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Abstract

This paper report®n revision properties of differentletrending and smoothing ethods

(cycle estimation methodscluding PAT with MCD smoothing, a double HodriEkescott

(HP) filter and the Christianbitzgerald (CF) filter.The differentcycle estimatiormethods

are rated on their revision performarinea simulated real time prriment. Our goal is to

find a robust method that gives early turning point signals and steady turning point signals.
The revision performance of the methods has been evaluated according to bias, overall
revision size and signal stability measures.

In a ®cond phase, we investigate if revision performaiscanproved using stabilizing
forecastsor by changing the cycle estimation window from the baseline 6 and 96 moeths (
filtering out high frequency noise with a cycle length shorter than 6 mamithiremoving
trend components with cycle length longer than 96 n®mdl2 and 120 months.

Theresults show thator all tested time series, tHAT detrending methods outperformed

by both the HP or CF filterln addition, the results indicate that tHE filter outperforms the

CF filter in turning point signal stability but has a weaker performance in absolute numerical
precision Short horizon stabilizing forecasts tend to improve revision characteristics of both
methods and the changed filter windalso delives more robust turning point estimates.
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1. Introduction

The methodology used for the OECDompositelLeading Indicator SystenfCLI) has
remained largly urchangedsinceCLIs were first published in December 1981. The system is
based on the fAgrowth cycl ealdonagdepiatianrfioeniirensvh er e
basis Therefore the selection of a well behavingtdsding method is crucial for theuglity

of the leading indicatorCurrently he phaseaverage trend method (PAT)constructedoy

the National Bureau of Economic Resear®NBER) in the U.S. andurtherdeveloped by the
OECD:I is currentlyused for trend estimation.

An internal OECD studyas conducted to compare the properties of the PAT method and the
Hodrick-Prescott (HP) filter in 2002. Thsetudy took a similar approactand arrived at a
similar conclusion to that afarnowitz and Ozyildirim2006]*. The OECD study concluded

that thetwo detrending methods extract similar cycles, lead to similar turning points and in
most cases have highly correlated cyclical amplitudes. The PAT method was evaluated to
perform better in the presence of level shift outliers, and to adapt betteridtovar in
cyclical amplitudes in differergeries.

The PAT method has twmperationalmodes: fully automatedand manual turning point
insertion. The OECuses the lattein its CLI production cycle. As a consequence the tests
were carried out with manlgurning point insertion, and they indicated that the PAT cycle
estimates may be sensitive to turning point updates, and they give biased results if the turning
point updatesrenot carried out in a timely manner. However the sensitivity of the different
methods in realime applicationsvas not tested in the 2002 study.

Notwithstandinghe sensitivity issue of PABeveralotherreasons were identified that led us
to seekalternative approache¥he PAT method is not very transparent, not widely used by
economists, its automated version often gives unreasonable re@uoltsts present
implementatioh has time series length limitatigrend ugsad-hoc builtin parameters that
are noamodifiable but determine the average extracted cycle lemdtneover he non
automatic version relies on manual turning point insertion, wéachbe subjective.

This paper reports the results okeansitivity studyin a simulated real time experimeoit
different detrending and smoothing methods, this time including PAThwilonths for
Cyclical Dominance NICD) smoothing, a double HodrigRrescott (HP) filter and the
ChristianaFitzgerald(CF) filter. We rely on the frequency domain interpretation of the time
series for the parameterization of these two latter filtersvandse the filtersvith different
detrending specificationsa low frequencyut-off at 8and 10 years and smoothing of high
frequency irregularitiesat 6 and 12 months.We introduce themethods in more detaih
Section2 of the paper.

The study covers timmseries of both multiplicative and additive nature, containing different
amouns of noise. We describe the datasetl@tail in section 3.

The sensitivity analysis has been carried out in a simulated real time experiment, which
correspond to the quasi eal time experimenperformedby Orphanides and van Norden
[2002]. Our study focuses on fewer methodk ¢ur three methods arenparametricand

! Howeverthe OECD study reviewed only the PAT and HP methods unlike Zarnowitz and Ozyldirim
who reviewed others in addition.
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robus); but with a focus ora wider range of revision measures. The main differénce
revision measuress that while the Orphanides and van Norden only compare cumulated
revisions( i.e. total revision between the initial estimate of a cyclical value and the final
estimatg, we analyzethe characteristics afevisiors between consecutiveintagesof the
samecyclical value estimateSection4 contains the descripticof the experiment.

The different ddrending methods are ratdshsedon their revision performance over
consecutivevintages and in particular their ability to indicate or date cyclical turning{so
thatare not later revisedn our baseline experimenive try to identify the best eeending
method by evaluating how the HP and CF filters operate on the input time series with
smoothing and d&ending specifications set to 6 and 96 months tadraparable to the
parameters fixed in the PAT methashich is used as the benchmavke measure bias in
early revisions, overall revision size and most importantly turning point signal stability. The
performanceevaluationof the different dearending andsmoothing methodsan be found in
sectionb.

In addition to the baseline experimenty a second phase, we investigate how revision
performance changes or improves when we use stabilizing forecasts befiamediley. Wee

use the TRAMO module of the TRAMSEATS seasonal adjustment procedure to provide
automated ARIMA forecasts for various forecast horizons in a simulated real tirap. set
Finally, we evaluate the effectef increasingsmoothness and allowing for longer horizon
trends with parameters set12 and 120 months respectiveBection6 reportson the results

of these modifications compared to the baseline scenario.

