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1. INTRODUCTION

Experienced analysts and forecasters consult a variety of
leading and other cyclical indicators when they seek to judge the
future course of economic activity. Moreover, they rely on a
variety of techniques, not just the cyclical indicator approach. All
of this is wise, for no single forecasting method can be considered
foolproof and indeed in this uncertain world we need all the help we
can get.l In this paper, however, practical considerations compel us
to restrict our subject drastically to manageable proportions. Thus,
we shall deal here only with the cyclical approach and indeed only

with the predictive properties of the composite index of leading indi-

cators, not with those of its individual components or other time
series characterized by early cyclical timing.

Because the Bureau of Economic Analysis of the Department of
Commerce has recently completed a comprehensive revision of the cyclical
indicators, changing both the content and method of construction of the
composite indexes,2 this seemed like an appropriate time to seek to
answer the question, "How good is the leading composite index as a
predictor of change in aggregate economic activity?" This formulation
raises yet another question concerning the definition of aggregate
economic activity. Some people have regarded this as synonymous with
real GNP. However, in the classical writings of Burns and Mitchell a
broader concept 1s expounded; aggregate economic activity is defined
to encompass measures of aggregate input as well as of outpu.t.3

Accordingly, we consider the coincident index, which contains a

neasure of labor input as well as measures of output and income, an



alternative and possibly superior measure of aggregate economic
activity. Thus, in order to evaluate the leading composite index,

we will relate changes in that index to changes in both the coincident
composite index and gross national product in 1972 dollars.

The first part of this report attempts to evaluate the per-
formance of the composite index of leading indicators as a predictor
of cyclical turning points, that is, of sustained changes of direction
in aggregate economic activity. Here we concentrate on the direction
and duration, and abstract from the size, of general economic change.
The second part is an assessment of the leading index as a predictor
of short-term changes in real GNP and in the coincident index. Here
the degree of movement, as well as its direction and duration, are

taken into account.

2. PREDICTING CYCLICAL TURNING POINTS

The leading composite index was designed primarily as a tool
for providing early warning of cyclical turning points. Before one
can evaluate the performance of the index in this regard, however,
a set of ground rules must be established. Because it is recognized
that each monthly wiggle in the leading index may not be significant,
and indeed excessive concern with a single month's movement is to be
severely discouraged, we have defined a signal of change in direction
as having occurred when the leading composite index shows a change

in direction of movement for at least three consecutive months. As




shown in Table 1, under this set of ground rules, and using a time
series begining in January 1948 and ending March 1977, we find that
the leading index provided warning of 11 reference cycle turns. No
turns were missed (see Table 1, fn. a). The mean lead was 4.9 months;
2.8 months at troughs and 7..4 months at peaks (Table 3). However,
because our rule requires change in direction of at least three con-
secutive months before a turning point is identified, a lead of at
least four months is required before one can consider the leading
index as providing an early warning of even a single month. Only two
of the six troughs were identified with leads of at least four months,
but leads of at least this long were characteristic of all five
reference peaks. Thus, the leading index identified all reference
turns, provided early warning at all peaks, but failed to provide
advance indication for two-thirds of the reference troughs.

Although the leading index did indeed identify all reference
cyecle turns, it also gave indications of five extra cycles-~that is,
it forewarned of turning points which were not matched by turning points
in either the coincident indexh or the reference cycle chronology. How-
ever, two of the "extra" cycles involved phases of only three months'
duration. Thus, if the ground rules were extended to require at least
four months of change in direction, there would be only three extra
cycles. Moreover, two of these extra cycles, the one in 1950-1951 and
the one in 1966 were associated with "growth cycles'--periods of marked

>

retardation in the rate of growth in aggregate economic activity. On

the other hand, if the ground rules were relaxed so that changes in



direction of movement of two months or more were considered as indi-
cations of turning points, the leading composite index would have
signaled 14 extra cycles.

Because the leading index is highly sensitive, and frequently
reacts to random changes in economic events, such as strikes, abnormal
weather conditions, etc., if one considers changes in direction of
short duration (two months or less) as indications of cyeclical turning
points, many more false signals than correct ones are identified.

For this reason, various techniques have been adopted which, in effect,
smooth the monthly movements in the index. However, smoothing devices
(such as requiring three or more consecutive months of change in direc-
tion of movement or measuring changes over longer spans than a one-month
interval) generally involve trade-offs. They result in the identifi-
cation of fewer "false" or "extra' turns, but cut down the effective
lead time at the "trueh turns.

One of the most fruitful approaches was to measure changes in the
leading index over a six-, rather than a one-month span,6 but to
treat even a single month's change in direction as providing a signal
of a turning point, and thus to minimize the required lead time. The
results of the application of such a procedure are shown in Table 2.

As 1s expected, measuring the changes over a six-month span (which is
equivalent to a trailing six-month moving average of changes over a
one-month span) considerably smooths the index and eliminates many
erratic movements. Even with rules as stringent as considering
changes of a single month's duration as indicating a turning point,

there are only five extra cycles (or 10 extra turns) identified. (If



such a rule were applied to changes measured over a one-month span,
there would have been 70 false turns identified, if applied to changes
measured over a three-month span, 34 false turns would have been
identified.) Of the five extra cycles identified, three (12/50-11/51;
4/62-10/62; and 6/66-2/6T7) were associated with periods of growth
retardation in aggregate eccnomic activity.

The mean lead at the 11 matched reference turns was 3.1 months;
5.6 months at peaks, and 1.0 months at troughs. All five reference
peaks were identified with leads of at least two months (the reguisite
early warning under a one-month directional change rule) but only
three of the six reference troughs were identified with leads of at
least two months.

If one associates turns in the leading index with turns in the
coincident index, rather than with reference turns, a somewhat different
and more favorable picture emerges. As can be seen from column 5 of
Table 2, during the period January 1948 - March 1977, the coincident
index indicated 13 (rather than 11) cyclical turning points7 and thus
only four rather than five extra cycles were identified. All of the
turning points in the coincident index were identified by the leading
index with a mean lead of 3.7 months at troughs as well as at peaks.
Moreover, at only two turns was the lead less than the requisite two
months.8 Thus, measuring changes over a six-month span (rather than
over a one- or three-month span) is an effective smoothing device.

It cuts down considerably the degree of random month-to-month move-

ments and drastically reduces the number of false signals.



