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Abstract
Aggregate Supply and Demand Shocks: A Natural Rate Approach

There is wide agreement that the dynamics of inflation and unemployment are influenced by
supply and demand shocks, such as oil price and monetary policy surprises, and by systematic
factors such as overlapping contracts. There is less agreement about the relative importance of
those determinants. The natural rate model of this paper uses a structural VAR approach to
decompose movements in U.S. postwar unemployment and inflation into three orthogonal
components. These components correspond, respectively, to systematic or predictable changes,
supply shocks, and demand shocks. Orthogonality facilitates the detailed analysis of the individual
- components. Specifically, supply and demand shocks are shown to be correlated with observable
. “-variables in sensible ways, and they are used to analyze and interpret inxiation-unemployment
tradeoffs and postwar business cycles. In addition, the systematic component of inflation, which
is equlvalcnt toa NAIRU gap, is shown to predict changes in inflation reasonably well over a one-

year horizon.



1. Introduction

There is wide agreement that the dynamics of inflation and unemployment are influenced
by supply and demand shocks, such as oil price and monetary policy surprises, and by systematic
factors such as overlapping contracts. However, there is less agreement about the precise nature
of supply and demand shocks and about the relative importance of the various determinants of
inflation and unemployment. This paper uses a structural vector autoregression approach to
construct a model of the dynamics of inflation and unemployment. The model is consistent with a
naturalr rate of unemployment corresponding to long-run equilibrium and decomposes each of the
two variables into three orthogonal components representing, respectively, systematic or
predictable changes, supply shocks, and demand shocks.

This model differs from earlier treatments in several respects. First, a structural VAR
- -form is used to construct aggregate supply and demand schedules whose slopes are required to
‘have the natural signs. Second, the model is parameterized in terms of the ratio of the variances
of supply and demand shocks. This specification subsumes any controversial assumptions into a
single parameter, and we examine the implications of values of this parameter that span its
admissible range. Third, a preferred specification is selected by imposing a long-run restriction
which is in the spirit of Blanchard and Quah (1989), but which is expressed in terms that were
unavailable in the context of that paper.

The orthogonality of the major components of the model facilitates the detailed analysis of
each component individually. For example, the supply and demand shocks are shown to be
correlated with the innovations in observable variables in sensible ways. In the context of the
model, we can make precise sense of -- and test -- the assertions that variables such as oil prices,
medical costs and import prices are associated with supply shocks. In addition, the model is used
to analyze and interpret postwar business cycles. For instance, most post-war U.S. recessions are
seen to be driven by a relatively balanced mix of supply and demand shocks. The exceptions are
the 1973-75 recession, which was dominated by supply influences, and the 1980-1981 double-dip
recessions, which were dominated by demand factors.

Finally, the systematic component of inflation, which is seen to be equivalent to a short-

run NATRU gap, is shown to predict changes in inflation reasonably well over a one-year horizon.



The following section describes fthe structural VAR model that underlies the empirical
analysis and discusses how the model may be fully identified. Section 3 presents empirical results
for various values of the key identifyingéparameter g, the ratio of the variance of supply and
demand shocks, including the value that! corresponds to the fully-identified model. Sections 4 to 7
consider various applications of the model. Section 4 examines long and short run tradeoffs
between inflation and unemployment. Siection 5 looks at possible connections between the shock
components of the model and obsewablia variables, and section 6 uses the model’s shock
decomposition to analyze post-war U.S./business cycles. Section 7 shows how the predictable
component of inflation may be interpretci;d as a short-run NAIRU gap, and section 8 offers some

concluding remarks.

2. The model
2.1 Basic equations

The basic model of this paper is a bivariate structural VAR containing the monthly level of
unemployment and the monthly change in the annualized percentage rate of monthly inflation.

Thus, defining i

Ve =

the VAR may be expressed as

y,=b+ B(L)yr_l + X
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where the coefficients are contained in
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and the innovations of the two equations l;ll‘e given by
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The structural identification of the shocks is accomplished by writing appropriately signed
supply and demand equations in the innovations, which are of the form
Supply U= -m1l - ¢ (1)
Demand U=mll - g, (2)
where m,, m, > 0, and €, and €, are orthogonal pure supply and pure demand shocks,
respectively. The negative signs preceding the two shocks are arbitrary and not crucial to the
analysis. They simply mean that both types of shocks are “good” in the sense that they lower
unemployment,

By solving the demand and supply equations for U and II, namely,

m
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we can verify that good supply shocks lower both unemployment and inflation and that good
demand shocks lower unemployment but raise inflation. The precise mix of these effects on
unemployment is determined by the relative magnitude of the two coefficients. The sign
restrictions on these coefficients correspond to the selection of one of two solutions to a quadratic
identifying equation, as seen below.

The decision to enter unemployment in levels and inflation in first differences is motivated
primarily by theory. Only this specification seems fully consistent with a natural rate model such

as Friedr:an (1968). Suppose that in equilibrium u, = y and Am, = 0. Then

u=>5b,+B,)u



and

0 =b, +B,(Du

The two expressions for the equilibriuém value of u must be equal, implying the nonlinear cross-

equation restriction
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If this restriction is imposed, the VAR may be rewritten as

u-u
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where B(L) and x, are as defined before and u is given by expression (5).