We conclude that both the CF filter and HP filter outperform the currently used OECD de
trending methodologyPAT with MCD smoothig). The choice between the diKer and
HP-filter depends on thapplication. The HPilter is more suitable for applications where
turning-point signals are more importanthereas CFfilter is preferred wherehigher
numerical precision is requiretkflecting its relatively small cumulative revisiorBecause

the OECD system of CLés ma i n o0 b jdenifyt ciyclical tuiniag pbirdsn a timely

and stable manner, the PAT methodology will be replaced by the doubl&driP

2. Cycle extraction methods

The OECD CLI system uses the "deviatioom-trend" approach. This means thatthe
construction phase of the CLiso-movements and similarities in patterns between the
reference series and individual CLI components are evaluated between esherodhde
trended versions of these seri@his makesthe cycle extractior(the equivalent of de
trending and smoothingy crucial step inthe CLI construction and production process
Therefore we deal with competing cycle extraction methods in considerable detalil

We can approach the cycle extraction exercise slightly differently than the distinct steps of
trendremovaland smoothinginstead of observing the series in the time domaécan treat

the series as a complex sinusoid, built from simple sine waweitferfent wave lengthThe

trend part of the series is comprised by the low frequency (high wave length) sinusoids,
whereas the noise is formed by a set of high frequency sinuSe&l$ollock [2006for a
thorough introduction to the related mathematiraiceptf this decomposition



Once we have the translation of our series from the time domain to the frequency domain, we
can single out the cycles we are interestedamd eliminate the components whose wave
length is too londtrend)or too shortnoise) Much depends on the optimal cycle length an
issue on which there is considerable deb¥that is a business cycle? How long should a
cyclebe? Or, more closely related to the iending exercisevhatis the cycle length that we
consider too shorr too long to treat meaningfully asbasinessycle? The early papers in
cyclical analysis characterize movements between 1.5 and 8 g®#re cycle length of
interest. Some more recent papbmveverargue that modern economic cycles may last
longer,and cyclical fluctuations are smaller. (For example see Agresti and Mojon [2001] who
endorse 10 years as the upper boundary for the business cycles in Europe:}réhdinig

and smoothing methods chosen therefore should be aligned with our prior éxpsabat
business cycles.

We will present how the Phase Average Trend method, the He@redcott filter and the
ChristianaFitzgerald filter operate on the input time series to yield the pure cycle.

2.1. The Phase-Average -Trend (PAT) method

This is the mthod used at present in the OECD CLI system. It is the modified version of the
similar (PAT) method developed by the United States NBER. This method is used in
combination with the BRBoschan turning point detection algorithm. The resulting medium
term cycle is smoothed by the MCD method to yield the final smooth cycle.

The PAT method consists of the following set of operations:

9 first estimation and extrapolation of lotgrm trend (75 month moving average);

1 calculation of deviations from moving averageni,

9 correction for extreme values;

1 identification of tentative turning points and determination of cyclical phases, i.e.
expansions and contractions (EBgschan routine);

1 new estimation of the longrm trend; We proceed by calculating averages for each
phase, smoothing the sequence of phase averages over three adjacent phases. Finally
these smoothed values are positioned in the eafttheir corresponding phases and
linearly interpolated.

1 extrapolation of the lonterm trend at the series ends to remoperiods lost because of
the centered moving averaging;

9 calculation of deviations from PAT trend;

The implementation of PAT works in two modes: automated and manual (supervised) mode.
The automated mode uses the turning points from théBBsghan algdthm, the supervised

mode accepts turning points entered by the user, and ignord&oBchan values. As most of

the parameters of the PAT procedure are fixed, the manual turning point setting is the way to
fine-tune the system, and modiiiyplausible cya results. The manual turning point setting
gives the analyst a very strong and precise tool to intervene in-tinendéng process. At the
same time this targeted intervention is one of the most criticized features of PAT. The rules or
conventions thatayern the intervention of the analyst are not easy to document, different
analysts may come up with different turning point choiaedas a consequencthe PAT

with manual turning point specification is a Avansparentad-hoc system.

The smoothing cquled with the PAT method is the so called M@idving average. This
procedure ensures approximately equal smoothness between series and also ensures that the
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monthto-month changes in each series are more likely to be due to cyclical than irregular
movemens. The MCD moving average time span is defined as the shortest span for which the
I/C ratio is less than unitywherel and C are average absolute metttmonth changes of the
irregular and trenadycle component of the series, respectively. The maxittioma sparof
theMCD moving averagés capped at 6 mongh

The PAT method in automatic mode has a tendency to select cycles between 15 and 75
month, as a direct consequence of parameters fixed in the PAT software. These cycle lengths
are somewhat shorterah the cycle lengths in which we are interested: 18 to 96 month
Thereforemanualinterveriion is inevitable, minocycleshave to be removeahdthe process

has to be reruim supervised modér all practical applicationsAt the same timdPAT is

sensitve to turning point updates angl known togive biased results if the turning point
updatesare not carried out in a timely mannewhich is a real danger in a large scale
manually operated project

A few additional operationaleficienciesof PAT can besummarized as follows

1 The PAT method is not sufficiently transparent for two reasons: firstly because the
algorithm which produces the cycle estimates is not available in any major econometric
software, secondly because it has to be operated with mamnalg point insertion,
which can be a relatively subjective excerise

1 The methodwas developed four decades ago when computational power was more
limited and software languages less developed. Methods that were designed and
developed laterin parallel wth the evolution ofknowledge in theeal business cycles
field of macroeconomics were built on new foundations, and PAa$ remained
unchanged since. The algorithm written in ¢t
computers i n t he nrmad dostlo® th® bnstatiobhsu df thep eadys e
implementation. (Many parameters are not modifiable, series that are longer than 50 years
cannot be treated.)

1 As the number of countries and zones included in the OECD CLI sysieincreased
(and it is likely toincrease further) the resource intensiveness of PAT (especially turning
point updates for all components) are a burden that urges OECD to shiftremdiag
methods that need less maintenance after initial calibration.