Another way of evaluating the turning point performance of the
leading composite index is to count the number of months during a
cyclical phase which evidenced directional movements counter to that
of the appropriate reference phase--allowing, of course, for the
leading tendency of the index. Thus, for example, any downward move-
ment which occurred earlier than eight months before a reference peak
(or any upward movement earlier than three months before a reference
trough) would be considered a counter movement. Under this method of
evaluation, we again see progressive improvement in the performance
of the indicators as we extend the length of the smoothing pericd.
With changes measured over a one-month span, there were 61 out of 346
monthly movements which were counter to the appropriate reference
cycle phase. With changes ﬁeasured over a three-month span, there
were 49 counter movements; this was reduced to 42 when changes were
measured over & six-month span. As might be expected, most of those
months of false signals occurred during reference cycle expansion
phases, which had an average duration in the postwar period of 61

months as compared to 11 months for the contraction phases.

3. QUANTITATIVE FORECASTS WITH LEADING INDICATORS

Correlations between the levels of the composite indexes of
leading indicators (I) and of coincident indicators (C) are very
high, particularly for short leads of I and simultaneous timing,
and comparably close associations exist also between the guarterly

data for real GNP (Y) and the composite indexes. But regressions



of C on I and of Y on I produce highly autocorrelated resid-
uals and hence generally unreliable estimates. Because of pervasive-
ness of major business fluctuations and trends, many economic series,
and particularly comprehensive aggregates and sensitive cyclical
indicators, show strong dependencies over time within themselves and
with each other.

Taeking first differences of the indexes and of real GNP essentially

eliminates the trends and converts the data into stationary series.
Studying the relationships between the series in this form is much more
informative, particularly in the context of short-term movements (the
method brings out such movements, including noise, at the expense of
the longer trends). Figure A shows the crosscorrelograms for the
monthly and quarterly changes in I and C, and for the quarterly
changes in I and Y. Absolute first differences are denoted by D,
first differences in logs by DL. The correlations R(i) are shown
for spans 1 varying from -12 to +12, where "-" refers to leads and
"+" o lags of DI relative to DC or DY (or of DLI relative to
DLC or DLY), in months.
The quarterly correlograms linking the changes in the leading

to those in the coincident index reach peaks of over 0.7 at one-guarter
(-3) leads of DLI relative to DLC and of DI relative to DC.

The R{(i) coefficients are small or near zero for i = =12, signifi-
cantly positive for shorter leads and 1 = 0, and zero or small negative
for lags, i.e., for 1 > 0. The monthly correlograms run lower for the

leads but show the same general contrast between R >0 for leads and
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R < 0 for lags of DI (DLI) vis-d-vis DC (DLC). These asym-
metries confirm the "leading" characteristic of the I index.

The quarterly correlograms linking the changes in the leading
index to those in real GNP are similar but somehwat less asymmetrical.
Both for absolute changes and changes in logs, R(0) is slightly
larger than R(-3) and R(+3) is positive.

We shall next present an analysis of regressions and forecasts
based on the data used in Figure A. Only the results for the
relationships between the changes in logs will be shown. Somewhat
better sample-period fits are obtained for the regressions of DYt
on DI, . +than for the corresponding regressions of DLY on

t-1 t

DLIt-i’ but the latter produce slope coefficients of the constant-
elasticity type which are easier to interpret. On the whole, the

differences between the two sets of estimates are small.

3.1 Estimation and Prediction of Real GNP

Regressions on Lagged Changes in the Leading Index. As shown in

Table L, lines 1-3, about 4/10 of the variance of the quarterly change
in the log of real GNP (DLYt) can be statistically "explained" by the
concurrent change in the log of the index of leading indicators (DLIt).
The addition of the lagged value of the dependent variable (DLYt—l)
raises the corrected coefficient of determinatiocn §2 from .LO to

.48, (DLY alone accounts for nearly .2 of the variance of DLYt.)

t-1
When DLIt (which, of course, is not available for one-step-ahead

o

forecasts of DLY is replaced by DLIt—l’ a slightly lower R2 of

)

.39 is obtained but the Durbin-Watson (DW) statistic increases from 1.6
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to 2 (ef. lines 4 and 1) suggesting that the residuals in the equation
are free of any first-order autocorrelation. Further, DLYt_1 makes
no contribution at all to the regression when included along with
DLI, . (lines 5 and L4).

Relating DLYt to both DLIt and DLIt-l increases R to
.51 and reduces appreciably the standard error of regression SEE
(1ine 6), but adding further prior values of DLI, _; (i = 2 and 3
quarters) results only in marginal gains (linesVT and 8). This is so
especially when DLI_ is not included (cf. lines 4 and 9). In the
predictive equations, then, longer leads in DIt-i’ i.e., terms with

i>1, appear to be of little use.

Sample BEstimates and Predictions. TFollowing a widely used pro-

cedure, we next test the equations of the type just described by fit-
ting them to some of the data and predicting the rest. Here good
results are obtained for one-quarter-ahead predictions from the simple
relation between the first differences in the logarithms of real GNP
and of the leading index (Table 4, line 4). We regress DLY_  on

t

DLI, , wusing quarterly data for 1948-69 (85 observations) and use

the resulting sample-period estimates of the intercept and slope para-
meters to compute forecasts 5£§t for 1970-76 (28 quarters). Then we
reestimate the regression for 1948-70 and predict with it 6£§t in
1971~76, and so on, extending the sample period by one year in each
step and shortening the forecast period correspondingly. The full

results are presented in Table 5 (part A), where each column lists

first the sample-period estimates (lines 1-10) and then the corre-

sponding forecast-period estimates (lines 11-19).
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This exceedingly simple forecasting model can be seen to have per-
formed well and consistently so. The goodness-of-fit statistics are
reasonably high for variables cast in the volatile form of rates of change.
The squared correlations between the actual and predicted changes in the
forecast periods fall in the narrow range of .46 to .55 (line 11); perhaps
surprisingly, they exceed the R2 coefficients for the sample periods (line 5).
The average error statistics are also satisfactory and quite stable over
time: the root mean square errors are only slightly higher than the standard
errors of regression and the mean errors are near zero (cf. lines 12-1L4 and
line 9). Theil's inequality coefficient U equals zero for a perfect fore-
cast and unity for a forecast that performs no better than a naive model
extrapolating the last recorded change.gj The U values of .6-.7 (line 15)
are higher (less favorable) than those achieved by the best known econometric-
model and other forecasts of real GNP in the quarter ahead; however, the

10/

differences here are not large ard their significance is not clear.—  The pro-
portions of the mean square error due to bias and inefficiency are very small
indeed; between 91 and 98 percent of MSE is accounted for by residual variation
rather than errors of systematic nature (lines 16-18).

No significant improvements in the one-step-ahead DLY forecasts re-
L

sult from adding longer leads (DLI ) to the predictive equation.

42> Dbli_ 5

As would be expected from the fact that our distributed-lag regressions
have very few effective terms (only the shortest leads "work"), simple
indicator forecasts of changes in real GNP two and three quarters ahead
are much worse than for one quarter ahead. Thus, the equations for GNP
changes in the second quarter ahead have ﬁz ~ 15 and DW = 1.5, and there
is further, though much slower, deterioration in the estimates for GNP

changes in the more distant future quarters. However, substantially more
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accurate forecasts of real GNP changes over longer spans can be made
with the leading index data in other ways.

