




































































4 THE RESULTS 20

generate turning point dates which lead by abont -2 quarters. regardless of the benchmark clas-
sification used. Oun average and regardless of the dating rule employed, each method appears to
produce smaller discrepancics relative to the DOC reference classification.

Fifth, although multivariate detrending procedures employ wmore information to construct the
reference cycle than uunivariate ones. they do not provide a necessarily superior picture in dating
business cycle phases. Iu particular. these methods produce reference cveles whose turning points
do not match NBER or DOC dates and for three out of the four detrending methods, the dating
performance is definitively inferior relative to the one of univariate procedures with at least one
dating rule. While the relevance of this finding clearly depends on the variables included in the
econometrician’s information set and different information sets may give different conclusions, the
results suggest that the loss of iuformation incurred in coustructing reference eycles using real GNP
alone may be small.,

In conclusion. the dating of turning points appears to be sensitive to the choice of detrending.
Differences emerge in the dates selected. in the nuwimber of eveles discovered and in the number of

false alarms and missing signals they generate.
4.2 The Statistical Properties of Reference Cycles

Next we study the statistical properties of generated reference cyeles. In particular, I am interested
in the amplitude characteristics ol contractions aud in the duration and persistence of various
business cycle phases. as these are the statistics typically eniployed in the literature to summarize

the properties of reference cyeles.

4.2.1 Amplitudes

Amplitude measures display siguificant differences across detrending methods and dating rules.
With the first rule the largest average amplitude is -5.0% which is obtained with BQ, while the
others range from -0.1% obtained with MLT to -2.1% obtained with MINDEX. For two methods
(UC and SEGM) the average amplitude of contractions is positive, i.e. on average, contractions
were mere slowdowns of economic activity which did not involve crossing below the trend of the
real GNP series. With the second rule the average amplitude of contractions is, in general, smaller.
The maximum value is -2.5% obtained. once again, with BQ. while the others range from -0.1%

obtained with UC to -1.1% obtained with FOD filter.
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Additional information on the amplitude of the resulting cyveles can be obtained by examining
the timing and the severity ol the worst contraction. With the first dating rule, the severity of the
worst contraction varies substantially with the detrending method. ranging from -0.4% with UC to
-11.3% with BQ, with most of the other methods producing a drop of approximately 4.0-5.0% below
the trend line. Out ol the 13 detrending procedures. 5 picked 19821 as the worst time and one
1982,1, while the remaining ¥ methods selected dates from 1957 to 1960, Interestingly enough, no
method except UC selected a date in the middle of the 1970°s as the worst time in the sample. Once
again, there is much more homogeneity in the results with the second rule: the range for amplitude
of the worst contraction is between -0.2% with UC and -G.1% with BQ. with most other methods
producing a maxinum [all of 1.5-2.0% below the trend line. This homogeneity however is more
the result of the poor dating record of many procedures rathier than an intrinsic similarity of the
reference cycles generated with this dating rule. This hmpression is confirmed by the considerable
variety of dates picked by cach method as the worst contraction date. Four methods selected dates
between 1957 and 1958 and two picked 1980.2. but for the rest there appears to be little congruence.
Finally, note that LT selected 1975.1 as the worst recession and at this date the cyclical component

of GNP was about 2.5% below the trend.

4.2.2 Durations

The average duration of expansions is not sensitive to detrending when the first rule is used: the
range is betwecn 6.6 and 10.1 quarters (with a standard deviation of about 5 quarters) and, except
marginally for BQ, there is no evidence of duration dependence for this phase. That is, there is
no evidence that expansions tend to terminate the longer they have lasted. A somewhat different
picture emerges when we look at contraction cveles. In this case the range of average durations is
slightly larger varving from 3.8 1o 9.25 quarters but for 7 out of the 13 methods. the null hypothesis
of no duration dependence of contractions is rejected. However. there seemns to be no relationship
between the average duration of contractions and the rejection of the hypothesis of no duration
dependence. Thercfore. in agreement with Diebold and Rudebush (1990). the prediction of peak
dates is problematic. given the highly irregular nature of expausion pliases, but it appears to be
easier to predict trough dates. This is generally true regardless of the detrending method.

