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Is There an Inflation Puzzle?
Cara S. Lown and Robert W. Rich*

istorically, inflation has followed a fairly

predictable course in relation to the busi-

ness cycle. Inflation typically rises during

an economic expansion, peaks slightly after

the onset of recession, and then continues to decline

through the first year or two of recovery. During the

present U.S. expansion, however, inflation has taken a

markedly different path. Although more than six years

have passed since the 1990-91 recession, inflation in the

core CPI (the consumer price index excluding its volatile

food and energy components) has yet to accelerate (Chart 1).

Moreover, during the last three years, inflation has

remained stable despite projections of higher expected

inflation from the Blue Chip Consensus forecast and

contrary to traditional signals such as the run-up in com-

modity prices experienced from late 1993 to early 1995.

Economists and policymakers have referred to the

restrained behavior of prices during this long expansion as

an “inflation puzzle.” In a recent interview, Robert T.

Parry, president of the Federal Reserve Bank of San Fran-

cisco, commented, “I have a question mark, and it leads me

to recommend vigilance with regard to inflation, but I do

have to note that things have turned out well. . . . [We’ve]

either been lucky, in which case the old relationships will

reassert themselves, or [we’ve] got a new regime under way.

And I don’t think we know enough at this point to know

which of those two things is operative.”1 As Parry sug-

gests, two different types of explanations could account for

the recent behavior of inflation. The failure of inflation to

accelerate may reflect the effects of temporary factors

unique to this expansion. Alternatively, the unexpectedly

low level of inflation may indicate a permanent change in

the way inflation reacts to economic growth and other

related variables.

Each of these explanations holds important impli-

cations for the conduct of monetary policy. The Phillips

H
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Chart 1

Core CPI
Percentage Change from a Year Ago

Source:  U.S. Department of Labor, Bureau of Labor Statistics.

Note:  Shaded areas indicate periods designated recessions by the National
Bureau of Economic Research.
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curve, the principal tool used by economists to explain

inflation, has been subject to systematic overprediction

errors during the past few years. If these errors reflect the

influence of temporary factors, then the Phillips curve

relationship should ultimately regain its stability. How-

ever, if these errors reflect a permanent change in the

dynamics of the inflation process, then economists

could no longer view the Phillips curve as a reliable guide

in forecasting inflation.

Because labor costs are an important factor in

determining prices, the recent slowdown in compensation

growth has been cited in both types of explanations for the

inflation puzzle. Some commentators argue that this slow-

down in compensation growth, attributable largely to declin-

ing benefit costs, has acted as a supply shock and has

temporarily lowered inflation relative to its historical prox-

imate determinants. Others contend that a permanent

change in compensation growth, resulting from heightened

job insecurity and its constrictive effect on wage growth,

has led to a fundamental shift in the inflation process.

This article explores the inflation puzzle and

investigates whether compensation has acted as either a

temporary restraint on inflation or as the underlying source

of a new inflation regime.2 After reviewing the recent

behavior of inflation, we specify and estimate a traditional

price-inflation Phillips curve model over the 1965-96

period. Our results show that in late 1993 the model

begins to systematically overpredict inflation and appears

to break down.

We then modify our traditional Phillips curve

specification by incorporating compensation growth as an

additional determinant of inflation. With this variable, the

model’s explanatory power improves significantly, and it

tracks inflation much more accurately over the current

expansion. The restored stability of the model appears to

rule out the view that inflation’s recent behavior reflects a

fundamental shift in the inflation process.

Finally, we specify and estimate a wage-inflation

Phillips curve model quantifying the restraint in compen-

sation growth over the post-1991 period. Our findings

indicate that compensation growth has been weak during

this expansion, especially from late 1992 through early

1995, a period that corresponds to the observed breakdown

in our traditional Phillips curve specification. This coinci-

dence further supports our conclusion that compensation’s

slow growth has temporarily restrained inflation during

this expansion.

THE EMERGENCE OF THE INFLATION 
PUZZLE

Contrary to expectations, inflation has not accelerated since

the end of the 1990-91 recession. Yet variables commonly

regarded as inflation indicators have remained at levels that

Our findings indicate that compensation growth 

has been weak during this expansion, especially 

from late 1992 through early 1995, a period 

that corresponds to the observed breakdown in 

our traditional Phillips curve specification. 
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Chart 3

CPI Inflation, Actual and Forecast

Sources:  Blue Chip Economic Indicators, various December issues; U.S.
Department of Labor, Bureau of Labor Statistics.
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Chart 2

Unemployment and Capacity Utilization Rates

Sources:  Board of Governors of the Federal Reserve System; U.S. Department
of Labor, Bureau of Labor Statistics.

Notes:  The dashed line marks the level at which unemployment or capacity
utilization will likely begin to exert upward pressure on inflation. The period
from the third quarter of 1990 to the first quarter of 1991, shaded in the chart,
is designated a recession by the National Bureau of Economic Research.
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usually coincide with an inflation pickup. The level of the

actual unemployment rate relative to the nonaccelerating

inflation rate of unemployment (NAIRU) is one such vari-

able. The NAIRU represents the rate of unemployment

that is consistent with stable inflation. Unemployment

rates below (above) the NAIRU are thought to signal

higher (lower) inflation in wages and prices. As the upper

panel of Chart 2 shows, the unemployment rate has been

below 6 percent—the consensus estimate of the NAIRU at

the beginning of this expansion—since late 1994. Even if

the NAIRU has declined below 6 percent during the

1990s, as some analysts argue, there is little direct evidence

suggesting that it has tracked the unemployment rate

or fallen low enough to be consistent with the level of

inflation observed since 1995.3

Like the NAIRU, the capacity utilization rate has

stayed at levels that typically signal higher future inflation

(bottom panel of Chart 2). In the past, capacity utilization

rates in excess of  82 to 84 percent were associated with ris-

ing inflation because of the onset of supply shortages and

bottlenecks in production (Boldin 1996). Capacity utiliza-

tion has moved down from its peak of almost 85 percent;

still, it has stayed above or close to 83 percent since 1994. 

