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On_the Appraissl of Cyclical Turning-Point Predictors.

Arthur M. Ckun

In order to review past economic forecasts and to investigate methods
of improving economic predictions in the future, economists require
criteria for appraising the predictive accuracy of their forecasts. For
quantitative predictions of national product and its components, such
criteria have been advanced and discussed. Forecast errors are naturally
measurable as dollar deviations between predicted and actual magnitudes,
The errors in a number of different forecasts can therefore be readily
compared. In addition, "naive models" which imply persistence of either
the rate of change or the level of national product have been accepted
as benchmarks for comparison with economists® predictions. There has
been little discussion, however, of criteria for appraising the accuracy
of cyelical turning-point forecasts, which project reversals in the di-
rection of change of economic activity. This paper advances a method for
evaluating turning-point predictions and illustrates the operation of the
system on historical data collected by the Netional Bureau of Economic
Research. The sssumptions underlying the scoring system and the charac-
teristics of the method are discussed below. Few claims are made for the
gystem; it is far from idesl. It is offered with the conviction that
some objective standard of appraisal is required for turning-point forecasts

and that the specification of one possible system may evoke fruitful

* This paper was written as part of the project in Research on Short-
Term Economic Forecasting conducted at the Cowles Foundatlon for Research
in Feonomics at Yale Unilversity and financed by the Rockefeller Foundation.
I am indebted to Mrs. Wilma W. Heston for her valuable assistance in
Irocessing the data presented beiow. Dr. Geoffrey Moore of the National
Bureau of Economic Research kindly provided me with data and also offered
helpful criticisms. The F. W. Dodge Corporation suthorized the release of
its data on construction contracts.
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discussion of the problem. If existing methods of forecasting are to be
evaluated and if new methods are to be sought, it must be possible to
recognize a good Torecast and to distinguish degrees of accuracy. Even
if a particular forecasting tool or method is used in combination with
other evidence, it is necessary to determine the predictive contribution
of that element of the forecast.

In principle, the value of & prediction should be gauged in terms
of the uses for which the forecast is desired. The productivity of a
particular forecast depends on whether decision-mskers are made better
off by reliance on it rather than on other views of future prospects
which could guide their actions. The principle is difficult to apply in
practice because the potential uses and users of a forecast cannot be
generally épecified. Therefore, appraisals are usually restricted to
an examination of the amount and the accuracy of information supplied
by the forecast. 1In the case of predictions of cyelical turning-points,
the users are offered an assessment of the prospective direction of
change of economic activity. The prediction during an expansion that a
turning-point will occur at some point in the future expresses the belief
that the upward movement of the economy will continue until that time and
will then be followed by a downward path of business activity.

The meking of "up" and "down" forecasts implies that direction of
change is crucial to the policy-maker. This proposition raises questions:
if the difference between a change in ocutput of +2 and ~2 per cent is
important, the difference between 42 and +6 per eent would also be ex-
pected to have significance. Even where forecasting is designed prin.

cipally to alert decision-mekers to major prospective swings in the
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economy, the magnitude (as well as direction) of the expected change will
determine whether the alarm should be sounded, These are relevant and
interesting issues concerning the purpose and uses of turning-point fore-
casts, but they can be set aside for this paper. The business cycle
approach does not, after all, restrict the forecaster to predictions of
the direction of movememts. He can estimate prospective amplitudes after
making his turning-point forecast. Thus, there is no need to draw a
gharp distinction between business cycle and national product forecasting.
The prediction of cyelical turning-points can be appraised separately

and yet viewed as a possible first-step in the quantitative forecasting
of aggregate economic variables.

On occasions, a method designed toxforecast a turning-point is loosely
termed a "success" whenever it signals prior to the turn. This is thor-
oughly ungatisfactory as a criterion of accuracy.Therels no more difficulty
in forécasting that a turn will occur than in predicting that rain will
stop. During any contraction, it is safe -~ and hence devoid of content --
to advance the prediction that economic activity will rise apgain. gim-
ilarly, even in the stable post-war world, there is little risk in going
on the record to assert that ancother recession will occur.

