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Analysis of Errors

in Prediction

The central question about the utility of econometric models re-
lates to their predictive accuracy. While evaluations have been made
of predictions- generated by developed country models,' no such
attempt has been made for econometric forecasts of developing
countries.

Evaluations may be made either through an analysis of the usual
statistics of fit of the estimated equations of the model—the correla-
tion coefficients, t-statistics, and Durbin-Watson statistics—or through
a consideration of the (ex post) predictive accuracy of the forecasts
over the sample period, which is the usual method.? It is evident,
however, that an evaluation made a posteriori, based on ex ante pre-
diction, is more satisfactory. This approach does require a relatively
long period of predictions for computing the errors through a com-
parison of the actual figures with predictions made at different times.
Such a procedure not only permits an appreciation of the relative
magnitude of errors in the predictions made with different time hori-
zons, but also illustrates whether the errors are reduced as the time
horizon shortens.

The accumulated experience of the Wharton EFA econometric
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116 Short Term Macroeconomic Policy in Latin America

project for Mexico (DIEMEX) provides a vehicle for this type of
evaluation. More than seven years of regular forecasts have been
made using successive versions of the annual econometric model.
From this experience we choose to present, for purposes of this
study, an evaluation corresponding to Version V of the model, which

is presently in use. Before performing that evaluation it is necessary
to describe the model briefly.

DIEMEX-WHARTON EFA MODEL V

Version V of the Mexican econometric model was finished in 1971
and has been used uninterruptedly since that time in making ex ante
projections.

The model consists of 143 equations, of which 40 are estimated.
The rest are identities. There are 46 exogenous variables. The model
generates forecasts of the components of aggregate demand, the ex-
ternal balance on current account, aggregate output, labor force,
certain demographic variables, accumulation of capital and creation
of productive capacity, public finances, prices, and wages.’ Basically
it is concerned with real variables and contains a minimum of mone-
tary detail. The equations were estimated using ordinary least squares.

The flow chart—Figure 4-1—provides a condensed description of
the model and its six endogenous blocks. The economic process
delineated there contains the following lines of causation among the
blocks, which are numbered in parentheses in what follows: the mag-
nitude of internal demand and its decomposition into consumption
and investment in (1) determine the accumulation of capital and
generation of productive capacity (3), with effects upon the demand
for labor (4) and the division of income (5). Internal demand and its
composition also determine the magnitude and composition of im-
ports (especially the division of imports into consumption and invest-
ment goods, which is not shown in the diagram) within (1). The
imports are (partially) paid for with exports, also within block (1),
all of which is detailed in nine of the model’s equations. Exports
depend fundamentally on the U.S. economy, which is the most
important exogenous factor in the model.

The rest of the diagram shows that production (2) is the result
of demand (1). The demographic process of (4)—population and
urbanization—depends on the regional distribution of capital and the
creation of productive capacity (3). The distribution of income (5)
is the result of the general level of economic activity determined in
(1), of demand for labor, and of wages and prices. These last two
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118 Short Term Macroeconomic Policy in Latin America

variables are interdependent and also depend on exogenous and
endogenous processes.

The level of prices is affected by external inflation (United States,
Europe, and Japan), by unit labor costs, and by indirect taxes. Fi-
nally political factors, taken as exogenous, affect the magnitude and
composition of demand in (1), particularly investment.

PREDICTIVE METHOD

The forecasts that we will analyze were made between mid-year 1971
and the end of 1974, approximately every semester; the only excep-
tion being the forecast that normally would have been made in the
first part of 1973, which in fact was postponed to September of that
year.

Usually more than one set of predictions is made in a semester.
This is done for two reasons. At times when uncertainty exists about
the direction that domestic economic policy will take, the most
probable policy outcomes are used to generate two or more predic-
tions. In addition, our procedure, following the method used by
Wharton EFA with its U.S. models,* consists of a preliminary projec-
tion and a revision (or revisions in the above case). These revisions
are done in the semestral meetings of the economists representing the
institutions that participate in the Wharton-DIEMEX project. In ad-
dition, the revisions incorporate corrections and suggestions from
informed economists who do not belong to the DIEMEX group.

These consultations with both groups are an important source of
information regarding the levels of exogenous variables in the model
and the behavioral equations through adjustment of their errors for
the period of projection. This is especially true for the short run as
we indicate below. It should be emphasized that frequently these
adjustments to the estimated equations are considerable. In general
we are correcting the equation in question with more recent knowl-
edge of the expert in the area and/or incorporating official revisions
in the data.

