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Abstract
The Hodrick-Prescott (HP) filter is a commonly used method, particularly in potential output studies. However
its suitability depends on a number of conditions. Very small open economies do not satisfy these as their
macroeconomic series exhibit pronounced trends, large fluctuations and recurrent breaks. Consequently the use
of the filter results in random changes in the output gap that are out of line with the concept of equilibrium. Two
suggestions are put forward. The first involves defining the upper and lower bounds of a series and determining
equilibrium as a weighted average of the filter applied separately on these bounds. The second involves an
integration of structural features into the standard filter to allow researchers to set limits on the impact of
structural/temporary shocks and allow for lengthy periods of disequilibria. This paper shows that these methods
can result in a smoother output gap series for the smallest Euro Area economies.
Keywords: potential output, output gap, Hodrick-Prescott filter, detrending, business cycles, small open
economies
1. Introducation
Macroeconomics is based on the concept of equilibrium, with the economy developing in the long term in a
balanced way, with full employment of resources and a constant inflation rate (Note 1). However in the short
term there can be deviations from this path and discovering the extent of these disequilibria is one of the main
tasks of empirical macroeconomists (Note 2). Given that these long term variables are unobservable, they need
to be estimated. There tend to be two main branches in the literature, particularly on potential output studies. On
the one hand, statistical de-trending methods, such as the Hodrick-Prescott (HP) filter, attempt to extract
equilibrium values using past values of a macroeconomic series (Note 3). The line of reasoning underlying these
methods is essentially neo-classical as the economy’s dynamics are assumed to gravitate towards equilibrium, so
that past values of actual data should give a very good indication. By contrast, the other category of models is
based on the idea that given that the economy can deviate from equilibrium for long periods, past observations
can provide little indication, and a structural model, such as a production function in the case of potential output
estimation, must be developed.
Both empirical approaches were conceived for large economies with relatively stable macroeconomic series. The
structural methods, if they are not correctly specified or are based on an inaccurate assessment of factors of
production, can provide a rather incorrect view of potential output. Unfortunately very small economies do not
tend to have high quality data on factors of production, notably the capital stock. In many cases, due to data
unavailability, estimates of total factor productivity and the natural rate of unemployment—both important
determinants of potential output in structural methods—have to be estimated using statistical filters. However,
while there is a tendency to apply statistical filters uniformly in cross-country studies, this ignores the fact that
these filters tend to require quite specific properties which are not found in data for very small open economies.
Due to their very open and very small nature, these economies tend to have macroeconomic series with
pronounced trends, large fluctuations and recurrent structural breaks. The finalisation of a big export order or the
carrying out of an infrastructural project, for instance, would tend to regularly affect their series, while for large
countries these kinds of shocks tend to be rare occurrences. In this light, standard filtering methods should
preferably be adjusted to take into account the special characteristics of very small open economies.
This paper will attempt to tackle this issue by looking at the use of the HP filter to derive quarterly output gap
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estimates ffor the six smaallest Euro areea (EA) econom
mies, namely C
Cyprus, Estonia, Luxembourrg, Malta, Slov
venia
and Slovakkia (Note 4). All
A of these coountries have a share of totall EA GDP of lless than 1% ((Note 5). They
y also
are very oppen economies, with the ratiio of exports to GDP more tthan two and a half times thaat of the largesst EA
economiess. Over the last decade, they have also tendded to grow att a much faster rate than thee rest of the EA
A and
to have muuch more volaatile economicc outcomes. Thhese differencees, expanded iin more detail in the section
n 2 of
this paper,, mean that theey are an exceellent examplee of countries w
where the appplication of thee standard HP filter
could provvide policymaakers with ann incorrect vaalue for potenntial output. IIn section 3 oof this paper, two
suggestionns are put forw
ward to allow for a smootheer quarterly ouutput gap series for the smalllest EA econo
omies
and, more broadly, for otther economiees would allow
w for long-term
m deviations froom potential.
2. Are thee Very Small Economies
E
Diffferent from tthe Rest of thee EA?
There is nno standard deefinition of whhat constitutes a small counntry. Kuznets ((1960) uses ann upper limit of
o 10
million peeople, whereas the Commonw
wealth opts foor a threshold oof 1.5 million (Note 6). How
wever territory
y size
or GDP arre also used (see Alesina & Spolaore (20003)). In this paaper we denotee by the very ssmall economiies of
the EA all those countriees with a GDP
P less than 1% of the EA’s tootal GDP. Of thhese, only Slovvenia and Slov
vakia
have a poppulation higherr than 1.5 milliion.
Studies off small econom
mies find thatt they tend too be much moore open to innternational trrade and also very
dependentt on FDI flowss (Note 7). Thiis reflects the ffact that the abbsence of a larrge domestic m
market creates clear
incentives for a more open trade and innvestment regiime. The export-to-GDP ratiio of very smalll EA economies is,
in fact, tw
wo and a half times
t
that of tthe large EA ccountries. How
wever this dependence on voolatile or relatively
uncontrollable external demand
d
gives rise for an exppanded scope of governmennt to stabilise income (see Ro
odrik
(1998)). T
The high volattility and expoosure to exterrnal risk probaably also conttributes to sm
maller states ha
aving
higher savving rates (Notte 8). Figure 1 compares thee quarter-on-quuarter real GD
DP growth ratee of the five la
argest
EA econom
mies and that of the six smaallest. Besidess displaying veery little correlation up to thhe end of 2007
7, the
two series differ greatlyy in terms of vvolatility and rrange. Quarterr-on-quarter grrowth rates rannge from +1.1% to
-2.9% for the largest ecconomies and from +2.4% tto -4.6% for tthe smallest onnes. The latterr also change very
randomly. For instance, in 2007Q4 thhe quarter-on-qquarter growthh rate for the vvery small ecoonomies was 2.4%,
2
turning to a negative 0..4% in the firrst quarter of 22008, again shhifting to a siignificant posiitive in the se
econd
quarter. Thhese differencees are even moore pronouncedd when one loooks at particulaar economies ((Note 9).

