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Abstr act

In 2005 EU nmenber countries switched their calculations of
volunme estimates in national accounts from a fixed base year
to calculations at previous year prices. In order to get tine
series of absolute values for volune estimates, chain-Ilinking
of growh rates is necessary. Wuereas this is a quite
unanbi guous procedure for annual figures, for quarterly
national accounts there exist three possible nethods. Despite
the fact that all of them result in different output wth
different tinme series properties, countries within the EU are
free to choose anobng them and currently are using different
approaches. This can lead to differences in quarter-on-quarter
growh rates - which are in the main focus of business cycle
analysis — even if the sane data basis is used.

In this study the properties of different chain-Iinking
nmet hods are shown in theory together with enpirical evidence
for Austrian quarterly national accounts. The resulting
consequences for consecutive time-series based processing like
seasonal adjustnment and business cycle analysis are observed.
Whereas dating turning points seem to be rather robust over
different chain-linking nmethods, seasonal and working day
adjustment and outlier detection based on tinme series
nodelling can be affected decisively. Furthernore the
requirenent of tinme consistency can interfere with outlier
detection and - as a consequence — wi th business cycle dating,
t 0o.
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1 Introduction

Due to the wusage of base years of +the far past, the
possibility of a bias in economc tine series nmeasuring
vol umes is a conventional wi sdont. This led to a change-over in
national accounts from price adjustnments related to a fixed
base year to one at previous year prices?. As a result, only
fragnents of tine series of a length of two years can be
consistently calculated for real vari abl es. From these
fragnents, growth rates in real ternms can be cal cul ated, which
are not dependent on the choice of a certain base year.
However, as wusers and the public strongly demand absolute
val ues, these growmh rates are chained together thereafter
with either constructing an index series or relating themto a
certain reference period.

Wereas this is a quite wunanbiguous procedure for annual
figures, for quarterly national accounts there exist three
possi ble methods for linking quarterly figures to a chained
i ndex. Despite the fact that all of them show different
results wth different tinme series properties, countries
within the EU are free to choose among them Currently all
three types of approaches are used within the community.

In order to eval uate possible consequences, the foll ow ng work
wants to shed light on the question how |arge differences can
be and whether they can interfere with successive tine series
based processing |ike seasonal adjustnment or business cycle
anal ysi s.

In the second section of this paper all three different chain-
I inking methods (the over-the-year nethod, the annual overlap
method and the quarterly overlap nethod®) are presented
together with their theoretical properties. The nmagnitude of
time inconsistency based on Austrian quarterly nationa

accounts (QNA) data for all three chain-linking techniques is
presented in section 3. There, also a reconmendabl e nethod for
benchmarking is given which adjust tine series to nmake them
time consistent. Section 4 is dedicated to the question of how
the different chain-linking techniques can interfere with tine
series nodelling. The sensitivity of dating business cycle
turning points with the popular Bry and Boschan (1971) routine
to the different chain-linking nethods is observed in section
5. In the last section conclusions are draw.

! See e. g. Boskin, Dul berger, Gordon, Griliches and Jorgenson (1998).

2 |'n 2003 EU nember countries were obliged to deliver national accounts
data from 2005 onwards on a previous year price basis.

3 This is frequently also called "one-quarter overlap method".
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2 Different nethods of chain-linking for quarterly data

As analysis of economic tinme series draws on real output in
nost cases and itens are often neasured in nonetary units,
some wei ghting nechani sm has to be found in order to construct
volune estimates. This weighting scheme can either be held
constant for a certain tinme span (base year or period) or
change every year. Wuereas the first nmethod has the advantage
that all volunme estimtes derived show additivity across their
subconponents, the latter enables to avoid a potential bias
due to a possibly outdated weighting schene. The EU regarded
the problem of non-additivity as the smaller problem and
menber states had to switch national accounts calculations
from a fixed-price basis to one of previous year prices. As
the basis of calculation changes every year the results can
not be regarded as a consistent tine series. As for that from
each pair of product i of calculations at current prices (p:Q:)
and at previous year prices (pt-10t), a growh rate 1is
cal cul at ed.

A%y, =k (1)
pt—lqt
These growth rates are either linked together in order to

construct an index or to set up a series in absolute values
taking a certain year as a reference (this process is called
chain-linking). As growh rates are not additive, aggregates
Ii ke GDP have to be constructed on a previous year price basis
with a follow ng chain-linking procedure:

Aoy, = 2P (2)
D Pk

For aggregates for which such calculations of growh rates are
not possible due to their variation of signs over tinme (like
net exports or changes in inventories) either sone workaround
is done or they are not published at all.