The simplest procedure is to lengthen the unit period, e.g.,
forecast DLYt from DLIt-l’ where t and t-1 refer to successive
six-month intervals. This works better (but is also less informative)
than forecasting DLY for each of the next two quarters from DLI
data available in the current quarter. Part B of Table 5, which has
exactly the same format as part A but covers semiannual (instead of
quarterly) regressions and predictions, shows results that are still
reasonably satisfactory. The sample period correlations are slightly
higher for the semiannual than for the quarterly data, but the fore-
cast period R2 coefficients are significantly lower (averaging .33
for the semiannual, .50 for the quarterly predictions. The absolute
errors are nearly twice as high (compare lines 31-33 and 12-1k4), but
the relative errors are not much higher (the average U coefficients
are .76 and .66 in lines 34 and 15, respectively). There is again
very little evidence of any bias or inefficiency (lines 35-37).
Finally, here too, the regressions and predictions show a great deal
of stability between the different periods covered.

Errors in Forecasts of Changes and Levels. Taking antilogs of

~ ~

)
the estimated values of DLYt results in ratios Yt+1/Yt for

t=1,2, ..., n time units contained in any of our "forecast periods."
Starting with the actual value of Y for the last quarter of a sample

period (call it Y we use successive multiplication to cumulate

o)

such ratios into a series of the implicit forecasts of real GNP levels;

that is, we compute the series to be labeled Ya as follows:
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The left-hand panel in Figure B illustrates the results for
1972-76 as derived from equation (2) in Table 5, part A (column 3).
In assessing the relationship between the estimated (§a) and the
actual (Y) levels of GNP in 1972 dollars, it is important to remember
that §a represents a 20-quarter simulation based on data for 1948-T1

as summarized in the statistics from a simple regression of Afn Yt on

~ A

Afn T The intercept a and slope coefficient b are called upon

t-1°
to perform a heavy duty, since they are not reestimated but kept con-
stant throughout. Furthermore, one would expect that cumulation of the
predicted changes over a stretch of five turbulent years will result
in a substantial cumulation of the errors as well, causing deviations
from the initial (1971:4) level. Hence, it is not to be presumed that
§a and Y will be closely associated, and they are not. The squared
correlation between the two series i1s .722 and the U coefficient is
very small (.021), but the bias and inefficiency proportions are high
(.100 and .303, respectively) and so are the average errors in billions
of 1972 dollars (RMSE = 25.2, MAE = 22.8, and ME = 8.0). ga under-
estimated Y in 1972 and 1973; it overestimated Y since mid-19ThL,
particularly late in 1974 and early in 1975.

The major part of these errors represents simply the effect of
cumulation of the predicted changes over the 20-quarter period. This
can be demonstrated as follows. The actual values of Yt—l are known

at time t; add fn Y to predicted DLYt for t =1, 2, ..., n to get

t-1

fny_ + ((n‘}2 - [n';'l), foY, + ((n§3 - 1n§2), coees fnY o+ (fn’}n - fngna)
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Note that in this form our change forecasts ([nYt - !nYt_l) are

attached directly to the previous actual values [nY this should

t=1°

reduce the errors due to the cumulation of the Afn ¥ terms. Next

antilogs are taken to obtain the following series which will be

called Yb:
Y (YY) s (Y /Y) s e e Y (X /Y g
Each of the above expressions can also be written as Yf(Yt—l/Yt—l)’

so that this procedure may as well be viewed as adjusting each of

our forecasts for the error in the previous forecast.
~

The right-hand panel in Figure B shows the Yb series corre-
sponding to the Ya series on the left. It is evident from a compar-

~

ison of the two graphs that the YE predictions of real GNP are vastly

superior to the Ya predictions. In contrast to the large underesti-

~ A

mation and overestimation errors of Ya in 1972-73 and 197L-76, Yb

underpredicts Y in 1972 and overpredicts Y in 1974 by relatively

small amounts. The performance of Yb at the 1973 peak, while not

very satisfactory, is much better than the much more sluggish behavior

of Y, (at the 1975 trough both Y, and Y, lag Y Dy one quarter).

Statistics confirm the visual impressions: R2 for the relation

between Yb and Y is .924; U 1is .009 and UB, UI, and UV are

~

.02, .19, and .79, respectively; RMSE = 11.k4, MAE = 9.7, and ME = 1.6
billion 1972 dollars.

In the last test of the same simple model, we compute 20 one-
quarter-ahead forecasts of real GNP from an equal number of regressions

~

of DLYt on DLIt—l' That is, Yl for 1972:1 is based on the regres-
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~

sion for 1948:1-1971:L4, Y2 for 1972:2 on that for 1948:1-1972:1,

A

and so on, ending with Y which refers to 1976:4 and is derived

20

from the regression covering the period 1948:1-1976:3. The coefficients
in the equation DLYt =a+b DLIt—l + ut are thus reestimated for

each of the twenty predictions.

The estimates g vary between .006 and .007; g between .27
and .31; R° between .33 and .L43; and DW Dbetween 1.95 and 2.02; they
are all significant and stable, showing no systematic variation over
time. When the level predictions (let us call the set §c) are cal-
culated from the DLY figures and related to the corresponding actual
values Y, the comparison yields the following measures of absolute
and relative accuracy:

2

R® = .92k RMSE = 11.6 MAE = 9.6 ME

U= .010 UB = .01 UI = .21 UV

1.3

= .77

These statistics are very close to those reported above for the corrected
forecasts from the single regression for 1948-T1 (Yb). The graph
comparing Yc and Y looks almost like a replica of the right-hand
panel in Figure B and is not reproduced here. We conclude that reesti-
mation produces little, if any, gain in this case.

To sum up the story up to this point, the simple bivariate model
linking real GNP to prior values of the leading index suggests a
remarkably stable association, and a close one as economic relationships
go. For predictive purposes, it is at least a good benchmark to be used
for assessments of the results that reputable forecasters get by employ-

ing a variety of complex and comprehensive approaches. Of course,

including other relevant variables and judgment based on experience
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and current observation would improve forecasts with the leading
index; most genuine macropredictions combine many determinants of
general economic activity and are aided by elements of Judgment.

On the negative side, the lags at turning points in 1973 and
1975 stand out. However, it is an implication of first-difference
equations that the predicted levels depend on the lagged levels of
the dependent variable, and this tends to produce lags of this sort.
Regressions of LY (log of real GNP) on the lagged values of LI
(1og of the leading index), having highly autocorrelated residuals,
produce of course much poorer parameter estimates and predictions
than do our regressions of DLY on lagged DLI; but the forecasts from
the latter, unlike those from the former, do not lag behind the actual
values. Further work with monthly data may give better results here,
conforming more to the leads that the index did actually have relative

11

to real GNP.

