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The P-star approach has been developed by the U.S. Federal Reserve as a
new indicator of inflationary pressures. This paper assesses its usefulness
for 20 OECD Member countries. Regression results are presented and in-sample
tracking ability and forecasting performance of the equations are compared to
rival inflation models and official OECD projections.

L'approche dite P-star a été développée par la Réserve Fédérale des
Etats-Unis comme un nouvel indicateur des pressions inflationnistes. Ce papier
examine son utilité pour 20 pays de 1’OCDE. Des résultats de regression sont
présentés ; la capacité des équations & simuler et prévoir 1’évolution des prix
est comparée a celle de modéles rivaux et aux projections officielles
d'inflation de 1’OCDE.
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P-STAR AS AN INDICATOR OF INFLATIONARY PRESSURE

I. INTRODUCTION AND SUMMARY

The P-star (P*) concept was first developed by the U.S. Federal Reserve
as a simple, yet  comprehensive indicator of inflationary préssure
(Hallman et al., 1989) (1). P* is defined as the pricé level which is consistent
with current money supply and equilibrium in goods and financial markets. As
the gap between the actual price level (P) and P* is zero in equilibrium, paSt
deviations of P from P* indicéte the amount of price adjustment which has not
yet materialised and can help pfedipt future movements in the price level. In
all standard models of inflation the output gap is a major explanatory variable
for inflation. The dimportant novelty of the P* approach, however, is that
deviations of the velocity of money from "trend" levels also matter for

price-level determination.

The P* approach is not new: it is based on the assumption that in the
long run the price level is determined by money supply, following the classic
tradition of the quantity theory of the money. One can find a variant of the
P* approach as far back as David Hume (see Humphrey (1989) for a review of the
‘precursors). The validity of . money~sdpply-driven explanations of the price
level hinges on the existence 6f an identifiable trend in the income velocity
of money and the assumption that potehtial output is not affected by monetary
policy (2). The relevance of the approach for policy implementation, therefore,
depends on the ability of the‘monetary authorities to influence monetary
aggregates . in the short and long run (Pecchenino and Rasche, 1990).
- Furthermore, for the P* concept to be truly useful, it must provide information
not captured by other inflation models (Christiano, 1990; Haslag, 1990;
Kuttner, 1990).

To date, the approach has only been tested in a few countries. The

purpose of this paper is to assess its usefulness for a large sample of OECD



countries. The paper is organised as follows. Section II describes the
theoretical framework. Section III presents the data and estimates for the
potential price level, P*. This is followed by'a section which reportsv
regression results for 20 OECD countries. In-sample tracking ability and
forecasting performance of the equations are then compared to rival inflation

models and to official OECD projections.
The main results are the following:

i) Satisfactory price-gap equations are found for seventeen out of twenty
OECD countries; allowing for stochastic trends yields a significant
influence of the velocity gap component - the main novelty of the P*

model - in ten countries;

ii) For the latter countries, statistical tests suggest that P* equations

track historical data better than rival inflation models;

iii) However, rolling-horizon forecasts exploiting only past information show
. that forecast errors of the price-gap equations would have been much
worse than the official OECD projections in the 1980s for most large

OECD countries. The difference between in- and out-of-sample
performance is mainly accounted for by the difficulty of discriminating

ex ante between transitory changes and innovations in trend velocity‘and

potential output.
II. THE P* APPROACH
Calculation of P* takes the quantity theory of money as a starting
point. Let P be the actual price level, M a (nominal) monetary aggregate, V
the income velocity of money and Q output at constant prices. The velocity
-identity is: ‘

(1] Pp=MzxV/AQ.

Denoting equilibrium (trend) values by "*", the identity becomes:



[2] P* = M x V*/Q*.

At trend velocity, P* is proportional to the money stock per unit of
potential output. Dividing the second by the first equation and taking logs

(lower-case notation) gives:
[3] p* - p = (v*-v) + (q-q*).