The issue is whether the timing of a turning-point can be predicted.
For some purposes, one may wish to know how far away the next turning-
point is, whether it be one or 40 months in the future. Unlike national
product projections which restrict ‘the forecaster to a fixed forthconming
period, the business cycle approach permits forecasting over a variable
period. However, the planning period of goverrment and business decision-

makers dictates emphasis on the prospects for the near future. The length
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of the usual planning period has been an important determinant of the
conventional twelve month period of national product forecasts. The szws
ohe-year fixed periocd is here assumed for the cyclical forecaster. His
task is viewed as predicting the signs of monthly changes in general
business activity for the coming twelve months. He may predict no turning-
point over that intervalj in that event, his forecast in an expansion is
simply 12 + 's ; in a contraction, 12.« 's . It i1s assumed that he
forecasts, at most, one cyclical turming-point which he must date: in an
egpansion, placing a 7o2% seven months in the future means predicting
7+ 's followed by 5 ~ 's for the year. Furthermore, it is assumed
that predictions arve made each month for the coming 12 months, so that
14k monthly-signs (or forecast-months) are predicted each year. The rew
sulting score is simply the ratio of sighs correctly foreseeﬁ to total
predictions. The assumptions underlying "forecast-month" scoring are thus:
1. Equal weight is placed on each ¢f the next twelve months;
zero welght is attached to months more than a year away.
The same penalty is associlated with an error concerning
the next month as with one for the eleventh month in the
future.
2., Type I and Type II errors are weighted equally: predicting
a turn one month too soon carries the same penalty as pre-
dicting the turn ome month too late.
3. Errors made ateny time in dating the turning-point are
penalized in proportion to the magnitude of the error:
being wrong by 2 months is {twice as bad as a deviation

of one oonth.
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In appraisals of turning-point predictions employing the forecast-
month method, an cobvious benchmark is a naive model in which no turning-
point is ever predicted. Consider the accuracy of this naive model. 3o
long as the turn is 12 or more months away, the 12 sign-predictions are
correct. However, 1in the eleventh month beforé the turn, one error is
made out of the 12 months predicted. In the next month, two of the 12
forecast-months are inmaccurate; the following month, there are three
errors, ete. until, in the month of the peak or trough, all 12 sign-
predictions are incorrect. The total number of errors is the sum of the
digits from 1 to 12, or 78. Thus, for any cycle-phase which exceeded
11 months in length, the number of incorrect forecast-months is 78 and
the percentage of accuracy depends simply on the length of the vhase.

In the unusual case of an ekpansion or contraction shorter than a year,
fewer errors are made: Tor exaﬁple, the total number of inaccurate
forecast-months for s 10 month contraction is the sum of the digits from

*
3 t0 12, or 75.

* Strictly speaking, fewer are alsc made in the preceding cycle~phase.
Consider the expansion Jjust before the ten-month contraction. In the
month of the peak, twelve + 's are predicted and the last two of these
are actually correct. However, it seems reasonable not to credit the
naive model for these since it misses the intervening contraction. The
same rule is applied to more sophisticated methods discussed below.

Another possible method of predicting a turning-polnt could rely on
the distribution of the lengths of past business cycle phases. After an
expansion has proceeded for, say, 3 months, the forecaster can estimate,

on the basis of past performance, that the phase is likely to continue
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for the next twelve mﬁnths. By the National Bureau chronology, only 2 of
the 25 expansions since 1854 have lasted less than 15 months. It is rel-
atively safe to predict no turning-point for the year shead at that peoint.
However, if the expansion has gone on for, say, 18 months, the task is
not so simple. The historical records show that 23 expansions lasted 18
months or longer and that only 11 of these had a duration of 30 months

or more. 'The naive model would get perfect forecast-month scores in
fewer than half of the cases. To take maximum advantages of the historical
data in terms of forecast-montﬁ scoring, the predicted turning-point
should be placed at the median length of all expansions with a lenglh of
18 months or more. The median is optimal since forecast-month scoring
penalizes absolute deviations and the total of absolute deviations of a
set of jtems 1s minimized when those deviations are measured from the
median. In this instance, the median length of all expansions lasting

18 months or more is 27 months. Thus, the median length remaining at

18 months is 9 months. The forecast is thus for nine + 's followed by

3 - 's.

