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ABSTRACT

This paper estimates potential output for seven countries using a multivariate version
of the Hodrick-Prescott filter in which observations on inflation are used to help separate
trend from cyclical movements in output. The potential series are estimated first on an
aggregate basis, and then by disaggregating output into three major components: labor
productivity, the employment-population ratio, and population. Potential levels of
productivity and the employment-population ratios are calculated using the multivariate filter
and combined with actual population to derive an alternative, "disaggregated” estimate of

potential. The method is then applied to forecasting potential growth.



Inflation-Adjusted Potential Qutput

Jane Haltmaier!

I. Introduction

Measures of potential output, both levels and growth rates, are guite important as
guides for macroeconomic policymakers. This is especially the case for monetary authorities
trying to determine the appropriate stance of monetary policy. At least in theory, inflation
should decelerate when output is below potential and vice versa. Thus, expansionary
monetary policy should not run the risk of resulting in an increase in inflation as long as
output is below potential. Similarly, a central bank that is trying to engineer a reduction in
the inflation rate will need to pursue a contractionary policy if output is at or above potential.
Thus, knowledge of the current output gap is critical.

Given the sizable lags with which monetary policy affects the economy, it is also
important to have a mate of the rate at which potential output is growing. For instance,
the British Chancellor recently suggested that monetary policy could afford to be a little
iooser because of his beiief that the rate of potential output growth had increased, suggesting

that a higher rate of growth of actual output than in the recent past would not be inflationary.

Estimated potential output growth is also a key element in the determination of monetary

! The author is an Economist in the Division of International Finance, Board of Governors of the
Federal Reserve System. This paper represents the views of the author and should not be interpreted
as reflecting the views of the Board of Governors of the Federal Reserve Svstem or other members of
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targets in those countries in which monetary aggregates are used as principal policy guides.
In a monetary rule regime, a constant rate of inflation can theoretically be achieved by setting
the rate of money supply growth equal to the targeted inflation rate, plus the rate of potential

output growth, minus the expected rate of change of velocity. This is in fact the method use

by the German Bundesbank in setting its money growth targets. In other countries where
rmAnarr orivmealeyy emilas ara A ho metrvvneer meetdo an 1% .1 . ~ . ~ . <
money suppiy ruies aré not tie primary guide to pOiIC}’, e rate oI growth or potential output

is still taken into consideration in determining the non-inflationary rate of actual output
growth. However, despite its importance, potential output is probably even more difficult to

estimate accurately than the related concept of the NAIRU.

er to separate trend from cyclical components in the aggregate output
data. An alternative method is the so-called "production-function" approach, which
decomposes potential output into its technology, labor, and capital components, and estimates

full-employment levels of each. Each approach has both advantages and disadvantages

weighted average of past and future actuai values. Aithough this technique can be very
useful, it also has several drawbacks. For instance, it suffers from an "endpoint" problem

that occurs because, although the smoothed series is calculated as a centered weighted

average of actual observations throughout most of the period analyzed, it depends only on
? Laxton and Tetlow (1992) provide a comprehensive summary of much of the literature in this



past values at the end (and on future values at the beginning). In addition, this method will
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potential more often than it is below or vice versa. In addition, output gaps derived from the

HP filter will not necessarily be consistent with the concurren

[
Il

rates. However, this approach assumes that the potential output growth rate follows a
random walk, which may be true for the United States, but does not appear to be the case for

most of the foreign industrial countries. An alternative method, developed by Laxton and

The production function method should in theory produce an estimate of potential
output that is related to the actual behavior of inflation, since employment, a key component,

can be adjusted to its full-employment level using estimates of the NAIRU that are compatible

M atinn Aara Thic o n
Yiidl 1iilidallivil Jdata. 41110 11l ULy

labor force participation, as well as some technique for adjusting the Iatter to its "full-
employment” level. (The capital stock is generally assumed to be either fully utilized or
utilized at its "average” level at potential.) Total factor productivity must also be adjusted fo:

cyclical variation. The OECD produces potential output estimates for most of its member



countries using a production function approach in which the HP filter is used to adjust totai
factor productivity, with the same advantages and disadvantages that apply to adjusting total
output. However, one advantage to the production function approach is that, because it has a

structural as well as a time series element, it is somewhat more useful for extrapolating

