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Abstract A modified Phillips curve is useful to explain
the contradictory findings sometimes arising from
conventional Phillips curve estimation. In this paper, we
estimate the inflation–unemployment and real wage
inflation–unemployment dynamics for both Japan and the
United States using data between 1972:Q1 and 2014:Q4.
We divide this into two roughly equally sized sub-periods,
1972:Q1–1991:Q4 and 1992:Q1–2014:Q4. The first
sub-period tracks the Japanese economic boom prior to the
bursting of the bubble economy; the second continues to
reflect the long recessionary period in Japan that followed.
The modified Phillips curve serving as the aggregate supply
(AS) curve with a quantity equation with zero velocity as
the aggregate demand (AD) curve in an AS–AD framework,
reveals that much of the slowdown in Japanese inflation
was due to the lack of the postwar acceleration of
“productivity-based” real wage inflation, a feature
unexplained within a traditional demand-oriented approach.
Some of the efficacy of the productivity-based real wage
acceleration that we identified is related to the use of this
simpler formulation of the AD curve, which even though it
has an inherent analytical bias in supporting the role of
monetary policy, it is permissible when focus lies on the
decisions of suppliers.
Keywords Phillips Curve, AS−AD Analysis, Monetary
Policy, Deflation

1. Introduction
The slope of the Phillips curve has become flatter in the
past few decades, and until recently has been largely
considered moribund. The watershed moment came when
Gordon [1] and later Watson [2], adopted the approach of
excluding long-term unemployment in reviving the negative
correlation between inflation and unemployment. In this
paper, we highlight another major development in the
Phillips curve literature in the reformulation of the
productivity variable as an eight-quarter change in the

productivity trend (see, Dew-Becker and Gordon [3]). This
seems to have greatly contributed to the reemergence of the
Phillips curve relation in 2013, with the estimation results in
Gordon [1] indicating that this rather unfamiliar productivity
measure exerts significant upward pressure on the U.S.
inflation rate (see Table A1). 1 However, in examining Fig.
A1, we can see that for Japan, the working of this new
measure of productivity is rather uncertain. Gordon’s ideal
model setting that allows the nonaccelerating inflation rate of
unemployment (NAIRU) to vary over time does not work as
predicted and leads to very flat NAIRUs. Therefore, on
further examination, we fix the value of the variance of the
NAIRU, the simplest way being to adopt a constant NAIRU
setting, which provides the first approach to estimating the
Japanese Phillips curve. 2
Critically, we find the estimation results of the Phillips
curve with a constant NAIRU setting to be contradictory (see
Table 1). In our analysis, we find the sign of the regression
coefficient for the productivity variable to be positive for an
earlier period, although weakly so. In contrast, the ordinary
Phillips curve is negative for this same period. The question
is why this is the case and we believe the answer may well
provide a remedy to the current problem of deflation in Japan.
This paper is thus our attempt to provide empirical evidence
and corresponding theoretical underpinnings to support this
assertion.
Therefore, in this paper, we formulate a modified Phillips
curve relation and use this to reevaluate the above findings.
We find that the modified Phillips curve (aggregate supply
[AS] curve), in conjunction with a quantity equation with
constant velocity equals zero (aggregate demand [AD]
curve), reveals that much of the slowdown in Japanese

1 Gordon [1] revealed that the new index of productivity dramatically
improves the explanatory power of the inflation equation for the Phillips
curve.
2 The constant NAIRU setting can also be justified by OECD-sponsored
studies of various countries (see, e.g., the study of 21 OECD countries by
Richardson et al. [4] and OECD update after 2008 by Guichard and
Rusticelli [5]); which is also in line with prior research on Japan’s Phillips
curve undertaken by Nishizaki [6]. For unsatisfactory outcomes from the
time-varying NAIRU model, see, e.g., Apel and Jansson [7] and Laubach
[8].

Advances in Economics and Business 5(10): 556-567, 2017

inflation is because of the lack of the postwar acceleration
of “productivity-based” real wage inflation not explained
within a traditional demand-oriented formulation. Part of
the efficacy of productivity-based real wage acceleration we
identify is related to this simpler formulation of the AD
curve, which has an inherent analytical bias in supporting
the role of monetary policy, although this is permissible
when focus is on the decisions of suppliers (see, e.g., Lucas
[9] for a justification).
The literature relating to this paper dates back to analysis
conducted during the rapid growth period in Japan. In 1986,
Hamada and Kurosaka [10] shifted the emphasis from
downward wage rigidity to upward wage flexibility.
Comparing Japanese data with that of the U.S. and three
other countries, they highlighted the upward volatility of
wages in Japan—a feature consistent with the commonly
held view of the Japanese labor market. This could also be a
way for us to include wages in Gordon’s triangular Phillips
curve, creating a modified Phillips curve. In fact, Hamada
and Kurosaka’s findings on the Japanese labor market that
real wage flexibility accommodates productivity changes
during the period 1971–75 and, until 1983, is consistent with
the real wage-setting function we include as a missing
element in the standard (triangular) Phillips curve equation.
In contrast, Kuroda and Yamamoto [11] have focused on
downward, not upward, wage flexibility. They also
decomposed the change in the nominal rather than the real
wage. The quasi-Phillips curve they plotted suggests a
malfunctioning of the Japanese labor market in recent years,
and is consistent with the approach taken in this paper.
The standard Phillips curve equation also appears in
Nishizaki et al. [12], which indicates that a decline in price
expectations and import prices, the negative output gap, and
a higher exchange rate all account for long-lasting, mild
deflation. Ashiya’s [13] analysis also provides preliminary
insights into the price dynamics, which we extend in a more
general framework using Okun’s coefficient (see Appendix
B). We extend this Phillips curve relation to an AS
relationship, which when combined with the AD curve
provides a theoretical underpinning for the behavior of price
and output in the Japanese economy, and thereby helps to
explain the slowdown in inflation. We maintain the
generality of Ashiya’s findings on the role of price
expectations in the postwar (mature) Japanese economy in
our AS−AD framework.
In a somewhat different analysis, Sudo et al. [14] used
daily scanner price data to decompose the price changes to
find that retail shops (or suppliers) play an important role in
Japanese price dynamics. This focus on suppliers supports
our emphasis on the supply side of the economy. Our
findings are also close to Urasawa [15] in that the translation
of productivity gains into adequate wage growth and demand
may help resolve Japanese deflation. Urasawa estimates a
structural vector auto regressive model using productivity,
wage costs, and prices, similar in many ways to the modified
Phillips curve we extend to an AS−AD framework. We
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reasonably expect the acceleration of productivity-based real
wage inflation in the postwar boom economy, but that this
will become increasingly more difficult in Japan’s currently
mature economic state. One consequence is that the role of
economic policy in externally affecting price expectations
has become more significant, exactly as the modified
AS−AD equilibrium suggests.
The remainder of the paper is structured as follows.
Section 2 details the formulation of the model and Section 3
discusses the data. Section 4 presents the estimation results
and Section 5 elaborates upon the theoretical underpinnings.
Section 6 concludes. In Appendix A, we summarize the
estimation results of the Phillips curve model with the
time-varying NAIRU setting and in Appendix B we do the
same for Okun’s coefficient.