Improvements and Extensions--Predictive Chains. If the leading

index itself can be reasonably well predicted (say, over the next
quarter), then these predictions, along with the past observations
on the index, can be used to develop forecasts of real GNP for more
than one period ahead. This is a simple application of the device
that has been called the ''chain principle of forecasting."12 Moreover,
it will be shown that the same approach yields improved one-step-ahead
forecasts as well.

Several autoregressive, moving average, and mixed autoregressive-

moving average models were fitted to the leading index, with moderately
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good results.13

Further work with such time-series models, possibly
in combination with regression analysis, is warranted. However, the
best results so far were obtained with models including other vari-
ables in addition to past values of the leading index itself. The
composite of lagging indicators (G) includes several series reflecting
largely the costs of doing business (interest rates, unit labor costs,
inventories, business loans). The inverse of that index, 1/G, tends
to lead other important indicators, including the leaders.lh We
therefore regress DLI on prior values of DLV, i.e., of the quarter-
to-quarter change in fn (1/G), as well as on its own past values
(Table 6). Good results are cbtained simply by relating DLI, to

DLVt_1 and DLI (line L4); the longer lags contribute little or

15

t-1
nothing to the gquality of the 53& estimates (lines 1-3).
Lines 1 and 2 of Table T present regressions of DLYt on DLIt
and DLIt—l and on DLIt-l alone for 1948-71. (These parallel the
results for 1948-T76 reported in Table 5, lines 15 and 13.) Also shown

for the 1948-71 period is the regression of DLIt on DLIt-l and
DLV, (line 3; cf. line 4 in Table 6). This last equation serves as
PN
the basis for the predictions DLIt, 1972-76 (line L4). UNext, the
N

predicted bLIt is used along with the last known value of the same

P
variable, DLI to compute the one-step-ahead forecasts DLY in

t-1’ t

line 5; here the estimates of the constant term and the slope coef-
ficients are taken from the equation in line 1 above, and the eguation

can be written out as

N

(5) DLY, = .006 + .13k (.010 + .421 DLI, , + .Sk DLV, ) + .188 DLT__

t-1 t-1 1
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Finally, two-steps—ahead forecasts are obtained in line 6 by linking

RS N\
DLYt to DLIt—l

N
(6) DLYt = ,006 + .267 (.010 + .421 DLI

which is estimated from line 4. That is, we have
bop * -5kl DLV, ).
The forecasts of real GNP change in the next quarter are improved

2

N
by including the DLIt term in addition to DLI (compare the R

t-1
and error measures in Table T, line 5, with those in Table 5, column 3,
lines 11-19). The forecasts for the second quarter ahead have, of
course, larger errors but are still reasonable in relative terms. Thus
they are far better than the predictions that could be obtained by
relating DLYt directly to DLIt_g. Also, a combination of the fore-
casts for quarters t + 1 and t + 2 (from Table 7, lines 5 and 6) not
only conveys more information but produces smaller average errors than
do the one-step-ahead semiannual forecasts (Table 5, column 3, lines
30-38).

The implicit forecasts of real GNP levels are calculated from the
above forecasts of change by the procedure described in the preceding
section, again in two versions, one unadjusted and the other adjusted
for the effects of cumulation of the predicted changes. The results

for 1972-76 as derived from equation (5) are as follows (Ya, denotes

~

the unadjusted, Yb’ the adjusted forecasts: they are comparable to
the §a and gb series shown in Figure B).
For §a' R2 = 734 RMSE = 25.7 MAE = 23.0 ME = 6.2
U= .021 B = .50 vl=.395 U = .55
For §b,: R% = .928  RMSE = 10.8 MAE = 9.1 ME = 2.0

U = .009 U = .03k Ut = 122 U = .837
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~

These measures indicate that the predictive performance of Ya'

~

and §b' is on the whole better than that of §a and Yb’ respec-
tively, but by small margins. The largest errors still occur in the
same periods, namely in 1974 and in 1975, near the critical turning
points.

Reestimation quarter by quarter yields a series of 20 forecasts

~ ~
Yc' comparable to Yc discussed in the previous section; it again

fails to yield any significent gain.

3.2 Estimation and Prediction of the Coincident Index

Only a few first steps were taken so far to exploit for quanti-
tative forecasting the monthly data on the composite indexes. These
series can be used to update monthly the forecasts of quarterly real
GNP or the forecasts of the quarterly index of coincident indicators;
it is the latter predictions that will be discussed here.16

Qur estimates are again based on first differences in logarithmic
form. Table 8 shows the regressions of DLC on three lagged DLI terms.
The second of these is not significant (column 3) but its retention is
harmless; multicollinearity is clearly present but it does not affect
the predictions. The ﬁe coefficlents are substantially higher here
(column 5) than for the relationships with real GNP changes (see, e.g.,
Table 5, line 5). The DW statistics, however, are low, particularly
for the shortest forecasts, i = 1 (column 6).

P

The assessment of the DLC predictions in lines L-6 is definitely

favorable. The average error measures and U statistics are rela-
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tively low, the R2 and UV statistics relatively high. The indi-

cations are strong that the leading index is more closely assoclated
with the coincident index than with real GNP, and that it predicts the
former variable better than it does the latter. This is consistent with
the cross—-correlograms in Figure A, which peak at one-quarter lead of
DLI vs. DLC but at a point of coincident timing for the relation
between DLI and DLY. It also helps that the regressions for DLC
include two effective DLI, ., +terms {those for DLY included only one,

t-1
DLIt_l) .

The updating, which shortens the measured lead 1 from 3 to 1
months, reduces the average forecast errors and increases the correlation
between the actual values DLC and the predicted values 526 (lines
4-6). The improvement in the forecast so achieved is not large, how-
ever, considering the costs in terms of the rather drastic reduction
in the effective span of the predictions. The quarter-shead (i = 3)
forecasts are already quite good and virtually free of any‘systematic
errors (line k).

The predicted changes in the log of the coincident index, 655,
are converted into level forecasts, 6, by procedures that were
described before in the section on the estimates for real GNP. Figure C
shows the results for the one-quarter-shead predictions derived from
the equation in Table 8, line 1. It parallels Figure B: again, the
panel on the left represents unadjusted forecasts, that on the right

represents forecasts adjusted to reduce the cumulation errors (Ca

~

and Cb’ respectively). The measures of predictive performance are
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for ca: R2 = .910 RMSE = 2.6 MAE = 2.2 ME = -2.0
U= .021 B = 628 ul=.035 U’ =.338
for cb: 32 = .939 RMSE = 1.5 MAE = 1.1 ME = ~.06
U= .012 U’B = ,001 Ut = .28k o o= .T713

It is rather remarkable that Ca agrees perfectly with C in
direction of each gquarterly movement; Turthermore, the two series have
about equal amplitudes of cyclical rises (in 1972-73 and 1975-76) and

declines (in 1975-76). However, it is clear that Ca strongly under-

N

predicts the levels of C. This bias is completely eliminated in Cb .

