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THE INEXORABLE AND MYSTERIOUS TRADEOFF
BETWEEN INFLATION AND UNEMPLOYMENT*

N. Gregory Mankiw

This paper discusses the shortrun tradeoff between inflation and unemployment. Although
this tradeoff remains a necessary building block of business cycle theory, economists have yet
to provide a completely satisfactory explanation for it. According to the consensus view among
central bankers and monetary economists, a contractionary monetary shock raises unemploy-
ment, at least temporarily, and leads to a delayed and gradual fall in inflation. Standard
dynamic models of price adjustment, however, cannot explain this pattern of responses.
Reconciling the consensus view about the effects of monetary policy with models of price
adjustment remains an outstanding puzzle for business cycle theorists.

Several years ago I gave myself a peculiar assignment: I decided to try to
summarise all of economics in ten simply stated principles. The purpose of this
task was to introduce students to the economic way of thinking in the first
chapter of my textbook Principles of Economics. I figured if God could boil all of
moral philosophy down to ten commandments, I should be able to do much
the same with economic science.

Most of the ten principles I chose were microeconomic and hard to argue
with. They involved the importance of tradeoffs, marginal analysis, the benefits
of trade, market efficiency, market failure, and so on. I allocated the last three
principles to macroeconomics. The first of these was ‘A country’s standard of
living depends on its ability to produce goods and services’, which I viewed as
the foundation of all growth theory. The second was, ‘Prices rise when the
government prints too much money’, which I took to be the essence of
classical monetary theory. The last of my ten principles is the subject of today’s
lecture: ‘Society faces a short-run tradeoff between inflation and unemploy-
ment’.

Perhaps not surprisingly, this statement turned out to be controversial.
When my publisher sent out the manuscript for review, a few readers objected
to this principle on the grounds that the inflation-unemployment tradeoff was
still a speculative idea. Since my book came out, I have sometimes been asked
whether I am going to revise this principle in light of recent experience. The
combination of low inflation and low unemployment enjoyed by the United
States in the late 1990s suggests to some people that there is no longer a
tradeoff between these two variables, or perhaps that it never existed at all.

My goal in this lecture is to discuss our current understanding of the
inflation-unemployment tradeoff. My views in this matter are summarised by
the two adjectives in my title: inexorable and mysterious. The tradeoff is
inexorable because it is impossible to make sense of the business cycle, and in

* Harry Johnson Lecture. I am grateful to Larry Ball, Olivier Blanchard, Julio Rotemberg, and Justin
Wolfers for comments.
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particular the shortrun effects of monetary policy, unless we admit the
existence of a tradeoff between inflation and unemployment. That is why I
included this tradeoff as one of the ten essential principles of economics. The
tradeoff remains mysterious, however, for the economics profession has yet to
produce a satisfactory theory to explain it. Indeed, the standard models of
inflation-unemployment dynamics are inconsistent with conventional views
about the effects of monetary policy. Resolving this inconsistency is a promi-
nent outstanding puzzle for business cycle theorists.

1. What is the Inflation-unemployment Tradeoff?

Let me start by trying to be precise about what I mean when I say there is a
tradeoff between inflation and unemployment. I do not mean that a scatter-
plot of these two variables produces a stable downward-sloping Phillips curve.
Nor do I mean that any particular regression fits the data well or produces any
particular set of coefficients. The inflation-unemployment tradeoff is, at its
heart, a statement about the effects of monetary policy. It is the claim that
changes in monetary policy push these two variables in opposite directions.

There is, of course, a long tradition suggesting that such a tradeoff exists
and that it holds only in the short run. In his 1752 essay ‘Of Money’, David
Hume wrote the following:

In my opinion, it is only in the interval or intermediate situation, between
the acquisition of money and the rise in prices, that the increasing
quantity of gold or silver is favourable to industry .... The farmer or
gardener, finding that their commodities are taken off, apply themselves
with alacrity to the raising of more .... It is easy to trace the money in its
progress through the whole commonwealth; where we shall find that it
must first quicken the diligence of every individual, before it increases the
price of labour.

This is an amazing quotation. It shows that this basic lesson of business cycle
theory has been understood for well over two centuries. Notice Hume’s
emphasis on the timing: A monetary injection first increases output and
employment, and later increases the price level. I will return to this issue
shortly.

At times, some economists have downplayed monetary nonneutrality — the
real business cycle theorists of the 1980s being a prominent example. But
those holding this alternative view are a minority, both historically and today.
Most current researchers building on the real business cycle tradition embrace
its emphasis on explicit dynamic, stochastic general equilibrium models but
are leaving behind the premise of monetary neutrality. Indeed, they often
include sticky prices as a source of nonneutrality. (See, e.g., Goodfriend and
King, 1997.) There is now a broad consensus that Hume was right: Monetary
policy affects both nominal variables such as inflation and real variables such
as unemployment. The challenge facing business cycle theorists is to explain
this fact.

