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I. Introduction

Many economic time series are subject to revision. Revisions to measures of real economic
activity--such as employment, sales, and production--are sometimes large, and may occur years
after official figures arefirst released. Nevertheless, analysts typically use only data of the most
recent vintage when estimating and eval uating their economic forecasting models. Current-vintage
data are commonly used even in ex-post forecasting exercises that are labeled "out-of-sample." For
example, 1999:Q1-vintage data might be used to estimate rolling regressions and forecasts of real
GDP growth running from 1990:Q1 through 1997:Q4. In general, the use of current-vintage data
can lead an analyst to include variables on the right-hand-side of his forecasting equation that, in
real time, have little marginal predictive power (Diebold and Rudebusch 1991, Swanson 1996). It
can lead to an exaggerated assessment of the forecasting performance of amodel relative to
aternative models and relative to predictions that were actually available at the time (Fair and
Shiller 1990, Orphanides 1999).

In those studies where the potential pitfalls of relying on current-vintage data have been
taken seriously, a common response has been to use end-of-sample-vintage data for estimation and
evaluation purposes instead of current-vintage data.' As the sample period over which the
forecasting equation is estimated is extended, the vintage of the data used to estimate the equation is
updated. Thus, rather than forecast 1990:Q1-1997:Q4 GDP growth using rolling regressions all
estimated with 1999:Q1-vintage data, one uses the prediction of amodel estimated with 1990:Q1-
vintage data to forecast GDP growth in 1990:QL1, the prediction of amodel estimated with 1990:Q2-
vintage data to forecast GDP growth in 1990:Q2, and so forth. This procedure mimics the actual
practice of many professional forecasters and provides alevel playing field for comparing their

performance with that of the model. However, there is reason to suspect that this " conventional

! See, for example, Fitzgerald and Miller (1989), Trehan (1989, 1992), Diebold and
Rudebusch (1991), Miller and Chin (1996), and Robertson and Tallman (1998). Our "end-of-
sample-vintage data" are what Swanson (1996) calls "partially revised" or "real-time" data.
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approach” to real-time estimation and forecasting is often suboptimal. A fortiori, the predictions
made by professional forecasters may also often be suboptimal >

Rather than use end-of-sample-vintage data to estimate their forecasting models, we argue
that analysts should generally use data of as many different vintages as there are dates in their
samples. More specifically, at every point within a sample, right-hand-side variables ought to be
measured as they would have been at that time. We call these "real-time-vintage data." For
example, when the |eft-hand-side variable is 1990:Q1 GDP growth, all right-hand-side variables
should be measured as they appeared in 1990:Q1. Only 1990:Q1-vintage data should used in
forecasting 1990:Q1 GDP growth regardless of whether or not the sample period extends beyond
1990: Q1. Thus, we argue that when adata point is added to the end of the sample period, the data
that appear on the right-hand-side of the equation earlier on in the sample ought not to be updated.

We further argue that first-available official estimates should be used for the |eft-hand-side variable

when estimating the forecasting equation. First-available estimates ought to be used on the

equation’s left-hand side for estimation purposes even if one is ultimately interested in predicting
final-revised data.

The intuition underlying our arguments is simple. The empirical relationship between GDP
growth (say) and early estimates of employment growth will typically be different from that
between GDP growth and estimates of employment growth available several years after the fact.
Although the latter relationship may be relevant to the analyst trying to estimate an aggregate
production function or other "deep structural” model, it is the former relationship that is of interest
to the economist trying to forecast growth in aggregate output. The trouble with the conventional
approach to real-time estimation is that the data on the right-hand-side of the forecasting equation
range from extensively revised (early in the sample) to nearly unrevised (at the end of sample).
Accordingly, the coefficient estimates obtained using the conventional approach are a mix of those

relevant to forecasting and those relevant to a deep structural analysis. What we call real-time-

2 Ehrbeck and Waldmann (1996) and Laster, Bennett, and Geoum (1999) also argue that
professional forecasts are typically suboptimal. Their arguments depend on strategic behavior by
forecasters, and are completely different from the arguments advanced here.
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vintage estimation avoids this problem by including at each point in the sample only right-hand-side
data that would have been available to a forecaster at that time.

What of the choice between end-of-sample data and first-release data for the left-hand-side
variable (in our example, real GDP growth)? As long as the government’s initial GDP release is an
efficient, unbiased estimate of the final release, a model that does a good job of predicting the initial
release will also do a good job of predicting the final release. Moreover, insofar as real-time-
vintage employment data are more tightly linked to the government’s initial GDP release than to
revised releases--a condition that we argue is likely to be met--then a forecasting equation estimated
with initial-release data on its left-hand side will have lower coefficient uncertainty than an equation
estimated with end-of-sample-vintage data on its left-hand side. Even if the government forecasts
are not fully efficient, they may be efficient enough that our proposed approach will perform well in
practice.

It might appear that collecting the data required to implement our version of real-time
forecasting would be prohibitively difficult. However, for most variables of interest it is easier to
obtain short data series of many vintages than it is to reconstruct long series of a few vintages (such
as are required for real-time estimation using end-of-sample vintage data).

The specific application we consider is forecasting same-quarter real GDP growth using
monthly data on employment, industrial production, and retail $alEsonomists devote
substantial time and effort to constructing early estimates of GDP growth, and their prognostications
receive much press attention. Despite this effort and scrutiny, GDP forecasts are not very accurate.
For example, since 1990, the root-mean-square error of the Blue Chip consensus forecast of GDP
growth has been 1.5 percentage points based on forecasts published in the first month after the quar-
ter (about three weeks prior to the release of the government’s official "advance™ GDP estimate).
The corresponding 95% confidence interval is 5.8 percentage points wide. Consensus forecasts are

known to be more accurate than those of most individuals (Graham 1996, McNees 1987).

® Thelist of researchers who have devel oped forecasting models for current-quarter GDP
includes Fitzgerald and Miller (1989), Trehan (1989, 1992), Braun (1990), Ingenito and Trehan
(1996), and Miller and Chin (1996). Zadrozny (1990) and Rathjens and Robins (1993) use
monthly data to improve forecasts of next quarter’s output growth.
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Despite the limited set of monthly indicators included in our model and our relatively short
sample period, we are able to achieve an out-of-sample forecasting performance that is as good as,
or better than, that of the Blue Chip consensus. As we demonstrate, the key to our model’s strong
performance is the fact that we estimate it with real-time-vintage data, rather than end-of-sample-
vintage data. The point is that the vintage or vintages of data one uses when estimating a model is
important--sometimes as important as the choice of right-hand-side variables--in determining real-
time forecasting success. A relatively simple model, correctly estimated, may match the

performance of a more sophisticated model estimated conventionally.

