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D o e s  t h e  L e a d in g  In d e x  P r e d ic t  in  R e a l  T im e ?

This papcr finds that the U.S. Index of Leading Economic Indicators (LEI) improvcs 
real-time out-of-sample forecasts of economic growth ovcr periods from 1 to 9 months 
ahead. This is in contrast to earlier work that found the LEI failed whcn the analysis 
shifted beyond historical fitting exercises within the sample. Our results indicate that 
ehanges in the components of the leading index are linked to structural and institutional 
ehanges and improve real-time forecasts.

1. Introduction

In an important paper, Diebold and Rudebusch (1991) find that, in spite of good 
performance in post-revision historical versions, the U.S. Index of Leading Economic 
Indicators (LEI) fails to improve predictions of industrial production in real time out- 
of-sample tests. It is a short step to the inference that the LEI fails as a forecast tool in 
real-time because its components are ad hoc, chosen to ensurc that the index closely 
fits historical ehanges in measures of economic activity. From this many conclude that 
the ability of the LEI to track the economy on a current basis is limited at best.

In sharp contrast, recent work (McGuckin, Ozyildirim and Zarnowitz, 2003) finds 
that the leading index improves real-time out-of-sample forecasts of growth rates in the 
U.S. economy. While these results are not directly comparable to those of Diebold and 
Rudebusch where the basie forecasting model involved monthly levels and first 
differences, the recent tests arc morę in the spirit of the indicator approach. Rather than 
estimating levels of industrial production from an autoregressive model with LEI terms 
appended, the tests are formulated in terms of growth in the LEI and the target 
variable, the U.S. Index of Coincident Economic Indicators or current conditions 
index, CCI.

This paper revisils the issue of real-time performance of the LEI. But in contrast to 
both earlier papers, we compare the forecast performance of the published LEI with a 
composition constant version of the index. Diebold and Rudebusch, correctly in our 
view, used the “as published” values of the LEI available to the forecaster in their tests. 
In contrast, McGuckin, Ozyildirim and Zarnowitz conducted their analysis holding the 
composition of the LEI constant. Constant-composition versions of the LEI have the 
disadvantage of bcing a reconstruction of history, and this is not in the spirit of most *
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real-time tests. While this procedurę puts the indexes on a strictly consistent and 
comparablc basis over time and is acceptable for some issues, it is not acceptable for 
evaluating the practical value of the LEI.1

We ftnd that the leading index significantly improves forecasts of economic growth 
across a broad rangę of models and the gains are observed for the “as published” or 
composition changing version of the indcx. Moreover, forecasts during the 1989-2002 
period do not show improvemcnt when a reconstructed LEI using the 1989 
composition is used for the period after the composition of the indcx was most recently 
changed (1996). This demonstrates that the change in components improved real-time 
out of sample forecasts.

The paper is organised as follows. Section 2 describcs the structure of the 
underlying data and the testing methodology. The purposc is to see how well the 
leading index predicts growth in the economy, measured by The Conference Board’s 
current conditions index (CCI). Section 3 reports our findings. Section 4 offers 
concluding comments.

2. Methodology and data

In order to assess the ability of the LEI to forecast movements in the economy in real 
time, a series of out-of-sample forecasts is constructed using the same forecast model. 
Forecast regressions all have the same structure for each data vintage and the model is 
repeated with variations in forecast horizons, spans over which growth is measured in 
estimating cąuation and lags of the forecast variables. The seąuence of forecast errors 
from these regressions is summarised by the mean squarc error (MSE) bascd on 
differences betwecn the forecast and the historical values of the corresponding actual 
growth rates in the target cconomy-wide aggregate. Thus, historical values of the target 
yariable are taken to be the “truth,” sińce most revisions have already been madę.

We begin by replicating tests with the “as published” LEI, but we expand the period 
of examination to cover the last two recessions. Thus we extend the sample from 1989 
to 2002. In all cascs we use the following standard for our tests: LEI should improve 
on simple autoregressive forecasts for the monthly measure of aggregate activity.

