can be
characterized as a rule for targeting inflation.
In this rule, the Federal Reserve systemati-
cally adjusts the federal funds rate in response
to deviations of output from potential and
inflation from an implicit target. 

One of the perceived advantages of
inflation targeting is that a long-run price
stability goal may be pursued in combina-
tion with other short-run objectives, usually
for real output.  There is some confusion
about this point in the literature.  In a
chapter titled “The Rationale for Inflation
Targeting,” Bernanke et al. (1999) argue:

…the increased emphasis on control-
ling inflation arises not because
unemployment and related problems
have become less urgent concerns, but

because economists and policy-makers
are considerably less confident today
than they were thirty years ago that
monetary policy can be used effective-
ly to moderate short-run fluctuations
in the economy, (page 10).   

Later in the same chapter, they clearly
define inflation targeting to be a framework
with multiple short-run objectives:

If inflation targeting were to be treated
as a policy rule in the classical sense
(which, again, we do not think it
should be), it would indeed be open
to some serious criticisms.  First, the
idea that monetary policy literally has
no goals other than to control inflation
would find little support from the
public, from central bankers, or from
monetary economists.  Second, given
that governments and central banks
do care about production, employ-
ment, exchange rates, and other vari-
ables besides inflation, treating
inflation targeting as an ironclad poli-
cy rule could lead to very poor eco-
nomic outcomes.

As the two quotes suggest, inflation
targeting is appealing to those who think that
having a target for inflation focuses policy-
makers’ attention on the inflation objective
as well as those who want rule-like policy,
but still believe that the central bank can
achieve multiple objectives.  In this paper
we examine inflation-targeting regimes to
see how having multiple objectives affects
uncertainty about future price levels.  

We make two points about commonly
proposed rules for inflation targeting.  First,
we argue that there is a great deal of uncer-
tainty about the price level and inflation
inherent in current proposals to target infla-
tion. We show that the degree to which the
central bank cares about the real economy
can have a large impact on price-level (and
inflation) uncertainty.  Indeed, we find that
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the magnitudes of uncertainty that prevailed
across the G-10 countries throughout the
last four decades are the expected conse-
quence of commonly proposed inflation-
targeting regimes.  Second, we show that if
central banks want both to stabilize busi-
ness cycle fluctuations and to achieve price
stability, then it may be useful to adopt a
long-term objective for the price level.  A
long-run price-level objective can be imple-
mented in a way that represents a minor
change in the way central banks currently
implement policies oriented around inflation
objectives. Yet, this minor change in the
central bank’s decision-making process has
the potential to deliver price stability.

In this paper, we deliberately chose a
model from the inflation-targeting literature
that implies a tradeoff between output and
inflation variability.  In preliminary work for
this article, we used the general equilibrium
model of Gavin and Kydland (1999), which
was modified to include a central bank
that targets inflation or the price level.
Also, the central bank incorrectly believes
that the Phillips Curve represents a viable
framework for making monetary policy.
In this general equilibrium model, the clas-
sical dichotomy approximately holds, so

there is no measurable tradeoff between
inflation and output variability.  In the
final analysis, we chose to use the simple
Phillips Curve model as the representation
of the economy (rather than the general
equilibrium model) for two reasons.  First,
the results for inflation and the price level
from the general equilibrium model are
almost identical to those presented in this
article.  Second, since monetary policy-
makers do not normally use the general
equilibrium framework, we want to make
it clear that our results do not depend on it.

THE INFLATION EXPERIENCE
IN THE G-10: 1957-1997

Since World War II, the monetary
policies of the leading economies of the
world have framed their discussion about
price stability in terms of inflation, not the
price level. Figure 1 shows the inflation rates
for the G-10 countries (including Switzer-
land).  Generally, these countries were part
of the fixed exchange-rate regime set up at
Bretton Woods after WWII.  As Figure 1
shows, inflation rates were relatively low
and close together during this period.  By
March 1973, all of the countries began to

Inflation Statistics in the G-10 plus Switzerland —
Different Time Periods

1957:1 - 97:4 1957:1 - 73:1 1973:2 - 84:4 1985:1 - 97:4
Country Mean Std. Dev. Mean Std. Dev. Mean Std. Dev. Mean Std. Dev.
Belgium 4.19 3.52 3.05 2.44 7.82 3.57 2.33 1.77
Canada 4.64 3.72 2.83 2.40 8.84 3.07 3.07 2.34
France 6.01 4.85 5.30 5.05 10.76 2.91 2.58 1.42
Germany 3.21 2.72 2.95 2.78 4.57 2.48 2.30 2.41
Italy 7.75 6.69 3.73 3.41 16.13 5.85 5.11 2.19
Japan 4.59 5.71 5.04 4.40 7.56 7.67 1.35 2.72
Netherlands 4.21 4.52 4.62 5.77 6.26 3.29 1.84 2.04
Sweden 6.13 6.94 4.63 8.26 9.90 5.85 4.57 4.42
Switzerland 3.42 3.12 3.50 2.68 4.34 3.96 2.49 2.49
United Kingdom 6.82 6.80 4.33 4.10 12.77 8.42 4.51 4.03
United States 4.47 3.36 2.79 1.86 7.99 3.80 3.35 1.55
Average Across Countries 5.04 4.72 3.89 3.92 8.81 4.62 3.05 2.49

NOTE:  Std. Dev. is the standard deviation of inflation measured quarterly at annual rates.

Table 1
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experience higher and more variable inflation.
There were a variety of monetary experiments;
some countries began to target monetary
aggregates, others joined together in smaller
groups to fix exchange rates.  By 1985, all
of the countries appear to have gained
more control over inflation.  The period
following 1985 appears to be one of rela-
tively stable inflation, more like the period
under the Bretton-Woods Agreement.  

Table 1 depicts the average inflation
rates for the full 40-year period and for
three subperiods.  The unweighted average
inflation rate in these 11 countries for this
40-year period was 5.04 percent and the
standard deviation of quarterly inflation
was 4.72 percent at an annual rate.  During
the first period, 1957:Q2 to 1973:Q1, infla-
tion averaged just 3.89 percent with an
average quarterly standard deviation of
3.92 percent (annual rate).  In the period
following the breakdown of the Bretton-
Woods agreement, average inflation rose to
8.81 percent and the standard deviation
averaged 4.62 percent.  Since 1984, the
average inflation rate has dropped dramati-
cally to 3.05 percent, almost a full percentage
point below the average during the period
of Bretton Woods.  The average standard
deviation of inflation also has been much
lower at 2.49 percent.     

The inflation rates shown in Figure 1
were associated with widely varying behavior
of price levels.  Figure 2 shows the Consumer
Price Index (CPI), normalized to one in
January 1957, for each of the G-10 countries
plus Switzerland.  Italy had the highest
average inflation (7.75 percent annual
rate) throughout the last 40 years.  The
lowest average inflation was in Germany
where the inflation rate averaged 3.21 per-
cent during the full period.  The broad
range of experience shown in Figure 2 pro-
vides a frame of reference for considering
the magnitude of uncertainty about the
price level implied by alternative monetary
policy regimes.

Levels Versus Growth Rates
A period-by-period inflation-targeting

regime causes the error in forecasts of the

price level to rise with the forecast horizon.
Price-level targeting has been recommended
as a means of reducing long-term uncertainty
about the price level.  McCallum (1997)
dismisses the notion of price-level targeting
by comparing the log of the price level that
followed a pure random walk to a preset
target path.  Figure 3 shows the amount of
price-level uncertainty inherent in a policy
that makes the price level a pure random
walk with annual drift of 5 percent inflation,
approximately the post-war average inflation
for the G-10.  We assume (as did McCallum)
that the random walk has an unpredictable
component at the quarterly frequency that
is approximately equal to the standard
deviation of one-step ahead forecast errors
for the United States throughout 1954-91
(0.0045 percent at a quarterly rate).