Fiigure 1. Quarteer-on-Quarter rreal GDP grow
wth (seasonallyy adjusted)
Source: Euroostat.

Table 1 illlustrates even more
m
starkly tthis difference in volatility. T
The coefficient of variation oof GDP data of
o the
smallest ecconomies is more
m
than threee times that off the largest onnes. Smaller ccountries face issues even in data
compilatioon, with inventtory changes aand statistical ddiscrepancies bbeing, on averrage, greater thhan those of bigger
economiess. Both privatee and governm
ment consumptiion, as suggestted by the literrature, are muuch more volatile in
the smalleest EA countriies. The rangee of quarter-onn-quarter channges in these nnational accouunts componen
nts is
very high in very smalll economies. Successive quuarter-on-quartter changes teend to vary veery substantiallly in
these counntries, whereass in the larger economies deevelopments arre much smooother. Exports and investmen
nt are
quite volaatile in the larrgest EA counntries, but stilll not to the eextent observeed in very sm
mall economiess. To
exacerbatee things, both exports and iinvestment connstitute a mucch higher ratioo to GDP for the very smalll EA
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economiess. The compleetion of large orders or gainns of significaant orders by individual entterprises can affect
a
export turnnover in the laatter cases. Sim
milarly, in a verry small econoomy, capital prrojects tend to be relatively larger
and more one-off than inn a bigger ecoonomy. Figure 2 shows how while investm
ment in the larggest EA econo
omies
follows reelatively smoooth cyclical beehaviour, for tthe smallest coountries it is rreplete of tem
mporary surgess and
drops.
Table 1. Inndicators of voolatility (2000-2012)–the imppact of countryy size
Very small couuntries*

Small countriies*

Laarge countries*

GDP
P

13.2

6.5

4.3

Privvate consumption

11.5

6.6

3.5

Govv. consumption

11.1

6.5

6.7

Exports

22.2

12.3

14.0

Inveestment

15.4

8.7

9.5

Coef
efficient of variatioon (%)

Rangge of quarter-on-qquarter changes (p
(percentage points)
s)
GDP
P

7.0

4.1

4.0

Privvate consumption

4.2

3.0

1.4

Govv. consumption

7.7

4.6

1.4

Exports

15.0

11.9

13.4

Inveestment

15.4

8.7

9.5

Oddds of successive quuarter-on-quarter changes varying bby more than 0.5 pp.p.
GDP
P

0.45

0.33

0.20

Privvate consumption

0.33

0.10

0.04

Govv. consumption

0.78

0.20

0.00

Exports

0.82

0.80

0.71

Inveestment

0.84

0.57

0.45

Meaan value of Inventoory

0.3

0.4

0.1

channges/Statistical disscrepancy (%
of G
GDP)
* Very small countries have a GDP less than 1%
% of total EA GDP
P, that of small coountries is betweeen 1% and 5%, whhile the large econ
nomies
are the remaiining EA countriess.
Source: Ownn analysis using Euurostat GDP seasoonally-adjusted quuarterly data.

Figure 2. Innvestment as a ratio to GDP ((seasonally adjjusted)
Source: Euroostat.

3. Modifyying the HP Fiilter
The estimaation of potenttial output hass tended to be done in two w
ways. One schoool, harking back to the classsical
tradition, vviews the businness cycle as ffluctuations aroound a long-teerm trend, withh the economyy having some form
of mean-reeverting proceess that leads itt back to equillibrium. By coontrast, the othher line of thinnking, which draws
d
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from Keynesian macroeconomics, allows for the possibility of permanent or long-term divergences and sees the
output gap as the result of significant movements in aggregate demand in relation to a slowly moving level of
aggregate supply. The emergence of an output gap is attributed to rigidities that delay the immediate adjustment
of prices and wages. Conversely, the first line of thinking sees potential output as being ‘driven by exogenous
productivity shocks to aggregate supply that determine both the long-term economic growth and, to a large
extent, short-term fluctuations in output over the cycle’ (Note 10).
Broadly speaking, potential output in neoclassical macroeconomic thought is synonymous with the trend growth
rate of actual output. The output series can be decomposed into a permanent component and a cyclical one that
exhibits stationary behaviour in that it reverts always to the permanent level. What complicates matters is that
the permanent or equilibrium level of output, however, is not stable and instead exhibits an upward trend in most
economies, reflecting mainly productivity shocks. Therefore methods that attempt to extricate the cyclical
element must be able to identify movements in the time series that are due to the cycle and those that reflect
changes in potential output. The most popular filtering method is the HP filter (Note 11) which takes the form:
(