For sub-annual frequencies the choice of the right price base
IS not so easy because it is unclear whether to take the
average price level over last year, or the one of the
respective period of last year or the foregoing period. This
probl em has been solved very uniformly in that the average
(over all periods) has to be taken for the construction of
series at previous years prices. Wat is left open to the
countries is the decision of how to calculate gromh rates and



to chain them together for producing series in absolute
val ues.*

There exist three different nmethods for doing this: the over-
t he-year nethod (OTY), the annual overlap nmethod (AO and the
guarterly overlap nethod (QDO. To construct all of them two
"series"®> are necessary: one which calculates each quarter at
average prices of the current year and one which cal cul ates
each quarter at average prices of the previous year.

2.1 The over-the-year nethod

The over-the-year nethod cal culates growh rates by conparing
a certain quarter at average prices of the previous year to
the respective quarter at average prices of the previous year.
These growh rates are chained together analogously to an
i ndex series 1°

_y*l y’S
|OTY _ P g | OTY (3)
ys T —y-1 y-1s VLS
where y represents the year, s the respective quarter
(s=1,..,4) and pthe average price |evel of the previous year.

From equation (3) it becones apparent, that growh rates as
well as the following chain-linking procedure relate only to
the respective quarter of past years but never to the
preceding. Bikker (2005) pointed out, that this nethod
virtually constructs not one index series but four, one for
each quarter, and they show no overlapping feature between
each other. Therefore he stresses that "non-corresponding
quarters cannot be conpared in any neaningful way"’. In the
same direction argues Kirchner (2007) showng that growth
rates constructed this way depend on the entire history of
t hese quarters.

As for all these reasons time series properties of an index
produced by the over-the-year nethod are very poor, if such
series can be regarded as a tinme series at all. Quarter-on-
guarter growth rates, which are of exceptional inportance for
busi ness cycle observations, can not be constructed in a
consi stent way.

Unli ke annual figures OQNA figures are usually not published as index
series.

These series cannot be regarded as tine series in a narrower sense, as
they show breaks at every begi nning of a new year.

The description of the construction of the different types of indices
draws heavily on the work of Bikker (2005).

" Bi kker (2005), p. 9
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Apart from looking at tinme series properties, a further
criterion for evaluating chain-linking nethods is their tinme
consi stency feature. This is not a quality criterion but nore
a kind of practical requirenent. Wereas it is natural to
demand that quarterly series at current and previous years
prices add up to their annual totals, this is not the case for
chain-linked values which just represent growh rates.
Neverthel ess there is a strong demand for quarterly nationa
accounts data of volune series which show tine consistency
with annual total s. Wereas sone chain-linking nethods
inplicitly care for that consistency others do not. For the
|atter case, menber states are urged to nmke ex-post
adjustnents to their data.

In the case of the over-the-year nethod it becones apparent
from(3) that it does not fulfil this criterion because

oTY —y1l ys
Ll 2P d

| OTY —yv1 s
silyas 2 p g

where the left hand side of the equation gives the sum over
all quarterly gromh rates and the right hand side of the
equation the growh rate of the annual chain indices. In
practice, differences between both sides should be small,
however &,

(4)

2.1 The annual overlap nethod

The annual overlap nethod cal cul ates growth rates by conparing
a certain quarter calculated at average prices of the previous
year to a quarter of the foregoing year calculated at average
prices of this respective year. These growth rates are chai ned
t oget her anal ogously to an i ndex series |

J— y*l

Y.S
I;—\’CS) — p q | AO ( 5)

Sp e
4

As all quarters of the current year are related to the
conpl ete past year the index series constitutes a consistent
time series until a new year becones the next price basis.
Thi s happens each first quarter where a break occurs. The size
of this break depends on the change of the fraction of the
forth quarters quantities and/or prices relative to the tota
year between two successive years®. So in practice this

8 For the Austrian case see Table 3.
° For a nore formal explanation of this, the reader is referred to Kirchner
(2007), p. 5.
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"contam nation" will be rather small, unless there is a large
change of price or quantity structure relative to the entire
year.

In respect of the criterion of time consistency of the
guarters relative to the total year, the annual overlap nethod
perfornms best of all three chain-linking approaches in that
the quarters reach exactly the respective annual totals. This
stens fromthe fact, that not only the annual growth rate has
as its basis the index of the foregoing year but also all
quart er s10.