II. The Basic Forecasting Problem

Consider the problem of forecasting a single variable, y, using time-series observations on a
1 x k vectory, of other variables (which might possibly include lagged values of y). Official
estimates of botk and y are subject to revision. The initial official estimate of y is based on at

least as much information as is available to private forecasters. We adopt the following notation:

y(t) = the "true"” period-t value of y, Ot < T

X(t) = the "true" period-tvalue of, O<t< T

Yr(t) = the official estimate of y(t) released at time t + R, where(R

Vr(t) = Ya(®) - Yo()

v(t) = (1) - Yo(t)

X(t) = the official estimate af(t) available at time t +¥ t

&,(t) = x(t) - Xq(t)

z(t) = a variable observed by the government at time t, but not the econometrician
For concreteness, the reader may want to thizkyfas an official estimate of employment

growth during quarter t ang,{f) as an official estimate of GDP growth. The analyst is trying to

forecast GDP growth in quarter T (y(T)). No official estimate of quarter-T GDP growth has yet



been released (y,(T) is, asyet, unavailable). However, aninitial estimate (X,(T)) of quarter-T
employment growth is available. Also available are various official estimates of GDP growth
(Yr(t),for0<t<Tand 0 < R<T -t) and employment growth (x,(t), forO<t<TandO<r<T-t)
in earlier quarters.
We put some structure on the forecasting problem by assuming that the government’s initial

estimate of y(t) is linearly related xg(t) and z(t):

Yo(t) =Xo(0B + (). (1)

In general, z(t) will be correlated with some of the componengtpf Thus,

Z(t) =X,(1)d + (1), (2)

whered is a parameter vector andt) is a mean-zero random disturbance orthogongftp We
assume thab(t) is i.i.d.

We also assume that the government’s initial official estimate of y(t) is efficient, in the sense
that future revisions are unpredictable at the time that the initial estimate is released. In particular,
we require that(t) andvi(t) be uncorrelated with any information available to the government at
time t. Afortiori, v(t) andvg(t) are uncorrelated with any information available to private
forecasters at time t. While empirical tests of the efficiency assumption are not always supportive
(Runkle 1998, Croushore and Stark 1999), the fact that attempts to "second guess" government
statistical reports at the time of their release are rare suggests that in many applications
inefficiencies in the government’s estimation process are small. Assumingtihatuncorrelated
with all information available to the government at time t amounts to assuming(th& the

mathematical expectation of y(t) given the government’s information set.

* Real-world employment data are available almost a month before the first official
estimate of GDP growth is released.



[11. Alternative Estimation and Forecasting Strategies

We consider three alternative estimation strategies, in turn. The first strategy is to regress
Yo(t) onx,(t) and to obtain a forecast of y(T) by evaluating the estimated equatigii)at The
second strategy is similar, but uses an end-of-sample-vintage official estimate of y(t) as the left-
hand-side variable instead qfty. The third strategy--used by most real-world forecasters--is to use
end-of-sample-vintage data on both the left-hand side and right-hand side of the estimated
forecasting equatioh.Note that we take the set of right-hand-side variables as "given" in our
analysis. We focus, instead, on the vintage or vintages of data that should be used when estimating

a forecasting equation, to maximize real-time forecasting performance.

Strategy 1: First-Release Data on the L eft-Hand Side, Real-Time-Vintage Data on the Right.

Our preferred strategy is to estimate the forecasting equation with first-release data on the left-hand
side and real-time-vintage data (data, at each point within the sample, that would have been
available at that point) on its right-hand side. To see the rationale for this approach, note that

Equations 1 and 2 imply that

Yo(t) =Xp(Dex + (D). 3)

wherea = B + 8. Sincex,(t) andw(t) are uncorrelated, ordinary least squares applied to Equation 3
yields an unbiased and consistent estimate dfinlessw(t) is serially correlated or

heteroscedastic--and there isanariori reason to expect that it will be either--OLS is also effidient.

> A more complete discussion of the data requirements of the different estimation
strategiesis provided in an appendix.

® Revisions to the government’s methodology may sometimes be so great asito shift
Ideally, the analyst would apply the government’s end-of-sample methodology retroactively to
real-time vintage source data, to obtain methodologically-consistent serigd)fangx,(t). A
more practical alternative is to test for structural breaks coincident with major methodological
revisions and--if necessary--introduce one or more dummy variables on the right-hand side of
Equation 3. Because it assumes thet constant over time, our empirical analysis, if anything,
tends to put Strategy 1 at a disadvantage relative to the usual estimation technique (Strategy 3).
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The forecast of y(T) obtained under Strategy 1 is

Y(T) = Yo(T) = (N8, (4)

where a hat denotes a predicted or fitted value. The forecast error,

y(M) - 9™ = VM) - Yo(M] + [¥o(T) - Yo(DI, (5)

has two components: the government’s error in forecasting y(T) based on information available to it
at time T, and the econometrician’s error in forecasting the government’s initial estimate of y(T).
Each component has mean 0. Moreover, under our assumption that the government uses available

information efficiently, the two components must be uncorrelated. Hence,

var[y(T) - y(N] = var[y(T) - y(N] + varly,(T) - ¥o(T]

= 03 + oi + var[X,(T) (o - &)]. (6)

The final term in Equation 6 is the variance due to coefficient uncertainty in the estimated version of
Equation 3. For any fixexi,(T), this variance goes to zero as the sample size increases. For any
given sample size, the variance due to coefficient uncertainty is increasing in the distance between
Xo(T) and the sample mean of tht) (t =0, 1, ...T - 1). The simplest case is that in wij€h)

and the sample mean of thgt) coincide. Equation 6 then reduces to

var[y(T) - Y(T)] = o + o,(1 + UT). 7)



We will use this case as a benchmark when comparing the performance of Strategy 1 to the

performance of alternative estimation strategies.”