From the gap between equilibrium and actual prices, p* - p, the P* model
predicts the direction of movement of the price level: it will rise, fall or
remain unchanged as the actual price level is below, above or at the
equilibrium level. The price gap, however, does not contain information about
the dynamics 'of adjustment of P to P*. For this, one needs an hypothesis about
the adjustment process. In the Federal Reserve study, the adjﬁstment of the
actual to the potential price level is modeled by an inflation-acceleration

equation:
(4] dp - dp.y = a (p*.y - p-y)
With a > 0, is the speed of adjustment of prices to P*.

In equation [4], the two components of the price gap, the velocity and
output gaps, are constrained to have the same coefficient. It is interesting

to consider both gaps separately as in equation [5]:
(5] dp - dp.y = ap(vi.y - v.q) *+ agla.y - %) ; ap, ap > 0

New-Keynesian approaches towards modelling inflation focus on the
output gap and inertia in price adjustment (Gordon, 1990). In these models,
inflation accelerates when the output gap opens hp, while the price level is
indeterminate  (a;=0, a3>0).  Such an inflation model is a standard
expectations-augmented Phillips curve, where expectations (dp®) are assumed to

be adaptive and represented by past inflation:

[6]  dp = az(q.y - ¢ -1) + dp®



The expectations-augmented Phillips curve and the price-gap model ‘coincide if
the set of information available to agents is assumed to include the velocity

gap (3):
[7] dp® = dp.; + aj (v*_l - v.y)

The usefulness of P* as an indicator of inflationary pressure must be

qualified in two respects:

i) In a fixed exchange-rate regime, mohey supply becomes endogenous.
Monetary developments in the reserve currency country may be a better indicator
of inflationary pressure than the domestic money stock (Browﬂe, 1986). Thus,
for instance, money supply in Germany might be more relevant for explaining
inflﬁtion in other EMS countries than domestic money supply, although prices

may still lag the domestic money stock.

ii) As the equation focuses on the adjustment towards long-run
equilibrium levels, it does not capture important factors influencing prices in
the short run, e.g. indirect tax changes, food or energy price shocks. P* then
provides a measure of where the price level will go after such transitory

shocks have worked themselves out.

- IIT. CALCULATION OF P*

As implied by the basic identities, the GDP deflator is wused as the
price variable, and real GDP as the output variable. Different money
aggregates exist for each country and there is little guidance as to which of
the available time-series corresponds best to the variable theoretically termed
"monej". The money aggregates projected during OECD’s half-yearly forecasting
exercises are uéed here. Thus, for the large countries, M2 is used for the
United States, Italy and Canada, M2 plus certificates of deposits for-Japan,.MB
for Germany and France (4) and M4 for the United Kingdom.

A key question in implementing the P* approach is how to measure

potential output (Q*) and trend velocity (V*). Estimates of P* in this paper



are based on two alternatives: (i) linear time trends; and (ii) the
low-frequency component of the real GDP and velocity series, using a filtering

approach.

A  number of studies aséume that output and velocity follow a
deterministic path in the long run. For instance, Christiano (1989) and Hannah
and James (1989) used a linear time trend to calculate potential output. Trend
velocity since 1954 iS'measured by its avefage value in the Federal Reserve’s
study and in Christiano (1989), while the Bank of Japan study employs a linear

time trend.

Time-series anaiysis suggests, however, that real GDP in OECD countries
contains a unit root, i.e., it follows a stochastic rather'thanvdeterministic
trend (5). The stationarity of velocity has been most often investigated using
a cointegration framework. This approach tests for the existence of a stable
long-run relationship between money, real income and prices. But the existence
of a cointegrating vector between these variables is oﬁly a necessary condition
for velocity to be stationary (6). Unit-root tests -- which are conceptually
equivalent to cointegration tests if wunitary elasticities of prices with
respect to money and real income are imposed -- are more appropriate in the
context of the P* approach. Unit-root test statistics reported in Tablévl-
suggest that for most countries, including the United States, velocity did not
tend to revert to some mean value or deterministic time trend over the sample
periods. The null hypothesis of non-stationarity could be rejected only in the

cases of Austria, Canada, Switzerland, Spain and the OECD in aggregate (7).

The likely presence of unit roots in output and velocity implies that
they do not revert to some deterministic time trends or historical averages in
the long-run. Thus, the use of time trends or mean values for calculating
potential output and equilibrium velocity can yield non-stationary price gaps,
which is inconsistent with the assumption of the P* model (8). Therefore,
alternative approéches should be used. .