Such a predictive procedure is neither simplistic nor mechanistic—
in comparison to a simple extrapolation (by using, for example, the
growth rate in the exogenous variables and ‘‘freezing” the last regres-
sion error of the behavioral variables for the period of projection).
The comparison of the predictive errors generated by both methods,
the simplistic versus the one we follow, favors the approach used
here, as shown in Table 4-7 which will be discussed below.
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Econometric Forecasting: Mexico 119

THE ERRORS OF PREDICTION:
PERCENTAGES AND DIFFERENCES

A simple way of illustrating the magnitude of the errors obtained in
the predictions made since mid-1971 is to compare in tabular form
the published official figures with the projections and compute the
percentage errors, taking the official figure as 100 percent.

where
E, = (B, - A)A,
P, = projection of level or flow;
A, = actual figure

In the case of rates of growth, the absolute difference between
actual and projected growth rates is perhaps a more convenient way
to calculate errors in this type of variable.

where
D,=(P,-A)
P, = projected rate of growth

At = actual rate

These two forms of calculation have been used in the tables that
follow.

Since at the time this paper was written the published figures for
1972, 1973, and 1974 were available, we have taken the correspond-
ing projections that were made for these three years. Here it should
be mentioned that the Mexican authorities (fundamentally, the
Banco de Mexico) publish preliminary figures for the previous year
in March and revised figures in September. Thus the figures for 1972
and 1973 are revised while those for 1974 were still preliminary at
the time of writing.

Tables 4-1, 4-2, and 4-3 contain in the top ten rows, the percen-
tage errors (E,) made in the projections (P;) of the levels based on
the actual figures (A4,) (taken as 100 percent), which are shown in
the last column. Aside from the price deflator of GDP, expressed
with base 1950 = 1.00, and federal government income and income
taxes, which are expressed in billions of current pesos, all variables
are expressed in billions of real 1950 pesos. (Rows 11 to 20 present
the errors in predicted growth rates (D, ) with the final column repro-
ducing the actual growth rates. The last two rows of these tables, 21
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and 22, contain simple averages of the absolute errors in levels and
growth rates of all predictions made at a given date:

(*°ZIE/10) and  ('9ZID,1/10)

The selection of the variables basically was determined by the
availability of official statistics. For example, the lack of some fig-
ures, such as private consumption and investment, which were last
published in 1968, prevents evaluations of the accuracy of the de-
mand projections. Another basic criterion is that the official series
has not been revised conceptually, which would impede comparisons.

ANALYSIS OF THE ERRORS

The most general observation that can be made is the tendency for
the absolute size of the error to decline as the time horizon of pre-
diction shortens. The predictions for 1974, made in June 1971, have
an absolute error of 18.3 percent (or 19.9 percent) in the levels, de-
pending on which prediction is chosen, and 16.6 percentage points
(18.2) in the growth rates, as can be seen in rows 21 and 22 at the
bottom of Table 4-1. (Most of this average error is due to the poor
prediction of the external balance; for example, without that figure
the average error of 18.3 would fall to 14.2 percentage points.) By
comparison in November 1974, a half year from the publication of
preliminary figures, the average errors were reduced to 1.7 percent
and 2.9 percentage points, respectively (the 1.7 percent figure falls
to 0.8 percent if we exclude again the balance-of-payments error).
This tendency to improve the precision of the estimates as their date
of announcement approaches is confirmed in the predictions for
1973. The tendency also exists for the predictions for 1972, although
it is less obvious given the shortness of the sample of predictions.

The same tendency appears in the case of the majority of the spe-
cific variables. For example, in Table 4-2, which contains the most
observations, the errors in predicting the price level, imports, federal
government income, and income taxes all follow this tendency. The
absolute errors in the levels of secondary and tertiary product also
follow this tendency although the result is less clear for the growth
rates.

There are also some interesting apparent deviations from this pat-
tern; we say apparent because of the small sample size even for the
predictions of 1974. For the prediction of the level and rate of
change of gross domestic product (GDP) for 1974, the errors do not
clearly decline. Although the maximum error, 2.7 percent, is found
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in column 1, the earliest prediction, the minimum, 0.5 percent, is not
found in the most up-to-date prediction, but in column 7, corre-
sponding to September 1973. It is, therefore, not apparent that the
accuracy improved as we approached the date of publication.

A similar conclusion can be drawn from the errors in predicting
GDP for 1973 and 1972. The amplitude .of the ‘“‘cycles’ of predic-
tion does not diminish. Nevertheless, given that in none of the three
cases do the errors exceed the 2.7 percent obtained at the greatest
“distance,” one could say that the precision in predicting GDP was
“good” at almost all points in time.