Strategy 1': First-Release Data on Both the L eft-Hand Side and Right-Hand Side. A special
case of Strategy-1 estimation arrises when the vector x,(t) on the right-hand-side of Equation 3 is
restricted to include only current and lagged first-release data. By entirely eliminating the need to
keep track of revisions, this artificial restriction on the set of information used by the analyst
somewhat simplifies data collection. The obvious cost is adeterioration in in-sample fit and out-of -
sample forecasting precision. In Equations 3 and 7, ¢, * is larger than previously. Lessobviously,
restricting x,(t) to first-release data may induce serial correlation in the error term in Equation 3.2
Although inefficient, restricting x,(t) to include only first-release data still produces a
forecast that is unbiased, conditional on the restricted information set. Swanson (1996) and
Swanson and White (1996, 1997) have used first-release data sets to illustrate how estimation using
current-vintage data can distort forecasting relationships, and to compare alternative forecasting

models and model-selection criteria

Strategy 2: End-of-Sample-Vintage Data on the L eft, Real-Time-Vintage Data on the Right.
Given that we are ultimately interested in forecasting thetrue value of y at time T (y(T)), it might
seem sensible to use an end-of-sample-vintage estimate of y on the left-hand side of the estimated

forecasting equation, rather than the initial official estimate. Formally, it might seem sensible to

" As noted above, our primary focus is on choosing the proper vintage data, taking the set
of right-hand-side variables as "given." Variable selection clearly influences the performance of
a Strategy-1 forecasting model through its effects on the variance of w in Equation 7. It follows
that the analyst using Strategy 1 will want to choose right-hand-side variables that are highly
correlated with the variables used by the government in making itsinitial estimate of y(t).

® Basicaly, the difference between the Strategy 1 and Strategy 1’ error termsis amoving
average of lagged revisions. An exampleis provided in an appendix.
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replace y,(t) with y;_,_,(t) on the left-hand side of Equation 3, under the presumption that var[y(t) -
yr(1)] is decreasing in R.° However, this strategy isinefficient. To seewhy, add v, _,_,(t) =
Y+ 1. 1(1) - Yo(t) to both sides of Equation 3 to get arelationship between y; _, _,(t) and x,(t):

Yr-ta(®) =X + 0’ (1) (3)

for0<t<T,wherew’(t) = w(t) + v;_,_4(t). Under our assumption that v; _, ,(t) is uncorrelated

with information available to the government at time t, applying least squares to Equation 3' will

certainly yield an unbiased estimate of . However, since w(t) = z(t) - X,(t)d and both z(t) and x(t)

are in the government’s period-t information s&€t) must be uncorrelated with _,_,(t). It follows

that the variance of the error term in Equation 3" will be greater than the variance of the error term in

Equation 3:

varfw’(t)] = varw(t)] + var[v;_,_,(t)] > varfw(t)]. (8)

Equality holds in Equation 8 fort =T - 1. (Recall that, (T-1)=y(T-1)-y(T-1)=0.)

Except in the uninteresting special case in which the government’s initial estimate of y(t) is never
revised (so that Strategies 1 and 2 are ident&al}t inequality will obtain for at leastone t < T -

1. More generally, the variance of the error term in Equation 3' can be expected to be decreasing in
t, but is always at least as great as the variance of the error term in Eqdatidere, for any R >

0, the relationship between(t) andx,(t) is necessarily looser than that betwegt) yndx(t).

® We assume that release of y; _(t) is delayed relative to the release of x; _(t), just asthe
release of y,(T) is delayed relative to the release of x,(T). Hencey; , ,(t) isthe most up-to-date
available estimate of y(t).

% Thus, the error term in Equation 3’ can be expected to be heteroscedastic. Likely serial
correlation in vy _, _,(t) meansthat w’(t) will also typically be serially correlated.
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That the error term in Equation 3' has larger variance than the error term in Equation 3
means that the parameter vectqrwill be estimated less precisely if least squares is applied to the

former equation than to the lattéThe Strategy-2 counterpart to Equation 6 is

varfy(T) - y/(M] = varfy(T) - yo(M] + varly,(T) - Yo(T)]

= o, + o, + var[xy(M(e - &), 6)

where

y(T) = 9/o(T) = xo(N&", (4)

and where a prime is used to distinguish the predictions and estimates associated with Strategy 2
from those associated with Strategy 1. The problem with Strategy 2 is that the third term on the
right-hand side of Equation 6'--the term that measures the effects of coefficient uncertainty--is larger
than the corresponding term on the right-hand side of Equation 6. In the benchmark case in which

X,(T) and the sample mean of tht) coincide, for example, Equation 6' reduces to

var[y(T) - y/(M] = o + o, + (0, + GYIT. 7)

where

' The drop-off in precision will be particularly great if, in estimating Equation 3,
heteroscedasticity and serial correlation are not properly taken into account. See note #10.
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_ 1,7
&2 = (?)2:—:01 var[v; , 4(t)]

Is the average variance of the revisions to the left-hand-side variable. Comparing Equations 7 and
7', the relative inefficiency of Strategy 2 is clear.

Summarizing: If y(T) is an efficient estimate of y(T), then the best forecasi(®) will
also be the best forecast of y(T). But OLS applied to Equation 3 yields the lowest-variance
unbiased forecast of(fl'), conditional orx,(T). Hence, Strategy 1 yields the lowest-variance

unbiased forecast of y(1). The forecasts generated by Strategy 2 are unbiased, but inefficient.

Strategy 3: End-of-Sample-Vintage Data on Both Left and Right. As indicated above, real-

world professional forecasters generally use end-of-sample-vintage data on both the left-hand and

right-hand sides of their forecasting equations. Economists who undertake conventional "real-time"
forecasting exercises imitate this process, updating the vintage of the data used for estimating their
models as they gradually extend their samples. In our notation, the conventional approach to real-

time forecasting amounts to estimating
Yroa® =X (Do + (1) (3)

forO<t<T-1, wheran"(t) = w(t) +v;_,_,(t) - & (. We have already assumed thgt)ys an
efficient estimate of y,_,(t). We now, similarly, assume thg(t) is an efficient estimate of._,(t).

It follows that neithew,_,_,(t) nor&;_,(t)o will be correlated withw(t). Hence

varfw”(t)] = varfw(t)] + var[C(t)] > varfw(t)], (9)

2 Implicitly, we assume that the choice between Strategies 1 and 2 is "either-or."
Alternatively, one might view Equations 3 and 3’ as an error-component model combining cross-
section and time-series data (Kmenta 1986, pp. 625-30).
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where((t) = v;_,_4(t) - &;. (D). Equality between var”(t)] and varfo(t)] obtains only in the
exceptional case in which revisions to the government’s estimates of y(t) and moverdensan
exactly offset one another, so that ¢&j] = 0. In general, though, the variance of the error term in
Equation 3" will exceed the variance of the error term in Equation 3.