After 20 years, the 95-percent confidence
interval for the price level under the random
walk assumption is plus and minus 8 per-

Figure 1
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cent of the path for the price level implied
by a deterministic 5 percent inflation.
After 40 years, the 95-percent confidence
interval rises to plus and minus 12 percent.
Clearly, the outcome for the price level under
this random walk assumption is much
more certain than the range of uncertainty
implied by the G-10 experience.  The pure
random walk implicitly assumes that the
central bank can commit to an inflation
target, ignore other variables, and control
inflation up to a small random error.   In
the rest of the paper, we explore what hap-
pens when we drop the assumption that
the central bank ignores other variables.

INFLATION TARGETS AND
THE PHILLIPS CURVE

In this section we derive optimal policy
rules using alternative specifications of a
central bank loss function.  A simple Phillips
Curve model calibrated to approximately
match econometric estimates in Rudebusch
and Svensson (1998) portrays the economy.

Not surprisingly, our optimal policy func-
tion looks much like a class of inflation-
targeting rules that have been proposed by
a variety of authors.2

To examine the price level implications
of inflation-targeting rules we adapt a Phillips
Curve model used by Svensson (1997a,
1997b).  The model has three main elements:
a multi-period objective function for the
central bank, an aggregate supply equation,
and a rational expectations assumption.

As in Svensson (1997b), the central
bank minimizes a quadratic loss function

(1)

where yt is the deviation of output from the
target level and (πt - π*) is the deviation of
inflation from the central bank’s inflation
target. The term, λ, gives the weight on
output gap relative to the weight on
inflation in the central bank’s loss function.
As shown by Svensson (1997b), the real
economy in this model behaves marginally
better (the variability of the output gap is
lower) when the central bank cares more
about output stabilization. 

In this article, the economy is represented
by a short-run aggregate supply curve with
persistence in the output gap:

(2)                                           

where ρ determines the persistence in the
output gap, α determines the response of
the output gap to unanticipated inflation,
and εt is an i.i.d. technology shock with
mean zero and variance σ 2

ε. 
We used this model in Dittmar et al.

(1999) to challenge an assumption often
made by those who analyze monetary
policy in a Phillips Curve framework.  The
assumption is that price-level targeting
would cause large output variability.  With
a highly persistent output gap, the inflation-
output variability tradeoff is better with
price-level targeting than it is with inflation
targeting.    

The inflation-targeting rule derived in
Dittmar et al. (1999) is given by:

y yt t t t
e

t= + − +−ρ α π π ε1 ( ) ,

L yA t

t
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(3)

where the superscript A refers to the price
or inflation-rate target that is optimal,
given equations 1 and 2.  

Uncertainty About the Price Level and
Output Stabilization. This section reports
the results of computational experiments
that calculate the amount of price-level
uncertainty expected in policy regimes
that are distinguished by alternative values
of λ, the relative weight on output
stabilization in the central bank’s loss func-
tion.  In the model there is a tradeoff
between persistence in the output gap and
the weight the central bank puts on output
in its loss function.  If output is more per-
sistent, inflation is more variable for a
given value of λ.  In the computational
experiments we set ρ equal to 0.9 and α
equal to 0.5.  These assumptions imply a
Phillips Curve with a slope of 0.2 when
the Phillips Curve is written in terms of
the inflation rate.  Using this form, Rude-
busch and Svensson (1998) estimate the
slope to be 0.14.  We could match this
number by increasing the persistence of
the output gap or the slope of the Phillips
Curve.  Doing either would increase the
uncertainty about the price level implied
inflation targeting, so we decided to stay
with the assumptions that are used in our
earlier paper.  We assume that the interest
rate is 4 percent at an annual rate, so the
quarterly discount factor is approximately
0.99.  The standard deviation of the
random error in the aggregate supply func-
tion 2 is assumed to be 0.75 percent at a
quarterly rate.  This calibration results in
an output gap series that has a standard
deviation that is about half as large as
observed in U.S. data.  Again, increasing
the assumed variance of the supply shock
would tend to increase uncertainty about
the long-term path of the price level for a
given value of λ.  

Figure 4 shows the 95-percent confi-
dence intervals for the price levels expected
in our three experiments as well as for the
random walk experiment shown in Figure 3.
The three cases include λ equal to 0.5, 0.25,
and 0.1.  These values for λ correspond to
coefficients on the lagged output gap in
the policy rule equal to 1.13, 0.57, and
0.23, respectively.  As shown in Figure 4,
with λ = 0.5, the 95-percent bounds encom-
pass the high inflation of Italy and the low
inflation experience of Germany.  With 
λ = 0.25 we still have an enormous range
of uncertainty about the price level.  Only
in the case of Italy does the actual CPI lie
above this range.  Since the only source of
uncertainty is from output, setting λ = 0 in
this model would result in a deterministic
path for the price level as shown in Figure 3.
Even setting λ as low as 0.1 would result
in much greater uncertainty than implied
by the random walk.  

How does one reconcile the recent rel-
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ative stability and convergence of inflation
rates in the G-10 with our model?  There
are at least two ways consistent with our
model.  First, policymakers actually may
be cognizant of the past deviations from
inflation targets and attempt to offset them
in the future.  Second, an inflation target
probably focuses attention on price sta-
bility and reduces the weight on the real
economy.  In practice, inflation targets
have been useful because they give central
banks political cover to pursue anti-infla-
tion policies even in times when the
economy is weak.  And third, central
banks around the world have been lucky;
that is, the deviations of output from trend
have been relatively small since 1990.  The
challenge for monetary policy, here and
abroad, is to adopt policy institutions that
will continue to deliver low and stable
inflation rates.

AN ERROR-CORRECTION
RULE WITH A LONG-TERM
PRICE OBJECTIVE

One way to reduce uncertainty about
future inflation is to adopt a long-term
objective for the price level.  The benefits
of having such a long-term goal can be lost
in analysis that portrays the central bank’s
options as one of two extremes: either infla-
tion targets or price-level targets.  In this
section, we analyze an inflation-targeting
procedure that is anchored to a deterministic
path for the price level.  We could define
such a policy rule just by adding an error
correction term to our inflation-targeting
rule, equation 3.  As you will see, this is in
fact what happens if the policymaking
committee is made up of two types of
individuals:  type A, who want to target
inflation, and type B, who want to target the
price level.

If the policymaker cares about deviations
of the price level rather than the inflation
rate, the natural logarithm of the price level
replaces the inflation rate in the loss function.
We reformulate the objective function
as below:

(4)

where the target path for the price level
may or may not be constant.  Combining
this objective function with the aggregate
supply equation leads to the following
decision rule for price-level targeting:

(5)

where the superscript B indicates the
price-level target that is optimal for a poli-
cymaker who has the objective function
described in equation 4.

Suppose that there is a policymaking
committee that includes a mixture of types
A and B.  The monetary policy rule can be
rewritten as a combination of the two rules:
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(6)                

When δ = 1, all the policymakers want
to target inflation and the central bank is
following the rule given in equation 3.
When δ = 0, nobody on the committee
wants to target inflation and the central
bank is following a price-level rule.  When
δ falls between 0 and 1, there are some of
both types on the committee and the cen-
tral bank is following a combination rule
that is equal to the inflation-targeting rule
with an error-correction term on the devia-
tion of the price level from a target path.
To show this, we note that pt

* = π* 1 p*
t –1

and substitute equations 3 and 5 into 6 
to get

(7)

Equation 7 has the same form as equa-
tion 3 except for the addition of the error
correction term.3 This general form of the
model is used to examine the effects of
changing the relative weight on the
alternative rules. 