2. Estimation Models
The estimation models for the inflation–unemployment
dynamics (Phillips curve) and the real wage inflation–
unemployment dynamics (quasi-Phillips curve) are as
follows. To estimate these constant NAIRU models, it is
adequate to use ordinary least squares (OLS), where we
calculate the NAIRU, 𝑈𝑡𝑁 , as 𝛼𝛼 = −𝛽2 𝑈𝑡𝑁 in (1). The
specification and estimation results of the time-varying
NAIRU model are in Appendix A.
Model 1 (Phillips curve equation with constant NAIRU
setting)
𝜋𝑡 = 𝛼𝛼 + ∑4𝑖=1 𝛽𝑖 𝜋𝑡−𝑖 + 𝛾𝑈𝑡 + ∑3𝑖=0 𝛿1 𝑒𝑛𝑒𝑟𝑔𝑦𝑡−𝑖 +
(1)
𝛿2 𝑝𝑟𝑜𝑑𝑡 + 𝜀𝑡

where 𝜋𝑡 denotes the level of price inflation, 𝑈𝑡 the
energy
prices,
unemployment
rate,
𝑒𝑛𝑒𝑟𝑔𝑦𝑡
𝑝𝑟𝑜𝑑𝑡 productivity, and 𝜀𝑡 is the error term.
Our specification follows the reasoning in Gordon [1]. We
adopt four lags for the dependent variable, 𝜋𝑡 and three lags
for energy, 𝑒𝑛𝑒𝑟𝑔𝑦𝑡 , all of which could specify a small
amount of price inertia. The level of price inflation is then
included using four terms in each sigma component. The
productivity variable 𝑝𝑟𝑜𝑑𝑡 is the eight-quarter change in
the trend rate of productivity growth (see, Gordon [1],
Dew-Becker and Gordon [3]) and already smoothed, which
is why we omit the lags for this variable.
In a general form, we specify the model as:
𝜋𝑡 = 𝛽(𝐿)𝜋𝑡−1 + 𝛾(𝐿)(𝑈𝑡 − 𝑈𝑡𝑁 ) + 𝛿(𝐿)𝑍𝑡 + 𝜀𝑡 ,

(2)

where 𝑍𝑡 denotes the additional supply-shock variables, and
𝛽(𝐿), 𝛾(𝐿) and 𝛿(𝐿) are the lag-polynomials that specify
the dynamics of the price behavior. For details, see Gordon
[1], [16], and [17].
To obtain (1), we first specify the lag lengths and
polynomials and the supply-shock variable as:
𝜋𝑡 = ∑4𝑖=1 𝛽𝑖 𝜋𝑡−𝑖 + 𝛾(𝑈𝑡 − 𝑈𝑡𝑁 ) + ∑3𝑖=0 𝛿1 𝑒𝑛𝑒𝑟𝑔𝑦𝑡−𝑖 +
(3)
𝛿2 𝑝𝑟𝑜𝑑𝑡 + 𝜀𝑡 .
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Then we assume that 𝑈𝑡𝑁 , NAIRU, is constant. With this
assumption, we can extract 𝑈𝑡𝑁 from 𝛾(𝑈𝑡 − 𝑈𝑡𝑁 ) in (3) to
obtain the portion −𝛾𝑈𝑡 . We then substitute 𝛼𝛼, a constant
term, for this extracted portion, −𝛾𝑈𝑡𝑁 , to transform (3)
into (1), a simpler form of the Phillips curve equation with
constant NAIRU setting.

16%

12%

8%

4%

Model 2 (Quasi-Phillips curve explaining real
wage-setting behavior)

0%

(4)

𝜔𝑡 = 𝛼𝛼 + 𝛾𝑈𝑡 + 𝛿𝑝𝑟𝑜𝑑𝑡 + 𝜀𝑡 ,

where 𝝎𝒕 denotes real wage inflation. We specify the
real wage-setting behavior in the simplest form, which
provides us with a step to arrive at a modified Phillips
curve.
We estimate both Models 1 and 2 for Japan and the
United States using the data between 1972:Q1 and 2014:Q4,
which is divided into two parts between 1972:Q1 and
1991:Q4 and 1992:Q1 and 2014:Q4. The first part reflects
the Japanese economic boom prior to the bursting of the
bubble economy, and the second part continues to track the
long recessionary period that has followed. We use the
beginning of 1992:Q1 as the breakpoint for this sample. See
Krugman [18] for the justification.

3. Data
We focus on consumer price inflation. For Japan, we use
the consumer price index (CPI) data for all consumers and all
items excluding fresh food, which is the targeted index (from
2013:Q2) or guide index (up to 2013:Q1) for the inflationary
trend the Bank of Japan tracks. For the U.S. we use CPI data
for only urban consumers, which means that fresh food
prices are included, but unfortunately not all areas of the U.S.
are surveyed, even though it is the most relevant variable for
our comparison (see, Figs 1 and 2).
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Figure 2. Headline Inflation and Total Unemployment Rates (U.S.),
1972:Q1 to 2014:Q4

To emphasize firm price- and wage-setting behavior as
represented by the Phillips curve (see Section 5) we do not
subtract the inflationary effects of the sales tax hike from
both CPI series. Consequently, we can compare the
estimation results for Japan and the U.S. We support this in
that firms rationally consider the upward pressure of sales tax
hikes on wages and prices. Moreover, the economic logic
behind the Phillips curve also supports the use of these CPIs.
All data are quarterly, which coincides with the frequency
of the release of the national accounts (particularly GDP used
in the calculation of new productivity). The raw price
inflation data for Japan is the percentage change in CPI from
the same month one year previously, and, for the U.S., the
seasonally adjusted monthly series of CPI, which we convert
into percentage changes. Consequently, in this paper, we
estimate the relationship between the percentage change in
CPI and the level of unemployment, unlike Gordon’s work,
which employs the first differences in the logarithm of CPI.
We mainly follow Gordon [1] in most aspects of our analysis,
but attempt to improve the performance of our models using
the percentage change not the logarithm of CPI.
We also specify total unemployment, not unemployment
excluding long-term unemployment as in Gordon [1]. The
reason is that the short-run unemployment data for the U.S. is
very similar in definition to that for Japanese total
unemployment 3. We source the Japanese unemployment rate
from labor statistics and that for the U.S. from the current
employment statistics. As the raw data are monthly, we
adjust them to their quarterly values to make them consistent
in frequency to productivity, for which we specify quarterly
data (particularly for GDP) extracted from the national
accounts. This is also consistent with the frequency of the
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Figure 1. Headline Inflation and Total Unemployment Rates (Japan),
1972:Q1 to 2014:Q4