We then extend the analysis by comparing these “as published” results with those 
based on reconstructed LEI vintages which maintain the same composition for the 
index. First, we use the set of indicators employed to calculate the published LEI from 
1989 untill996 in forecasts over the entire period. Sccond, the same exercises are 
undertaken with indexes constructed on the basis of the latest composition in place 
sińce 1996. Using these reconstructed indexes, we can ascertain how well the new
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1 The constant composition procedurę was used to evaluate the gains from new imputation 
procedures designed to improve the timeliness of the leading index.

MSE = — > where n is the number of out of sample forecasts. Because e, are very
n 7Ś '

smali, we report MSE x 105 in the lables.
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index “works” in the earlier period and how well the old index works in the later 
period.

Then, we undertake forecasting exercises for two subperiods, 1989-1996 and 1996- 
2002.3 The overall period includes two recessions and two vcry different LEI 
compositions. By directly comparing the historical and real-time forecasts of the 
composition-constant and composition-varying (“as published”) indexes, we are able to 
control all factors -  methodology, timing, etc. -  that could affect forecast performance. 
This allows us to isolate the effect of the LEI composition change in 1996.

Most important, these forecasting exercises provide a comparison of the historical 
and real-time forecasts prior to the change in composition. If the effect of the change in 
composition was to improve the historical (ex-post) fit, this should manifest itself in 
improved forecasts with historical data.

The Coincident Index as a forecast target
The leading index is widely used to forecast ehanges in the direction of aggregate 
economic activity and in particular business cycle tuming points. The reference 
chronologies of the latter are determined historically by the National Bureau of 
Economic Research (NBER). In this task, NBER relies to a large extent on four 
principal coincident indicators: non-farm employment, real personal income less 
transfers, real manufacturing and tradc sales, and industrial production (IP). The same 
four indicators make up The Conference Board’s Index of Coincident Economic 
Indicators or the current conditions index (CCI).

The close correspondence between the timing of CCI and the chronology of U.S. 
expansions and contractions illustrated in Chart 1 shows that business cycle peaks and 
troughs are well approximated by the dates of peaks and troughs in the CCI. Chart 1 
also demonstrates that CCI and real GDP are very closely associated. (Simple 
corrclation between the two is 0.997 in levels and 0.804 in quarterly growth rales.)

While highly correlated with real GDP, CCI has several advantagcs over GDP as a 
target measure for testing the new composite leading economic index. The linkage to 
the cyclical tuming points is closer for CCI than GDP (see Zarnowitz, 2001). One 
advantage of the CCI is that, unlike GDP, which is only availablc ąuarterly, it is 
available monthly.4 Another advantage of CCI is that the index includes both the 
output and income side of the circular flow. While in equilibrium these should equal, 
in practice they can move in different directions for cxtended periods. The four 
components of CCI cover all economic activities that are important for business cycle 
analysis: two series represent the production or output side of the circular flow, IP and 
manufacturing and trade sales, and two series represent the income or input side, non- 
farm employment and personal income.

3 While one mighl like to look at additional compositions, this sample is sufficient for our 
purposes. As a practical matter, this is the only such comparison that is permitted by the 
(currently) available data.

4 The problems with using quarterly GDP are among the main reasons why many studies 
use IP as the target variable.
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Chart 1: U.S. Current Conditions lndex(CCI) and Real GDP 
January 1959 - August 2002

The latest shading relates to the recession of 2001 and is dated according to the cyclical contraction of the CCI.

It’s worth noting that for CCI we use historical data so this target variable remains 
the same over all vintages and forecast models. Here we follow the common practice 
requiring the forecaster to use preliminary estimates to predict data incorporating 
futurę revisions in the target variable. This allows a comparison of our results to those 
of other studies that pursue the same strategy. The revised data are believed to be 
eloser to the truth.

