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Introduction
In the analysis of monetary policy it may often be nec-
essary to use an overall indicator of inflationary pres-
sures in the economy. The output gap – which measures
the difference between actual and potential output – is
such an indicator. Potential output is an estimate of the
level of production that is consistent over time with the
highest possible utilisation of resources in the economy
with stable inflation. The simplest estimate of potential
output is the long-term trend in GDP. In business cycle
theory it is commonly assumed that total output in the
economy grows over time at a trend rate in line with
demographic trends, productivity, etc., but that in the
short term there are variations around this trend. Over
time, technology and the supply of resources change,
which also results in changes in potential output. It fol-
lows that potential output cannot be observed, but must
be estimated. In periods, actual output will depart from
trend output. For example, an increase in demand may
translate into higher output in the short term, so that
actual output rises at a faster rate than trend output, giv-
ing rise to a positive output gap (see Chart 1). 

As the output gap is an indicator of overall capacity
utilisation in the economy, a positive output gap indi-
cates upward pressure on price inflation.  Likewise, if
actual output is lower than potential output, inflationary
pressures would be easing. If the output gap is closed,
the level of output is consistent with stable inflation. 

In recent years it has become increasingly common to
measure the output gap. In countries where nominal
price stability is the operational objective of monetary
policy, a simple indicator is needed to shed light on
future inflationary pressures. The OECD and the IMF
estimate output gaps for member countries. The output
gap is also commonly used to estimate the Taylor rate.2

The Taylor rate is the interest rate that provides stable
domestic output and inflation. In these calculations, a
positive output gap favours, in isolation, a tightening of
monetary policy.

There are different methods for estimating output gaps
and the choice of method has implications for the
results. It is therefore important to bear in mind the lim-
itations of the different methodologies. Uncertainty
associated with the calculations warrant caution with
regard to drawing conclusions based on one simple fig-
ure.3 Such indicator approximations do not replace the
use of bigger macroeconomic models. However, an indi-
cator such as the output gap can be a tool for simplify-
ing the representation of more complex economic rela-
tionships.

Hodrick-Prescott filter 

The Hodrick-Prescott (HP) filter is a method that is
widely used to estimate the trend in an economic vari-
able. It represented an important improvement on previ-
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Chart 1. Illustration of the relationship between actual and
potential output and the output gap
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d i f f e r e n t  m e t h o d o l o g i e s ,  s a m e  r e s u l t ?
Espen Frøyland, adviser in the Economics Department, Norges Bank, and Ragnar Nymoen, professor at the Institute of Economics, University
of Oslo, and senior adviser in the Research Department, Norges Bank1

1 We are grateful to Yngvar Dyvi, Amund Holmsen, Gabriela Mundaca, Kai Leitemo and Ole Bjørn Røste for useful comments on an earlier version.

2 See Taylor (1993). Frøyland and Leitemo (1999) analyse the Taylor rule for Norwegian data.

3 Okun wrote 30 years ago: “The quantification of potential output – and the accompanying measure of the `gap´ between actual and potential – is at best an uncertain 
estimate and not a firm precise measure.“ Quotation from an article by Apel et. al. (1996).

Potential output is an estimate of the level of output that is consistent over time with the highest possible util-
isation of resources in the economy with stable inflation. The output gap measures the difference between
actual output and potential output, and may thus provide information about inflationary pressures in the
economy. However, measuring the output gap involves methodological problems. The use of the Hodrick-
Prescott (HP) filter – which is a relatively mechanical method for distinguishing between trends and cycles in
economic time series – requires a discretionary estimate of variations in trend output. The production func-
tion method – which is a method whereby developments in potential GDP are linked to the level of factors of
production and technology innovations – requires an estimate of the level of equilibrium unemployment . We
compare the results with the OECD’s measure of equilibrium unemployment  and a method where we model
equilibrium unemployment directly.  The various methods for measuring the output gap indicate that the
Norwegian economy has experienced strong expansion in recent years. They provide a slightly different pic-
ture of developments in the output gap in the years ahead. 
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ous methods, which assumed to a further extent that the
variable increased with a linear trend. The HP filter is
based on the assumption that a time series Yt can be
decomposed into a trend component, Ut, and a cyclical
component, Ct:

(1)

The method makes it possible to distinguish between
a permanent and temporary component in a time series.
From a technical viewpoint, the HP filter means that
trend output is estimated by minimising the following
equation:4

(2)

where the variables are measured in logarithms. yt and
y*t are actual and trend output, respectively, in  period t.
The HP filter minimises the quadratic difference between
actual and trend output – first parameter in (2) – under the
assumption that the output potential does not vary exces-
sively – second parameter in (2). λ is a positive parame-
ter that determines the extent of variations in trend output.
A high λ value means that trend growth in  a borderline
case may equal the average for the projection period, ie
that trend output becomes a linear trend. The other
extreme, λ=0, implies that all changes in actual output can
be interpreted as changes in potential output.

One advantage of the HP filter is that trend output can
be estimated directly from actual output. However, there
are several shortcomings associated with the HP filter.5

One disadvantage is that λ must be given a pre-
assigned value. There are various criteria for determin-
ing this value. One proposed way is to assign a value to
λ that gives a specific value for the relationship between
the variance in trend and actual output. An alternative is
to set λ at a value that produces the same variance in
trend output in several countries. A third option is to
assign a value to λ that gives a trend output that is in line
with one’s intuition concerning cyclical movements.6

Hodrick and Prescott’s (1997) original proposal was λ =
1600 for quarterly data, and this seems to have become
an established international standard. For annual data, it
is common to use λ = ε [25,200], see for example
Giorno et. al. (1995).7 

Another problem with the HP filter is that economic
fluctuations at the end of the projection period may gain
excessive weight in the estimation of trend output. If, for
example, actual output falls at the end of the period,
trend output will also fall so that it may be underesti-
mated. This is an unfortunate feature because  one is
often interested in a measure of current capacity utilisa-
tion. However, the problem can be partially solved by

extending the data series with estimates where econom-
ic growth picks up to the long-term potential in the
economy. The drawbacks of the HP filter have, for
example, been cited in discussions on output develop-
ments in the OECD area, where inflation rates have
moved on a downward trend over the last 15 years. An
interpretation of this is that the output gap has been neg-
ative. The use of the HP filter in this period implies,
however, by definition that the output gap will be closed
over time, and thereby erroneously indicates that there
has not been downward pressure on inflation. 

Chart 2 shows trend GDP growth for mainland
Norway with different values of λ, while Chart 3 shows
the output gap for the same λ values. The calculations
confirm that the Norwegian economy has been in an
expansionary phase over the last years, and that a slow-
down will occur in the years ahead. λ = 500 for annual
data in the HP filter implies that trend GDP growth is
smoothed to a large extent, ranging between 1.9 and 2.5
per cent in annual, real terms since 1980. λ = 25 implies
that trend GDP growth varies between 1.1 and 2.9 per
cent in the same period. Pure discretionary evaluations
suggest the use of λ = 100. This is in line with interna-
tional practice and it also provides a reasonable picture
of business cycles over the last 20 years. It allows some
fluctuations in trend GDP, but without excessive fluctu-
ations. As a result of substantial inertia in the Norwegian
economy, which means that the economy may be out of
balance over several years, it is unlikely that the trend
potential will vary widely. 
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Chart 2. Trend GDP growth for mainland Norway for various
values of λ as a percentage of trend output. Hodrick-
Prescott filter

4 See for example Hodrick and Prescott (1997). They also refer to the method as the “Whittaker-Henderson“ method, which has been used since 1923 in the insurance
industry to estimate mortality tables.

5 For an overview of the more formal objections to the HP filter, see for example Harvey and Jaeger (1993) and Guay and Amant (1996). According to Guay and Amant
(1996) the sources of error could be substantial if most of the variation in production is due to fluctuations in trend components and there is a large degree of persistence in
this contribution to output. Harvey and Jaeger (1993) demonstrate that the HP filter provides a spurious cyclical component if the method is used for a variable that is a
“random walk“ process.

6 Kydland and Prescott (1990) have among other thing suggested that the trend component in production should be consistent with the curve that students of economics
would draw.

