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INTRODUCTION 

The OECD routinely maintains a system of business cycle indicators pertaining 
to 22 of its Member countries (Nilsson, 1987). This system, which is in the line of 
analysis established by Burns and Mitchell ( 1  986). comprises both a "coincident" or 
"reference" series which represents the cycle itself and in addition a leading indica- 
tor series. Timely recognition of the impending arrival of a business cycle turning 
point is of obvious value to policymakers. This paper provides an evaluation of the 
usefulness of the OECDs leading indicator series in making such predictions.' 
Specifically the paper provides an assessment of the OECD indicator system for the 
G-7 countries from the early 1960s. Since the value of a leading indicator series 
depends on the method used to extract information from it, the paper employs a 
method based on a sequential probability approach which has proven useful in 
several recent applications. 

The paper contains five sections. The characteristics of the reference cycle 
chronology constructed for the G-7 countries by the OECD are described in the first 
section. In the second section, we describe the framework for treating turning point 
prediction as  a problem of pattern recognition and the sequential probability model 
which is used to extract information contained in the leading indicators in order to 
predict turning points in the reference cycle. The results of applying this model to  
the leading indicators for the United States, lapan and Germany are presented in 
the third section (the remaining G-7 countries are covered in Annex 4). In the fourth 
section, in view of its particular interest, we focus on the performance of the 
method in predicting the recent troughs of the G-7 countries. An international 
comparison of the performance in predicting turning points for the G-7 countries is 
provided in the final section. The main text is completed by a summary of the main 
results and conclusions. 

There are four annexes. In Annex I we graph the movements of the leading 
indicators together with the reference series for all the G-7 countries. A comparison 
of the OECD chronology and an alternative chronology is presented in Annex 2. 
Technical details of the sequential probability method are given in Annex 3. Turning 
point predictions for Canada, France, the United Kingdom and Italy are graphed in 
Annex 4. 

THE OECD CHRONOLOGY 

The reference chronology for the OECD indicator system is based upon cyclical 
movements in the monthly index of industrial production for each country over the 1126 
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period 1961: 1 to 1994: 2. The chronology itself abstracts from long-run movements 
in the economy and, in this respect, may be considered to represent expansionary 
and contractionary phases of the growth cycle for each country - that is, fluctua- 
tions in the level of economic activity around its long-run trend. Thus, a contractio- 
nary phase of the reference cycle does not necessarily indicate an absolute fall in 
the level of economic activity but rather coincides with a reduction in the growth 
rate below its long-run value.2 

The OECD extracts cyclical movements in reference and leading indicator 
series from the underlying series through a series of adjustments. For the reference 
cycle, which is based on the index of industrial production, the adjustments simply 
involve an elimination of the trend through an application of a modified Phase- 
Average-Trend estimation procedure to the ~ e r i e s . ~  The composite leading indicator 
index is constructed from several component series. Each of these series is 
smoothed in line with the month of cyclical dominance and normalized so as  to 
standardize the amplitude of cyclical variation. Then the composite is produced as a 
simple average. Although the OECD system does not impose a standard set of 
component series for all countries, certain types of series recur regularly in the list 
of leading indicators for different countries. The most frequently used are series 
based on business surveys, together with monetary and financial data. The specific 
procedures used to establish the chronologies and the components used by the 
OECD are described in Nilsson (1987). 

The most recent OECD chronology of the reference cycle for the G-7 countries is 
reproduced in Table 1; those turning points identified by the OECD as "minor" cycles 
are indicated there as unemboldened. The movements in the growth cycle and the 
composite leading indicator together with the OECD chronology are graphed in 
Figures A1 to A7 in Annex Table 2 sets out information on the duration (in 
months) of the cycles identified, whilst Table 3 provides a summary of the turning 
point information. Over the whole period covered (1961: 1 to 1994: 2).  103 turning 
points are identified for the G-7 countries, 24 of which mark minor cycles. A higher 
number of turning points is identified for the United States, Canada and Japan than 
for the European countries, though the balance is somewhat more even when the 
minor cycles are excluded. The chronology identifies cycles which exhibit a degree of 
asymmetry between phases: the average duration of the upturn phase is longer than 
that of the downturn phase in every country. The United States, for example, has an 
upturn duration, on average, of nearly 25 months compared with an average duration 
of only 17 months for the downturn But there is considerable variance both over 
time and as between countries, Italy's 78-month upturn from trough 8 (T8) to peak 10 
(PIO),  contrasting, for example, with the 5-month upturn experienced between 
TI and P2 in the United States. However, the variance of downturn duration does 
appear to be somewhat less than that of the upturn in nearly every country. 

METHODOLOGY 

In this section we describe briefly the framework for treating turning point 
prediction as a problem of pattern recognition. More detailed information is given 4 
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Table 1 The chronologies and classifications of the G-7 reference cycles', * 
Peamrough United States Canada lapan Germany France United Kingdom Italy 