3 The level and variance of unemployment in Japan is generally quite small.
See, e.g., pioneering work by the U.S. Department of Labor [19] and
Shiraishi [20], and the review in Hamada and Kurosaka [21]. By contrast,
for U.S. unemployment, Cao and Shapiro’s [22] decomposition clearly
shows that the variance of short-run unemployment, which they obtain by
excluding long-run unemployment from total unemployment, has been
relatively small. From the viewpoint of variance, Japanese total
unemployment and U.S. short-run unemployment seem very close by
definition, and therefore play similar roles in Phillips curve estimation.
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data we collect for inflation and unemployment as described
above.
14%
12%
10%
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The energy variable we specify is also consistent with
Gordon’s [1] methodology and is the energy CPI for Japan
and the U.S., both from the OECD database. The same
database provides the average hourly wage index, for both
Japan and the U.S., as the real wage variable.

4. Estimation Results
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Figure 3. Eight-Quarter Change in Productivity Trend (Japan and U.S.),
1972:Q1 to 2014:Q4

Productivity, which is the focus of this analysis, is also as
per Gordon [1]. We define productivity as the productivity
trend growth acceleration variable, which is the
Hodrick−Prescott filtered trend in productivity growth
(using 6400 as the smoothness parameter) minus the same
trend eight quarters earlier (see, Dew-Becker and Gordon
[3]). For the same reason as the CPI variables, we specify the
productivity trend as percentage changes not logarithms (see
Fig. 3).

Tables 1 and 2 provide the estimates of the inflation–
unemployment and real wage inflation–unemployment
dynamics using Models 1 and 2, respectively. Both tables
reflect our focus on the effects of the productivity variable.
The estimates in Table 1 illustrate two remarkable results.
One is the difference in productivity effects that arise in the
first and second periods for both countries and the other is the
difference in results between Japan and the U.S. The third
column in Table 1 reports the estimates for Japan for the
period between 1972:Q1 and 1991:Q4, with a positive
regression coefficient of the productivity variable (3.014),
which, although weak, lies contradictory to the price theory
represented by the Phillips curve. Furthermore, in the
succeeding period between 1992:Q1 and 2014:Q4, the
coefficient on the productivity variable in the fifth column
has become negative (−0.575).

Table 1. Estimation Results of the Phillips Curve Equation (Constant NAIRU Setting), Model 1, 1972:Q1 to 2014:Q4
Variable

Lags

Constant
Lagged Dependent Variable
Unemployment Rate
Productivity Trend Change
Energy Effect

1–4
0
0
0–3

Adjusted R-Squared
Standard Error of Regression
Sum of Squared Residuals

1972:Q1–1991:Q4
Japan
U.S.
3.036 (2.1)
**
2.775 (3.4)
0.848 (14.2) *** 0.798 (19.5)
** –0.163 (2.6)
–1.151 (2.4)
3.014 (0.5)
–23.752 (1.8)
0.014 (0.8)
21.740 (4.4)
0.97
0.96
63.22

0.97
0.53
19.33

1992:Q1–2014:Q4
Japan
U.S.
*** 0.690 (1.9)
*
1.958 (2.8)
*** 0.808 (12.8) *** 0.566 (4.7)
** –0.161 (2.4)
** –0.109 (2.2)
*
–0.575 (0.1)
–11.862 (2.0)
*** 0.031 (2.6)
** 25.091 (4.6)
0.97
0.96
63.22

***
***
**
*
***

0.97
0.53
19.33

Notes: OLS estimates with heteroscedasticity and autocorrelation consistent (HAC) standard errors and covariance (Bartlett kernel, Newey−West fixed
bandwidth = 4.0000). t-statistics in parentheses. *, **, and *** indicate coefficient or sum of coefficient is statistically significant at the 10, 5, or 1 percent
level, respectively. As shown, the estimated coefficient for Gordon’s [1] productivity variable fits the U.S. Phillips curve well at the 10 percent level with a
large magnitude.
Table 2. Real Wage-Setting Equation (Quasi-Phillips Curve Equation), Model 2, 1972:Q1 to 2014:Q4
Variable
Constant
Unemployment Rate
Productivity Trend Change
Energy Effect
Adjusted R-Squared
Standard Error of Regression
Sum of Squared Residuals

0
0
0–3

1972:Q1–1991:Q4
1992:Q1–2014:Q4
Japan
U.S.
Japan
U.S.
0.047
(4.1) *** 0.013
(0.2)
0.018
(3.0) *** 0.013
(4.8) ***
(3.7) ***
–0.021
(5.9) *** 0.000
(0.4)
–0.004
(3.6) *** –0.001
0.239
(3.3) *** 0.017
(0.9)
–0.105
(1.4)
–0.001
(0.0)
(1.4)
0.000
(0.1)
0.000
(1.7)
0.000
(6.7) *** 0.000
0.43
0.02
0.02