On the other hand, regression of C on Ca yields a slope coefficient

~

of .91 and regression of C on C one of .86; the fraction of error

b
due to the divergence of these coefficients from unity (UI) is con-
siderably larger for Cb than for Ca . There are some directional

~

errors in Cb near the 1973 peak, but the quantitative errors involved
are relatively small. These are the costs of the correction which, let
us recall, makes use of the lagged values of the predicted variable

(here Ct—l) but they are small compared to the benefits. Certainly

~

there are good reasons to conclude that the overall accuracy of Cb

is quite satisfactory.

L. SUMMARY

An objective and rather elaborate evaluation leads to the con-
clusion that the leading composite index is a valuable, but not fool-

proof, tool for predicting both the degree and directicn of changes in
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aggregate economic activity. There was not a single episode in the
postwar period when the index failed to provide early warning of
major downturns in economic activity. Although the index also indi-
cated the advent of all major upturns in economic activity, in
two-thirds of these upturns it failed to provide early warning.

One disadvantage of the leading composite index, however, is
its extreme sensitivity to random or short-lived changes in economic
movements. As a consequence, the composite index evidenced several
"extra" cycles, that is, it gave indications of changes in direction
in aggregate economic activity which were not followed by cyclical
episodes in GNP or the coincident index. In some cases, however,
these extra cycles corresponded to periods of growth retardation in
aggregate activity.

Devices for smoothing the monthly movements in the leading index,
such as measuring changes over a six~ rather than a one-month span,
while cutting down somewhat on the length of the "early warning" of
impending turning points, provide effective mechanisms for minimizing
the number of false signals. There was not a single episode during
the entire postwar period when the leading index failed to provide at
least two months early warning of cyclical downturns and the mean
warning was almost six months. Moreover, when smoothed in this manner
there were only two episodes in the entire postwar period, and none in
the last ten years, when the index signaled a downturn of even a single
month which was not followed either by sustained periods of actual
decline in economic activity or by episodes of marked retardation in

its rate of growth.
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The evidence examined in this paper indicates that the leading
composite index has a good performance record not only in predicting
major turning points, but also in forecasting all quarterly changes
in aggregate economic activity. Its record as a predictor of quarterly
changes in the coincident index and real GNP is remarkably stable and
favorable in comparison with the corresponding goodness-of-fit sta-~
tistics. The predictive performance of the leading index is particu-
larly good when the coincident index is used as a measure of aggregate
economic activity.

The leading index model for predicting changes in the coincident
index and real GNP one quarter ahead is considerably superior to auto-
regressive schemes which relate change of the dependent variable in the
current quarter to change in this variable one quarter earlier. 1In the
case of GNP, for example, such a scheme explains only about 18 percent
of the variance in the quarterly changes during the postwar period
1948-1976 as compared to a 39 percent when the previous quarter's
movement in the leading index is used as the single explanatory variable.

The introduction of additional changes in the leading index (those
of two and three quarters earlier) adds only marginally to the ability
of the regression equation to explain (or forecast) changes in quar-
terly GNP but considerably improves the ability of the regression
equation to predict changes in the coincident index.

If attempts are made to lengthen the forecast period, that is to
explain changes in aggregate economic activity two-, three-, and four-

quarters ahead, the predictive performance of the leading composite
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index deteriorates considerably. A more effective method for
extending the forecast period is by employing the chain principle.
Under such a procedure, quarterly changes in the lagging index
(inverted) for Qt are used to forecast changes in the leading
index in quarter Qt+1 which in turn are used to forecast changes

in real GNP (or the coincident index) in Q4o Use of the chain
principle not only improves the predictive ability of the leading
index in two-quarter-ahead forecasts, but also substantially improves
its ability to forecast one quarter ahead. Forecast models which
employ actual changes in the leading index for the prior quarter.
along with predicted changes in this index for the given quarter con-
siderably increase the predictive power of the equations.

Despite the relatively favorable findings resulting from this
study, many questions remain to be answered by further research efforts.
These call for attempts to devise more effective methods of using indi-
cator data in longer-span and multiple-period forecasting; for exami-
nation of how changes in real GNP are related to changes in the
coincident index; and for a study of ways to combine the information
from the indicator system with other tools so as to produce more
accurate foreacasts. On the strength of the results reported in this

paper, such future studies appear to be well justified.
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Cycle Turning Points Based on Criterion
of Change in Direction of 3 Consecutive Months or More

(measured over 1 month span)

P(Peak)

Timing of Leading Index in Relation
L

T(Trough) Leading Reference Coincident Reference Turns in
Index Turns Index Turns Coincident Index

P a/ 11/48 10/48
T 6/49 10/49 10/49 -4 , -4
P 8/50 {extra extra
T 11/51
P 3/53 7/53 5/53 -4 -2
T 11/53 5/54 8/54 -6 -9
P 9/55 {extra {extra
T 6/56
p 11/56 8/57 2/57 . =9 «3
T 1/58 4/58 4/58 3 3
P 5/59 4/60 6/59 -11 -1
T 6/60 10/59 { exctrat ( et
P 9/60 1/60 :
T 12/60 - 2/61 2/61 -2 -2
P 3/62 {extra* {extra*
T 6/62
P 3/66 {extra {extra
T 12/66
P 4/69 12/69 10/69 -8 -6
T 19/70 11/70 2/71 n] -4
P 6/73 11/73 11/73 -5 ~5
T 2/75 3/75 3/75 -1 -1

episodes of

*Involves phases of only 3 months duration.

8The leading index declined almost continuously in 1948 and showed no

"reversal of direction” lasting at least three months; it was
therefore not possible to identify a cyclical t
rule. ’

urning point under our "3 month
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Table 2. Cycle Turning Points Based on Criterion
of Change in Direction of a Single Month
(measured over 6 month span)

Timing of Leading Index in Relation
de)

P (Peak)
T(Trough) Leading  Reference Coincident®  Reference Turns in
Index Turns Index Turns Coincident Index
P b/ 11/48 11/48
T 7/49 10/49 12/49 -3 -5
P 12/50 6/51 {FXtra -6
T 11/51 12/51 -1
2 5/53 7/53 7/53 -2 -2
T 3/54 5/54 9/54 -2 -6
P 12/55 {extra {extra
T 10/56 ,
P 1/57 8/57 3/57 - -2
T 4/58 4/58 7/58 0 -3
P 8/59 4/60 8/59 -8 0
T 8/60 11/59 {%xtra* {extra*
P 10/60 5/60
T 2/61 2/61 4/61 0. -2
P 4/62 {extra {extra
T 10/62
P 6/ 66 { extra {extra
T 2/67
12 5/69 12/69 12/69 -7 -7
T 8/70 11/70 3/71 -3 -7
2 7/73 11/73 12/73 -4 -5
T 5/75 3/75 7/75 +2 -2

*Involves phase of only two months duration.