(
=1

−

−1

)2 +

=2

(

+1

−

)−(

−

−1 )]

2)

(1)

This first term minimises the distance between the actual and the potential (τt) value, while the second minimises
the change in the trend value. Given that these two objectives contradict each other, the weight λ is used to
control for the smoothness of the trend. It is typically set at 1600 for quarterly data. Its widespread use derives
mainly from its simplicity, though it has other useful properties, for example it produces an output gap that is
stationary even though the original series is integrated.
Despite its popularity, its use has been controversial. It is mechanistic and results depend crucially on the choice
of λ. If  is set to zero, the trend is the same as the actual series, while if it is set at infinity it reduces to the linear
form. The arbitrary choice of the smoothing parameter influences the size of potential output estimates and some
studies have argued that the commonly used s are only applicable for the normal business cycle of the US (Note
12). Long run deviations from equilibrium are ruled out, and the filter assumes the cycle lasts between 2 and 32
quarters. The method also suffers from an end-of-sample problem (Note 13). Baxter & King (1999) find it takes
data for three additional years to make sure the actual output gap makes sense (Note 14). Cotis et al (2005) argue
that ‘the sample end point weaknesses characterising HP filtering are beyond practical remedy’ given that official
forecasters tend to adopt a “back to average growth” forecasting approach. Another criticised feature of the HP
filter is that it assumes the cycle is symmetric. In addition, Scacciavillani (1999) notes that if there are structural
breaks, the use of the HP filter ‘could be inappropriate since the filtering procedure may remove from the data
shifts that in fact represent a change in the trend level or growth rate of potential output’. Guay & St-Amant
(2005) also note that it is based on assumptions that are unlikely to be satisfied in practice; namely that transitory
and trend components are not correlated with each other, that the process is integrated of order 2, and that the
transitory component is white noise.
Structural methods tend to be preferred by policymaking institutions as their results are relatively easier to ‘to
frame economic policy discussions or explain policy decisions to the public’ (Note 15). While potential output is
not something which is expected to drop, there is increasing evidence that its growth is affected by severe
financial crises or deep recessions (Note 16). Structural methods have the advantage that they can allow for
longer deviations from potential. The main method used is the production function approach (Note 17),
involving the modelling of aggregate supply via an economy-wide production function. Despite its attractiveness,
this presents significant practical drawbacks for very small economies, as data requirements are substantial.
Arriving at a measure of capital stock is difficult (Note 18). Furthermore systematic deviations of output from
the level given by factor inputs, ascribed to total factor productivity (TFP) growth, tend to require the use of
de-trending techniques and result in very large changes for small countries as factors of production may be
measured incorrectly (Note 19). Other structural alternatives to production functions, such as structural VARs
(Note 20) and micro-founded dynamic stochastic general equilibrium models (Note 21) are equally hard to
implement for very small economies. Semi-structural methods (Note 22), such as the multivariate
Beveridge-Nelson decomposition, which try to use statistical approaches in a structural context by using
information from several series to estimate the output gap, are less challenging. Yet they still are problematic.
For instance, the unobserved components method (Note 23) tries to extract information on the output gap using
the co-movement of observed series, such as inflation, but these too could also be subject to shocks that have
little to do with changes in potential output (Note 24). Modifying the simple HP filter to try to account for the
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particular nneeds of very small open economies, whille also allowinng for more flexibility in deteermining the le
ength
of deviatioons from potenntial, may present an interesting alternativee.
3.1 A sugggested Alternattive Use of Thee Standard HP
P Filter
Due to nooise in the datta, applying thhe HP filter onn the GDP seeries of a veryy small open eeconomy gives the
impressionn that the outpput gap is verry volatile (Noote 25). For innstance when applied to thee smallest cou
untry,
Malta (Noote 26), the filtter yields an ooutput gap seriies that rangess between –3.44% and +3.8%
% of potential GDP.
G
This is noot that differennt from that oof the EA (i.ee. -2.6% to +
+3.3%). Howevver, while thee Maltese seriies is
stationary, as can be seeen from Figuree 3 it is erraticc and does not display clear cyclical behavviour. For instance,
looking at 2000, it movees from a gap oof 0.9% in thee first quarter tto a surplus off 2.3% in the seecond, a gap of
o 0.2%
in the thirdd and a surpluus of 1.7% in the last quarteer. The Maltesse series changges sign 18 tim
mes while the EA’s
does so 6 ttimes (Note 277). The relevannce of such a m
measure of ‘eqquilibrium’ is cclearly limited and it cannot serve
as a good gguide for decissions on econoomic policy.

