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Abstract

Low rates of inflation have been recorded in the United States in recent years despite a
decline in the unemployment rate. This phenomeron could be the result of a series of
trangtory shocks or of a permanent change in the structure of the economy leading to a
lower NAIRU. The paper suggests that while the NAIRU may have falen dightly, it has not
fdlen by an amount sufficient to explan the recent behaviour of inflation. Themain
explanation for recent inflation performance appears to be that there have been favorable
price shocks, in particular, the cost of imports has falen sharply as the dollar has
appreciated.
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Summary

Low rates of inflation have been recorded In the United States in recent years despite a
decline in the unemployment rate to levels that previoudy would have been associated with
risng inflation. Indeed, over the period since 1990, there has been a positive correlaion
between the inflation rate and the unemployment rate. This indicates that more than the
traditiond Philips curve rdaionship is at work. This phenomenon could be the result of a
series of fortuitous, trangtory shocks or of a permanent change in the Structure of the
economy leading to alower natura rate of unemployment (NAIRU).

The results presented here suggest that the NAIRU may have fdlen dightly, but that this, on
itsown, is nat enough to explain the recent higtory of inflation. The main explanation for
recent inflation in the U.S. gppears to be that there have been unexpected declinesin some
cost variables. In particular the cost of imports has falen in recent years due to the
appreciation of the dollar, a decline in commodity prices and the Asan criss.

This conclusion has important implications for policy makers. It implies that the structure of
the economy has not dtered fundamentdly. Thus, if and when the supply shocks disappesr,
unemployment will have to increase to the leved of the NAIRU.



A. Introduction

Higtoricdly, U.S. inflation has followed afairly predictable coursein relation to the business
cycle Typicdly, inflation rises during an economic expanson. It reaches its maximum dightly
after the end of the boom and declines theresfter during the recession until the economy has
been in recovery for ayear or two. It appears, however, that recent history has departed
from this pattern. Over the period since the end of the last recession there has been a
prolonged expansion, unemployment has falen, but inflation has not increased.

The Philips curve, the traditional model used by economists to study the link between
inflation and unemployment, worked well in the past. But it has difficulty accommodating the
recent behaviour of unemployment and inflation. The basic Philips curve posits a negetive
relationship between inflation and unemployment in excess of the natural rete. But, over the
period since 1990, there has been a positive correlation between the inflation rate and the
unemployment rate. This indicates that more than the basic Philips curve relationship is a
work.

This phenomenon has two important implications. Firdly, the traditiona Philips curve has
sysematicaly over- predicted inflation since 1994. This makes the task of the Federal
Reserve more difficult. Secondly, the gpparent breakdown of the traditiond relationship
between inflation and unemployment may be a symptom of more fundamenta changesin the
economy, which themsdlves could have profound implications for policy.

The purpose of this paper isto attempt to explain this recent history. In particular, we wish
to determine whet modifications need to be made to the traditiona Philips curve modd in
order that it can accommodate recent history. Two possible aternative explanations are
examined in detail. Thefirst, and perhaps most obvious, potential explanation isthat the
NAIRU hasfdlen sufficiently to enable unemployment to remain at an historicd low even as
inflation isfaling. The dternative explanation is that the NAIRU has not redlly changed, but
the US has been fortunate in recent years to have been hit by some postive supply shocks
that have overwhdmed inflationary pressures caused by unemployment being below its
naturd level.

These dternative explanations have dramatically different policy implications. If the NAIRU
hastruly fdlen, it is very good news for the U.S. economy. A fdl in the NAIRU implies that
there has been change in the structure of the economy that would tend to keep
unemployment low in the long run without the danger of rising inflation. If, however, it istrue
that recent inflation performance isthe result of temporary shocks, then there has been no
permanent change in the structure of the economy. Inflationary pressures will re-assert
themsalves once the temporary supply shocks have ceased. At some point in the near future,
policy makers will have to alow unemployment to rise if inflation is not to accderate.