Uncertainty About the Price Level with
the Mixed Rule. In computations below,
we set ρ = 0.9, α = 0.5, λ = 0.25, and σε =
.0075.  In all of our experiments the price
level objective is a deterministic path
growing smoothly at 5 percent per year (as
shown in Figure 3).  The experiment was
run four times, each with alternative
values of the error correction parameter,
(1–δ): 0, 0.01, 0.05, and 0.1.  Each experi-
ment consisted of 1,000 repetitions, each
drawing a new set of random shocks to
output—the only source of uncertainty.4

Figure 5 shows the results.  The highest
and lowest lines represent the 95-percent
confidence intervals for the expected posi-
tion of the price level with (1–δ) = 0 and 
λ = 0.25 (also shown in Figure 4).  Setting

(1–δ) equal to 0.01 eliminates much of the
uncertainty about the price level.  If we set
it as high as 0.1, we find the 95-percent
bounds are about equal to plus and minus
12 percent, the expected bounds for the
random walk after 40 years.  Note that at
20 years, the 95-percent confidence bounds
also are plus and minus 12 percent, while
random walk confidence intervals were
plus and minus 8 percent.  The confidence
bounds stabilize at a constant percent of
the price level with a nonzero error-correc-
tion parameter.  With a random walk the
uncertainty grows with the time horizon.

OBJECTIONS TO PRICE-
LEVEL TARGETING 

Kiley (1998) objects to the Neoclassi-
cal form of the Phillips Curve used by
Svensson (1997a,b)—and in this paper.
He suggests that if Svensson had used a
New Keynesian specification he would 
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3 Black, Macklem, and Rose
(1997) report results using the
Bank of Canada’s policy model
in which some part of the effi-
cient frontier in an output-infla-
tion variability tradeoff is
determined using an error cor-
rection framework with a long-
term price-level objective.  

4 We used a common seed for
the random error so the
sequence of random errors was
identical for each of the four
separate experiments.
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not have found such a favorable result 
for price-level rules.  Dittmar and Gavin
(1999) show that this is not the case.
They show that using the New Keynesian
Phillips Curve actually strengthens the
case for price-level targeting relative to the
Neoclassical specification.  

Simulation results using econometric
models typically find targeting the price level
destabilizes output, often in dramatic fashion.
These papers have assumed backward-
looking expectations for inflation.  For
example, see the results and references in
Haldane and Salmon (1999).  In our judg-
ment, the Lucas (1976) critique is very
important for this issue.  For example,
when Black et al. (1997) and Williams
(1999) use econometric models with
forward-looking inflation expectations,
they find that some forms of price-level

targeting appear to reduce inflation variability
(relative to short-run inflation targeting)
without increasing output variability. 

There also is some confusion about terms
in the debate over price-level targeting.  It
is important to distinguish between prolonged
bouts of deflation, such as the one that
occurred in the United States during the
depression, and the normal fluctuations in
a price index, which are caused by measure-
ment problems and real shocks.  Deflation
cannot persist unless it is accompanied by
a shrinking money supply (validated by
monetary policy decisions).  Fischer (1994)
and Cecchetti (1998) argue that with a
constant price-level target, you will get
deflation half the time.  But if the deviations
of the price level from a target path are the
result of real factors and not the result of
monetary policy decisions, then they are
unlikely to grow larger over time.  Our
results show that only small corrections
would be needed to return the price level
to its target path.

The belief that having a policy regime
with a long-term price-level objective would
be bad comes from the assumption that
monetary policy actions, even those that are
part of a systematic response to shocks, can
have large real effects.  We are skeptical
about this assumption, but realize that it is
widely shared in the community of policy
advisors.  That is why we choose the
Phillips Curve approach in our analysis
and why we chose such small values for
the error-correction parameter in the pre-
vious section.  The small value means that
the short-term reaction to the deviations of
the price level from the long-run path will
be small relative to the central bank’s
reaction to the output gap.  Of course, if the
price-level gap becomes large, then even
with a small error-correction parameter, the
required policy reaction may approach the
scale of response implied for output gaps.

THE SWEDISH MONETARY
EXPERIMENT 

There is at least one case of a price-level
target in history.  It occurred during a period
when there were large real shocks.  In Sep-
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tember 1931, the Swedish Riksbank left
the gold standard and began to target the
Consumer Price Index (CPI).  The CPI
was normalized to 100 in September and
stayed near 100 until April 1937—when
the directors of the Riksbank decided to
abandon the CPI objective, rather than let the
currency appreciate vis-à-vis the pound
Sterling.5 Figure 6 shows the CPI levels
and inflation rates from September 1931 to
March 1937.  The top panel shows that the
price level reached a peak of 101.5 in July
1932 before falling to a trough of 98.4 in
October 1933.  The index began a gradual
climb and did not reach a new high until
December 1936 (101.6).  It rose above 102
during the first three months of 1937,
leading to the abandonment of the target
in April (when it rose to 104).  

The bottom panel of Figure 6 shows the
monthly inflation rate (annualized).  In
these 67 months, the Riksbank recorded
32 months of inflation, 21 months of defla-
tion and 14 months when the CPI was
unchanged.  The question is how one
should think about the monthly changes.
Fischer (1994) and Cecchetti (1998) imply
that such deflation is likely to have negative
consequences for the real economy.  As a
matter of record, some economists of the

day blamed Sweden’s high unemployment
on the Riksbank’s decision to target the
CPI.6 Looking back, it seems more likely
that Swedish monetary policy was a success.
Sweden had much less deflation during
1932 and 1933 than did most of Europe.
They had one of the least severe depressions,
not only in Europe, but also around the
world.  Bernanke (1995) concludes that it
was the decision to go off the gold standard
and prevent deflation that was the key to
Sweden’s success.    

As the Swedish example shows, it is
important to distinguish between the normal
random variation in the price level that should
be expected in a regime of price stability
(shown in Figure 6) and the persistent
deflation in countries that did not go off
the gold standard.  In the United States, the
CPI fell at an average annual rate of 9.7 per-
cent between September 1931 and April
1933.7 That deflation was associated with
failing banks and a collapsing money supply.
The recurring bouts of inflation and deflation
in Figure 6 most likely are due to real dis-
turbances that continually buffet markets.8

We have argued that the policy adjust-
ments that would be needed to achieve a
price-level objective would not have to be
large.  One way to gauge the size of policy

5 Fisher (1934), Jonung
(1979), and Berg and Jonung
(1998) provide details about
this episode.

6 See Berg and Jonung (1998),
page 33.

7 These data were taken from
Chart I in Fisher (1934), page
326. 

8 Jonung (1979) concludes that
money-supply growth was rela-
tively stable during this period.
Berg and Jonung (1998)
report that there were no rever-
sals of the bank discount rate
after 1931.  

Sensitivity of output gap and in ation variability to alternative
values of  λ and  δ

Output Gap Inflation
Correlation:

Standard First Order Standard First Order inflation and
Alternative values of λ Deviation Autocorrelation Deviation Autocorrelation the output gap

(δ = 1.0)

0.50 0.98 0.88 1.24 0.88 –1
0.25 1.22 0.88 0.77 0.88 –1
0.10 1.42 0.88 0.36 0.88 –1

Alternative values of δ
(λ = 0.25)

0.99 1.22 0.88 0.76 0.87 –0.99
0.95 1.22 0.88 0.68 0.84 –0.89
0.90 1.22 0.88 0.61 0.79 –0.78

Table 2
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adjustments is to multiply the error-correction
parameter (for this exercise, assume it is equal
to 0.1) by the percent deviation of the price
level from target.  In the case of Sweden during
1932, that deviation peaked around 1.5 per-
cent, suggesting a policy-correcting deflation
of 0.15 percent.  In December of 1936, the
Riksbank would have had to change policy
in a way that would encourage a deflation of
0.16 percent.   By April 1937, the CPI was at
104 and would have required a policy setting
intended to reduce the price level by 0.4 per-
cent at an annual rate.  These policy-induced
changes are more than an order of magni-
tude smaller than the monthly standard
deviation of the inflation rate.  In our model,
they are effective because they represent a
small persistent correction that stays in
place until the price level returns to target.  