P I  rrl 
P2 r r 2  
P3 r r 3  
P4 r r 4  
P5 r r 5  
P6 /T6 
P7 rr7 

P8 /T8 

P9 rr9 
PIOrrIO 

61 M I2l62M 12 
63M5164MIO 

66M10167M7 
69M3170M I 1 

73M10175M3 

-1- 
79M3180M7 
81 M7/82M12 
84M7186M6 
89M319lM4 

62M7163M8 
-1- 

65M I2168M2 
69M3170M10 

74M1175M5 
-1- 

79M8180M6 

81 M4l82M 10 
85M11186Mll 
88MSI92M7 

62M1162M 12 
64M2166M2 

67M I ll68M9 
70M617 I MI 2 

74M1175M3 
77M1177MIO 
80MZl- 

-182MlO 
84M IOI87M5 
90M10/- 

61M3163M2 
65M11- 

-167M5 
70M5l7 I MI 2 

73M8175M7 
-1- 

79M 121- 

-182M I I 
85M11187MI 
91M6l- 

-163M3 
64Mll65M I 
66M7167MIO 

68Ml  ll71M5 
74M8175M5 
76M9177M 12 
79M71- 

-1- 
-185Ml 

90M71- 

-163M1 
65M51- 

-167M8 
69M6172M2 
73M6175M8 

-1- 
79M6181 M5 

-1- 
84M1184M8 
89M4192M5 

-/- 

63M9165M3 
-1- 

69M 1173M 1 
74M6175M9 
77M 1l77M I I 

80M3.l- 
-183M6 

-1- 
89MI 2l93M 1 1 

I .  
2 .  indicates no turning point. 

The chronologies and classifications of the G-7 reference cycles are supplied by OECD: unemboldened dates indicate "minor" cycle turning points. 



Table 2. Duration of Downturdupturn Phase'. 

United States Canada 

PI /TI 
P2 IT2 
P3 IT3 
P4 IT4 
P5 IT5 
P6 IT6 
P7 IT7 
P8 IT8 
P9 IT9 
PlOrrlO 

Average duration 

Up Down 

- 12 
5 17 
24 9 
20 20 
35 17 

48 16 
I2 17 
19 23 
33 25 

24.5 17.3 

- - 

Up Down 

13 

28 26 
13 19 
39 16 

51 10 
10 18 
37 12 
18 50 

28.0 20.5 

- 
- - 

- - 

lapan 

Up Down 

- I I  
14 24 
21 10 
21 18 
25 14 
22 9 
28 - 

32 
24 31 
41 - 

24.5 18.6 

- 

I 

1. 
2. 

denotes the corresponding phase is not available [see notes in Table I )  
The durations are organised according to their end-point. 

Germany 

Up Down 

23 
23 

28 
36 19 
20 23 

53 - 
35 

36 14 
53 - 

36.8 23.7 

- 
- 

- 

- - 

- 

France 

Up Down 

- - 
10 12 
18 15 
I3 30 
39 9 
16 15 
19 - 
- - 

- 66 
- 66 

25.9 24.5 

months 

United Kingdom italy 

- - 
- 28 

- 27 
22 32 
16 26 

46 23 

32 7 
56 37 

- - 

- - 

- - 
- 18 

46 48 
17 15 
16 10 
28 
- 39 

78 47 

- - 

- 

- - 

33.3 25.3 I 37.0 29.5 
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Table 3. Number of turning points in the G-7 countries (1961: 1-1994: 2) 

United Canada lapan Germany France Kingdom United Italy Total States 

All turning points 18 16 17 13 14 13 12 I03 
Minor turning points 5 5 4 2 4 2 2 24 
Turning points excluding 

“minor” ones 13 11 13 1 1  I0 1 1  10 81 

in Artis e t  a/. (1994). Details of the sequential probability model proposed by Neftci 
(1982) are presented in Annex 3. 

At the most intuitive level, what is involved is a procedure for quickly recognis- 
ing the onset of a turning point in the leading indicator series; by definition this can 
be assumed to lead the corresponding turning point in the reference series. More 
formally expressed, we begin by assuming that there are two time series, Y, and 5, 
where Yt denotes the composite leading indicator and X, the reference series 
respectively. The pattern of movements in X, comprises a downturn regime and an 
upturn regime. A turning point occurs when the regime shifts. Treating Yt as the 
leading indicator implies that we anticipate the patterns in Yt to be similar to those 
in X,. but that these movements will occur with some lead in real time. The 
information contained in Yt can therefore be used to predict the turning points in 
X,. It is clear that there are two potential sources of delay in predicting turning 
points in the reference series: the delay in recognising that a turning point in the 
leading series has been reached (the “recognition lag“); and too small a lead time 
between turning points of the leading and the reference series (“signal lead time”). 
The two sources of delay involve a trade-off. Attempting to increase the signal lead 
time by reducing the recognition lag always runs the risk of issuing “false signals”. 
This risk can be reduced by exploiting the cumulative information provided a s  
observations come in to provide an indicator that builds in intensity, rather than 
simply flashing “on“ or “off“. With a variable-intensity indicator such as is provided 
by our use of the Neftci method, the user must ascertain at what value of the 
indicator he or she should determine that a turning point “call” be issued. 

The quality of performance in turning point prediction may be considered to be 
related to three main factors which are familiar from the pattern recognition litera- 
ture (see, for example, Fu, 1970). The first is referred to as the separation problem. 
This involves both the question of whether the regimes which are mixed in the 
whole population of Y, can be clearly separated, together with the practical consid- 
eration of how such separation should be implemented. Following separation, we 
need to classify each new observation, Y,. to the regime to which it best belongs. 
This is referred to as the classification problem. Finally, a decision rule is required 
which will indicate the circumstances under which a regime shift for Y, may be said (130 
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to occur. This decision rule provides the basis for issuing the signal of a correspond- 
ing turning point prediction for X,.5 

In the current paper we base our predictor model on a separation of the 
leading indicator observations into two regimes, an upturn and a downturn. As our 
implementation of this model is a “real time” simulation, a learning process is 
assumed and the first cycle in the data is used as  a training sample for initially 
separating the observations.6 The sample is updated as each subsequent cycle is 
completed. In order to define these regimes in the leading indicator we apply a rule- 
based method to identify the turning points: ideally, this method should be consis- 
tent with the methods used by OECD to identify the cycle in the reference series, as 
the results presented in Annex 2 suggest that it It is implicit that the learning 
process we are assuming is “under supervision”, in that it is assumed both that the 
separation of the regimes would become known as each regime ends and that the 
distribution of observations within each regime is normal (see Fu, 1970, for a more 
general discussion). 

