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Long-Range Forecasting For
International Markets:

The Use of Causal Models

J. SCOTT ARMSTRONG *

Many researchers appear to operate under the impression that causal
models lead to more accurate forecasts than those provided by naive models
(or "projections”). This study was based on the premise that causal models lead
to better forecasts than do naive models in certain situations. The key element
of these situations is that there are “large changes.” One situation where large
changes might be expected is that of long-range forecasting—and, in particular,
long-range forecasting for international markets. Recent improvements in the
quality and availability of international data have substantially reduced the
cost of developing causal models in this situation. A study of camera markets
in seventeen countries indicated that the margin of superiority of causal models
over naive models is of great practical importance.

Models for sales forecasting may be divided into
two categories—naive and causal. Native models at-
tempt to forecast by using only historical sales data.
Causal models ! attempt to go beyond sales data to
utilize other variables (i.e., the causal variables) in
making sales forecasts. .Figure ! provides illustrations
of each type of model where “Y™ represents sales of a
given product, “X” represents the set of causal vari-
ables, and “t” represents the current year. The ob-
jective of each approach is to forecast sales in year
t+n. The naive model does this directly. The cau-
sal model relates sales to other variables which, in
essence, makes the problem one of forecasting “other
variables” and using these forecasts to estimate sales.

These two approaches are actually extreme points
of a continuum. Development of a forecasting model
may borrow from both the naive and the causal ap-
proaches. Examples of the naive model approach
would be use of simple trend projections or use of
moving averages (such as exponential smoothing).

1 Causal is to be interpreted in its common-sense meaning.
A causal variable, X, is one which is necessary or sufficient to
the occurrence of an effect, Y, and X precedes Y in time. An
interesting interpretation of the literature on causal models may
be found in Hubert M, Blalock, Jr., Causal Inferences in Nonex-
perimental Research (Chapel Hill: University of North Carolina
Press, 1964).

* Assistant Professor of Marketing, Wharton S$cheol, University
of Pennsylvania
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FIGURE 1
BASIC APPROACHES TO FORECASTING
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Examples of the causal model approach would be those
based on “econometric” models with no lagged sales
variables as predictors. 2 In practice, these models are
not so pure: the naive approach is often tempered by a
subjective appraisal of underlying causal factors, while
the causal model generally uses knowledge about cur-
rent sales rates and attempts only to predict changes
in sales.

The causal and naive approaches are contrasted
in Figures 2 and 3. It should be noted that the develop-

2 Econometricians prefer the word “structural” to “causal,”
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ment of the causal model is much more complex than
the development of the naive model. This added com-
plexity would seem to be a disadvantage in that poor
measurement at any stage of dévelopment would ad-
versely affect the performance of the model. The
causal approach rests on the assumptions that the
important causal variables are known, that the causal
relationships can be measured adequately, that the
changes in the causal variables may themselves be fore-
cast with accuracy, and that errors in these predictions
of the causal variables will not lead to serious errors
in the prediction of sales.

FIGURE 2
DEVELOPMENT OF A NAIVE MODEL
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Change in Sales Rate

FIGURE 3
DEVELOPMENT OF A CAUSAL MODEL
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A COMPARATIVE STUDY

While the primary concern of this study was with
improving the firm’s forecasts, it was assumed that an
improvement in industry sales forecasts would lead
to a corresponding improvement in the firm’s sales
forecast. This assumption, which appears to be made
by most companies, simplifies, the problem in that
it allows one temporarily to ignore competition among
firms in the industry. 1t appears to be a reasonable
assumption for. industries which arc ‘“‘somewhat com-
petitive” in the sense that the actions of any one firm
have little cffcct upon industry sales.

It was hypothesized that the causal approach will
lead to substantially better forecasts than the naive
approach in situations where “large changes” are ex-
pected. By “substantially better forecasts,” it is meant
that large improvements can be made in forecast ac-
curacy with relatively small expenditures.

One rather common situation in which large chang-
es are expected to occur is that of long-range fore-
casting—and, in particular, long-range forecasting for
international markets. For example, events such as
the Kennedy Round tariff cuts or the formation of the
European Common Market are expected to lead to
large changes in sales rates for many types of goods.
Improved accuracy in long-range international market
forecasts would seem to be of substantial value to
firms, since the level of international trade has been
gaining rapidly and since there is much room for im-
provement in forecast accuracy.

If it is true that the causal approach does offer
substantial benefits, then it should be possible to dem-
onstrate this in a particular case. The still-camera
industry was selected as a test case due to the au-
thor’s previous experience in this industry. Uncondi-
tional # forecasts were desired for unit camera sales by
country. The objective was to examine what improve-
ments in long-range (S to 10 years) forecasting result
from the use of the causal approach over what could
be achieved by the naive approach.