_gn_ual growth rates than the aggregate filtering techniques
D0 f =] aaswa “lb w-.““‘luba .
Tn fart tha ahility tA nralant natantial Avetmesd memcsrtb  me Tac e mcrme n Cmncmmm e 1
il labi, Ui avllity W pivjLll pulciilidl Ouiput growul, at least over a 1orecast norizon

of a couple of years, would appear to be critical for such measures to really be useful for
policymakers. Although it may be important for some purposes to know the size of historical

output gaps, it is clearly much more important to know the size of the current gap as well as

more information than simply looking at inflation itself. It is only if our estimates of
potential output can give us some insight into how the gap is likely to change given the

current and projected behavior of actual output that we have really gained anything.

an attemnt to nroduce estimates of notential antmit far the (.7 canntriac that ara hath

Qiid Qecvaiapt U s Vi pUwiiLiaL uu;yut AVI Wi \JUJT7 WUUILIU WY UlAL alw VUVul
ndisotad Fre semflatinm nnd nhla ¢4 ko avtemcmal e 13 AL .11 DS LU S
adjusicd i0r milidiion 4and avic 10 o€ eXirapolated.” 1n €oda 1s IIrst dppilica o aggregate

GDP, and then to a decomposition of GDP into its labor productivity and labor components

(a partial production-function approach). The latter is represented by the employment-

population rauo as working-age population is assumed not to have a cyclical component.
3 Western Germanv was used in place of unified Germanv hecance of the lack of unified dara
a L J r A wBAAAAAWNS UUAAAA“AIJ Viwwidldow Ui Wiw dwivn VUi diMllAWAL ulala



-5-

Potential output growth can then be extrapolated by using actual projections of working-age

pulation (one variable for which we do have fairly accurate forecasts), as well as

amnlnumae r=nnn"|af;r\n rarnn The Aicacaramatard mash ~A em 1V mccn - A
CALIPIU Y LIV PUP UBIANIUM Jauy 44C UisagpiCE4ICd IMICUI0a uius alows us to use of a
much lar larger information set in I()féCﬁStmg than does the aggregate approach

Section II describes the technique in more detail, Section III presents the estimation

results, and Section IV uses the estimates to project potential output growth over the next two

T Tha nltivariata Hitar
Ade AAMG AVTAUMALAVYV QL AQGLL A AANGG
e _ _ 1 1 TN aa /YY AY
The Hodrick-Prescott (HP) filter calculates a smoothed series by minimizing the
expression
T T-1
(1) v - Ty N2 « T LT 3 T T A2
A =2 U=+ Ay I1,,-Y)-(X,-1,_)]
ist =2
where Y is actual output and Y is the smoothed output series. The smoothed series is thus

calculated by trading off deviations between the actual and smoothed series (the first term)
for variations in the growth rate of the smoothed series from one period to the next (the

second term). The parameter A determines how closely the smoothed series follows the

actual: a higher value of A will produce a smonther cariac whila lnwear valne will nendii~a
______ adagaabl Vasaeo Vi A 252 PAVESLS 4 JllVVULLL oviilvo, WIMIL a 1UWwul value will piuuucc
Ana that 10 AlAacas tn tha arntial Tha phaing AF 1 alebl . L = _____ __.__. o JL_ £7___1 _____1.
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somewhat arbitrary, although it has been suggested that it should represent the ratio of the
variance of the cycle to the variance of the trend. The value most often used for quarterly

data is 1600, as done by the original researchers, and this value was also used here.



The multivariate filter augments the above expression with an output-infiation

equation, and then calculates a potential output series that minimizes the entire expression. In
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-hnique that need to be addressed before it can be
applied empirically. The first is that estimates of the parameters of (2) are required to
calculate the potential output series, but estimates of the potential output series are also
needed to calculate the parameters. In theory, they could all be estimated jointly,

practice, this is very difficult.* The solution used here was a two-step procedure. First, an

used to estimate equation (2). The resuiting parameters were then used to minimize 4). As
a check, the new estimates were then used to reestimate the inflation equation, but the

changes were so trivial that no further iterations were done.

term, measured as the unexpiained part of the quarterly change in the log of the price level,

is of an order of magnitude similar to the change in the trend, which is weighted by a factor
of 1600. Unweighted, the inflation term will have no impact on the minimization problem.

However, there is even less theory to guide the choice of o than there is in choo

the vaiue used for the main resuits. Some further discussion of this issue, along with results

obtained using a's of 200 and 800 are contained in the Appendix.