By comparing the two normal probability densities, f(Y, I Y, E D) and f(Y, I Y, 
E U )  classification for each new observation Y, may be implemented, where U and 

D denote the upturn and downturn population available up to time t - 1. The 
classification rule now involves associating Y, with the downturn regime if 
f(Yt I Y, E D) 2 f(Y, I Y, E U ) ;  and with the upturn regime if f(Yt I Y, E D) < f(Y, I Y, 
E U ) .  Accordingly, the population of the downturn or upturn regimes is updated at 

time t to classify the next observation. 
A sequential probability model (SPM) due to Neftci (1982) is used as a decision 

rule to calculate the probability of a turning point. This procedure calculates the 
probability by using information about movements in the leading indicator series 
available at  each point in time, together with the previous period‘s posterior 
probability. An immediate benefit of this particular dynamic characteristic is that 
the Neftci method provides an indication of the strength of signal relating to the 
prospective movements in the leading indicator series which is unavailable from 
other methods. As described in Niemira (1991). it is this particular dynamic charac- 
teristic of the Neftci method which represents an improvement over its predeces- 
sors; by providing additional information about the strength of the signal, the 
method promises to increase the possibility of screening out false signals. The 
formula for the SPM and explanations of its components are presented in Annex 3. 

One of the key elements in predicting the turning point is the assumption that 
is made about the lifetime of the regime in the reference series. The issue is 
whether the upturn and downturn regimes are more likely to end as they become 
older. This can be expressed formally in terms of the conditional probability (“haz- 
ard”) with which a regime will end at time t, given that it has survived up to time t. I f  
the hazard is increasing (decreasing) within a regime, there is said to be positive 
(negative) duration dependence in that regime. I f  the hazard function is constant, 
then there is said to be duration independence. 

In a non-parametric investigation of duration dependence in the business cycle 
for the United States since 1854, Diebold and Rudebusch (1990) find little evidence 4 
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of duration dependence in the complete sample of expansions and contractions 
considered separately, but do report some indication of duration dependence in 
pre-war expansions. McCulloch (1975) demonstrates that once a downturn in a 
business cycle has passed its historical minimum duration, the probability of a 
turning point is independent of duration. Meanwhile, Niemira (1991) assumes a 
constant hazard in his multi-country study of the growth cycle. In the current paper 
we follow Niemira in the assumption that the hazard of a regime shift is indepen- 
dent of the age of the regime.8 

TURNlNG POlNT PREDICTION FOR THE UNlTED STATES, ]WAN 
AND GERMANY 

In this section we discuss the turning point predictions only for the “G-3” - the  
United States, Japan and Germany; the results for the rest of the G-7 are presented 
without further discussion in Annex 4. The applications of the sequential probability 
model to the composite leading indicators for the United States, Japan and Ger- 
many are summarised in Figures 1 to 3. In each case we differentiate between peak 
and trough prediction; peak predictions are shown in the upper portion of the 
diagram, trough predictions in the lower. The sequential probability of a turning 
point in the leading indicator series is represented by the solid line running from 
left to right in each figure. The date of the ith turning point in the reference cycle is 
denoted by a vertical line in the diagrams labelled P(i) or T(i) .  Lead times, calcu- 
lated when a probability first crosses the 0.95 threshold are also shown in the 
diagrams; lead time (”-” denotes lead and ”+“ denotes lag), here represents the 
interval between the signal being issued and the subsequent appearance of a 
turning point in the reference cycle. In the figures the signal for a turning point is 
truncated six months after the reference date for that turning point. 

Inspection of Figures 1 to 3 reveals that a characteristic feature of the sequen- 
tial probability model is the tendency for the signal to increase rapidly in advance of 
a turning point in the reference ~ e r i e s . ~  Of course, neither a rapid rise in t h e  
probability nor a signal crossing a probability threshold, is sufficient to guarantee 
that a turning point will actually occur in the reference series and evidence of 
apparent false signals or of missing signals may also be found in the diagrams. In 
the current analysis, a false signal is declared if a turning point in the reference 
series does not occur within 24 months after issuing the turning point in the leading 
indicator; a missing signal is declared if there is no signal in the leading indicator 
within a range of from -24 months to +3 months of a turning point in the reference 
series.10 

Turning Point Prediction for the United States 

Allowing for availability of the leading indicator data and for the “training 
sample”. the United States experienced a total of thirteen turning points over the 
complete prediction period. The principal features of turning point prediction for 
the United States, may be summarised as  follows: 1132 
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Figure 2. Sequential probability prediction for the japanese turning points 

Peak prediction 

I 

0.8 

0.6 

0.4 

0.2 

0 

P6 P7 P9 p10 - P3 P4 P5 
' I  -2m , - Im , +Im I miwino . -/IT 

1 

0.8 

0.6 

0.4 

Trough prediction 

T3 T4 T5 T6 T8 T2 

I 

0.8 

0.6 

0.4 

0.2 

0 

70 72 74 76 78 80 82 84 86 I966 68 

I. 
2. 

"-" denotes leads."+" denotes lags. 
Signal issued when the probabilities first cross the 95 per cent threshold. 