The average duration of expansions exceeds the average duration of contractions for all reference

cycles except those generated with FOD and COIN. Typically. expansions last about 1.5 times
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longer than contractious. In addition. all reference cyeles indicate that the economy is expanding
5-15% more times than contracting. a result in broad agreement with those of Klein and Moore
(1985).

With the second rule the features of the durations of business cycle phases strongly depend on
detrending. The average duration of expausions ranges [rom 1.5 quarters with FOD to 36 quarters
with MINDEX, while the average duration of contractions ranges {rom - quarters with HP4 to 36.3
quarters with UC. The range of standard deviations is large as well ranging from 4 to 24 quarters
for expansions and from 1.6 1o 2.1 for contractions. With this second dating rule there is some
evidence of duration dependence of expansion cveles for five methods. while contractions display
duration dependence only with LT. Morcover. for 7 detrending methods the average duration of
contractions excecds the average duration of expausions and except for HPJ4. LT, HAMIL and
MLT the economy is coutracting in more than 30% of the thne periods. Finally, there are strong

asymmetries in the dnration of business evele phases with FOD and UC detrended data.

4.2.3 Persistence

Burns and Mitchell (1913). Moore (1958) and others have argued that the severity of contractions
is an important ingredicut to know liow long it will take to the economy to recover to its previous
peak level. A direct test of thieir conjecture is impossible within the present context because
their analysis did not distinguish the trend from the cycle. As a close substitute, I examine the
relationship between various business cvele phases and the severity ol contractions. The hypothesis
then states that the deeper is the contraction (as weasured here by the amplitude of the trough
relative to the trend). the longer is the duration of the complete peak to peak cycle. On the
other hand, there should be no syvstematic relationship between the depth of contractions and their
duration. (See Romer (199:1) for an alternative view regarding the relationship between the depth
of the contraction and their duration).

Table 2 indicates that the conjecture is not supported in the data. However, the results should
be interpreted with caution because of the small number of durations available with many reference
cycles, especially with the second rule. In general. although the correlation between the severity of
contractions and the duration of [ull peak to peak cycles appears to be stronger than the correlation
between the severity of contractions and their duration for all reference evcles, the differences are

statistically insignificant. Moreover. in both cases. the rank correlation cocfficients are not signif-
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icantly different frowm zevo and this is true regardless of the detrending method used to construct
growth cycles and the dating rule employed to classify turning points

To summarize, the amplitude and duration properties of the business cycle phases depend,
as in the case of turning point classification. on the detrending methods and on the dating rule.
However, the persistence properties of coutractions and peak-to-peak cycles are robustly unrelated

to the severity of contractious.

4.3 Comparison with Benchmark Growth Cycles

We next turn to the final question addressed in this paper, i.c. is there a detrending method which
reproduces the features ol standard reference cveles regardless of the dating rule employed?

Tables 1 and 2 indicate the HP filter and the FREQ filter come closest to do the job. In
particular, they are the detrending procedures which minimize the unweighted sum of false alarms
and missing sigunals. regardless of the dating rule or the beuchmark classification used. These
methods are conservative in the sense that the implied reference eveles are sufliciently smooth to
avoid the generation of too wany lalse alarins while avoidiug missing iniportant signals. As a matter
of fact, the HP 1600 filter aud the FREQ filter capture all DOC peaks with the first dating rule while
HP4 captures all NBER and DOC dates with the second dating rule. On average the turning points
they generate slightly lead NBER turning points and are coincident with DOC turning points.

The similarities between HP 1600 and FREQ filters we uuveil confirm, on one hand, the low
band-pass features of the P filter highlighted by King and Rebelo (1993) aud, on the other, the
MA features of the FREQ filter (see also Baxter and King (199-1)).

Among the other methods. it is worth noting that the BQ approach does well both in terms
of false alarms and missing signals with the lirst dating rule but is clearly inappropriate with the
second dating rule. The Hamilton filter also performs very poorly with the second dating rule
where it either misses or incorrectly identifies 13 of the 15 turning points of the sample regardless
of the benchmark classification emploved. This. hiowever., is not surprising since the method was
designed to be optimmal with a probabilistic dating rule ?.