* All of this assumes that there have been no secular changes in the
lengths of cycle phases over time. 1In fact, the chronology shows that
contractions sinee World War I have been shorter, on the average, than
previcusly. See Moore, Measuring Recessions, Occasional Paper No. 61,
National Bureau of Economic Research, (New York, 1958), p. 260.

Obviously, if the medlan length remaining of past surviving expansions
exceeds 12 months, no turning-point is predicted for the year shead.
The distributions of lengths of expansions and contractions are

recorded in the first two accompanying figures. These are National
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Bureau data arranged to supply the information required for predictions
of median remaining length at any point in an expansion or contraction.
The figures are constructed to show the median length of all expansions
(or contractions) which lasted at least as long as the number of months
shown along the horizontal axis. A diagonal line of unit slope is
drawn through the origin on each figure. The distance along a vertical
hetween this 450 line and the medlan length shown above it is the median
length remaining for all surviving expansions (or contractions ). For
example, after 31 months from a trough, the median remaining length of
the ten surviving expansions is (41-31) or 10 months. Lines of unit
slope with intercepts of six months and 12 months respectively are also
drawn on the diagrams as guides for measuring median remaining lengths.
For 1% months after the start of an expansion and for & months after
the onset of recession, no turning-point is predicted for the next year.
Then, the median remaining leﬁgths decline to 6-10 months for an expansion
in a region of 15 to 35 months after the trough. During a contraction,
the corresponding median lengths remaining run 4-13 months, over the
period 6 to 24 months after the peak. Over these ranges, as time passes
and shorter-lived phases die out, there is no general tendency for the
median length remaining to decline. Thus, there is little support for

¥*
the view that 0ld expansions have a short life expectancy.

Despite its careful statement and qualification, Moore's suggestion
to this effect (Ibid., p. 262) must be rejected in texrms of the data.

The performance of the median remaining length model is shawn for

expansions and contractions, respectively, in the third and fourth
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accompanying figufes. The total number of incorrect forecast-months per
cycle-phase 1s shown for phases of varying lengths. For very short ex-
pansiocns or contractions, median remaining length forecasts coincide with
the naive model., For expansions lasting between 15 and 47 months, median
remaining length predictions make 50 to 70 forecast-month errors in
contrast with the 78 of the naive model. For contractions lasting 6 to
24 months, the median remaining length model is superior to the naive
forecast; for durations in the range of 17 to 21 months, fewer than 40
errors are made. Only for the atypical expansion longer than 47 months
or the atypical contraction longer than 24 months is median remaining
length inferior.

Turning-peint predictions are most fregquently based on the use of
leading indicators. Among the leading indicators employed are time-
series of individeal economic variables which are expected to display
peaks and troughs in advance of the reference cycle turning-points; a
diffusion index which records the pexcentage expanding of a large number
of economic time-series; or a quantitative measure of the rate-of -change
of one or more economic variables. A downturn or upturn in the leading
indicator used as & predictor is taken as a signal of a forthcoming re-
versal in general business activity.

If leadiné series are to be used as turning-point predictors, an
expected lead must be attached to the indicator. If the expected lead
of a particular series during expansion is 7 months, then once it did-
plays a downturn, the forecaster should prediet a downturn in general
business activity 7 months hence. It is assumed that, in the next

month, the downturn is predicted six months in the future; five,the next
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month, etc. provided no downturn is experienced. If no reference-cycle
turn takes place in the next sevem months, the forecaster is assumed to
predict a downturn for the next month in each succeeding month until the
turning-point occurs. Whenever no signal has been given by the leading
indicator, the forecast is taken to be equivalent to the naive model,
i.e., that no turn will occur within the coming year. Thus, if the
leading indiecator fails to precede a downturn, it yields the same
forecast-month error total as the naive model, usually T78.