2.2. The Hodrick -Prescott (HP) fil ter

The HodrickPrescott filter is one of the best known and most widely usetledding

methodsby macroeconomists. The filter was first described in Hodrick and Pr¢366(;

following a working paper published in 1981n its original form the trengstimate is a
result of an optimization problem:

Y: =L +C
n)iné (yt - l‘t)2+/é ([t+1- 2tt +[t-1)2
vt

t
We decompose our initiay; series into#, i the trend component and the cyclical
component, such that we minimize the distance between the trend and the original series and
at the same time we minimize the curvature of the trend series. Theftrdadtween the two
goals is governed by thleparameter.



The optimization problem has a solution that can be represented by a linear transformation
which is independent from. (see Maravall and del Rio [2001]). This makes the filter very
fast.

What was impossible with the PAT method is possiblih wie HP filter. We can transform

the filter into the frequency domain and understand its effects on various cycles that make up
the time serigswhere changs to/ determine the shape of the frequency response function of
the HP filter and the cudff frequency. The frequency response function shows how the filter
affects certain frequencies, it shows which frequencies are retained and which are let through.
The cutoff frequency is defined as the frequency where 50% is let through and 50% is
retained fron the original power of the cycle. Thus we can align /thgarameter with our

goal to filter out economic cycles in a certain frequency range with the help of the
transformation into the frequency domain. Before the frequency domain interpretation
emerged there were only rules of thumb to set/tlparameter. Re of thumb values later
proved to be in line with values that had been determined by frequency selection criteria, i.e.
separating the Atrendodo cycles with a wavelengt
and del Rio [2001] to learn more on hdwve{ parameter translates to the frequency domain.

Properties of the HP filter:

1 The cutoff region is not steep; meaning that leakage from cycles just outside the target
region can be significant. In engineering applications filter leakage is a sign ofr a poo
filter. However in business cycle analysis there are arguments to support at least a small
degree of desirable leakage. Since the frequency band of 1.5 to 8 years has been selected
based on expert decision several decades ago, the boundaries 1.5 arslshgeld not
be regarded as carved in stone. The filter leakage for exathphes strong 9 year cycles
to appear in the filtered series.

1 Itis asymmetric. With the exception of the central values the double HP filtered series are
phase shifted compardd the underlying ideal cycle. Phase shifts vanish for a given
observation as newer observations arrive.

We apply the HP filter twice to achieve a smoothedreirded cycle. First we remove the
long term trend by setting to a high value, and we presemye business cycle frequencies
and the high frequency components. Secomdapply the HP filter with a smallér meaning
that the cubff frequencies are much higher, and, preserve the trend part of the filter
results. The first step is deending tle second step smoeth

2.3. The Christiano -Fitzgerald (CF) filter

The ChristianeFitzgerald random walk filter is a band pass filter that was built on the same
principles as the Baxter and King (BK) filter. These filters formulate th&reteling and
smathing problem in the frequency domain. Should we have continuous and/or infinitely
long time series the frequency filtering could be an exact procedure. However the granularity
and finiteness of real life time series do not allow for perfect frequeneyirid. Both the BK

and CF filters approximate the ideal infinite band pass filter. The Baxter and King version is a
symmetric approximation, with no phase shifts in the resulting filtered series. But symmetry
and phase correctness comes at the experssie$ trimming. Depending on the trim factor

a certain number of values at the end of the series cannot be calculated. There isfa trade
between the trimming factor and the precision with which the optimal filter can be
approximated. On the other hatie ChristianeFitzgerald random walk filter uses the whole
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time series for the calculation of each filtered data point. The advantage of the CF filter is that
it is designed to work well on a larger class of time series than the BK filter, converges in th
long run to the optimal filter, and in real time applications outperforms the BK filter. For
details see ChristiarBitzgerald [1999]. For these reasons we included only the Christiano
Fitzgerald filter in our study that compares different cycle detectiethods.

The CF filterhas a steep frequency response function at the boundétresfilter band (i.e.
low leakage)it is anasymmetridilter that converges in the long run to the optimal filter. It
can be calculated as follows:

C =By *B Yy ¥+ By Yo + B Yy + By +.. By, + By, where

B :sm(jb)-.sm(ja),j 2 1.andB, = bl;)a,azg, _2p

pu pl

~ 1 e k-1
B, =- EBO- ajlei

The parameterp, and p, are the cubff cycle length in month. Cycles longer thpnand
shorter tham, are preserved in the cyclical teom

3. The dataset

The dataset used in this studpvers selected time series used as components in the
calculaton of Composite Leading Indicatofsr a few OECD countries.The main source of
the data is the OHdcaDrédataldsei n Economi c

The OECDComposite Leading Indicatorsy@em does not use a standard set of leading
indicator componentsfor all cowntries (35 countries) because of important differences
between them in economic structure and statistical systems. Leading indicator series which
perform well in both tracking and forecasting cyclical developments differ from country to
country and maylao change over time.

The different subject areas from which the leading indicator s series are used in

total, about BLO for each countryjre chosen are set out in Talble Certain types of series

recur regularly in the list of leading indicas for different countries. Busineasd consumer
tendencysurvey series are among those most frequently used in the countries where they are
available. These series concern business expectations on production, inflow of new orders,
level of order booksstocks of finished goods and thesessment of thgeneral economic
situation by both businegs and consumersThe most frequently used other series are
monetary and financial series suchshareprices, money supply and interest rates. Series
relating to stocks and orders, construction, retail sales, prices and foreign trade are also used
frequently.

The selected series are set out in Tadad include time series of both multiplicative and
additive nature containing different amosiof noise. The MCD value shown in the table
gives a rough measure of the smoothing neettededuce noisein orderto highlight the
cyclical properties of the series.



The selected monthly time seriesver the period January 1970 December 2007We
performed theimulated reatime experiment for the last 200 observations. Thus the shortest
analyzed series welmsed on data fahe period January 1970Februaryl991.