We investigate the question as follows: In section one we show that the traditiond Philips
curve has sysematicaly over-predicted inflation sSince 1994. In section two we explore the



possibility that the natura rate of unemployment may have changed. We present estimates
that suggest that the naturd rate may have falen to below 5.5% in recent years. But we aso
show that this change, on its own, is not sufficient to explain recent inflation. In section three
we examine the possibility that low inflation is the result of a series of fortuitous shocks. We
find that recent inflation performance of the U.S. can be best explained by changesin the
dollar price of imported goods. Forecasts of inflation based on estimates of a Philips Curve
that includes import prices as a regressor, do not over predict inflation. Interestingly, we dso
find that changesin the cost of labour do not contribute much to the explanation of recent
inflation performance. It gppears that risng productivity and/or faling (non-wage) |abour
cogts have not been criticd factorsin explaining recent inflation.

B. The Problem

We begin the andlysis by estimating a standard Philips curve modd. This mode worked well
in the past, but we will show that it has over-estimated inflation in recent years. The basic
Philips curve is given in equation (1), where U is the unemployment rate, UN isthe NAIRU,

pt= a(l—)pt-1+ b(L)(Ut - UtN )+ €

distherae of inflation and &L) and &L ) are polynomids in the lag operator.

Equation (1) posits a negetive reaionship between unemployment and inflation in the short
run. More precisdly, it predicts that inflation will accelerate if the economic activity is above
potentid i.e. if the unemployment rate is below the NAIRU. The NAIRU isasmilar
concept to Friedman’s natura rate of unemployment. Both concepts are intended to capture
the notion that there is arate of unemployment thet is determined by the fundamental micro
economic structure of the country. The unemployment gep (defined as the difference
between actual unemployment and the NAIRU) captures the effect of excess demand on
inflation. Thusif the economy is operating above potentia, [abour (and other resources) will
be in short supply. This scarcity will cause pricesto be bid up leading to inflation. The
inclusion of lagged variables captures the inertiaiin this process.

Economic theory imposes two restrictions on the mode. Firgtly, there should be no constant
term in the regression and secondly, the sum of the & coefficients should be unity. When
these two conditions are met inflation will be stableif the actud unemployment rate is equa
to the NAIRU.

We estimate equation (1) using quarterly U.S. data over the period 1960:1 to 1993:4. The
inflation variable is the annuaized percentage change in the CPI for urban consumers
excluding food and energy costs (Thisis often referred to as “core’ inflation). The NAIRU
is assumed constant over the period at 6 per cent, which until recently, was widely agreed to
be approximately its true level. Four lags of each variable and the contemporaneous
unemployment gap are included in the regresson. These four lags were sufficient to diminate



serid corrdaion in the estimated resduds, thus ensuring the consistency of the estimators.
Theinclusion of the contemporaneous unemployment gep variable could, in principle, cause
adegree of smultaneity bias. However, Saiger . d. (1997) reported that, in practice, this
bias was not significant. The results presented here are qualitatively unchanged if the
contemporaneous vaue of the variable is excluded.

Thefirgt column of table 1 shows the results. Each cdll in the table shows the sum of the
coefficients, and in parentheses, the p-value on aWad test that the sum of the coefficientsis
equd to zero.? The estimated coefficients take on plausible vaues. The coefficients on the
lagged inflation variables sum to unity as expected and the sum of the coefficients on the
employment gap are Sgnificantly different from zero.

We can use these estimated coefficients to make out- of-sample forecasts of inflation.® If the
estimated modd is a correct representation of the true behaviour of inflation, we would
expect that any difference between the predicted and actud inflation rates would turn out to
be random. The firgt pand of figure 1 shows the actua and predicted inflation for the period
1994-1997. It is clear that the Philips curve has consstently over- predicted the rate of
inflation. The last two rows of table 1 show the mean and standard deviation of the forecast
error. The mean forecadt is greater than zero athough only by two thirds of a Sandard
deviation. A forma Chow test of the forecast error cannot reject the hypothesis that the
forecastserror is zero. However, a Chow test focuses on the average size of the forecast
error and not on their sgn. The phenomenon of positive shocks has been too pervasve to
have been the result of random shocks or measurement error. If the observed forecast
errors are truly random draws from a symmetric distribution, the probability that 10 of them
are positiveis 0.5 which islessthan 1 out 1,000. We must conclude therefore, that the
estimated model does not accurately account for the behaviour of inflation and
unemployment during the late 1990s.