2.2 The quarterly overlap nethod

This approach calculates all growmh rates by conparing the
current quarter at average prices of the foregoing year to the
forth quarter of the previous year valued at average prices of
the respective year. Again these growmh rates are thereafter
chain-linked in the sanme nmanner. So the index series is
cal cul ated as

| )?(53 _ p q | QO ( 6)

T —y1 y-1,4 y-14

Bi kker (2005) notes that here the quarter-on-quarter growh
rates represent direct quantity indices even at the first
guarter of a year. Hence he concludes that "... [it] is the
only technique [of all three considered ones] that leads to a
proper chained quantity index". The index series constructed
this way shows no frictions at the beginning of the year or in
ot her quarters, which are due to the chain-Ilinking technique.
This is probably the reason, why the IM' is strongly
recommendi ng this approach for setting up quarterly nationa
accounts.

This good tine series property conmes at cost of tine
consi stency, however. Wthout any formal proof!? it seenms to be
logic that this type of index can not add up to annual totals.
Li ppe and Kuter (2005) correctly noted that the quarterly
overlap nmethod perforns in this respect even worse than the
over -t he-year nethod.

Table 1 illustrates all three chain-linking nethods. The
continuous |ines represent the over-the-year nethod, the
dashed lines the annual overlap nmethod and the dotted the

quarterly overl ap approach.

0 To be nore exact "the arithnetic average of the foregoing year" but this
cancel s out when summari zed over all four quarters.

11 See Bl oem Dippel sman and Maehl e (2001).

12 For this the reader is referred to Bikker (2005).
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Tabl e 1: Construction of growth rates and chai n-1i nks

Dat e at average prices of the | at aver age prices of t he
current year previ ous year

2006Q1 55883.83 ¢ -------—------ 54749. 82

2006Q2 58323.31 g4 -----F---------- 5722387 ~~.

20063 60055. 64 ':.-\\\\Q —————————— 5906667 “~~_ "\

20064 o=~ -----60727.75 ~~<

2007Q1 Pz 56310.32 ~=<J A\

2007Q2 | e BOTA3L B s e 59604, 40 -7 W

20078 ey L=y T W - 2 S— e 61398.34 -~ )
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In Table 2 an overview about the properties of all three
nmet hods is given as a summary.

Tabl e 2: Properties of various chain-1linking techniques

ti me consistency breaks in series

over -t he-year net hod approxi mately given every quarter

between the fourth and

annual overlap met hod fully given the first quarter

quarterly overlap net hod not given no breaks

So if national statistical offices of the EU have to decide
whi ch of these nethods to use in the conpilation of quarterly
nati onal accounts, pros and cons as listed in Table 2 have to
be considered.'® User oriented offices will probably give nore
enphasis to the tinme consistency criterion, while others which
attach nore inportance to business cycle analysis may favour
t he ones which do not cause breaks in the series.

As tinme consistent quarterly series are strongly demanded by
users, nost countries applying nethods which do not care
automatically for this time consistency feature adjust their
data in a second step. In national accounts procedures which
force sub-annual data to show consistency with annual totals
are called benchmarking techniques. These techniques range
from primtive forms |ike the distribution of differences
equally between all quarters or proportionally (pro-rata
technique) to nore sophisticate oriented mathematical or
statistical ones.

In order to answer the question whether it is better to use
the annual overlap nethod which inplicitly respects annua
totals or another nethod wth a subsequent benchnarking

3 A further criterion could be the anount of data to be produced and stored
necessary for applying one of these nethods, but as computers can be
used quite well and storage cost have come down considerable in past
years, this should not be taken as a criterion nowadays.
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procedure it is helpful to know how the annual overlap nethod
achieves tinme consistency. Bikker (2005) has shown that the
annual overlap method is equivalent to the quarterly overlap
method with a built-in pro-rata benchmarking process™. In
other words, the breaks in the tine series at every start of a
year stem from this built-in benchmarking process. The fact
that the pro-rata technique (distribution of the annual
difference proportional to its unadjusted values) causes
"steps" at the beginning of each year is well known as
docurmented in the IMFs Quarterly National Accounts Manual.?'®
Due to this shortcomng this benchmarking technique is
regarded as "unacceptable" in this manual .®

4 This can also be seen in our enpirical exanple for Austria in Figure 2.
15 Bl oem Di ppel sman and Maehl e (2001).
16 Bl oem Di ppel sman and Maehl e (2001), p. 84.
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3 Enpirical differences due to time inconsistency

In this section the differences between the three chain-
i nking nethods which have been discussed in section 2 are
given for Austrian GDP data. It ranges from the first quarter
of 1988 to the end of 1996. Table 3 gives the differences
stenming from tinme inconsistency of all three chain-Ilinking
nmet hods.