0.44
0.39
0.00

0.16
0.01
0.01

0.38
0.00
0.00

Notes: OLS estimates with HAC standard errors & covariance (Bartlett kernel, Newey−West fixed bandwidth = 4.0000). t-statistics in parentheses. *, **,
and *** indicate coefficient or sum of coefficient is statistically significant at the 10, 5, or 1 percent level, respectively. The results represent the additional
productivity effects on the real wage-setting behavior of the firm. The dependent variable is the rate of change in the average hourly earnings index (MEI)
extracted from the OECD database. The presence of productivity-based real wage acceleration is suggested for Japan in the first period (1972:Q1 to
1991:Q4), which reveals that the productivity variable may have been exerting upward pressure on real wage inflation. In the same period, the regression
coefficient of the original Phillips curve for the same productivity variable is weakly positive. For Model 3 (quasi-Phillips curve model), we select the change
in the index of average hourly earnings (MEI) from the OECD database as the measure of real wage inflation.
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We fail to reject the hypothesis that the coefficient on the
productivity trend change in (1) is zero even at the 10% level
in both periods for Japan. However, the U.S. results (also
reported in Table 1), combined with supporting evidence on
the productivity effects that exert upward pressure on the real
wage rate (see the third column in Table 2), suggest that the
upward shift in the real wage-setting function took place in
the first period. We discuss this later in terms of the
specification of real wage-setting function.
In terms of the magnitude of the effects in Table 1, the
productivity effects on inflation are very high for the U.S.
(–23.752 in the first period and –11.862 in the second)
relative to those for Japan (3.014 and –0.575). This
relationship reverses in Table 2. 4 Simply put, the
productivity effects on real wage inflation for the U.S. are
relatively small when compared with the effects on price
inflation, and almost seem to almost disappear (–0.001) in
the second period (sixth column in Table 2), although not
significantly. Conversely, for Japan these effects seem to be
become weaker in the second period (–0.105), but are still
significant.
Importantly, the third column in Table 2 shows evidence
of significant productivity growth for Japan in the period
between 1972:Q1 and 1991:Q4. It begins with positive and
dramatic growth in the early 1970s, and then the slow growth
period of the oil crises of 1973 and 1979, the yen/dollar
appreciating after the Plaza Accord of 1985, and the growth
associated with the “bubble” economy. This thus reveals a
certain level of pass-through effects of the productivity
trend change on real wage inflation in the postwar Japanese
economy. In the next section, we model thus as the real
wage-setting function and incorporate it into our modified
Philips curve.
The remaining results are as follows. First, as shown in the
fourth and sixth columns in Table 1, the U.S. displays a weak
negative relationship between inflation and unemployment.
Comparing the U.S. and Japan for the first period, the
magnitude of this relationship is –0.163 for the U.S. and –
1.151 for Japan. The Phillips curve correlation for the U.S.
is then only about one-tenth of that for Japan before the
bubble economy burst. In contrast, in the second period the
two countries are much closer although still with a negative
relationship, –0.109 for the U.S. and –-0.161 for Japan. As
shown, the Phillips curve analysis reveals a dramatically
reduced reaction of price in relation to a decrease in
unemployment in Japan, resulting in an estimate for the
second period similar to that in the U.S. Second, as shown
in both Tables 1 and 2, the energy effects are weak and this
is consistent with the findings in Blanchard and Galí [23]
who note the declining pass-through effects of changes in
energy or oil prices on overall inflation. The magnitude of

4 Using a time-varying NAIRU setting, Gordon [1] argued that this
productivity effect had a minor (but noticeable) influence (see Table 1 in
Gordon [1], pp. 24), which is more consistent with our estimation results in
Table A1 in Appendix A. However, we do not consider further the difference
in results between the time-varying and constant NAIRU models.

these extremely low for Japan compared to the U.S., which
likely reveals the international differences in resource
endowment (e.g., oil) and relates to the insights in Bruno
[24].

5. Theoretical Underpinnings for
Seemingly Contradictory Results
In this section, we formulate a modified Phillips curve
theory and use this to explain the contradictory findings in
Gordon [1]. The new theory includes supporting evidence
on the real wage behavior. We also extend this to a more
general form of the AS curve, which, in conjunction with the
AD curve, yields a modified AS−AD framework.
5.1. General Settings
Our theoretical model adopts a conventional production
function with diminishing returns, which without any
additional settings would generate the countercyclical
movement of real wages—as employment increases (or
conversely, the unemployment rate decreases), the real wage
rate decreases (see Akerlof et al. [25], and comments by
Mankiw [26] on this). 5 Importantly, this fact counters our
empirical findings (see Table 1), although our results are
limited to the specific period between 1972:Q1 and 1991:Q4,
In this period, we confirmed the contradictory findings for
Japan’s Phillips curve, and also found a cyclical real wage,
which increases as employment/output increases.
We start by specifying the real wage-setting function,
𝑤𝑡 (𝑈𝑡 , 𝐺𝑡 , 𝐸𝑡 ) : 𝑤𝑡 = (𝐺𝑡𝛼 ⁄𝑈𝑡 ) 𝐸𝑡 . This incorporates the
empirical economic characteristics into our theoretical
analysis in its simplest triangular form. The term 𝑤𝑡 denotes
the real wage rate and 𝐸𝑡 the rate of change in energy prices.
We assume that real wage inflation is sensitive to the
business cycle, and is affected by imperfections in both labor
and product markets. The term 𝐺𝑡𝛼 works as a
productivity-based factor with an external accelerator 𝛼𝛼 ,
which governs the magnitude of 𝐺𝑡𝛼 . The term 1⁄𝑈𝑡
represents downward wage rigidities. More precisely, as
𝑈𝑡 increases, the rate of decrease in 𝑤𝑡 declines. 𝐸𝑡 , energy,
is multiplied against these two factors.

5 Under the assumption of diminishing returns technology, the implied
relationship between unemployment and output becomes nonlinear and
concave to the origin. However, if 𝛼𝛼 > 1 holds, we could expect that any
acceleration will be on real wage inflation, so there will not be diminishing
returns.
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Table 3. The Relationship between Productivity and Real Wage Inflation Governed by the “Accelerator”

Range of α

Variable
Real-Wage Accerelator
Effects on Real Wage Rate

α

𝐺𝑡α

Sign of Productivity Coefficient (Model 1) δ2

0<α<1
decreasing

negative (－)

1<α
increasing

positive (＋)

Notes: Despite these unsatisfactory findings, our focus is on the sign of the regression coefficient of the productivity variable. Furthermore, we do not discard
such an insignificant and contradictory finding on the productivity coefficient. The reason is that we take this as a reflection of the overall economy over time
and not as any changes for the specific estimation period between 1972:Q1 and 1991:Q4, which corresponds to the first part of our sample period.

