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ABSTRACT: The question whether macroeconomic forecasts are useful
as inputs to forecasting models for other variables is studied. A
simple t-test is suggested for testing whether the use of a
forecast is better than the use of the mean of the variable to be
forecasted. The test is shown to be related to some other
criteria that have been suggested, but has the advantage that
critical values are easily available. Also some methods for
forecast correction by end users are discussed and their
limitations are studied.
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1. Introduction

When published macroeconomic or industry-level forecasts are used as
explanatory variables in forecasting models for less aggregate variables,
e.g. regional or firm-level, one faces the problem that these forecasts
may be fairly inaccurate and therefore not necessarily useful. It would
be important to be able to test whether a forecast is accurate enough in
such situations. For example, in a recent survey of forecasting methods
in marketing, Armstrong et al. (1987) posed the question "what are
acceptable levels of forecast errors for environmental inputs to market
forecasting models?" as one issue where more research is needed. This

paper attempts to provide an answer to that question.

Ashley (1983, 1985) suggested a new criterion for the evaluation of fore-
casts in such situations. The idea is to compare use of the forecast in
the model and use of the mean of the variable as an alternative forecast.
In some cases this can be interpreted as omission of the variable in
question from the model in the forecast period. For example, when the
model is expressed in terms of deviations from the means, this is the

same as using a zero forecast of the deviation.

If the published forecast is poor, some kind of correction may be
applied by the forecast user for improving it. Typically this kind of
revisions are based on past forecast performance, either informally or
by estimating adjustment factors. Ashley (1985) suggested improvement
of a forecast by combining it with the mean of the variable to be fore-

casted.

The purpose of this note is to show that both Ashley's test criterion

and forecast correction are closely related to a familiar forecast



evaluation approach. Also a simpler form of the test is derived. In the
concluding section reservations about this kind of forecast revision are

discussed.

24 Testing the usefulness of forecasts

Consider a simple model yt = 0O + th tey, t=1,...,T-1, where y

is e.g. a firm's sales and x is some activity variable, e.g. disposable
income. To use this model for forecasting the firm's sales for period T,
a forecast for the macro variable Xp is needed. o and B are assumed to
be known, although this does not affect the results.

For simplicity, it is better to consider the model when the constant has
been removed by expressing the variables as deviations from their means:

the period T model is

Yy - E(y) = B(XT—E(X)) ter. (1)

Consider as a first alternative the use of a published macro forecast

QT in (1). The forecasted value of y_ is §T1 E(y) + B(;T—E(X)), which

has mean squared error (MSE)

s 2 2 52 2 2 3 2
MSE] = E(yT_yT]) =B E(XT_XT) + 0e 8 MSE(XT) + Ge.(z)

An alternative is to forecast Xq to be equal to E(x), the mean of x.

The corresponding forecast for y is §T2 = E(y), which has MSE

2 2 2 2 2 2
MSE2 = E(yT'yTz) =B E(XT—E(X)) + Oe =R OX + Oe . (3)



Hence use of the mean E(x) rather than the forecast X, is justified if

T
k = MSE(Q)/oi > 1, which result was derived in Ashley (1983). For

optimal forecasts k < 1 always holds, since then E(x) = E(;), Cov(x,;)

= o%, and hence MSE(X) = 05*55 < ci (Granger and Newbold, 1986,

p. 131).

A disadvantage of this approach is that it is difficult to find a signi-
ficance level or critical values for the test. However, Ashley (1985)
notes that since in practice the parameter g8 has to be estimated and on
the other hand, the forecasting model is 1ikely to have other explanatory
variables besides x, leaving out x (or using E(x) as the forecast) may

be justified even when k is close to one. One may argue, however, that
the properties of the forecast might not stay constant over time so

that a test based on past forecast performance is not quite reliable.
This issue 1s discussed further in the concluding section, but here an
alternative test is derived which is more conservative in the sense that
the usefulness of the forecast is less 11kely to be rejected. Consider

a third alternative forecast ;T + bias = QT + E(x—§), i.e. a forecast
where a known additive bias in the original forecast has been removed (cf.