Consistent with these two indicators, the Blue

Chip Consensus forecast overpredicted inflation from 1992

to 1995 by progressively larger margins of error each year

(Chart 3). Estimated price-inflation Phillips curves have

also systematically overpredicted inflation in the past

couple of years. The Phillips curve’s recent failure in

forecasting price changes contrasts sharply with its long-

standing reliability in predicting short-run movements in

inflation. We now turn to a discussion of the Phillips curve

and its recent record in forecasting inflation.

The Phillips curve’s recent failure in 

forecasting price changes contrasts sharply with 

its long-standing reliability in predicting 

short-run movements in inflation. 
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A TRADITIONAL PRICE-INFLATION 
PHILLIPS CURVE

The origin of the Phillips curve can be traced back to

the 1950s, when A.W. Phillips documented an inverse

relationship between the rate of change of nominal

wages and the level of unemployment in the United

Kingdom. His findings were interpreted as establishing

a wage adjustment process in which low levels of unem-

ployment represent tight labor markets that signal, or

coincide with, accelerating wage growth. Although the

term “Phillips curve” still refers to the posited relation-

ship between nominal wage or price changes and various

indicators of real economic activity, the econometric

modeling of this relationship has changed considerably

over the years.4

Modern versions of the Phillips curve incorporate

several features that differentiate them from earlier descrip-

tions of the behavior of nominal wages and prices.5 For

example, in current models the output gap (the log ratio of

actual to potential real GDP) and the unemployment gap

(the difference between the actual rate of unemployment

and the NAIRU) figure importantly as measures of excess

aggregate demand pressure in the economy. In addition,

current models recognize the role that expected inflation

plays in wage bargaining and price setting and typically

include past rates of inflation as a proxy for this expecta-

tion.6 Finally, modern Phillips curve models include

variables to control for supply shocks such as the oil price

increases of the 1970s. As Fuhrer (1995) notes, many of

these developments were anticipated by Phillips in his

original discussion.

We begin our empirical analysis by specifying a

traditional price-inflation Phillips curve model. The model

allows for a more formal investigation of the stability of the

Phillips curve relationship during the current expansion.

In addition, the model will serve as a benchmark to

evaluate compensation growth’s role in explaining recent

movements in inflation.

Our traditional Phillips curve model is given by:

(1)   

where

INF = inflation measured by the growth rate of the

core CPI,

GDPGAP = the output gap measured by the log ratio of

actual to potential real GDP,

GDPGAP = the first difference or change in the output

gap,

OILG+= the net positive change in the real price of 

oil, and

 = a mean zero, serially uncorrelated random 

disturbance term.

Equation 1 provides a general specification for the rate of

change in prices and is similar to other models currently

used in the Phillips curve literature.7 In the terminology of

Gordon (1996), the specification embodies the “triangle”

model of inflation: the set of explanatory variables is meant

to capture the effects of demand, inertia, and supply con-

siderations on inflation.

The model uses the output gap (the percentage

deviation of real GDP from potential GDP), shown in

Chart 4, as a measure of excess aggregate demand pressure.8

A positive (negative) output gap indicates that the econ-

omy is operating above (below) potential GDP and would

thus generate upward (downward) inflationary pressure on

prices. Following the methodology in Gordon (1977,

1996) and Fuhrer (1995), we also include the quarterly

change in the output gap variable to allow for a rate-of-

change effect so that the pressure on prices depends on how

quickly the output gap narrows or widens.

INFt α0 α1GDPGAPt 1– α2 ∆GDPGAPt 1–( )

α2 i+
i 1=

3

∑ INFt i– α5 i+
i 1=

2

∑ OILGt i– εt

+ +

+ + +

=

,+

∆

ε
[Our specification for the traditional Phillips 

curve] embodies the “triangle” model of 

inflation: the set of explanatory variables is 

meant to capture the effects of demand, inertia, 

and supply considerations on inflation.
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Chart 5

Net Positive Change in Real Oil Prices

Source:  Authors’ calculations, based on Department of Energy, Monthly 
Energy Review.

Note:  Shaded areas indicate periods designated recessions by the National 
Bureau of Economic Research.
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Chart 4

The Output Gap
Percentage Difference between Actual and Potential GDP

Source:  Federal Reserve Bank of New York staff estimate.

Note:  Shaded areas indicate periods designated recessions by the National 
Bureau of Economic Research.
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The remaining basic determinants of inflation

include its own lagged values and oil prices. To incorporate

price inertia effects, we include lagged inflation terms in

the model. In the past, researchers used lagged inflation

rates as a proxy for expected inflation. In modern versions

of the Phillips curve, however, this interpretation has been

deemed overly restrictive (Gordon 1996). Instead, past

inflation rates are viewed as capturing the dynamics of

price adjustment related to expectations formation as well

as the importance of institutional factors such as wage and

price contracts and delivery lags in the economy.

Our benchmark model also includes a measure of

the net positive change in real oil prices to account for the

influence of supply shocks.9 This oil price variable is the

only notable departure from other conventional Phillips

curve specifications and allows for an asymmetric effect of

oil price changes on inflation (Chart 5). In other words,

while oil price increases appear to affect inflation, oil price

decreases do not seem to be important.10 The construction

of the supply shock variable follows the approach in

Hamilton (1996) and is designed not only to model the

asymmetric effects of oil price changes, but also to account

for the observed increase in the volatility of oil prices over

the post-1986 period. Because the core CPI has no energy

price component, our supply shock variable attempts to

capture any indirect effect of oil price increases on inflation.