A Naive Model

A naive model which purported to be representa-
tive of current practice was developed an a priori
grounds, and was based on an average of a “no-
change” model (i.e., sales in the future in country A
will be the same as today’s sales) and of a “constant
percentage trend model” (i.e., sales in country A will
continue to grow at the same percentage rate as they
have in the recent past). There are, of course, many
other formulations which could have been used; the
concern here was to settle on the formulation which
seemed most reasonable in the light of current prac-
tice. This selection of a naive model was based on an
impressionistic analysis of the literature on “how
business firms forecast” and on my experience in fore-
casting in a number of industries. Whether this is a
reasonable representation will be discussed further be-
low.

Data on still camera sales were obtained from
trade and production figures for the period 1960-65.
These data were available from the U.S. Department
of Commerce or from the United Nations. Much ef-
fort and substantial amounts of subjective interpreta-
tion were required; however, to obtain data which
were comparable across countries. The current sales
rate was based on the average yearly sales from 1960-
1965, while the trend for each country was based on
the percentage change from 1960-1965 in each coun-
try.

A Causal Model
As indicated earlier, the development of the cau-

3 By unconditional, we mean that the values of the causal
variables are not known — they must be forecast,
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sal model is substantially more complex. The model
which was developed utilized much of the causal ap-
proach, but it also depended upon naive components.
In other words, this model was intermediate between
the extremes of causal and naive models.

Figure 4 summarizes the causal model which was
developed to forecast camera sales by country. The
details of this model are not important since this is
only one of many ways in which the model could have
been structured, and since the model is a rather typi-
cal econometric formulation. The important parts of
the model are conventional-—measures of current sales
rates and of the effects of percentage changes in what
are essentially population, income, prices and qual-
ity. The basic form of the model, the multiplicative
(or “log-log™) is the most commonly used econometric
formulation. It yields exponents which are easily in-
terpreted * and allows one to utilize previous research
results most conveniently.

The development of the causal model followed the
outline of Figure 3 above: current sales were estimated
on the basis of 1960-1965 data, and this estimate
was adjusted by use of a causal model which attempt-
ed to explain the level of sales for each country; the
causal relationships were specified completely on the
basis of an a priori analysis, and these estimates were
updated by a series of econometric measurement mod-
els; changes in causal variables were based on naive
projections except in a few cases where outside in-
formation was available (e.g., camera price changes
and scheduled tariff changes due to the Kennedy
Round); the effects due to errors in predictions of
the causal variables were based primarily upon sub-
jective estimates. Details of the model development
are developed elsewhere by the writer. ¢ Clearly it was
much more difficult to develop the causal model than
the naive model.

The data for the causal variables were obtained
primarily from secondary sources. It was necessary,
however, to make a survey in order to obtain data on
camera prices in each country. Recent improvements
in the quality and availability of the data proved to be
extremely helpful. Russett ® was one of the most use-
ful data sources.

EVALUATING PREDICTIVE VALIDITY

While there are many criteria by which to judge
the causal model, the most important is the test of
predictive validity. Unfortunately, however, a sub-
stantial time lag would be involved if a direct test
were made of the ability of the causal model to pro-
vide long-range unconditional forecasts. In order to
eliminate this time lag one could use old data, say from
1950 to 1955, to estimate the parameters of the model,
and then forecast 1965. The major drawback to this
approach is that it is very difficult to obtain these old

4 The exponent (which is the coefficient in the log-log formu-
lation) gives the percentage change in sales due to a one percent
change in the given causal variable.

5J. Scott Armstrong, Long-Range Forecasting for a Consumer
Durable in an International Market, (Unpublished Ph.D. Thesis,
M.LT.,) June, 1968.

6B, M. Russett, ef. al., eds:, World Handbook of Political
and Social Indicators (New Haven: Yale University Press, 1966).
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data. Data for more recent periods are generally more
readily available and, if they are not available, one
may run a survey to obtain the needed data. This
situation is especially pronounced in the case of in-
ternational marketing where the quality and availability
of data have improved rapidly over the past decade.

An approach which avoids the time lag and which
utilizes the most recent data for model development is
to forecast backwards in time. For want of a better
term, we call this backcasting. In this study, data from
1967 to 1960 were used to estimate parameters of the
forecasting model. It was then assumed that - nothing
was known prior to 1960, and unconditional back-
casts of 1954 were obtained for seventeen countries.
These backcasts were then compared with actual 1954
camera sales, The results are presented in Table 1.