Correlation betweeg(t) andx; _,(t)a in Equation 3" is likely. Only if variation im,_,_(t)
completely offsets variation & _,(t)a will such correlation be avoided. Absent a complete offset,
least squares will yield an inconsistent estimaie. dthe argument is similar to that which
underlies textbook discussions of the classic "errors-in-variables" problem, but is complicated by
the fact that some of the right-hand-side-variable errors (some of the elentgni&)pmay be
correlated with the left-hand-side-variable errsgr ( ,(t)).

In the classic errors-in-variables problem the limiting value of the least-squares coefficient

vector is

PimM@E") = o - (Se + Zg) Ty, (10)

-

whereX,, = plim[X,"Xy/T], Z; = plim[E'E/T], andX, andX are Tx k matrices whosth rows are
X,(t) andg; _(t), respectively. Thus, the least-squares coefficient estimates are inconsistent. More

generally,

plim(@”) = o + (Zyy + 255)71[2& - Do, (11)

3 Heteroscedasticity is alikely complication. Datafrom the early part of the sample will
have undergone more extensive revision than data near the end of the sample. Consequently, it
would not be surprising to see var[{(t)] decline ast approaches T - 1. Insofar as an upward
revision to one quarter’s data is also typically accompanied by upward revisions to data from
neighboring quarterg(t) will also be serially correlated. See Croushore and Stark (1999) for a
thorough documentation of the properties of revisions to several data series.
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where Z;, = plim[Z'N/T] and N is a T x 1 vector whosh element i, ,(t). While itis
theoretically possible for the term in square brackets to equal zero, there are ncagenanal
grounds for believing that this condition will hold. Hence, Strategy 3 will typically yield an
inconsistent estimate ofand a biased forecast of y(T).

As an extreme example, consider the special case in whidh so thak(T) is of
absolutely no use in forecasting y(T). Equation 11 says that estimating a relationship between y and
x using end-of-sample data (Strategy 3) will, nevertheless, yield a non-zero estimatsadér as
revisions to y are correlated wittevisions to the elements of. Hence, one of the complaints that
has been voiced about forecasting analyses that use current-vintage data--that such analyses can lead
the econometrician to include variables on the right-hand-side of his forecasting equation that, in
real time, have little marginal predictive power--applies also to any real-time analysis that uses end-
of-sample vintage data.

Intuitively, there really isn’t that much difference between coming up with a forecast of
(say) 1997:Q1 GDP growth using an equation estimated with 1997:Q1-vintage data (a Strategy-3
real-time forecasting exercise) and coming up with a forecast of 1997:Q1 GDP growth using an
equation estimated through 1996:Q4 but with 1999:Q1-vintage data (the approach taken by analysts
who don’t bother to collect real-time data). Some of the data for 1995 and 1996 may differ
significantly between the two estimations, but revisions are likely to be small for earlier years. If
sample periods extend back very far at all, both estimations will be dominated by heavily revised
data--data that may contain more information on how revisions to GDP growth are related to
revisions to the right-hand-side variables than on how recently released (and largely unrevised)

estimates of the right-hand-side variables are related to GDP growth.

Summary. In the typical forecasting problem, one must use today’s data to try to predict a future
official release of some variable of interest. There are three different ways one might go about
estimating such a forecasting relationship. The most natural approach is to estimate the forecasting
relationship using end-of-sample-vintage data for the left-hand-side variable and real-time-vintage
data for each of the right-hand-side variables. The coefficient estimates so obtained will be

unbiased. We argued that in many cases one can expect to obtain more precise coefficient
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estimates--and, hence, better forecasts--by using real-time-vintage data on the left-hand-side of the
forecasting equation as well as on the right-hand side. However, real-world forecasters typically
take just the opposite approach, estimating their forecasting equations using end-of-sample-vintage
data on both the left-hand side and the right-hand side. In general, the coefficient estimates obtained
using the conventional approach are inconsistent and inefficient. An important assumption
underlying our theoretical resultsis that future revisionsto official government estimates are not
forecastable at the time the official estimates are first rel eased.

V. An Example: Forecasting Current-Quarter GDP Growth

The Model. Toillustrate the importance of estimating forecasting models with real-time-vintage

data, we attempt to predict current-quarter real GDP growth using monthly measures of real

economic activity. Following Trehan (1992), our set of monthly indicator variables includes non-

farm employment, real retail sales (nominal sales deflated by the consumer price index), and

industrial production. These variables are all important and closely-watched direct measures of

current real economic activity. Non-farm employment and industrial production are among only

four variables included in the Conference Board’s composite coincident index, and real retail sales

serve as a timely proxy for a third component of that index (real manufacturing and tradé'sales).
To obtain our forecasting models, we regress quarter-to-quarter changes in real GDP on a

constant and five month-to-month changes in each of our three coincident indicators. To be precise,

we estimate equations of the form:

¥ Thefinal component of the coincident index--real personal income--is released much
later than the employment, retail sales, CPI, and industrial production reports. For areview of
the timing of various statistical releases and their relationship to GDP, see Rogers (1998).

> Based partly on findings reported in Koenig (1996) and Fitzgerald and Miller (1989),
we tried including lagged GDP growth, manufacturing capacity utilization, the aggregate hours
of workersin the service-producing sector, and the ratio of goods-producing to service-producing
hours as additional right-hand-side variables. However, none of these variables were statistically
significant, and we dropped them from our analysis.
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4 4. 4
Ay, =y + ZioBi&sy + DioYjiPay * Zio€rSs (12)

where Ay, denotes the annualized quarterly percentage changein real GDP in quarter t, and where
€« IPs and rs ¢ are the annualized monthly percentage changes in non-farm employment, industrial
production, and real retail sales, respectively, in month s of quarter t.**’

Estimations start in the first quarter of 1980 and end on or before the third quarter of 1997.
Forecasts cover the period from 1990:Q1 through 1997:Q4. Sample periods are limited by the

difficulty of constructing end-of-sample-vintage data sets.