© Royal Economic Society 2001
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2. The Phillips Curve as an Empirical Proposition

Before turning to the theory, let me say a few words about the large body of
empirical work on inflation-unemployment dynamics. There is a range of
opinion about this topic. On the one hand, Robert Lucas and Thomas Sargent
(1978) claimed in their manifesto ‘After Keynesian Macroeconomics’ that the
breakdown of the simple Phillips curve in the 1970s exposed the bankruptcy of
the prevailing Keynesian paradigm. In their words, it was ‘econometric failure
on a grand scale’. On the other hand, many economists view the Phillips curve
augmented to include adaptive expectations and supply shocks as a remarkably
stable relationship. Alan Blinder (1997) has called the reliability of the modern
Phillips curve the ‘clean little secret’ of macroeconomics.

My own view is between these two extremes. It is hard to argue that empirical
Phillips curve equations are easily estimated and completely reliable for
forecasting and policy analysis. There are all the issues involving expectations
that Lucas (1976) put forth so famously. But even if we put the Lucas critique
aside, we run into the more mundane but equally important problem that
estimates of the natural rate of unemployment (or NAIRU, as it is sometimes
called) are far from precise.

One odd feature of the empirical literature on the modern Phillips curve is
that it rarely provides standard errors for estimates of the natural rate. A
notable exception is a 1997 paper by Douglas Staiger, James Stock, and Mark
Watson. Using a conventional specification, they estimated the US natural rate
in 1990 to be 6.2%, with a 95% confidence interval from 5.1 to 7.7%. This
large degree of uncertainty was greeted with skepticism at the time. (See, e.g.,
Gordon, 1996). But no one has offered any reason to doubt their econo-
metrics, and the subsequent US experience of low unemployment and surpris-
ingly dormant inflation confirms that the natural rate is impossible to know
with much precision.

At the same time, it is also hard to argue that the empirical Phillips curve
should be relegated to the trashbin of intellectual history. In another recent
article, Stock and Watson (1999) examine various methods for forecasting
inflation. They report, ‘Inflation forecasts produced by the Phillips curve
generally have been more accurate than forecasts based on other macroeco-
nomic variables, including interest rates, money, and commodity prices. These
forecasts can, however, be improved upon using a generalised Phillips curve
based on measures of real aggregate activity other than unemployment’.

The right conclusion about the empirical Phillips curve seems clear: The
glass is both half full and half empty. This is hardly surprising. A combination
of supply shocks that are hard to measure and structural changes in the labour
market that alter the natural rate makes it unlikely that any empirical Phillips
curve will ever offer a tight fit.

How full we measure the glass to be, however, is not important. Regardless
of our judgment on the empirical Phillips curve, we cannot easily escape the
conclusion that monetary policymakers face a shortrun tradeoff between
inflation and unemployment. The only alternative to acknowledging such a
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tradeoff is to deny monetary policy’s ability to influence one of these two
variables, and that is a tough position to defend.

3. Hysteresis?

One question about which I remain agnostic is whether the natural rate
hypothesis is true or whether some form of hysteresis causes monetary shocks
to have long-lasting effects on unemployment. The classical dichotomy has
great attraction as a tenet of long-run macroeconomic theory, but I am given
pause by two recent papers by Laurence Ball (1997, 1999) on the rise in
European unemployment in the 1980s. In the first paper, Ball shows that
countries with larger decreases in inflation and longer disinflationary periods
experienced larger increases in their natural rates of unemployment. In the
second paper, he establishes the link to monetary policy: Countries that failed
to pursue expansionary monetary policy in the early 1980s (as measured by
changes in interest rates) experienced larger increases in their natural rates
than did countries that did pursue expansionary monetary policy.

Even US time series offer some evidence for hysteresis. John Campbell and I
argued in a 1987 paper that shocks to US real GDP are typically very persistent
— a conclusion that I still believe to be true. If the effects of monetary shocks
are temporary, then this finding suggests the importance of nonmonetary
shocks, such as shifts in productivity. But another possible explanation for this
fact is that the natural rate hypothesis is wrong and that monetary disturbances
cause some type of hysteresis.

This interpretation gets some surprising support from a recent paper by Ben
Bernanke and Ilian Mihov (1998), called ‘The Liquidity Effect and Long-Run
Neutrality’. I say ‘surprising’ because the paper purports to provide evidence
for the opposite conclusion — long-run monetary neutrality. Bernanke and
Mihov estimate a structural vector autoregression and present the impulse
response functions for real GDP in response to a monetary policy shock. (See
their Figure III.) Their estimated impulse response function does not die out
toward zero, as is required by long-run neutrality. Instead, the point estimates
imply a large impact of monetary policy on GDP even after ten years. Bernanke
and Mihov do not emphasise this fact because the standard errors rise with the
time horizon. Thus, if we look out far enough, the estimated impact becomes
statistically insignificant. But if one does not approach the data with a prior
view favouring long-run neutrality, one would not leave the data with that
posterior. The data’s best guess is that monetary shocks leave permanent scars
on the economy.