Figurre 3. Output gaap (HP filter onn seasonally-addjusted quarterly GDP data)
Source: Ownn calculations usinng Eurostat data.

The variabbility of the HP-filtered
H
outpput gap measuure for very sm
mall open econnomies can hoowever be redu
uced.
The first sttep is to dividee their GDP tim
me series into an upper and a lower boundd data sequencee. The upper bound
43
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takes all those GDP readings which are underpinned by a quarter-on-quarter increase, while the lower bound
takes the readings resulting from a decline. The successive actual values of these series are interpolated to create
a complete time series (Note 28) that is considerably smoother than the actual GDP series, which is characterised
by very large spikes and subsequent drops. Following this, an HP filter is applied separately on the upper and
lower data sequence. Then for some weight, θ (with a value between 0 and 1), one would define the potential
output series as:
θYL + (1-θ)YH

(2)

where YL stands for the trend of the lower bound of the series while YH is the trend fitted to the upper bound. One
would set the value of θ on the basis of an assessment as to where the equilibrium lies. It would be closer to 1 the
more one believes that equilibrium lies close to the trend set by the lower bound of the time series, and vice
versa. As GDP in small open economies tends to be boosted by one-off events such as large capital projects and
bulky export orders, choosing a θ of 1 would appear preferable. Conversely given that potential output is
generally taken to mean ‘maximum’ output, one could argue that the bias for θ should be closer to 0. The setting
of θ introduces an element of judgement, which inevitably implies that the method is not easy to standardise
across countries.
Adopting a constant θ does not necessarily affect the variability of the output gap estimates. It just allows one to
have a lower potential output series. Varying θ over time can, however, help reduce the variability of the output
gap. The algorithm used to determine this variation was based on observing the changes in the standard HP filter
derived output gap for the very small economy and comparing them with those of a larger (and more stable)
economy - in this case, the EA as a whole. Whenever the change in the standard HP filter output gap for the very
small economy was substantially larger than that in the EA, the θ was changed to 1-θ, so that the upper bound
series is given the weight usually given to the lower bound. In this way, potential output is allowed to react when
there is a spike in growth, but not be dragged downwards excessively by abrupt downturns. The selection of the
value of θ for each country was based on that value that gave the lowest standard deviation for the resulting
output gap series.
As can be seen from Figure 4, the output gap series resulting from the modified approach for all very small EA
countries is smoother than that derived from the standard HP filter. Returning to the earlier example of the output
gap estimates for 2000 for Malta, these are now all positive values, rather than have a different sign each quarter.
Table 2 summarises some volatility indicators. The number of times the output gap changes sign is much lower,
and more in line with the changes for the EA as a whole. While the smallest EA economies still have a relatively
higher-than-average volatile series, the cycles are slightly better-defined. The time span between changes in sign
of the quarterly output gap converges, for most of the countries, a bit more to the EA average. Even more
interestingly, the modified approach lowers substantially the range of the second difference in the quarterly
output gap series of these very small economies.
Table 2. Indicators of output gap volatility–the impact of modified approach
Chosen value

Changes in sign of

Average no. of quarters

Range of second difference in

of θ

successive output gap

between change in sign

output gap (p.p.)

estimate
Malta

0.999

13 (18)

3.6 (2.7)

6.7 (12.0)

Estonia

0.965

4 (4)

10.2 (10.2)

15.7 (16.7)

Cyprus

0.999

5 (5)

8.5 (8.5)

5.5 (6.3)

Slovenia

0.458

5 (9)

8.5 (5.1)

7.6 (7.7)

Luxembourg

0.790

9 (13)

5.1 (3.6)

11.8 (12.3)

Slovakia

0.489

5 (5)

8.5 (8.5)

7.7 (20.3)

NA

(6)

(7.3)

(5.4)

EA

Note: Figures in ( )s denote values derived using the standard HP filter.
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Figure 4. Output
O
gap resuulting from usinng standard HP filter and thee modified appproach
Source: Ownn calculations usinng Eurostat data.