7 In this study λ=25 is used for most OECD countries including Norway, with the exception of the UK (λ=100) and Canada (λ=200).
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Production function method
Estimating potential output and the output gap using the
production function method is linked to the underlying
structure in the economy to a greater extent than for the
HP filter. The trend levels for labour, capital and avail-
able technology are inserted in a further specified pro-
duction function. Potential output may then be per-
ceived as the supply side in the economy, determined by
the factor inputs mentioned. A number of other institu-
tions, among them the OECD and the Swedish
Riksbank, use the production function method to esti-
mate the output gap. In the following, we describe how
this is done for Norway using the calculation method
from the OECD, see Giorno et. al. (1995). The calcula-
tions are based on a production function for the sectors
manufacturing, construction, services and distributive
trades.8 The aggregated production function for the
economy, at time t, is assumed to be: 

(3)

where the variables are measured in logarithms. yt value
added, λt person-hours, kt capital stock, et total factor
productivity and a0 a constant.9

For given factor share (a1), the growth in total factor
productivity is calculated as the residuals from equation
(3) using the least squares method. The residuals show
considerable fluctuations and we have smoothed the
series using a Hodrick-Prescott filter to find trend factor
productivity, which was around 1.0 per cent on average
in the 1990s. 

We assume here that potential capital stock corres-
ponds to actual capital stock, ie that capital stock is fully
utilised at any given time. Using economic statistics, it
would be difficult in any case to determine the extent to
which capital stock is utilised in the production process.

It should thus be noted that the historical figures for cap-
ital stock are shrouded in a high degree of uncertainty. 

Potential labour input measured in person-hours is a
function of three variables: The level of the labour force,
unemployment and average working time per employee,
where the variables are measured in equilibrium (or
trend level). Below, we discuss in detail the estimation
of the level of unemployment that gives a balanced
labour market. On the basis of the calculations for equi-
librium unemployment, we can estimate potential
employment as: 

(4)

where ASt is trend growth in the overall labour
force10, U*t is the estimated equilibrium rate of unem-
ployment  and Nt

IM is non-modelled employment. We
see that an increase in equilibrium employment results
in reduced potential employment. 

It is difficult to determine how fluctuations in activity
levels influence average working time. In our calcula-
tions, we have therefore assumed that there are no cycli-
cal variations in average working hours.11

Trend total factor productivity, e*, actual capital stock,
k, and potential person-hours-employment, l*, are then
used to calculate potential production, y*:

(5)

As illustrated in the discussion above, one advantage
of the production function method is that the total effect
of potential output can be distributed by the contribution
from each input. For example, if unemployment is lower
than equilibrium unemployment, this will in isolation
imply higher employment than potential employment
and hence a positive output gap. 

One problem associated with the production function
method is that it is very data-intensive. In addition, there
is substantial uncertainty associated with estimating nor-
mal levels for total factor productivity and the level of
equilibrium unemployment (see discussion below).
There are also methodological problems since one
assumes that it is reasonable to describe output in terms
of equation (3). If this structure is oversimplified, the
estimations of among other things total factor produc-
tivity will be erroneous. 

Different measures of equilibrium
unemployment in the production
function method
The discussion above shows that the estimate for equi-
librium unemployment that is used in the production
function method is important for the results. We will dis-
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Chart 3. Output gap for various values of λ. Hodrick-
Prescott filter
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from Inflation Report 2000/1

8 These sectors account for about ¾ of production for mainland Norway measured in terms of basis value.

9 Formally, this is a Cobb-Douglas production function with constant returns to scale. This means that the elasticities of value added with regard to labour and real capital
are constant and add up to 1. Elasticities are given by the factor income shares of the two production factors. The weights can according to the Ministry of Finance (1997)
be estimated at ⅔ for person-hours and ⅓ for real capital for mainland enterprises.

10 Trend growth in the labour force is found using the Hodrick-Prescott filter.

11 This implies that                     , where Ht is actual average working at time t.
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cuss how the various measures of equilibrium unem-
ployment influence the estimations of the output gap
using the OECD’s measure of equilibrium unemploy-
ment and a new method for estimating equilibrium
unemployment. 