As emphasized, the term 𝐺𝑡 (Dew-Becker and
Gordon-type productivity trend change) may coincide with
the slope of the production function at the marginal level;
this is the marginal product of labor, which may coincide
with the real wage rate. Therefore, we specify 𝐺𝑡 as the base
of the productivity effect on the real wages, and combine it
with 𝛼𝛼, a positive parameter that increases the acceleration
of real wage rates. We assume that as 𝛼𝛼 increases, 𝑤𝑡
results in more upward pressure; the 𝛼𝛼-governed shifts of the
real wage-setting function is included in nonlinear form (see
Table 3). A large 𝛼𝛼 indicates a positive economic state, or
even rapid economic growth of the economy, and 𝐺𝑡𝛼
replicates the cyclical movement of real wages suggested by
our results. The real wage sometimes becomes
countercyclical (when 𝛼𝛼 = 0 or 0 < 𝛼𝛼 < 1 ), and
sometimes moves cyclically with output growth (when
𝛼𝛼 > 1).
Originally, Dew-Becker and Gordon [3] introduced the
new definition of the productivity variable to improve the
tracking of the effects of productivity growth (see Gordon
[1]). However, we use the same variable to arrive at the
simplest possible understanding of the Japanese Phillips
curve. By replacing marginal labor productivity with 𝐺𝑡 , the
new measure of productivity (or marginal product of labor),
makes it possible for us to extend the textbook specification
into a specific framework that could help us explain Japanese
deflation. Related work by Akerlof et al. [25] adopts the
ordinary definition of the same variable (labor productivity)
to explain the U.S. data, but as we found using the triangular
model in Table 2, the U.S. evidence does not generate a
contradictory (positive) productivity coefficient.
These specifications allow the 𝐺𝑡𝛼 term to work as a
productivity-related real wage accelerator. However, this
holds only if the parameter 𝛼𝛼 is sufficiently large, and the
real wage-setting function as a whole shifts upwards by an
amount sufficient to cancel out the downward pressure that
arises from the model setting with diminishing returns. This
shift, although in the context of diminishing returns, should
exert the same upward drift on the Phillips curve, as
confirmed by Akerlof et al. [25]. 6
5.2. The Derivation of the Phillips Curve
One of the usual ways to derive a Phillips curve is to
6 They did so under the assumption of constant returns, and the additional
term that specifies the shift in expected unit labor costs arising from
downward wage rigidity.

consider the actions of the representative firm and start from
the firm’s profit-maximizing behavior. Therefore, we first
consider the simplest possible behavioral assumption,
namely, the representative firm model in a single competitive
market. Within this setting, we do not consider the difference
between absolute and relative prices. Later, we extend this to
a more conventional setting within a monopolistically
competitive market.
Therefore, the first equation we consider is the demand for
labor by profit-maximizing competitive firms, which
corresponds to the first postulate of classical theory as
follows:
𝑊𝑡 = 𝑝𝑡 𝑓 ′ (𝑛𝑡 ),

(4)

where 𝑊𝑡 denotes the money wage rate, 𝑝𝑡 the price of the
firm’s output, and 𝑛𝑡 the labor unit. The term 𝑓′(𝑛𝑡 ) is the
derivative of the production function 𝑓(𝑛𝑡 ), or the marginal
product of labor. Then, with the use of price expectations, we
transform (4) into the price-setting equation as follows:
𝑝𝑡 =

𝑝𝑡𝑒 𝑤𝑡
𝐺𝑡

(5)

,

where 𝑝𝑡𝑒 denotes the expected price level and 𝑤𝑡 the real
wage rate. We have replaced 𝑓′(𝑛𝑡 ) in (4) with 𝐺𝑡 , the
Dew-Becker and Gordon-type productivity to obtain (5).
Next, we consider firm behavior in a monopolistically
competitive market. The simplest way is to assume unit
elastic demand for a firm’s output, which is dependent on
both the price of the firm’s output and the average price in
the economy. By introducing the markup term 𝑚, which is
defined as 𝑚 = 1 + 𝜇 using 𝜇, the markup rate, we extend
(6) as follows:
𝑝𝑡 =

𝑚𝑝𝑡𝑒 𝑤𝑡
𝐺𝑡

,

(6)

where 𝑚 reflects the elasticity of demand, 𝛽 , and 𝑚 =
𝛽/(𝛽 − 1). The competitive firm has 𝑚 = 1, and the firm
with some market power has a markup larger than 1 or
𝑚 = 𝛽/(𝛽 − 1) > 1 holds. With the assumption of unit
elastic demand, we could treat 𝑚 as given and constant to
highlight the suppliers’ behavior in order to arrive at the
simplest formulation of the Phillips curve equation. The
above is the conventional specification, except that we
replace the marginal product of labor with the new
productivity variable 𝐺𝑡 , and this becomes crucial in the
explanation of our seemingly contradictory results.
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5.3. The Modified Phillips Curve
To derive the modified Philips curve, we include the real
wage-setting function, specified above as 𝑤𝑡 = (𝐺𝑡𝛼 ⁄𝑈𝑡 )𝐸𝑡 ,
in (6) as follows:
𝑝𝑡 = 𝑚𝑝𝑡𝑒 (𝐺𝑡𝛼 ⁄𝑈𝑡 )𝐸𝑡 /𝐺𝑡 .

(7)

Then, the modified Phillips curve, or the
inflation−unemployment dynamics that our findings support,
uses three steps. First, replacing 𝑝𝑡 (the price of the firm’s
output) with 𝑃𝑡 (the average price in the economy) in (7),
and second, taking the natural log of each side of this
transformed equation, third, assuming 𝑃𝑡𝑒 = 𝑃𝑡−1 and
subtracting
𝑙𝑜𝑔𝑝𝑡−1
from both sides gives:

𝜋𝑡 = 𝑙𝑜𝑔𝑚 + 𝜋𝑡𝑒 − 𝑙𝑜𝑔𝑈𝑡 + (𝛼𝛼 − 1)𝑙𝑜𝑔𝐺𝑡 + 𝑙𝑜𝑔𝐸𝑡 , (8)

where 𝜋𝑡𝑒 denotes expected price inflation. Equation (8)
suggests that if 𝛼𝛼 > 1 holds, then the productivity effects
from the variable 𝐺𝑡 (productivity) will become positive.
Recall the estimation results in Table 1. The third column
in Table 1 shows the positive productivity effect. This can
place upward pressure on price inflation, which corresponds
to the first period between 1972:Q1 and 1991:Q4, during
which there was an economic boom in Japan. This implies
that Japanese inflation was once supported by the postwar
acceleration of the productivity-based real wage inflation
(theoretically, supported by the condition of 𝛼𝛼 > 1); the
positive real wage effect would then pass through to price
inflation, resulting in the contradictory positive coefficient
of the productivity variable.
Furthermore, (8) suggests the important role of price
expectations. In a mature economy, it is reasonable to expect
severe price competition, which results in the assumption of
𝑚 = 1. Under 𝑚 = 1, the term 𝑙𝑜𝑔𝑚 becomes zero, and
thus places no pressure on the resulting price inflation. As we
have already considered the role of 𝐺𝑡 , the new productivity,
in placing upward pressure on price inflation, the final
variable is 𝑃𝑡𝑒 , price expectation. As a spinoff of our
theoretical examination, we arrive at the role of price
expectation, which through economic policy can continue to
influence even a mature economy.
5.4. An Extension of the Modified Phillips Curve to the
AS Relationship
Now, we use (8), the modified Phillips curve, to derive the
AS relation. First, we replace the term 𝑙𝑜𝑔𝑈𝑡 with −𝑙𝑜𝑔𝑌𝑡
in (8), based on the negative relationship between 𝑈𝑡 , the
rate of unemployment, and 𝑌𝑡 , the AS. This relation is
implied empirically by our calculation of the Okun
coefficient (see Tables A2 and A3), and theoretically by the
model assumption of diminishing returns. We obtain the
modified AS curve as:
𝜋𝑡 = 𝑙𝑜𝑔𝑚 + 𝜋𝑡𝑒 + 𝑙𝑜𝑔𝑌𝑡 + (𝛼𝛼 − 1)𝑙𝑜𝑔𝐺𝑡 + 𝑙𝑜𝑔𝐸𝑡 .