Although our traditional price-inflation Phillips

curve takes real oil prices as exogenous, we include only

lagged values of the output gap as regressors in order to

avoid simultaneity bias arising from the endogeneity of

this variable. The lag lengths in equation 1 are selected by

maximizing adjusted R2 (a measure of the model’s ability

to explain inflation), by searching over one to four lags of

inflation and the output gap, and by searching over zero to

four lags for the net positive change in the real price of oil.11

MODEL ESTIMATION

We estimate equation 1 using the method of ordinary least

squares (OLS) for quarterly data from the first quarter of

1965 to the third quarter of 1996. Parameter estimates are

presented in Table 1.  For the full sample period, the value

of the adjusted R2 indicates that the model can explain a

high proportion of the variation in inflation. In addition,

the Ljung-Box (1978) Q-test statistic—a general test for

serial correlation in the regression residuals—does not

reveal any evidence of model misspecification.

The estimation results also indicate that both the

level of the output gap variable and the rate-of-change effect
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Table 2
TRADITIONAL AND MODIFIED PHILLIPS CURVE MODELS
Chow Test Results for 1992-96

Model F-Statistic
Likelihood Ratio 

Statistic 

Traditional Phillips curve    0.192)
(0.999)

 4.539)
(0.999)

Modified Phillips curve  0.244)
(0.999)

5.860)
(0.998)

Note:  Probability values for the test statistics are reported in parentheses.

Table 1
TRADITIONAL AND MODIFIED PRICE-INFLATION PHILLIPS 
CURVE MODELS

Traditional Model Modified Model

Variable Estimate p-Value  Estimate p-Value
CONSTANT (0.0786

(0.0782)
 0.3146 (0.0532*   

(0.0720)*
0.4601

GDPGAPt-1 (0.0339**
(0.0107)**

0.0016 (0.0190
(0.0108)*

0.0783

GDPGAPt-1 (0.1452**
(0.0511)**

0.0045 (0.2620**
(0.0537)*

0.0000

INFt-1    (0.4080**
(0.1209)**

0.0007 (0.2610*
(0.1064)*

0.0142

INFt-2    (0.1296
(0.1168)**

0.2672 (0.1252
(0.1046)* 

0.2312

INFt-3    (0.3487**
(0.1227)**

0.0045 (0.2913**
(0.1011)*

0.0040

OILGt-1    (0.0186**
(0.0056)**

0.0009 (0.0167**
(0.0046)*    

0.0003

OILGt-2  (0.0242**
(0.0071)**

0.0007 (0.0228**
(0.0058)*    

0.0001

UNITGt-1 — — (0.1901**
(0.0380)*

0.0000

UNITGt-2  — — (0.0732
(0.0390)*

0.0609

Memo:
Adjusted R2    0.776   0.815
Q-test  statistic    22.731

 (0.859)
27.572
 (0.643)

Notes:  Asymptotic standard errors for the parameter estimates are reported 
in parentheses and are computed using the procedure of White (1980). The 
Ljung-Box Q-test statistic for serial correlation of the regression residuals 
is distributed asymptotically as with thirty-one degrees of freedom. 
Probability values for the test statistics are reported in parentheses.
*Significant at the 5 percent level.
**Significant at the 1 percent level.

∆

χ2

+

+

are highly significant and have the expected positive signs.

The two lagged values of the net positive change in the real

price of oil are also highly significant with the anticipated

positive signs. The three lags of the inflation rate are

generally significant, and we are unable to reject the

hypothesis that the sum of the coefficients equals unity

( ) at conventional significance levels. The

latter restriction follows from the natural rate hypothesis and

has been previously imposed in the estimation of Phillips

curves to make the level of potential output (or the unem-

ployment rate) independent of inflation in the long run.

MODEL STABILITY OVER THE 1992-96 PERIOD

We conduct two exercises to examine the stability of the

model from 1992 to 1996. First, we apply Chow (1960)

split-sample tests to test the null hypothesis of constant

α3 α4 α5 1=+ +

parameters against the alternative hypothesis of a onetime

shift in the parameters at some specified date. One test

compares the estimates obtained using the data from one

subperiod (1965-91) with the estimates using the full

sample.12 Another test employs dummy variables for the

entire parameter vector for one subperiod (1992-96) and

then tests the joint significance of the dummy variables.13

As shown by the reported value of the two test statistics in

Table 2, we fail to reject the null hypothesis of parameter

stability for the post-1991 period at conventional signifi-

cance levels.14

As a second exercise, we construct dynamic

out-of-sample forecasts from the traditional price-inflation

Phillips curve. This simulation provides a more stringent

test of model stability by relying on lagged predicted

values of inflation rather than the lagged actual values of

inflation to construct the subsequent one-quarter-ahead

forecasts of inflation. In addition, the Chow tests may

suffer from low power because they are conducted over a

relatively small part of the sample period (1992-96). For

this part of the analysis, we estimate equation 1 using data

from the first quarter of 1965 through the fourth quarter of

1991. We then use the estimated equation to forecast

inflation over the 1992-96 period.

The dynamic simulation provides strong evidence 

of instability in the traditional price-inflation 

Phillips curve during the current expansion.  
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Chart 7

Employment Cost Index for Private Industry
Percentage Change from a Year Ago

Source:  U.S. Department of Labor, Bureau of Labor Statistics.

Note:  Shaded areas indicate periods designated recessions by the National
Bureau of Economic Research.
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Chart 6

Out-of-Sample Forecast of Core CPI Inflation
Traditional Phillips Curve Model

Sources:  Authors’ calculations; U.S. Department of Labor, Bureau of Labor
Statistics.

Note:  The period from the third quarter of 1990 to the first quarter of 1991,
shaded in the chart, is designated a recession by the National Bureau of 
Economic Research.