C. Hasthe NAIRU Fallen?

The most obvious, potential explanation for recent inflation performance is that the NAIRU
has fallen to less than the 6 percent that was assumed previoudy. Thiswould explain why

2f, for example, the p-vaue is 0.04, the null hypothesis of zero effect cannot be rejected at
the 1 percent significance leve, but it can be rgjected at the 5 percent significance level.
Thus, the lower the p-vaue, the lower the probability that the variable has no effect on
inflation.

The forecasts shown in this paper are static as opposed to dynamic forecast. In other
words, when forecagting in to the future, the lagged actua vaues of the inflation varigble are
used rather than the vaues previoudy predicted by the modd.



inflationis faling even as unemployment is much less than 6 percent. A decreasein the
NAIRU is very good news for the economy. It implies that there has been structural change
in the US that will dlow unemployment to be kept low, even in the long term, without the
danger of increased inflation.

Broadly spesking, two methods have been employed in the literature to estimate the
NAIRU. One method, exemplified by Adams and Coe (1990), involves estimating a
sructural modd of the economy, with the NAIRU being afunction of one or more of the
edimated parameters. The modd includes variables that might be expected to influence the
structure of the labour market as well as the stlandard macro variables. In practice there are
three serious problems with this procedure. Firdly, it is very difficult to account for dl the
changesin the structure of the labour market. Secondly, as the choice of variables and
functiona form are not clear apriori and as these mode s involve consideration of
expectations (at least implicily), they are highly vulnerable to the Lucas critique. Thirdly, the
mode s often make ad- hoc assumptions regarding the time path of the NAIRU or
equivaently potentiad GDP.

The dternative method isto estimate the NAIRU from within the Philips curveitsf. Thisis
the method adopted by Gordon (1997) and Staiger, Stock and Watson (1997). In a sense,
this method reverses the logic of the Philips curve. The econometrician finds that NAIRU
which isimplied by the behaviour of inflation and unemployment over agiven time period i.e.
find the UN that would solve equation (1). The procedure can be repeated for a different
period and thus atime series for the NAIRU can be calculated. Of course, if that was all
that was done, the exercise would be trivid and worthless. By definition, the estimated
NAIRU would explain recent behaviour and the problem discussed in the previous section
could never be observed. Furthermore, one would doubt that changesin the NAIRU
measured in this way would correspond to underlying changesin the structure of |abour
markets, which iswha most economists have in mind when they talk about a change in the
NAIRU. In order to accommodate this criticism, the authors restrict the degree to which the
esimated NAIRU can move from year to year.* Nevertheless, these models are
fundamentally unidentified in the sense that the impogtion of the redtriction on the variability
of the NAIRU is essentidly arbitrary. It is aso the case that these models not attempt to
identify the causesin any change in the NAIRU.

For reasons of smplicity, we estimated a semi-structural model of the NAIRU. The model
is semi-structurd because observed unemployment is regressed on variables that may be
supposed to affect it, but without attempting to identify behaviourd relationships. In
terminology of smultaneous equations models, the estimated equation is reduced form. The
mode is structura in the sense that it does not follow the procedure of Gordon (1997) and
Staiger, Stock and Watson (1997) discussed above. The actud rate of unemployment was

4Gordon (1997) forces the NAIRU to follow a stochastic trend with arestriction on the
variance of itsfirg difference. Staiger, Stock and Watson (1997) forceit to follow acubic
pline.



regressed on quadratic time trend, severa structurd and severd cyclicd variables. The
dructurd variables included the dependency ratio, an index of minimum wages and an index
of unionization. The cydicd variables included a dummy variable reflecting the NBER's
definition of recession, an index of co-incident indicators and a variable representing the
deviation of capacity utilization from its trend. The mode was estimated using the Cochrane-
Orcutt method to correct for serid correlation in the resdud. The results are shown in Table
2. Of the dructurd variables only theindex of unionization turned out to be sgnificant, but al
the cyclicd variables are Sgnificant. Also note that the coefficient on the autoregressive
resdud is highly sgnificant. This reflects the tendency of the naturd rate not to stray too far
from its previous value. As was noted earlier Gordon (1997) and Staiger et. d. (1997)
achieved this by redtricting the NAIRU to follow a gochastic or deterministic trend.