The Data. For our rolling estimation/forecasting exercises we require current-vintage, end-of-
sample-vintage, real-time-vintage, and (as a special case of real-time-vintage) first-release data sets.
In our current-vintage data set, § 5 ;, ip, 5, and rs, ;_; (t = 1980:Q1-1997:Q4; ] =0, ..., 4) are
all measured as of January, 1999.
In our end-of-sample-vintage data sets, € 5_;, ip; 5., and rs 5 ; (t = 1980:Q1-T; j =0, ..., 4)

are measured as of the end of the sample period (quarter T), which ranges from 1989:Q4 to

° If X, isamonthly variable, we define x,, = X,_, ; and X, _, = X,.,,. Notethat this
specification assumes that a full three months of current-quarter employment, industrial
production, and retail sales data are available. Restricting the information set to one or two
months of current-quarter data resultsin poorer forecasting performance for each alternative
estimation strategy, but does not change the relative ranking of the estimation strategies.
(Results available on request.)

' Equation 12 can be motivated as follows. Let y, denote the logarithm of quarterly
aggregate output and suppose that there is a monthly measure of current real economic activity,
z,, suchthaty, = (z;+ 2z, + z,)/3fordl t. Then

Y Yi-1= [(21,3 - Zt,z) + 2(21,2 - 21,1) + 3(21,1 - Zt-1,3) + 2(21-1,3 - 21-1,2) + (21-1,2 - Zt-l,l)]/3-

Thus, the quarter-to-quarter percentage change in real GDP is a weighted average of five month-
to-month percentage changes in the coincident indicator. In practice, the exact pattern of weights
suggested by this simple example are regjected in formal statistical tests, so we leave the
coefficient weights attached to the right-hand-side variables unrestricted in our regressions.
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1997:Q4."° Datatoward the beginning of a given end-of-sample-vintage data set have undergone
extensiverevision. Data at the very end of the data set are "first release.” End-of-sample-vintage
data are used by professional forecasters and in many existing real-time economic analyses.

Our real-time-vintage data set consists of a sequence of 5-month "snapshot™ histories of our
right-hand-side variables--one snapshot for each quarter from 1980:QL1 through 1997:Q4.
Regardless of when the estimation period ends, only data that would have been availablein
1980:Q1 are used to forecast 1980:Q1 GDP growth; only data that would have been availablein
1980:Q2 are used to forecast 1980:Q2 GDP growth; etc. Thereisexactly one vintage of datafor
each point in the estimation period. Formally, € 5 ;,ip, 5, andrs ;;(j =0, ..., 4) are all measured
asof quarter t, for t = 1980:Q1-1997:Q4.°

Our first-release data set has only one employment-growth, one industrial-production-
growth, and one retail-sales-growth entry for each month from November, 1979 through December,
1997. Each entry is the government’s first estimate of the variable in question.

We variously use current-vintage, end-of-sample-vintage, and first-release measures of real
GDP growth as the left-hand-side variable when estimating Equati@nQly the end-of-sample-
vintage and first-release measures would have been available in real time. The switch from fixed-

to chain-weight GDP is treated just like any other data revision.

Estimation Results. As noted above, an analyst in real time must choose between three main
alternative strategies when estimating a forecasting equation. Strategy 1 is to use first-release data
on the left-hand side of the forecasting equation and real-time-vintage data on the right-hand side.
Least-squares coefficient estimates are unbiased and efficient in this case. Strategy 2 is to use end-

of-sample vintage data on the left-hand side of the equation and real-time-vintage data on the right-

8 Ellis Tallman graciously provided industrial-production data. Other data were culled
from avariety of official government sources.

9 Data are actually measured as of the middle of the month following the close of the
guarter. Theinitial official GDP estimate is released about two weeks later.

% The end-of-sample vintage GDP data were graciously provided by Dean Croushore.
The Federal Reserve Bank of Philadelphia maintains an extensive on-line, real-time data base.
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hand side. We argued that |east-squares estimation can be expected to yield unbiased but inefficient
coefficient estimates under this strategy, and that heteroscedasticity may well be a problem.
Strategy 3--the most commonly used approach, in practice--is to estimate the forecasting equation
with end-of-sample vintage data on both sides. L east-squares coefficient estimates are inconsistent,
and heteroscedasticity is again athreat.
An important element of our theoretical argument favoring Strategy 1 is the assumption that
the government makes efficient use of available information when forming itsinitial estimate of
y(t). Inthe case a hand, asimple test of efficiency is obtained by regressing revisionsto the
government’s initial GDP estimate on a constant and the initial release itself. Efficiency requires
that neither the constant nor the initial release be statistically significant in this regression. Results

are as follows:

vr_,4(t) = 0.230 + 0.0151) R?=0.001
(0.247) (0.067) S.E.=1.603

for T=1999:Q1 and 1980:Qdt < 1997:Q3. (Standard errors of the estimated coefficients are in
parentheses.) Clearly, efficiency of the government’s initial estimates is not rejected over our
sample period: We therefore have reason to hope that our theoretical results will hold for the GDP
forecasting problem considered here.

Table 1 compares the in-sample performance of the three main estimation strategies as
applied to Equation 12 over the period 1980:Q1-1997:Q3. In addition, it presents results for
Strategy 1'--the special case of Strategy-1 estimation in which the set of real-time-vintage data is
restricted to include only initial official estimates. For each strategy, the table displays the joint
significance of the coefficients attached to the right-hand-side variables. It also displays goodness-
of-fit measures, and the results of the Q test for serial correlation and the Goldfeld-Quandt test for
heteroscedasticity. Although the latter test gives a clear warning signal only for Strategy 2, all

standard errors reported in the table are adjusted to correct for possible heteroscedasticity.

21 Similar results are reported by Mankiw and Shapiro (1986). If the sample period is
extended back into the 1960s, efficiency is rejected (Runkle 1998).
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Monthly percentage changes in employment, industrial production, and retail sales are
highly statistically significant in every regression. As expected, the Strategy-1 regression has the
lowest standard error. That the Strategy 1 regression has alower standard error than Strategy 2
shows that real-time-vintage monthly employment, industrial production, and retail sales data are
more closely linked to first-release GDP data than to GDP data that have been extensively revised.
Serial correlation isaproblem only for Strategy 1', where it is expected. (See the Appendix.)