PRICE LEVEL OBJECTIVES
AND CREDIBILITY

In principle, any conclusion about the
size of adjustments will depend upon how
the central bank implements the price-level
objective and how the economy works.  Using
a linear, rational expectations framework,
Balke and Emery (1994) show that having a
long-term price objective is likely to result in
less, not more, variability of short-run infla-
tion. They also show that a long-run price-
level objective does not interfere with short-
run output stabilization.  Both of these results
hold in this model.  Table 2 shows the output
gap and inflation statistics associated with
different relative weights on the output
gap and different weights on the long-term
price-level objective. Putting more weight
on the output gap reduces the variability
of the output gap and raises the variability
of inflation.   For a given weight, λ, however,
raising the relative weight on the long-
term price objective has no effect on the
short-run variability of the output gap, but
reduces the short-run variability of inflation.
In practice, adopting a long-term price
objective may enhance the efficacy of
short-run output stabilization policy, if it
makes the price stability goal credible and
concentrates people’s expectations about
long-run average inflation.  

There is some concern that a small
error-correction response to price-level
deviations would not be credible.  We
think the credibility would be enhanced in
spite of a small error-correction parameter
because the policy would be transparent.
In the context of the United States today,
our proposal would be implemented by
having the Federal Open Market
Committee (FOMC) debate and decide on
a long-term inflation objective (say four to
five years).  Once the debating and voting
is done, the FOMC report to Congress
would include a multiyear path for the
chosen index growing at the desired infla-
tion rate as well as the annual targets for
money and credit.  Deciding on a long-
term objective would be the major change
in policy.  On a daily basis, the Open
Market Desk at the New York Fed would
continue to operate as today, buying and
selling Treasury debt to maintain a target
for the federal funds rate.  The minor, but
important, difference would occur at
FOMC meetings where policymakers
would monitor the price level relative to
its long-term objective.  At every FOMC
meeting there would be some members
who would support shading the policy
decision to encourage the price level to
return to its long-run target path.  The
existence of a public commitment would
give those members’ opinion more weight
in the final vote.  As we saw in experi-
ments with the error-correction model, 
the change in short-run behavior would be
difficult to measure in the quarterly statis-
tics, but the status of the price stability
objective would not.

CONCLUSION
We show that when the central bank

cares about the real economy, an inflation-
targeting regime will lead to much more
uncertainty about inflation and the price
level than has been commonly suggested.
We find that the magnitudes of uncertainty
about inflation that prevailed throughout
the last four decades are the expected con-
sequence of commonly proposed
inflation-targeting regimes.  The adoption
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of inflation-targeting regimes around the
world has been associated with lower infla-
tion and less variable inflation.  The lower
variability probably indicates that central
banks have begun to put less weight on
the state of the real economy as they focus
more sharply on the inflation objective.

For policymakers who believe that the
central bank can, and should, stabilize the
business cycle, it is a drawback of
inflation-targeting regimes that in order to
reduce inflation uncertainty, the central
bank must ignore the state of the real
economy.  We show how this drawback
may be overcome by putting just a small
weight on a long-term price level
objective.  Doing so allows the central
bank to concentrate people’s expectations
about the long-term inflation outcome
without necessarily giving up short-run
concerns about the real economy.
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1 See Hansen and Wright
(1992) and Kydland (1995)
for a survey of this literature.

2 Merz (1995) introduces such
time delays in the form of cost-
ly search in the labor market
while Christiano and Todd
(1996) considers a time-to-
plan investment process.
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Can Market-
Clearing Models
Explain U.S.
Labor Market
Fluctuations? 

Victor E. Li

Modern business cycle theories are
evaluated on the basis of their ability
to explain key empirical features of

the post-war U.S. business cycle.  The failure
of nonmarket-clearing macro models to
account for the rise of unemployment and
inflation in the early 1970s led to the rise of
New Classical explanations of the business
cycle.  In particular, the real business cycle
(RBC) approach has received much attention
in economics because it provides microeco-
nomic foundations for macroeconomic
behavior and emphasizes the importance
of a quantitative evaluation of the theory’s
predictions.  RBC theory shows how fluc-
tuations in macroeconomic aggregates
(recessions and booms) can result from
the optimal response of businesses and
households to real economic disturbances
to technology.  These theories are based
upon the market-clearing assumption that
prices rapidly adjust to demand and supply
conditions.  Kydland and Prescott (1982)
and Long and Plosser (1983) demonstrated
that such an approach could explain impor-
tant facts regarding U.S. business cycles.
Using a standard model of economic growth
with empirically plausible shocks to aggre-
gate productivity, or technology shocks,
their artificial economies generated business
cycles remarkably similar to the actual
economy.

While successful at replicating some
key business cycle features, one of the pri-

mary weaknesses of standard RBC models
is their inability to account for some impor-
tant aspects of U.S. labor market fluctuations.
For example, the standard framework is
unable to generate sufficient volatility of
hours worked, relative to output and
average labor productivity.  It vastly over-
states the contemporaneous correlation
between hours and productivity, and it
cannot account for the feature that labor
productivity tends to lead hours worked over
the business cycle. As a result, researchers in
the past decade have focused on modifying
the RBC framework to address these short-
comings.1 One example pursued by
Hansen (1985) is to treat labor supply as
an indivisible decision (a decision to work
or not to work), and hence, introduce
equilibrium unemployment.  Such an
approach alters the individual trade-off
between work and leisure over time, which
makes labor supply more responsive to
changes in the real-wage rate.  Another
direction is to incorporate additional shocks
to the economy, such as changes in govern-
ment spending (Christiano and Eichenbaum,
1992) or shocks to a home production
technology (Benhabib, Rogerson and Wright,
1991).  This not only makes labor supply
more variable over time but lowers the
correlation between hours worked and real
wages.  Finally, time lags between when a
firm decides to hire labor or buy capital,
and when those inputs become productive,
could dampen the contemporaneous response
of labor to a technology shock and, there-
fore, cause productivity to lead hours over
the business cycle.2

This article will first summarize facts
about U.S. business cycles and evaluate
how a basic RBC model compares with
these facts.  Second, it will look at how a
RBC model with indivisible labor supply is
constructed and analyze its predictions for
the labor market.  Finally, it will develop a
simple framework that demonstrates how
a more realistic treatment of unemployment
and incomplete risk sharing in an RBC

Victor Li is an assistant professor of economics at Pennsylvania State University, a visiting professor of economics at Princeton University, and,
during the time this research was undertaken, a visiting scholar at the Federal Reserve Bank of St. Louis.  Nick Meggos and Tom Pollmann 
provided research assistance.
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model may provide an alternative approach
to better account for these U.S. labor
market facts.  In particular, building upon
the RBC model with indivisible labor, our
framework looks at the situation where the
risk of being unemployed cannot be com-
pletely shared across all individuals
(unemployment insurance is incomplete).

U.S. BUSINESS CYCLES AND
SOME LABOR MARKET FACTS

Figures 1-3 and the first rows of Tables
1-4 document some important U.S.
business cycle properties based upon quar-
terly time-series data.  The data are logged
and detrended (using the Hodrick and
Prescott filter, 1980) so that business
cycles are measured as deviations of macro

variables around this trend.  Real GDP is
denoted by Y, the expenditure aggregates
are consumption (C) and gross private
domestic investment (I), and the labor
market variables are total hours worked
(H) and average labor productivity (PR –––

Y/H).  Table 1 summarizes the relative
volatility of these aggregates and shows the
well-known fact that while consumption is
about half as volatile as income (sC/sY = 0.51),
total business and residential investment
fluctuates about three times as much as
income (sI/sY = 3.14).  In terms of the
labor market, Table 1 indicates that hours
fluctuate almost as much as output (sH /sY
= 0.79), labor productivity is about half 
as volatile (sPR /sY = 0.46), and hours fluc-
tuate more than one and a half times as
much as productivity (sH /sPR = 1.72).