(9)

Then, recall that the reported coefficient of 𝑙𝑜𝑔𝑈𝑡 is
negative (see Table 1), which is consistent with classical
theory, and we obtain the positive coefficient of 𝑙𝑜𝑔𝑌𝑡 . That
is, the upward-slope of the AS curve is implied by the stable
Phillips curve relationship. If that relationship becomes
ambiguous, then the AS relationship also becomes
ambiguous and suggests we cannot confirm the effects of the
expansion of AD.
5.5. Completion of the Modified AS−AD Framework
The modified AS curve demonstrates the role of
productivity and the acceleration of productivity-based real
wage inflation in the postwar Japanese economy. However,
to completely understand the Japanese price dynamics, we
need to introduce the AD curve. Given our emphasis on the
supply side of the economy, the following simple form
should be sufficient for this purpose:
𝑙𝑜𝑔𝑀𝑡 + 𝑙𝑜𝑔𝑣𝑡 = 𝑙𝑜𝑔𝑃𝑡 + 𝑙𝑜𝑔𝑌𝑡 ,

(10)

where 𝑀𝑡 denotes the money supply. This formula for the
AD side of the economy is in the form of a quantity equation,
which is consistent with Lucas [9] and subsequent studies
such as e.g., Akerlof et al. [25].
To activate (10) as an AD curve, we set the normalization
assumption regarding velocity ( 𝑣𝑡 = 1 ), or the log of
velocity assumed to be zero (𝑙𝑜𝑔𝑣𝑡 = 0) as:
𝑙𝑜𝑔𝑃𝑡 = −𝑙𝑜𝑔𝑌𝑡 + 𝑙𝑜𝑔𝑀𝑡 .

(11)

Then, subtracting 𝑙𝑜𝑔𝑃𝑡−1 from both sides of (11), the
AD relationship is written as:
π𝑡 = −𝑙𝑜𝑔𝑌𝑡 + 𝑙𝑜𝑔𝑀𝑡 − 𝑙𝑜𝑔𝑝𝑡−1.

(12)

The assumption of 𝑣𝑡 = 1 implies that the velocity does
not affect or multiply the circulation of money. This is
consistent with an economic state under an extremely low
interest rate condition. In light of Abenomics, Japan’s
comprehensive policy approach, the most powerful “arrow” 7
is an aggressive monetary easing, which decreases the
interest rate to the zero lower bound. However, as the
interest rate falls even lower, the velocity also declines and
approaches one. In addition, starting from February 2016,
the Bank of Japan introduced a negative interest rate policy,
which consequently clears the zero lower bound restriction
relating to this formula.
5.6. The Modified AS−AD Equilibrium
To obtain the modified AS−AD equilibrium, we first
remove the assumption 𝑃𝑡𝑒 = 𝑃𝑡−1 to transform (9). The
resulting AS curve becomes:

𝜋𝑡 = 𝑙𝑜𝑔𝑚 + 𝑙𝑜𝑔𝑃𝑡𝑒 − 𝑙𝑜𝑔𝑃𝑡−1 + 𝑙𝑜𝑔𝑌𝑡 + (𝛼𝛼 −
(13)
1)𝑙𝑜𝑔𝐺𝑡 + 𝑙𝑜𝑔𝐸𝑡.