I would hesitate to say that it is impossible, but it is certainly beyond the scope of this paper.



potential output into two components: the gap between actual and trend labor productivity and
the gap between the actual and trend employment-to-working-age population ratio.
(Working-age population is assumed to be invariant to the cycle.) Variations in the
unemployment rate and the participation rate, both of which are cyclical, are thus

onsolidated into the employment-population ratio. While it would probably be more

(2]

winnld ha tAan vwnnialdy Tha Aicacaranntad (eaflatine amssnds e 9.
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where P is labor productivity and R is the employment-population ratio. The expression to

be minimized is:

T T T-1
X =3 (P-P) + Y R-RY + AL [(P,.,-P)-(P,-P,_)F
=3 ;.-ll _ _ _!-Z—
©) * AL IR -R)-®R-R )T
=2
T
. €V rvr morvsn TN s = 2
* ) U-LLUE, (-F,_)-EWL)K_ -K_ )]

HOI. Empirical Results
The HP filter was used to calculate potential output series for western Germany,

France, Italy, the United Kingdom, Canada, Japan, and the United States, for the period
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through 1993, thus excluding the periods for which the estimates of potential output are the
most uncertain.’
As indicated above, in addition to the "gap" terms, the estimated inflation equations

include past lags of inflation, with the weights constrained to sum to one, as well as current

and/or lagged changes in the (log of) the exchange rate and oil prices, and changes in the
6 : .
value-added tax.” The German equation also included uumm““‘y for the period of unification.

exchange rate and oil price changes appear to differ across countries. The equations all

included one and two lags of the gap terms.

the following table. Seven of the fourteen GAP variables were significant at least at the 5
percent level, and several others were close. Generally the coefficient on the first lag was

positive and that on the second was smaller and negative, suggesting a "speed effect” from
changes in the output gap. In fact, the speed effect, measured as the coefficient on the
second gap term (sign reversed), is generally larger than the level effect (the sum of the two
coefficients). The main exception is France, where both coefficients are positive and neither

are sionificant
are si icant

SHAasas AL

* The one exception was the Japanese equation, which was estimated over the period 1975-1993.
The reason is that the 1973-74 period contains an episode of very high inflation along with a very high
output gap. This produces an extremely large gap coefficient that did not seem to be representative of

the rest of the sample.

§ The VAT change series were provided by Carol Bertaut and Deb Lindner.
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Estimation Results for Aggregate Output Gap Equations
Jermanv France Italv 1K Canada Janan 11 <
\J\rlw“} ll‘-l] N ed e e GALLSANALL ‘“yﬂ-l‘ N ende
I, 510** 647%+ .703** 657%* 5954+ 622+ S560%= |
(.096) (.097) (.106) (.104) (.099) (.113) (.094)
I b 105 176 177 200 * 189 128 . NE1
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" (.103) (.114) 127 (120 (115 13D (112
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[ 115 220* -.093 057+ -.070 - .067 239 491
I (.100) (.119) (.027) (.120) (.114) n.a n.a
“ 165 270 064 2712 170 n a S,
i1 4 AU T hoddeo AiT u.a .d
I n.a n.a n.a n.a n.a I
| = ' |
| AVAT .002 .002* .0002 .002* n.a .004* na ||
IL (.002) (.001) (0007) (.001) (.002) "
l aEx -.031%* .006 -.057* .001 -.002 010 002 |
!! (.011) (.018) (.027) (.028) (.013) (.016) (.011) !!
] a i
[| AEX, n.a -.018 n.a -.026 -.020 -.026 -.009 |
I (.017) (.028) (.014) (.018) (011 |
" AEX , n.a n.a n.a -.028 -.029+* n.a n.a "
| (.028) (.013) |
I |
" APO .005** 013%= .011* n.a -.002 .002 010*= ||
I (.002) (.003) (.006) (.003) (.006) (.003)
I APO,, n.a 016 n.a n.a 011%* .008 n.a
| (.073) (.003) (.006)
H GAP, .088** 016 172+ 145 120%+ 301 161 |
It (.031) (.073) (.106) (.099) (.050) (.113) (.048) |f
| cap, - 064* 006 -.138 -.009 -.069 .27 -.093* |
I (.030) (.072) (.097) (.095) (.050) (.113) 047) |l
| R? .85 93 .90 .82 89 .83 .89 Illl
**Significant at the 1 % level. *Significant at the 5 % level.  n.a. = not applicable