Equilibrium unemployment measured by

main course unemployment, NAIRU and

NAWRU 

In Norway equilibrium unemployment has been esti-
mated using the so-called main course model for wage
formation, see Aukrust (1977).12 Aukrust’s model for
wage and price formation in a small open economy dis-
tinguishes between the exposed sector (K) and the shel-
tered sector (S). In both sectors K and S wages and
prices must over time be adjusted so that profitability is
maintained at a level that is sufficiently high to attract
investors. In the K sector, costs cannot be passed on to
product prices. Wages must thus be adjusted to foreign
prices and productivity, which combined constitute the
so-called main course for wage developments.

The main course theory is in principle not a theory for
determining equilibrium unemployment, but can first be
used for this when linked with the Phillips curve.
Simplifying, we will in the following identify sector K
as manufacturing. The estimation of main course unem-
ployment uses a Phillips curve relationship for manu-
facturing, see Stølen (1985):

(6)

where the variables are measured in logarithms. wt is
nominal wages in manufacturing in the period t, pt the
consumer price index, zt average labour productivity, qt
the producer price index and Ut the unemployment rate.
Since w, p, q and z are measured in logarithmic scale,
equation (6) expresses the growth rate for manufactur-
ing wages. We see that increased labour market pres-
sures, measured by a lower U, result in higher wage
growth. In the same way, higher cost of living, measured
by higher ∆p, and improved earnings in manufacturing,
measured by higher ∆q and ∆z, lead to an increase in
wage growth. Finally, the previous year’s wage growth
is incorporated to take account of the adaptation of wage
growth to these explanatory variables with some lag. 

Main course unemployment can be derived from

equation (6) when we assume a hypothetical equilibrium
situation where the wage share in manufacturing is con-
stant from one period to the next. The expression for
main course unemployment Uhk, becomes13 :

(7)

where πz is a constant growth rate for productivity in
manufacturing and πp is a constant rate of increase for
producer prices (and import prices).

According to equation (7), a fall in price inflation
abroad, πp, will increase main course unemployment  if a2
+a3 +a4 <1. This assumption is consistent with the falling
slop of the long-term Phillips curve. Reduced productivi-
ty growth in manufacturing, πz, increases main course
unemployment  if a4+a5 < 1. A productivity fall implies
in isolation a deterioration in profitability. Higher main
course unemployment indicates that wages must be
reduced to offset the fall in productivity14.

The concept main course unemployment is in many
ways akin to NAIRU. NAIRU is defined as the level of
unemployment that is consistent with constant infla-
tion.15 If a2 +a3 +a4 = 1, we see from equation (7) that
lower international price inflation does not affect main
course unemployment. This is consistent with the case
where the long-term Phillips curve is vertical.16 In
accordance with equation (7) we thus define NAIRU as: 

(8)

Empirical tests on both Norwegian and foreign data
show, however, that the Phillips curve formulation is an
over-simplified description of how the economy func-
tions in this area, see Rødseth and Nymoen (1998) for a
description of wage formation in the Nordic countries.
The main problem is not the assumption of a constant
wage share in the long term, but rather which mechanisms
that maintain wage growth within the main course corri-
dor. The Phillips curve relationship includes only one
such mechanism: Unemployment must increase if wage
growth is excessively high, and decline if it is too low.
The main course will, however, be maintained in many
other ways. Empirical studies show for example that prof-
itability in manufacturing has an independent explanato-
ry power for wage growth. The results imply that the stan-
dard method for estimating equilibrium unemployment
loses its fundament: Unemployment  cannot be deter-
mined based on the assumption that the main course will
apply in the long term, see Naug (1992).

12 This method has dominated in Norway, and the estimates for main course unemployment are used in several key official reports in the 1980s and 1990s, see NOU
reports (1988a), (1988b) and (1992).

13 See appendix for derivation of main course unemployment .

14 Graphically, a fall in productivity could be represented by a positive horizontal shift in the long-term Phillips curve so that main course unemployment will increase to a
given foreign rate of increase in prices.

15 NAIRU is an acronym for "non accelerating inflation rate of unemployment" and is credited to Tobin (1975). As the definition is linked to constant inflation a correct
designation would be "non increasing inflation rate of unemployment" (NIIRU), but the acronym NAIRU has taken root in the profession. 