T9 



Figure 3. Sequential probability prediction for the German turning points 

Peak prediction 

P4 
-5m 

P5 
-2m I 

I966 68 70 72 74 76 

I 

0.8 

0.6 

0.4 

0.2 

Trough prediction 
T3 T4 T5 

-2m 

1 
78 80 82 

i 

0.8 

0.6 

0.4 

0.2 

84 86 88 90 92 94 

T9 

I, 
2. 

"-" denotes leads, "+" denotes lags. 
Signal issued when the probabilities first cross the 95 per cent threshold. 
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The lead time of turning point prediction lies within a range from -7 months to 
+ I  month with the exception of the two most recent turning points, the lead times 
of which are considerably longer: -17 months at P10 and -16 months at T9. For the  
total 13 turning points, there is no false signal nor any missing signal for any 
turning point including the "minor" turning points. Of the 13 signals issued for 
turning point predictions, 9 may be considered as  early recognitions of the turning 
point and 3, being issued only one month after the turning point, could be consid- 
ered as  offering timely recognition. The average lead is -5.3 months for the peaks 
and -2.7 months for the troughs. 

Turning Point Prediction for Japan 

There are fourteen turning points over the prediction period in the Japanese 
economy. The performance of turning point prediction for Japan may be sum- 
marised as  follows: 

The lead time of turning point prediction is quite stable during the 1960s and 
1970s. However, the lead time becomes much longer subsequently. The average 
lead time for predicting T8. T9 and PI0  is -18 months, while the average lead time 
for the previous 10 turning points, from T2 to P7, is only -2.5 months. For the total 
14 turning points, there is one missing and one false signal. For P9, although there 
is an early signal call, the probability of the signal does not reach the 0.95 threshold 
and therefore is treated as a missing signal. Predicting trough T9 is more compli- 
cated. The earliest signal issued comes -30 months before trough T9, then dropping 
below the 0.95 threshold and again crossing the 0.95 level at the lead time 
-20 months. On the rules adopted here the earliest signal may be regarded as a 
false one and the later one as genuine. 

Overall. among the 14 turning points to  be predicted there are 13 which may be 
regarded as having been signalled early or as having offered timely recognition, 
although the variation in lead time is considerable. 

Turning Point Prediction for Germany 

As mentioned before, there are noticeable differences between the European 
growth cycle and the cycle in the United States, Canada and lapan. Where there are 
I3 turning points in Germany over the full period of this study, there are I8 turning 
points in the United States and I7 in Japan. Figures A1 to A7 in Annex 1 also show 
that there is a less clear-cut difference between upturn and downturn regimes in the 
European growth cycle, particularly late in the period. Indeed, our study confirms 
that it is much more difficult to predict the European turning points than to predict 
the turning points in the United States, Canada and lapan. The performance of 
turning point prediction for Germany is described in Figure 3 and may be sum-  
marised as follows: 

Allowing for the training sample, there are 10 turning points to be predicted; 
the average lead time is -8.6 months for the peaks and zero for the troughs. The 
variability in lead time is low for the troughs, but is considerable for the peaks. The 1136 
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signals are often not well sustained, the most notable instances being at P7, P9 and 
P10, for which the leading indicator "flashes" in advance either very briefly (for P9) 
or very often (for P7 and PIO). The problem is that it is quite difficult to distinguish 
the genuine signals from the false ones after a sequence of false signals. 

Overall, the performance of the predictor model in Germany seems quite poor 
on any criteria. The poor performance in predicting German turning points does not 
necessarily imply inadequacy in the method used. As explained in Niemira (1991), if 
a particular composite leading indicator does not seem to work well in calling 
turning points, this may be due to any one of three factors: a) the leading indicator 
was not properly constructed; b) the chronology used to compare the turning point 
signals is not a proper representation of the aggregate trend-adjusted cycle; c) the 
growth recession and recovery environments are not sufficiently differentiated from 
one another. 

To summarise, the performance of the leading indicator in the United States 
and Japan is very satisfactory. especially when compared with the relatively poor 
performance of the leading indicators in the European countries (as described 
above for Germany and is apparent from the graphs in Annex 4 for the other 
European Countries). A number of factors may be adduced in explanation of this 
phenomenon. First, there is a well-known difference in the post-Second World War 
history of the American and European countries in that the latter economies were, 
for some time, driven by technological "catch up" and recovery. Classical business 
cycles, common for the United States, are less apparent in Europe in this period. 
Then, the economic size of the United States is much larger than that of the 
European countries and large economies can be expected to  be more diversified 
and less volatile. The study by Gerlach (1988) shows that industrial production in 
the smaller, more open, economies is more variable and more open economies may 
be subject to more economic disturbances of extraneous origin. lndustrial produc- 
tion is used as the reference series in the current study and volatility in this series 
will certainly reduce the prediction power of the leading indicator series. Finally. a 
further explanation could be that the method of constructing the composite leading 
indicator series and the selection of different components, mainly developed by 
NBER for the US economy, may not serve best for the European countries. 

PREDICTION OF THE RECENT TROUGHS FOR THE G-7 

In view of the critical policy interest of the latest cycle we devote this section to 
an examination of the performance of the leading indicators in predicting the most 
recent troughs in the G-7 economies. Figure 4 provides a graphical evaluation of 
these predictions. The dates of the latest turning points, together with the dates at 
which the trough signals (again, using a sequential probability score of 0.95 as  the 
trigger) would have been issued, are presented in Table 4. 