%The coincident index shows three episodes of change in direction of a single
month's duration in addition to the cycles shown.

bNo cyclical peak in the leading index could be identified because data on
changes measured over a six-month span were not available prior to July 1948,
(The July 1948 and subsequent changes during the year were all negative.)

Note: The cyclical turning points are determined from changes measured over
a 'six-month span and thus are not necessarily the same as those measured gver a
one-month span.
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TABIE 4

CHANGES IN REAL GNP RELATED TO CORRESFONDING CHANGES
IN THE COMPOSITE INDEX OF LEADING INCICATORS,
IOGARITHMIC FORM, QUARTERLY, 1948-76

Regression Coefficients of R2
Constant: 4 o
Line Term DLI, DLI, , DLI, , DLI, -3 DLY, (R7) oW SEE
(1) (2) (3) (%) (5) (6) (7) (8) (9)
1 .006 .286 .397 1.57 .00%0
2 .005 25 .182 2.02 .0105
(3.95) (4.99)
3 .00k .256 .300 48L 2.39 .008%
(k.04) (8.06) (4.30)  (.479)
L .006 .283 .389 2.02 .0090
(7.23) (8.45) o
5 .006 267 .058 .391 2.11 .0051
(5.58) (6.18) (.61) (.386)
6 .006 192 173 .506 1.86 .0082
(6.75) (4.94%) (4.51) (.502)
7 .05 .23 .otk .123 | S¥6 197 L0079
(6.271) (5.9) (1.51) (3.12) (.538)
8  .005 .239 .103 .0k7 .095 571 2.00  .0078
(5.80) (6.15) (2.09) (.96) (2.46) (.559)
9 .006 .289 -.024 .082 A419 2.03 .0090
(6.37) (6.47) (A44)  (1.8%) (.408)
NOTE: Figures in parentheses underneath the entries in columns 1-6 are t-statistics

 (with signs omitted) for the corresponding least-squares estimates of constant

terms and regression coefficients. R2 is the squared correlation coefficient;

& (in parentheses, given only where k > 1 so 5 £ R2) is the R

=2

corrected for the number of degrees of freedom; i.e., R =1 = (l--Rz)E--"—-l

-k’
where n is the number of observations and k is the number of independent
variables. DW is the Durbin-Watson statistic. SEE is the standard error
of estimate. n = 114 for lines 1-6, 10-15; n = 112 for each of the
remaining ecquations.

DILY = quarter-to-quarter change in the natural logarithm of GNP in 1972 dollars.

DLI

quarter-to-quarter change in the natural logarithm of the composite index
of leading indicators.
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TABLE 5

RATE OF CHANGE IN REAL GNP (DLY) REIATED TO THE PRIOR RATE OF CHANGE
IN THE COMPOSITE INDEX OF LEADING INDICATCRS (DLI)
Regression Estimates and Forecasts for Different Periods

A. Quarterly, 1948-1976

Estimates for Sample Periods

Line  Stati stic® 1948-69  1948-70  1948-T1l 1948-72  1948-73  1948-Th

(1) (2) (3) (%) (5) (6)
(1) DY, = a + bDLI_ _, + 4,
1 i .007 .007 .CO7 007 .007 .006
2 ty 6.75 6.65 6.77 7.10 7.22 6.77
3 ) 271 216 .268 272 27k .296
% ty 6.66 6.88 6.77 7.02 7.19 8.03
5 R .348 .352 .335 .32 .343 .385
6 F{1/(n-2)] 4.k 47.3 45.8 49.3 51.7 64.5
7 W 1.9k 1.91 2.01 2.00 2.01 1.97
8 zag .007 .007 .007 .007 .007 .08
9 SEE .009 ".009 .009 .009 .009 .009
10 n & 89 93 97 101 105
Estimates for Forecast Pericds
Statistic® 1970-76  1971-76  1972-76  1973-75 197hk-76  1575-76
(2) DLY, = & + B DII,
11 ;0 L82 Lol .551 522 519 456
12 RMSE .009 .009 .010 .010 011 - .01l
13 MAE .008 .008 .008 .009 .010 .CC9
14 ME .002 .00L .CoL Nelok! .003 -.cC1
15 u .668 .625 619 .697 .718 .653
16 yd .05 .016 .016 - 077 .C87 .010
17 ul .010 .06 .030 .0C8 .003 .05k
18 uv .939 .978 .953 .915 .210 .936

19 n 28 2h 20 16 12 8
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TABIE 5
(continued)
B. Semiannual, 1948-1976
Estimates for Sample Periods

line statistic® 1948-69  1948-70  1948-71 1948-72  1948-73 19487k

(1) (2) (3) (%) (5) (¢)

(1) DLYt =a + bDLIt_l +uy

20 a .01k .01k 014 LO0lk 01k 012

21 ty 5.99 6.06 6.18 6.46 6.46 5.01
22 1 .270 281 .273 277 277 .301

23 ty k.92 5.32 5.28 5.47 5.54 5.92
2l 1:G3 .383 108 39k . .39 .395 137

"25  F[1/(n-2)] 2k.2 28.3 27.9 29.9 30.7 35.0

26 W 1.92 1.90 1.88 1.54 1.92 1.77
27 2&% .007 .008 .008 .008 .008 .009
28 SEE .01k .01k .013 .013 .013 .01l

29 n b1 43 Ls L7 4g 51

‘ Estimates for Forecast Periods
Statisticb 1976-76 1971-76 41972-76 1973-76  197L-76  1975-76
(2) I)/I'E.’t =a + EDLIt-l '

30 R° .375 L34S .366 .318 .260 .299
31 RMSE .017 .018 .019 021 .023 .C23
32 MAE 01k 01k .015 .017 .019 .017
33 ME ook .003 .003 .006 .005 -.005
3L U .T709 .688 69T .810 .880 780
3 U3 - .CEL .02% .C18 LOT1 Ren ohg
36 vl .0002 .006 0002 .010 .021 .059
37 w .936 .965 .582 .919 .922 .852

n -1k 12 10 8 6 L
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Notes to Table 5

5/5. and b are least squares estimates of the parameters a and b in

equation (1) DLY, = & + b DLI, ,; + U, where DLY = Alog RGNP and DLI =

Alog CIL (RGNP = GNP in 1972 dollars, CIL = composite index of leading
indicators, 1967 = 100); ta and tb are t-statistics for a and ﬁ,
respectively; R2 is the squared coefficient of correlation between DLYt

and DLIt-l;

sion sum of squares) to the "unexplained" variance, with 1 and n-2 degrees
of freedom in the numerator and denominator, respectively;

F is the ratio of the "explained" variation in DLY (regres-

T T
W= £ (4, -u )2/ Z ﬁ.% is the Durbin-Watson statistic:
=2 t 17 Ty

Zﬁt =z (]ZJ]‘..Yt -4-% DLIt-l)a is the sum of squared residuals (estimated

error terms); SEE = 82 = £3%/(n-2) is the standard error of estimate
(s.e. of the regression); and n is the number of observations
(quarterly in line 10, semiannual in line 29).