Table 3: Differences between quarters and annual totals

Year ory AO QO
inmo € |[in % 1€n m o in % inmo €|in %
1988 12. 02 0.01 0. 00 0. 00 -128.41 | -0.09
1989 12.94 0.01 0.00 0. 00 -229.65 | -0.15
1990 11. 94 0.01 0. 00 0. 00 422. 48 0.26
1991 12. 43 0.01 0. 00 0. 00 761. 13 0. 45
1992 4.99 0. 00 0.00 0. 00 730. 39 0.42
1993 10. 23 0.01 0.00 0. 00 839. 55 0.48
1994 4.91 0. 00 0.00 0.00 497. 05 0.28
1995 7.97 0. 00 0. 00 0. 00 266. 50 0.15
1996 7.60 0. 00 0.00 0.00 98. 26 0. 05
1997 9.34 0. 00 0. 00 0. 00 -266.37 | -0.14
1998 11. 24 0.01 0. 00 0. 00 -721.54 | -0.37
1999 9.50 0. 00 0. 00 0.00 | -1587.38| -0.78
2000 0.00 0. 00 0. 00 0. 00 0. 00 0. 00
2001 -19. 63 -0.01 0.00 0.00 591. 10 0.28
2002 -20.52 -0.01 0.00 0. 00 1006. 43 0. 47
2003 -22.55 -0.01 0. 00 0. 00 1458. 10 0.67
2004 5.57 0. 00 0. 00 0. 00 1457. 55 0. 66
2005 19. 59 0.01 0. 00 0. 00 636. 15 0.28
2006 23.59 0.01 0. 00 0. 00 286. 39 0.12

The results given in Table 3 are consistent wth the
expectations formed on the basis of the theoretical
consi derations of section 2. There are no differences with the
annual overlap (AO nethod. For the over-the-year approach
only small differences in absolute as well as a percentage of
the annually chain-linked total year arise. Only for the
reference year 2000 this difference is clearly zero. The
| argest differences between quarterly and annually chain-
linked data result from the quarterly overlap (QO nethod.
Wereas they are zero only for the reference year negative as
well as positive deviations can be observed. |In absolute
values they range from -1.6 billion euro (-0.78% of annually
chain-linked GDP) to +1.5 billion euro (+0.67% . There seemto
be no trend but rather differences look like they evolve in a
snoot h aut o-regressi ve manner.



The size of the differences arising from the QO nethod may
suggest that this nethod is inferior to others. In fact the
opposite is true: the larger the differences are, the nore it
is inportant to apply a benchmarking procedure which shows
better properties than inplied by the OTY and AO net hod.

As tinme consistency can be regarded as an inportant feature
for sonme users | observe a fourth series which corresponds to
the QO nethod but which quarters have been made sumring up to
annual total s. The benchmarking process wused for that
distributes the differences proportional to the quarters but
does not allow steps between years (like the pro-rata nethod
inplied in the OTY nethod). This is achieved by mnimzing the
relative difference of the relative adjustnents of two
nei ghbouring quarters. This approach was proposed by Denton
(1971) and is strongly reconmended by the | M.

Figure 1. Relative differences between the AO and the
benchmar ked QO net hod.
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Figure 1 gives the differences between the respective quarters
calculated by the AO nmethod (which inplies a pro-rata
distribution of annual differences) and the QO nethod after
benchmar ki ng with t he proportional Dent on procedure.
D fferences are given as percentages of the arithmetic nmean of
the quarters as calculated by both nethods. They range from
-0.31% (155 mo. €) in the first quarter of 2000 and +0.22%
(120 mio. €) in the last quarter of this year. It nay seem odd
that exactly in the reference year where all nethods show
automatically no deviations from annual totals the |[argest
di fferences between the AO nethod and the benchmarked QO (B-
Q) arise but it has to be noticed that the proportional
Denton procedure tries to snooth adjustnents between two
years. |If there are large steps between 1999 and 2000 and

17 See Bl oem Dippel sman and Maehl e (2001), p. 87.
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bet ween 2000 and 2001, adjustnments have to be nade also for
the quarters of 2000. This can be shown graphically in Figure
2, where the adjustnents relative to the unadjusted QO nethod
are given, which have to be made in order to reach annual
totals.

Figure 2: Distribution of annual differences by the AO and the
Dent on benchnmar ked QO net hod
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The stepped line represents the AO nethod. For the reference
year 2000 this |ine noves exactly along the X-axis which nmeans
an adjustment of 0% The snoboth evolving line represents the
adj ustments made by the proportional Denton procedure. As the
years 1999 and 2001 require large adjustnents, the Denton
approach has already to adjust the year 2000 in order to avoid
steps at the respective first quarters.
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4 Consequences for tine series nodelling

In order to show possible consequences for nodelling tine
series based on the different <chain-linking nethods, an
automatic tinme series nodelling software has been applied.
This software fits seasonal AR MA-nodels to economc tine
series in order to adjust for seasonal and working-day effects
or possible outliers. For this the software package DEMETRA!®
has been used which includes the TRAMO SEATS™ nodul e.