Charts 1 through 7 show output gaps obtained with both the HP fiiter and the
multivariate filter. Also included is the "inflation acceleration” term, calculated as the part of
the current-period inflation rate that is not explained by either past inflation, changes in the
VAT, or exchange rate or oil price movements. (Both the inflation acceleration and gap

terms are plotted as four-quarter moving averages to show the trend more clearly.) As
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expected, the MV filter output gaps follow the pattern of inflation much more closely than
the HP filter gaps. For example, the long period of disinflation in Western Germany in the

1980's suggests that the output gap was more negative than the HP filter shows, while the

(

period of inflation acceleration that followed suggests that the output gap was much narrower
than the HP fiiter gap. In the current period, the downward trend in inflation suggests that
the output gap is wider than the HP filter shows. Similar adjustments occur for the 1980's
for the other European countries. For Canada, the differences between the two gap series
tend to be somewhat smaller, although the pattern of inflation currently suggests that the
output gap is close 0 Zero rathier dian in the positive range as the HP fiiter series impiies.
The Japanese MV output gap series is currently closer to zero now than the simple HP filter
series. For the United States, the MV filter series suggests that the output gap is close to
zero, rather than in the positive range as indicated by the HP filter series.
Disaggregated Approach

One advantage to disaggregation, apart from possible differential impacts of inflation
on the productivity and labor components, is simply that it allows incorporation of trends in
The results from the estimation of the equations that break output into its productivity and
labor components are shown in the following table. The coefficients on lagged inflation, the
VAT, the oil price term, and the exchange rate are similar to those obtained using aggregate
GDP. The coefﬂ(;ients on the gap terms in these equations are less often significant than

those in the aggregate equations. This may be due to multicollinearity, since the productivity



Germany France ltaly U.K Canada
Il 484%* 656%* 661% 654%+ 599+
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" I, .107 i73 116 203* 156
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(.017) (.029) (.015)
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(.029) (.013)
APO 005** 013+ 012+ n.a -.002 I
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empioyment gap. 2.
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"productivity gap" term is significant more often than the "employment gap” term, suggestin ng

1at only adjusting labor market data to reflect inflation, as in the production function

Charts 8 through 14 show the inflation-adjusted gaps for both the aggregate and
disaggregated series. Although most of the differences are fairly minor, there are some

rather large discrepancies. Probably the most notable is for Germany in the late 1980's,

to the sizable swings in working-age popuiation growth experienced by western Germany

is period. In particular, the very low rate of population growth in the late 1980's

(o]
8
5 E

e disaggregated approach to show much slower potential growth than the a regate

important changes in potential growth. One noteworthy example is the projected drop in
Japanese working-age population for 1996 and 1997, which may limit Japanese potential

growth over that period.

IV. Forecasting Potential Growth

obably at least as important for policy as estimation of the current gap. Estimated potential
growth is an explicit component of the Bundesbank's money supply growth target, and is
taken into account, at least implicitly, in many other countries. In addition, if speed effects

exist, which they appear to do for several countries, changes in the gap (the difference



inflation.
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disaggregaied me s, based on the inflation-adjusted series. The same series are shown for

the previous five-year period for comparison. The forecasts for aggregate GDP and for
productivity are derived from simple time-series models that relate current to past growth.
The employment-population ratios are assumed to remain constant over the forecast period.
This was done because these ratios, which are composed of the participation rate and the
NAIRU, are not well-suited to simple time-series modelling. For instance, the NAIRU is
ned here, as is generally the case, to be a structurai parameter that changes only due to
unforeseen shocks. The participation rate may be somewhat more predictable, to the extent
that it is related to shifts in the age distribution of the population, for example. However,

less predictable shifts in preferences may also play a role. It is somewhat dangerous to

simply extend a past trend in a variable of this type, since there are obvious limits to the