The foregoing specification seéms to be the only one that makes the dynamics of the
model plausible. When there is a one-time set of shocks, unemployment returns in the long runto
the equilibrium level u, while inﬂationi settles at some level that in general differs from the starting
level and is determined by the coeﬂicie;nts of the model. If, on the contrary, both inflation and
unemployment were entered in levels (in the vector y), both would revert to predetermined
equilibrium levels, which is implausiblé in the case of inflation. A third alternative is to enter both
inflation and unemployment in changes;,. In that case, both variables lack an anchor in the long

run, which seems implausible for unemployment.*

'If the restriction 5=0 is impos#d in this case, the results of a single shock need not be
explosive. However, unemployment could in principle end up at any level, including values
outside the range from zero to one.



There is also some empirical justification for choosing the level-versus-change
specification of unemployment and inflation. Analysis of these variables, for example, in King and
Watson (1994) and King, Stock and Watson (1995) shows that there is evidence in post-war U.S.
data of a unit root in both variables. However, the evidence in the case of unemployment is not
altogether strong and consistent, providing some “Bayesian” justification for the assumption of

stationarity, especially since it conforms more closely with the natural rate prior.

2.2 Identifying assumptions

Let the variance matrices of the VAR innovations and the supply and demand shocks be

given by
" Vx =0
and
Ve = X (diagonal)

Then the structural equations (1) and (2) imply that

AQA' =3
where
1 m,
A=
1 -m,
That is,
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From the observable values of the VAR|residual covariances ®,;, ®,,, ,,, We must estimate
m,, my, 0,,, 6,,. Thus, one additional restriction is required. We consider two alternatives.
First, we assume that we know the ratio of the variances of the supply and demand

shocks, ¢ = ©,,/0,,. This seems like ah overly optimistic assumption, but examination of the

consequences of the whole range of posésible identifications provides valuable information for
evaluating the plausibility of particular édmissible cases. It also allows an easy, intuitive mapping
into models such as the Keynesian, real business cycle and rational expectations specifications of
King and Watson (1994). '

In the second alternative identiﬁé:ation, we identify ¢ by imposing the additional restriction

that the long run cumulative effect of a #upply shock on the level of inflation is zero. The
" “rationale for this restriction is that, in thé: long run, inflation is strictly a monetary phenomenon.
*'Since the effects of monetary surprises m the model are subsumed in the demand shocks, supply -
shocks should have no effect on the levéi.[ of inflation in the long run. This assumption is
consistent with empirical results in Gali 5(1992, pp. 735-736), which attribute persistent changes in
the lcvél of inflation to various demand shocks, but not to supply shocks. .

The long run assumption is also in the spirit of the Blanchard-Quah (1989) model,
although that model did not contain nominal variables and such a restriction was not feasible
there, and it is formally similar to the loﬁg run restriction used by Bayoumi and Eichengreen
(1994). In a model with real GDP grow‘;th and inflation, Bayoumi and Eichengreen assume that
demand shocks have no long run effect ¢n the level of real GDP. In a sense, an analogous
restriction is already included in the redched form VAR of this paper, since unemployment

converges to  in the long run,

2.3 Solution

To write down the solution to thie identified mod/el, it is convenient to assume that 0,,<0,
that is, that the unemployment and inﬂation innovations are negatively correlated. This
covariance is, of course, determined by ﬁhe data and cannot be subject to an identification

restriction. However, knowing the sign of this covariance is helpful in applying the sign



restrictions to the coefficients of the identified model. Furthermore, the assumption is by no
means empirically controversial. Lucas (1972) comments that
1t is an observed fact that, in U.S. time series, inflation rates and unemployment are
negatively correlated. This remains true (with the obvious sign change) if unemployment
is replaced with de-trended real output, if price inflation is replaced by money wage
inflation, and so forth. It follows that this short-run (whatever this ambiguous
qualification means) trade off will be exhibited in any econometric model estimated from
these time series, regardless of its complexity, lag structure, or theoretical motivation.
Lucas’ assertion holds just as robustly with more recent data as it did in 1972.
With the foregoing assumption, the covariance restriction from the preceding subsection
implies that dm,/0m,<0, that m,=-w,,/w,,>0 when m,=0, and that m,=-w,,/0,,>0 when
- my~=. Thus, although m, can assume any nonnegative value, m, is subject to both lower and
upper bounds if the sign restrictions are to hold. The ratio of the lower bound to the upper bound

is p?, where

P,/ Y911 W

is the correlation between the two VAR innovations,

Similarly, assume that g=0,,/0,, is known. Then equation (7) implies that dq/om,<0, that
g=(1-p*)/p* when m,=0, and that ¢=0 when m,~«. The unique solution to the structural
model (as a function of q) is given by