The statistical propertios of the various business cyvele phases generated with these two meth/ods

are also broadly consistent with both NBER and DOC cycles. In particular, the HP1600 filter

3 According to Hamilton's rule the cconomy is in a contraction il there is at least 50% probability of being in a
low state.
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generates cycles which are slightly asvinmetric as are the NBER cycles. while the FREQ filter
cycle closely replicates the more symmetric pattern ol DOC cycles. Morcover, the amplitude
characteristics of both benchmark eveles are sulliciently well approximated by the reference cycles
generated by these mothods.

The worst performers in this comparison with benchmark growth cveles are FOD, LT, SEGM
and HAMIL. To investigate why these procedures fail to generate cyveles that resemble the ones
identified by NBER aud DOC rescarchers | present in figure 2 the time paths of the reference cycles
generated by these four detrending methods. Shaded regions represent contractions according to
the NBER classification. The reference cyele generated by FOD is very erratic. in many standardly
classified contractions it is above the trend and in others it does not conform to the two-quarter-
declines-over-three rule.  The other three methods produce reference cveles which are visually
similar even though the amplitude of the fluctuations differ. Note that these reference cycles are
persistently on one side of the trend line for long periods of time producing infrequent shifts in the
turning point indicator when the second dating rule is used. Furthermore. the average duration of
a cycle is 1.5 years with FOD. 7.5 yvears with HANIL and more than 8 vears with LT and SEGM.
Therefore, noue of these detrending methods produce cyclical components whose average duration

matches the average duration of NBER growth cyeles (which have a periodicity of about 4-6 years).

5 Conclusions

This paper examined three questions concerning (i) the sensitivity of turning points classification
to different detrending methods and dating rules. (ii) the robustness of the time series properties
of the implied reference cycles and (iii) the ability of different methods to replicate NBER or DOC
dating. We use a varicety of detrending methods to separate the trend from the cycle in the data
and two different dating rules to select turning points and construct business cycle phases.
Overall, the results indicate that the dating of turniug points is sensitive to detrending and
dating rules and that hoth the amplitude and duration properties of the growth cycles generated
with alternative detrending methods significantly differ. These results confirm the findings of
Canova (1993), who shows that the secoud moments of the cyclical component of several US real
macroeconomic variables are very sensitive to detrending. The sensitivity of outcomes to detrending

is easily interpretable since different detrending methods leave cyeles of different average duration
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in the data. What is surprising is that differences in the average duration of cycles are somewhat
irrelevant when the first dating rule is used. That is. while the second moment properties of the
data vary with detrending. the time paths of the various cyvclical components are not too different.
These differences are however amplified with the second rule because the crucial factor for dating
turning points and selecting business cvele phases is whether the reference cycle is above or below
the trend line. In this case. asvimmetries emerge hecause the average spans of time spent above
and below the trend line differ across detrending methods.

Is there any sensible way to reduce the range of outcomnes by elimminating sorme detrending meth-
ods as “unreasonable™? If we take the ability to reproduce a standard turning points classification
as a limited information test to select a class of detrending methods. then the results suggest that
HP and FREQ filters are those which should be selected as they come closest in reproducing stan-
dard dating and business cyvele features. Turning points line up in the right way and, regardless
of the dating rule. the features of the implied cyvele resemble those of NBER or DOC growth cy-
cles. This apparent superiority of this class of low baud-pass (ilters. however, should be weighed
against the drawbacks noted by Cogley and Nasou (1991), Harvey and Jeager (1993) and Maravall
(1993). For a more cotplete answer on the subject it is thereflore uecessary to confront the various
detrending procedures with alternative and. possibly. more powerlul tests.