TABLE 1. Summary of In-Sample Estimation Results, 1980:Q1-1997:Q3

Strategy 1 Strategy 1’ Strategy 2 Strategy 3

Employment

Joint Signif. 0.001 0.001 0.000 0.020

Sum of Coeff. 0.293 0.270 0.488 0.476
Industrial Prod.

Joint Signif. 0.000 0.000 0.000 0.000

Sum of Coeff. 0.244 0.299 0.228 0.262
Real Retail Sales

Joint Signif. 0.000 0.000 0.000 0.000

Sum of Coeff. 0.139 0.138 0.119 0.191
Overall
Adjusted R 0.858 0.842 0.794 0.723
Std. Error of Est. 1.085 1.153 1.512 1.755
Signif. of GQ 0.097 0.179 0.030 0.189
Significance of Q 0.324 0.003 0.787 0.723

Forecast Comparisons: Alternative Estimation Strategies. To rank our aternative estimation

strategies, we conducted a series of rolling-sample forecasting exercises. Coefficient estimates
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obtained using data through 1989:Q4 were used to forecast real GDP growth in 1990:Q1.% The
sample period was then extended by one quarter, the models re-estimated, and the new coefficient
estimates were used to forecast 1990:Q2 GDP growth. In thisway, we obtained forecasts running
from 1990:Q1 through 1997:Q4. The forecasts were compared with actual real-GDP growth,
where "actual real-GDP growth" is GDP growth as measured in January 1999. Presumably,
current-vintage GDP growth statistics are the best available estimates of what happened to real
economic activity over the period in question.

Results of these rolling forecasting exercises are displayed in Table 2 for models estimated
using Strategies 1, 1, 2, and 3. Table 2 also shows how well Equation 12 appears to perform when
estimated and evaluated naively, using current-vintage data throughout. Thislast approach yields
potentially misleading results, since both the data used to obtain coefficient estimates and the data
substituted into the right-hand side of the estimated equation to obtain a "forecast" would not
actually have been available to an analyst in real time. Nevertheless, the naive approach to forecast

evaluation is frequently used, in practice.

TABLE 2. Summary Statisticsfor Rolling-Sample Forecasting Exercise, 1990:Q1-1997:Q4

Estimation Strategy Mean Error Mean Absolute Error Root Mean-(g.
Error

Strategy 1 0.19 1.14 1.40

Strategy 1’ 0.17 1.29 1.59

Strategy 2 0.19 1.37 1.62

Strategy 3 0.05 1.45 171

Naive -0.58 1.53 1.86

Blue Chip 0.37 1.22 1.48

Consensus

2 Formally, x,(T) was substituted into the right-hand-sides of Equations 3, 3', and 3"
after these equations were estimated.
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As expected, Strategy 1 (which usesfirst-release data on the left-hand side and real-time-
vintage data on the right-hand side of the forecasting equation) beats out both Strategy 1’ (which
uses first-rel ease data on both left-hand and right-hand sides) and Strategy 2 (which uses end-of -
sample-vintage data on the left-hand-side of the forecasting equation and real-time-vintage data on
theright-hand side). Strategy 3 (which isthe most commonly used method of real-time estimation)
performs poorly in comparison with the other methods.

Is real-time forecast evaluation worth the extra bother? If the only real-time estimation
approach under consideration is Strategy 3, Table 2 suggests that the answer is "probably not.”
Thus, a naive evaluation methodology (which relies entirely on current-vintage data) predicts fairly
accurately the root-mean-square forecast errors that are generated by estimation Strategy 3. In
contrast, the naive approach gives a markedly too-pessimistic view of the real-time performance of
estimation Strategy 1.

The primary objective of our empirical analysisisto demonstrate that, for agiven set of
right-hand-side variables, the vintage data one uses to estimate a forecasting equation can have a
substantial impact on the equation’s performance. The final row of Table 2 illustrates a related, but
secondary, point: that a very simple model, correctly estimated, can sometimes match the real-time
performance of experienced, professional forecasters using conventional estimation techniques.
Thus, by standard measures, our Strategy 1 forecasts appear to do every bit as well as the Blue Chip
consensus forecast over the period from 1990:Q1-1997:Q4. In contrast, when estimated using
Strategy 2, Strategy 3, or naively, our model performs comparatively poorly.

Are the performance differences between Strategy 1 and the alternatives significant? Table
3 presents results from tests of marginal predictive power. Current-vintage GDP growth is
regressed on a constant and the forecasts generated by each of two alternative estimation strategies
or models. If a forecast is statistically significant in one of these regressions, then it contains
valuable information beyond that captured by the other forecast (Fair and Shiller 1990). The table
shows that none of the alternative models or estimation strategies has predictive power beyond that
of our simple model estimated with real-time vintage data (Strategy 1). In no case can one reject the

hypothesis that the Strategy-1 forecast enters with a coefficient of 1 and that both the constant term
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and the alternative forecast have coefficients that equal 0. In contrast, only in competition with the

Blue Chip forecast is the Strategy-1 forecast statistically insignifican

TABLE 3. Testsof Marginal Predictive Power

t23

Constant Strategy 1 Strategy '  Strategy 2  Strategy 3 BlueChip  Joint Test'
0.344 0.957* -0.026 0.850
(0.406) (0.388) (0.339)
0.333 0.999* -0.063 0.843
(0.409) (0.388) (0.338)
0.303 1.511** -0.528 0.414
(0.393) (0.422) (0.364)
0.144 0.595 0.464 0.603
(0.443) (0.355) (0.450)

1 Significance level for test of the hypothesis that the Strategy-1 forecast enters with a coefficient of

1, and both the constant term and the alternative forecast have coefficients that equal O.

* Significant at 5% level.

** Significant at 1% level.

Forecasting " Advance" and " Final" GDP. All of the performance statistics presented up to this

point have assumed that the analyst wants the best possible prediction of "true” GDP growth. In

practice, true GDP growth is approximated using GDP growth as it appeared in January 1999.
Thus, Tables 2 and 3 evaluate alternative estimation strategies with reference to January 1999 GDP

data. However, a case can be made that many real-world analysts are and ought to be more

concerned with predicting GDP statistics that have undergone only afew revisions than with
predicting GDP statistics released many years after the fact. Itis, after al, the relatively early GDP

releases that are most likely to affect the current decisions of households and businesses and hence,

the future course of the economy. Accordingly, we briefly consider the performance of alternative
estimation strategies in forecasting the first ("advance") and third ("final") GDP estimates, which

? In encompassing tests--where the coefficients of the two forecasts are restricted to sum
to 1 and the constant term is restricted to equal 0 (Chong & Hendry 1986)--Strategy 1 is strictly
preferred to the Blue Chip and every other aternative.
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become available with one-month and three-month lags, respectively. Results are presented in
Tables4 and 5, which are similar in format to Tables 2 and 3. We confine our analysisto our
preferred estimation technique (Strategy 1), the most commonly used estimation technique (Strategy

3), and the Blue Chip consensus forecast.