Table 1 Component series used in the OECD System of Composite Leading indicators

Subject area Share of total number of Component seriegselection)
components (%)

Financial series 24 Interest rates, share prices, monet
aggregates

Business tendency surveys 39 Business confidence, finished goods stoc
order books, production expectations

Consuner surveys 7 Consumer sentiment

Real quantitative indicators 30 New orders, passenger car registration/sa

construction approval/start hours worked,
stocks,export/import

Table 2 Time series used in the study selectddom components included in theOECD System
of Composite Leading Indicators

Indicator Country Time series Smoothness  Time series Experiment
model (MCD) period period starts
Overtime hours, . Januaryl970i
manufacturing Japan Additive 1 October2007 February1991
January 1970
Business conflence  United States Additive 2 y April 1991
December 2007
. . .. January 1978 )
Consumer sentiment United States Additive 3 April 1991
December 2007
. L January 1970
Net new orders United States Multiplicative 4 March 1991
November 2007
. S January 1973 )
Import to port ratio  Japan Multiplicative 5 April 1991
November 2007
i January 1970
New passenger car  United Additive 6 y March 1991
registration Kingdom November 2007

4. The experiment

OECD CLlIs are published monthly and prodd a narrow timerame.We designed our
experiment to simulate the real production process, to measure the performance ef the de
trending and smoothing methods under conditions in which they are supposed to Gyerate.
started with a shortened time series (form 1970 to/AMear1991). We performd the outlier
detection, detrending and smoothing operatian this seriesand we standardized the
resulting cyclical series. (This is the normal sequence of operationss tyaplied to each
component in the OECD CLI constructigmocess.An updated methodological document
that describes the OECD CLI construction and production proeesstail is forthcoming
Then we graduallyincreased the length of the time seriaadfor each new observation
added we repeated the sequencé aperations andwe recorded the resulting cyclical
componentAs a result webtained200 consecutive estimatége will call themvintages) of

the cyclical components of the analyzed serf€kis procedure isimilar to the quasreal
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time scenario desibed in Orphanides and van Norden [20023h our baseline experiment
we included thredetrending and smoothingpecifications:

1 the PAT method with the MCD smoothing,

1 the doubleHP filter with parameters that correspond to frequencyoffutevels
betwesn 6 and 96 mongh

1 the CF filter with a bangbass between 6 and 96 masth

The motivation for the selection of the 6 and 96 month besftected the builtin
characteristics of the PAT methddverall smoothness is limited bycapat 6 monttsin the

MCD moving averagdgime span. Therefore we did not apply stronger smoothing (high
frequency filtering) in the HP and CF case either. In the case of low frequency filters the
choice was harder. The PAT method has various iterative stepasaadesultit is difficult

to establish the exatiw frequency cubff characteristics. The PAT filter however has been
initially designed/calibrated to measure economic cycles that are shorter than 8 gears
Boschan and Ebanks [1978Thus we relied on this intend®® monthcycle for specifying

the setting fothelongest admitted cycles for the other twetdending methods.

The goal in this experiment is to select thetrdeding method that has fast response
(identifies turning points quickly) and has good remis characteristics (few revisions, small
revisions, early revisions).

5. Evaluating the de-trending methods

We have calculated several measures to evaluate the relative performance of the-three de
trending methodsThe revisions for each observatibrwere obtained withthe following
formula:

R:= O,Hi T Q,Hi-lv

Where R, is the i-th revision of observatiom, and(J.; is the estimate of the cyclical
componentfor periodt, by using information up to periogHi. Based on these revision
figures we have calculated the following measumagan revision with a NeweyWest
heteroscedasticity and autocorrelation (HAE)rrectedt-test mean absolute revision,
standard deviation of revision§irst order autocorrelatignbias towards the cermr sgn
changepercentaggedrection change percentage

Mean revision and mean absolute revisimeasureswere also calculatedfor cumulated
revisions.

Ra: = Q,Hi I Qt,

We analyzed the revisionafierns for all series included in the datasetthe Annex we
providea summary othe results for each series separatéhe three ddérending methods
were evaluated for each series, and they received poingsl lzastheir relative performance.
Based on the overall scores the order of preference for the methods would benHFF, #nd
finally PAT (for further details see the tablestlie Annex). The results were similar for each

series type; thereforén the ollowing paragraphwe will present most of the results for the
average of all the analyzed series.
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5.1. Overall revision size

We have placed strong emphasis onrthdsion sizemeasures: the mean absolute revision,
the standard deviation of the revisi@nd the cumulated mean absolute revisBased on
these measures the PAT is clearly infetmHP and CF. The cycles estimated wiR have

the smallest revisions each monltiowever the CF cycles have smaller cumulated revisions.
(In the study carriedut by Orphanidesand van Nordenlifferent methods are evaluated by
cumulatedevisionmeasures.)

Mean absolute revisiof3; Ry /n

0.35

—CF
0.3 —HP
PAT
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0.2
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\
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0.05 V\ \\
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The horizontal axis correspondito & the formulas.

Meanabsolute revision measures the overall size of i@mssregardless of the potential bias

that may be in the revisions. All three methods have decreasing revisions over time. The HP
method outperforms CF and PAT. The HP revision sizes decrease rapidiggligible
amountsafter 3 years. The PAT revisionizes are bigger and more persistent. The CF
revision sizes diminish in an oscillatory manner. There are recurring periods where the size of
revisionsapproachethe size of PAT revisions.

Standard deviation of revisionsB; Ri; A 2/(n 1)
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1 13 25 37 49 61 73 85 97 109 121 133 145 157 169 181 193

Standard deviation measures the overall size of revisions, but corrects for the potential bias
that may be in the revisions. It also tends to emphasize extremes compared to the mean
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absolute revision. All three methods have decrgasamisions over time, similar to the mean

absolute revision results. However the performance advantage of the CF filter compared to

the PAT becomes more accentuated when we use the standard deviations measure. This is due

to the fact that extremely largee vi si ons
other two methods.

| igéoithe t o

are more
Cumulated absolute revisipB, "Yeg, /£
12
1
0.8 S
0.6
0.4 S—
—CF
02 WP
PAT
0
6 12 18 24 30 36 42 48 54 60

The cumulated absolute revision measures the size of revision accumulated from the first
estimate of a cycle value, without bias corrections. The cumulated revisions grow steeply in

the first two years for all methods. The CFshthe most favorable cumulated revisions,
followed by the HP and the PAT. While the HP filter provided smaller revisions of the

cyclical estimates on average, the revisions tend to be more persisted. CF

oscillatory behavior residin smalkr cumulated revisions.