1986 96

Percent

2

3

4

5

6

89 9487 91 92

Forecast

Actual

88 90 93 95

The dynamic simulation provides strong evidence

of instability in the traditional price-inflation Phillips

curve during the current expansion (Chart 6). Specifically,

the out-of-sample forecasts systematically overpredict

inflation beginning in the third quarter of 1993. In

addition, the forecasted inflation series is characterized by

a rising trend and generates prediction errors that

increase over time. This excerise is robust to the choice of

starting dates.15 

The results of our dynamic simulation appear to

show a shift in the Phillips curve relationship and are

consistent with commentators’ claims that inflation has

remained unexpectedly low during this expansion. We now

examine the role of compensation growth in the recent

behavior of inflation. 

EXAMINING THE ROLE OF COMPENSATION 
GROWTH

Because labor costs represent about two-thirds of the total

cost of production, some economists have suggested that

inflation’s recent behavior may be linked to movements in

compensation growth and its two components, benefits

and wages (Chart 7). Since the end of the 1990-91 reces-

sion, the growth rates for total compensation, benefits, and

wages have not only failed to display any significant

acceleration, but have generally displayed a downward

trend. This downward trend is particularly apparent for

benefit costs, where the four-quarter change has fallen from

6 percent to about 2 percent during the 1990s. These

observed patterns support the view that labor costs may be a

key factor in understanding recent movements in inflation.

Meyer (1997), for example, poses two explanations

relating compensation growth to inflation’s puzzling

behavior. First, he suggests that declining benefit costs

have caused a temporary slowdown in compensation

growth, which has acted as a supply shock. By lowering

the increase in overall labor costs, this shock has reduced

the pressure on firms to raise prices. Because most price-

inflation Phillips curves exclude the effects of compensation

growth altogether, their forecasting ability appears to

break down and the models overpredict inflation.

Alternatively, Meyer suggests, the slowdown in

compensation growth may reflect a long-term change in

the behavior of the labor market. In particular, Meyer ques-

tions whether heightened job insecurity has permanently

diminished workers’ ability to obtain wage increases and has

consequently altered the link between changes in com-
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Chart 8

Core CPI and Unit Labor Costs
Percentage Change from a Year Ago

Source:  U.S. Department of Labor, Bureau of Labor Statistics.

Note:  Shaded areas indicate periods designated recessions by the National
Bureau of Economic Research.

1961 7565 95

Percent

-5

0

5

10

15

70 80 85 90

Core CPI

Unit labor costs

pensation (and other macroeconomic variables) and price

changes. According to this view, the recent breakdown in

price-inflation Phillips curves reflects a fundamental shift in

the inflation process emanating from the labor market.16 

Although we do not look at the decline in benefit

costs or the behavior of wages individually, we investigate

the role of total compensation growth in restraining infla-

tion.17 Our methodology is designed to evaluate whether

this role has been temporary or permanent in nature.

If compensation growth has acted as a temporary

supply shock, we would expect the forecasting performance

and the stability of the Phillips curve over the current

expansion to be restored by incorporating the effects of

compensation growth. Moreover, because a “shock” implies

an unexpected event, we would also likely observe some

evidence of unusual restraint in the recent behavior of com-

pensation growth. However, if a change in the behavior of

compensation growth has permanently altered the Phillips

curve relationship, we should find evidence of a break-

down, rather than stability, in the relationship between

the inflation process and compensation growth during the

current expansion. We now turn to our modified Phillips

curve equation.

MODIFYING THE TRADITIONAL MODEL

Within our Phillips curve framework, we include the

growth rate of unit labor costs—compensation (benefits and

wages) divided by productivity—as an additional determi-

nant of inflation. Unit labor costs provide a measure of

compensation that controls for the effects of productivity.18

During this expansion, growth in unit labor costs

has been weak and a persistent gap has been evident

between unit labor cost growth and core CPI inflation

(Chart 8). The decline in unit labor cost growth could

suggest either falling compensation growth or rising

productivity growth. As Chart 9 shows, however, produc-

tivity growth has not been unusually strong in the current

expansion. Although from late 1991 to early 1992 the

series rose at roughly a 3 percent rate, contributing to

weaker growth in unit labor costs, since then productivity

has typically grown at rates below 1 percent. 

By contrast, compensation growth fell to

around 2 percent fairly early in the expansion and hovered

around that rate for more than two years before showing

signs of a modest pickup. This 2 percent growth rate is

below any rate recorded in the past thirty-five years. Thus,

we can conclude that the growth rate of unit labor costs

over the post-1991 period has been primarily driven by slow

compensation growth rather than high productivity growth.

This finding ensures that our approach will pick up the

effect of slow compensation growth, not the effect of high

productivity growth, on inflation during this expansion.

Since the end of the 1990-91 recession, the 

growth rates for total compensation, benefits, 

and wages have not only failed to display any 

significant acceleration, but have generally 

displayed a downward trend. This downward 

trend is particularly apparent for benefit costs.
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Chart 9

Productivity and Hourly Compensation
Percentage Change from a Year Ago

Source:  U.S. Department of Labor, Bureau of Labor Statistics.
Note:  Shaded areas indicate periods designated recessions by the National
Bureau of Economic Research.
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Our modified price-inflation Phillips curve model

is given by:

(2)    

where UNITG is the growth rate of unit labor costs in

the nonfarm business sector. In our modified model, unit

labor costs provide an explicit channel by which slow

compensation growth may have acted to offset other

sources of inflationary pressures over the current expansion,

resulting in lower inflation rates than those predicted

using the traditional model.19

MODEL ESTIMATION

We estimate equation 2 by the method of OLS using

quarterly data from the first quarter of 1965 to the third

quarter of 1996. Parameter estimates are presented in

Table 1. The two lagged values of unit labor cost growth

enter with the anticipated positive sign. The inclusion of

the unit labor cost terms improves the fit of the model over

INFt α0 α1GDPGAPt 1– α2 ∆GDPGAPt 1–( )

α2 i+
i 1=

3

∑ INFt i– α5 i+
i 1=

2

∑ OILGt i–

α7 i+
i 1=

2

∑ UNITGt i– εt+

+ +

+ +

+

=

+

,

the full sample period by almost 5 percent relative to the

traditional model, and the Q-test statistic does not sug-

gest evidence of model misspecification.