The Leading Index
There is much variation among business cycles in duration and magnitude, causes and 
conscąuences. The contributions of specific factors differ over time. This helps to 
explain why composite indexes gencrally work better over time than do their 
individual components (different indicators sclcctcd for the best past performance). 
The leading index, for example, represents better the multi-causal, multi-factor naturę 
of economic movements than does each of its components: the average workweek, 
initial claims for unemployment insurance, new investment commitments (orders,
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contracts, housing pcrmits), real money supply, yicld spread, stock prices, and 
consumer expectations.5

The long history of the leading and coincident indexes has been punctuatcd from 
time to time by ehanges in the composition of these indexes and their technical 
properties. The first list of leading indicators dates back to Mitchell and Burns (1938). 
This original list underwent major revisions six times, documented in Moore (1950), 
Moore (1961), Moore and Shiskin (1967), Zarnowitz and Boschan (1975), Hcrtzberg 
and Bcckman (1989), and The Conference Board (2001). The U.S. Commerce 
Department also madę other ehanges on a smaller scalę from time to time. The 
majority of these revisions reflect improvements in the ąuality of statistics available at 
the time.

Drawing on early work by Zarnowitz (1992), recent work by Klein (1999), and 
personal experience, we find little evidence that composition ehanges in the LEI are 
associated with ad hoc data fitting exercises. In fact, data availability, deteriorating 
data ąuality, and new research fmdings reflecting structural and policy ehanges appear 
to be the key factors involved in choosing indicators. Indeed, the composition of the 
LEI in terms of economics concepts or areas covered has remained fairly constant 
throughout its long history.

Nonetheless, produccrs of cyclical indicators must be sensitive to the effects of real 
ehanges in the economy’s structure, institutions, and policies. Thus, new series have 
been added when accumulaling evidence suggested strong cyclical performance ahead 
of rccessions. A good example is the addition of real money supply to LEI in the 1973- 
75 review and benchmarking. Another is the addition of the yield spread by TCB in 
1996. This reflected the usefulness of this variable in forecasting and the recognition of 
the growing importance of Fed policy operations that worked through ehanges in short- 
term interest rates.

Nonetheless, it is also true that indicator series are classified into those that are 
leading, lagging and coincident with economic activity, based largely on past 
performance in addition to economic theory. Thus, it is impossible to completely rule 
out the hypothesis that the indexes are constmctcd simply to fit the historical evidence. 
Moreover, sińce new indicators are often closely related to the series they replace, the 
possibility of selection bias and overf!tting cannot be dismissed out of hand (Sims, 
1994). Thus, a key issue remains, does the LEI improve forecasts and how does it work 
in real-time out-of-sample tests?

The forecast models
The forecast regression models are specificd as ehanges in natural logarithms for both 
the coincident index and the leading indexes. This is done in order to avoid spuriously

5 The monthly change in the LEI is the sum of the contributions from each component. As 
such, the index summarizes the cyclical movements of its various components. The 
contributions of individual components vary over time, depending on the characteristics of each 
cycle. The leading series vary in timing, smoothness, currency, etc. The index gains from this 
diversification.
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high coiTclations duc to common trends in the levels of the indexes. As noted by 
Camacho and Perez-Quiros (2002, pp. 62-63), the augmented Dickey-Fuller test cannot 
reject the nuli hypothesis of a unit root in the levels of the LEI series but is consistcnt 
with stationarity of log differences of LEI. Given the trend in the LEI and the even 
stronger trend in CCI, the use of the change model is appropriate. But the monthly 
ehanges in CCI are ąuite volatile and those in LEI even morę so. Furthcr, the LEI leads 
the CCI by a considerably longer period than one month, even on average, and the lead 
is particularly long near the peak. This suggests that some coordinated extensions of 
the forecast horizons and numbers and spans of the growth rates used are appropriate, 
but we opted for a broad rangę of simple specifications so as to avoid any risks of data 
or model mining.