5.2. Bias and autocorrelation in revisions

esti

In a second block we presemtset of indicators aimed at evaluating the quality of the cycle
estimation methodper se We measurg bias, autocorrelation, and conditional bi&xould
thee measures show significant values, it would mean that the meah®dsiboptimal and
could be improved on by utilizing the information containedha history of revisions

Biagleft graph)and a NeweyWest HAC correctedtest(right graph)
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Bias: A =

NeweyWest HAC corrected-testA/ Ayac, whereAyac is the heteroskedasticity and autocorrelat

corrected standard deviation of the mean revision.
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The bias values vary a lot in different time series, but in generallargest for the PAT
estimates. As it appears on the graph PAT shows a positive bias that is an order of magnitude
larger than the other two methods after averaging biases fsixthealyzed series.

The HAC corrected-tests showin several caseshatthe biases in the individual series are
significant. Although the regions where the series become significant are morespeniis

than methoespecific. This follows from the fact that after averaging the HAC measures for
all series (graplon the right the measure does not show significant bias for any method
revision period.

We can note however that the PAT method has largest tvalues for the revisions in the first
two years, whereas the HP method tends to have close to significant biasesrieviaions.
These late significant revisions are less worrying since the size of the revigiegtidiblein
later periods. The calculation of the HAC correctéests is described in: di Fong2005]

Autocorrelationm = B; Ry A Ry:1 A (A%n)

0.8

WV

—CF
0.2 —HP —
PAT

0.4

| / ~
1 13 25 37 49 61 7%”9*:%\97\ 1097421 133 145 157 169/,/18{ 93
Mt~ . \ 7 ;

0.2 S =

-0.4

High first order autocorrelation signals that thetidmding method is not optimal in the sense
that useful information is contained in past revisions, which can help predict current and
upcaming revisions. In other words there is room to improve the cyclical estimates for
methods with high AC.

The HodrickPrescott method shows strong positive first order autocorrelation, which is more
accentuated when the-tlending is performed on a relagly smooth series, and is weaker
but still considerablewith series having smaller signal to noise ratios. The autocorrelation
patterns are less clear for the CF and PAT method they are different for the tested series.
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Conditional (central) bias

biag = Bysgncissi 1 100 Riy/n
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The conditionabias measurethe average revision size for eatiethod;we treat revisions
that occur above the trend with opposite digrthose that occur below the trend. Positive

values therefore meamrevisionbias towards the long term trend, and negative values mean
revisions away from the trend.

The graph shows that the revisions are mostly biased towards the eedtthis conditional
bias is an order of magnitude larger than the unconditiaaal The CF method behaves the
best, the HP is also relatively small compared to Péfhpughafter 6-9 montts of revisions

towards the centre it overshoots and revisions in the second year amay from the long
term trend.

5.3. Signals

The ultimate gal of our CLlIs is to accurately predict turning points in economic activity.
Therefore the dé&rending methods should be aligned to this goal, and besides having good
revision characteristics as measured in the first two blocks they shitld steady gjnal. A

third block of measuresaptueshow much the CLI relevant signals are revised.

Sign Change:
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When determining cyclical phases whether the cyclical value is above or below trend values
iskeyi nf or mati on. The Asign changeo graph shows
been revised to shift from belotrend to above trend or vice versa.

The HP method perforebest in all revision segments. The CF method has a high percentage
of sign changes: in the first 6 mostthe chance of a sign revision is over 10%. PAT aB®
a relatively high sign change pentage and the number of occurrences decreases slowly.

The direction change measure is a percentage measure, like the sign change measure. It shows
how many times the cyclical series have changed to increasing from decreasoegversa

Direction Chage
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Direction changes are typical only in the first few estimates; they quickly drop below 4
percent for all methods. Nonetheless the ordering is similar to that obserledsigrit
changes. The HP method perfarrbest, followed by PAT in general, and with some
exceptions the CF method scores weakly in this test.

Producing the whole turning point estimation history for all time sges beyond the scope
of this paper therebre we only analyze in detail he fA USA
following three graphs show the identifiagning-pointsfor each seriegintage

n e tseries.eThe or der s 0O

The horizontal axis contains tiwintages the vertical axis has the turning point dates. The
ideal graphwould show a perfect triangle, with straight horizontal lines. This would mean
that theturning points are identified quickly, and after first observation, their location is not
changed. The HP method comes closest to this ideal. The turning pointedensiih the

CF method and the PAT method often oscillate. Turaing point estimates change from
vintageto vintagefor a long period until they stabilize. These oscillations are smaller in size
for the CF method, meaning that the estimated turninggoiten change only +1 month.

The PAT method has larger oscillations, and there are unexpected jumps in the turning point
estimates even 100ntages(i.e. more than §ears) after their first appearance.
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It is also striking that the diending method selection affects the final turning point(Sste
the list of dates on the left hand side of the following graphishough there are similarities
(common points) in the estimated

turning points, in cases where the
original time series and cycles are not
smooth enough, the simplified Bry

Boschan (BB) method was not robust.