It is of interest to note that the trough signals for the United States. Canada, 
the United Kingdom, France and ltaly emerged almost simultaneously in the second 
quarter of 1991. It proved later that the United States economy reached the trough 
one month earlier than the signal, and that the Canadian economy bottomed out 
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Figure 4. Sequential probability prediction for the latest trough 

i 
0.8 
0.6 
0.4 
0.2 
0 

1 
0.8 
0.6 
0.4 
0.2 
0 

1 
0.8 
0.6 
0.4 
0.2 
0 

1 
0.8 
0.6 
0.4 
0.2 
0 

1 
0.8 
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0.4 
0.2 
0 

1 
0.8 
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0.4 
0.2 
0 

0.2 0.4 t 
0 

I988 89 90 91 

Note: Shaded areas are the latest downturns. 
(138 Source: OECD. 
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Table 4. Prediction of the latest troughs 

United ,ta,y 
Kingdom United Canada lapan Germany France States 

Latest identified peak 89:3 88:5 90:lO 91:6 90:7 89:4 89:12 

Trough called at: 88: I0 
91:5 91:4 91:6 91:6 91:6 

93:3 93:6 93:5 93:2 

- - 92:5 93: I 1 Latest identified trough 91:4 92:7 - 

15 months later, whilst the United Kingdom economy turned the corner 1 1  months 
later. The signals for France and Italy proved to be premature and therefore are 
treated as false signa1s.l' Although these signals were quite sustained and lasted 
more than one year, they eventually disappeared in the second and third quarter of 
1992. The second simultaneous trough calls appeared in February to June 1993 and 
they were for Germany, France, Italy and Japan, one of which, the Italian trough in 
November 1993, was identified by the OECD. The rest either remain to be confirmed 
or have not yet been associated with a particular date. 

In predicting the current troughs for the G-7. it is clear that the international 
growth cycle is in phase within, but not across, certain groups of countries. The 
current cycles in the United States, Canada and the United Kingdom are in phase 
and those in Germany, France and Italy form another group, while the current 
Japanese cycle is in phase with the European countries rather than with the United 
States cycle. This also shows that the growth cycle was not synchronous between 
the groups. The phase in the current United States cycle and the cycle in the 
European countries was shifted by almost one regime.12 

An evaluation of the quality of the predictive performance of the indicators 
through the latest recession is difficult. On the one hand, all four troughs identified 
by OECD in our data set were offered early or timely recognition by the indicators 
and, if  we assume that the recessions in France, Germany and Japan are over by 
now, their troughs also will have been recognised in advance by the system. But  the 
warnings offered by the indicator system do not come with a precise time horizon 
against them and the principal qualification, and for some a decisive negative point, 
is that the lead time of the warnings issued in the latest recession was in many 
cases quite long. For two out of the four troughs so far identified, for example, the 
lead time afforded was over a year. Whilst there seems to be obvious technical merit 
in this, the position of those announcing the turn may be rendered incredible by too 
long a lead time. As time passes without the tu rn  appearing, the credibility of the 
announcement wanes. Moreover, in this latest recession, there will in  fact have 
been three instances of a "false dawn", where the signal for a recovery has flashed 
quite clearly, only to fade again before being followed by a another signal for 139/ 
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recovery closer to the actual turn. It may be difficult enough to sustain credibility in 
the context of a warning that turns out in fact to be far-sighted - although in this 
instance those making the announcement could reap large gains by sticking to  their 
guns - it must become nearly impossible to do so when evidence comes in that 
false warnings have been advertised. 

AN EVALUATION 

An evaluation of sequential probability predictions for the G-7 countries is 
given in Table 5:  this employs the definitions of false signals and missing signals 
given in the previous section. Although we do not penalise signals for turning 
points as being "premature" provided the lead t ime does not exceed two years, 
general considerations pertaining to the credibility of a signal suggest that signals 
which are so early that they might possibly be regarded as premature should be 
separately distinguished. Thus, in Table 5 we also report as  "early signals" those 
which might fall in this category, signals issued between the range of -24 months 
and -13 months in advance of a turning point in the reference series. False and 
missing signals are two distinct types of error and it is possible to reduce one type 
of error at the expense of increasing the frequency of another. Since it is not clear 
which type of error is the more damaging, the two types of error are treated equally 
in this paper. In the last row of the table, the error rate denotes the ratio of the 
number of errors over the total number of peaks (troughs) to be called. 

Comparing across countries, it is apparent that a clear line can be drawn 
between the European and non-European members of G-7. regardless of whether 
"early" signals are treated as  false ones or not.I3 Error rates in the United States, 
Canada and Japan are the lowest among the G-7, while that in Italy is the lowest 
within the European countries. In the United States, no errors are found in calling 
13 turning points, while 2 errors are found in calling 5 peaks in Germany, France and 
the United Kingdom respectively. The standard deviation of the lead time for peaks 
in Germany, France and the United Kingdom is the largest among the G-7. A similar 
result - that the Neftci probabilities worked best for the United States and worst for 
the United Kingdom -was also observed by Niemira (1991). Although the standard 
deviation of lead time in trough prediction in Germany is quite small, the lead time 
itself is zero. (Although this may still be treated as providing timely recognition of 
the turning point compared with that provided by conventional statistical informa- 
tion. Germany's zero lead time contrasts with leads of 3-7 months in other 
G-7 countries). 