® ':
m = |22 (Vg (=65 -p.
Wy
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To obtain the second specification in which g is identified from a long run restriction,
define . : |
2 |
v, =X e

|
-as the vector of erthogonal standardizf.ed unit shocks to supply and demand (¥v, =1). The VAR

may then be written in vector moving average form as

Y, = U-BIL) ' x,
1
= -(I~-B(L))' 471 27y,
Thus, if we define

1
2

Cg) = ~I-BA)'47'Z

(both A and I depend on q), the requirement that the long run effect of a supply shock on
inflation equals zero is satisfied by chopsing g=q, such that C,,(¢,)=0.* Given that ®,<0 and

given the form of the structural model,; there is a unique explicit solution:

*When g=0, the variance of the demand shocks is infinite (0,,~=). Nevertheless, both
the vector moving average specification and C(g) are well defined in that case, since 4 "' Z12 has
a finite limit as ¢- 0. :
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In the following section, empirical results based: both on key interpretable values of ¢ and

N
f

on g, will be examined.

3. Empirical results
3.1 Results assuming g in known

‘The basic VAR results for the model are presented in table 1> The estimates reported for
“the reduced form VAR coefficients impose the cross-equation restriction of equation (5), which
insures that inflation stops drifting in the long run as a result of a shock. However, we may note
that the likelihood ratio test of this restriction has a p value of 732 and, thus, imposing the
restriction does not materially alter the estimates.

The first panel of table 1 shows that there is strong evidence of Granger causalify running
from unemployment to inflation, but not vice versa. The second panel, which looks at the sums of
lag coefficients in the VAR (the matrix B(1)), exhibits a similar pattern. Only one sum is not
significant, corresponding to fags of the change in inflation in the unemployment equation. These
results are consistent with a real business cycle view in which the dynamics of unemployment are
autonomous with regard to nominal variables. However, the result by itself is not conclusive,
since the contemporaneous struet::.: relationship is not fixed by the data, but is subject to the
choice of structural specificati- s discussed in section 2.

As shown at the bottons: of table 1, the long run equilibrium level of unemployment is
estimated to be 6%. This value is in line with estimates of a constant NAIRU, for example in
Gordon (1997) and King, Stock and Watson (1995), and is relatively staBIe in subsamples of the

estimation period. The correlaticin between the residuals of the VAR equations is -.06. Although

>The variables are defined as the level of unemployment in percent and the monthly log
change in the CPI multiplied by 1200.



this value is low in absolute terms and not very significant, it is negative, as the Lucas (1972)
remarks quoted earlier would suggest.

Table 2 contains the estimates of the structural coefficients obtained using the two
alternatives for identification discussed in section 2.2. The first alternative assumes that we know
the value of g, the ratio of variances of pure supply and demand shocks. Although a priori
knowlédge of g may seem implausible, it provides the most direct means of examining the
implications of the whole range of adr:nissible identifications.

Extreme values of ¢ corresponfd to extreme values of the slope coefficients of the supply
and demand equations (1) and (2). W@hen q 1s set at its maximum possible value (287), m,=0 and

equation (2) (or (3)) indicates that the unemployment innovation is driven exclusively by demand

" shocks. King and Watson (1994) callian analogous model “Traditional Keynesian”, although it is

* doubtful that anyone, including Keynes himself, would find the specification acceptable * At the .
 other extreme, when g=0, m, takes its minimum possible value and m, is infinite. As seen from
* equation (3), these conditions imply tliaat the unemployment innovation is supply determined.
Coupled with the Granger causality rejsults in table 1, this speciﬂcétion mﬁy be viewed as a real
business cycle model.* .

Table 2 presents estimates of tpe structural parameters corresponding to these two
extreme cases, as well as to a case in \?Vhich supply and demand shocks are equally variable (g=1).
This last case seems reasonable in the ;absence of any other identification information, since it
allows both demand and supply shock,f; to play a role in the determination of unemployment and
inflation. In fact, in the case of inﬂatici;n, equation (4) shows that the magnitude of the influence in

the case of inflation would be exactly ¢qual. As it turns out, this specification is very close to the

%See, for instance, the discussion of aggregate supply and demand in Keynes (1964
(1936)), chapter 3, section II). '

*In King and Watson (1994), the real business cycle specification corresponds to m,=0.
Equation (1) shows that in that case unemployment is determined by supply shocks, as in the real
business cycle variant in this paper. However, m, =0 implies that m, is negative (= -1.56 with the
King-Watson data), which means that the demand equation has the wrong slope and is
inconsistent with the identification assymptions of this paper.
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“rational expectations monetarist” formulation in King and Watson (1994), which is their
preferred model.®
All three cases in the upper panel of table 2, however different from each other, are

consistent with the data, and preference among them is undecidable in the absence of further
information. Some evidence that argues against the extreme cases may be obtained by
considering the values of ¢ that are necessary to obtain them. As table 3 indicates, when q=0 the
variance of the unemployment innovation is driven almost entirely by supply shocks. However,
g=0 means that the variance of those supply shocks is infinitely less than the variance of demand
shocks, which seems to be at odds with a real business cycle approach. When g=287, the
varianée of the unemployment innovation is determined exclusively by :*»:mand shocks. However,
‘the value of g implies that the variance of these demar~ shocks is negligible compared to the
" variance of supply shocks, which seemsﬁnconsistent v:ih the extreme Keynesian position
described above.