Then, using (13), the modified AS curve, in conjunction

7 Abenomics consists of three so-called “arrows”: aggressive monetary
easing, flexible fiscal policy, and structural reform.
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with (12), the AD curve, we can obtain the solutions of the
model as follows:
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Japanese economy in response to shocks and government
policies (particularly monetary policy). This framework, or
the modified AS−AD equilibrium we identified, shifts the
∗
𝑒
𝑙𝑜𝑔𝑌𝑡 = 1⁄2[𝑙𝑜𝑔𝑀𝑡 − 𝑙𝑜𝑔𝑚 − 𝑙𝑜𝑔𝑃𝑡 − (𝛼𝛼 − 1)𝑙𝑜𝑔𝐺𝑡 − 𝑙𝑜𝑔𝐸𝑡 ],
emphasis
of the aggregate economy from the pure supply
(14)
side
(see,
Ashiya [13]) to its interaction with the demand
𝜋𝑡∗ = 1⁄2[𝑙𝑜𝑔𝑀𝑡 + 𝑙𝑜𝑔𝑚 + 𝑙𝑜𝑔𝑃𝑡𝑒 + (𝛼𝛼 − 1)𝑙𝑜𝑔𝐺𝑡 + 𝑙𝑜𝑔𝐸𝑡 ] − 𝑙𝑜𝑔𝑃𝑡−1 .
side,
although
the focus is still on the supply side of the
(15)
economy and the specification of the AD curve is
This set of equations determines the modified AS−AD drastically simplified.
equilibrium. Equation (14) shows the equilibrium output
We conclude that much of the slowdown in Japanese
and (15) shows the equilibrium inflation. Consider the case inflation has been because of the lack of the postwar
where 𝛼𝛼 > 1 holds. Recall that 𝛼𝛼 is an external acceleration of productivity-based real wage inflation
accelerator which governs the magnitude of 𝐺𝑡𝛼 (the unexplained within a traditional demand-oriented formula.
productivity-based factor in the real wage-setting function), We could reasonably expect the existence of this factor in a
which determines the real wage rate. Recall also the
booming economy to place upward pressure on actual price
modified Phillips curve expressed as (13).
inflation. However, this becomes more difficult in a mature
From (13) (the modified AS curve), we find that if
economy as exists in Japan in recent decades. Consequently,
𝛼𝛼 > 1 holds, the productivity coefficient will become
the role of external economic policy to affect price
positive. This is consistent with our seemingly contradictory
findings in Table 1. Next, consider an economic state in expectations becomes more important. The main implication
which 𝛼𝛼 > 1 holds for (15). In this case, the equilibrium for policymakers is the need for money growth to secure the
level of inflation will likely be positive. Finally, confirm unconstrained effect on the output, which is consistent with
whether output at the modified AS−AD equilibrium could the “first arrow” of Abenomics, Japan’s comprehensive
expand. Equation (14) shows that where 𝛼𝛼 > 1 holds, policy approach.
Some may argue that part of the efficacy of the
productivity growth lowers the equilibrium level of the
output, but we could avoid this if the money supply grew. productivity-based real wage acceleration that we identified
This policy, which ensures a larger 𝑙𝑜𝑔𝑀𝑡 , means both is related to the use of the simpler formulation of the AD
equilibrium output and equilibrium inflation will be positive. curve, which has an inherent analytical bias supporting the
This is why our findings suggest the decisive role of role of monetary policy. However, it is permissible given
monetary policy to ensure the unconstrained effects on the focus on the decisions of suppliers. The lower the rate of
output growth.
interest is, the lower the velocity becomes, all else being
In these equations, 𝛼𝛼 governs the acceleration of real equal. This is consistent with our setting of zero velocity in
wage growth. If 𝛼𝛼 > 1 holds, then acceleration is expected. the analysis of Japan’s deflationary economic state as the
If 𝛼𝛼 < 1 holds, then acceleration does not take place. As Japanese central bank now keeps the policy rate near zero.
we can explain our contradictory findings with 𝛼𝛼 > 1, then Practically, this primary factor exerts upward drift on the
the seemingly contradictory results cited earlier in Table 1 Phillips curve, a feature contrasting with Akerlof’s et al. [25]
are recognizable as fitting the modified theory, and formulation of the Phillips curve, which specifies the shift in
therefore no longer contradictory. Moreover, this indicates expected unit labor costs arising from downward wage
that postwar acceleration of productivity-based real wage rigidity. Moreover, our estimation results (Table 2) provide
inflation existed in the first part of our sample period. This evidence that support our finding that upward flexibility in
contrast with the second period, which is explained by the real wage rate, and its acceleration along with
𝛼𝛼 < 1. No acceleration arises after the bubble economy productivity growth, is the solution to Japan’s deflationary
burst, and this is revealed by the negative productivity
problem. This counters critics arguing our primary factor of
coefficient in Table 1. We can ascribe that difference, at
productivity-based real wage acceleration is problematic.
least according to our theory, to 𝛼𝛼, which suggests that
Although the historical data varies, the general trend is
much of the slowdown in Japanese inflation is because of
upward during our first sample period, especially close to
the lack of the postwar acceleration of productivity-based
periods of rapid growth.
real wage inflation.
It is an open question whether money growth or monetary
policy is effective in bringing inflation up to the target level.
Sims’s [27] idea of the use of fiscal policy when the economy
6. Conclusions
suffers from extremely low or negative inflation inspired the
We have shown that a modified Phillips curve, which fashion of Abenomics (Hamada [28]). We ignore this aspect
includes one of the missing elements of the standard of the underlying modified AS−AD model in this analysis. A
Phillips curve (real wage behavior) in an implicit form, can more detailed specification of the AD side of the economy,
explain Japanese inflation–unemployment dynamics over a e.g., at least including government expenditures, is necessary
40-year period. The modified theory, in conjunction with a before any concrete recommendations on how to address the
quantity equation with zero velocity, proved the simplest deflationary problem in Japan.
There is a further question of whether the real wage moves
economic framework for representing the behavior of
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cyclically under the assumption of diminishing returns. Our
approach is to set an exogenous productivity-related real
wage accelerator. The volatility of the accelerator, or
whether its value is greater than one, is thought to be
dependent on the trend or phase (boom or not) of the
economy. This is consistent with Hamada and Kurosaka’s
[10] findings on the link between the economic state and the
trend in the change of the real wage rate. The puzzle that
relates to Okun’s coefficient can also provide an explanation
of this as its value generally exceeds one as expected, which
is consistent with increasing returns. Note that the
conventional setting with diminishing returns would not
support the implication of Okun’s law. Thus, a remaining
issue is to elucidate the contradictions between commonly
held economic law and conventional theoretical issues; part
of this could be the calculation of the Okun coefficient and its
resulting volatility.
Finally, our analysis of the deflationary state in Japan has a
direct bearing on the reduced form, triangular Phillips curve
literature that examines the dynamics of the
inflation−unemployment relationship. As in Gordon [1], we
treat the productivity variable as a Dew-Becker and
Gordon-type productivity variable [3]: the value of the
productivity trend growth acceleration being equal to the

Hodrick–Prescott filter of the productivity growth trend with
that trend eight quarters earlier. This evolution of the
productivity variable has led us to posit our modified
AS−AD theory based on a modified supply-side analysis.
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Appendix A. Estimates of the Phillips
Curve Equation (Time-Varying NAIRU
Setting), Model A1
Table A1 provides the estimation results of the Phillips
curve with a time-varying NAIRU using Model A1. The
specification is next to Fig. A1.

Table A1. The Phillips Curve Equation (Time-Varying NAIRU Setting), Model A1, 1972:Q1 to 2014:Q4

1972:Q1–1991:Q4
Japan
U.S.
Constant
0.118 (0.1)
1.286 (1.9)
Lagged Dependent Variable 1
0.997 (11.5) *** 1.108 (10.0)
Lagged Dependent Variable 2
–0.006 (0.0)
–0.290 (1.8)
Lagged Dependent Variable 3
0.121 (0.5)
0.116 (0.7)
Lagged Dependent Variable 4
–0.278 (2.0) **
–0.093 (0.9)
Unemployment Gap
0
–1.058 (1.6) **
–0.154 (2.3)
Productivity Trend Change 0
0.134 (2.9) *** 0.106 (6.0)
Energy Effect
0
4.814 (0.4)
–19.476 (1.4)
Energy Effect
1
–0.094 (1.6)
–0.113 (3.9)
Energy Effect
2
–0.100 (2.1) **
0.063 (2.5)
Energy Effect
3
0.078 (2.5) **
–0.018 (1.1)
Unemployment Gap in Final State –0.242 (1.5)
–0.049 (0.1)
NAIRU in Final State
2.318 (15.6) *** 7.152 (20.5)
Variable