E/Rz is the squared correlation coefficient between the predicted values

P, = D/I?It and the actual values At = DLYt. Forecast D/I'..\Yt is based on

equation (2) in which 4 and © are taken at values estimated from the
corresponding equation (1) and shown in the same column (lines 1 and 3 for
the quarterly, lines 20 and 22 for the semiannual estimates).

RMSE = %Ze where e, = Pt - At is the root mean square error
of the forecast; MAE = I}I-Elet! is the mean absolute error; ME = I:l-l'-).':et

is the mean error. U is Theil's inequality coefficient defined as

¥z e2/2 (AA)2, where the summations are over the n aquarterly periods

covered (see line 1G) and M = At - At-l' Decomposition of the mean square
1. 2

error yields MSE = ZZe” = (13-.1)2 + (sP-sA)2 +2(1-7)SpS, =B+ I+,
where P, A, Sp and S, are the means and standard deviations of the
time series P (here ]ﬁt) and A (here DIY, ), respectively, and T
is their correlation coefficient. UB = B/MSE, UI = I/MSE, and UV = V/MSE

are the fractions of MSE due to bias, inefficiency, and residual variation,
respectively.
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TABIE 6

REGRESSIONS OF CHANGES IN THE COMPOSITE INDEX OF LEADING
INDICATORS ON LAGGED CHANGES IN THE SAME INDEX AND
IN THE INVERTED INDEX OF IAGGING INDICATIORS,
IOGARTTHMIC FORM, QUARTERLY, 1948-76

Regression Coefflcients of R?
Constant )
Line Term DLIt-l DLIt_2 DLIt_3 DLVt-l DI;Vt_2 (R™) W SEE

(1) (2) (3) (&) (5) (6) (7) (8) (9)

1 .009 .517 -.195 .126 Lks .069 557 1.97 .0172
(4.32) (5.22) (1.53) (1.35) (3.35) (.50) (.5%0)

2 .008 .52k -.162 .115 1493 .556 2.00 L0171
(3.51) (5.35) (1.50) (1.27)  (5.36) (.543)

3 .009 509 -.091 JAs52 . .5k9 1.98 0172
(3.55) (5.22) (.98) (5.22) (.541)

4 .C09 RIVE 496 .545 1.88 L0172
(4.68) (6.49) (6.67) (.541) '

NOTE: DLI = quarter-to-guarter change in the natural logarithm of the composite index

of leading indicators. DI.It is the dependent variable.

DLV = quarter-to-quarter change in the natural logarithm of 1/G, the inverse
of the composite index of lagging indicators. (G, like I, is an index,
1967 = 100, seasonally adjusted, monthly rate.)

The number of observations (n) is 112 for each equation.

For other explanations, see notes to Table 4,
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TABIE 7
SAMPIE-PERIOD REGRESSIONS AND FORECAST-PERIOD

ESTIMATES FOR DLY AND DLT, QUARTERLY,
1948-71 AND 1972-76

A. Regressions, 1948-71%

006 + .134 DLs

(1) DLY = + .188 DLI_ , +u
Tt T (6s6)  (2.8k) ¢ (3.98) b tF
7 = .382 W= 1.8 SEE = .0086
(2) DLY = .006 + .267 DLI_ . +u
b (6.89) (6.19) =
82 = .334 DW = 2.01 SEE = .0089
(3) DLI, = .010 + .42l DLI, . + .54 DIV, , +u
E o (h6k) (5.38) 8 (5.7s) o F
&2 = .520 W = 1.93 SEE = .016L
B. Predictions, 1972-76b
~\
(4) DLI, = .010 + .k21 DLT . + Sk DIV, .
R = .619 EMSE = .020 MAE = .016 ME = .00k
U= .626 UB = .0ko vt = .ook UV = .955
(5) DLy, = .006 + .13 DLI, + .188 DLT,
32 = .616 EMSE = .009 MAE = .007 ME = .002
U= .58 wY=.031 ul=.08 U =.923.
”\ PaN
(6) DLy, = .006 + .267 DLI, ,
R = .3'1+7 RMSE = .01l  MAE = .010 ME = .002
U= .Tké UJ3 = .039 Ut = .008 v’ = .953

aFigures in parentheses are t-statistics. See also notes to Table 4,

bSee text and Table 5, note b, for explanations.

gk

20

20
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TABLE 8

CHANGES IN THE COMPOSITE INDEX OF COINCIDENT INDICATORS (DIC)
RELATED TO PRIOR CHANGES IN THE COMPOSITE INDEX OF LEADING INDICATORS (DLI),
SAMPIE-PERIOD REGRESSIONS AND FORECAST-PERIOD ESTIMATES, 1948-71 AND 1972-76

Lag of DIC Estimates for Sample Period 1948-71P
R;%::tV;LEO Co;::;nt Regression Cc2fficients N RE
Line Te:m a by b, b, (%) W SEE
: @ 3 w6y B () (8)
1 3 months .0013 .556 .002 .292 546 1,8k 0146
(.75)  (6.52)  (.01) (3.k2) (.536)
2 2 months .0ook 624 -.079 .394 .637 1.62 .0131
(.27) (7.88) (.80) (5.00) (.629)
3 1 month .0004 514 .053 .366 627 1.48 .0133
(.23) (6.79) (.58) (4.89)~ (.619)
Estimates for Forecast Period 1972-76¢
R® RMSE MAE ME U uB vl uVv
4 3 months 717 .013 .009 -.0007 .?-h- .003 .009 .588
[ 20 )
5 2 months 797 011 . 009 -.001 fgza_; .01% .025 .96C
6 1 month . .81k .010 .008 -.001 21~ .019 .02l .G60
427

a'Measu:r‘ed between the midpoints of the quarterly terms DLCt and DLI_ ..

b . R
Based on regression equation

DL.Ct = a + bl DLIt-i + 'b2 DLIt-i-3 + b3 DLIt-i-é + ut .