The results for all other explanatory variables are

broadly similar across the traditional and modified models,

although the modified Phillips curve suggests that the out-

put gap has a smaller level effect and a larger rate-of-change

effect on core CPI inflation. Like the traditional model, the

estimated version of the modified model does not constrain

the sum of the coefficients on lagged inflation to equal

unity ( ). As shown in the Equation Appen-

dix, however, we can eliminate compensation growth from

the system consisting of equation 2 and our estimated

wage-inflation Phillips curve to yield a reduced form of a

price-inflation Phillips curve. The resulting model is char-

acterized by coefficients on lagged inflation whose sum is

not statistically different from unity, and it associates an

acceleration in inflation with a positive output gap and a

negative unemployment gap.

MODEL STABILITY OVER THE 1992-96 PERIOD

Does the inclusion of unit labor costs and the effects of

compensation growth correct the instability of our bench-

mark model over the post-1991 period? An examination

of the dynamic simulation for the modified price-infla-

tion Phillips curve suggests that it does (Chart 10).20

Once we incorporate the effects of unit labor costs in the

model, the simulated values track inflation closely over

the post-1991 period and display no significant sign of

model instability. Despite a notable error in the fourth

quarter of 1995, the equation regains its predictive accu-

racy over the next two quarters.21 Because the dynamic

simulation uses forecasted values of inflation, however,

the error in the fourth quarter of 1995 continues to affect

the subsequent quarters’ forecasts and contributes to the

error in the third quarter of 1996.

Overall, the evidence from the modified price-

inflation Phillips curve is compelling. Indeed, slow

compensation growth appears to be a key force in

restraining inflation over the current expansion. By

including unit labor costs as an additional explanatory

α3 α4 α5 1=+ +
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Chart 10

Out-of-Sample Forecast of Core CPI Inflation
Modified Phillips Curve Model

Sources:  Authors’ calculations; U.S. Department of Labor, Bureau of Labor
Statistics.

Note:  The period from the third quarter of 1990 to the first quarter of
1991, shaded in the chart, is designated a recession by the National Bureau
of Economic Research.
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variable, the multiperiod forecast performance of the

model improves dramatically, and we seem to eliminate

the sharp divergence between actual and predicted infla-

tion. Thus, the restored stability of the model resulting

from the inclusion of unit labor costs appears to rule

out the view that inflation’s recent behavior reflects a

fundamental shift in the Phillips curve relationship. The

analysis, however, has yet to provide any specific insights

into compensation growth and its recent behavior. We

explore these issues in the next section.

THE BEHAVIOR OF COMPENSATION 
GROWTH

The results from our modified price-inflation Phillips

curve reveal compensation growth’s role in lowering infla-

tion since 1991. In this section, we analyze compensation’s

level of restraint compared with expected levels during

the present expansion. The comparison allows us to deter-

mine if the recent slowdown in compensation growth has

been particularly severe. We show that while restraint in

compensation growth appears to be easing, compensation

growth was unexpectedly low from late 1992 to early 1995.

To analyze the behavior of compensation growth,

we specify a model that represents a modified version of the

wage-inflation Phillips curve proposed by Englander and

Los (1983):

(3)          

          

where

LXNG= the growth rate of compensation per hour in

 the nonfarm business sector, 

        U = the unemployment rate for males aged 

twenty-five to fifty-four, 

   INF = inflation measured by the growth rate of the

CPI (all items, urban consumers),  

   SOC = the change in employer Social Security 

contributions, 

    UIR = the income replacement ratio from 

unemployment insurance benefits,

 DUM = dummy variable for the wage and price 

controls of the 1970s, and 

         = a mean zero, serially uncorrelated random 

disturbance term.

Equation 3 principally links the movements in compensa-

tion growth to the unemployment rate and other labor

market variables.22 The unemployment rate of prime-age

males is used as a measure of labor market tightness. We

enter the variable in its level form and thereby abstract

from any explicit discussion of the NAIRU, except to note

that the specification can be viewed as implicitly assuming

a constant value for the NAIRU over the sample period.23

Equation 3 does not include a rate-of-change effect for the

unemployment rate; the estimated coefficient on a second

lag of the unemployment rate was found to be quantita-

tively and statistically insignificant and therefore was

omitted from the specification.24

The remaining determinants of compensation

growth include the change in employer Social Security tax

contributions, a component of hourly compensation. The

income replacement ratio from unemployment insurance

benefits attempts to capture changes in compensation

growth related to job search. A dummy variable accounts

LXNGt β0
βi

i 1=

2

∑ LXNGt i– β3Ut 1–

β3 i+ INFt i–
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Table 3
WAGE-INFLATION PHILLIPS CURVE MODEL 
FOR COMPENSATION GROWTH

Variable Estimate p-Value

CONSTANT  (0.3884**
(0.2155)**

 0.0715

LXNGt-1   (0.1359**
(0.0861)**

0.1144

LXNGt-2   (0.2621**
(0.0689)**   

 0.0001

Ut-1 -0.0672**
(0.0218)**   

0.0021

INFt-1    (0.2018**
(0.0692)**      

 0.0036

INFt-2    (0.0175
(0.0832)** 

0.8332

INFt-3   (0.1257
(0.0698)**

 0.0720

SOCt (0.0849**
(0.0186)**

0.0000

UIRt-1    (1.4288**
(0.6666)**    

 0.0321

DUMt -0.7442**
(0.0790)**

0.0000

Memo:
Adjusted R2    (0.709**
Q-test statistic    28.109

 (0.838)**

Notes:  Asymptotic standard errors for the parameter estimates are computed 
using the procedure of White (1980) and are reported in parentheses. The 
Ljung-Box Q-test statistic for serial correlation of the regression residuals is 
distributed asymptotically as with twenty-nine degrees of freedom. 
Probability values for the test statistics are reported in parentheses.
*Significant at the 5 percent level.
**Significant at the 1 percent level.