This paper did not address questions concerning the construction of leading indicators and of
useful statistics to evaluate the record and the guality of turning point forecasts. In the literature
on the subject (sce c.g. Wecker (1979). McXNees (1991) or Zelluer and Hong (1991)), the results

generally hinge on having available a “correct™ reference cyele. Therefore. the results contained in
this paper are of interest to rescarchers engaged iu these iimportant activities as they may give a
rationale for choosing one concept of cvele or one dating rule over another. On the other hand,
forecasting exercises comparing both the record and the quality of turning point selections may be

a useful class of tests to examine the superiority of one trend specification over another. We plan

to conduct these experiments in future research.
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Table 1, Pancl A
Business Cycle Chrouology using NBER Dates as Reference
Sample 55.3-90.1

Method Tronghs Peaks
Number % YFalse Y%A Missing Correct Number % False % Missing Correct
Alarms  Sigpals LI CO LA Alarms Signals LE CO LA

. Filter Rule 1
HP1600 11 45.4

142 3 3 0 It 45.4 14.2 5 1 0
HP4 I 5-1.5 284 4 1 0 T 6.3.6 42.8 4 0 0
FOD 10 40.0 85.7 1 0 0 9 88,8 85.7 0 1 0
BN ] 444 28.5 2 I 2 8 50.0 12.8 2 0 2
ucC 8 62.5 128 2 | 1 4 SN 83.4 0 0 1
LT 10 50.0 28.5 3 K4 (0 4 4141 28.5 3 i 1
SEGM 9 TT.T ThA | i U N 0.0 12,8 2 1 i
FREQ 10 50.0 285 3 2 0] 10 5300 14.2 5 I 0
HAMIL 16 S0.0 85.7 2 0 { 9 55.5 42.8 2 2 0
MLT 10 60.0 12.8 2 2 0 4 1. 28.5 3 1 1
MINDEX 8 62.5 571 1 i 1 4 66.6 57.1 1 2 0
BQ 8 25.0 14.2 i { 2 3 37.5 285 i 1 3
COIN 9 35.5 42.8 3 ] { N 50.0 12.8 2 i 1

Filter Rule 2

HP1600 T 12.8 128 4 1] () S 5.0 T4 2 0 0
HP4 16 62.5 1.2 i 2 4] 15 53.3 0.0 5 2 0
FOD 4 50.0 Tl 2 1] { 5 100U 100.0 0 0 0
BN 3 33.3 714 1 i ) 2 100.0 100.0 0 0 0
ucC 2 50.0 85.7T 0 1l I 3 66.6 85.7 0 0 1
LT 4 75.0 85.7 0 1 0 1 100.0 100.0 0 0 0
SEGM 4 25.0 57.1 3 0 0 5 80.0 85.7 0 1 0
FREQ 8 62.5 57.1 3 0 0 8 50.0 12.8 4 0 0
HAMIL 5 80.0 3.7 0 1 §] 4 75.0 85.7 1 0 0
CDT 3 GG.6 8H.T I 0 () 3 100.0 100.0 0 0 0
MINDEX 2 0.0 T 2 0 (0 3 100.0 100.0 0 0 0
BQ ¥ 62.5 537 2 | 1] Y 44.4 285 3 1 1
COIN 3 33.3 i1 2 0 0 2 0.0 ThA 2 0 0

Note: With Filter Rule 1 a trough occurs at € if ¢4 > ¢ < ¢=1 < ¢i—2 and a peak if
Cepr < € > ¢y > c—y. With Filter Rule 2 a trough oceurs at tif ¢, < 0 and
cemy < Oorif ey < U and ¢ < O and apeak il ¢, >0 and ¢,y > Vorif ey >0
and ¢ > 0. A false alurm occurs if there s no turning point within %3 quarters of
the reference date. A wissing signal occurs if the method does not signal a turning
point within £3 quarters of the NBER date. In the NBER classification there are 7
troughs and 7 peaks. LE stands for leading. CO for coincident and LA for lagging.
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Table 1. Panel B
Business Cycle Chronology using DOC Dates as Reference
Sample 55.3-90.1

Method Troughs Peaks
Number % False % Missing Correct Nwwber Y False % Missing Correct
Alarms  Signals  LEE CO LA Alarms  Signals  LE CO LA