16 Some authors argue that there are substantive differences between NAIRU and natural unemployment  but in applications it is common to define natural unemployment
as the unemployment  rate that follows from a vertical Phillips curve. The concept natural unemployment  has its origin in works by Friedman (1968) and Phelps (1967).

≤≤≤++<≥
∆+∆+∆+∆+−=∆ −








 −++−+++= ππ








 −++= π



E c o n o m i c  B u l l e t i n  Q 2  0 0

50

The OECD’s NAWRU method, see Elmeskov and
McFarland (1993) and Elmeskov (1994), can also be
easily understood using main course unemployment.
This method is based on the assumption that a change in
wage growth is proportional to the difference between
actual unemployment and NAWRU:

(9)

where wt is the logarithm for the wage level17 and Ut is
the number of registered unemployed as a percentage of
the labour force. Ut

NAWRU is the level of unemployment
that makes unemployment  stable in relation to (9).18

Since we see that developments in the estimated
NAWRU from equation (9) is highly volatile from one
year to the next, the OECD uses the Hodrick-Prescott
filter to smooth the series. Chart 4 below shows estimat-
ed NAWRU. 

We see that the wage relationship used in the NAWRU
method is a special case of equation (6). The two mod-
els are convergent if a2=a3=a5=0 and a4=1, and one
assumes that NAWRU is stable over time.19 According
to equation (8) we can then write UNAWRU = [a0/a1]. But
since we have argued that equation (7) is an erroneous-
ly specified model for wage formation, the uncertainty
of the empirical status of main course unemployment
will be even greater for NAWRU. Holden and Nymoen
(1999) test the NAWRU estimates for the Nordic coun-
tries, and conclude that the method is not suitable for
determining developments in equilibrium unemploy-
ment.20 

Equilibrium unemployment  measured
directly 

In the calculations above main course unemployment
and NAIRU are based on an equation that explains wage
inflation, which is then used to determine the equilibri-
um value of another variable, ie unemployment. This is
thus an indirect method and as we have seen builds on a
number of assumptions concerning the relationship
between wages and unemployment, see Kolsrud and
Nymoen (1998) and Jansen and Nymoen (1994).

An alternative approach is to derive an estimate for
equilibrium unemployment from a model that is
designed to explain developments in the unemployment
rate itself. To illustrate this we start with: 

(10)

where Xt represents a set of variables that explains
unemployment. It is natural to look at expectations of Ut

as a function of the historical developments in unem-
ployment, U0, and a given value X* of the explanatory
variable: 

(11)

When t increases towards infinity the importance of
historical developments declines, and long-term equilib-
rium unemployment is: 

(12)

Measured in this way, equilibrium unemployment
depends on the assumptions concerning X*, ie the long-
term value of the explanatory variables in Xt. We have
carried out a few illustrative calculations where Xt
includes mainland GDP growth, the wage share in man-
ufacturing and the scale of labour market measures.
Equilibrium unemployment is calculated using a five-
year moving average for GDP growth and profitability.
From year to year, GDP growth is heavily influenced by
demand conditions, but it is reasonable that the average
growth rate over a somewhat longer period reflects sup-
ply side conditions. The wage share in manufacturing
represents a profitability indicator and is also a supply
side variable. Labour market programmes are smoothed
over whole decades to capture the long-term structural
element in such measures. 

As shown in Chart 4, when using the direct method
equilibrium unemployment is on the whole lower than
NAWRU in the whole period from 1975 to 1991, while
they have been more similar in the 1990s. In 1999, reg-
istered unemployment was 2.6 per cent. Equilibrium
unemployment measured by the direct method is esti-
mated at 3.7 per cent, while NAWRU is estimated at 3.5
per cent that year. In the years ahead, the difference
between the two estimates is relatively small. 