Table 1

Relative Volatilities

Expenditures Labor Market

σY σC/σY σI/σY σH/σY σPR/σY σH/σPR

U.S. Data* 0.0179 0.51 3.14 0.79 0.46 1.72
RBC Model 0.0130 0.32 3.12 0.51 0.51 0.95
CRS Model 0.0173 0.30 3.21 0.76 0.29 2.63
ICRS-1 Model 0.0171 0.31 3.18 0.75 0.30 2.49
ICRS-2 Model 0.0157 0.36 3.10 0.73 0.38 1.90

Table 2

Dynamic Correlation of Output and Hours

Corr(Yt,Ht+j )

j = -3 -2 -1 0 1 2 3

U.S. Data* .30 .53 .76 .90 .88 .74 .58
RBC Model .34 .51 .72 .98 .63 .35 .14
CRS Model .33 .50 .72 .98 .62 .34 .14
ICRS-1 Model .33 .50 .72 .98 .63 .35 .14
ICRS-2 Model .31 .51 .74 .95 .88 .52 .24

*U.S. data uses chain-weighted logged and HP filtered quarterly time series, 1964:1 – 1994:4, constructed by Pakko (1997).  Y = real 
GDP, C = consumption of nondurables and services, I = fixed nonresidential + consumer durables, H = total hours worked, PR = Y/H = 
average labor productivity.
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The first rows of Tables 2-4 contain
the dynamic correlation of our selected
labor market variables with three-quarter
lags and leads.  It highlights four important
features.  First, Figure 1 and Table 2 show
that total hours are highly procyclical
[Corr(Yt,Ht) = 0.90].  Additionally, Table 3
indicates that it is more procyclical than
productivity [Corr(Yt,PRt) = 0.61].  Second,
Table 3 shows that while the correlation
between output and productivity peaks
contemporaneously, it is very close to the
one-and two-period lagged correlations.
Along with Figure 2, this suggests that
productivity may lead the cycle weakly.3

Third, the contemporaneous correlation
between hours and labor productivity is
small [Corr(Ht,PRt) = 0.22].  Fourth, Table
4 and Figure 3 show very clearly that pro-
ductivity leads hours over the cycle
[Corr(Ht,PRt) < Corr(Ht,PRt-1) < Corr

(Ht,PRt-2)].  These four features suggest
that labor productivity is an important
indicator of future economic activity.

These U.S. summary statistics given by
the first rows of Tables 1-4 will be the bench-
mark with which we evaluate the performance
of market-clearing RBC models.  In partic-
ular, the article will first evaluate how the
basic RBC model, given by the second rows
of the tables, compares to these U.S. labor
market facts.  Next, we analyze the indivisible
labor model with complete risk-sharing
(CRS) and summarize these results in rows
three of Tables 1-4. Finally, the paper
builds upon this CRS model of indivisible
labor by considering the more general case
of incomplete risk sharing (IRS) between
employed and unemployed individuals.
Summary statistics for two versions of the
IRS model are presented in the fourth and
fifth rows of the tables.

Table 4

Dynamic Correlation of Hours and Productivity

Corr(Ht,PRt+j )

j = -3 -2 -1 0 1 2 3

U.S. Data* .47 .45 .37 .22 .13 .01 -.10
RBC Model .03 .24 .54 .93 .73 .56 .41
CRS Model -.14 .06 .36 .76 .68 .60 .52
ICRS-1 Model -.13 .08 .38 .78 .69 .60 .51
ICRS-2 Model .11 .39 .77 .59 .41 .37 .31

Table 3

Dynamic Correlation of Output and Productivity

Corr(Yt,PRt+j )

j= -3 -2 -1 0 1 2 3

U.S. Data* .43 .51 .56 .61 .37 .19 .01
RBC Model .17 .38 .64 .98 .74 .54 .37
CRS Model .01 .23 .51 .87 .75 .64 .52
ICRS-1 Model .03 .24 .52 .88 .75 .63 .51
ICRS-2 Model .18 .41 .72 .81 .46 .40 .32
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A BASIC RBC MODEL AND
THE FACTS

In a prototypical RBC framework,
households behave as if they live forever.
They care about current and expected-
future consumption as well as current and
expected-future leisure.  The typical form
of preferences adopted in the literature is a
time-separable utility function where indi-
viduals discount the future:

(1)

where ct and lt are consumption and
leisure, respectively, at date t, utility is
increasing in c and l but also exhibiting
diminishing marginal utility and β < 1 is
the time discount factor.

Households earn income at each date by
working ht = 1-lt units at a wage rate wt and
renting capital kt to firms at a rental rate rt.
At each date they spend their income buying
goods for consumption and investment, It.
This leads to the following flow-budget
constraint that equates income to expendi-
tures at date t:

(2)

Gross investment is defined as new capital
goods available at date t+1 less the
undepreciated existing capital stock:

(3)

where δ < 1  is the capital depreciation rate.
Households maximize expected lifetime
utility in equation 1 by choosing ct, It, and
lt, subject to the budget constraint given by
equation 2, and taking as given the market
wage and capital rental rates.

Firms in this economy demand labor,
ht

d, and capital, kt
d, to produce output yt

using a Cobb-Douglas production
technology given by

(4)

where output is increasing in capital and labor
inputs and exhibits diminishing marginal
returns in each, and At is a productivity
shock to this technology.  The random
process for these productivity shocks is
given by At = exp(zt) where zt+1 = ρzt + εt+1,
εt is a serially uncorrelated disturbance
with zero mean and constant variance σ 2

ε
and ρ < 1 measures the degree of persistence
of the shock.

Capital that is accumulated in the

y A F k h A k ht t t
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t
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current period is not productive until the
following period.  Firms maximize profits
and will demand labor and capital goods
until the wage rate is equated to the
marginal product of labor and the rental
rate is equated to the marginal product of
capital.  The assumption of market-
clearing ensures that factor prices will
adjust to equate the demand and supply of
labor, capital, and goods (i.e., ht = ht

d, kt =
kt

d, and yt = ct + It).
A temporary unanticipated positive

shock to At creates substitution effects on
household behavior along two dimensions.
First, the increase in the marginal product
of capital provides an incentive to increase
investment and intertemporally substitutes
current for future consumption.  Secondly,
the productivity shock raises the marginal
product of labor.  Households respond to
this by substituting leisure for current and
future consumption.  The overall impact
will be a higher equilibrium rental rate, real
wage, greater consumption, investment,
work effort, and output during the period
of the shock.  Productivity disturbances
are sometimes called the impulse to the
business cycle, while the investment
process is the mechanism that propagates
these shocks over time.4

The model is then calibrated by solving
it numerically, assigning parameter values,
and simulating it over time (under the
assumption that individuals have rational
expectations regarding future economic
variables).5 Productivity shocks to
technology are assumed to be temporary,
but also persistent.  The outcome is an
artificial time series of economic aggregates
that can be compared to the facts about
U.S. business fluctuations.6

The second rows of Tables 1-4 give the
predictions of the standard RBC model that
can be directly compared to the data displayed
in the first rows.  Several predictions of the
model do quite well.  First, the volatility of
consumption is significantly less than that
of output while investment is substantially
more volatile than output.  Intuitively,
because individuals are forward looking,
they desire to spread consumption over
time as dictated by the permanent income

hypothesis.  Secondly, Table 2 shows that
hours are strongly procyclical (even a bit
more than the data indicate).

It also is clear from these tables that
the major difficulties of the model rest in
the labor market.  First, the model cannot
explain why hours are so volatile (σH /σY is
0.51 in the model and 0.79 in the data).
Second, the model overstates the procyclical
nature of average labor productivity
(Corr(Yt,PRt) is 0.98 in the model and 0.61
in the data) and says that productivity is
strongly contemporaneous with output
while the data say that it is only weakly
contemporaneous.  Third, hours are more
volatile than productivity in the data but
less volatile in the model (σH /σPR = 0.95 in
the model and 1.72 in the data).  Fourth,
the model vastly overstates the correlation
between current hours and productivity
(0.93 in the model and 0.22 in the data)
and it is unable to explain why productivity
leads hours over the cycle (the data show
hours to be the most correlated with three-
quarters lagged productivity).

Why does the standard RBC model have
so much trouble explaining these labor
market facts?  The answer lies in Figure 4.
Productivity shocks, which alter the mar-
ginal product of capital, can be viewed as
shifts in labor demand along an upward
sloping labor supply curve.  In particular,

4 It has been argued, however,
that this propagation mecha-
nism is weak because persis-
tence in the technology shock
itself is essential to generate a
realistic amount of persistence
in real output growth.