Comparing the performance of predictions across peaks and troughs, it is 
apparent that performance in predicting peak and trough in the United States, 
Canada and japan is quite similar in terms of lead t ime and its standard deviation. 
In the European countries, the performance of trough prediction is better than that 
of peak prediction. The peaks since 1980 in Germany, France and the United King- 
dom prove to be equally difficult to predict. The graphical evidence (Figure 4.1 to 
4.4 in Annex 4) is particularly clear. For P7, P9 and PI0  in Germany, P7 and P I 0  in 
France and P7, P9 and PI0 in the United Kingdom, the predictions feature either a 1140 



Table 5.  Turning point prediction for the G-7'. 

Germany France 

P2 r r 2  
P3 /T3 
P4 /T4 
P5 rr5 
P6 /T6 
P7 /T7 
P8 R 8  
P9 rr9 
PlOrrIO 

United States 

n.a. 
n.a. 
+I 
-6 

-2 
-7 
- I  
-17 

. .  

Canada 

n.a. 
-3 
-1  
0 

+ I  
-1 

-16 
+ I  

. .  

n.a. -9 
+2 0 
-8 -2 

-5 +2  
+2 -I 
-17 -4 
-6 -15 

. .  . .  

Average leads -5.3 -2.7 
Sta. deviation 6.5 6.0 
Early signal I I 
Missing signal 0 0 
False signal 0 0 

of turning points 6 7 
Total number 

Error rate 0 0 

. .  -5 
-3 -14 
-4 -4 
. .  . .  

-5.3 -4.1 
7. I 5.9 

I 1 
0 0 
I I 

6 7 
. I7  .I4 

. .  . .  
n.a. -15 
-7 -6 

0 -2 

lapan 

-14 -3 
. .  . .  
rn rn 

-17 - 11 

Peak Trough 

n.a. -5 
-7 - I  
-2 -5 
-I  0 
+ I  0 
-5 . .  
. .  -18 
rn -20 

-16 . .  

-4 . .  
. .  -4 

-10 -9 
. .  . .  

-5.0 -7.0 
6.1 8.5 

1 2 
I 0 
0 I 

7 7 
.I4 .I4 

2 0 

5 5 
.40 0 

I I 

5 5 
.40 .20 

Peak Trough I Peak Trough 

-18 -23 
-16 . .  -16 

-8.6 -7.5 -5.4 

0 0 0 

United Kingdom I Italy 

Peak Trough I Peak Trough 

, . n.a. n.a. n.a. 

0 0 

6 4 
.40 . I7  0 .20 

~ 

i .  
2. 

denotes leads: "+" denotes lags: "m" denotes missing signal 
" ." indicates no turning point to be predicted. 
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sequence of false calls, very early signals or complete misses. It is clear that the 
performance of peak prediction in the European countries has deteriorated since 
1980. During this period, the four European countries all experienced their longest 
upturns although this was not the experience of the United States, Canada or Japan. 
Separation between regimes in the period since 1980 became less clear than in the 
earlier period and this may have reduced the power of prediction in the leading 
indicator series. 

CONCLUSIONS 

in 
G- 

This paper has examined the performance of the sequential probability method 
predicting turning points in the growth cycles of industrial production in the 
7 countries over the period from 1966 to 1994. Unlike conventional business 

cycles, the growth cycle is expressed in terms of the pattern of fluctuation in 
deviations of economic activity from trend. Contractions in the growth cycle for the 
individual countries therefore mark a period of output below trend but not necessa- 
rily an absolute fall in economic activity. Summarising the broad results of the 
paper we find that: 

Growth cycle frequency within the sample varies across countries, with a maxi- 
mum of eight complete cycles being observed for Japan while only five are observed 
for Italy. More cycles are apparent in this period in the United States, Canada and 
Japan than in the European countries. 

Cycle duration varies similarly. The range, however, is considerable. The mini- 
mum duration is 5 months in the US upturn phase, while the four longest upturn 
durations, all located in the upturn of the mid-late 1980s. were experienced by 
Germany, the United Kingdom, France and Italy. The longest is 78 months. Asym- 
metry in terms of duration between the upturn and downturn phases is observed for 
almost all of the G-7 countries. The variability of duration of the downturn phase is 
less than that of the upturn phase. 

A characteristic feature of the sequential probability method is the tendency for 
the signal to increase rapidly in advance of a turning point in the industrial produc- 
tion. On average, the recognition lag in the leading indicator series is 4 months and 
is relatively stable both across countries and between peaks and troughs. The  
variance of the signal lead time is much greater in both respects. 

The paper also confirms that there is an "international business cycle" in the 
sense that the growth cycle is in  phase at least within groups of the countries 
perhaps reflecting interdependence through trade. Turning point signals emerge 
almost simultaneously for several countries. This suggests that the quality of pre- 
diction For any particular country could well be improved by taking account of the 
experience of other countries. 

A key feature of the results relating to turning point prediction is the apparent 
difference between the European and non-European G-7 members. The perform- 
ance of the method proves to be most satisfactory in the case of the United States, 
Canada and Japan, with few false or missing signals. In contrast, relatively poor 1142 
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performance is associated with Germany, France, the United Kingdom and Italy. 
This phenomenon may be explained by one or more of the factors adduced by 
Niemira (1991) viz., that i f  a particular composite leading indicator does not seem 
to work well in calling turning points, this is due to: a) bad construction of the 
leading indicator; b) a poor fit of the chronology used to compare the turning point 
signals to the aggregate trend-adjusted cycle; c) insufficient difference between the 
recession and the recovery phases of the cycle. 