Ashley, 1985). The forecast of yT is now §T3 = E(y)+ B(QT—E(Q)), which

has MSE

~ 2 2 > > 2 2
MSE, = E(¥1-Y1q)" = B E(X-EOX)-X{+E(X)) ™ + o

2 A 2
B (Oi + oé - 2Cov(x,X)) + Ge

MSE, + B°(0 - 2Cov(x, X)) (4)

This shows that MSE3 < MSE2 if Cov(x,?)/o% =b > 1/2, where b is

the slope coefficient from a regression of x on x and a constant. On the

other hand, it is easy to show that MSE, exceeds MSE3 by BZ(E(x)-E(Q))Z.

1



The interpretation of these results is the following. When x is regressed
on § and a constant, for optimal forecasts the constant should be zero

and the slope coefficient b should be 1. If 1 < b <, QT + bias has a

downwards slope bias, but it is still more accurate than the mean E(x)

as a forecast. If b < 1, the forecast X. + bias has an upwards slope bias,

T

and if b < 1/2, X. + bias is too inaccurate compared to E(x) to be useful

T
in forecasting Y- If b < 0, even the direction of changes (assuming that
the forecasts refer to changes) are typically forecasted incorrectly.

In the remainder of this paper it will be assumed that b is positive.

Especially, if the variables are changes, a large value of b may be
interpreted as resulting from underestimation of the magnitude of changes
although the signs of the changes are correctly forecasted. However,
“underestimation of changes" or downward slope bias can result simply
from the fact that optimally the variance of the forecasts should be
smaller than that of the actual values (Granger and Newbold, 1986,

p. 286). Correspondingly, b < 1, or "overestimation of changes" may

imply inefficient forecasts for which 05 < 05.

Since MSE3 < MSE]

E(x) s superior to the additive bias corrected forecast QT-E(X-Q), it is

always holds, it follows that when the mean forecast

also superior to the original forecast X.. There may, however, be cases

T

where MSE_ < MSE, < MSE], so that one cannot choose between E(x) and %

3 2
on the basis of the b < 1/2 criterion.

T

Compared to Ashley's test the present test has the advantage that it can
easily be performed using a one-sided t-test. In practice a complication

may arise from the fact that the error term in the regression of x on %,



i.e. the forecast error, is not necessarily uncorrelated with X. In fact,
E(&(x-i)) = 0 holds for optimal forecasts, but not necessarily for sub-
optimal ones. Therefore instrumental variable estimation may be applied.
In addition, the errors of especially several periods ahead forecasts

can be serially correlated because of information lags and data revisions
after the forecast was made (Brown and Maital, 1981, Berger and Krane,
1985). In this case the testing of b should be done using a consistent

estimate of its standard error.

If the model is formulated so that the variables refer to changes, an-
other useful benchmark forecast is a zero, or no-change forecast. De-
composing MSE(QT) = E(xT—QT)z, it can be seen that MSE(0) = E(x2) is

smaller than MSE(X if b' = E(xi)/E(Qz) < 1/2, i.e. the slope coef-

1)
ficient from a regression of x on X without a constant is smaller than

1/2. 1f b* > 1/2, the original forecast is better than the no-change

forecast.

It can also be noted that, when the variables are changes, the above

tests are closely related to some other test statistics. Theil (1966)

172 172 as a measure of forecast

suggested using U = (g(xﬁ-§1)2/n) /(%xf/n)
accuracy. The U statistic compares the sample analogues of the root mean
squared errors of forecast x and a no-change forecast. If E(x) = 0, i.e.
the no-change forecast is unbiased, this can be written as U = (MSE(QT))]/Z/
(02)1/2 - k1/2

. . Both Ashley's test and Theil's U-statistic can hence be
used for testing whether a published forecast of an exogenous variable is

accurate enough compared to a no-change forecast. In fact, the U <1, k > 1

and b' > 1/2 criteria all give the same ranking to %, and a no-change fore-

T
cast in the special case E(x) = 0. However, U <1 and b' > 1/2 give the

same result even when the no-change forecast is biased.