Tables Al a to d in the annex show the output of the automatic
nodel ling process for all four time series and the results
differ quite substantial. For the OIY nethod (Table Al a) a
nodel has been suggested which nodels the seasonal part as an
ARIMA (0,1,1) and the regular (trend-cycle) part as a (0,1,0)
nodel . Furthernore an outlier in the form of a transitory
conponent type has been detected in the first quarter of 1993
and renoved automatically.

In the case of the AO nethod (Table Al b) an airline nodel
whi ch nodels the seasonal part as an (0,1,1) and the trend-
cycle part as an (0,1,1) process has been selected. Again an
outlier has been found in the first quarter of 1993 but this
time an additive outlier affecting only the respective
quarter.

For the wunadjusted QO (Table Al c) nethod the sane type of
nodel has been chosen. Wereas the MA coefficient for the
seasonal part is nearly the sanme as in the AO case, the one of
the regular part is sonewhat lower. Also in this case an
outlier has been detected for the same period but this tine
again a transitory conponent as with the OTY approach.

The QO series adjusted by the proportional Denton procedure
(Table A1 d) has been nodelled as an ARIMA (0,1,0)(0,1,1)
which is quite different to all other chain-Ilinking nethods.
The paranmeter of the trend-cycle MA term is the snallest of
all nodels. As in the case of the AO approach an additive
outlier has been detected in the first quarter of 1993.

Figure 3 shows the quarter-on-quarter growh rates of the
seasonal |y and working day adjusted series for the OTY, the AO
and the Denton benchmarked QO nethod as they were resulting
from the different time series nodels. Gowmh rates
constructed this way very often serve as the basis of business
cycle analysis. It can be observed that the ones derived by
the AO and benchmarked QO (B-QO nethods show nearly the sane
pattern wth highly coinciding |ocal peaks and troughs.

18 DEMETRA 2.1 © European Communities, 1999-2007.

19 The TRAMO- SEATS software package used here has been devel oped by CGomez
and Maravall (1992) and is strongly recommended by the EC for seasonal
adj ustment in QNA.
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However, the nodel based on the OTY chain-linked data gives
grom h rates which behave quite differently in that they seem
to have a lower variance. The output for the OIY series seens
not to have generally a leading or lagging property if
conpared to the others, but the |local maxima at the begi nning
of 2000 and 2002 are reached one quarter later in the nodelled
OTY seri es.

Figure 3. Quarter on quarter growh rates on seasonally and
wor ki ng day adjusted series
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If the AO and the B-QO series are conpared to each other, the
only difference in the local maxima of growh rates can be
observed for the beginning of 2000 with the B-QO nethod
showi ng the peak one quarter |ater.
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5 Extracting the business cycle

One goal of this paper is to docunent the consequences of
different chain-linking nethods for business cycle analysis.
As a first step usually the trend is separated from business
cycle fluctuations. For this a plethora of nethods exist which
all inply different theoretical views. Here only the nost
popul ar ones are used in order to show possible differences in
results®®. As the data is already seasonally adjusted the
famous HP- 1600 filter can be applied.

Figure 4. Differences in |log of HP-1600 transforned series

0,006
0,004 A

0,002 / \ N
O,OOO/\/)\A A A A WS

A
$alsy §§\/%’"s,s\/fsa'sss o
0,002 3 6 & o 3 8'5 3 & V 5 5 5 ——B-QO
-0,004 ‘\v/‘
-0,006
-0,008
Figure 4 gives the result of log differences between

consecutive quarters of the different series for which a HP-
1600 trend has been elinmnated. The output is quite simlar to
the ones where the trend has been elimnated by first-order
differences of logs (this corresponds to the calculation of
growh rats) as shown in Figure 3.

Table 4 gives the dates of the business cycle turning point
anal yses as done by the routine proposed by Bry and Boschan
(1971) with demanding a m ninmum cycle length of 5 quarters and
a mninmm phase length of 3 quarters. The unbenchmarked QO
series serves as the reference cycle to which all other
results are conpared?.