TABLE 4. Summary Statisticsfor Rolling-Sample Forecasting Exercise, 1990:Q1-1997:Q4

Estimation Strategy Mean Error Mean Absolute Error Root Mean-Sq. Error
Advance GDP
Strategy 1 0.13 0.67 0.78
Strategy 3 -0.01 0.91 1.07
Blue Chip -0.31 0.83 0.99
Final GDP
Strategy 1 0.16 0.84 1.02
Strategy 3 0.02 1.12 1.27
Blue Chip -0.34 0.95 1.20
TABLE 5. Testsof Marginal Predictive Power
Constant Strategy 1 Strategy 3 Blue Chip Joint Test!
Advance GDP
0.302 0.938** -0.016 0.607
(0.223) (0.239) (0.207)
0.224 0.786** --- 0.185 0.496
(0.245) (0.196) (0.249)
Final GDP
0.192 1.090** -0.098 --- 0.827
(0.297) (0.319) (0.275)
0.044 0.721** --- 0.361 0.581
(0.324) (0.260) (0.329)

1 Significance level for test of the hypothesis that the Strategy-1 forecast enters with a coefficient of
1, and both the constant term and the aternative forecast have coefficients that equal O.

* Significant at 5% level.

** Significant at 1% level.
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Two main conclusions emerge from Tables4 and 5. First, early GDP releases are
substantially easier to predict than are late releases. Thus, the root-mean-sgquare errors recorded in
Table 4 are uniformily lower than the corresponding root-mean-square errorsin Table 2. Within
Table 4, root-mean-square errors are lower when forecasting the advance GDP rel ease than when
forecasting the final GDP release. These findings are consistent with in-sample estimation results
reported earlier, in Table 1. The second main conclusion to emerge from the tablesis that the
relative ranking of the alternative forecasts is unaffected by whether the goal isto predict an early
GDPrelease or alate GDP release. Indeed, the case for our preferred estimation strategy only
becomes stronger when the goal is to achieve accurate forecasts of an early GDP release. Thus,
according to Table 5, our Strategy-1 estimation methodol ogy yields forecasts of advance and final
GDP growth that unambiguously dominate the corresponding Strategy-3 and Blue-Chip-consensus
forecasts.

V. Concluding Remarks

In most economic forecasting applications, the data that are substituted into the right-hand-
side of the forecasting equation to obtain an actual out-of-sample forecast will have undergone few,
if any, revisions. We have argued that this fact needs to be taken into account when the forecasting
equation isfirst estimated. In particular, at each point within his sample the econometrician
estimating a forecasting equation ought to use only right-hand-side data that would have been
available at that time. We call these "real-time-vintage" data. Real-time-vintage data sets are more
complete than "unrevised" or "first-release" data sets because at each within-sample date they
include revisions that would have been known at that date. For typical lag specifications (where
lags extend back a year or less), real-time-vintage data are readily available in back issues of
government publications.

Most analysts do not use real-time vintage data to estimate their forecasting models.
Instead, they use the most up-to-date data available at the time of the estimation. Economists often
label as "real time" forecasting exercisesin which this practice is reproduced after the fact. 1n these

exercises, the economist gradually extends the period over which aforecasting equation is
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estimated, each time using data as it would have appeared at the close of the sample period. The
problem with using "end-of -sample-vintage" data to estimate a forecasting equation is that
correlation between revisions to a right-hand-side variable and revisions to the left-hand-side
variable can make it appear that the first variableis useful in predicting the second when, in fact,
early vintages of the first variable--the only vintages that are actually relevant to constructing
current forecasts--have little or no marginal predictive power. In other words, the linkages between
the right-hand-side and left-hand-side variables near the start of the sample period--where both are
heavily revised--may be quite different from the linkages at the end of the sample period--where the
available data have undergone little, if any, revision. Itisonly the latter linkages that are relevant
for constructing an accurate current forecast.

A more subtle question than whether the right-hand-side variables in the forecasting
equation ought to be real-time-vintage or end-of-sample vintage is whether the left-hand-side
variable ought to be first release or end-of-sample vintage. We have argued that as long as the
government’s first release fully exploits available information, superior forecasting performance can
be expected if first-release data are used on the left-hand-side of the equation. Intuitively, the real-
time information on the right-hand side of the forecasting equation is more closely related to the
government’s initial estimate of the left-hand-side variable than it is to any revised estimate of the
left-hand-side variable. Therefore, a regression with first-release data on its left-hand side is likely
to yield more precise coefficient estimates than a regression with revised data on its left-hand side.
First-release data are to be preferred for estimation even if the analyst is ultimately interested in
predicting revised data.

We certainly do not believe that every government estimate is fully efficient. However, we
do believe that attempts to second guess government estimates at the time of their release are
sufficiently uncommon as to suggest that efficiency is a useful approximation in many real-world
applications.

In the particular application considered here--forecasting current-quarter GDP using monthly
data on employment, industrial production, and retail sales--we find that our theoretical findings are
borne out. A substantial improvement in out-of-sample performance is achieved if the forecasting

equation is estimated with real-time-vintage data on its right-hand side, rather than end-of-sample
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vintage data. Thereisafurther improvement if first-release GDP growth is used as aleft-hand-side
variable for estimation purposes. Properly estimated, our ssmple model is competitive with the Blue

Chip consensus GDP forecast.
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APPENDI X: The Data Requirements of the Alternative Estimation Strategies

A simple example will help illustrate the data requirements of the alternative forecasting
strategies discussed in the main text. Suppose that the econometrician is interested in forecasting
GDP growth using current and two lags of employment growth. Available GDP data extend from t
=0tot=T-1. AsshowninFigure 1A, we can arrange the GDP datain atriangular array with T
rows and T columns. In the upper left-hand corner is the period-0 official estimate of period-0 GDP
growth (y,(0)). In the upper right-hand corner isthe period-T-1 official estimate of period-0 GDP
growth (y; ,(0)). Andinthelower right-hand corner isthe period-T-1 officia estimate of period-T-

1 GDP growth (y,(T - 1)). In general, as one moves from left to right along arow, oneislooking at
increasingly up-to-date estimates of a particular quarter’'s GDP growth. As moves from top to
bottom along a column, thentage of the GDP estimates stays constant, but one is looking at GDP
growth in ever more recent pericddsStrategy 1 uses data from along the main diagonal of the data
array for estimation purposes. Strategies 2 and 3 use data from the right-most column.