The first alternative is to use structural models of the determination
. of potential output and equilibrium velocity. For example, the Federal

Reserve’s studies, Ebrill and Fries (1990), and Pecchenino and Rasche (1990),



use eétimates of potential from Braun (1990), who derives them by combining a
~ Phillips-curve based natural rate of unemployment with Okun’s law. The Bank of
Japan study uses an aggregate production function framework to derive its
estimate of potential. As to the velocity of money, Hallman et al. (1990) use
for ‘the United States for the period 1870 to 1954 the fitted values -from a
cointegrating regression of velocity on the fraction of the labour force
employed in agriculture (as a proxy for the industrialisation and monetisation
of the U.S. economy). Ebrill and Fries (1990) calculate the U.S. velocity gap
as the residuals from a cointegrating equation explaining long-run velocity by

the own- and competing- rates of return on M2.

A second alternative for computing potential output and equilibrium
velocity is the use of filters. Using the Kaiman filter, Bomhoff (1990), for
instance, found that income velocity has not become more unpredictable in the
1980s for the 1large OECD countries. For this paper, we prefer to use the
Hodrick-Prescott filter (9), which is an appropriate filter for stochastic
trends. The computational ease of this filter is a key advantage over the more
complicated Kalman filter, especially when twenty countries are examined (10).
Also the regressioﬁ results reported below proved to be slightly better wHen
the Hodrick-Prescott smoothed real output was used rather than a more
sophisticated measure of potential derived from the supply block of the OECD’s
INTERLINK model (Torres and Martin, 1990).

The split of output into ‘"transitory" and "perhanent" components with
the Hodrick-Prescott filter depends on a smoothing'factor which must be chosen
by the user. A very small smoothing factor implies that most of the shocks fo
the series are changes in trend, while a very large factor leads to an almost
constant trend so that virtually all shocks are transitory. There exists a
critical degree of smoothing below which the resulting trend can preserve the
long-run non-stationary properties of the series, while the deviations from the
trend are made stationary (that is, only weakly auto-correlated). The -

smoothing factor has been selected on this basis.
Once potential output and trend velocity are defined, price gaps are

calculated according to equation [3]. For illustrative purposes, the increase

in the inflation rate is shown in the first panel of Chart 1 and the price gap
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(p* - p) based on the Hodrick-Prescott filter in the second panel for the OECD
as a whole (11). inflation tended to increase when the price gap became positive
and tended to fall once the price gap became negative. Lags between changes in
the sign of the price gap and inflation‘changes are between one aﬁd two years.
Following a prolonged period of a negative price gap in the early to mid-1980s
accompanied by falling inflation, “the price gap became positive in 1987 and
inflation has since drifted up again. In 1989 the aggregate price gap pointed
to a stable future inflation development. The velocity gap is shown in the
third panel and the output gap in the fourth panel of Chart 1. Actual and
trend output and velocity (Hodrick-Prescott filter based) are shown for thé

seven large countries in Charts 2 and 3.

IV. REGRESSION RESULTS

After experimentation with various lag distributions, the following
error-correction specifications of the relationship between the actual and the

potential price level were selected:

(81  dp =ag + alp*.y - p.1) + agdp.; + agdp.; + asdp.3
(91 dp =ag + aj(v*.y - v.1) + az(q.; - q*.3) + azdp.; + adp.; +asdp.3
The dependent variable is the inflation rate. The first term on the

right-hand side of"equation [8] is the price gap; in equation [9] this is
split up into its two comﬁonents (12). TIf the intercept, ap, is zero and the
coefficients on lagged inflation sum to unity, identity between actual and
potential price levels in the long-run will be achieved (13). If, in addition,
a; and aj in equation [9] do not differ significantly, the equation could be
parameterised more parsimoniously, using only the price gap as in equation [8].
In this case, no forecasts of actual veloecity and output are needed in order to
forecast inflation; knowledge of trend velocity, potential output and future
money-stock development is sufficient. Table 2 reports the results from
estimating equation [8] and Table 3 from estimating equation [9]. Estimates

are based on semi-annual data for the seven major countries and yearly data for
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