Turning point estimation history

With the ChrstianoFitzgerald method:

Jan 89 P

Jan 88

—Mar91T Jan 90

== The simplified BB turning point

et - =« jdentificationmethod that we used does
7 “* not smooth the time series before
“* finding tentative locations within the
" cycle series. It finds the local minima
g ..., and maxima within the estimated cycle
- Series to mark turning points. In our

=0 @eXperiment its parameters were set to
find peaks/troughs that are
w1 Maximum/minimum values in their 5
= | month neighborhood, and to respect the
o _‘—“—“U—m == | minimum phase length criterion of 9
== month and minimum cycle length of 18
o “*  month. The lack of robustness in the
turning point detection routine calls for
... further investigation, and OECD plans
... | to carry out further research to improve
w0 | the stability/robustness of the simplified
e =0 | BB method

1 11 21 31 41 51 61 71 81 91 101 111 121 131 141 151 161 171 181 191 201

With the PAT method:

——Jan89P

—Oct 97 P - Jan 98
Jan00
Jul98T

Dec 99 P

Nov02 T

With the Hodrick Prescott method: - A possible way forward is to add a step
N "1 to the method that does local
e ‘ rearrangements in the turning points
s (similar to the one aped in the
s .. | original BB routine), or another
E— .. | approach would be to take into account
ot -~ | the amplitudes of theyclesas done in

—— =2 | HardingPagan[2003. We also tested

May 92 P Jan 92

—Jan 00 P

o : = | the effects of further smoothing in the
"*| cycle extraction method on TP

robustnessThe results i@ summarized
in a later part of this paper.

1 11 21 31 41 51 61 71 81 91 101 111 121 131 141 151 161 171 181 191 201

6. Adjustments to the baseline experiment

The statistics and graphs in the baseline experiment clearly show that the PAT method is
inferior to both theHP and CF method. Therefore the PAT method was not inclundgt:
following part of this study. The HP method proved to be better in terms of turning point
signal stability and had smaller month to month revisions, but showed a surprisingly high and
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steady autocorrelation. The CF method scored worse in mosioreviasuresexcept
cumulated revisions.

Trying to improve further on the revision properties of thefiiér and HFfilter, in this part
of the paper we will test the consequences of using stabilizing forecasting ontthadieg
method, and we will alyze the tradeff between earlyintageand latevintagerevisions
that is involved in calculating smoother cycle series.

6.1. Shift in the filtered band to contain cycles between 12 and 120
month

First we present the results of calculating smoothelesyly jointly increasing the upper and

lower bands of the two filters. Remember that in the baseline scenario the high frequency
cutoff point was set & montts and the low frequency cutoff was set at 96 menth the
alternative scenario these haveregised to 12 mongtand 120 month The motivation for
increasing the smoothness of the cyclical estimate and to increase the length of accepted
cycles came from the observation that business cycles dampened: their amplitudes decreased,
cycles became ter and harder to spbecause of higher frequency variation in economic
activity after the 90s

The difference between the baseline scenario and the alternative scenario is not significant,
accordingto most of the measures. The characteristics of thamtPCHilters are unaltered

and their relativgperformancdas unchanged according to each measure. The response of the
HP method to the filter band change is mixed in terms of the cumutatiigons;4 times out

of the 6 series we tested there was ereise in revision size, but the remaining 2 showed
contrarian evolution. The first order autocorrelation remained high and steaelCF filter

has slightlyworse sign and directional revision percentages after thelfdiied change, but

at the same g slightly improved mean absolute revision statistidewever themain
advantage of using greater smoothing and allowing longer cycles igutimittg point
estimation stability improwe for both methodsWe illustrate this increased stability in the
following points

1. The estimated cyclical patterns are easier to spot just by lookitigemat the identified

turning-points are much less dependent on tiueningpoint selection algorithm and its
parameterizationThe from the higher degree of smoothigelds fewershort lived cycles,
fewer local minima ad maxima, that could mislead tierning point selection algorithm.
Therefore dthough our illustratiorusesonly one series, #results are valid more generally.
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Final cycle estimate AUSA net new orderso

With the HodrickPrescott method With the ChristianeFitzgeraldmethod
6-96vs. 12120 6-96 vs.12-120
106 106

——HP6-96 CF6-96
=——HP12-120 CF12-120

2222222223222 2222RRRREER S22 22C222322222C28RRREER

2. We also created the simulated +iqale TP identification graph or t he AUSA net
or der s 0hesehow tha a mifor volatility appears in early TP signals, however the
likelihood of a major TP revision later decreasFrom the perspective of the need for stable

early TP detection in real time this traof is well worth to be taken.

Turning point estimation history AUSA net new orderso
With theHodrick-Prescotimethod(6-96): With the Hodrick Prescothethod (12120):

angap

—Mar917

1 11 21 31 41 51 61 71 81 91 101 111 121 131 141 151 161 171 181 191 200 1 11 21 31 41 51 61 71 81 91 101 111 121 131 141 151 161 171 181 191 200

6.2. Stabilizing forecasts

We tested the methods to see the effects of stabilizing forece®tingntuition was that by
forecasting at each iteration weuld compensate for the highly asymmetric nature of our
band pass filters at thend of the time series and have beneficial effects on the stability of the
cyclical estimate.Our results showed that forecasmprove revision patternsin early
vintgagesbut at the expese of shifting and preservinghe relatively high revisions at the
early vintagesfor later vintages As we can see from the grapbelow for the HP filter the
forecast horizon strongly influences the extent to which this shift occurs. Longer forecasts
decrease more considerably the earhtagerevisions but at the santime their impact on

late vintage revisions is also largé both in size and persistence. Therefore stabilizing
forecasts should only be used with short horizfumsthe HP filter For the CF filter this
forecast horizon dependendg less important.The beneficial effects of the stabilizing
forecasts are stronger in trending time series, however these effects disappear in stationary, or
cyclical series, like the business and consumer climate indicators.
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Effects of forecasting before applying the filter A USA net new order so
With the HodrickPrescott methodbg@seline + With the Christiano Fitzgeralanethod baseline +

12-120 with 1,2 and 6 month forecastjng 12-120with 1, 2 and 6 month forecasting
0.3 0.3
0.25 - Forecast 1M —_— 0.25 Forecast 1M
Forecast 2M \ Forecast 2M

e Baseline no forecast

0.2 -| Forecast 6M 0.2 Forecast 6M
0.15 Baseline no forecast 0.15

0.1 -+

0.05

1 7 13 19 25 31 37 43 1 7 13 19 25 31 37 43

The $ort horizon forecasts have an addifbbenefit on HodriclPrescott filter performance,
notably they decrease significantly the first ordetocorrelation thatvas a discomforting
property of the HP filter.