Let AjCCI, denote the growth ratę over the past j  months ending in month t. The 
span j  is allowed to vary from one to 3, 6, and 9 months. To provide a standard for 
evaluating the forecasting power of the leading index, a simple autoregressive eąuation 
is used in which AjCCI, is related to its own lags, AjCCI,./ to A jC C I,with the number 
of lagged terms, k, varying from one to 3, 6, and 9.

Then we add lags of the leading index to this eąuation and ask whether this reduces 
out-of-sample forecast errors relative to those from eąuation (1). Eąuation (2) adds lags 
of the leading index to the benchmark eąuation (1):

This gives 16 different combinations of the spans of growth rates (/') and number of 
lags (k) for each of the above three models. We repeat the same exercise for forecasts 
three and six months ahead (p = 4 and p = 7). This provides us with 48 forecasts 
classified by three factors: forecast horizon, number of the lagged explanatory terms, 
and transformation of the data (span of the growth rates).

No effort was madę to optimise the predictive regression specifications.6 Rather, 
we tried to get a sufficiently comprchensive and diverse picture of what the leading 
indexes can contribute, cven under relatively unfavourable conditions. This approach 
was modified in one way: only results for models for which the span of growth in the 
variables is greater than or eąual to the forecast horizon are reported. Longer forecasts 
are not well served by short growth rates. Thus, the empirical results are based on 36 
forecasts for each period and LEI definition.

6 For example, selection of the optimal number of lags using an infonnation criterion, such 
as the Akaike criterion, would be expected to improve the forecasts.

k , j  = 1,3,6,9 
P = 1,4,7 ( 1)
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Real-time data
This study extends to 2002 the vintages of as-publishcd LEI collected by Diebold and 
Rudebusch, currently archived by TCB. The data available in Dccember 1968 are 
called the “December 1968 vintage” and consist of a monthly sample covering the 
period from January 1959 to October 1968. Each consecutive monthly vintage adds the 
next month’s observation. Hcnce, there are 407 vintages of the as-published LEI in our 
dataset, each vintage starting in January 1959.

Each of the 407 vintages provides data for a forecast of the monthly change in CCI 
(or IP). The first out-of-sample forecast is for November 1968; the last is for 
September 2002. Thus, the sample period provides a series of 407 regressions for each 
forecast model. Each estimated model is based on observations starting in January 
1959 and ending in: October 1968, November 1968, August 2002.

In addition, constant-composition LEI vintagcs for 1989-2002 were reconstructed 
from business cycle indicators data. The data are organised the same way as the as- 
publishcd vintages of LEI. There are 165 vintages from January 1989 to October 2002 
and the same number of corresponding sets of data that are used to ereate 165 series of 
the LEI, each starting in January 1959 and using the 1996 composition of the LEI.7 8 
We also creatcd another set of 165 series of the LEI, each starting in January 1959, but 
using the 1989 composition.

We use real-time data for LEI so as to reproduce fairly the actual forecasting 
situation. Each vintage series of the LEI gives rise to an out-of-sample forecast using 
one of the models described below. The forecast is then compared to the actual
realisation of the dependent yariable to calculate the out-of-sample forecast error.1 . 8 Doing this for each vintage and for each model gives a seąuence of forecast errors.

3. Empirical findings

Our empirical results are summarised in Table 1, which covers 7 sets of forecasts, 3 
with the as-publishcd LEIs for the 1968-2002 period and two subperiods, and 4 morę 
using constant-composition LEIs. The constant-composition LEIs cover forecasts for 
the entire period, 1989-2002, and the subperiod 1989-1996. This subperiod covers 7 
years directly prior to the latest composition change and includes 1.5 years before the 
1990-91 recession and 6 years after. The table shows the average MSE for all 36 
forecast models in each period/LEI composition class. It also gives the number of 
forecast models where the inclusion of the LEI in the model fails to reducc the MSE.

7 Since the published indexes rely on different base years and, morę imporlantly, 
standardization factors are not the same, we recalculated the “published” indexes. The 
differences in the recalculated “real-time” indexes are very smali and show virtually no 
differences in cyclical behavior.