The valuess of θ in this exxercise were cchosen to smooothen as much as possible thee changes in qquarterly outpu
ut gap
by linking it to changes observed
o
for thhe more stablee EA average. H
However anothher potential uuse of this apprroach
is to allow
w for long-term
m deviations ffrom equilibriuum. This is paarticularly usefful if the seriees one has to work
with is verry short – a coommon occurrrence when woorking with daata for small oopen economiees. In this case, one
could set tthe factor θ onn the basis of considerationss from other ddata (e.g. indiccations from cchanges in inflation
rates, sentiment indicatoors or capacityy utilisation rattes) or by lookking at develoopments in relaated economie
es for
which the data series is longer and lesss affected by oone-off eventss. If one sets θ close to 1, thee series for the
e gap
has a posittive mean valuue and the reveerse for θ closee to 0. Of coursse, the extent oof the deviation can be contrrolled
by applyinng the factor diifferently in diifferent time periods. For insstance, in an innitial period w
where the researcher
believes thhere was undeer-employmentt of resources, θ would be sset closer to 0 and then this would be cha
anged
gradually to become clooser to 1. Thee other thing tto consider is that the extennt to which θ would need to
t be
45
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modified depends crucially on the nature of the upper and lower bound series. When there is a noticeable gap,
the setting of θ would require more thought.
3.2 A Suggested Modification to the Standard HP Filter
Due to its shortcomings, there have been several attempts to modify the HP filter. Chagny & Dopke (2001)
describe one such attempt – the multivariate HP filter (Note 29). The latter attempts to give the filter an
economic basis by means of three structural equations, namely an augmented Phillips curve with inflation
depending on expected inflation and the current and lagged output gap, an Okun’s law relation with current
unemployment depending on an exogenously determined NAIRU and the current and lagged output gap and
capacity utilisation compared vis-à-vis its optimal level. A loss function is then set up that minimises the
standard HP filter and the residuals of these three equations. The problem the authors note in this approach is that
it is hard to judge the weight to set to the structural equations in the loss function.
Ross & Ubide (2001) review another modification known as HP-ARIMA. The latter aims to minimise the
end-of-sample problem by forecasting and backcasting the series with an ARIMA model. Since the choice of the
smoothing parameter, λ, amounts to identifying the allocation of variations in output to trend and to cyclical
components, they suggest calculating λ in a cross-country setting so as to equalise the volatility of the trend
across countries, using one country as the benchmark (Note 30). They propose two methods; allowing for a
larger variability of the growth rate in countries with a more volatile component, or else assuming similar
economic structures between the benchmark and the comparator country.
Dennis & Razzak (1995) make another important contribution, basing their modification to the standard HP filter
on the fact that λ can be interpreted as a function of the ratio of the variances of aggregate demand and supply.
They note that setting a constant λ implicitly assumes that the relative variances of demand and supply
disturbances of output are time-invariant. Applying their thinking to the case of New Zealand, a small open
economy, they suggest that keeping λ constant does not make sense. New Zealand’s GDP has undergone a
number of significant structural shocks and they argue in favour of allowing λ to vary with time to reflect
changes in the variation of aggregate demand and supply (Note 31). The idea of having a time-variant λ is
attractive as the effect of structural shocks and one-off factors could be reduced and, thus, the potential output
series would give a fairer picture of the equilibrium of the economy. However, there is an alternative way to
arrive at a similar result via a more fundamental modification of the standard HP filter, intended to give
researchers more leeway to reduce the mechanistic nature of the filter and adjust it for underlying characteristics
of a particular series.
Consider the following modification of the standard HP filter:
(

=1

(

−

−1

)2 +

=2

(

+1

−

)−(

−

2
−1 )] )

(3)

The second part of the equation (including λ), which smoothens the growth in potential output, is the same.
Instead the first part of the equation now includes an additional term wt. This is a generalisation of the standard
filter, which is the case when wt is 1. The weight wt is the means by which the filter is modified to suit better a
series’ characteristics.
The choice of this weight would reflect two considerations, namely:
a) wt is smaller the more yt is below the previous high y value, with maximum wt = 1 when yt is higher or equal
to the previous high. More formally, if the previous high y at time t is ht, then:

=

1
1+µ {max (ℎ − ,0)}

(4)

Through this modification, a researcher is able to control the extent to which potential output falls in level by
means of the value of the factor µ. A higher µ means less weight is given to quarters when GDP is much lower
than it used to be. The logic behind this is that drops in the level of potential output are rare and occur only when
resources or knowledge are destroyed. Statistical filters should therefore have a bias against declines in
equilibrium output. In the case of very small open economies, this bias is particularly important as due to their
size, these countries tend to have very volatile investment, government consumption and export figures, due to
projects and orders being large and one-off in nature.
b) wt is lower the greater the time difference between yt and ht. Letting pt denote this difference:
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1+φ {max (
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This modification introduces the possibility that there may be long-term deviations from equilibrium. This is
done by means of the factor φ. For any given φ, for a decline in output to be allowed to affect the level of
potential output, the decline must persist for some time. In the standard HP filter, declines in output
automatically result in lower potential GDP, thus eliminating the possibility of long disequilibria. With this
modification the researcher has the discretion to allow for longer periods when output is below potential.
Uniting these two concepts, the weight wt in the first part of the HP filter is:

=

1
1+µ {

(ℎ −

,0)}

×

1
1+ {

(

,0)}

(6)

This new weight has two parts: the first affecting the impact of temporary shocks on a series and the second
allowing for long-term deviations from equilibrium. As a result, the solution of the generalised HP filter differs
slightly from that of the standard filter, as one needs to consider the influence of wt. Whereas the solution of the
minimisation problem in the standard filter (Note 32) is:

= (

+

′

)−1

(7)

Where τ is a vector with the values of the filtered series, IT is the identity matrix with dimension T, X is a vector
with the readings of the series being filtered, λ is the smoothing parameter, and

K=

1
0
0
⋮
0

−2
1
0
⋮
0

1
−2
1
⋮
0

0
1
−2
⋮
0

0
0
0
⋮
0

⋯
⋯
⋯
⋯
⋯

0
0
0
⋮
1

0
0
0
⋮
−2

0
0
0
⋮
1

In the generalised filter, X is a vector with the values of the series being filtered multiplied by their respective wt.
The choice of µ and φ depend on the characteristics of the series. The closer they are to 0, the more the
underlying series is allowed to determine potential output (Note 33). On the statistical side, the issues to keep in
mind are the variability of the series and the possibility that downward movements in a series may be more
serious than upturns (i.e. leverage issues). On the economic side, one needs to consider that inflation,
unemployment and other such variables of interest to policymakers tend to respond more to upward movements
in the GDP series than to downward movements. Not only are prices notoriously sticky downwards, but also the
presence of labour hoarding in small economies typically means that unemployment takes time to rise after a
downturn. These factors should be taken into consideration when setting µ and φ. The researcher would need to
look at micro-studies or other evidence on several factors, such as the level of education of the workforce, the
amount and quality of the capital stock and other measures of potential resources, past evidence of hysteresis
effects, when trying to determine the value of wt. The factors µ and φ can also be interpreted as indicating the
rate of adaptability of factors of production to economic shocks and the rate of recovery of an economy from
downturns. Studies of past recessions or cross-country evidence on cyclical fluctuations would be useful in this
regard.
Another thing to consider is whether to allow µ and φ to vary over time. This would depend on whether there is
evidence that there are noticeable changes in the adaptability of economic resources. For instance, in an
economy where the production structure shifted substantially over time and new activity requires a much higher
skilled, and thus less available, workforce, one might want to change µ and φ. Another thing to consider is
judgement regarding noise in the data. It might be that a researcher has evidence that data quality in a particular
period is worse than in others, and might want to address this by using time-varying factors. Similarly a
researcher might want to use information from a more stable series to improve the reliability of the estimates
from the generalised filter. For the purposes of this paper, we limited ourselves to test a range of values of µ and
φ between 0.001 to 0.999 and selected those which resulted in the lowest standard deviation, while imposing a
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rule that whenever the change in the output gap from the standard HP filter for each small country was larger
than that in the EA average, the sign for the factors was changed, to try to address potential noise in the data.

15

5
4

10
3
5

2
1

0
0
-5

-1
-2

-10
-3
2010Q4

2011Q2

2011Q4

2012Q2

2011Q2

2011Q4

2012Q2

2011Q2

2011Q4

2012Q2

2009Q4

2009Q2

2008Q4

2008Q2

2007Q4

2007Q2

2010Q2
2010Q2

2009Q4

2009Q2

2008Q4

2008Q2

2007Q4

2007Q2

2006Q4

2006Q2

2005Q4

2005Q2

2004Q4

2004Q2

2003Q4

2003Q2

2010Q4

8

2006Q4

2006Q2

2005Q4

2005Q2

2004Q4

2004Q2

2003Q4

2003Q2

2002Q4

2002Q2

2002Q4

2002Q2

2001Q4

2001Q2

2000Q4

2000Q2

2012Q2

2011Q4

2011Q2

2010Q4

2010Q2

2009Q4

2009Q2

2008Q4

Generalised filter (Estonia)

Standard Filter (Slovenia)

Generalised filter (Cyprus)

2010Q4

Standard Filter (Cyprus)

2008Q2

-4
2007Q4

-3
2007Q2

-2

2006Q4

-2

2006Q2

0

2005Q4

-1

2005Q2

2

2004Q4

0

2004Q2

4

2003Q4

1

2003Q2

6

2002Q4

2

2002Q2

8

2001Q4

3

2001Q2

10

2000Q4

2001Q4

Standard Filter (Estonia)

Generalised filter (Malta)

4

2000Q2

2001Q2

2000Q2

2012Q2

2011Q4

2011Q2

2010Q4

2010Q2

2009Q4

2009Q2

2008Q4

2008Q2

2007Q4

2007Q2

2006Q4

2006Q2

2005Q4

2005Q2

2004Q4

2004Q2

2003Q4

2003Q2

2002Q4

2002Q2

2001Q4

2001Q2

2000Q4

2000Q2

Standard Filter (Malta)

2000Q4

-15

-4

Generalised filter (Slovenia)

12
10

6

8
4

6

2

4

0

2
0

-2

-2
-4

-4

-6

Standard Filter (Luxembourg)

Generalised filter (Luxembourg)

Standard Filter (Slovakia)