Thus, it is questionable whether potential advocates of either of the two extreme cases
would be comfortable with all the implications of the respective models. The case with g=1 is
much more plausible, but the arguments against the extremes leave us with an infinity of other
intermediate solutions. One way of resolving this issue is to introduce another identifying

assumption, as was argued in section 2.2.

3.2 Results with long run identifying assumption

The bottom panel contains the results of assuming that the long run cumulative effect of a
supply shock or: inflation in zero. The estimate of q=1.686 and the standard error of .256 lead to
a rejection of the hypothesis that g=1. Nevertheless, the results are qualitatively similar to those
obtained with ¢=1 in that the slopes of the supply and demand equations are not too disparate and
that both variables, unemployment and inflation, are very much jointly determined by supply and

demand effects.

Computations based on the results reported by King and Watson (1994) indicate that for
their “REM” case, ¢=.91 and m,=m,=.07. These figures are very close to the g=1 case in table
2,

11



"Further support for the long run restriction is provided in table 4. Intuitively, the effects
of a supply shock on unemployment and inflation should have the same sign. This is true by
construction one period ahead in the general model of this paper, given that the supply and
demand equations are required to have the right signs. However, there is no guarantee that the
signs of these effects will not change more than one period ahead. The right hand section of table
4 shows that, whereas the long run ef’f‘ect of a supply shock on unemployment is always positive,
the long run effect on inflation may be substantially negative, even for g=1.

Moreover, examination of impulse responses shows that this transition to negative effects
occurs quite soon after the shock. Figure 1, for example, presents 60-month impulse responses to
standardized unit supply and demand shocks for g=0. This extreme case shows that the effects of
a supply shock very quickly turn into a pattern that more closely resembles the expected effects of
a demand shock - inflation and unemployment move in opposite directions. As ¢ increases, this
- ="-pa.ttern_ of supply shock effects becom?es less pronounced and with g=q,, as shown in figure 2, the

results become more intuitive.

3.3 Variance decompositions : )

To put the foregoing results in context, it is helpful to examine how much of the variance
of the two dependent variables is determined by the three orthogonal factors of the modeling
approach: the predictable or systematic component, the pure supply shock, and the pure demand
shock. Table 5 presents a look at these results in the base model with qa=q,.

The first row of the portion ofthe table corresponding to each dependent variable
provides the one-month ahead variance decomposition for the variables as they appear in the
VAR. In the case of unemployment, lt is clear that the systematic component dominates the
shocks, which account for only 1.5% o¢f the variance. However, the predictability of
unemployment drops dramatically at tl‘ixe one-year horizon, as indicated by the next two rows of
the table. For the twelve-month change in unemployment, the shock is about four times the

predictable component.”

"In principle, the results for theé 12-month dependent variables may be derived formally
from the results of the VAR. The results presented in the table are based on simpler regressions

12



The pattern for inflation is somewhat different. Although the predictable component
captures much less of the one month ahead variation (43%) than that of unemployment, there is
almost no deterioration in the contribution of this component when moving to the 12 month
change. This predictable component is examined further in section 7.

Turning to the decomposition of the shocks, demand shocks tend to dominate in the case
of unemployment. One month ahead, the variance of these shocks is about twice as large as the
variance of supply shocks. Twelve months ahead, they are about 1'% times more variable than
supply shocks. For inflation, the relative magnitude of the shocks switches. One month ahead,
supply shocks are almost twice as variable as demand shocks. However, the lag structure of the
VAR is such that, on average over a twelve-month horizon, demand shocks are more than three

“times as variable as supply shocks.

4. Demand shocks and inflation-unemployment tradeoffs

A classic question in macroeconomics is whether monetary policy can exploit a tradeoff
between inflation and unemployment both in the short run and in the long run. Using a
methodology similar to that of King and Watson (1994), table 6 examines the ratio of the effects
of a demand shock on inflation and unemployment, and the relative magnitude of these effects.
The underlying assumption is that a monetary policy surprise is essentially a pure demand shock.
In this application, we look at the one-month effects of a.demand shock, as well as at the long run
cumulative response of unemployment (cumulative sum of deviations of u from the equilibrium |
level &) and of inflation (cumulative sum of changes in inflation or the total change in inflation).
The long run approach differs from some earlier computations of the “sacrifice ratio”, Ball (1994)

for example, in that the horizon is infinite rather than of some arbitrary finite length.®

of the dependent variable (e.g., the 12 month change in unemployment) directly on the VAR
regressors. Because the VAR may not have the “true” lag length, these two approaches may
produce different results in finite samples. Experimentation with the present data showed that this
problem was not significant.

8Cecchetti (1994) discusses various ways of measuring a sacrifice ratio, including the use
of infinite horizons. In the context of a ratio based on output, he suggests discounting deviations
from potential output. It is less clear that discounting is appropriate in the case of unemployment.