8 The use of revised data in lagged values of the dependent variable CCI gives the 
autoregressive element an advantage vis-a-vis the leading index term which is based on 
preliminary data. Assessments of the forecasts thus mix forecasting and measurement errors. 
This approach makes it morę difficult for the LEI to improve the forecast.
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Table 1. Summary of forecast results
Mean MSE of 36 forecast eąuations Number of models out

of 36 (total per linę) 
where LEI failed to 
reduce MSE

Period and LEI composition CCI only CCI and 
historical 

LEI

CCI and 
real time 

LEI

CCI and 
historical 

LEI

CCI and 
real time 

LEI

1
Composition Changing 
1968-2002 As-published 8.034 5.308 7.386 0 3

2 1968-1988 As-published 10.935 6.884 10.106 0 7
3 1989-2002 As-published 3.723 2.968 3.342 2 2

4
Composition Constant 
1989-1996 89 composition 4.472 3.270 3.749 1 2

5 96 composition 4.501 3.555 3.716 1 4
6 1989-2002 89 composition 3.705 3.184 3.778 1 18
7 96 composition 3.740 3.193 3.303 2 6

Real-time forecasts using published indexes
The first row of Table 1 reports the results for all available vintages of the as-publishcd 
LEI. The eąuations with the historical index reduce the MSEs from those obtained in 
the baseline autoregressions in all 36 cases. On average, the MSEs from the 
benchmark model (8.034) fali to 5.304, about a 34 percent drop, when the historical 
index is added to the forecast eąuation. The eąuations with the as-published or real- 
time LEI reduce the MSEs in all cases except 3. On average, the MSE from eąuations 
including lags of the real time LEI is 7.386, an 8 percent reduction over the benchmark 
model.

The sccond row reports the out-of-sample forecast period from November 1968 to 
December 1988, which corresponds to the sample that was available to Diebold and 
Rudebusch (1991). In this shorter period, which does not include the LEI based on the 
1989 and 1996 definitions, the MSEs are generally higher for all models. Again, the 
eąuations with the historical index reduce the MSEs in all 36 cases, on average from 
10.035 to 6.884 (a reduction of 31 percent). The eąuations with the as-published LEI 
reduce the MSEs in all cases except 7, on average from 10.935 to 10.106 (a reduction 
of 7 percent).

Turning to the period post the Diebold and Rudebusch work, the third row reports 
our findings for the forecast period from January 1989 to October 2002. This short 9

9 The specific results for all forecasts and models are reported in a longer version of this 
paper. The longer the forecast horizon, the larger the errors and the morę explanatory (lagged) 
terms, the smaller generally are the MSEs. We also observe, as in our earlier work, that MSEs 
generally inerease with the span in months over which the growth rates are calculated for each 
forecast horizon and lags, but the errors actually tend to eleerease in relative terms, while 
inereasing in absolute terms.
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period covers the two most recent recessions and both 1989 and 1996 compositions. 
Both eąuations with the historical index and those with the as-published LEI reduce the 
MSEs in all cases cxcept 2, by 20 and 10 percent rcspectively for the historical index 
and the real time index.

These results provide strong empirical support for the efficacy of the LEI as a 
forecasting tool for growth rates in real-time. While the historical LEI cxhibits smallcr 
MSEs in pseudo real-time forecasting exercises, the LEI still performs well in the real 
time out-of-sample forecasts. Even with the as-published vintages of LEI, out-of- 
sample forecast errors tend to be smallcr than the forecast errors of an autoregressive 
model. The lack of predictive ability of the LEI in real time observed by Diebold and 
Rudebusch stands in sharp contrast to these results.10 The most likely explanation of 
why our results differ is that we forecast different variables and usc different models.

Effects of changing components

We examined two versions of the constant-composition LEI; one using the 1989 list of 
components and the other using the 1996 list. As describcd above, vintages of these 
two versions were constructed using the real time data for the underlying components 
from 1989 to 2002.