Setting the cydlica variables equa to zero and smulating the estimated equation can
caculate an estimate of the NAIRU. The estimated NAIRU and the two standard deviation
error bands are shown in the second pand of figure 2. Figure 2 dso shows the actud level
of unemployment and a Holdrick- Prescott filtered unemployment series. The Holdrick-
Prescoitt filter is equivaent to regressing actud unemployment on a series of time trends and
then taking the fitted vaue. Theideaisthat short run changes are “filtered” out and what we
are left with isthe long run trend rate of unemployment. This can be thought of asan
dternaive measure of the NAIRU.

As can be seen from the second pand of figure 2 the point estimate of the NAIRU hasfdlen
from 6.1 percent in 1994:1 to 5.3 percent in 1997:4. However, the two standard error
bands around the point estimate is approximately 1.3 percent. Thisimplies that a 95 percent
confidence interva would place the NAIRU anywhere between just over four and just under
seven percent during 1997. For example, the point estimate for the third quarter of 1997
was 5.3 percent with a standard error of 0.65 percent. This gives 95 percent confidence
interval for the NAIRU of 4.1 percent to 6.6 percent of the labour force. These point and
interva estimates are smilar to those found in Staiger, Stock and Watson (1997) and dso to
those in Gordon (1997). The lack of precision, while disgppointing, istypica of estimates of
the NAIRU in generdl. It explains why there is so much uncertainty regarding the level of the
NAIRU. Standard statistical tests have almost no power to distinguish between the
hypothesis that the NAIRU is 6 percent versus the aternative hypothesis thet it is 4 percent.
Y et whether the NAIRU istruly 4 percent or 6 percent is of grest interest to policy makers.

The point estimate of the NAIRU can be used to re-cd culae the unemployment gap and
then re-estimate the Philips curve. The results are shown in the second column of tade 1.
As before, these estimated coefficients, can be used to make out- of- sample forecasts of
inflation. It is dear that the Philips curve till consistently over predicted the level of inflation,
but by less that the previous modd. The average forecast error is grester than zero, but
gmadler than for the previous modd. This can be seen from the second pand of figure 1
which shows the actua and predicted inflation for the period 1994-1997. As before, that it



is not so much the size of the forecast errors that gives cause for concern, as the fact that
they are sysematicdly postive®

In summary, dthough the measured NAIRU has falen since 1994, it has not falen
aufficiently far in order to explain inflation. The NAIRU has sill been above actud
unemployment in every quarter snce 1994:1. This should have caused a sustained
accderation ininflation. Instead inflation was stable or fdling over the entire period. Hence
the Philips curve with the new measure of the NAIRU 4ill over-predicts inflation

D. Have Costs Fallen?

If changes in the NAIRU do not explain the recent behaviour, what does? As mentioned
previoudy, the dternativeisthat the U.S. has been fortunate enough to have been on the
receiving end of a series of beneficia supply shocks that have helped keep inflation under
control. For example, suppose oil prices were to fal unexpectedly. Thiswould reduce the
cost of energy to U.S. firms, which would enable them to keep their pricesratively low,
even if unemployment were so low (i.e. below the NAIRU) that wage costs wererising. If
the change in the cogt of energy is trangitory then the NAIRU itsaf would be unaffected.
Thus, we would observe inflation faling even as unemployment is below the NAIRU.

In order to account for this possibility, variables representing the potentia supply shocks
must be included in the Philips curve. Strictly spesking a shock should be measured asthe
difference between the actual value of the variable and va ue that was anticipated when
agents made the economic decisions that determined the NAIRU. In generd, relidble data
on expectations are not available, so the shocks are approximated by the rate of change of a
vaiable®

Thethird column of table 1 shows the results from a Philips curve regressoninduding
supply shock variables. These shock variables measure changesin the redl price of all,
changesin the dollar price of imported goods and changesin the red unit cost of labour. The
changesin the price of imports will pick up the effect of achangein the vaue of the US
dollar aswell as changesin foreign currency prices of U.S. imports. The red unit cost of
labour will include changes in wages, benefits and aso temporary changes to productivity.