Hypothetical scores for varying expected and actual leads are shown
in Table 5. Only when the indicator signals very prematurely can it be
worse than the naive forecast. For example, when the expected lead of
a predictor is 5 months, an actual lead of 18 months puts the forecaster
out on the 1limb too soon and makes the error total 128. On the other
hand, an actual lead of one month with an expected lead of 5 months saves
8 forecast-months compated with the naive model and reduces the error
total - 70. It should be evident that a lag of six months is no worse
than a lag of one month: if the indicator fails to lead, the forecaster
§till is capable of recognizing the turning-point in the reference
¢ycle. The table of errors shows that the value of a le&ding indicator
in forecast-month scoring depends on:

1. The reliability with which it leads, i.e., the fraction of

all phases in which the signal precedes the reference-cycle
ﬁeak or trough.

2. The length of the lead. A consistent lead of 3 months pro-

duces 45 errors per phase improving on the naive model by
(12+11410) or 3% forecast-months., A consistent lead of 6

months yields only 21 errors per phase.
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3, The stability of the lead. An indicator with an expected
lead of 4 mooths which has variable actual leads of 2 and
6 months is inferior to a series with a consistent lead of

%
4 months.

Tt may seem paradoxical that an indicator with an expected lead of L
scores better when it leads by 5 than by 4. But, if the series led con-
sistently by 5, forecasting performance could be improved further by
attaching an expected lead of 5 months to the indicator.

The expected lead for any indicator should be selected in light of the
scoring system. Since the series is never used as a predictor in those
cases where it lags (or is coincident with) the reference cycle turning-
point, the expected lead should be established solely from the cases
where the indicator has led. In historical data employed below, the
expected lead for each indicator in expansions is taken as the median
lead of all cases in which the series displayed a peak prior to the cor-
respending peak of the reference cycle. The same method is used to
derive an expected lead for contractions.

The optimum choice for the expected lead will depend on the assumed
distribution of actual leads of the indicator. For certain plausible
distributions of leads, the median lead is smaller than the ideal ex-
Pected lead because of the heavy penalty that forecast-month scoring
Places on very premature signals. Also, it is here assumed that the
expected lead at the time of the signal does not depend on the number of
months that have elapsed since the preceding reference cycle turning-

point. The expected lead is taken to be the same when a downturn of a
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leading indicator is experienced three months after a trough as when it
occurs 20 months after a trough. The data provide rough support for the
use of the median and for the assumption of independence, but the number
of observations on the behavior of any leading series is far too small for
a thorough exploration of alternative forecasting rules.

In using the National Bureau's historical data on statistical in-
dicators, one assumes, in effect, that specific-cycle turning points can
be identified as soon as they occur and that no "wiggle" of a series is
ever misinterpreted as a genuine cycle turn. In fact, distinguishing
turns from wiggles may take several months. Of course, the naive and
median remaining length models above were evaluated as if reference cycle
turning points ware recognizable at once, so that the advantage given to
leading series forecasts may not be very large.

Tables 6 and 7T present the results obtained from Moore's diffusion

*
index of all conforming series and from the series on business failures

Moore, "Statistical Indicators of Cyclical Revivals and Recessions,"
Occasional Paper 31, (National Bureau of Economic Research, 1950), pp. 46-47.

(inverted), which is one of the National Bureau leading series. The period
covered is 1879-1938 and the expected leads are derived from observations
over this period in the manner described above. The result of median
remaining length and naive forecasts are presented for comparison.

Far expansioné, the data show that tﬁé diffusion index scoreé best,
but its margin over median remsining length is very slight; and these two

methods are only a little superior to business failures and the naive
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model. Two premature signals, in 1879-82 and 1914-18, account for nearly
two-fifths of all errors made by the diffusion index.

For contractions, the four methods show grester differences. The
percentage accuracy of the naive model is smaller than in expansions,
simply because contractions are shorter. Median remaining length is sub-
stantially better than the naive model with about one-fourth fewer errors.
The diffusion index stands slightly better than median remsining length;
again its performance is seriously impaired by two premature signals, in
191012 and 1929-33. Greatest accuracy is shown by the business failures
series; its error total is only half that of the naive model. The business
failures indicator fails to signal in 4 of the 16 contractions, while the
diffusion index signals in all instances; but business failures earns a
higher score because it does not have markedly premature signals.