7. Conclusion

Both the CHilter and the HHFilter performs better than PAT.

Usethe HP-filter if the early, clear and steadlyrning point signals are your prioritApply a
filter band of 12-120 montls and use series specifistabilizing forecastingvith forecast
horizons from 0 to 2 month

Use the CF filter if you are sensitive to cuative revisions. With the CF filter you may
receive a noisy, oscillating signal in real time application, but the iegiahate®f a cyclical
value are the closest to the final long term cycle value.

As a resulti since our CLI aim to signal turningopmts, but do not attempt to give
precise/exact estimates of the output gapECD will change its dérending method in its
CLI methodology to the double HP filter with a-120 month filter band specification, and a
series dependent stabilizing forecagti

19



References

A. Agresti, B. Mojon (2001),i Some Stylized Facts onE€CB e Euro |
Working Paper series, WP Nab

M. Baxter, R. G. King (1999),A Measur i ng Busi ness -Lasgfiteezss: Appr o
for Ec o nomi cThéReviaw of Eadnomies anid Statistigsl. 81, No.4, pp. 575
593

C. Boschan, W.W. Ebanks (1978i The Phase Average Trend: A Ney
Economi ¢ Ptceedmgshofothe Business and Economic Statistics Section. American
Statistical Associatig Washington, D.C.

G. Bry, C. Boschan. (1971)fiCy c | i c al Analysis of Time Series
Comput er Pechmigal PapeB0, NBER

L. J. Christiano, T. J. Fitzgerald (1999),i The Band NBERWorkiRg HapeeNo.0
W7257.

T.di Fonzo ( ZlRe0@ELD Prdject on Revisions Analysis: First Elements for
Di scussiondo paper submitted 28 Juneh2@05 G&HIED STESE
http://www.oecd.org/dataoecd/55/17/387 65.pdf

J. D. Hamilton (1989),i A New Approach to the Economic Anal
Series and the Business Cyxle E c o n o m&% No.2.cpp.,357384. |

D. Harding, A. Pagan (2003),iA Comparison of Two Business Cycle Dating Methiods
Journal of Economic Dynamics and ContrBlsevier, vol. 27(9), pp. 1681690, July

R.J. Hodrick, E.C. Prescott (1997),i Post war u. S. Business Cycl
| nv e st iJarad of damey Credit and Banki2 (1),pp. 1 16.

A. Maravall (2006), i A Application of the TRAMGSEATS Automatic Procedure; Direct
ver sus | ndi r €omputatiahdl Gtatistiose&nDiata Analysis NaO, pp. 2167
2190.

A. Maravall, A. del Rio (2001),A Ti me Aggregati-BnesaadtBadt&i Ho&nmr & c |
de EspanaVorking Paper Serie2001(08).

Newey W.K. and K.D. West (1987)i A si mpl e positive semidefinite
autocorrelati on c¢ onEconsnetiopss: 76308.ar i ance matri xo,

A. Orphanides and S. van Norden2002 A T h e u n r eoutpudghpi ektimdtes in ceél
t i nTeekReviewof Ecomimicsand Statistics Vol. 84(4), pp. 56583

D.S.G. Pollock (2006),ASt at i st i c al Fourier Anal ysi s: Cl ar
available online at the Queen Mary University of London
http://alpha.gmul.ac.uk/~ugtel33/papers/statfour.pdf

OECD St atistics Not e, October 2007, AChanges t
I ndi cat or ohtp:/awvadedd.artvdatmoeaitl 7/38/39430336.pdf

V. Zarnowitz and A. Ozyildirim (2006), ATi me series decomposition
business cycl es, t rJeuma sf Manetdry Eponomic8/dl. 5 ppc | es o0,
17171739

Further documents related to the OECD CLI system can be found on the OECD Business
Cycle Analysis webpagéittp://stats.oecd.org/mei/default.asp?rev=2

20


http://www.oecd.org/dataoecd/55/17/35010765.pdf
http://alpha.qmul.ac.uk/~ugte133/PAPERS/STATFOUR.PDF
http://www.oecd.org/dataoecd/17/38/39430336.pdf
http://stats.oecd.org/mei/default.asp?rev=2

Annex A

Revision results for New Car Registraibn over 200vintages

PAT HP CF Rating scores
PAT HP CF

Negative bias ove| No bias No bias 1 3 3
Mean first 30vintages

Strong over first| Strong over first| Strong over first 20 1 3 3
Mean Abs.| 125vintages 30vintages vintages then
Dev. oscillating

High over first 150| High over first 12| High over first 20 1 3 2

vintages vintages vintages then
Standard Dev. oscillating
Simple  mean
test
First order AC | Not significant Significant Significant 3 2 2
NeweyWest High over first 150| High over first 20| High over first 20 1 3 3
stdev. vintages vintages vintages
HAC mean test

High over first 90| High over first 12| Very high over first 1 3 2

vintages vintages 20 vintages then
Sign Change oscillating

High over first 36| High over first 12| High over first 25 1 3 2
Relative vintages vintages vintages then
Revision oscillating

High over first 3| High over first 3| High over first 3 3 3 2
Direction vintages vintages vintages then
Change oscillating
Cumulated Abs High over first 24| Medium over| Low over first 24 1 2 3
Revision vintages first 24 vintages vintages
Cumulated Not significant Not significant Not significant 3 3 3
Revision
Total score 16 28 25
Revision results for Overtime Hours, manufacturing over 20t intages