All of the point estimates have the expected Sgn. For example, afdl in the price of oil of 25
percent would lead to afdl in the inflation rate of one quarter of a percentage point. The p-
vauesindicate that the hypothesis that the variable has no impact on inflation cannot not be

5The results are amost the same if the Holdrick-Prescott measure of the NAIRU is used
instead.

eThiswould be exactly right if the varigble followed a random walk.
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rejected a conventiona sgnificance leves, in the case of dl the varigbles. In the case of the
oil price and the import prices, thisinsgnificance is borderline, but in the case of the unit
labour cog, the insgnificance is overwhelming.

There is some double counting because price of oil isincluded in the price of imports and
this may lead to multicolinearity. The fourth column of table 1 shows the results of estimation
of the Philips curve with the oil price varigble dropped. As aresult, the import price variable
becomes highly significant as expected, but unit labour cost variable remains inggnificant.
These results are smilar to those reported by Gordon (1997). He found that import prices
hed asgnificant effect on core inflation, but that the deviation of productivity from itstrend
(whichisreflected herein the redl unit labour cost varigble) did not.

As aforecasting tool, this modd performs much better than does the model without supply
shocks. The average error of the forecast is close to zero, indicating that this modd does not
sysemdicaly over-predict inflation. This can dso be seen from the third pand of figure 1,
which shows actud inflation and the inflation rate predicted by the modd in column 4 of
Table 1, for the period 1994:1 to 1997:4. Note aso that errors are not systematicaly

positive.

Comparing thefirst two pands of figure 1, suggests thet the recent U.S. inflation
performance has been due to faling import prices and not to fundamenta structura change
in the economy. Further evidence for this hypothesis can be found in by looking at the price
of imports has changed over the last 8 years. Figure 3 shows both the level and the rate of
change of the relative price of imports (defined as the implicit import price deflator divided
by the GDP deflator). Thisratio fdl, more or less condstently up to 1994:1. It remained
gpproximately congtant until 1995:2, and then it fell dramatically. This|latter fal coincides
with the period for which the traditiond Philips curve over-predicts inflation (see figure 1).
On reflection, therefore, it is not surprising, that including import price changes in the Philips
curve enables the mode to predict inflation more accurately.

It is dso worth noting the relative unimportance of the red unit labour cost varigble. Some
authors’ have suggested that the reason inflation was falling faster than gppeared warranted
by unemployment levels was that the structure of labour costs had changed, with
productivity risng faster than normal and nonrwage labour costs (such as benefits) being
cutback. The results shown here suggest that this was not a critica factor in explaining the
recent history of U.S. inflation.

"See, for example, Lown and Rich (1997)
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E. Conclusons

This paper set out to explain the recent history of U.S. inflation, in particular how inflation
could be fdling even as unemployment appears to be below the natura rate. Two potentia
explanations were consdered. Firdly, the naturd rate of unemployment could have falen.
Secondly, the U.S. could have experienced sone temporary disinflationary shocks.

The results presented here suggest that the NAIRU may have fadlen dightly, but that this, on
its own, is not enough to explain the recent history of inflation. Other researchers have dso
reeched this concluson.® The main explanation for recent inflation in the U.S. gppearsto be
that there have been unexpected declinesin some cost variables. In particular the cost of
imports has fdlen in recent years due to the appreciation of the dollar, adeclinein
commodity prices and the Adan crigs. It was dso noted that the recent inflation is not well
explained by changes in the cogt of labour.