χ2

Table 4
COMPENSATION GROWTH MODEL
Chow Test Results for 1992-96

Model F-Statistic
Likelihood Ratio 

Statistic 

Compensation growth 
    Phillips curve 

(0.879
(0.609)   

20.287
 (0.377)

Note:  Probability values for the test statistics are reported in parentheses.

for the restraining effect of wage and price controls in the

fourth quarter of 1971 and for the rebound effect after the

relaxation of the controls in the first quarter of 1972.25 We

include lagged values of compensation growth and price

inflation to incorporate wage and price inertia effects.

Finally, we include only lagged values of the unemploy-

ment rate and inflation rate as regressors because of

endogeneity considerations.

MODEL ESTIMATION AND MODEL STABILITY OVER 
THE 1992-96 PERIOD

We estimate equation 3 using the method of OLS for

quarterly data from the second quarter of 1967 to the third

quarter of 1996. The parameter estimates are presented in

Table 3.  As the table indicates, the lagged values of both

compensation growth and price inflation are generally sig-

nificant. The unemployment rate is highly significant and

has the expected negative sign. Further, the variables

reflecting other labor market conditions are all significant

with the expected signs. The adjusted R2, although not

quite as high as the values reported in Table 1, also

indicates that the estimated equation fits the data quite

well over the full sample period. In addition, the regression

residuals display little evidence of serial correlation over

the full sample period.

We also conduct Chow tests and a dynamic simu-

lation. The Chow tests do not reject the null hypothesis of

parameter stability at conventional significance levels

(Table 4). For the dynamic simulation, we estimate

equation 3 from the second quarter of 1967 to the fourth

quarter of 1991; we then use the estimated equation to

generate predicted values for compensation growth over

the 1992-96 period.

The evidence from the dynamic simulation

indicates that compensation growth has displayed unex-

pected restraint during this expansion. The out-of-sample

forecasts consistently overpredict compensation growth

beginning in the fourth quarter of 1992 (Chart 11).  In addi-
While restraint in compensation growth 

appears to be easing, compensation growth 

was unexpectedly low from late 1992 to 

early 1995.
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Chart 11

Out-of-Sample Forecast of Compensation Growth

Sources:  Authors’ calculations; U.S. Department of Labor, Bureau of Labor
Statistics.

Note:  The period from the third quarter of 1990 to the first quarter of 
1991, shaded in the chart, is designated a recession by the National Bureau
of Economic Research. 
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tion, the size of the errors at times is quite large. For

example, our dynamic simulation predicts that compensa-

tion growth should have been about 2 percent higher from

the end of 1992 through the end of 1994. After 1994,

however, the size of the forecast errors begins to diminish, a

pattern that supports the temporary supply shock hypothe-

sis. If a permanent change in compensation growth had

occurred, we would expect the large disparity between the

model’s simulated values and actual growth to continue,

as it did in the traditional price-inflation Phillips curve

model.

Evidence from the dynamic simulation corrobo-

rates our earlier finding that the modified price-inflation

Phillips curve model, which incorporates the effects of

compensation growth, appears to resolve the inflation puz-

zle. The slowdown in compensation growth is most pro-

nounced from the end of 1992 to early 1995, the same

period during which the traditional Phillips curve starts to

display evidence of model instability. Thus, not surpris-

ingly, variables and relationships that ignore compensa-

tion growth’s influence (such as the inflation indicators in

Charts 2 and 3 and the traditional Phillips curve) begin to

break down in late 1993 and 1994.

CONCLUSION

Contrary to its behavior in previous expansions, price inflation

has not accelerated in the six years since the 1990-91 reces-

sion. This article focuses on compensation’s role in the

inflation puzzle, investigating whether a temporary slowdown

in compensation growth has lowered the level of inflation

or if a more permanent change in compensation growth has

fundamentally altered the inflation process. We present two

pieces of evidence suggesting that slow compensation growth

has acted as a temporary restraining force on inflation.

We begin our investigation by estimating a

traditional price-inflation Phillips curve model over the

1965-96 period. Although the model tracks inflation quite

well over most of the period, it begins to break down in

late 1993. We then modify the traditional Phillips curve

model to include the effects of compensation growth. With

this addition, the model tracks inflation much more

accurately over the current expansion and displays no

significant evidence of instability. This finding provides

the first piece of evidence suggesting that no fundamental

change in the inflation process has occurred.

To arrive at the second piece of evidence support-

ing the notion that the low level of inflation has resulted

from a temporary slowdown in compensation growth, we

look at compensation growth itself. By estimating a wage-

inflation Phillips curve model, we find that compensation

growth showed unusual restraint from late 1992 to early

1995. This period of restraint appears to be temporary and

coincides with the observed breakdown in the traditional

Phillips curve model and in other inflation indicators.

Thus, taking compensation growth into account appears to

explain inflation’s behavior during the current expansion.

Still uncertain, however, is the reason for the dramatic

slowdown in compensation growth during the early 1990s.

The solution to this puzzle must await further investigation.
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EQUATION APPENDIX: DERIVATION OF THE ACCELERATIONIST PHILLIPS CURVE MODEL

This appendix briefly examines the derivation of the

accelerationist model of the Phillips curve from equations

2 and 3. The key features of this model can be illustrated

by examining the relationship between the output gap

(and the unemployment gap with a constant NAIRU) and

the inflation rate. Abstracting from the influence of other

terms, we note that the system of equations 2 and 3 can be

rewritten as

(4)         

         

and

(5)             

where we substitute for the definition of the growth rate of

unit labor costs (compensation growth less productivity

growth) in equation 4, and L denotes the lag operator in

equation 5 such that . 

