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I. Introduction

The relationship between unemployment and inflation remains as an important research question
on theoretic and empirical Macroeconomics. Does this relationship remains valid? Did it change
over time? How can present values of unemployment help on predicting future inflation? Stock
and Watson, in the paper Forecasting Inflation of 1999, are particularly interested in how the Phillips
curve could be used to forecast inflation. They also investigated whether it was the best predictor
or not.

The authors made a distinction between the traditional Phillips curve (using the unemployment
rate and the NAIRU1) and alternative specifications using different economic activity indicators
such as capacity utilization or . In addition, they use indicators of money supply, stock prices,
output, wages, interest rates and exchange rates in order to compare the performance of those
other variables and the Phillips curve on predicting future inflation. They use monthly data from
1959 until 1997 of the United States, including two different measures of inflation: the Consumer
Price Index (CPI) and the Personal Consumption Expenditure (PCE). As they were interested on
forecasting, each estimation uses past data to predict the inflation of the 12 subsequent months
(out-of-sample forecasting). Using the data from 1959 to 1969, the forecast starts from January
1970 and is done again every month until 1996, always using previous data.

As Stock and Watson (1999), we are also interested on the relationship of unemployment and
inflation. Our analysis differs in terms of the data period, which starts after the end of their
sample. We use American monthly data covering the period from 2000 until 2013, for both the
CPI and PCE. Differently from them, we are going to focus our analysis only on comparing the
performance of different Phillips curve specifications on forecast. We are interested on checking
whether other specifications of the Phillips curve (using other variables of aggregate activity) can
over-perform the traditional specification using unemployment. We redo the estimation of the
paper by 6 alternative indicators, which are: (1) industrial production (IP), (2) real personal income
(GMPYQ), (3) total real manufacturing and trade sales (MSMTQ), (4) the number of employees on
non-agricultural payrolls (LPNG), (5) the capacity utilization rate in manufacturing (IPXMCA), (6)
and housing starts (HSBP).

First, we perform the estimation as the authors did: we forecast the 12 months inflation using
the same out-of-sample methodology, redoing the forecast for each month, from 2000 until 2013.
Then we compare the results of the alternative specifications to the benchmark Phillips Curve. On
the next section, we present which models were used to forecast and how we can compare them.
Section 3 discusses the models. Section 4 compares our results with forecasts using simulated

1Non-Accelerating Inflation Rate of Unemployment
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data. Finally, section 5 concludes the paper with a comparison with our results and the ones of
Stock and Watson (1999), including possible explanations for the differences found.

II. Model Development

In developing the model, we used the same specification as Stock and Watson (1999) [1]. The
main investigation of the paper is to compare different specifications of the Phillips curve, in
particular, with varying indicators of aggregate economic activity. The authors compare between
three specifications of the model:

• The traditional Phillips curve with unemployment rate as explanatory variable

• An alternative specification with different aggregate economic activities (industrial produc-
tion, real personal income, capacity utilization rate in manufacturing etc.)

• Specification with different macroeconomic variables, such as money supply, stock prices,
output, wages, interest rates and exchange rates

We take the former two specifications mentioned above, the traditional Phillips Curve and
an alternative model with different indicators for economic activity. The first model specified in
equation (1), lhur is the traditional Phillips curve with unemployment rate and its lags as variables
for indicating aggregate economic activity. Notable feature in this particular model is that the
dependent variable is change in inflation rate over periods longer than the sampling frequency (in
this case, monthly). It allows predicting inflation change h periods ahead.

πh
t+h − πt = φ + β(L)ut + γ(L)4πt + et+h (1)

This specification restricts the model in two ways. First, the inflation is I(1) process. Equation
(1) is the same if we leave πh

t+h on the left hand side and replace γ(L)4πt with µ(L)πt on the
right hand side, with restriction µ(1) = 1 (the first restriction). For h = 12, this specification
can be thought of as predicting inflation over the next twelve months using a distributed lag of
current and past inflation, subject to the restriction that lag coefficients sum up to one. Second, the
non-accelerating inflation rate of unemployment (NAIRU) is constant. Expressing the constant as
φ = −β(1)ū in Equation (3) , we can see the second restriction imposed on the model.

πh
t+h − πt = φ + β(L)(ut − ū) + γ(L)4πt + et+h (2)

The next model we treat uses alternative macroeconomic indicators xts instead of ut in equation
(1). For variable xt we took the six aggregate indicators mentioned above: IP, GMPYQ, MSMTQ,
LPNG, IPXMCA and HSBP.

The IP, GMPYQ, MSMTQ, LPNAG are non-stationary I(1), thus we made transformations
using the Hodrick-Prescott (HP) filter. Therefore, all xt are treated as I(0). Specifically, we took the
gap estimates from HP filter which is separated from the trend component. The transformation of
the variables can be seen in the appendix. We chose the lag lengths of independent variables that
minimizes the Schwarz criterion (BIC), setting the maximum number of lags at 11.

πh
t+h − πt = φ + β(L)xt + γ(L)4πt + et+h (3)

In total, we estimate the model with seven different variables for both price indexes, CPI and PCE.
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III. Model discussion

As we have explained above, our main goal is to test various alternative specifications of the
Phillips curve against the traditional model that uses unemployment. We must point out that each
regression is estimated again every month and the forecast of the subsequent month is computed.
In order to compare which forecast performed better, two measures are used. The first one is the
relative mean squared error (RMSE). The mean squared errors are calculated as follows: first we find
the difference between real values of the inflation rate change and the forecast values. We square
these differences and take the mean value of the squared errors. Then the relative mean squared
errors are calculated as the ratio of MSE from a model using xt to the benchmark model (using
unemployment rate - ut).