Under Strategy 1, as T increases (so that the sample period is extended), the econometrician
simply adds a new GDP growth observation to the end of his data set. (In Figure 1A, all that's
needed is one new diagonal element at the lower right of the data array.) Under Strategies 2 and 3,
the entire data set is discarded and replaced with a new set of GDP-growth observations of vintage
T. (In Figure 1A, an entire new column of data must be added to the data array.) Suppose that the
econometrician wishes to conductexipost, real-time, rolling-forecast exercise--an exercise in
which the model is estimated and re-estimated as the sample period is gradually extended, for each
sample period using only data that would have been available at the time. Under Strategy 1, the
econometrician need collect ordge series of GDP growth estimates--a series consisting entirely of
initial releases. Under Strategies 2 and 3, the econometrician must collect a data set of vintage T - 1
that covers GDP growth over the entire interval fromt=0tot=T - 1, a data set of vintage T that
extends fromt=0tot=T, and so forth.

Figure 1B displays an array of employment-growth data of different vintages that is

organized exactly like the GDP-growth array of Figure 1A, except that there are two additional rows

 The format is similar to that of Table 1 in Diebold and Rudebusch (1991).
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at the top of the array (for employment growth att =-1andt = -2). Asbefore, Strategy 3 uses only
entries from the extreme right-hand column of the array. If the sample period is extended by one
guarter, the old data set must be discarded and replaced with a new set of employment-growth
observations of vintage T. Conducting areal-time, rolling-forecast exercise requires that the
econometrician collect a sequence of long data sets, each of a different vintage.

Strategies 1 and 2 draw employment data from the bottom three elements of each column of
the array, reflecting the fact that the current and lagged employment growth that appear on the right-
hand side of the forecasting equation are of the same vintage. Extending the sample period by one
quarter simply requires adding three new entries at the lower right of the employment-growth array-
-an entirely new observation of period-T employment growth, and newly revised estimates of
period-T-1 and period T-2 employment growth. Conducting areal-time, rolling-forecast exercise
requires that the econometrician collect many three-element employment-growth snap shots, each of
adifferent vintage.

Note that the employment-growth observations used under Strategies 1 and 2 in this exam-
ple do not consist only of first-release data: at each point in the sample, current-quarter employment
growth isfirst release, but lagged employment growth isrevised. Hence, in the main text we call
the right-hand-side data under Strategies 1 and 2 "real-time vintage" rather than "first release.”
Restricting oneself to first-rel ease right-hand-side data (Strategy 1') amounts to taking data only
from the main diagonal of the array, rather than from the main and two adjacent diagonals.

To see how serial correlation can arise under Strategy 1, when it is absent under Strategy 1,
consider the difference between the right-hand-side variables under the two strategies. Under
Strategy 1, the right-hand-side variables at timet are e|(t), e(t - 1), and et - 2). Under Strategy 1’,
the right-hand-side variables are gy(t), et - 1), and gyt - 2). The differences between the right-
hand-side variables under the two strategiesarethus 0, g/(t- 1) - g(t- 1), and et - 2) - e,(t- 2) =
[e(t-2)-e(t-2)] +[ef(t-2)-eft-2)]. Attimet- 1, the corresponding differencesare 0, g((t - 2)
- gyt - 2), and et - 3) - e/t - 3). The overlap (the termsin boldface type), means that the informa-
tion that isleft out as one goes from Strategy-1 to Strategy-1' estimation can be expected to be

correlated over time.
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FIGURE 1A. Available left-hand-side-variable data laid out in an array. A typical entry,
yr(1), isthe official estimate of y(t) released at timet + R. Estimation Strategy 1 usesonly
circled entries (along the main diagonal). Strategies 2 and 3 use only entriesfrom the right-
most column.

Yo(0) v1(0) Yy,(0) . : : Y1.2(0) Y14(0)
Yo yi(D) . : : Yr3(1) Yra2)
Yo(2 - : : Yr.4(2) Yrs(2)
. more recent
periods
!

YO(T'Z) Y1(T'2)
yo(T' 1)
more recent vintages —

FIGURE 1B. Availableright-hand-side-variable datalaid out in an array. In the notation of
the main text, x,(t) = [e(t) e.,(t - 1) e.,(t - 2)]. A typical entry of thearray, e(t), isthe official
estimate of e(t) released at timet + r. Estimation Strategies 1 and 2 use only the circled
entries. Estimation Strategy 3 usesonly entries from theright-most column. Strategy 1’ uses
only entries from the main diagonal.

e(-2) e(-2) e(-2) . : : e(-2) eru(-2)
e(-1) e(-1) e-1) . : : er4(-1) ex(-1)
&0) &) &0 . : : er,(0) er4(0)
& el . : : era(1) er (1)
&2 - : : erq(2) er5(2)

. more recent

. . periods

e(T-4) . !

e(T-3) e(T-3)
e(T-2) &(T-2)
e(T-1)
more recent vintages —
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TABLE 2. Summary Statisticsfor Rolling-Sample For ecasting Exer cise, 1990:Q1-1997:Q4

Estimation Strategy

Error

Mean Error

Mean Absolute Error

Root M ean-5q.

Strategy 1

0.13

0.67

0.78

Strategy 1’

0.10

0.95

1.14

Strategy 2

Strategy 3

-0.01

0.91

1.07

Naive

Blue Chip
Consensus

"Final" GDP

TABLE 2. Summary Statisticsfor Rolling-Sample For ecasting Exer cise, 1990:Q1-1997:Q4

Estimation Strategy

Error

Mean Error

Mean Absolute Error

Root M ean-5q.

Strategy 1

0.16

0.84

1.02

Strategy 1’

Strategy 2

0.22

0.86

1.07

Strategy 3

0.02

1.12

1.27

Naive

Blue Chip
Consensus
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