Up to 1981, there is no significant difference between
actual unemployment and unemployment estimated
using the direct method. The increase in unemployment
in 1982 is not offset by an increase in equilibrium unem-
ployment, and it is reasonable to attribute this period of
unemployment to a temporary drop in demand. When
unemployment rises again at the end of the 1980s, we
see that there is also a substantial increase in the esti-
mated rate of equilibrium unemployment, which pri-
marily reflects an increased wage share and thus weak-
er profitability in manufacturing, but also lower growth
rates in the economy as a whole. We emphasise that 

17 Unlike in equation (6), we have used the wage level in mainland Norway.

18 For a detailed description of how one can estimate NAWRU, see Holden and Nymoen (1998) or Giorno et. al. (1995).

19 With the symbols from equation (6) this implies that -h*UNAWRU=a0.

20 Fluctuations in underlying productivity growth are a candidate for creating fluctuations in equilibrium unemployment, see Gordon (1998). With our notations, the para-
meter a0 may not necessarily be constant over time, but depends on different supply side factors. 
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these calculations are only to serve as an illustration and
must not be considered as Norges Bank’s assessment of
equilibrium unemployment in Norway. 

Chart 5 shows developments in the output gap using
the production function method with various measures
of equilibrium unemployment. The estimates are very
similar. 

As was the case with the results using the HP filter, the
production function method also shows that the
Norwegian economy has been in an expansionary phase
in recent years. In contrast to the HP method, the output
gap is positive at the end of the calculation period, mea-
sured by direct equilibrium unemployment. The produc-
tion function method using the direct method for mea-
suring equilibrium unemployment shows a somewhat
more positive output gap at the end of the period as this 
estimate for equilibrium unemployment is slightly high-
er than NAWRU estimates.  

Summary and further work
The Hodrick-Prescott filter and the production function
method should be considered as complementary rather
than alternative methods for estimating the output gap.
The Hodrick-Prescott filter is a simple but relatively
mechanical way of estimating the output gap. Variations
in trend output will to some extent depend on the dis-
cretion of the user. In addition, there is substantial
uncertainty associated with the estimates for the output
gap obtained using the HP method at extreme points.
The production function method is based on a more the-
oretical approach, but requires among other things esti-
mates for equilibrium unemployment. We have shown
that measures of unemployment in equilibrium may to
some extent change the estimate for the output gap.
Moreover, the calculation of trend factor productivity
requires that the production function used is a valid rep-
resentation of the economy. 

A shortcoming inherent in the methods is that neither
takes full account of supply shocks. An example of a
supply shock is explosive growth in the use of the
Internet. Some analysts have suggested that this may
have increased potential output in the US economy, see
for example Claussen (1999). If a positive supply shock
leads to a sudden increase in potential output – for a
given actual output – the true output gap may be over-
estimated to the extent that the above methods do not
capture this. This may result in erroneous overpredic-
tions of inflationary pressures in the economy. In the
event of a negative supply shock that reduces potential
output, the true output potential will decline with the
attendant risk of underestimating inflationary pressures. 

In recent years, new methods for estimating the output
gap have been developed, which remedy some of the
shortcoming of the methods used in this article. The
Reserve Bank of New Zealand uses a method where the
HP filter is supplemented with information provided by
a Phillips curve and capacity utilisation data, see
Conway and Hunt (1997). They find that this broaden-
ing significantly improves the explanatory power of the
output gap with regard to changes in inflation compared
with the HP method. The Swedish central bank’s infla-
tion report includes output gap estimates obtained using
a simultaneous model for the output gap, equilibrium
unemployment and inflation, see for example Apel et.
al. (1996) and Apel and Jansson (1997). This simultane-
ous model ensures consistency between developments
in inflation and the level of production and unemploy-
ment where inflation is constant. Norges Bank is cur-
rently testing these methods on Norwegian data. 
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from Inflation Report 2000/1
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Appendix. Derivation of main course
unemployment  

Main course unemployment can be derived from equa-
tion (6) when we assume a hypothetical equilibrium sit-
uation where the wage share in manufacturing is con-
stant from one period to another: 

(13)

Furthermore, equilibrium is characterised by an
increase in producer prices in pace with import prices,
which increase at a constant rate πp ;

(14)

Finally the growth rate for productivity is constant,
and designated as pz. All in all, these assumptions imply
that: In equilibrium, wage growth follows a main course
consisting of foreign price inflation and productivity
growth in manufacturing. 

Main course unemployment is defined as the unem-
ployment rate that brings wage growth into line with the
main course. When we in addition to equations (13) and
(14) write the consumer price index pt as a weighted
sum of the producer price index qt and the import price
index pit:

(15)

we obtain the expression for main course unemploy-
ment, Uhk, in equation (7) in this article.
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