PAT HP CF Rating scores
PAT HP CF

Negative bias ove| No bias No bias 1 3 3
Mean first 50 vintages
Mean Abs.| Strong over first 90 Strong over first 20 Strong over first 20 1 3 3
Dev. vintages vintages vintages

High over first 120| High over first20 | High over first 20 1 3 3
Standard Dev. | vintages vintages vintages
Simple  mean
test
First order AC | Not significant Significant Significant 3 2 2
NeweyWest High over first 120| High over first 20| High over first 20 1 3 3
stdev. vintages vintages vintages
HAC mean test

High over first 10| High over first 10| High over first 10 3 3 3
Sign Change | vintages vintages vintages

High over first 80| High over first 20| High over first 20 1 3 2
Relative vintages vintages vintages then
Revision oscillating

High over first 3| Slightly high over| Very high over 2 3 1
Direction vintages first 3 vintages first 3 vintages
Change then oscillating
Cumulated Abs| High High Medium 2 2 3
Revision
Cumulated Significant Significant Not significant 2 2 3
Revision
Total score 17 27 26
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Revision results for Ratio Imports to Exports over 200/intages

PAT HP CF Rating scores
PAT HP CF

Negative bias ove| Negative bias ove| No bias 1 2 3
Mean first 30vintages first 10vintages
Mean Abs.| Strong over first 90 Strong over first 20 Strong over first 20 1 3 3
Dev. vintages vintages vintages

High over first 90| High over first 20| High over first 20 1 3 3
Standard Dev. | vintages vintages vintages
Simple mean
test
First order AC | Significant Significant Significant 3 3 3
NeweyWest High over first 120| High over first 20| High over first 20 1 3 3
stdev. vintages vintages vintages
HAC mean test

High over first 30| Slightly high over| High over first 20 1 3 2
Sign Change vintages first 10vintages vintages

High over first 80| High over first 5| High over first 20 1 3 2
Relative vintages vintages vintages then
Revision oscillating

High over first 3| Slightly high over| High over first 3 2 3 1
Direction vintages first 3vintages vintages then
Change oscillating
Cumulaed Abs| High High Medium 2 2 3
Revision
Cumulated Significant Not significant Not significant 1 3 3
Revision
Total score 14 28 26

Revision results

for Business climate indicator (PMI) over 200intages

PAT HP CF Rating scores
PAT HP CF

Positive bias ovel Negative bias ove| No bias 1 3 2

first 30 vintages | first 10vintages

then negative bia

over next 30
Mean vintages
Mean Abs.| Strong over first 50 Strong over first 10| Strong over first 1 3 2
Dev. vintages vintages 20vintages

High over first 60| High over first 10| High over first 20 1 3 2
Standard Bv. vintages vintages vintages
Simple  mean
test
First order AC | Significant Significant Not significant 2 1 3
NeweyWest High over first 60| High over first 15| High over first 20 1 3 2
stdev. vintages vintages vintages
HAC mean test

High over first 20| Slightly high over| High over first 10 1 3 2
Sign Change vintages first 5 vintages vintages

High over first 20| High over first 5| High over firg 15 1 3 2
Relative vintages vintages vintages then
Revision oscillating

Slightly high over| High over first 3| High over first 3 2 3 1
Direction first 3 vintages then| vintages vintages then
Change oscillating oscillating
Cumulated Abs| Very high High Medium 1 3 2
Revision
Cumulated Significant Not significant Not significant 1 2 3
Revisbn
Total score 12 27 21
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Revision results for Consumer sentiment over 20@intages

PAT HP CF Rating scores
PAT HP CF

Positive bias ovel| Positive bias ovel Negative bias| 1 3 2

first 50 vintages | first 10vintages over first 15

then negative bia vintages

over next 50
Mean vintages
Mean Abs.| Strong over first 30 Strong over first 10 Strong over first 1 3 2
Dev. vintages vintages 20vintages

High over first 90| High over first 5 | High over first 20 1 3 2
Standard Dev. | vintages vintages vintages
Simple  mean
test
First order AC | Not significant Significant Not significant 3 1 3
NeweyWest High over first 90| High over first 10| High over first 15 1 3 2
stdev. vintages vintages vintages
HAC mean test

High over first 20| Slightly high over| Very high over 2 3 2
Sign Change vintages first 5 vintages first 10vintages

High over first 15| Slightly high over| High over first 15 2 3 1
Relative vintages first 5 vintages vintages then
Revision oscilating

Slightly high over| Slightly high over| High over first 3 2 3 1
Direction first 3 vintages then| first 3 vintages vintages then
Change oscillating oscillating
Cumulated Abs| Very high High Medium 1 2 3
Revision
Cumulated Significant Not significant Not significant 1 3 3
Revision
Total score 15 27 21

Revision results

for Net New Orderg

durable goods over 20(intages

PAT HP CF Rating scores
PAT HP CF
Positive bias| Positive bias ovel| Negative bias 1 3 2
between 28 and | first 5vintage over first 10
Mean 50" vintages vintages
Mean Abs.| Strong over first 20 Strong over first 10| Strong over first 2 3 2
Dev. vintages vintages 20vintages
High over first 90| High over first 5| High over first 20 1 3 2
Standard Dev. | vintages vintages vintages
Simple  mean
test
First order AC | Not significant Significant Significant 3 2 2
NeweyWest High over first 90| High over first 20| High over first 20 1 3 3
stdev. vintages vintages vintages
HAC mean test
Low over all | Low over all | High over first 10 3 3 1
Sign Change vintages vintages vintages
High over first 60| Slightly high over| High over first 20 1 3 2
Relative vintages first 5 vintages vintages then
Revision oscillating
High over first| Slightly high over| High over first 10 2 3 1
Direction vintage then | first 2 vintages vintages then
Change oscillding oscillating
Cumulated Abs| Very high High Medium 1 2 3
Revision
Cumulated Not significant Not significant Not significant 3 3 3
Revision
Total score 18 28 21
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