13
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As table 6 shows, negative demand shocks tend to have a positive influence on
unemployment and a negative inﬂuenée on inflation, regardless of the value of g. The only
exception is the long run effect on unémployment with ¢=0. Thus, the results are generally
consistent with some tradeoff between inflation and unemployment both in the short and long run.
In the short run with g=0, a demand shock has essentially no effect on unemployment; the full
brunt of the shock is borne by inflation. At the other end with g=287, lowering inflation by one
percentage point requires a rise in unémployment of 1.25 percentage points. In the preferred
specification with g=g,, the comparable required cost is only .1 of a percentage point of
unemployment.

In the long run, the sacrifice m unemployment is generally substantial, especially

considering that the half life of the unemployment deviations is just over two years (25.5 months).

- Of most-interest is the case with g=g;, in which the long run cumulative effect of lowering

“ inflation by one percentage point is 13.8 percentage points of unemployment. This resuit is

consistent with the analysis of Friedman (1968), which suggests that there is a ratcheting effect of
monetary shocks on inflation. In the long run, the level of unemplbyment returns to the natural
rate ¥ while inflation settles, in the case of a negative shock, at a lower level. However, in the
transition to the long run, unemployment will have hovered above the natural rate by a cumulative
total of almost 14 percentage points. The only case that fails to exhibit these kinds of
relationships is the g=0 case, which has been shown earlier to be subject to various

interpretational shortcomings.

S. Supply and demand shocks and observable variables

We now try to identify the soufrces of the supply and demand shocks of the base model
(g=4,) by correlating them with the cbntemporaneous components of observable variables. The
strategy of this section is to run, for edch of a series of variables (v,) that may be thought to be

related to supply and demand shocks, fregressions of the form

€ =By + By, + By, + Bsu,., + BL)AR,_, + E,
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for i=1,2. This equation correlates the pure supply and demand shocks of the structural VAR
with the innovation in each variable v, after adjusting for the effects of the VAR regressors and
the first lag of the observable variable. The significance of the contemporaneous relationship
between € and v is represented in table 7 by the t statistic and the p value corresponding to B, in
the above regression.

A leading candidate for representing supply shocks is oil prices, and the first line of table 7
confirms that this assumption is warranted. The correlation with a supply shock is very significant
and the sign indicates that a positive supply shock is associated with a drop in oil prices. Other
commodity prices do not fare as well as supply shock proxies. There is, however, evidence that
raw commodity prices are positively related to demand shocks, and it is conceivable that causality

- runs from demand to prices.

" Recently. . has been suggested by Meyer (1997) that medical costs and import prices are
related to supply factors that are helping to keep inflation under control. The resuits in table 7
provide support for this view, particularly in the case of import prices. The medical costs variable
~ (a component of the consumer price index) has undergone substantial revisions over the years and
it is only since the 1980s that the expected relationship appears significant.

Capacity utilization is an interesting example in which the correlation with both supply and
demand shocks is extremely strong and positive. It is not difficult to come up with reasons why
this may be s¢.  Increases in capacity utilization may be associated with outward shifts in the
output-based supply curve, which corresponds to they way supply shocks are modeled in this
paper. Alternatively, it is conceivable that demand shocks lead to increases in production and,
hence, in capacity utilization.

The last six rows of the table examine monetary policy variables. No discernible patterns
are found for M2. However, the results for the federal funds rate are consistent with a pattern
based on a reaction function such as that of Taylor (1993). Over the full sample, there is evidence
that the funds rate was reacting contemporaneously to both supply and demand shocks.
Subperiod analysis, moreover, suggests that reactions to supply shocks were concentrated in the

1970s, whereas reactions to demand shocks were concentrated in the period since 1982.

15



Arguably, it is more appropriate for monetary policy to react to demand shocks, as in the
last subsample. If monetary policy sufprises are essentially demand shocks, they tend to move
inflation and unemployment in opposite directions and would be most effective in counteracting
the effects of other demand shocks. If used to offset supply shocks, a choice must be made as to
whether the intention is to focus on unemployment or inflation, since the direction of one of the
effects would be undesirable. Suppose there is a negative supply shock, which increases both
unemployment and inflation. To offset the rise in unemployment, a positive monetary shock
would bring a further increase in inflation (see table 6). To offset the rise in inflation,
alternatively, a negative monetary shock would be accompanied by a further rise in

unemployment. Thus, the apparent post-1982 reaction function seems the most desirable,

-6, What drives recessions and expahsions?

In this section, we consider thei role of supply and demand shocks in U.S. postwar

business cycles. Specifically, we use the structural VAR decompos_ition to look at the relative
contribution of supply and demand shocks to changes in unemployment over the course of

| recessions and expansions. The resulté, especially for recessions, seem to accord well with

conventional analysis and views.’