Nelson (1961) has suggested another test criterion for choosing between a

forecast and the mean of the variable to be forecasted, R2 =1 - E(xT—QT)z/

E(xT—E(x))2 =1 - MSE(QT)/ci = 1-k. It measures the proportion of the
total variation in x, i.e. the proportion of the variance of x, which
is explained by the forecast; the unexplained part of the variation is
measured by the MSE of the forecast. Also Pierce (1975) has suggested a
R2—type measure of forecast evaluation in the case where the forecast
QT is obtained from a time series model. As shown above, R2 is directly
related to the k-statistic. If the mean E(x) is used as a forecast, R2

= 0, and for perfect forecasts, R2 = 1. Assuming that E(X) = E(Xx), R2

2 2(b-1/2)o§/o§, which relates the R®

can be written also as R >0,
criterion to the b > 1/2 criterion. Theoretically, inequality 1 > R2 >0
should hold, which requires that the forecast has to be optimal in the
sense that MSE(X) is always smaller than ci. In practice, there is

no guarantee for this to hold, since forecasts may be biased and inef-

ficient.

Nelson derived the R2 > 0 criterion in an example from the theory of

the firm. The similarity to the econometric results shown above follows

the quadratic structure of both problems: here a MSE criterion has been
used for comparing the forecasts, whereas Nelson assumed a quadratic profit

function for the firm (see also ITmakunnas (1987)).
3. Optimal correction of forecasts
When the macroeconomic forecast does not satisfy the b > 1/2 or k < 1

conditions, it may be possible to combine the forecast with some other

forecast to reduce the MSE.



Ashley (1985) shows that this can be done by taking a 1inear combination of

E(x) and the bias adjusted forecast X. + E(x-X). An interpretation of his

T
results is given in terms of the methods of evaluating forecast accuracy

*
that were discussed in section 2. The combined forecast is X = AE(x) +

(1-x)(§T v E(x-X)) = E(x) + (1_x)(§T - E(X)), which is unbiased. The MSE

*

of Xg is therefore equal to the variance of the forecast error x

x; - xp - E(0) - (1-0) (¥ - E(X):

T

2

* (]_x)zos - 2(1-1)Cov(x,X). (5)

*
MSE(x7) =0

Minimization of (5) with respect to A yields optimal value )\* = 1—Cov(x,§)/
o% = 1-b. The optimal combined forecast is x; = (1-b)E(x)+ b(?T-E(x-Q))

=a + bQT, where a = E(x) - bE(§). This is the same as Theil's (1966)
optimal linear correction of forecasts: x is regressed on X and a cons-
tant and the estimated slope and intercept are used for correcting the
original forecast. Using Theil's forecast error decomposition, the MSE

of a forecast can be broken down to variance, slope and bias portions.

The optimal Tinear correction removes the bias and slope parts of the

error within the sample period.

The above result is the same as that obtained when E(x) 1s combined with

~

xT without correcting xT

* N
add up to one. In this case the combined forecast is Xp = A1E(x) + ksz.
However, A]E(x) can be replaced by a constant, a. The problem is then to

*

choose a and Az so that the MSE of Xt is minimized. The optimal values

for bias and without constraining the weights to

* ~
are Az = b and a=E(x)-bE(X).

These results can be compared to those in Section 2. When one is indif-
+E(x-X) and E(x) as a forecast of x i.e. when

T T’
b =1/2, the optimal combination gives a weight 1/2 to each forecast.

ferent between using X



Above the simple case of combining a macro forecast with the mean of the
variable was discussed. In practice forecast users are likely to have
available both own information of the economic situation and alternative
macroeconomic forecasts. Combination of several forecasts has been ex-
tensively discussed in the forecasting literature and shown to improve
forecasts. As one alternative, Granger and Ramanthan (1984) suggested
estimating the weights to combine forecasts by regressing realized values
on a constant and the alternative forecasts without any constraints on
the slope parameters. Clearly, this is the same as Theil's optimal linear

correction when there is only one forecast.