20 A good overvi ew over the various approaches in this field gives Canova
(1998).

2 This is done on practical grounds and is not based on sone priority
reasoni ng.
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Tabl e 4: Turning point analysis for HP-1600 filtered series

Peak Trough Peak Trough Peak Trough Peak Trough
# of extra
Regg:fensce 03-1991 | Q1-1993 | Q1-1994 | Q1-1995 | Q1-1996 | Q2-1997 | Q2-2000 | Q4-2003 | cycles
AO 0 - - 0 0 -1 0 0 -1
B-QO 0 - - 0 0 -1 0 0 -1
OoTY 0 - - 0 0 0 0 -1 -1

Note : + (-) denotes a lag (lead) with respect to the reference series

The reference series (QO given in the first Iine shows the

| ar gest nunber of conpleted cycles between 1988 and 2006. It
counts 4 cycl es whereas all chain-1inking nmethods show only 3.
The one starting with a trough in the first quarter of 1993
and showing its peak in the first quarter of 1994 has not been
recogni zed by all other chain-linked series. A possible

expl anation for this could be that the outlier detected in al
series has not been renoved sufficiently by the QO nethod or
too nuch by the other methods?.

There exists sone evidence in the literature that in the first
guarter of 1993 was indeed a cyclical trough. For the Austrian
case Artis, Krolzig and Toro (2004) reported a trough in the
third quarter of 1993 for the Austrian econony. For the Euro
Area Monch and Unhlig (2004) date a trough for the first
guarter of 1993, too. The CEPR Busi ness Cycle Dating Commttee
(2003) dates it in the fourth quarter of 1992, Artis, Krolzig
and Toro (2004) for the second quarter of 1993, Artis,
Marcellino and Proietti (2004) for the fourth quarter of 2004
and Forni et al. (2004) for the first quarter of 1994. From
this it can be concluded, that the benchmarking process —
either done explicitly or inplicitly — can potentially
interfere with the appropriated detection and estimati on of
outlier effects which can again hanper the detection of

busi ness cycl e turning points.

The trough in the second quarter of 1997 has been indicated by
the AO and the benchmarked QO nmethod one period earlier than
by the others. The sane goes for the trough in the fourth
guarter of 2003 which was detected by the OTY nethod one
guarter earlier.

In order to explore whether the differences in business cycle
analysis stem from the differences in tine series nodelling
used for outlier detection and seasonal and working day
adjustnment or from the chain-linking process itself a further
nmet hod for business cycle extraction is used. The band-pass
filter a proposed by Baxter — King (1995) was applied to all
four chain-linking nethods as an alternative. As this filter
removes not only the trend but also frequencies higher than

22 The detection of a trough nmakes the Bry-Boschan routine |look for a
followi ng peak in the series, as changing signs for business variations
is a requirenent for this procedure.
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t he business cycle |ike seasonal variations, it can be applied
directly to the series wthout prior adjusting them for
seasonal fluctuations®.

In order to get sure that seasonal variations are properly
extracted the filter was set to retain only variations with a
frequency between 8 and 2 years (32 and 8 quarters
respectively) instead of the comobn 8 and 1% years.
Additionally the filter length has been enlarged to 8 quarters
in order to reduce the I|eakage of the filter, but this
advantage conmes at cost of a higher |oss of observations at
either end of the series (which have been replaced by an ARI MA
forecast).

Figure 5 shows the cyclical conponent after applying the BK-
filter in logs to the series of OIY, AO and the Denton
benchmarked QO chain-linked series. They look quite simlar
for their wups and downs between 1999 and 2006. The only
remarkable difference is that the OIY series seens to reach
its lowest point tw quarters before the AO and the B-QO
series.

Figure 5: Baxter-King 8-2 filtered series
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This result can be confirmed by |ooking at the turning points
as detected by the Bry-Boschan dating procedure given in Table
5. The trough found by all other three series in the first
gquarter of 2006 is dated by the OIY series two quarters
earlier?. This time five conplete cycles have been found which

2 1t has to be nentioned that for a sensible business cycle analysis a
prior adjustnent for working days and outliers is indispensable but here
the focus is just on the difference between nethods and not on finding
the correct business cycle.

24 1t has to be nentioned that this difference has to be disregarded as it
concerns the margin of the tinme series, which has been enlarged by ARl MA
forecast. That the different chain-linking nethods interfere quite
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can be attributed to dropping a prior outlier detection
procedure. As a consequence the second quarter of 1993 has
been dated as a trough with a following peak in the first
quarter of 1996.

Cenerally the dating cal endar of the BK-8-2 transformed series
| ooks quite differently than the one for the seasonally HP-
1600 filtered ones. But it is a conventional w sdom that the
Bry- Boschan (1971) procedure detects less turning points in HP
filtered series which are still plagued by high frequency
conponents. This nakes it difficult for this dating procedure
to find turning points in such highly erratic series.