4. Theories of Monetary Nonneutrality

Let me now turn from empirics to theory — the main topic of this lecture. If
one accepts the view that monetary policy influences real variables such as
unemployment, then explaining this fact becomes a major challenge for
economic theorists. Standard general equilibrium theory gives no role for the
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unit of account. Indeed, the numeraire is normally irrelevant. In the world,
however, changes in the value of the unit of account (that is, inflation) seem
to play a big role in the allocation of resources. Why is that?

There have been many attempts to answer this question. Early work in the
new classical tradition emphasised imperfect information about prices, which
leads people to confuse fluctuations in the overall price level with fluctuations
in relative prices (Lucas, 1973). Next came a series of contributions emphasis-
ing the slow adjustment of wages, perhaps due to formal or implicit contracts
between workers and firms (Fischer, 1977; Taylor, 1980). Then came theories
based on monopolistic competition in goods markets and costs of adjusting
prices (Rotemberg, 1982; Mankiw, 1985; Akerlof and Yellen, 1985; Blanchard
and Kiyotaki, 1987).

I will not go into detail about these approaches, in part because I have
offered surveys elsewhere (Ball et al, 1988; Mankiw, 1990; and Ball and
Mankiw, 1994). But I will offer a few personal remarks about my own interest
in theories based on monopolistically competitive goods markets and sticky
prices, as opposed to non-Walrasian labour markets and sticky wages.

When I was first learning macroeconomics as a student of Alan Blinder in
the late 1970s, I was taught the sticky-wage theory of monetary nonneutrality as
God’s truth (or, to be more precise, Keynes’s truth — which in Alan’s class was
pretty much the same thing). Nominal wages were slow to adjust, I was told, so
when the central bank contracted the money supply and prices fell, real wages
rose, leading firms to lay off workers. Hence, we have a shortrun tradeoff
between inflation and unemployment.

The problem with this story is that it is patently false. As the earliest critics of
Keynes’s General Theory were aware, real wages do not exhibit the counter-
cyclical behaviour that this theory predicts (Dunlop, 1938). This puzzle led me
to start thinking about goods markets. Maybe firms lay off workers after
monetary contractions not because real labour costs are high but because they
cannot sell all of the output they want. Prices, according to this story, are
failing to clear goods markets. But thinking about sticky prices naturally leads
to analysing firms’ decisions about price adjustment, which in turn forces us to
think about firms with some degree of market power, for competitive firms are
price takers. In this way, the failure of real wages to be countercyclical led me
to be interested in the new Keynesian theory of monopolistic competition and
costly price adjustment.!

! There is a close and interesting connection between this business cycle theory and an earlier set of
theories that often go by the label ‘general disequilibrium.” (Barro and Grossman, 1971; Malinvaud,
1977). General disequilibrium theories took the vector of wages and prices as given and then used the
tools of general equilibrium analysis to examine the resulting allocation of resources. According to these
theories, the economy can find itself in one of several regimes, depending on which markets are
experiencing excess supply and which are experiencing excess demand. The most interesting regime —
in the sense of corresponding best to what we observe during recessions — is the ‘Keynesian’ regime in
which both the goods market and the labour market exhibit excess supply. Unemployment arises because
labour demand is low, which results because firms are not selling all they want at prevailing prices.

One can view some New Keynesian theories as explaining why this particular regime in general
disequilibrium models is the normal case. When firms have market power, they charge prices above
marginal cost, so they always want to sell more at prevailing prices. In other words, if all firms have some
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Part of the appeal of these sticky-price models of the business cycle is the
ample evidence that prices really are sticky. In one comprehensive survey of
US firms, Alan Blinder (1994) asked firms how often they change the prices of
their major products. Naturally, the answers show a lot of heterogeneity. But
the median firm changes its prices once a year. In light of this fact, it is not a
stretch to suggest that sticky prices are one source of monetary nonneutrality.

In one sense, therefore, the short-run tradeoff between inflation and
unemployment is well understood: It arises from short-run price stickiness,
which we can explain theoretically and observe empirically. In another sense,
however, the inflation-unemployment relationship remains a mystery. In
particular, once we leave behind static models of price adjustment and try to
develop a dynamic model, we run into some serious and still unresolved
problems. Those problems are the topic for the rest of this lecture.

5. Dynamic Price Adjustment: The New Keynesian Phillips Curve

There are two basic approaches to building dynamic models of price adjust-
ment. One approach is to assume that firms follow state-contingent rules —
that is, they can adjust prices at any time if they deem it profitable to do so
given the costs of adjustment. The second approach is to assume that firms
follow time-contingent rules — that is, they adjust prices on a schedule, perhaps
determined optimally for the environment they face. There have been some
small but significant theoretical advances on state-contingent adjustment
(most notably, Caplin and Spulber, 1987; Caplin and Leahy, 1991), but most
recent work on price dynamics assumes that adjustment is time-contingent.
This may be for no better reason than that this assumption makes the models
easier to solve.