The first four columns of table 8 present the results for recessions. The first column
contains the NBER-dated cyclical peak that marks the beginning of the recession. The next two
columns indicate the length of each recession and the total rise in unemployment over the
recession, providing some evidence of its severity. The fourth column shows the percentage of
the total change in column three that is attributable to supply shocks. Of the seven episodes
examined, there are three (August 1957, April 1960, December 1969) in which the proportion
attributable to supply is about 40%. Not surprisingly, November 1973, which is associated with
the first oil shock of the 1970s, is an ouilier in that most of the rise in unemployment is

attributable to supply. This result (52%) also suggests, however, that demand factors played an

*For example, Gali (1992) petfofms a similar experiment for recessions, using a structural
VAR with four equations. He obtains qualitatively similar results with regard to the proportion of
the change in unemployment attributablé to supply shocks.
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important role in this recession. A similar result is obtained for the July 1990 recession, in which
unusual events such as the Gulf war and the “credit crunch” may have played a role.

The double-dip recessions of 1980-81 are outliers in the other direction; at least three
quarters of the unemployment surprise is attributable to demand factors in each case. Again, this
is not surprising given the important role played by monetary factors in these recessions.

The corresponding analysis of expansions in the last four columns is not as clean as for
recessions. The periods tend to be substantially longer and the results are not as consistent,
particularly when the total drop in the unemployment rate is not large. Nevertheless, some
regularities emerge. For instance, supply shocks are more frequently dominant than in recessions.
In three of the seven cases (April 1958, July 1980, March 1991), supply played a bigger role than
" demand in the expansion. In contrast, the small or negative contribution of supply shocks to the

“November 1970 and March 1975 expansions may be explained by the fact that each ended in a
~"time of surging oil prices. Interestingly, although supply shocks were important in the “supply
side period” of the 1980s, they were not dominant. They contributed 42% of the unemployment.

surprise in the November 1982 expansion.

7. A short run NAIRU

The model of this paper was constructed to have a long run equilibrium rate of
unemployment -- a natural rate. The variance decompositions of the inflation equation in section
3 suggest, moreover, that the predictable component of inflation is significant even with a one-
year horizon and that it may be possible to construct a short run NAIRU -- a rate that may be
compared with current unemployment to predict inflation within the following year.

Consider a model that predicts 4,, the increase or acceleration in inflation from the last
twelve months to the next twelve months. By time aggregation, the VAR of equation (6) implies

an equation of the form

4, = 520 + Ezl(l')“r + Ezz(L)A“r +n, | ®

where
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Equation (8) may be rewritten as

A: = e(u: _nr) N, (9)

where B=§21(0) and n, is defined by the expression
n, = (by + (By(L)-B,,(0)u, + Ezz(L)An,)/ﬁm(O)

Thus, n, is a time-varying short-run (one-year) NAIRU and, since only simple algebraic
manipulation has been applied, the exglanatory power of the associated unemployment gap is
" exactly the same as in the general equation (8). This definition of the NAIRU differs from
approaches such as Gordon (1982, 1997) and Staiger, Stock and Watson (1997a,b) in that the
NAIRU gap enters only contemporaneously rather than in a distributed lag. This is accomplished
by subsuming all the explanatory power of the equation, other than that in ,, into the NAIRU
itself, |

It is clear from this construction that the NATRU and the NAIRU gap as defined here are
predetermined. Thus, they function orily as information variables and are not potential targets of
monetary policy. Furthermore, the resulting NAIRU may be quite variable, since it consists of a
linear combination of several lags of uemployment and inflation. However, an accurate estimate
of n, is available contemporaneously Without the need for auxiliary predictions. Uncertainty
about », at time t arises only because of uncertainty about the coefficients, since the right hand
side variables are predetermined as of time t. If those coefficients are tightly estimated, so will n,.

‘We have seen in table 5 that the R2 of the equation is 40%, indicating that there is
substantial predictive content in the approach. The principal advantage of the reformulation of
the equation in terms of the short run NAIRU is that the informational content of the equation can
be summarized by a single variable: the:difference between NAIRU and the actual current level of

| unemployment.

18



Estimation of equations (8)-(9) results :n an estimate of © = -2.23 with a standard error of
.35. The short run NAIRU since 1954 is plotted in figure 3 together with current unemployment
and the NAIRU gap. The next two figures provide visual confirmation of the accuracy of the gap
in forecastmg inflation acceleration. Figure 4 is a scatter plot of actual inflation acceleration
(monthly observations between January 1954 and April 1997) against the NAIRU gap. The fitted
regression line is also plotted. The figure confirms that the relationship is fairly tight, and that the
direction of acceleration is predicted especially well when the absolute gap is relatively large (say
above .5).

Figure 5 supports a similar conclusion by focusing on the likelihood of an acceleration in
inflation as a function of the gap. The ordered pairs (gap, acceleration) are sorted by the value of
~ - the gap and collected in (overlapping) subsets containinig one tenth of the observations. For each.

*-such moving decile, the proportion of observations in Which inflation increased -- acceleration was
positive -- is plotted against the mean value of the gap.)® The figure confirms the reliability of
- large values of the gap, indicating that inflation increases at least three quarters of the time when
the gap is less than -.5, whereas it declines at least three quarters of the time when the gap is

above .5,

‘8. Conclusions

The model of this paper introduces some new means of identifying a VAR with inflation
and unemployment, in particular some natural coefficient sign restrictions and a long run condition
or the effect of supply shocks on inflation. More generally, the model allows the examination of
tiz: rull range of admissible specifications. We conclude that extreme spifications have some
implausible implications and that the base case model, with the imposition of the iong run
condition, produces satisfactory results.