Tabl e 5: Turning point analysis for BK-8-2 filtered series
Peak | Trough Peak | Trough Peak | Trough | Peak | Trough | Peak | Trough

# of extra|

Regg;fe”sce Q4-1988 | Q1-1990 | Q4-1991 | Q2-1993 | Q1-1996 | Q2-1997 | Q1-2000 | Q2-2003 | Q3-2004 | Q1-2006 | cycles
AO 0 0 0 0 0 0 2 0 0 0 0
B-QO 0 0 0 0 0 0 2 0 0 0 0
oTY 0 0 0 0 0 0 2 0 0 2 0

Note : + (-) denotes a lag (lead) with respect to the reference series

From Tables 4 and 5 one can conclude that the Denton
benchmar ked QO net hod and the AO nethod give the sane business
cycle turning points for the Austrian GDP between 1988 and
2006. However, the unadjusted QO nethod as well as the OrIY
nmet hod produce different dates and nunber of cycles with the
| atter showi ng sonetimes sonme | eading properties when conpared
to the QO net hod.

strongly with this kind of time series nodels has been shown already in
chapter 4.
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6 Concl udi ng remarks

Wth the introduction of volume neasurenment at previous year
prices for setting up national accounts, chain-Ilinking of
growh rates becane necessary. Wiile this method for
calculating tinme series in levels is an unanbiguous thing it
is nmore conplicated for sub-annual series. In principle three
different nmethods can be used: the over-the-year nethod, the
annual overlap nmethod and the quarterly overlap nethod.
Despite the fact they all produce different output EU nenber
states are free to choose anong them for their cal cul ati ons.

The nethods differ in respect of their time consistency (the
ability of quarters summing up to annual chain-linked totals)
and in view of their time series properties. Wereas the
annual overlap nethod guarantees fully tinme consistency, the
over-the-year nmethod shows mnor deviations. The quarterly
overlap nethods differences between the sum of the quarters
and the independently derived annual totals are the |argest.
Concerning time series properties, the quarterly overlap
nmet hod perforns best, while the annual overlap nethod can show
breaks at the transition from one year to another. The over-
t he-year nmethod can not be regarded as a consistent tine
series at all.

As tinme consistency is strongly demanded by users, sub-annua
series can be forced by benchmarking nethods to neet annua
totals. Transformng the output of the quarterly overlap
method with the proportional Denton procedure makes it not
only time consistent but also superior to the annual overlap
method in ternms of theoretical tinme series properties.
Nevert hel ess, even this nore sophisticated adjustnment can nake
it nmore difficult for following tinme series processing to
adjust for outliers. This can potentially interfere wth
busi ness cycl e dating procedures.

In order to adjust for seasonal variations, working day
effects and potential outliers, a wdespread software for
nodelling tinme series automatically was used. It has been
denonstrated that the output of the over-the-year nethod, the
annual overlap approach and the unbenchmarked and benchmar ked
quarterly overlap nethod result in quite different nodels and
outlier detection. For show ng possible consequences of this
for business cycle analysis all seasonally adjusted series
have been transformed by an HP-1600 filter in order to clear
for trends. Furthernore the Bry-Boschan (1971) routine has
been used for dating business cycle turning points. Wereas
time series nodels differ quite substantial the different
chai n-1inking nethods proofed to be rather robust concerning
the detection of turning points. Nevertheless, the well
docunent ed business cycle trough at the beginning of 1993 has
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been detected only in the unadjusted quarterly overlap chain-
i nked series.

For observing whether business cycle turning point detection
is nore affected by the difficult discrimnation of different
time series nodels or by chain-linking nethods itself, a
Baxter-King type band-pass filter has been applied to non-
seasonal ly adjusted data. After running again the Bry-Boschan
busi ness dating procedure again detected turning points were
dated quite simlar. As in the HP-1600 case, once nore only
the annual overlap nmethod and the benchmarked quarterly
overlap nmet hod gave exactly the sane dating results.
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Annex

Table Al a:
series

Ti me series nodel

f or

over -t he-year

chai n-1i nked

Information on Models OTY (Tramo-Seats)

Series Span (n° of obs)
Model Span (n° of obs))
Method
PRE-ADJUSTMENT
Trandformation
Mean Correction
Correction for Trading Day Effects
Tradl t-value
Trad2 t-value
Leap-year t-value
Correction for Eager Effect
Correction for Qutliers
Critical t-value
TCQ1.1993 t-value
Corr. for Missng Obs
Corr. for Other Regr. Effects
Specif. of the ARIMA model
Non-seas MA (lag 1) value
Non-seas MA (lag 1) t-value
Method of Edimation
DECOMPOSITION
ARIMA Decompostion
Seasonality