The specific model that has received the most attention over the past few
years has been dubbed the ‘new Keynesian Phillips curve’. This model of
inflation and unemployment can be viewed as a dynamic extension of the
static new Keynesian models of price adjustment I just discussed. It has its
intellectual antecedents in John Taylor’s (1980) work on overlapping contracts
and Julio Rotemberg’s (1982) model of quadratic costs of price adjustment.
The most elegant formulation is based on Guillermo Calvo’s (1983) model of
random price adjustment, and that is the version I will sketch out for you here.
Most of what I have to say about this model, however, applies equally well to
these other formulations, since they all yield the same reduced-form re-
lationship.?

In the Calvo model, firms follow time-contingent price adjustment rules.
The time for price adjustment does not follow a deterministic schedule,
however, but arrives randomly. Every period, a fraction 4 of firms adjust prices.

degree of monopoly power, then goods markets are typically in a state of excess supply. This theory of
the goods market is often married to a theory of the labour market with above-equilibrium real wages,
such as the efficiency-wage model. In this case, the ‘Keynesian’ regime of generalised excess supply is
not just one possible outcome for the economy, but the typical one.

2 For more on this equivalence, see Roberts (1995).

© Royal Economic Society 2001
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Each firm has the same probability of being one of the adjusting firms,
regardless of how long it has been since its last price adjustment. The
assumption that price adjustment arrives as a Poisson process is not entirely
realistic, but it greatly simplifies the algebra, and it yields results qualitatively
similar to what we would get from more realistic assumptions with much more
work.

To derive the new Keynesian Phillips curve, we start with three basic relation-
ships. The first concerns the firm’s desired price, which is the price that would
maximise profit at that moment in time. With all prices expressed in logs, the
desired price is:

Py =p—a(U —U").

This equation says that a firm’s desired price p* depends on the overall price
level p and the deviation of unemployment from its natural rate U — U*. In
other words, a firm’s desired relative price, p* — p, rises in booms and falls in
recessions.

I will not bother to derive this equation from a firm’s profit maximisation
problem, but it is easy to see how one would do so. Imagine a world populated
by identical monopolistically competitive firms. When the economy goes into a
boom (represented by low unemployment U), each firm experiences in-
creased demand for its product. Because marginal cost rises with higher levels
of output, greater demand means that each firm would like to raise its relative
price. We can view the natural rate of unemployment U™ as the level of
economic activity at which each firm wants to change the price that all other
firms are charging: It is a kind of Nash equilibrium.

In this model, however, firms rarely charge their desired prices, because
price adjustment is infrequent. When a firm has the opportunity to change its
price, it sets its price equal to the average desired price until the next price
adjustment. The adjustment price x is determined by the second equation:

x = A }%(1 —/l)fEtpf+]..
J=

According to this equation, the adjustment price equals a weighted average of
the current and all future desired prices. Desired prices farther in the future
are given less weight because the firm may experience another price adjust-
ment between now and that future date. This possibility makes that future
desired price less relevant for the current pricing decision. The rate of arrival
for price adjustments, A, determines how fast the weights decline.

The third key equation in the model determines the overall price level p:

pe=42 i(l —'/l)jxt—j'
=0

According to this equation, the price level is an average of all prices in the
economy and, therefore, a weighted average of all the prices firms have set in
the past. The rate of arrival for price adjustments, 4, also determines how fast
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these weights decline. The faster price adjustment occurs, the less relevant past
pricing decisions are for the current price level.

Solving this model is a matter of straightforward algebra.> We obtain the
following:

7, =Eg.1— [aA?/(1 - )1(U, - U")

where 7w, = p, — p,-1 is the inflation rate. Thus, we get a type of Phillips curve.
Inflation today is a function of inflation expected to prevail in the next period
and the deviation of unemployment from its natural rate. Holding expected
inflation constant, higher unemployment leads to lower inflation.?

There are many appealing features of this model. First, it gives some
microfoundations to the idea that the overall price level adjusts slowly to
changing economic conditions. Second, it produces an expectations-augmen-
ted Phillips curve loosely resembling the model that Milton Friedman and
Edmund Phelps pioneered in the 1960s and that remains the theoretical
benchmark for inflation-unemployment dynamics. Third, it is simple enough
to be useful for theoretical policy analysis. As a result, this model has become
the workhorse for much recent research on monetary policy. The recent survey
article by Richard Clarida, Jordi Gali, and Mark Gertler (1999) is one example,
but it would be easy to cite many others. Bennett McCallum (1997) has called
this model ‘the closest thing there is to a standard specification’.