Tables 8 and 9 show resﬁlts obtained from historical data on eight
leading series for the 1920-5k period with expected leads derived from
these years. For expansions, Pive of the eight indicators are inferior
to the nalve model, and only one, hours worked per week, improves sub-
stantially on the naive results. The superiority of the work-week emerges
because it alorme displays no premature signal over the period. All other
indicators are marred by a very large error total for either 1938.-45,
1945-48, or 1949-55. Thus, the favorable verdict for the work-wesk rests
on a difference of one observation. Because wholesale prices and new
orders had one early signal, their scores are far inferior t6 the work-
week's error total. (Clearly, this does not Justify the conclusion that
the work-week has a zero propensity to give premature signals. The data

brovide no firm grounds for selection among the leading indicators.
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In an attempt to eliminate premature cases by pooling the series, the
method of first two indicators and Tirst three ilndicators was introduced.
Here all eight leading series are treated equivalently, and the second
(or third) downturn of the eight in any e¥pansion is the signal for pre-
dicting a reference cycle turning-point. A4s shown in Table 8, this
technique is not successful -~ premature signals are sfill experienced
and no improvement is made over the naive madel.

Contractions again present a very diiferent story. All eight in-
dicators are superior to the naive model. Median remaining length is
considerably more accurate than the nalve method but not so good as six
of the eight leading series. The method of first two indicators is the
best of the lot, and it performs impressively; its error total is only
36.5 per cent as large as that of the naive model.

Tables 10 and 11 show the results obtained from the same set of
leading indicabors for 1920-54 when the forecasting rules are slightly
modified. Here, prior to the leading series signal, the forecasst is.derived
from the median remaining length model (based on 1854-1957) rather than
the naive model. There are only slight differences between these results
and those of the two preceding tables. Typically the differences stand
in favor of the combination of leading sevies and the naive model rather
than the cotbination of leading series and median remaining length. This
is somewhat surprising since, taken alone, median remaining length fore-
caste are superior to the naive model. Logically, if the median remaining
length model 1s to be employed in the period prior to a signal, the
estimate of remaining length at any poilnt should be derived conly from

those surviving phases in which there has been no signal. However, there
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are no data on many indicators prior to World War I, and hence such
calculations cannot be made on the 1854-1957 chronoclogy.

When forecast-month scoring is applied to leading series, two out-
standing characteristics of the system of appraisal bescome evident. These
are that the penalty placed on a failure to signal is relatively light
while the penalty on a premature signal can be very heavy. A leading
series is supposed to lead and 1ts failure to signal deprives the fore-
caster of the benefit he seeks from reliance on the series. However, if
a signal comes too soon and persuasdes the forecaster to ingist incorrectly
for a year that a turning-point is imminent, the early sigmal is clearly
more harmful than no signal at all. A forecaster who warned of an impending
recession throughout 1947 and 1948 deserves lower scores than one who
insisted that the post-war boom would continue throughout this period and
recognized the 194B-49 recession only when it could be read from current
data. Indeed, it is surprising how much emphasis has been placed on the
desirability of predicting the turn and how 1little concern there has been
for the danger of forecasting it too soon.

On the other hand, the frequency of very premsture signals in expansions
depends on the particular forecasting method adopted for the use of leading
series. In order to score the indicators, it was necessary to construct a
set of forecasting rules. It was assumed above that once a signal led the
forecaster to expect a turning point in June, he continued to place the
turn in June until June passed; if still no turning-point occurred, he would
tenaciously insist that the turning-point was imminent until it occurred
It may be argued that this imputes an unreasonable degree of obstinacy to

the forecaster. It is certainly true that scme shut-off device is needed
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to avoid the danger of early signals, but the leading indicators do not
themselves provide such a device. One must ask how the forecaster can

' *
decide when to be persistent and when to reject the signal.

If sufficient data were available, it would be possible to oconstruct
a system based on the median remaining lengths of phases after a signal
was experienced. Then, five months after an indicator turned, the fore-
caster would put the turn at the median remaining length of all phases
which survived five or more momths after the signal of that indicator. A
large number of cbservations would be needed to apply this technigue.