The conclusion that the recent good performance of inflation isthe result of supply shocks
rather than a change in the NAIRU hasimportant implications for policy makers. It implies
that the Structure of the economy has not dtered fundamentally. Thus, if and when the supply
shocks disgppear, unemployment will have to increase to the leve of the NAIRU if inflation
is not to rise. In 2000:1 the required increase would be approximately 0.6 percentage
points. Conversely, aslong asthe U.S. continues to be on the receiving end of pogtive
supply shocks, the recent behaviour of inflation and unemployment should be repested.
Given thet the Asian crisis has lowered the dollar price of Asan exports and that the dollar
has recently appreciated against some mgjor trading partners, the short run prognosis looks
good. But in the medium to long run, without a further decline in the NAIRU, the freelunch
must eventualy end.

8See Gordon (1997), Staiger, Stock and Watson (1997) and also Lown and Rich (1997)



-12-

List of References

Adams, Charles and Coe, David, (1990), “A Systems Approach to Estimating the Natural
Rate of Unemployment and Potentid Output for the United States,” IMF Saff
Papers, vol. 37, no. 2, pp. 232-293.

Gordon, Robert, 1997, “The Time-Varying NAIRU and its Implication for Economic
Policy,” Journal of Economic Perspectives, Vol. 11, No. 1, pp. 11-32.

Lown, Caraand Rich, Robert, 1997, “Is There an Inflation Puzzle?” Federal Reserve
Bank of New York Policy Review, December.

Staiger, Douglas, James Stock, and Mark Watson, 1997, “The NAIRU, Unemployment
and Monetary Policy,” Journal of Economic Perspectives, Val. 11, No. 1, pp.
33-49.



-13-

Table 1. Estimates of the Philips Curve

(1961 Q11993 Q4)

@ @ ©) @
Basic Natural Rate Supply  Supply
Model Model Model Shocks  Shocks

Model Model

Lagged inflation 1.016 1.006 0.997 1.002
(0.000) (0.000) (0.000) (0.000)
Unemployment gap -0.246 -0.361 -0.289 -0.255
(0.007) (0.004) (0.018) (0.033)
Change in real unit labour cost - - 0.085 0.079

(037)  (0.398)

Changein relative price of imports - - 0.045 0.072
(0.121) (0.001)

Changein therelative price of oil - - 0.01 -
(0.156)

Adjusted R 0.755 0.754 0.804 0.803

Mean forecast error 0.38 0.27 0.09 0.002

(Standard deviation) (058) (052 (058) 064

1/ The table shows the sum of coefficients on four lags of the variables. The statistic in parenthesesis the
p-value from aWald Test of the hypothesis that sum of coefficients on the variableiszero. Thelower the p-
value, the lower the probability that the variable has no effect on inflation. If, for example, the p-value is 0.04,
the null hypothesis of zero effect cannot be rejected at the 1 percent significance level, but it can be rejected
at the 5 percent significancelevel.

2/ Rate of change variables are scaled to measure annualized percentage rate of change.
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Table2. NAIRU Equation

(1961 Q2-1997 Q3)

Variable Coefficient T-Statistic
Constant 26 0.27
Trend 0.13 110
Trend®/1000 -69 -1.49
Dependency ratio 10.42 0.99
Minimum wage 0.09 0.56
Unionization -25.66 2.28
Changein co-incident indicators 5.42 184
Capacity utilization 0.23 -14.86
Recession 0.03 0.88
Autoregressive error term 0.95 35.59
Adjusted R’ 0.98
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Table 3. Definitionsof Variables 1/

Vaiade

Capacity utilization

Coincident indicators

Dependency Ratio

Import prices

Inflation

Minimum weage

Unemployment

Unionization

Recession

Red unit labour costs

Definition

Capacity utilization of dl industry.

A composite index of coincident indicators.

Population less than 15 years of age, plus the population
greater than 65 years of age, dl divided by the [abour
force.

Implicit import price deflator from the nationa accounts,
divided by the GDP deflator.

Rate of change of CPI for urban consumers excluding the
cost of food and energy.

Minimum wage (dollars per hour) deflated by the CPI for
urban consumers.

Civilian unemployment rate.

Union membership as a percentage of the civilian labour
force.

Indicator of recesson as defined by the Nationa Bureau
of Economic Research (NBER)

The unit labour cost of the nonfarm bus ness sector
divided by the GDP deflator.

1/ All rates of change are expressed as annua percentage rate of change.