NTATDTY /€ac lmctnma a emmAn] thns :_ _
NAIRU (for instance, a model that incorporates hysteresis effects), such efforts are beyond

the scope of this paper.
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Growth in Potential Output and Components
(average annuai rate of change)
1990-1995  1995-1997 1990-1995  1995-1997
Western Germany Canada
Aggregate 1.6 1.6 Aggregate 2.1 2.5
Disaggregated 1.0 2.4 Disaggregated 2.2 2.6
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France Japan
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Disaggregated 2.4 2.2
Productivity 2.8 2.0
Emp./Pop -.6 .0
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For the continental European countries (western Germany, France, and Italy), the
disaggregated method produces a higher estimate of potential growth than the aggregate.
This is primarily due to the fact that part of the recent low rate of potential output growth

(which is essentially projected to continue by the time-series model) appears to be attributable

to a sharm dron in the emnlovment-nonulation ratin ic dron i
s G Challdy WAy s = S 7 Y ™eviivii ianiv,y Gl Lo muy & a2

AnmmtiTTe LAe tha TTnitad Winadnm amd Macada s 0 1.1, 1200 __ Lacesmmos aL
COIIIUC. ol ulC viliCu DUIpuulll allld Ldfiddd uiere 1S Iittié diITerence oetween ue two

methods. For both Japan and the United States, the disaggregated method produces a lower
estimate of potential growth than the aggregate method. The main reason is the converse of

the explanation for the differences for the European countries. Employment-population ratios

the Japanese forecast is that the rate of working-age popuiation growth is projected to turn
from slightly positive to slightly negative, further depressing potential growth.

V. Conclusion

This paper has applied an augmented Hodrick-Prescott filter, developed by Laxton and

generally successful in that reasonable estimates of sensitivity of inflation to output gaps are
calculated, although they are not always significant, due most likely to multicollinearity and

the limited size of the data set. The resulting estimates of inflation-adjusted output gaps

ppear to at least move the estimates of notential outnut in the rioht direction for the mact
Qpp=is 2 Q8 aLQ3. 2aavY Y =8 —— VA pwewaae AGA Uslp/ual dil ULV 1a50AL WAl vblaal AVL Wiv MUSL
- et LAranncte nf matantial Antnnt arnurth araen dacierad ssoceme tlen temdlasimne ndirratad amolme
palit. 1ulitladd Ul puliiiliial vaiput givuwudi woit Ucliveld udSHIg Ul HUiduOII-aajusieda Series.
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The resuiting differences between the aggregate and disaggregated versions suggest that

taking account of the major components of growth is important in estimating trends in

potential output.

optimization problem. The results presented in this paper use the traditional weight of 1600
for the trend, or smoothness, parameter, and a weight of 400 for the inflation parameter.

Either or both of these could be adjusted. In particular, for the disaggregated method, it

could be argued that underlying productivity growth should be treated as being much

Similarly, the more closely one wants to tie potential output to inflation, the greater
the weight on inflation shouid be. The latter point is particularly important because potential
output is after all a constructed series that by definition is supposed to be the amount that the

economy can produce without causing inflation to accelerate. The only reason we give any
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Chart 17
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Charts Al through A7 compare the output gaps obtained using weights of 200, 400,
and 800 on the inflation term. (As noted earlier, 400 was used for the main set of results.)

The differences are fairly small for most time periods, but can be substantial, particularly for

P Vol

ut gap. As shown in the top part of the following table, the percentage of
the inflation acceleration term explained by the output gap increases substantially, aithough
unevenly among countries, as a increases. However, as shown in the lower panel, the
standard deviation of the output gap also increases a fair amount, particularly for Italy. (The

variation among countries may suggest that the choice of a should also vary by country.”)

from O to 400 than it is as a increases from 400 to 800. This provides some justification for
the choice of a used here, aithough certainly a more well-grounded criteria would be

preferable.

oo-

The same is aiso true for the choice of A, aithough in practice 1600 continues to be most
commonly used.
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Percent of Inflation Acceleration Explained and Standard Deviation of Output Gap For Different Values of a

Q
¢
a

|

H W. Germany i2 15 18 21

| France 4 9 12 16

ﬂ Italy 7 10 12 15

!! United Kingdom 8 13 16 18

H Canada 10 13 14 16

H Japan 19 15 18 22

" United States 18 21 22 25

" Standard Deviation of the Qumut Gan {(nercent) ]
" SIWVAE Vi WUl \JUIPUI \J& i \vblll’ F
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" France 11 11 19 VoA
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Chart A2
France

Output Gaps (MV Filter)
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Chart A4
Output Gaps (MV Fiiter)
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Output Gaps (MV Filter)
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Chart A6

Output Gaps (MV Fiiter)
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