In other respects, the quantitative appraisal is probably generous to
the leading indicators. They are favored by the 12-month forecast beriod
in comparison with a sherter period which would accentuate even further
the problem of premature signals. The selection of expected leads from
the same observations on which the leading series are scored alsc works
to the advantage of the indicators. The use of historical specific-cycle
turning-peoints as signals is still another factor which bolsters the scores
of the leading indicators.

leading series have earned a rather good score in predicting troughs
and a rather poor score in predicting peaks by the criteria of appraisal
advanced above. Buil these empirical findings should be carefully qualified.
This study has been intended to present and discuss a method of scoring
rather than to evaluate comprehensively the predictive accuracy of turning-
point indicators. The empirical results cannot be readily applied to an
actual fofecasting situvation. 1In particular, the findings above rely on
historical reference cycle and specific cycle dates which are not available
to the forecaster in practice. In actual predictions, distinguishing

wiggles from genuine turning-points is a serious and difficult problem.
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Unlike the hindcasting procedure above, dctual predictions of turninge
points must determine when a reversal in a leading series is to be taken
as a genuine signal and when a reversal in business activity is to be taken
as a reference cycle turn. However, actual forecasting does confront the
probiems discussed above of requiring a rule for predicting prior to the
signal, of associating a lead with the signal, and of developing a shut-
off device to reduce the costs of premature signals. Moreover, forecasting
in prectice requires a criterion of accuracy for the selection and evaluation
of optimal predictive technigues. Forecast-month scoring is one eligible

method of appraisal.
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rfomance of Moore's Diffusion Index and Business Failures (Inverted) Historical
Series, in Predicting Cyclical Turning Points
Indicators Combined with Naive Model Monthly Predictions
for 12-month Forecast Period

Mocre's Diffusion Index DBusiness Fallures Median Remaining

EXPANSIONS Expected lead = 9 Expected Iead = 11 Tength Model
lead Error Iead Error Error
L&k 1879 - March 1882 26 198 25 167 51
iv.1885 - Merch 1887 16 78 16 59 71
aptil 1888 - Juiy 1890 10 12 25 1h3 €5
$1891 - January 1€93 5 48 5 58 71
J‘xﬁe 1894 - December 1895 6 39 15 W7 72
nge 1897 - June 1899 3 63 * 78 71
petember 1900 - September 1902 9 6 17 71 71
fugust 1904 - May 1907 19 1ik 19 5 58
June 1908 - January 1910 5 48 L 6k 71
Jamwery 1912 - January 1913 10 12 * 78 8
December 191k - August 1918 33 =82 * 78 61
jpril 1019 - January 1920 6 39 5 58 72
fuly 1921 ~ May 1923 9 6 * 78 71
Jdy 1924 - October 1926 21 138 7 L3 65
Tovember 1927 ~ June 1929 8 18 ih 3 71
Wrck 1933 - May 1937 8 18 b 64 116
Total Forecast Months 4836
Total Naive Errors 12h2
Percent Correct Forecasts
vith Naive Model 7L, 3%
Total Errors Using Moore's
liffusion Index 1119
ereent Correct Forecasts Using
bocrets Diffusion Index 76:9%
lotal Errors Using Business
Feilures Series 1245
krcent Correct Forecasts Using
Bisiness Failure Series Th. 3%
tal Errors Using Medlan
length Remaining Model 1135
Tcent Correct Forecasts Using ,
dian Iength Remeining Model 76.5%

‘Indicator failed to signal prior to cyclical turning point.



- -

performance of Moore's Diffusion Index and Business Failures (Lnverted), Historical

Series, in Predicting Cyclical Turning Points

Indicators Combined with Naive Model Monthly Predictions

CONTRACTIORE

yarch 1882-- May 1885
yarch 1887 - april 1888

aly 1890 - May 1801
jan. 1893 -~ June 1894
pec. 1895 - June 1897
nne 1899 - Dec. 1900

gept. 1902 - August 1904
¥y 1907 - June 1908

Jan. 1910 - Jan. 1012
Jan. 1913 - Dec. 1914
fugust 1918 - April 1919
Jane 1920 - July 1921
ey 1923 - July 192k

Oct. 1926 - Nov. 1927
Jute 1929 ~ March 1533
bey 1937 - June 1938

Total Forecast Months

Total Naive Errors

for 12-Month Forecast Period

Moore's Diffusion Index
Expected Lead = 7

Business Failures

Expected Lead = 8

Median Remaining
Length Model

Fercent Correction Forecasting

With Naive Model

tal Brrors Using Moore's

Diffusion Index

Rercent Correct Forecasts
Using Moore's Diffusion Index

®tal Errors Using Business

Failures geries

Fercent Correct Forecasts
Tsing Business Failures Series

Yotal mrrors Using Median

length Remaining Model

®rcent Correct Forecasts
Using Median Length Remaining Model

HIndicator failed to signal prior to eyclical turning points.