2010Q2

2009Q4

2009Q2

2008Q4

2008Q2

2007Q4

2007Q2

2006Q4

2006Q2

2005Q4

2005Q2

2004Q4

2004Q2

2003Q4

2003Q2

2002Q4

2002Q2

2001Q4

2001Q2

2000Q4

2000Q2

2012Q2

2011Q4

2011Q2

2010Q4

2010Q2

2009Q4

2009Q2

2008Q4

2008Q2

2007Q4

2007Q2

2006Q4

2006Q2

2005Q4

2005Q2

2004Q4

2004Q2

2003Q4

2003Q2

2002Q4

2002Q2

2001Q4

2001Q2

2000Q4

2000Q2

-6

Generalised approach (Slovakia)

Figure 5. Output gap resulting from using standard HP filter and the generalised filter
Source: Own calculations using Eurostat data.

Figure 5 shows the estimates of the output gap resulting from the application of this generalised HP filter.
Compared to the series derived using the modified approach described in section 3.1, the results are less smooth,
particularly for the start of the period. However, similar to the modified approach, the generalised filter results in
fewer changes in sign of the output gap, particularly within the same year (see Table 3). Further improvements of
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the algorithm used to set the parameters determining µ and φ could result in a smoother series, but the scope of
this exercise was just to introduce this approach (Note 34). Its benefits lie more in the fact it allows researchers
to use evidence on factor adaptability and related considerations to reduce the mechanistic nature of the standard
HP filter. To determine the right values of µ and φ for each country would require in-depth country studies.
Table 3. Indicators of output gap volatility–the impact of the generalised filter
Chosen value of µ

Changes in sign of

Average no. of quarters

Range of second

and φ

successive output gap

between change in sign

difference in output gap

estimate

(p.p.)

Malta

0.015

12 (18)

3.9 (2.7)

11.4 (12.0)

Estonia

0.033

4 (4)

10.2 (10.2)

16.7 (16.7)

Cyprus

0.01

5 (5)

8.5 (8.5)

6.3 (6.3)

Slovenia

0.015

9 (9)

5.1 (5.1)

7.7 (7.7)

Luxembourg

0.011

9 (13)

5.1 (3.6)

12.3 (12.3)

Slovakia

0.015

5 (5)

8.5 (8.5)

20.3 (20.3)

NA

(6)

(7.3)

(5.4)

EA

Note: Figures in ( )s denote values derived using the standard HP filter.