The results of the base case model are employed in several applications. First, the
estimated effects of demand shocks suggest thai there are short and long run tradeoffs between

inflation and unemployment. Second, pure supply shocks are significantly corretated with some

'This technique is similar to one employed in Council of Economic Advisers (1997, page
46).
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observable variables that have been used in the past as supply shock proxies, particularly oil
prices, import prices and medical costs. There is also a plausible connection between supply and
demand shocks and the federal funds rate, suggesting the existence of a policy reaction function.
Third, the behavior of unemployment during recessions and expansions is suggestively explained
by decomposition of unemployment in}novations into supply and demand shocks.

Finally, the systematic component of the model contains a long-run natural rate and a
short-run NAIRU, both of which play an important role in the determination of inflation. The
condmon that sets the natural rate also ensures that the effects of shocks on inflation are not
explosive in the long run. Furthermore, the systematic or predictable component of inflation is
large and robust, even when the prediction horizon is extended to one year. This observation

“leads to an‘examination of that component in terms of a short run NATRU, which is shown to

* have substantial explanatory power for inflation changes over a one-year horizon,

20



References

Ball, Laurence, 1994, “What determines the sacrifice ratio?”, in N. Gregory Mankiw, ed.
Monetary Policy, U. of Chicago Press, 155-82.

Bayoumi, Tamin and Barry Eichengreen, 1994, “Macroeconomic adjustment under Bretton
Woods and the post-Bretton-Woods float: an impulse-response analysis”, The Economic
Journal, July, 813-827. :

Blanchard, Olivier J. and Danny Quah, 1989, “The dynamic effects of aggregate demand and
supply disturbances”, American Economic Review, September, 655-73.

Cecchetti, Stephen G., 1994, “Comment” on Laurence Ball “What determines the sacrifice
ratio?”, in N. Gregory Mankiw, ed. Monetary PoIicj, U. of Chicago Press, 188-93.

Council of Economic Advisers, 1997, Economic Report of the President.

~ Friedman, Milton, 1968, “The role of monetary policy”, American Economic Review, March, 1-

17 | |

Gali, Jordi, 1992, “How well does the IS-LM model fit postwar UV.S. data?”, Quarterly Journal of
Economics, 709-738.

Gordon, Robert J., 1982, “Price inertia and policy ineff¢ctiveness in the United States, 1890-
1980, Journal of Political Economy, 1087-1117.

Gordon, Robert J., 1997, “The time-varying NAIRU and its implications for economic policy”,
Journal of Economic Perspectives, Winter, 11-32.

Hamilton, James D., 1994, Time Series Analysis, Princeton U, Press.

Keynes, John M., 1964 (1936), The General Theory of Employment, Interest, and Money,
Harbinger. |

King, Robert G., James H. Stock and Mark W. Watson, 1995, “Temporal instability of the
unemployment-inflation relationship”, Economic Per$pectives, Federal Reserve Bank of
Chicago, May-June, 2-12.

King, Robert G. and Mark W. Watson, 1994, “The post-war U.S. Phillips curve: a revisionist
econometric history”, Carnegie-Rochester Conference Series on Public Policy, 157-219.

21



Lucas, Robert E., Jr., 1972, “Econometﬁc testing of the natural rate hypothesis”, in Otto
Eckstein, ed., The Econometrics of Price Determination, Federal Reserve Board, 50-59.

Meyer, Laurence H., 1997, “The economic outlook and challenges for monetary policy”, speech
before the Charlotte Economics Club, Federal Reserve Board.

Staiger, Douglas, James H. Stock and Mark W. Watson, 1997a, “The NAIRU, unemployment
and monetary policy”, Journal of Ecdnomic Perspectives, Winter, 33-49.

Staiger, Douglas, James H. Stock and Mark W. Watson, 1997b, “How precise are estimates of
the natural rate of unemployment?”, in Christina D. Romer and David H. Romer, eds.,
Reducing Inflation: Motivation and Strategy, University of Chicago Press, Chicago, 195-242.

Taylor, John B., 1993, “Discretion versus policy rules in practice”, Carnegie-Rochester

. Conference Series on Public Policy, 195-214.