Table A1l b: Tine series npde

series

Q01.1988 - Q4.2006 (76)
Q1.1988 - Q3.2006 (75)
Tramo/Seats

Logarithm

None

2 Regressor(s) (holiday-corr.)

0.86 [-1.990, 1.990] 5%

-0.86 (derived) [-1.990, 1.990] 5%
0.58 [-1.990, 1.990] 5%

None

Autom.:AO,LS,TC; 1 Outlier(s) fixed
3.063

-3.60 [-3.063, 3.063] crit.val.
None

None

(01 1)0 1 0) (fixed)

-0.3847

-3.49 [-1.990, 1.990] 5%

Exact Maximum Likelihood

Exact
Seasonal model used

for annual

overl ap chain-1|inked

Information on Models AO (Tramo-Seats)

Series Span (n° of obs)

Model Span (n° of obs))

Method

PRE-ADJUSTMENT

Transformation

Mean Correction

Correction for Trading Day Effects

Correction for Eager Effect

Correction for Qutliers
Critical t-value
AO Q1.1993 tvalue

Corr. for Missng Obs

Corr. for Other Regr. Effects

Specif. of the ARIMA model
Non-seas MA (lag 1) value
Non-seas MA (lag 1) t-value
Seasonal MA (lag 4) value
Seasonal MA (lag 4) t-value

Method of Egtimation

DECOMPQOSITION

ARIMA Decompostion

Seasonality

Q1.1988 - Q4.2006 (76)
QQ1.1988 - Q4.2006 (76)
Tramo/Seats

Logarithm

None

None

None

Autom.:AO,LS, TC; 1 Qutlier(s) fixed
3.065

-3.88 [-3.065, 3.065] crit.val.
None

None

011)011) (fixed)

-0.2551

-2.18[-1.990, 1.990] 5%
-0.2533

-2.16 [-1.990, 1.990] 5%
Exact Maximum Likelihood

Exact
Seasonal model used
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Table Al c:

Tinme series nodel

f or

i nked series

Information on Models QO (Tramo-Seats)

Series Span (n° of obs)
Model Span (n° of obs))
Method
PRE-ADJUSTMENT
Trandformation
Mean Correction
Correction for Trading Day Effects
Tradl t-value
Trad2 t-value
Correction for Eagter Effect
Correction for Outliers
Critical t-value
TCQ1.1993 t-value
Corr. for Missng Obs
Corr. for Other Regr. Effects
Specif. of the ARIMA model
Non-seas MA (lag 1) value
Non-seas MA (lag 1) t-value
Seasonal MA (lag 4) value
Seasonal MA (lag 4) t-value
Method of Egimation
DECOMPOSITION
ARIMA Decompostion
Seasonality

Table A1 d: Tine

series

Q1.1988 - Q4.2006 (76)
Q1.1988 - Q4.2006 (76)
Tramo/Seats

Logarithm

None

1 Regresor(s) (holiday-corr.)

0.99 [-1.990, 1.990] 5%

-0.99 (derived) [-1.990, 1.990] 5%
None

Autom.:AO,LS, TC; 1 Qutlier(s) fixed
3.065

-4.09 [-3.065, 3.065] crit.val.
None

None

011)011) (fixed)

-0.2567

-2.22 [-1.990, 1.990] 5%

-0.2242

-1.83 [-1.990, 1.990] 5%

Exact Maximum Likelihood

Exact
Seasonal model used
benchmar ked

nmodel for

overl ap chain-Ilinked series

Information on Models B-QO (Tramo-Seats)

Series Span (n° of obs)
Model Span (n° of obs))
Method
PRE-ADJUSTMENT
Transformation
Mean Correction
Correction for Trading Day Effects
Correction for Eagter Effect
Correction for Qutliers
Critical t-value
AO Q1.1993 tvalue
Corr. for Missng Obs
Corr. for Other Regr. Effects
Specif. of the ARIMA model
Seasonal MA (lag 4) value
Seasonal MA (lag 4) t-value
Method of Egtimation
DECOMPOSITION
ARIMA Decompostion
Seasonality

01.1988 - Q4.2006 (76)
Q1.1988 - Q4.2006 (76)
Tramo/Seats

Logarithm

None

None

None

Autom.:AO,LS, TC; 1 Qutlier(s) fixed
3.065

-4.22 [-3.065, 3.065] crit.val.
None

None

010)011) (fixed)

-0.2720

-2.38 [-1.990, 1.990] 5%
Exact Maximum Likelihood

Exact
Seasonal model used
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