5 We use log utility and parame-
ters that are standard to the lit-
erature: u(c,1-h) = ln(c)
+ Aln(1-h), A = 2, α =
0.36, β = 0.99, 
δ = 0.025, ρ = 0.95,
and σε = 0.00721.

6 For more information, readers
are directed to a detailed
description of the process of
solving, calibrating, and simu-
lating RBC models contained in
an article for this Review by
Ritter (1995).

JULY/AUGUST 1999

Figure 3

0.06

0.04

0.02

0

-0.02

-0.04

-0.06
1960 1963 1966 1969 1972 1975 1978 1981 1984 1987 1990 1993

Hours and Productivity*
H-P Deviations from the Trend

Productivity

Hours

* Hours is 1964:1-1994:4
Productivity is 1964:1-1994:4



FEDERAL RESERVE BANK OF ST.  LOU IS

40

7 The labor-supply elasticity
required for the model to gener-
ate sufficient hours to output
volatility is close to two while
empirical estimates suggest it is
significantly less than one.

8 This approach addresses the
observation that about two-
thirds of variations in hours
worked come from individuals
moving into and out of unem-
ployment with only one-third
from variations in hours when
employed.

9 Introducing an all-or-nothing
employment decision will imply
that the competitive structure
of the economy may not corre-
spond with a Pareto efficient
equilibrium, i.e., an allocation
where no one can be made bet-
ter off without others being
made worse off.  Technically,
allowing individuals to choose
the probability of unemploy-
ment, and having a lottery to
determine who will actually be
unemployed is necessary to cir-
cumvent the problem of non-
convexities in the labor-supply
decision.  (For more details the
reader is directed to Hansen
[1985], pp 315-16.)
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using model parameters values based upon
actual empirical evidence leads to a small
intertemporal elasticity of substitution
between consumption and leisure, and
hence, a small labor supply elasticity (i.e.,
the labor supply curve is rather steep).7

As a result, we see:

• Equilibrium hours will not be very 
responsive.

• Real wages, and hence marginal and 
average labor productivity, will 
change by more than hours.

• Technology shocks, which shift labor 
demand along labor supply, cause 
real wages and productivity to be 
almost perfectly correlated and con-
temporaneous with changes in output.

INDIVISIBLE LABOR IN A
RBC MODEL

An important innovation to the real
business cycle literature—aimed at
resolving some of the inconsistencies
between the basic model and the data—is
to assume that labor supply is indivisible so
that individuals are either working or not
working, i.e., employed or unemployed.8

In particular, individuals each face a

random chance of being unemployed.  The
model assumes that firms offer labor con-
tracts that are traded competitively.  These
contracts provide for unemployment insur-
ance by specifying a guaranteed income
flow to each individual worker, regardless
of whether that worker is employed or
unemployed. This income agreed upon by
workers and firms, however, is contingent
upon the probability, chosen by the worker,
of being employed or unemployed in the
current period.  Such an environment will
be equivalent to one where individuals insure
each other against the random outcome of
being unemployed; that is, the market for
unemployment insurance provides a means
to attain risk sharing.9

Hansen (1985) formalizes such an
approach by considering the case where 
all individuals are identical in terms of
skills and productivity, but each faces a
random chance in each period of being
employed with probability nt and working
L hours or unemployed with probability 1-nt,
and working zero hours (i.e., there is an
employment lottery).  At the beginning of
each period, individuals choose nt to maxi-
mize the average of utility they receive if
they should be employed or unemployed,
weighted by their respective probabilities:

(5)

where c1t and c2t are the individual's
consumption choices contingent upon the
realization of working and not working,
respectively.  

Risk sharing is captured by a budget
constraint that equates an individual’s
expected income flow to his expected
expenditures in the current

(6)

The left-hand side of equation 6 is the
sum of expected labor income over individual
employment status and household rental
income; the right-hand side is expected

w n L n r k

n c n c I
t t t t t

t 1t t 2t t

 +  (1- ) 0 +

= +(1- +
( )

) .

β t

t
t t t tn u c L n u c

=

∞
∑ − + −{ }

0
1 21 1 1( ) ( ) ( ), , ,

Figure 4

The Labor Market in a RBC Model
(A8 < A1)

Wage Rate

w8

w1

h8

w 

h 1 h
Hours

Labor Supply

Labor Demand (A1)

Labor Demand (A8)



FEDERAL RESERVE BANK OF ST.  LOU IS

41

JULY/AUGUST 1999

expenditures on consumption over the
employment lottery and household invest-
ment.10 To maximize utility, subject to the
budget constraint, individuals simply choose
employment probability nt, consumption
plans c1t and c2t (which are contingent
upon the outcome of the employment lot-
tery), and investment.  Firms in this
economy own production technology in
equation 4 and demand labor and capital
in exactly the same manner as in the basic
model.  Since each representative firm
employs many workers, aggregate labor
supply is given by ntL hours and a labor
market equilibrium occurs when  ntL = ht

d.
This formulation of the model embodies

the idea of complete risk-sharing (CRS).  If
it is costless to set up the insurance market
for unemployment, and utility is separable
in consumption and leisure, then the most
beneficial arrangement is to provide for
complete unemployment insurance.  Such
a situation entails that individuals receive
the same income and consume identical
amounts regardless of their employment
status.  Since this (costless) pooling of
incomes implies that individuals would
like to insure each other perfectly against
unemployment and each is equally likely
to be unemployed, the consumptions of
employed and unemployed individuals are
equalized, i.e., c1t = c2t for all t.

Figures 5-7 show the impulse response
plots of how selected variables in this CRS
model respond to a one-period, one-standard
deviation positive shock to At which persists
over several quarters.  The shock occurs in
period 10 and the vertical axes of Figures
5-7 measure the percent deviation from
steady-state values.  All variables eventually
converge back to their corresponding steady-
state values following the one-time shock.
Figure 5 indicates that the technology shock
raises both employed and unemployed
consumption by the same amount above
their respective long-run values.  Figure 6
shows a boom in investment expenditures
in the period of the shock.  As Figure 7
indicates, the responses of both output and
hours worked are greatest in the period of
the shock, while the surge in productivity
gradually falls back to steady state.  Thus,

productivity certainly does not lead output
over the business cycle and its correlation
with hours worked is strongly positive.

These cyclical properties are quantified
in the third rows of Tables 1-4.11 As Table
1 shows, σH /σY = 0.76.  This means that
the model does succeed in increasing the
volatility of hours worked to a level very
close to the data.  It also explains why
hours fluctuates more than productivity.
In fact, the statistic σH /σPR  = 2.63is now
too high, rather than too low, relative to
the data.  Intuitively, because an individu-
al’s labor supply is all or nothing at all, the
aggregate labor supply elasticity can be
much larger than the elasticity at the indi-

10Since there are a large number
of households, the budget con-
straint (equation 6) also says
that aggregate income must be
equal to aggregate expenditures
(i.e., it also corresponds to an
aggregate resource constraint). 

11To be comparable to Hansen
(1985), we use L = 0.53;
otherwise, the utility and 
production function as well 
as parameter values are identical
to that in the standard model
above.
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vidual level.12 Figure 8 illustrates these labor
market effects of a shock to technology
with a larger aggregate labor supply elasticity.
Finally, Table 4 indicates that although the
correlation between hours and productivity
is somewhat lower in this model than in
the standard RBC model (Corr(Ht, PRt) =
0.76), it is still significantly larger than the
correlation in the U.S. data.  The strongest
correlation between these two series is
contemporaneous, rather than one in
which productivity leads hours.

In the following section, we will build
upon the RBC model with indivisible
labor.  In particular, we will suggest how a

more realistic treatment of the income
constraints that unemployed individuals
face—and the notion of incomplete risk
sharing—can help with the model’s labor
market predictions.

UNEMPLOYMENT AND
INCOMPLETE RISK SHARING

In the indivisible labor model with
complete risk sharing, individuals insure
each other perfectly against variations in
income due to unemployment.  Such a
frictionless market, however, also rules out
potentially important liquidity constraints
that unemployed individuals may face, and
hence distorts how labor-supply decisions
respond to aggregate shocks.  This section
provides an example of how incomplete
risk sharing may improve upon the model’s
labor market predictions by considering the
more natural case where the unemployed
do not have direct access to current labor
income.