Clemen (1986) has criticized the Granger-Ramanathan procedure on the
grounds that although it improves within-sample forecasts, out-of-sample
forecasting may be more efficient when an adding-up constraint on the
weights is used, 1.e. they add up to one, and the model has no constant
term. This combined forecast may be biased, but an efficiency gain arises
from the fact that less parameters have to be estimated. Clearly this
argument applies also to the present case. The corrected forecast x; =

a+bX, is unbiased, but may be less efficient out-of-sample than the

T
A~ *
original uncorrected forecast Xp- The Tatter can be interpreted as Xg

*
with constraints a=0, b=1, so that the MSE of xT

to the MSE of QT due to the variances of the estimates of a and b.

is increased compared

When the forecast correction is used only if a preliminary test of fore-
cast accuracy indicates that the forecast is not useful, t.e., b < 1/2,
the resulting forecast is actually a pretest forecast. Evaluation of such
forecasts is discussed in ITmakunnas (1989). [Trenkler and Liski (1986)
consider pretesting in the case of a combination of alternative forecasts,

but use a different preliminary test.]



6. Conclusions

Revisions of published forecasts should be carefully assessed. It could

be argued that if there are systematic biases in the forecasts, the fore-
casters themselves would correct them. Hence there would be no need for

the users of forecasts to make corrections. Further, each forecast reflects
specific information that the forecasters have of the economic situation,
and therefore uncritical adjustments by users may make the results much

worse.,

It is possible that although within-sample forecasts are necessarily
improved by forecast revisions, out-of-sample forecast performance
deteriorates. Examples of such negative effects of mechanical use of
Theil's correction are given in Bohara, McNown and Batts (1987), and

in the case of a combination of several alternative forecasts in Clemen
(1986) and Holden and Peel (1986). The latter also suggest that forecast
errors are not 1ikely to have a constant mean and variance, since the
models and the personnel of the forecasting units change over time. This
may make the forecast adjustments unreliable, if they are based on past
forecast performance only. As noted above, there are also statistical

reasons for not always correcting forecasts that "underestimate" changes.

On the other hand, there is evidence to show that macroeconomic forecasts
do not use all information efficiently (e.g. Berger and Krane, 1985) and
hence there may be room for corrections by users of forecasts. Successful
examples of improvement of out-of-sample forecast performance by Theil's
correction can be found in Ahlburg (1984) and Brandon, Fritz and Xander
(1983), and, in the case of several combined forecasts, in Granger and
Ramanathan (1984). Ashley's (1985) positive results are based on within-

sample forecasts.
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One case where systematic biases typically appear is business or consumer
survey measures of expectations, since those answering the surveys are
not 1ikely to make an explicit evaluation of their own past forecasts and
therefore may not correct possible biases. If such expectations are used
as variables in a forecasting model, correction of the bias is hence use-

ful (see e.g. Figlewski, 1983).

Another case where adjustments are clearly justified is when the user of
forecasts does not have the same loss function as the forecaster. For
example, it may be irrelevant to a forecaster whether a positive or a
negative error is made, but a firm that uses the macro forecast in a
sales forecasting model may regard an overestimate of sales as more
costly than an underestimate. Therefore the firm may prefer a downwards
biased forecast which involves an adjustment of a published macroeconomic
forecast. Formally this can be rationalized with an asymmetric loss

function (see e.g. Zellner, 1986).

More complicated cases in forecast evaluation arise when dynamics are
taken into account. In econometrics it is not common to give an explicit
weighting, or discounting, to future forecast errors. In contrast, a firm,
when deciding on whether to use a forecast or not, has to consider also
e.g. how investments made today, using currently available demand fore-
casts, affect expected profits in future periods, and how the future
profits are valued. Therefore also adjustment costs and discount rate
should be taken into account in forecast evaluation by the forecast users.
In this case the simple rules for forecast evaluation developed in this
paper may break down. This is discussed in more detail in ITmakunnas (1987).
Another example, where use of a forecast may not be preferable, although

the conditions given in this paper hold, is the case of a risk averse firm.



11

Blair and Romano (1988) show that risk averters value even perfect fore-

casts less than risk-neutral firms, because the use of the forecast

information may increase the variability of profits.
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