Although the new Keynesian Phillips curve has many virtues, it also has one
striking vice: It is completely at odds with the facts. In particular, it cannot
come even close to explaining the dynamic effects of monetary policy on
inflation and unemployment. This harsh conclusion shows up several places in
the recent literature, but judging from the continued popularity of this model,
I think it is fair to say that its fundamental inconsistency with the facts is not
widely appreciated. So I want to spend some time discussing the empirical
problems with this model and to describe them in a new and (I hope) more
transparent way.

% Two intermediate steps are noteworthy:

X = j-PT + (1= DExp1
pe=Axi+ (1 —2A) pi1.

The first equation says that today’s adjustment price is a weighted average of today’s desired price and
next period’s expected adjustment price. The second equation says that today’s price level is a weighted
average of today’s adjustment price and last period’s price level. The model is solved by usin% the
second equation to eliminate x in the first equation, and then by substituting in the equation for p™.

4 Notice that the coefficient on inflation depends on two parameters: the frequency of price
adjustment A and the responsiveness of desired relative prices to economic activity a. The parameter a
is sometimes said to reflect ‘real rigidity’ because many models of real rigidities, such as real wages stuck
at non-clearing levels, can be used to justify a small value of a. Thus, the last equation shows that both
nominal rigidities (small 1) and real rigidities (small ) contribute to explaining why inflation does not
respond much to unemployment in the short run.
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6. The Failure of the New Keynesian Phillips Curve I: Disinflationary
Booms

An early clue that there might be a problem with this model is in Laurence
Ball’s 1994(a) paper ‘Credible Disinflation with Staggered Price Setting’,
which in turn built on some ideas developed in 1978 by Edmund Phelps. Ball
works with a standard Taylor-style overlapping contract model (which, as I have
noted, is analytically similar to the Calvo model I just presented). He shows
that a fully credible disinflation can cause an economic boom. The reason is
that price setters are forward-looking in this model. If a disinflation is
announced and is credible, firms should reduce the size of their price hikes
even before the money supply slows. As a result, real money balances rise,
leading to an increase in output and a fall in unemployment.

In practice, of course, when central banks choose to disinflate, the typical
result is recession rather than boom. The Volcker disinflation in the United
States in the early 1980s is the standard example, but the phenomenon goes
well beyond this one case. In a different paper, ‘What Determines the Sacrifice
Ratio?’, Ball estimates the costs of disinflation for a number of countries. For
the nine countries for which quarterly data are readily available, he identifies
28 disinflations. In 27 of these cases, the decline in inflation is associated with
a fall in output below its trend level.

There is, therefore, an apparent inconsistency: Credible disinflations cause
booms in this model, but actual disinflations cause recessions. A natural
response is to say that actual disinflations are not fully credible. This is the
reaction that Ball initially had. His subsequent work was on modelling disinfla-
tions with imperfect credibility (Ball, 1995). But, for reasons I will discuss
shortly, the problem cannot be solved that easily.

7. The Failure of the New Keynesian Phillips Curve II: Inflation
Persistence

The second paper that pointed to a problem with the new Keynesian Phillips
curve is a 1995 paper by Jeff Fuhrer and George Moore, called ‘Inflation
Persistence’. In the data, inflation is a highly persistent variable: Its autocorre-
lations are close to one. Fuhrer and Moore conducted some simulations of the
Taylor model and concluded that the model had trouble generating this
degree of inflation persistence.

One might at first be surprised that this model cannot generate persistence.
After all, the whole motivation behind staggered price-adjustment models was
to capture inertial pricing behaviour. To understand the Fuhrer-Moore result,
it is important to distinguish between inertia in the price level and inertia in
the inflation rate. Because individual prices are adjusted intermittently in these
models, the price level adjusts slowly to shocks. But the inflation rate — the
change in the price level — can adjust instantly.

An analogy may be helpful. In standard growth models, the capital stock is a
state variable that adjusts slowly, but investment — the change in the capital

© Royal Economic Society 2001
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stock — is a jump variable that can change immediately to changing conditions.
Similarly, in these models of staggered price adjustment, the price level adjusts
slowly, but the inflation rate can jump quickly. Unfortunately for the model,
that is not what we see in the data.

Fuhrer and Moore not only offered a critique of standard models of price
adjustment, but they offered an alternative model, building on earlier work of
Willem Buiter and Ian Jewett (1981), that they claimed fits the facts. Their
alternative is not built on microfoundations as compelling as the Calvo model
I sketched earlier. Like the original Taylor model, it is based on some arbitrary
but superficially plausible assumptions about the form of labour contracts. I
will not go into detail about the Fuhrer-Moore model here, other than to say I
do not think it solves the problem. Later, I will explain why I reach that
conclusion.

8. The Failure of the New Keynesian Phillips Curve III: Impulse
Response Functions to Monetary Policy Shocks

I would like to offer now a third way to view the problem with the new
Keynesian Phillips curve, which I find a bit more transparent than the critiques
that have come before. I want to concentrate attention not on credible
disinflations or on inflation persistence but on impulse response functions.
The new Keynesian Phillips curve is, I believe, incapable of generating
empirically plausible impulse response functions to monetary policy shocks.