We can substitute equation 5 into equation 4 to

obtain an expression relating current inflation to the

output gap, the unemployment gap, and past rates of

inflation. If the sum of the coefficients on lagged inflation

equals unity, then there is a “natural rate” value of the out-

put gap (and unemployment gap) of zero that is consistent

with a constant rate of inflation. Alternatively, the model

would associate a permanent positive value for the output

INFt α1GDPGAPt 1– α2 i+
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3
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L
k
Xt Xt k–=

gap with an ever-accelerating inflation rate. Within our

system of equations, the condition that the sum of the

coefficients on lagged inflation equals unity is given by

 (6)        .

The hypothesis that the coefficients on lagged

inflation sum to unity can be tested using the OLS

estimates of equations 2 and 3 to construct estimates for

the expression on the left-hand side of equation 6 and its

standard error. The standard error is the standard error of a

function of several estimated parameters and can be

computed using the delta method approximation (Greene

1993, p. 297):

           ,

where  denotes the parameters in equation 6, is

the function of the parameters in 6, and VAR ( ) is the

variance-covariance matrix of those parameters.

Because of the slight disparity in the sample

periods for Tables 1 and 2, we estimate equation 2 and

equation 3 from the second quarter of 1967 to the third

quarter of 1996. The estimate for the expression on the

left-hand side of equation 6 is 0.87, with an estimated

standard error of 0.08. Thus, we are unable to reject the

null hypothesis that the sum of the coefficients in equa-

tion 6 is equal to unity at the 5 percent significance level.

α3 α4 α5
α8 α9+( ) β4 β5 β6+ +( )

1 β1– β2–( )
---------------------------------------------------- 1=+ + +

SE g θ( )[ ] ∂g
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DATA APPENDIX 

This appendix defines the variables and the data sources

used to estimate our traditional Phillips curve model, mod-

ified Phillips curve model, and compensation growth

model. All data in our analysis include revisions through

August 12, 1997.

INFLATION EQUATION VARIABLES

INF = the growth rate of the core CPI for all urban con-

sumers as reported by the Department of Labor, Bureau of

Labor Statistics.  Data are released monthly and are season-

ally adjusted.

UNITG = the growth in unit labor costs for the nonfarm

business sector as reported by the Department of Labor,

Bureau of Labor Statistics.  Data are released quarterly and

are seasonally adjusted.

GDPGAP = the logarithmic ratio of GDP to POTGDP,

where GDP equals quarterly real gross domestic product

and POTGDP, quarterly potential GDP.  Both variables are

in 1987 dollars until the third quarter of 1987.  They are

in chain-weighted 1992 dollars from the fourth quarter of

1987 to the present.  The GDP data are from the National

Income and Product Accounts. Potential GDP is a Federal

Reserve Bank of New York staff estimate.

OILG+ = the net positive change in the real price of oil,

calculated as the percentage change in the current real

price of oil from the previous year’s maximum (if that

change is positive, zero otherwise). Data for the price of oil

are an extension of Mork’s (1989) series, which reflects cor-

rections for the effects of price controls during the 1970s.

The real price of oil is defined as the nominal oil price

index deflated by the GDP deflator.

COMPENSATION EQUATION VARIABLES

LXNG = the growth rate of compensation per hour for the

nonfarm business sector as reported by the Department of

Labor, Bureau of Labor Statistics. Compensation comprises

wages and salaries for workers plus employers’ contribu-

tions for Social Security insurance and private benefit

plans. The series also includes an estimate of wages,

salaries, and supplemental payments for self-employed

workers.  Data are released quarterly and are seasonally

adjusted.  

INF = the growth rate of the CPI for all urban consumers

as reported by the Department of Labor, Bureau of Labor

Statistics.  Data are released monthly and are seasonally

adjusted. 

U = the unemployment rate for males aged twenty-five to

fifty-four as reported by the Department of Labor, Bureau

of Labor Statistics.  Data are released monthly and are

seasonally adjusted. 

UIR = unemployment insurance per job loser, normalized

by the average annual earnings of a manufacturing worker.

This variable can be thought of as a replacement ratio, that

is, the fraction of earnings of manufacturing workers

replaced by unemployment insurance payments. Manufac-

turing workers are the most likely workers to collect

unemployment insurance.  UIR is constructed as (YPTU/

LUJL)/(YPWF/LAMANU), where

YPTU = government unemployment insurance

benefits according to the National Income and

Product Accounts. Data are reported quarterly and

are seasonally adjusted.     

LUJL = job losers and persons who have completed

temporary jobs as reported by the Department of

Labor, Bureau of Labor Statistics. Data are released

monthly and are seasonally adjusted. 
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DATA APPENDIX  (Continued) 

YPWF = wage and salary disbursements in

manufacturing according to the National Income

and Product Accounts. Data are reported quarterly

and are seasonally adjusted. 

LAMANU = nonfarm payroll employees in

manufacturing as reported by the Department of

Labor, Bureau of Labor Statistics. Data are

reported monthly. 

SOC = a measure of the direct effect of changes in payroll

tax rates for Social Security and Medicare. The quarterly

data are Federal Reserve Bank of New York staff estimates.

DUM = 1 in the fourth quarter of 1971, -0.6 in the first

quarter of 1972, and 0 elsewhere.  This variable accounts

for the restraining effect of the wage and price freeze in the

fourth quarter of 1971 and the rebound effect after the

wage and price controls were relaxed in the first quarter

of 1972. 
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ENDNOTES
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1. Dow Jones News Service, January 7, 1997.