Another apparent exception is the prediction of exports. For all
years the final errors are greater than those obtained at intermediate
and even initial dates. Nearness to the date of announcement appar-
ently led to a deterioration in predictive accuracy—with the excep-
tion of errors in the growth rates for 1972 and 1973.

What explains these two deviations, GDP and exports, from the
general rule? Apart from the reduced sample size, there are particular
explanations in both cases. For GDP, the so-called good prediction at
almost all points is due apparently to a cancellation of the predictive
errors of the components. Primary production was generally over-
estimated while secondary and tertiary production were underesti-
mated. However, this is only part of the explanation. The predictions
of tertiary output, the most important component of GDP, have
been in general the most accurate over all time spans, never exceed-
ing 5.3 percent in absolute error. The predictions of secondary out-
put, although less accurate, never exceeded 5.7 percent in absolute
error. In brief, the precision of the projections of secondary and
tertiary production by canceling the elevated errors in predicting
primary production yielded an accurate prediction of GDP.

In the case of exports there is a more obvious explanation. When
the balance of payments deficit began to grow rapidly after 1972,
we started a conscious predictive policy of optimism regarding ex-
ports in order to reduce the risk of being alarmist about the external
disequilibrium. Consequently, we generally used the largest, reason-
able values for those exogenous variables that enter the export equa-
tions such as domestic production of primary export products. The
general result was an overestimate of exports after November 1972 as
shown in Tables 4-1, 4-2, amd 4-3. The reverse was true for imports.
Both types of errors translated into the large underestimates of the
deficit in the balance of payments.

This brings us to a consideration of the signs of the errors. In addi-
tion to exports we have tended to overestimate (positive sign) pri-
mary production because of a similar policy of optimistic projections,
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again through positive adjustments in the econometric equation. This
is especially clear in Table 4-2. On the other hand, we have regularly
underestimated prices, imports, federal government revenues, and in-
come taxes. For the last two, the underestimate is due to the imposi-
tion of the unforeseen Fiscal Reform of 1974, which increased
federal revenues by about 20 billion pesos annually. As soon as the
magnitude of the reform became apparent, the underestimate was
reduced to less than half, as can be appreciated through a comparison
of columns 8 and 9 of row 9, Table 4-1. The same is true for the
income tax.

The underestimate of imports, aside from the effect of the already
mentioned optimistic treatments of the external deficit and primary
production, is due to an apparent increment in the import coefficient
during the Echeverria administration, at least partially the result of a
liberalized policy of imports.

Finally, the underestimate of prices can be explained by the un-
foreseen magnitude of world inflation in 1973, combined with an
internal inflation generated by the excess demand of the public sec-
tor and the rapid increase in liquidity beginning in 1972. Again these
errors were reduced substantially, to less than a third, as soon as
these trends became clear, as can be appreciated through a compari-
son of columns 5 to 7, line 5 of Table 4-1.

Another convenient way of analyzing the errors is to average them
according to ‘“‘forecast time horizon.” In this way one can appreciate
the error incurred in forecasts of one, two, three, or more years of
inflation. This method has been used to evaluate forecasts obtained
from the U.S. quarterly econometric models in view of the great
number of forecasts that they generate yearly.® In our own case,
given the annual nature of the model and the few forecasts included
in sample size of predictions, we have not rigorously followed this
approach. Nevertheless, Tables 4-4, 4-5, and 4-6 give an idea of the
forecasting errors obtained from predictions made from one half to
three years in advance. The basic data for the averages are obtained
from the indicated lines of Tables 4-1, 4-2, and 4-3. The figures in
parentheses again correspond to an alternative forecast when two
forecasts were made on the same date.

Comparing rows of the three tables, one can observe the improve-
ment in the precision of the forecasts at shorter prediction ‘‘dis-
tances.”” The average error in predicting the ten levels at the bottom
of Table 4-4 almost diminishes by half as the forecasting time hori-
zon shortens from three years to one-half year, that is, 18.3 percent,
11.8 percent, 6.5 percent, and 2.6 percent. The same tendency ap-
pears clearly in the price predictions in Table 4-6. The exception
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appears in the GDP predictions on Table 4-5. The early forecasts of
June 1971, made with three years of anticipation, have the smallest
errors. We feel, however, that a larger sample of forecasts of GDP will
eventually fall into the same pattern.