Further explanations For the different performance of the method as between 
the European and non-European G-7 countries could be that: a) the economic size 
of the United States (and Japan) is greater than that of the European countries and 
large economies are expected to be more diversified and less volatile; b) industrial 
production in the smaller, more open, economies is more variable; c) the method of 
constructing the composite leading indicator series and the selection of different 
components, mainly developed by NBER, which may be suitable for the US econ- 
omy, may not serve best for the European countries. 

Constructing composite leading indicators itself is a learning process by which 
the statistical properties and economic behaviour of the components may be better 
understood and new series may replace the old ones, so that over time the quality 
of prediction may be improved. The results and methods adopted in the paper may 
be used as clues to search for improvements. 



NOTES 

I. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

Papers by Diebold and Rudebusch (I 99 I) and Bladen-Hovel1 and Zhang (I 994) explore 
ways of integrating leading indicator information in more general forecasting models. 

In business-cycle jargon, the “growth” cycle needs to be distinguished from the “classi- 
cal” business cycle. Whilst the latter is  defined in terms of absolute declines and 
increases in economic activity, the former is defined relative t o  trend. 

This procedure is described by Boschan and Ebank (1978); Bry and Boschan (1971) 
describe the program for turning point selection. 

The method we use in this paper for making predictions of the cycle requires us to 
establish a turning point chronology for the leading indicator series also. The rule-based 
method we use t o  do this is described in Annex 2, where it is applied to produce an 
alternative chronology of the reference cycle. There is  a close agreement between this 
alternative chronology and the OECD’s dating. Thus the latter can be closely approxi- 
mated by the consistent application of a set of mechanical rules. 

The three consecutive decline (3CD) rule proposed by Vaccara and Zarnowia (I 977) is 
a simple, but frequently used decision rule for detecting a turning point. According to 
this rule, a signal for a peak at time t would be issued if Y, Y,I < Y,z < Yt.3; whilst a 
signal for a trough would be issued when searching for a trough if Y, > Y,I Y,z > Yt.3. 
The 3CD rule ignores other information in the data, such as the age of the regime and, 
despite its popularity and simplicity, is prone to issue false signals. 

Our simulation is “real time” in the sense that any prediction attributed to time t is 
based only on information available up to time t. However, the ex post information in the 
current study for the leading indicator series and the chronology is based on the latest 
available data. 

Annex 2 applies the rule-based method to data on the reference cycle and establishes 
that there is a high degree of agreement between the methods used by OECD to 
identify the cycle and those embodied in our set of rules. 

More precisely, the hazard function may be defined as h(t) = F‘(t)lS(t), where F(t) and 
S(t) respectively represent the distribution function and the survivor function. Our  
assumption of independence is reflected in the use of the exponential as the distribution 
function, F(t) = I - exp(-rt), with corresponding hazard r. The parameter r is calcu- 
lated separately for the upturn and downturn regimes and the estimate is updated as 
more regimes in the reference series become available. 
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9. On average, the recognition lag, which represents the time needed t o  recognise a 
turning point in the leading indicator series is 4 months. 

10. These definitions for false and missing signals are arbitrary and quite relaxed. Tougher 
rules for judging the performance of a leading indicator series are set by Hymans ( I  973) 
and Silver (1991). 

I 1. Some may argue that sterling’s departure from the ERM allowed the United Kingdom 
economy to  recover much earlier than the French and German economies; but Italy’s 
simultaneous departure had no comparable effect on Italy’s recovery. It is worth noting 
also that the United Kingdom economy came into recession much earlier than any of the 
other ERM countries: that is, 8, I5 and 26 months earlier than the Italian, French and 
German economies respectively. Recovering in May 1992, the United Kingdom econ- 
omy had already suffered its longest recession since the second World War (see 
Table 2). Other research we have undertaken into international business cycle linkages 
also shows that the United Kingdom growth cycle is in phase more often with the US 
cycle rather than with the German cycle. Continuation of this differential linkage is 
consistent with the United Kingdom’s current recession ending earlier than the Euro- 
pean countries’. 

12. The de-linking of the British from the German cycle surely helps explain the pressure for 
a de-linking of monetary policies which led to the departure of sterling from the ERM. 

13. Taking account of the number of “early signals” and the total number of turning points 
to be predicted across the G-7 in Table 5, it is apparent that the performance of turning 
point prediction in the European countries worsens compared with the non-European 
members of the G-7, if the “early signals” are treated as false signals. 





Annex I 

MOVEMENTS IN THE COMPOSITE LEADING INDEX 
AND INDUSTRIAL PRODUCTION 
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Annex I, (con't) Movements in the composite leading index and industrial production 
Figures A3/A4 
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Annex 2 

A COMPARISON OF THE OECD CHRONOLOGY AND 
THE ALT CHRONOLOGY 

In order to implement the sequential probability method for turning prediction, 
as explained in the text, it is essential to establish a chronology for the leading 
indicator series. To do this we employed a rule-based method which, for conve- 
nience, we refer to as ALT. It is desirable that the ALT method would be consistent 
with that employed to date the reference series cycle itself. To establish how 
consistent these methods are, a comparison of the OECD and the ALT chronology 
was carried out. Below, we first set out the ALT rules and then present the results of 
the comparison. The ALT procedure searches for turning points on the basis of the 
following five rules: 

- Peak and trough follow one another in succession. 
- The minimum length required between any two consecutive turning points (a 

phase) is 9 months.] 
- The minimum length required for any two alternate turning points (a cycle of 

peak to peak or trough to trough) is 24 months.* 
- The turning poin: is located at the extreme value in the intervening phases. If 

more than one extreme value is found in one phase, the latest observation is 
chosen as the turning point. 