Log Likelihood
Akaike Info Criterion
Schwarz Criterion
Hannan-Quinn Criterion

Lags

–45.91
1.50
1.91
1.66

–105.24
2.98
3.40
3.15

*
***
*
**
***
***
**

***

1992:Q1–2014:Q4
Japan
U.S.
–0.050 (0.3)
0.419 (2.1)
–0.050 (4.6) *** 0.992 (10.1)
–0.051 (0.1)
–0.013 (0.1)
–0.052 (0.2)
–0.110 (0.8)
–0.053 (0.9)
0.001 (0.0)
–0.054 (1.4)
–0.032 (1.7)
–0.055 (5.9) *** 0.099 (26.8)
–0.056 (0.0)
–3.975 (1.4)
–0.057 (2.6) *** –0.093 (7.9)
0.005 (0.3)
–0.058 (0.1)
–0.059 (0.7)
0.010 (0.8)
–0.060 (3.3) *** 0.637 (0.9)
–0.061 (17.9) *** 5.053 (7.7)
10.08
0.09
0.47
0.24

**
***

*
***
***

***

–18.42
0.70
1.09
0.86

Notes: Estimated by maximum likelihood (Marquardt). z-statistics in parentheses. *, **, and *** indicate the coefficient or sum of coefficient is statistically
significant at the 10, 5, or 1 percent level, respectively. The coefficients of the lagged dependent variable and energy effect variable are estimated separately
in the state space. The variance of the NAIRU fixed at 0.001. It is well known that the size of this variance affects the estimation results, and this is why we
only present these outputs as an additional source. See, e.g., Laubach [8], who estimates the time-varying NAIRU models in a similar context by setting those
variances at, e.g., 0.026 (for the U.K.), 0.006 (for Germany), or even zero (for Canada, Australia, France, and Italy), and so on. Gordon’s [1] productivity
variable was found to fit very well at the 1 percent level both the U.S. and Japanese data, although the robustness of the results could not be confirmed for the
Japanese estimates.
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Figure A1. The State Estimation of the Unemployment Gap and NAIRU Estimates

We use the Kalman filter technique to estimate our
Phillips curve model with time-varying NAIRU setting.
Equation (3) specified above is the price Phillips curve,
which works as the signal equation. The following set of
equations (A1), (A2) and (A3) yields the specification of the
time-varying NAIRU:
𝑈𝑡 = 𝑈𝑡𝑁 + 𝑈𝐺𝐴𝑃𝑡 ,
𝑈𝑁

𝑁
+ 𝜀𝑡 ,
𝑈𝑡𝑁 = 𝑈𝑡−1

𝑈𝐺𝐴𝑃𝑡 = 𝜌 𝑈𝐺𝐴𝑃𝑡−1 +

𝜀𝑡𝑈𝐺𝐴𝑃 ,

(A1)
(A2)
|𝜌| < 1, (A3)
𝑁

where 𝑈𝐺𝐴𝑃𝑡 denotes the unemployment gap, and 𝜀𝑡𝑈 and
𝜀𝑡𝑈𝐺𝐴𝑃 are the error terms that follow a zero-mean stationary
process. Equation (A1) is the signal equation, and (A2) and
(A3) are the state equations.
To obtain this model, we follow the common
specifications widely used in the Phillips curve literature.
First, we define the movement of the NAIRU, 𝑈𝑡𝑁 , which is
an unobserved component, as a random walk without drift,
expressed as (A2). We also define the gap between the
unemployment rate and the NAIRU, or the unemployment
gap, 𝑈𝑡 − 𝑈𝑡𝑁 , as a stationary AR (1) series, expressed as
(A3). We also adopt Watson’s [2] decomposition of the
observed series, 𝑈𝑡 , as in (A1).
Concerning the Kalman filter technique, see, e.g., Gordon
[16] or Staiger et al. [29]. This technique is less restrictive
and therefore preferred compared to other approaches
(Richardson et al. [4]). For an alternative HPMV filter
approach see, e.g., Laxton and Tetlow [30], and Boone [31].

See, e.g., Ebeke and Everaert [32] for stable specification
of the time-varying NAIRU model; concerning the NAIRU
specification in this context, see, e.g., King et al. [33], Staiger
et al. [29], and Gordon [16]. Laubach [8] shows that
calculations with or without drift do not affect the
performance of the NAIRU estimates, even if a country has
an unemployment rate with an upward trend.
We extended our time-varying NAIRU model to provide
more information on the specification of the NAIRU. That is,
we tried adding drift or the delta of the NAIRU as
explanatory variables, or the change of the specification of
the unemployment gap—which reflects Okun’s relation and
the corresponding demand-side shocks that represent
business cycle fluctuations. However, these attempts still
provided unsatisfactory results in terms of the limited
variance of the NAIRU movements.

Appendix B. Estimates of Okun’s
Coefficient
Table A2 summarizes the estimation results for Okun’s
coefficient. We employ the simplest relationship between the
change in unemployment rates and the change in GDP,
namely, GDP growth to obtain these values. This
simplification does not change the nature of the analysis, but
makes it possible to confirm our general understanding of
Okun’s law.
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Table A2. The Okun Coefficient
1972–1991
Japan
25.780

1992–2014
U.S.
2.403

Japan
7.923

All period
1972–2014
U.S.
2.309

Japan
21.115

U.S.
2.420

Notes: Calculated using the estimation results of Δ𝑈𝑡 = 𝛼𝛼 + 𝛽𝛥𝐺𝐷𝑃𝑡 + 𝜀𝑡 (Table A3). The simplest way to arrive at the Okun coefficient is by using these
estimation results to obtain the value of −(1⁄𝛽). The level and volatility of the Okun coefficients could be the source of the upward shift of the wage-setting
function.
Table A3.

Variable

Constant
GDP Change

The Simplest Source for the Okun Coefficient

1972–1991

1992–2014

Japan
U.S.
0.219 (2.4) ** 1.195 (6.7) ***
–0.039 (1.8) * –0.410 (10.5) ***

U.S.
Japan
0.170 (1.8) *
1.339 (7.9) ***
–0.126 (4.4) *** –0.416 (10.6) ***

Adjusted R-Squared
0.12
Standard Error of Regression 0.19
Sum of Squared Residuals
0.652

0.65
0.62
16.38

0.34
0.33
2.29

0.82
0.49
4.34

All period
1972–2014
Japan
U.S.
0.175 (1.8) * 1.176 (6.7) ***
–0.047 (2.1) ** –0.413 (10.5) ***
0.14
0.30
3.72

0.67
0.60
14.94

Notes: OLS estimates with HAC standard errors and covariance. The level and volatility of the Okun coefficients could be the source for the upward shift of
the wage-setting function. t-statistics in parentheses. *, **, and *** indicate the coefficient or sum of coefficients is statistically significant at the 10, 5, or 1
percent level, respectively. The results are for the simplest calculation of the Okun coefficient. The dependent variable is the change in the unemployment
rate.

and Productivity: The Case of Japan, Economica, Vol.53,
No.210, S275-96, 1986.
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