22



Table 1. VAR Estimation Results

Sample: Monthly from January 1954 to April 1997
Lags in VAR: 12 months
(standard errors in parentheses)

Granger causality (p values of joint F tests)

(1-p2)/p? = 287

Dependent | Lags of u Lags of Am
variable
u .0000 .0852
An .0000 .0000
B(1) matrix: sums of lag coefficients
Dependent | Lags ofu Lags of Aw
| variable
u 9875 0372
(.0062) (.0421)
An -.2390 -4.391
(.0843) (.5708)
Q matrix (covariance of VAR residuals)
U II
U 0332 -.0266
o -.0266 6.119
#=6,037
(.3608)
p=-.0589
(.0437)
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Table 2. Estimates of the structural parameters
Standard errors in parentheses*

2a. Structural parameter estimates foxj some fixed values of g
q m, m, On O
0 .0043 o 0331 o
(.0032) (=) (.0021) (=)
1 0779 0692 0662 0662
(.0046) (.0046) (.0041) (.0041)
287 1.251 0 9.545 .0332
(.0548) (.0032) (.5920) (.0021)

- 2b._Structural parameter estimates (including q) with long run restriction**
q m, m, Oy Gy
1.686 .0999 .0523 0890 .0528
(.2564) (.0090) (.0014) (.0119) (.0034)

*Standard errors are computed using the asymptotic distribution of Q and the fact that the
structural parameters are functions of Q. See, for example, Hamilton (1994, sections 11.1 and
11.7). Calculations based on simulations produced similar results.

**The restriction requires that the cumulative long run effect of a supply shock on inflation is
Zero. '
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Table 3. Proportion of Variance Attributable to Puire Demand Shocks

q Variance of U Variance of Il
0 003 1

1 559 500
1.686 684 3 72
287 1 003

Table 4. Effect of Negative Supply Shock

Proportion of variance of VAR innovations (U and II) ?ttributable to pure demand shocks.

One month response Long run cumulative response
ofu of T ofu of
182 0 12.86 -.570
1 121 1.75 - 941 -.093
1.686 103 1.96 820 0
287 0 247 | 120 405
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Table 5. Variance Decomposition of Unemployment and Inflation

Percent of Total Variance of Dependent Variable

Table 6. Effect of Negative Demand Shock and Tradeoff Ratios

Shock decomposition

Dependent variable Systematic Shocks Supply Demand
Unemployment

1 month ahead level 98.5 1.5 5 1

12 month change 21 79 32 47

12 month ahead level 55 45 18 27
Inflation

1 month change 43 57 36 21

12 month change 40 60 13 47

12 month ahead level 76 24 5 19

One month responsje Long run cumulative response
q ofu of ratio ofu of m ratio
0 .011 -2.47 | -.004 -.447 -.439 1.02
1 136 | -1.75 -.078 8.78 714 |-123
1.686 151 -1.51 -.100 9.92 -720 |-13.8
287 .182 -.146 -1.25 12.8 -595 |-21.5
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Table 7. Supply and Demand Shocks and Observable Variables
Significance of conter:poraneous observable variable v (qoefﬁcnent B,) in regression of the form

€ = By + By, + BV + By, + B (DA, , + Er

for i=1,2, where €, and €, are pure supply and demand shocks respectively.
Model includes long-run restriction (g=gq,). :

Shock: €, (supply) ?ez (demand)
Observable variable tstat | pvalue t ;tat p value Sample
Oil prices -4.18 .000 1;.94 052 | 54:1-97:4
Commodity prices--all -0.04 971 45.47 000 | 67:3-97:4
Commodity prices--raw 1.33 183 2 83 .005 | 54:1-97:4
. { Commodity prices--food 0.24 808 [ 141 162 | 81:3-97:4
Medical costs -0.03 976 d.56 576 | 54:1-97:4
Medical costs (subsample) | -2.12 035 | 1.09 279 | 82:6-97:4
Import prices -3.83 000 | 047 642 | 89:2-97:4
Capacity utilization 427 000 | 9.44 000 | 54:1-97:4
M2 1.65 099 | 0,56 573 | 59:3-97:4
M2 (subsample) 1.72 087 | 077 442 | 59:3-79:9
Fed funds - 10 year rate 1.64 102 1113 259 | 55:2-97:4
Fed funds 2.87 004 35.53 000 | 55:3-97:4
Fed funds (subsample) 3.97 000 | o8 854 |70:1-79:9
Fed funds (subsample) 0.91 363 2}41 .017 | 82:7-97:4

Note: All observable variables are entered in monthly gm\&th rates, except for interest rates and
capacity utilization. The spread between the fed funds raté and the 10 year rate is in levels, and
both the fed funds rate and capacity utilization are in first differences.

27



Table 8. Role of supply and demand shocks in business cycles

Total Total
Peak unemployment | Proportion Trough unemployment | Proportio
(recession change in supply (expansion change in supply
starting) | Months | recession (%) (%) starting) | Months |expansion (%) (%)
57:08 8 33 41 58:04 24 -2.2 66
60:04 10 1.7 43 61:02 106 -3.4 46
69:12 11 24 39 70:11 36 -1.1 -83
73:11 16 38 | 52 75:03 58 23 13
80:01 6 LS 25 80:07 12 -0.6 192
81:07 16 36 18 82:11 92 -5.3 42
90.07 8 1.3 53 91:03 73 -19 70
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Figure 1. Impulse resporfses with g=0
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Inflation Accejleration, Actual and Predicted
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Figure 4. Unemployment gap and inflation acceleration (actual and predicted by
equation (10))
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60 Empirical probability of infiation acceleration
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Figure 5. Empirical probability of inflation acc¢1erat10n Unemployment gap is the
mean over moving deciles. |
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