- An observation which coincides with a known non-economic event (strike, 
natural disaster, e t ~ . ~ )  or an outlieF, will be ignored for the purpose of 
dating analysis unless the turning point subsequently defined is located 
immediately adjacent to that observation. 

The chronology produced by the application of these rules is compared with 
the OECD chronology in Table AI.  The ALT dating procedure reproduces almost 
identically the OECD turning point dates for four countries (the United States, 
Japan, Germany and the  United Kingdom) with the exception of a few minor cycle 
turning points. The ALT procedure identifies 94 turning points for the G-7 countries 
in the period from lanuary 1960 to December 1993, compared with 103 OECD 
turning points. The ALT dating procedure omits eight OECD minor turning points 
(four for the United States, two for Canada and two for the United Kingdom) and 
one further trough (Italian trough in November 1993). Although the ALT procedure 
does not identify any additional turning point, there are 13 ALT dates which are 4 
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different from the OECD dates. Given the volatility in the reference series and the 
different rules used in the two dating procedures we consider that the two chronolo- 
gies are reasonably close. 

NOTES 

I. Only 2 out of 96 phases defined by OECD fail to pass this rule. The durations of these 
two phases are 5 and 7 months, respectively (see Table 2). 

2. Only two cycles in the OECD chronology fail to  pass this rule, one US cycle (TI to T2) 
and one Canadian cycle (P7 to P8), the durations of which are 22 and 20 months, 
respectively (see Table 2). 

3. In practice, six observations are found to coincide with known noneconomic events. 
They are two French observations in May and June 1968 (“les evenements”) and four 
Italian ones from September to December 1969 (four-month-long strike). No turning 
point i s  found t o  be located immediately adjacent to these observations. 

4. An outlier, Y,., is declared if I A logyr 1 2 3.0 x s.d. and 1 A logy,, I 2 3.0 x s.d. where 
s.d. denotes the standard deviation. 

5. Non-economic events and outliers are not mutually exclusive and, in fact, most non- 
economic events may easily be detected by applying the outlier test. 





Annex 3 

THE SEQUENTIAL PROBABILITY METHOD 

The sequential probability method proposed by Neftci (1982) may be consid- 
ered a variant of the standard Bayesian forecasting method. In Neftci's model, the 
probability of a turning point is calculated sequentially using current information, 
Y,, together with the previously estimated posterior probability. The decision rule 
determining when a regime shift has come about may be associated with this 
method by appending a critical threshold value for the sequential probability. 
Crossing this threshold then provides the basis for the signal to "flash". The 
posterior probability for a peak may be calculated as: 

IPt-1 + ( 1  - Pt-1) rt!]l f (Yt I Yt EDt-]) 

lPt-l + ( 1  - Pt-I) rt-yl f (Yt I Yt EDt-1) + ( 1  - Pt-1) ( 1  -c-l) f (Yt I Y, EUt-I) 

where f(Y, I Yt E Dt-l) and f(Y, 1 Y, E Ut-l) denote the conditional probability 
densities of the latest observation Y, coming from either a downturn regime, D, or 
an upturn regime, U ,  and rut denotes the probability of a peak at time t conditional 
upon a peak having not already occurred. For trough prediction we simply need to 
exchange f(Yt I Yt E D) for f(Yt 1 Yt E U )  and replace rut by fir, the probability o f  a 
trough at  time t conditional upon a trough having not already occurred. The critical 
threshold underlying the decision-rule involved in calling a turning point is a value 
0.95 for this probability.* 

As described in the text, the turning point prediction may be applied as  
follows: 

I .  Separation: The leading indicator series may be separated into two regimes 
by using the method described in Annex 2. Since the whole historical series 
of leading indicator values is not available when starting real t ime predic- 
tion, the first cycle is treated as a training sample to be separated into two 
regimes, U and D, and observations belonging to the two regimes are 
assumed to be normally distributed. 

2. Classification: By calculating the two normal probability densities, f(Yt I Y, 
E Dt-l) and f(Yt 1 Yt E U,,), for each new observation Yt, the values of 

P, = 

* The probability needs to be reset once it reaches a value of unity. To effect this, we follow Diebold and 
Rudebusch 11989) in the current study and adopt a convention which places an upper limit of 0.95 on 
the lagged value of the posterior probability in the above equation. 3 
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probability densities in the Neftci formula can be obtained. At the same 
time, the classification may be also implemented, with each new observa- 
tion being associated with a particular regime on the basis of a maximum 
likelihood method. The population of the upturn or downturn regimes is 
updated for the next observation. 

3. A priori: The probability density mentioned above is the information con- 
tained in the leading indicator series. The further information needed in the 
Neftci formula is a prjori about the lifetime of the current regime in the 
reference series. This is expressed as a conditional probability (hazard] in 
the Neftci formula (see note 8 for the technical details). Although we 
assume that the hazard is constant, the probability of a turning point is 
cumulated in the formula when a regime becomes older. 

4.  Decision rule: The Neftci formula used as a decision rule to calculate the 
probability of a turning point may be applied since we have already calcu- 
lated all its components. The value of P, is set to zero when starting the 
prediction and a signal for a turning point will be issued when the  cumula- 
tive probability P crosses a threshold, say 95 percent. The probability P is 
reset to zero when searching for the next turning point. 



Annex 4 

SEQUENTIAL PROBABILITY PREDICTION FOR 
CANADA, FRANCE, THE UNITED KINGDOM AND ITALY 
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