2. Our analysis expands on results that we presented in two earlier
papers. See Lown and Rich (1997a, 1997b).

3. Gordon (1996), however, obtains an estimate of 5.3 percent for the
NAIRU starting in 1996.

4. Gordon’s work (1970, 1975, 1977, 1982, 1990) is prominent in the
literature on the estimation of the Phillips curve.

5. See King and Watson (1994), Tootell (1994), Fuhrer (1995), King,
Stock, and Watson (1995), and Gordon (1996).

6. The estimation of “expectations-augmented” Phillips curves is the
result of work by Phelps (1967) and Friedman (1968), who developed the
natural rate hypothesis and drew the distinction between the short-run
and long-run Phillips curve trade-off. 

7. For detailed definitions and sources of data, see the Data Appendix. 

8. The results are little affected when the unemployment rate instead of
the output gap is used to measure aggregate demand pressure. Potential
GDP measures the full-employment level of output or the output level
at which there is no tendency for inflation to accelerate or decelerate. The
level of potential GDP grows over time because of the increased
availability of resources (land, labor force, capital stock, and the level of
technology). Because potential GDP is not directly observable, several
techniques have been developed to calculate estimates of the series. A
complete review of these techniques and an evaluation of the alternative
potential GDP series are beyond the scope of this paper. As noted in the
Data Appendix, we employ a staff estimate of potential GDP to construct
the output gap variable. 

9. Commodity prices and/or an exchange rate term have been used as
supply shock variables in some price-inflation Phillips curve models. We
do not include these terms in our specification, however, because we
found their effects to be small and statistically insignificant. The absence
of a strong link between commodity prices and inflation is consistent
with evidence presented by Blomberg and Harris (1995), who document
a recent decline in the predictive power of commodity prices for inflation.

10. We exclude the net negative real oil price change variable from
equation 1 because the variable displays quantitatively and statistically
insignificant effects. 

11. The compensation growth Phillips curve described later in the text
includes dummy variables to capture the effects from the imposition and
relaxation of wage and price controls during the 1970s. We exclude these
dummy variables from the traditional price-inflation Phillips curve
because they were found to be statistically insignificant. Alternative
dating schemes for the dummy variables (Gordon 1982) also proved to be
unimportant in explaining the dynamics of inflation during the 1971-75
period.   

12. This test yields an F-statistic, which is distributed asymptotically as
F with (m, n-k) degrees of freedom under the null hypothesis. The values
of n and n+m refer to the number of observations in the first subperiod
and the total sample, respectively. The value of k refers to the number of
parameters in the model. 

13. This test yields a likelihood ratio statistic, which is distributed
asymptotically as chi-square with k degrees of freedom under the null
hypothesis. 

14. We also looked for evidence of parameter instability using the
CUSUM and CUSUMSQ tests proposed by Brown, Durbin, and Evans
(1975). The tests are based on recursive residuals, with the CUSUM test
primarily used to detect gradual structural change and the CUSUMSQ
test used to detect sudden structural change. The tests provided no
evidence of parameter instability.

15. The dynamic simulation yielded similar results for the 1994-96
period.

16. Meyer (1997) notes that the declines in computer prices and import
prices over the current expansion may also be acting as temporary supply
shocks helping to restrain inflationary pressures in the economy.
Moreover, as an additional explanation for the inflation puzzle, he cites
firms’ inability to raise prices because of increased international
competitive pressures. We do not address these factors in this paper and
instead restrict our attention to the two explanations that concern labor
market phenomena. Further, while our analysis is not exhaustive, we
nevertheless believe that it is instructive to evaluate these explanations
before considering alternative hypotheses. 

17. Our focus on compensation growth is also motivated by the idea
that the pricing decision of a firm should be based on a consideration of
its total labor costs rather than the behavior of the wage and benefit
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Note 17 continued
components of these costs. In addition, the data preclude us from
obtaining observations on wages and benefits separately over the full
sample period. The employment cost index, which provides measures of
wages and benefits, is only available beginning in 1980 for the nonfarm
sector.

18. We modify the traditional price-inflation Phillips curve to include
unit labor costs rather than compensation per hour because it is the
behavior of compensation growth relative to productivity growth that is
relevant for describing the dynamics of the inflation process. That is,
greater productivity growth will act to offset the inflationary pressure on
prices arising from an increase in compensation growth. 

19. Note that our model does not allow us to examine whether a shift in
the Federal Reserve’s inflation fighting credibility has changed the
inflation process by directly altering inflation expectations. Such an
examination is beyond the scope of this paper and would involve
estimating a separate equation for inflation expectations and including
some measure of Federal Reserve credibility as an explanatory variable.
Previous evidence, however, suggests that such a shift has not taken
place. Blanchard (1984) notes that similar types of Phillips curves
remained stable even after the 1979 change in Federal Reserve operating
procedures.

20. As the value of the test statistics in Table 2 indicates, the Chow tests
fail to reject the null hypothesis of parameter stability at conventional
significance levels. However, this result is not particularly informative
because the Chow tests also failed to reject the null hypothesis of model
stability for the traditional Phillips curve.

21.  The increase in the forecasted value for inflation primarily reflects
the influence of a change in the output gap and the oil price variable.

22. For definitions of the data and their sources, see the Data Appendix.

23. For example, we could follow the approach of Fuhrer (1995), who
assumes a value of 6 percent for the NAIRU, and use the unemployment
gap (the difference between the actual level of unemployment and the
NAIRU) instead of the unemployment rate as an explanatory variable in
equation 3. This approach, however, would not affect the regression
results other than to change the estimated value of the constant term.

24.  Fuhrer (1995) also finds an absence of significant rate-of-change
effects for the unemployment rate in wage-inflation Phillips curve
models. 

25. The definition of the dummy variable is from Englander and Los
(1983).
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