Figures in parentheses are t-statistics for the corresponding estimates of constant term
and regression coefficients. The number of observations n = S2. For other explanation

see notes to Table 4.

‘/\ .
cRefer to the prediections DLCt derived from the equation given in note b above. See

Table 5, note b, for explanation of the symbols.
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AND THE COINCIDENT INDEX AND REAL GROSS NATIONAL PRODUCT
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Notes to Figure A

DI -~ change
DLT -~ change

DC -- change
DCI -— change
DY -- change

DLY -- change

in
in
in
in
in
in

the leading index

the logarithm of the leading index
the coincident index

the logarithm of the coincident index
real GNP

the logarithm of real GNP

- refers to leads, + to lags of DI (DLI) relative to DC

relative to

DY

(DLY).

(DLC) or
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FIGURE B

REAL GNP FREDICTIONS RASED ON THE COMPOSITE INDEX

OF LEADING INDICATORS, QUARTERLY, 1972-76
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FIGURE ¢

COINCIDENT INDEX PREDICTIONS RASED CON THE COMPOSITE INDEX
OF LEADING INDICATORS, QUARTERLY, 1972-76
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Footnotes
* Indicators are likely to prove most useful when combined with
other informational tools. Indeed, the evidence of forecasters'
behavior and performance supports that view not only for the cyclical
indicators but for other economic forecasting technigues as well.
See, e.g., V. Zarnowitz, "How Accurate Have the Forecasts Been?" and
other essays in W. F. Butler, R. A. Kavesh, and R. B. Platt, Methods

and Techniques of Business Forecasting, Prentice-Hall, Englewocd

Cliffs, N.J., 197k.
2 For the current concepts, data, and techniques used in the
construction of the indexes, see V. Zarnowitz and C. Boschan,

"Cyclical Indicators: An Evaluation and New Leading Indexes,"

Business Conditions Digest, May 1975, and "New Composite Indexes of

Coincident and Lagging Indexes," Business Conditions Digest, November

1975; also, the revised edition issue of Business Conditions Digest,

November 1976, and U.S. Department of Commerce, Dureau of Economic

Analysis, Handbook of Cyclical Indicators: A Supplement to the

Business Conditions Digest, May 1977.

3 Arthur F. Burns and Wesley C. Mitchell, Measuring Business

Cycles, National Bureau of Economic Research, Inc., New York, 19L47.
Although there was one extra cycle in the coincident index under

the three consecutive month rule (October 1959-January 1960), it

reflected a long steel strike and the extra cycle in the leading index

did not match it.
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2 According to a reference chronology for "growth cycles”
established by the National Bureau of Economic Research (see V.
Zarnowitz and G. H. Moore, "The Recession and Recovery of 1973-

1976," Explorations in Economic Research, vol. 4., no. L, Fall

1977), there were eight complete growth cycles in the 1948-1973
period; five of these cycles correspond to the business cycle,
although they tend to show earlier timing at peaks.

6 Under such a procedure, the change for, say, June 1960
represents a comparison of the June 1960 index level with that of
December 1959.

T These turns were identified by applying a rule requiring
change of direction of at least two months with the changes mea-
sured over a six-month span. If the rule were relaxed to include
changes of only one-month duration, 16 turning points would have
been identified.

8 The primary reason for this improved performance is the
fact that turning points in the coincident index selected on the
basis of changes measured over a six-month span are consistently
later than those szelected on the basis of changes measured over a
one-month span. This fact is readily observable from a comparison
of the dates listed in Tables 1 and 2.

9

See Henri Theil, Applied Economic Forecasting, Rand McNally,

Chicago, 1966, p. 28. The formula is U = Vie?//TAA?. Previocusly,

in his Economic Forecasts and Poliecy, North-Holland, Amsterdam, 1958,

D. 32, Theil had a different definition of the inequality coefficlient
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(call it U'), namely vZe?/(VIAAZ+/IAP?). The formula for U' was
incorporated in the computer program which we used in "How Good Are

the Leading Indicators," 1977 Proceedings of Business and Economic

Statistics Section, American Statistical Association, Washington, D.C.

Regrettably, there the results were mistakenly interpreted as
representing U.

10 For example, the U coefficients for the "early quarter"
forecasts——from the ASA-NBER surveys and the Wharton, DRI and Chase
models--are all close to .5 (they vary from .47 to .51) for the
1970:3 to 1975:4 period; see Stephen K. McNees, "An Evaluation of

Economic Forecasts: Extension and Update," New England Economic

Review, September/October 1976, p. 32. The margins of advantage
relative to the measures in Table 5, line 15, thus appear to be small,
particularly when one considers that the indicator predictions are
much simpler and less costly to make than the others. Of course,
the differences between the forecasts are such that comparisons of
this kind are inevitably very crude. A more interesting question,
to be left for future research, concerns the possible gains from
combining the indicator forecasts with the others: to what extent
are the methods complementary so that the combination would result
in more accurate composite predictions?

11 The index reached a peak in June 1973 (or 1973:2 on quarterly
basis), that is, two quarters ahead of the peak in real GNP. The
subsequent decline, while initially moderate, was continuous and so

would have provided an advance warning to a current observer willing
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to rely on a sequence of several signals from the monthly index data.
In 1975, the leading index had a trough in February, real GNP in the
first quarter, a more nearly coincident timing.

12 See Herman Wold, "Forecasting by the Chain Principle” in

H. Wold, ed., Econometric Model Building: FEssays on the Causal Chain

Approach, Amsterdam, North-Holland Publishing Company, 1964, pp. 5-36.
13 por example, a second-order autoregressive model (2, 1, 0)
applied to the first differences of monthly, seasonally adjusted data

for 1948-75, works fairly well, as suggested by the following results:

DI, = .524 DI + ,168 DI + .058 + ¢ n = 335
v gi72) 1 o(3i11) T2 (i) F
_2 K ~p
R = .408 ; Q=n & r-=18.5, 33.3, 48.7 for K = 12, 24, 36 lags,
j=1
respectively (rl s eve s T denote the first K residual auto-

correlations); the corresponding P wvalues (significance levels of Q
. 2 . . .

according to X~ distribution) are .O4T, .058, and .049, On the

techniques of analyzing time series as discrete linear stochastic

processes, see G. E. P. Box and G. M. Jenkins, Time Series Analysis,

San Francisco, Holden-Day, Inc., 1970.

1k See V. Zarnowitz and C. Boschan, "New Composite Indexes of
Coincident and Lagging Indicators," BCD, November 1976, pp. XV-XVIII.

15 An alternative to 1/G 1is the ratio of the coincident to the
lagging index C/G (also discussed in the BCD article cited in note 13),
but we find the former preferable to the latter series in the present
context.

16 Prediction of monthly values of the coincident index is, of

course, also possible, but it appears to us both less promising and

less interesting.