In our example, the unemployment
insurance market of the typical indivisible
labor model is replaced with a simple one-
period loan market, which permits borrowing
and lending between individuals.  The
major source of friction in this loan market
is that individuals make deposits, dt, before
the uncertainty about the state of the
economy, i.e., the technology shock, At, is
resolved.  For example, there may be bro-
ker’s fees, shoe leather, or other fixed costs
of continuously adjusting these deposits
once the initial decision is made.13 Also,
there is a resource cost of participating in
this loan market, s, which is proportional
to the size of dt.  This is meant to capture an
implicit opportunity cost of making deposits
relative to an outside alternative. This cost
is rebated as a lump-sum transfer to house-
holds (which own the intermediaries) at
the end of the period.  Finally, individuals
face a competitive market interest rate, Rt,
on both deposits and loans.

Once the state of the economy is real-
ized, individuals choose an employment
probability. Then an employment lottery
randomly assigns individuals to be employed
or unemployed.  While all individuals

JULY/AUGUST 1999

12This partially addresses the criti-
cism that RBC models require a
large individual labor supply
elasticity, but the required elas-
ticity is still above one.
Kydland and Prescott (1991)
consider the case where individ-
uals can vary both employment
choice and hours worked.  With
fluctuations in hours coming
from both margins, they arrive
at a much more plausible figure
for the relative volatility of
hours to productivity. 

13See Lucas (1990) and Fuerst
(1992). 
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have equal access to rental income, unem-
ployed individuals do not work and have
no direct access to labor income.  They are
constrained to consume from their rental
income and funds borrowed from the loan
market, b2t.  Employed individuals, on 
the other hand, can consume and purchase
capital goods from their rental and labor
income as well as any additional funds
they decide to borrow from the financial
market, denoted as b1t.  We can write 
the unemployment consumption
constraint as

(7)

which takes into account that the income
that individuals have available is net of
their initial deposit decision.  In place of
equation 6, the average or aggregate budget
constraint that allows individuals to pool
their resources together, and hence share
risk, is now given by

(8)

The left-hand side of equation 8 is total
expenditures by employed and unemployed
individuals on consumption, interest payments
on loans, household investment, and the
implicit costs of participating in the loan
market.  The right-hand side is total income
from wages earned by the employed, house-
hold rental income, interest on deposits, and
lump-sum transfers of the financial market
profits, Πt = sdt.

14 Since interest is paid on
these loans at the end of the period, and
no assets or IOUs are traded across periods,
this is an intratemporal rather than intertem-
poral loan market.  It simply permits
individuals to smooth consumption against
realizations of their employment status.
Thus, while risk sharing guarantees that
individuals are identical at the beginning of
every period, or ex ante, an unanticipated
aggregate shock causes their consumption
decisions to differ based upon the random
realization of their employment status, and
hence they may not be identical ex post. 

Individuals take wages, rental rate, and
loan market rates as given.  They choose
deposits (before the technology shock), an
employment probability, consumption con-
tingent on the realization of employment,
and investment to maximize lifetime utility
(equation 5), subject to budget constraints
given in equations 7 and 8.  Firms in this
economy own the production technology
(equation 4) and demand labor and capital
in exactly the same manner as in the previous
section.  As in the CRS model, labor market
equilibrium occurs when ntL = ht

d.  There
is an additional market-clearing condition

n c n c I R

n b n b sd

w n L r k R d
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1 2

1 2
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c r k d bt t t t t2 2≤ − + ,

14In an economy with many iden-
tical intermediaries, households
take these profits as a lump-
sum quantity when they make
their decisions.  That is, Πt is
taken as given when house-
holds choose deposit, consump-
tion, and labor supply decisions
and sdt = Πt holds ex post. 
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for the loan market that equates total finan-
cial market deposits to loans, and is given
by dt = ntb1t + (1-nt)b2t.  In equilibrium, as
long as Rt > 0, it will never be optimal for
employed individuals to borrow in order
to finance their consumption so that b1t = 0.
We will now summarize the major results
of this set up, leaving the technical aspects
of solving the model to the appendix.

First, consider the situation where there
is no uncertainty about the aggregate state
of productivity when the deposit decision
is made (dt is chosen after At is known),
and there are no loan market participation
costs (s = 0).  This is the special case where
risk sharing is complete both across and
within periods so that c1t = c2t for all dates
t, and the model is identical to the CRS
model of Hansen (1985) considered above.
The loan market simply is acting as a transfer
mechanism between employed and unem-
ployed individuals and hence provides
complete insurance against aggregate
shocks to production and income.  Figure 9
gives the impulse response plot of deposits
to a positive shock to technology.  Since
the shock lowers unemployment, and
there is no uncertainty about the shock
when deposit decisions are made, supply
and demand for these loans fall in equal
amounts while the loan market interest
rate remains constant (see Figure 10).

Next, consider the case where there are
small but positive costs for participating in
this loan market (s > 0), but still no uncer-
tainty about the economy when deposits
are made.  In this case, the consumption of
unemployed individuals now is lower than
that of the employed, c2t < c1t, because it is
costly for the loan market to transfer income
across individuals.  We call this form of
incomplete risk sharing the ICRS-1 model.
The impulse response plots are practically
identical to those contained in Figures 5-7
(and omitted).  The fourth rows of Tables
1-4 show that the cyclical properties of
ICRS-1 indeed are very similar to the CRS
model.  Intuitively, as the state of the
economy is observed when borrowing and
lending decisions are made, risk is still
shared efficiently (but not completely)
across individuals and the costs of partici-
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pating in the loan market make little differ-
ence to the dynamic effects of technology
shocks.  Hence, the labor market effects of
ICRS-1 also can be illustrated by Figure 8.

Finally, we consider the form of
incomplete risk sharing where there is
uncertainty about the aggregate state of the
economy when deposit decisions are made
(dt chosen before At is realized).  Impulse
responses to a one standard deviation posi-
tive-technology shock for this ICRS-2 model
are shown in Figures 11-15.  While the
consumption of both employed and unem-
ployed increases in Figure 11, unemployed
consumption deviates from its long-run value
by a greater percentage during the period
of the shock.  The reasoning is that loan
market equilibrium requires dt = b2t(l - n).
Intuitively, since the supply of loanable
funds, dt, is fixed and cannot react in the
period of the shock, the reduction of
unemployment (1-nt) reduces the total
demand for loans by the unemployed and
the loan market interest rate (Figures 14
and 16).  Thus, the cost of financing con-
sumption loans for each unemployed
individual decreases and borrowing per
unemployed individual, b2t, rises.  This has
the effect of dampening the initial increase
in hours and investment, as shown in Fig-
ures 12 and 15.  As a result, productivity
surges in the period of the shock while
investment, hours, and output continue to
rise during the period following the shock.
Interestingly, the fact that output rises for
two periods after the shock suggests that
incomplete risk sharing strengthens a
propagation mechanism, which is inherently
weak in a standard RBC framework.

These features are captured more pre-
cisely in the model’s summary statistics in
the fifth rows of Tables 1-4.  Table 1 indi-
cates that the relative volatilities of each
variable to output change very little when
compared to the complete risk sharing
case; however, the volatility of hours to
productivity is now much lower (1.90
rather than 2.63 in CRS) and closer to the
data. The dynamic correlations are now
able to replicate several important features
suggested by the impulse response diagrams.
First, Table 4 shows that productivity leads

hours with the peak correlation occurring
between current hours and one period
lagged productivity.  Secondly, Table 4 also
indicates that the contemporaneous corre-
lation between hours and productivity of
0.59 is significantly lower than that in the
CRS model.  Third, the contemporaneous
correlation between output and productivity
in Table 3 is lowered and the output-one
period lagged productivity correlation is
much stronger and closer to its contempo-
raneous correlation.