Why concentrate on impulse response functions? An impulse response
function is simply the dynamic path of some variables (in this case, inflation
and unemployment) in response to some shock (in this case, a shock to
monetary policy). This is, in essence, what we want a theory of price adjustment
to explain. Thus, impulse response functions go to the heart of the issue.

In addition, they offer a natural way to judge the consistency of theory and
fact. Because any model of the Phillips curve relates inflation and unemploy-
ment, with some particular leads and lags, it relates the impulse response
function for inflation to the impulse response function for unemployment. In
other words, there is a restriction across the impulse response functions. If I
tell you how inflation responds to a monetary policy shock, the Phillips curve
tells you how unemployment must respond. And vice versa. By looking at
whether the impulse response function implied by the model is consistent with
the impulse response function we believe holds in the world, we can gauge the
model’s empirical validity.

So let us discuss what an empirically plausible impulse response function
looks like. I will not present here new estimates of how inflation and
unemployment respond to monetary shocks. Any specific estimate depends on
a host of identifying assumptions — which is not an area I want to get into.
Instead, I want to emphasise the broad consensus that exists among students
of monetary policy, including central bankers, macroeconometricians, and
economic historians. There is wide agreement about two basic facts. First,
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shocks to monetary policy affect unemployment, at least temporarily. Second,
shocks to monetary policy have a delayed and gradual effect on inflation.

The second proposition — an influence on inflation that is delayed and
gradual - is very important. It lies behind the traditional emphasis on the
‘long and variable lags’ of monetary policy. It also lies behind the refrain of
central bankers that they need to be forward looking and respond to infla-
tionary pressures even before inflation arises.

The delayed and gradual effect of monetary policy on inflation also shows
up in most empirical work. Informally, you can see it in specific episodes: Paul
Volcker started his historic disinflationary policy in the United States in
October 1979, but the big declines in inflation came in 1981 and 1982. More
formally, you can see it in results from standard vector autoregressions. For
example, Ben Bernanke and Mark Gertler (1995, Figure 1) measure monetary
policy shocks as unanticipated movements in the Federal Funds rate. They find
that these shocks have no effect on the price level at all during the twelve
months after the shock.

The first line of Table 1 shows an impulse response function of inflation to a
contractionary monetary policy shock. The specific numbers are made up for

Table 1
Theoretical Impulse Response Functions to a Contractionary Monetary Shock
Quarter
0 1 2 3 4 5 6 7 8 9 10
Inflation 00 00 -01 -03 —06 -10 -14 -17 -19 -20 -20

Unemployment according to:
1. Traditional backward-looking model: 7, = 7,y — 1/8(U, — U *)
' 00 00 +08 +1.6 +24 +32 +32 +24 +16 +08 0.0

2. Backward-looking model with hysteresis: 7, = 7,1 — 1/8(U, — U¥); U¥ = 0.9U* | +0.1U,_;

0.0 00 +08 +1.7 +26 +3.7 +40 +35 +3.0 +23 +1.6
8. New Keynesian forward-looking model: 7, = E,,4; — 1/8(U, — U*)

00 -08 -16 -24 -32 -32 —-24 -16 -08 0.0 0.0
4. Fuhrer-Moore model: 7t, = (7,1 + Ey1,41)/2 — 1/8(U, — U*)

00 -04 -04 -04 -04 0.0 +04 +04 +04 +0.4 0.0

5 The literature using vector autoregressions (VARs) does not speak with a single voice on this issue.
In contrast to Bernanke and Gertler, Rotemberg and Woodford (1997) report results in which
monetary shocks have a large impact after two quarters; they view their VAR estimates as consistent with
their model, according to which monetary shocks have their maximum impact on inflation at two
quarters. If this were true, it would contradict the conventional wisdom about the effects of monetary
policy, but it would make the new Keynesian Phillips curve easier to reconcile with the data. (In this
case, the approach I describe in footnote 7 is very promising.) The estimates from VARs, however,
should perhaps not be given too much weight: Not only do different studies yield different results, but
the associated confidence intervals are often very large. In this paper, I take as given the conventional
wisdom that monetary policy affects inflation with a long lag.
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purposes of illustration, but the pattern is intended to capture the consensus
view that the effects of monetary policy are delayed and gradual. Here,
monetary policy does not affect inflation at all until two quarters after the
shock. The impact on inflation then builds over time. The rate of disinflation
reaches its maximum at 5 quarters and the maximum impact on inflation itself
takes 9 quarters. These numbers reflect my own judgments about the effects of
monetary policy, based on my reading of the historical and econometric
literature. Feel free to disagree with the particular numbers: The only thing I
need for my argument is that the effect of monetary policy on inflation is
delayed and gradual.