The fourth and fifth rows of Table 1 report the results for the 1989-1996 period for 
both definitions of the index. We see the same pattern of reduccd errors when the LEI 
is added to the forecast models. In this period, the real time LEI only fails to reduce 
forecast errors in 2 out of 36 eąuations with the 1989 composition of the index, and in 
4 out of 36 cases with the 1996 composition. In both cases, forecast errors decrease 
with the historical index in all eąuations except one. On average, adding the historical 
index to the benchmark eąuation reduces the forecast errors about 27 percent with the 
1989 composition and 21 percent with the 1996 composition. Again on average, 
adding the real time index reduces the forecast errors somewhat less, about 16 percent 
with the 1989 composition and 17 percent with the 1996 composition, but the gains in 
forecast accuracy are substantial.

Extending the out-of-sample forecast period to 2002 does not change these results 
for the historical index. The forecasts improve in virtually all cases and there are 
substantial dcclines in MSE. As observed above, forecast errors of the models that use 
the real time LEI (both 1989 and 1996 compositions) are higher than those with the 
historical index, but much morę so for the 1989 composition than the 1996 
composition. In fact, adding the 1989-composition version of the LEI to the forecast 
models fails to improve forecasts on the benchmark model. Morcover, for 18 out of 36 
cases, the addition of the real-time LEI worsen the forecasts relative to the benchmark 
autoregressive model of growth in CCI.

In contrast, the failure ratę for the 1996 composition of the LEI is only 6 out of 36 
forecasts and the average MSE is substantially less than the benchmark model (12

10 Moreover, while not reporled here, we are able to replicate the negative real-time results 
found in Diebold and Rudebusch (1991) for the extended sample.
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pcrccnt). This suggests that the 1996-composition change involvcd improved real-time 
performance rather than simply making the index better fit the historical data.

4. Conclusion and discussion

The analysis shows, using real time out-of-sample evaluation methods, that the index 
of leading indicators provides useful forecasting information. It reduces errors for both 
historical and real-time out-of-sample forecasts of growth in CCI. This strongly 
suggests that the LEI is useful ex antę as a forecasting tool to determine the ncar term 
(up to 6 months) direction of aggregate economic activity. Moreover, and morę 
importantly, the indcx generally performs well in forecasts of growth in economic 
activity. This is not unexpected sińce the index is a comprehensive and diversificd 
composite of key indicator variables selectcd for their logical and empirical leading 
characteristics. In these respects our findings are consistent with several recent studies 
that use different modelling approaches (Filardo (2002), Camacho and Perez-Quiros 
(2002), and Hamilton and Perez-Quiros (1996)).

The analysis of the effects of changing the composition of the indicators on real- 
time forecasts suggests that the alleged failure of the LEI in real-time forecasts is not 
associated with ad hoc exerciscs to make the LEI fit the historical data better. On the 
contrary, it appears that it is the forecast model and its target that are the key to the 
disparatc findings in the literaturę.

So the differencc in the results appear to rest sąuarcly on the difference between the 
forecast models. In tum, this raises the basie issue: How are the indicators used to 
make predictions? As noted earlier, one of the few papers to focus on “typical” rules 
for use of the indicators also finds that they work in real-time (Filardo, 2002). And our 
choice of model was predicated on the notion that lagged short-term growth rates of 3 
to 9 months in the LEI were the appropriate exogenous variables to be included in the 
forecast model.

How forecasters use the LEI in forecasting exercises has always been something of 
an art, which varies from practitioner to practitioner. Moreover, most use the LEI as 
just one of many useful tools. We currently have a dceper investigation of the problem 
of how to use the indicators underway with the idea of developing morę specific and 
robust forecasting procedures based on the indicator approach. But in the light of our 
results to datę, we conclude that the view of the composite index approach as a useful 
tool for predicting and assessing business cycles is still a very viable hypothesis.
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