If the RMSE > 1, then, the traditional specification of the model with ut is outperforming the
alternative one in terms of efficiency. Or, in other words, unemployment predicts future inflation
better than a given variable xt. By a forecast combining regression (4), we can derive the other
measure used to compare forecasts performances:

πh
t+h − πt = λ f x

t + (1− λ) f u
t + et+h (4)

Equation (4) is a regression of the actual value of inflation on the two different forecasts f x
t and

f u
t , with xt and ut respectively. λ indicates how much each forecast estimation add to each other.

If the estimated λ̂ > 1, the f x
t is a better forecast. On the other hand, when λ̂ = 0, f u

t is a better
forecast. We get these measures for every specification of the model and presented them in Table 1
of Appendix. This is the main replication of the model in Stock and Watson (1999). Table 2 in
their paper does exactly the same as ours, but using previous data.

By the results on Table 2, we can see that the traditional Phillips curve is not the best predictor
of future inflation for the period from 2000 to 2013. In the gaps specification, the RMSE is bigger
than 1 only for housing starts (HSBP). The capacity utilization rate in manufacturing (IPXMCA) is
slightly bigger than 1 only for the model using CPI. The λ are also substantially bigger than 0
and give the same qualitative result as the RMSQ. For the first differences specification, the same
is valid. Only the number of employees on non-agricultural payrolls (LPNG) under-performs
unemployment on forecasting CPI inflation. All the other estimates are better for predicting future
inflation.

IV. Model evaluation

V. Conclusions

Figure 1 in the Appendix plots annual inflation rates, π12
t for two US monthly price indexes. The

pattern of inflation calculated by these two indexes are same as the original paper between 1970
and 1996. We focus the analysis on inflation measures between 2000 and 2013 which are plotted in
Figure 2. During this time window, these two measures have different patterns. First, CPI inflation
varies more than PCE inflation does. Second, PCE inflation is larger than CPI inflation most of
time except in year 2008.

The results of inflation forecasts based on measures of aggregate real activity are shown in
Table (1). We forecast the inflation between 2000 and 2013 and have the following findings:

First, similarly to the original paper, we also find that there are important differences in the
forecast-ability of inflation across price series. PCE inflation forecasts are more accurate than CPI
forecasts. For the univariate case, the RMSE for PCE is only one fourth of that for CPI. For the
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other aggregate real activity factors, only two variables (MSMTQ and HSBP)’s RMSEs are larger
than those for CPI. For the first differences specification, the RMSE for PCE is much smaller.

Second, most of the estimated values of λ are significantly greater than 0. In contrast to the
magnitude of λ in the original paper, the estimated λ in our results are larger and most of them
are larger than 1 and some even larger than 2. Another difference about forecastability is that
more than two variables outperform the unemployment rate uniformly across series. This is the
case especially in the first differences specification. All variables except LPLNG outperform the
univariate specification.

Finally, in our case, specifications using the first difference of the activity variables and
specifications using ‘gaps’ produce similar forecasts by comparing RMSE. For the CPI series, first
difference specification produces a slightly larger RMSE but for PCE series, the gaps specification
produces a slightly larger RMSE. However, such differences are quite small.

Based on the results in Table 1, we get the same conclusion as the paper: forecasts can be
improved upon using a generalized Phillips curve based on measures of real aggregate activity
other than unemployment alone.

VI. Appendix

Table 1: Table 1

Forecasting period: 2000-2013 PUNEW (CPI) GMDC (PCE)
Variable Trans Rel. MSE λ Rel. MSE λ

Univariate 0.53 1.02 (0.05) 0.14 1.03 (0.05)
GARCH(1,1) 0.11 0.91 (0.03)

Gaps specification
ip DT 0.94 0.77 (0.41) 0.79 0.97 (0.20)
gmpyq DT 0.94 1.11 (0.55) 0.80 1.25 (0.33)
msmtq DT 0.53 0.91 (0.19) 0.71 0.81 (0.14)
lplng DT 0.77 1.21 (0.38) 0.74 1.00 (0.28)
ipxmca LV 1.02 0.11 (0.73) 0.75 0.96 (0.20)
hsbp LN 1.34 -0.16 (0.37) 1.38 0.09 (0.31)

First differences specification
ip DLN 0.92 1.24 (0.61) 0.76 1.43 (0.36)
gmpyq DLN 0.95 1.33 (0.73) 0.76 1.49 (0.36)
msmtq DLN 0.92 2.27 (0.70) 0.71 1.48 (0.37)
lplng DLN 1.06 -0.13 (0.94) 0.79 1.80 (0.53)
ipxmca DLV 0.89 1.64 (0.51) 0.74 1.38 (0.35)
hsbp DLN 0.95 1.55 (0.85) 0.76 1.46 (0.35)
dlhur DLV 0.96 1.24 (0.90) 0.75 1.61 (0.44)

Table 2: Table 2

Simulated GMDC
Variable Rel. MSE sim λ

simulation 0.66 0.95 (0.11)
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Figure 1: Unemployment and Annual inflation (CPI and PCE) 1970-2013
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Figure 2: Unemployment and inflation 2000-2013 (CPI and PCE)
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Figure 4: lngmdt
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Figure 5: lnhbsp
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Figure 6: lnipdt
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Figure 7: lnlpdt
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