4. Discussion
Having a reliable estimate of potential output is crucial for policymakers, both on a national and a supranational
setting. This interest has fuelled significant research and a plethora of methods have been developed over the
years. However the implementation of these approaches can be problematic when looking at very small open
economies. Lack of data, and erratic developments in investment and labour demand, complicate the
construction of a production function based on quarterly data. Quarterly GDP series, even when seasonally
adjusted, do not fit well the statistical properties underpinning most standard filtering methods. Series for very
small countries tend to be short, have large fluctuations and recurrent structural breaks. This paper has shown
that when applied to the smallest EA countries, the HP filter results in very pronounced and recurrent changes in
the output gap that are inconsistent with the theoretical idea of equilibrium. The filter is affected significantly by
shocks to data, which in turn reflect the small size of these economies rather than actual changes in potential
output.
On this basis, two suggestions were put forward. The first involves an innovative use of the standard filter,
whereby the upper and lower bounds of a series are defined and the equilibrium level is determined as a
weighted average of the HP filter applied separately on these bounds. This was shown to result in a smoother
output gap series with the possibility of long-term deviations from equilibrium. The second suggestion involves
a rethinking of the standard HP filter to integrate structural features. The modified or generalised HP filter allows
researchers to set limits on the impact exerted by structural or temporary shocks and to allow for the possibility
of having lengthy periods of disequilibria. These suggestions can be criticised as granting too much discretion to
researchers and thus doing away with one of the main benefits of the HP filter, namely the lack of judgement
needed to apply it. However, the special characteristics shown by the output series of very small open economies
make this benefit appear to be more of a drawback. Rather than ignore the properties of the series being studied,
the two suggestions allow researchers to apply their judgement and knowledge on a particular economy to arrive
at a measure of equilibrium that is based on sounder reasoning, while not involving the complexity of
constructing a model. Though this would probably lead to various estimates of the output gap being made for the
same economy, a healthy debate between economists on the adequate parameters to be set is much to be
preferred to a blind adherence to a standardised filtering method. Given the importance of gauging the level of
potential output properly, it is better to have a number of partially correct opinions rather than one incorrect
result.
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Notes
Note 1. In his seminal paper, Okun (1962) defined potential GDP as the answer to the question: “How much
output can the economy produce under conditions of full employment?”. For literature surveys of the topic see
De Masi (1997), European Central Bank (2000) and Chagny & Dopke (2001).
Note 2. Besides its use as a measure of inflationary pressures and/or the extent of under-utilisation of resources,
the output gap serves other important purposes, which are more medium-term. It is used to adjust cyclically
variables, such as the fiscal deficit, to reflect the levels that would prevail were the economy to operate at
potential (see for instance Giorno et al (1995)). The European Union has gone as far as including this concept in
the Stability and Growth Pact, and uses it to assess the progress made by countries towards achieving the goal of
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medium-term fiscal balance.
Note 3. For a review of the various statistical methods, see Ladiray et al (2003).
Note 4. For recent estimates of potential output for Euro area economies, see European Central Bank (2011).
Note 5. In fact, at the end of 2012 taken together these countries accounted for 1.9% of total EA GDP.
Note 6. See Commonwealth Advisory Group (1997).
Note 7. See for instance Laurent (2008) and Alesina et al (2004).
Note 8. World Bank Development Indicators show that in 2005, for instance, the gross saving rate for small
states amounted to 27% as against 20% in the EU and the OECD.
Note 9. For example, between the last quarter of 2001 and the first quarter of 2002, the smallest economy, Malta,
had quarter-on-quarter real GDP growth moving from -2.1% to +4.2%. In the second quarter of 2007 real GDP
fell by 1.2% after having risen by 3.9% in the previous quarter. By contrast, the largest change seen in the largest
economy, Germany, was the sharp recovery from a drop of 4% in the first quarter of 2009 to positive 0.2% in the
following quarter. For one third of the series, the change in quarter-on-quarter growth in Malta is larger than the
second-largest quarter-on-quarter change in the German GDP data.
Note 10. Scacciavillani (1999).
Note 11. This method is described in Hodrick & Prescott (1997).
Note 12. Chagny & Dopke (2001).
Note 13. St-Amant & van Norden (1997) show that observations at the centre of the sample receive a 6 percent
weight while the last observation accounts for 20 percent of the weight. Thus estimates of the gap for recent
periods tend to change substantially as new (or revised) data are available.
Note 14. They also criticise the usual λ’s set for annual data, 100 and 400, and suggest a weight of just 10.
Note 15. Economic Policy Committee (2001). The EU Commission, for instance, decided to stop using the HP
filter as its main gauge of potential output and to instead develop a simple production function.
Note 16. Haltmaier (2012) finds, for instance, that ‘the Great Recession might have resulted in declines in trend
output growth averaging about 3 percent for the advanced economies, but appear to have had little effect on
emerging market trend growth’. Similar results are found in European Commission (2009).
Note 17. See for example Denis et al (2002) and Musso & Westermann (2005).
Note 18. D’Auria et al (2010) remark that no capital stock data was available for most small EU countries, and
this series had to be constructed using common assumptions for all countries. Data on hours worked, another
important component, tend to exhibit considerable noise and breaks compared to larger countries.
Note 19. European Commission estimates of TFP for Malta, for instance, imply that from a growth rate of 7.3%
in 2001, in 2002 there was a decline of -7.8%. By contrast the largest change for a bigger economy, like
Germany or Italy, was of about 4 to 5 percentage points during the financial crisis. For further information see
https://circabc.europa.eu/faces/jsp/extension/wai/navigation/container.jsp
Note 20. The first such example is suggested in Blanchard & Quah (1989).
Note 21. Vetlov et al (2011).
Note 22. See Ross & Ubide (2001), De Masi (1997) and Chagny & Dopke (2001) for a survey of these methods.
Note 23. For a comprehensive explanation of this approach, see Claus et al (2000).
Note 24. To give an example, between January and June 2012, HICP inflation in Malta rose from 1.7% to 4%.
This sharp acceleration, which was reversed in the following months, reflected a temporary spike in hotel prices
– rather than any acceleration in underlying activity. Similarly inflation rose from 0.6% in March 2010 to 4% in
December 2010, on the back of a surge in food prices, which moved from a negative 7.7% to a positive 8.3%.
Note 25. Canova (1998) points out that filters assume ‘that the irregular (high frequency) fluctuations play little
role’.
Note 26. To reduce the end-of-sample problem, the GDP series for all countries were extended forwards for four
years beyond the historical sample by means of a simple ARMA(1,1) forecast.
Note 27. The output gap series changes sign 13 times for Luxembourg and 9 times for Slovenia. The series for
other countries may not change their sign as much, but they display the same pattern of random changes.
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Note 28. For simplicity’s sake linear interpolation is used, but Lagrange interpolating polynomials could also be
used.
Note 29. See Areosa (2008) for a somewhat similar modification of the HP filter.
Note 30. In a way, this is how the factor θ was set in the previous section.
Note 31. Again the approach of setting a time-varying factor θ in the previous section follows this line of
thinking.
Note 32. One takes the derivative of the minimisation problem with respect to τ, re-arranges and converts to
matrices.
Note 33. Of course they need to be less than 1, or else they would have too strong an impact. In the case of µ the
value would need to be quite small, as the difference between current GDP and its previous peak could be quite
high. In this paper we define this difference in terms of a percentage from the upper bound interpolated GDP
series.
Note 34. For simplicity’s sake, having a different value for µ and φ was not looked into, for instance.
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