With the impulse response function for inflation in hand, we can, for any
given model of the inflation-unemployment tradeoff, infer the impulse re-
sponse function for unemployment. It is a matter of straightforward but
tedious algebra.® The predicted impulse response function for unemployment
is conditional on the model being correct. The empirical reasonableness of
the predicted impulse response function is a gauge of the model’s validity.

The first model I will consider is a traditional backward-looking Phillips
curve, according to which inflation depends on lagged inflation and the
deviation of unemployment from its natural rate:

Ty=m — 1/8(U, — U™).

This kind of model is used by advocates of the empirical Phillips curve (e.g.,
Gordon, 1996; Blinder, 1997). I use a coefficient of 1/8, based on the old rule-
of-thumb from US data that one percentage point of cyclical unemployment
for a year (4 quarters) reduces inflation (measured at an annualised rate) by
half a percentage point. The specific number, however, is not relevant. For any
parameter value, the model says that the contractionary monetary policy shock
causes a temporary rise in unemployment, as shown in Table 1.

The second model I examine in the table continues to include backward-
looking inflation behaviour, but adds a bit of hysteresis to unemployment. In
particular, the natural rate of unemployment is assumed to move toward the
actual unemployment rate:

Ty = Ty—1 — 1/8(Ut - UT):
Us =09U% 1 +0.1U.;.

According to these numbers (which I have picked for purposes of illustration),
if unemployment is 1 percentage point above its natural rate, then the natural
rate rises by 0.1 percentage points per quarter. Table 1 shows the implied
impulse response function for unemployment. Once again, unemployment

6 For all of the Phillips curve models I entertain, unemployment can be written as a linear function
of inflation and expected inflation at appropriate leads and lags. The impulse response for unemploy-
ment [which equals E(U,|shock) — E(U,|no shock)] can then be written as a function of the impulse
response function for inflation [which equals E(7;[shock) — E(7;|no shock)], with appropriate leads
and lags. Notice when expected inflation enters the model, this approach is based on the maintained
hypothesis of rational expectations — an assumption that I discuss later.
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rises in response to a contractionary monetary shock, but now some of the
effect persists indefinitely.

My reading of the evidence leads me to believe that these first two impulse
response functions for unemployment are at least approximately correct. That
is, unemployment rises in response to contractionary monetary shocks, the
effect takes some time, and the peak impact of unemployment is reached
before the peak impact on inflation. Whether the impulse response eventually
dies to zero (as in my first model) or levels off at some positive number (as in
my second model) remains an open question.

It is, of course, not a major intellectual victory for these backward-looking
models to produce empirically reasonable impulse response functions. Empiri-
cally-oriented macroeconomists have been drawn to these models precisely
because they fit the historical time series. The problem with them is that they
have no good theoretical foundations. So let us turn to a model grounded
more firmly in theory.

The next row of Table 1 presents the impulse response function for
unemployment implied by the new Keynesian Phillips curve, which I derived
earlier:

7w, =B —1/8(U, — U").

According to this model, a contractionary monetary shock that causes a
delayed and gradual decline in inflation should cause unemployment to fall
during the transition. This is precisely the opposite of what we know to be true.
In other words, given a plausible impulse response function for how inflation reacts to
monetary policy shocks, the new Keynesian Phillips curve implies a completely implausible
impulse response function for unemployment.

This result arises naturally from forward-looking pricing behaviour. Recall
that the price that a firm sets when it adjusts (x) depends on expected desired
prices (p*), which in turn depend on expected price levels (p). When firms
observe a contractionary monetary policy shock, they realise that disinflation is
underway. Those firms that are adjusting their prices should want to respond
immediately by setting lower prices than they otherwise would. But the impulse
response function for inflation says this does not happen, for the response of
inflation to the shock is delayed and gradual. For firms to keep raising prices
at the same rate that they were, despite the news of reduced future inflation,
they must also be changing their expectation of future economic activity — the
other variable that affects desired prices. In particular, the contractionary
monetary shock must reduce expectations of future unemployment.

This strange result is, I should emphasise, just another way of describing the
problem about which the Ball and Fuhrer-Moore papers gave the first clues.
Ball showed that in this kind of model, a fully credible announced disinflation
should cause an economic boom. One possible response to this result is to
discount it on the grounds that we rarely experience fully credible disinfla-
tions. But thinking about impulse response functions breathes new life into
Ball’s theorem. Because monetary shocks have a delayed and gradual effect on
inflation, in essence we experience a credible announced disinflation every
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time we get a contractionary shock. Yet we do not get the boom that the model
says should accompany it. This means that something is fundamentally wrong
with the model.

Fuhrer and Moore said this kind of model has trouble generating the
inflation persistence we observe in the data. Notice that when I assumed that
monetary shocks have a gradual and delayed effect on inflation, I forced the
model to produce inflation persistence in response to this shock. To yield this
persistence, the model had no choice but to give the implausible implication
that contractionary monetary shocks cause unemployment to fall.