Again, some intuition behind these
labor-market predictions can be obtained
from a labor-market equilibrium diagram
(Figure 17).  Consider a negative unantici-
pated shock to technology.  Given the
inability of aggregate deposits to adjust to this
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unanticipated shock, the increase in the
loan market interest rate diminishes the
incentives to be unemployed.  In an actual
economy, this may correspond to situations
where unemployed individuals face tighter
liquidity constraints or an increased likeli-
hood of being turned down for loans in a
recession.15 The employment response still
leads to a larger labor elasticity compared to
the standard RBC model, because of the
indivisible labor.  But the elasticity is still
smaller compared to CRS, because of the
incomplete risk sharing.  As labor demand
shifts backwards, hours will fall by more
than wages and productivity, but it will not
overstate this feature as in CRS.  In the
period following the shock, supply to the

loan market rises and this increases the
incentives to enjoy leisure and finance con-
sumption through loans.  Thus, while
labor demand begins to return to its orig-
inal value, labor supply actually shifts
backwards and hours and wages move in
opposite directions.  Consequently, the
contemporaneous correlation between pro-
ductivity and hours falls and equilibrium
hours and output may continue to fall after
the technology shock.  It is this channel of
dampening the initial response of labor
supply to aggregate shocks that causes
changes in productivity to lead changes in
hours worked over the business cycle.

CONCLUSION
Real business cycle theory has

demonstrated that a simple neoclassical
model of economic growth with supply-
side disturbances can have remarkable
success in explaining important business
cycle facts.  This article presents some
basic U.S. labor market facts and explains
why the labor market predictions of the
basic RBC model have been received by
many with skepticism.  It also shows how
the inclusion of indivisible labor and
unemployment into an RBC model can
improve these labor market predictions.
Finally, it suggests that a more explicit
treatment of incomplete risk sharing may
help resolve some of the model’s more
problematic labor market predictions.
Among them are that productivity tends to
lead hours over the cycle, the low hours-
productivity contemporaneous correlation,
and the high relative volatility of hours
worked to productivity.

This paper also draws interesting par-
allels to the time-to-plan specification of
Christiano and Todd (1996)—where cap-
ital goods are not productive until several
periods after the investment decision is
made—and Merz (1995), who incorporates
labor market search into RBC models.  All
of these approaches, including our example
of incomplete risk sharing, emphasize features
of the economy that dampen the response
of production factors to aggregate shocks.
They also help in better matching the

15The idea that economic down-
turns may lead to a decrease in
net worth and magnify agency
costs and credit rationing has
been emphasized in the busi-
ness lending context by
Bernanke and Gertler (1989),
among others.
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Figure 16

Loan Market Equilibrium
in ICRS-2 Model  (A8 < A′)
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movement of hours and productivity to
output and each other over the business
cycle.  The main idea behind our example
simply is that not permitting unemployed
individuals the same access to income and
consumption opportunities as those employed
significantly affects how aggregate labor
supply reacts to uncertain economic shocks.
The results in the paper suggest that an
explicit treatment of frictions in both the
labor and financial markets and their inter-
actions may be a fruitful direction for
future research when evaluating the labor
market performance of market-clearing
business cycle models.
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This appendix formalizes the solution
to the incomplete risk sharing model.  The
technology shock At = exp(z t) where z t fol-
lows a stationary AR(1) process:

(A1)

and ε1 is a pure white noise disturbance
with zero mean and constant variance σε

2.
Given u(ct,1t) = u(c) + V(1 - L) where u(c)
= ln(c) and V(1 - L) the first-order condi-
tions for {c1t, c2t, dt b1t, b2b, nt,kt + 1}
associated with maximizing equation 5
subject to equations 7 and 8 are given by:

(A2)

(A3)

(A4)

(A5)

(A6)

(A7)

(A8)

where λ1 and λ2 are multipliers for the
budget constraint given in equation 8 and
the unemployed consumption constraint
(equation 7).  Notice from equations A2
and A3 that λ2 = (1-nt)[u′(c2t) - u′(c1t)].
Thus, a necessary and sufficient condition
for unemployment consumption constraint
in equation 7 to bind is given by c2t < c1t.
The time t-1 expectations operator in
equation A4 indicates that d1 is chosen
before productivity shock z t is realized.
Notice that if s = 0, then the model is com-
pletely standard with λ 2t = 0 and c2t = c1t.
From these we can immediately rule out

several cases with regard to the borrowing
decision of employed and unemployed
individuals.  It is straightforward to verify
that a sufficient condition to rule out b1t >
0  is given by Rt > 0.  The case where b1t =
b2t = 0 is possible if and only if complete
risk sharing can be achieved without use
of the loan market; however, this case can
be ruled out quantitatively given the
steady state consumption and income
levels implied by the model parameteriza-
tion.  This leaves us with the most natural
case of b1t = 0 and b2t > 0   Equations A2,
A3, and A6 give us Rt = [u′(c2t) - u′(c1t)]/
u′(c1t).  Substituting these and the market-
clearing conditions into equations A7, A8,
and A4 gives

(A9)

(A10)

(A11)

Equations A9, A10, and A11 give the effi-
ciency condition for nt, kt+1, and dt.  To
obtain some intuition behind these condi-
tions we must first consider the case where
dt is chosen after the productivity shock.
If s = 0, then c1t = c2t, and these conditions
collapse to a standard RBC model with

E
n u c u c

su c
t

t t t

t

−

′( ) − ′( )[ ]
− ′( )












=1

2 1

1

0.

′( ) =

′( ) +






−












+ ( ) −( )
′( ) − ′( )[ ]
















+

− +

+

+ + + +

+ +

u c E

u c f
z k

n L

f z k n L n

u c u c

t t

t K
t t

t

K t t t t

t t

1

1 1
1 1

1

1 1 1 1

2 1 1 1

1

1

β

δ,

, ,

, ,

, , 











, and

u c u c

u c c c w L

u c u c
d

n
V V L

t t

t t t t

t t
t

t

1 2

1 2 1

2 1 1
1 1

( ) − ( )
+ ′( ) − +[ ]
+ ′( ) − ′( )[ ] −
= ( ) − −( ),

λ β λ δ λ1 1 1 1 2 1 1
1t t t t t t

E r r= + −( ) +{ }+ + + +, ,

u c uc

c c R b b w L

V V L

t t

t t t t t t t

1 2

1 2 1 2 1

1 1

( ) −

+ − + −( ) +[ ]
= ( ) − −( )

λ
, and

λ λ2 1 21 0t t t t tn R b− −( )[ ] = ,

λ1 1 1 0t t tn R b = ,

E R st t t t− −( ) −{ } =1 1 2 0λ λ ,

1 12 1 2−( ) ′( ) = −( ) +n u c nt t t t tλ λ ,

′( ) =u c t t1 1λ ,

z zt t t+ += +1 1ρ ε

Appendix



indivisible labor.  While risk is still shared
efficiently for s > 0, it is costly to
participate in the loan market, and from
equation A11, c2t < c1t, Rt > 0 and the
unemployment consumption constraint in
equation 7 binds.  Quite intuitively, this
binding constraint increases the marginal
benefit of an additional worker and an
additional unit of capital, as captured by
the fourth term in equation A9 and the
second term in the expectations operator
in equation A10.  Finally, if dt is chosen
before the productivity shock is revealed,
the previous statements hold only in
expected value terms because risk sharing
will be incomplete.  For example, if the
productivity shock is unexpectedly high,
then the unemployment consumption con-
straint in equation 7 binds less than
expected, thereby implying a lower-than-
average marginal benefit to additional
workers and capital during the period of
the shock.  It is this feature that will
generate quantitatively different results rel-
ative to the complete risk sharing case.

To be comparable to previous real busi-
ness cycle studies (e.g. Hansen and Wright,
1992) we choose α = 0.36, β = 0.99, σ = 0.025,
L = 0.53, ρ = 0.95, and σε = 0.00721.  The
transactions cost variable s is chosen to be
0.0058 so that the steady-state loan market
interest rate corresponds to the rate of time
preference.  The models are solved by lin-
earizing Euler equations A8, A9, and A10
about the model’s steady state.
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