Lead BErrors
12 45
2 65
i 48
10 27
10 27
5 38
12 ks
7 15
18 117
T 15
5 38
T 15
1 48
10 27
31 275
7 15
3696
1235
66.6%
858
76.84%
613
83.4%
oL8
TJ“‘ L h‘%

lead

12
8
6

13

13

%

WO 3 O %

Brrors

38
10
33
20
14
22
50
33
78
33
68
78
1k
2p
10
60

Errors

106
50
65
30
23
23
71
50
85
T1
€5
23
L5
50

141
20
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Performance of Alternative Indicators of Cyclical Turning Points

Indicators Combined with Naive Model Monthly Predictions for 12-Month Forecast

Period: Errors = Forecast-Months with Incorrect Sign
Expected|July '21-{July '2k-[Nov.'27-[Mar.'33~[June '38-[0Oct.'45-]0ct, kO~ Total [Errors as %
lead |May '23% 1Oct. ‘26 |June '29|May *37 |Feb. 'h5 |Nov.'sB |July '53] Errors |of Naive Model]

E{PANSTONS Errors Errors Brrors Errors Errors Errors Brrors

-.Business Failures . _

(Inverted) 78% 21 ) Lb T8% 78% 243 586 107.3
Common Stock Prices 5 61 8% 8% 51 8% 272 26 6L 117.9
New Orders 6 Ui by TE* 33 327 33 21 577 105.7
Residential

Building Contractd] 15 T8 12 12 78 763 180 8% 516 gh.5
Comm. and Indust.

Buildirg Contracts 11 2h 23 58 76% 8% 251 78% 590 108.1
Average Hours

Worked per Week 7 27 35 T8 65 17 8% 15 315 57.7
. Number of

Tncorporations 5 70 56 28 =8 TO% 272 78% 610 111.7
Wholesale Price '

Index 11 T3 83 73 78% 13 215 536 08,2
First Two Indicstars 13 63 0 36 68 50 204 180 601 110.1
First Three

Indicators 5 ko 56 28 Ty 78% 272 26 Sho 98.9
Naive Model 78 78 78 78 78 78 78 546 100.0
Medisn Remaining

Length Model 71 65 71 116 110 5k 46 533 97.6

% Tndicator failed to signal prior to cyclical turning point.
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Performance of Alternative Indicators of Cyclical Turning Polnts

Indicators Combined with Naive Model Monthly Predictions for 12-Month Forecast

Period; Errors = Forecast-Months with Incorrect Sign
Txpacted|Jan. '20- |May '23-]0ct. '20-]June ‘29-[May '37-{Fzb.'45- Nov.'48-{July '534 Total] Errors as
Iead {July '21iJuly *2hiNov. '27|Mar. '33 |June '38}0ct. '4W5|0ct. 'k9lAug. '5i4| Errors| % of Naive
CONTRACTIONS Errors Errors Errors Errors Errors Errors BErrors Errors Rodel
Business
Failures
{Inverted) 7 78% 21 15 17 57 68:¢ 26 27 309 50 .4
Common Stock i
Prices ' 9 8% 6 78% 6 69 68% 55 20 380 62.0
New Orders 33 57 8% 8% 57 L7 L 39 b33 70.6
Residential '
Building
' Contracts 6 21 76% 21 5.4 21 68+ 26 8% 367 59.9
?Comm. and Irdust.
Building
Contracts 3 39 783 57 35 78% 68 56 8% k839 79.8
Average Hours
Worked per
Week 5 28 783 78% 28 26 68% 39 Ty 385 62.8
Nunber of '
Incorporations 6 21, T1 3 78% 783 68% 20 T8% 455 Th.2
Wholesale Price
Index 1 66 66 38 66 78% 68 L3 75% 501 81.7
First Two
Indicators 7 27 21 15 17 27 68% 28 21 22k 36.5
First Three
Indicators 6 21 &3 21 23 54 68+ 21 21 292 L7.6
Naive Model 78 78 78 78 78 68 7 78 613 100.0
Median Remaining .
Isngth Model | 23 L5 50 141 50 | 65 62 P50 486 79.3