9. How Can the Problem Be Fixed?

The standard dynamic model of price adjustment yields inflation-unemploy-
ment dynamics that are, literally, incredible. As far as I know, there is no easy
and satisfying solution to this problem. When Ball first raised the issue by
discussing credible disinflations, imperfect credibility seemed like a candidate.
In response to Fuhrer and Moore’s paper, some people have suggested that
‘inflation persistence could be due to serial correlation of money’ (Taylor,
1998, p. 70). But once the problem is expressed in terms of impulse response
functions, we can see that neither solution works.

In their paper, Fuhrer and Moore proposed an alternative model of price
adjustment, which I mentioned earlier. This model assumes labour contracts
take a particular form, which implies the following dynamic specification for
inflation:

T, = (w1 +Egr)/2 - 1/8(U, — U).

Table 1 includes the impulse response function implied by this model. Notice
that unemployment still falls at first in response to a contractionary monetary
policy shock, and the average effect on unemployment is zero. By building in a
bit more backward-looking behaviour, the Fuhrer-Moore model takes a step in
the direction of greater realism, but not nearly a big enough step to yield
empirically plausible results.”

7 Another approach to building in a bit more backwardlooking behaviour is to assume that price
setters do not have contemporaneous information about the economy when setting prices. (See, e.g.,
Rotemberg and Woodford, 1997.) If price setters base their decisions on information from period
t— n, but the Calvo model is otherwise the same, then inflation is determined by the following
equation:

7= (1= AE 701 + AE 70, — (0ADE (U, — U).

If n =0, this reduces to the previous model. But if information is imperfect, so that n >0, inflation
dynamics change in an interesting way. In particular, lagged expectations of current inflation matter
for inflation (as well as expectations of future inflation). This might seem to offer some hope here of
resolving the puzzle without completely discarding the model.

We should not be too optimistic about this approach, however. It is plausible to assume that
information about the macroeconomy takes some time to reach price setters. But a short delay of one
or two periods does not help the model match reality. In particular, there is no change in the implied
impulse response function for unemployment at time horizons larger than n. Thus, for n =1or n =2,
the puzzle remains intact. Assuming long delays in information acquisition might help, but such an
approach gives up the hope of building a2 model on solid microfoundations.
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There is a simple way to reconcile the new Keynesian Phillips curve with the
data: adaptive expectations. In my analysis throughout this paper, I have used
the now standard assumption that expectations are formed rationally. If,
instead, the inflation rate expected in period ¢ for period ¢4 1 always equals
inflation experienced at time ¢ — 1, then the forward-looking model reduces
to the backward-looking model, which works just fine. Because of this, some
people working in this area are now questioning the assumption of rational
expectations. (See, e.g., Roberts, 1997).

Assuming adaptive expectations, however, is far from a satisfying resolution
to the puzzle. The rational-expectations hypothesis has much appeal, for
reasons that were widely discussed in the 1970s. Moreover, the public is not
ignorant about monetary shocks. Central bank actions are widely reported in
the news, and they are dissected by commentators in agonising detail. In light
of all this media coverage of monetary policy, it is odd to assert that expecta-
tions about inflation are formed without incorporating this news. Yet the
assumption of adaptive expectations is, in essence, what the data are crying out
for.

10. Conclusion

Let me conclude by summarising my view of the health of the inflation-
unemployment tradeoff. There is goods news and bad news.

The good news is that the inflation-unemployment tradeoff has a secure
place in economics. (In the second edition of my principles text, it is still one
of the ten principles.) Almost all economists today agree that monetary policy
influences unemployment, at least temporarily, and determines inflation, at
least in the long run. This is all you need to believe to accept the inflation-
unemployment tradeoff as a basic tenet of economics. Moreover, the theor-
etical basis for this tradeoff is well understood. We now have good theories to
explain why prices are sticky, and much evidence that actual prices in fact
remain stuck for long periods of time. Price stickiness can easily explain why
society faces a short-run tradeoff between inflation and unemployment.

The bad news is that the dynamic relationship between inflation and
unemployment remains a mystery. The so-called ‘new Keynesian Phillips curve’
is appealing from a theoretical standpoint, but it is ultimately a failure. It is not
at all consistent with the standard stylised facts about the dynamic effects of
monetary policy, according to which monetary shocks have a delayed and
gradual effect on inflation. We can explain these facts with traditional back-
ward-looking models of inflation-unemployment dynamics, but these models
lack any foundation in the microeconomic theories of price adjustment.

Perhaps the bad news is really good news for the field. Research areas attract
interest when there are outstanding scientific puzzles to be solved. The failure
to produce a dynamic relationship between inflation and unemployment that
is derived from first principles and that fits the facts is surely such a puzzle.
The economics profession is not likely to ever reject the short-run tradeoff
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between inflation and unemployment, so it had better get on with the task of
explaining it.

Harvard University
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