. IFilter Rule
HP1600 11 4354

1 25.0 2 3 ] i 45.4 0.0 2 2 3
HP4 11 54.5 375 2 3 1} 1 154 14.2 3 1 2
FOD 10 80.0 5.0 I I 0 9 144 28.5 4 1 0
BN 9 55.5 50.0 1 0 3 8 37.5 28.5 1 0 4
UucC ] 87.5 85.7 i { 1] 4 T 66.6 2 0 0
LT 10 50.0 375 I 3 | ) 33.3 1.2 i 2 3
SEGM 9 7T 5.0 I I t B 25.4 4.2 1 2 3
FREQ 10 50.0 375 2 2 ! 10 10.0 0.0 2 2 3
HAMIL 1u TU.0 625 1 2 i Y 33.3 14.2 1 1 4
MLT 10 60.0 50.0 0 3 ! 4 33.3 14.2 1 2 3
MINDEX X 620 625 0 2 i Y 144 28.5 2 1 2
BQ 8 37.5 375 { i it b 50,0 42.8 6 2 2
COIN ] 35.5 300 0 ! 1) 8 25.0 14.2 1 2 3

Filter Rule 2

HP1600 T 283 37.5 i () 1] 8 25.0 14.2 5 1 0
HP4 16 56.2 12.5 5 i ] 15 53,3 0.0 3 3 1
FOD 4 25.0 625 3 (} ] 5 100.0 100.0 0 0 0
BN 3 33.3 75.0 2 0 (1 2 .0 85.7 1 0 0
ucC 2 30,0 875 i 1 i 3 G6.6 83.4 0 0 1
LT 4 5.0 NTLS ] i { A4 100.0 160.0 0 0 0
SEGM 4 0.0 50.0 | 0 0 35 40.0 a7.1 2 0
FREQ 8 25.0 25.0 5 1 0 S 250 57.1 3 1 0
HAMIL 5 U0 TS 1 U { 4 5.0 85.7 0 1 0
CcDT 3 66.6 875 | U 0 3 100.0 100.0 1] 0 0
MINDEX 2 0.0 5.0 2 0 0 3 66.6 85.7 1 0 0
BQ 8 50.0 300 I i 2 9 444 28.5 3 0 2
COIN 3 33.3 5.0 2 ] ] 2 0.0 71.4 2 0 0

Note: With Filter Rule 1 a trongh occurs at £l ey > ¢ < ¢iot < ¢r—2. and a peak if
Cepr < €t > Comr > oo With Filter Rule 2 a trough occurs at ¢ if ¢ < 0 and
ey < Oorifcoyy <0 and ¢ < O and a peakif cp >0 and ¢y >V orif gy >0
and ¢, > 0. A false alarm occurs if there is no turving poiut within +3 quarters of
the reference date. A missing signal occurs if the method does uot signal a turning
point within £3 quarters of the DOC date. In the DOC classification there are 8
troughs and 7 peaks. LE stands for leading, C'O for cotncident and LA for lagging.
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Table 2: Statistics of the Reference Cycle. Saanple 55.3-90.1

Method Amplitude Iixpansions Durations Correlations
Average Miu  Date % TP Test P ['est Amplitude Amplitude
PP PT
NBER -2.5 -5 76 NA 10.80 0.13 T.85 0 0.22 NA NA
(8.72) (8.18)
bocC NA NA  NA NA 728 0.21 3,42 .24 NA NA
(3.49) (4.25)
Filter Rule 1
HP1600 -0.9 -4.4 82,4 56.9 ®.20 a.15 5.18 0.06 0.04 0.15
(2.2} (1.65) (1.88)
HP4 -0.6 -1 58 3.4 78 .07 181 .06 U.02 0.003
(0.3) (514} (3.18)
FOD 0.004 15 82 53.3 G.90 0.8 T.00 0.3 0.06 0.08
{0.6) (5.23) (14.27)
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COIN 57,3(%): 70,1 T4, 1(*) 65,4; 72,4

Note: With Filter Rule 1 a trough occurs al L if ey1 > o0 < ¢ < cp2 and a peak if co41 < €0 > com1 > ce—a.
With Filter Rule 2 a trough occurs at { if ¢, < 0 and ¢y < Oorifcpy < 0and ¢, < 0and a peakifc, <0
and ¢y < Oorif cipr < 0 and ¢ < 0. NBER refers to the NBER chronology reported by the Center
for International Business Cycle Rescarch at Colombia University. DOC refers to the Higgings and Poole
chronology compiled from the DOC composite index of leading indicators. Both are taken from Niemera
(1991) and checked against those reported by Simkins (1994). A “*” indicates that the previous or the next
turning point is censored.
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