% Tndicator failed to signal prior to cyclical turning point.
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Performance of Alternative Indicators of Cyclical Turning Points

Indicators Combined with Median Remaining length Model Monthly Predictions
for 12-Month Forecast Period; Errors = Forecast-Months with Incorrect Sign

Expected|July '21-|July '24«[Nov.'27-|Mar. 33-]June '30-]0ct., 45-|0Oct, Lo-] Total |Errors as % '
EYPANSTONS Iead mﬁy '23 Oct. '26 June ,29 Mﬂ}’ 137' Feb. '1“5 Nov. 'bB July '53 ,EI‘I‘OI‘S of Naive Model
Errors Errors Errors BErrors Errors Errors Errors
Business Failures
(Inverted) Tl b L 82 110% Shx 246 621 113.7
Common Stock Prices 5 5h 65 T1% 8g 110% 272 43 704 128.9
New Orders 6 38 ko TL# 79 429 23 38 718 131.5
Residential
Building Contracts 15 T1* 12 12 116 110% 180 Lex | 547 100.2
Comm. and Indust.
Building Contracts 11 24 23 58 116% 110% 251 Lex |- 628 115.0
Average Hours
Worked Per Week 7 26 34 T1% 103 117 Sl 37 hhp 81.0
Mumber of
Incorporations 5 63 56 28 Th 110% 272 L 6hg 118.9
Wholesale Price
Index 11 66 83 111 110% 20 216 606 111.0
First Two Indicafrs 13 62 36 11k 150 204 183 749 137.2
First Three
Indicators 5 3k 56 28 T8 110% 272 48 626 11k,7
Naive Model 78 78 78 78 78 78 78 546 100,0
Median Remaining
Iength Model 7L 65 7L 116 110 5k L6 533 97.6

* Indicator failed to signal prior to

cyclical turning point.



Performance of Alternative Indicators of Cyclical Turning Points

Trndicators Combined with Median Remaining Iength Model Predictions for l2-Month Forecast

Period; Errors = Forecast Months with Incorrect Sign
Trpected|Jan. '20- |May '23-|0ct, '26-1June '29-|May '37-|Feb.'45-|Nov. 'UE-1July '53-{ Total |Errors as
CONTRACTIONS Iead |July '21(|July '2k|Wov, '27|Mar. '33 |June 13810ct. 'b5]0ct. 'U9Aug. 5L | Errorsi% of Haive
Errors Exrrors Errors Errors Brrors Errors nrrors Errors Model
Business Failures

(Inverted) 7 23% 21 15 8L Ly 65% 26 26 %07 50.1
Common Stock '

Prices 9 2% 6 50% 75 5 6% 5k 20 347 36.6
New Orders 3 1z 36 50% 1h1% ive} s L1 39 408 €6.6
Resgidential
Building Contracts 6 6 L5* 20 118 20 65% 26 50% 350 57.1
Comm. and Tndust.

Building Contmmcts 3 6 Ly L2 99 50 65% 50 50% Lo7 66.4
Average Hours

Worked Per Week 5 0 Ls5% 50% 95 25 65% 38 3k 352 574
Number of )

Incorporations 6 0 b3 L3 1ha# 50 65% 20 S50% 410 66.9
Wholesale Price

Index 1 18 38 35 129 50% E5% ko 50% hos 69.53
First Two

Indicators 7 6 21 15 8L 26 E5% 26 21 264 k3,1
First Three

Indicators 6 0 Lo 20 90 Ll E5% 20 20 301 49.1
Naive Model 78 78 78 78 78 &8 Nil4 78 613 100.0
Median Remaining

Length Model 23 L5 50 ik} 50 65 62 50 436 79.3

¥ Indicator feiled to signal prior to cyclical turning . point.
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