A COMPARISON WITH
MECHANICAL FORECASTS

As mentioned above, an alternative method of forecasting would be
to use a simplistic or mechanistic approach. Even without any knowl-
edge of the economy and its recent evolution, it is easy to generate a
mechanistic ‘“forecast” with an econometric model. All that is re-
quired is a simple extrapolation of the exogenous variables, using its
recent growth rates and the residuals (or errors of estimate)® of the
stochastic variables, using for example, the most recent historical
value. The rest is simply computer work.

Since it is useful to ask which of these methods is more accurate,
we have included a comparison of their errors.” The only mechanical
projection that is available, using the Mexican Model V, was made
in April 1972, the same date as the nonmechanical forecast already
presented in Tables 4-1, 4-2 and 4-3. Table 4-7 contains the com-
parison of both types of forecasts.

Although at first glance a comparison of lines 21 and 22 does not
appear to decisively favor the nonmechanical method, in reality the
latter results are superior. The substantial error reduction achieved in
1972, where the average errors in levels are halved by the nonmechan-
ical forecasts (3.1 percent versus 6.3 percent of the mechanical fore-
cast), is the result of the incorporation of the economic information
available to the experts in the first quarter of that year.

On the other hand, the similarity of errors of the two types of
forecasts for 1973 and for 1974 is due to the absence of such up-to-
date information for those years in the nonmechanical forecasts. In
other words, for these two years the ‘‘nonmechanical’ forecasts were
actually mechanically done.

CONCLUSION

The forecasting experience of the Wharton-DIEMEX Econometric
Model of Mexico is encouraging about the use of this type of models
for purposes of ‘“‘economic meteorology’’ in developing countries.
The accuracy of the ex ante forecasts, especially of the year in course
and the following year, is acceptable. The average error of the sample
of predictions made one-half year in advance is 3 percent; for those
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made one and one-half years in advance it is less than 7 percent (see
Table 4-4—Average Absolute Error).

Nevertheless, the tendency for the error to increase with the
length of the prediction period decreases the confidence in forecasts
of more than two years. The average error of forecasts made two and
one-half years in advance is close to 12 percent; of those made more
than three years in advance, over 18 percent.

The predictive accuracy of the variables differs substantially. In
the case of GDP the error never exceeded 3 percent even for predic-
tions over a three-year horizon. (Table 4-1, line 1) On the other hand,
prices were underestimated by 23 percent (Table 4-1, line 5) and the
external balance by over 55 percent in these medium-term forecasts.

The good short-run predictive accuracy that is generally obtained
is apparently due to the method of incorporating the latest informa-
tion available from experts and other data sources external to the
model. That is, the combined method—experts and model—permits
a substantial reduction in the predictive error of the current year’s
forecast to less than half of that made with a mechanical projection
technique (Table 4-7, lines 21 and 22, for the year 1972).

If on top of the short-term precision attainable, when considera-
tions of the scope of economic aspects that can be forecasted, the
consistency obtained among them, and the excellent work discipline
imposed upon the user are taken into account, then econometric
models emerge as a superior tool for forecasting.

NOTES

1. For an example of an analysis of the predictive accuracy of a quarterly
model of the United States see G.R. Green and L.R. Klein, “10th Anniversary,
the Wharton Forecast Record: A Self Examination, The Wharton Quarterly T:
2 (Winter 1972-1973).

2. See Y. Haitovsky, G. Treyz, and V. Su, Forecasts with Quarterly Macro-
Econometric Models, Studies in Business Cycles, No. 23 (New York: NBER,
1974),p. 7.

3. A more complete description of Model V can be found in A. Beltrdn del
Rio and L.R. Klein, “Macroeconometric Model Building in Latin America: The
Mexican Case,” The Role of the Computer in Economic and Social Research in
Latin America (New York: NBER, 1974), pp. 161-90.

4. For greater detail regarding this procedure, see G.R. Green and L.R. Klein,
op. cit. :

5. See Y. Haitovsky, G. Treyz, and V. Su, op. cit. The models analyzed are
the OBE (Office of Business Economics) and Wharton quarterly models. See also
G. Green and L.R. Klein, op cit.

6. If the last year of the sample used to estimate the regression is not the year
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previous to the forecast (e.g., if the last year is 1970 and the forecast is for
1975-1980) the necessary intermediate errors can be obtained through a calcula-
tion of residuals or “residual check.” This same check is indispensable when there
have been revisions of the data over the sample period used for the regressions.

7. The superiority of the nonmechanical method is well documented for
studies based on the broad sample of quarterly forecasts. See Y. Haitovsky, G.
Treyz, and V. Su, op. cit., ch. 7.
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