It may be noted from Column C in Table 1 that
large changes did occur in camera sales over the 8.5
year time span. On the average, sales in 1954 were
about half those in 1962. It may also be noted that the
updated causal model (column A) was superior in
predictive ability to the naive model purporting to rep-
resent current practice (column D). The mean ab-
solute percentage error was reduced by twenty per-
centage points (from 43% to 23%). Such a margin
of superiority would appear to be of great practical

significance if one could generalize to the forecasting -

situation.

DISCUSSION

The results were consistent with the hypothesis that
the causal approach leads to substantial improvements
in accuracy. There are, however, alternative explana-
tions for these results which should be considered.
Chance .

It is possible that the predictions from the causal
model could have been generated from a process which
was no better than that used for the naive model. To
examine whether the superiority of the causal model
was due to chance, the role of the classical statistician
was adopted. A significance level of 5% was specified
and the student t-test was used to test the null hypoth-
esis that there was no difference between the mean
absolute percentage errors from each model: The null
hypothesis was rejected (calculated level of signifi-
cance = .03; one-tail test). Since “unusual events
don’t happen to me,” I conclude that the performance
of the causal model was superior to that of the naive
model.

Fortunate Selection of a Causal Model

The question here is whether the results are repli-
cable. Could other researchers develop useful causal
models? To answer this question, various tests of sen-
sitivity were performed on the mode} parameters. The
overwhelming conclusion was that the results were
not very sensitive to variations in the parameters. In
other words, given the structure of the model, there
was a great deal of latitude available in the choice of
coefficients.

One indication of the lack of sensitivity to the value
of the coefficients is found in an examination of the
forecasts obtained from the a priori version of causal

B}



FIGURE 4

A CAUSAL MODEL TO PROVIDE
UNCONDITIONAL FORECASTS

(t=current year; n="forecast horizon)

. .8 1.5 0.5
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where P. is retail camera price index as measured by
Prediction of survey the 0.984 is a constant representing the effects
Camera Prices of technological change and

T is a taxation index: (tariffs x imports + sales taxes)

C is resale price maintenance index

Q is non-tariff trade controls index

.0 p -1.0
R = ®)(1.02)"[Bren] [ Tten )
f t
STAGE |l when R is current sales rate per potential buyer (a
 weighted average of an estimate based on trade and
Market Penetration production figures and a prediction from a causal

model explaining sales levels in each country);

the 1.02 is a constant representing the effects of
quality change and E is personal consumption expen-= (==
diture per capita. P is retail price index for camera
goods.

- 0.3
Mf+n_ (Tf+ My A

n’ ' t+n

N, )

t+n t+n

where M is the number of potential buyers
T is the total population

STAGE Il ]
L is the proportion literate for people 15-64

Market Size A is the proportion of the population 15-64
N is the proportion non-agricultural employ-
ment.
STAGE IV Lin™ Rern) M)

where L is the "long-run" rate of unit camera sales
Unit Camera Sales 9

By Country
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model (column B). This model utilized parameter es-
timates which differed somewhat from those in the
updated model, yet its performance in backcasting was
superior to all of the naive models.

The sensitivity of the model to changes in the
structure of the model was not examined. The plan
here was to try to follow conventional practice and to
keep the structure simple.

Unfortunate Selection of a Naive Model

It is possible that the poor performance of the
naive model was due to an unfortunate choice of a
model to represent current practice. To test this pos-
sibility, additional formulations of naive models were
considered. These included models based on no change,
on a constant trend for the total market, and on a
constant trend by country, as well as various combi-
nations of these three basic models. In addition, some
consideration was given to the use of more sophisticat-
ed formulations of the naive models. Thus, instead of
using simple moving average and trend calculations,
consideration was also given to exponential smoothing
models which weight more recent data most heavily.

The best version of a naive model which resulted
from this a posteriori search was based on a simple
average of the forecasts generated by each of the
three basic naive models. Still, the performance of this
naive model did not match that of the updated model;
nor, in fact, did it measure up to the performance of
the a priori version of the causal model. Table 2
summarizes the results for some of the naive models
which were considered. It is important to note that
none of the naive models did as well as either of the
the two versions of the causal model.

Other Explanations

It is possible that still-cameras are different in such

TABLE 2

PERFORMANCE OF VARIOUS MODELS
IN BACKCASTING SALES

FOR 1954 (h=17 COUNTRIES)

. Mean Absolute Average
Naive Models Percentage Error Percentage
Error
No Change 67 -67
Constant Trend by Country 51 +23
Constant Trend Over All Countries 37 +28
"Current Practice" 43 -39
"Best" Naive Model 33 -23
Causal Models
A Priori 30 +H8
Updated 23 +12

a manner as to favor the use of causal models. Or it
might be argued that the time period used for the test
of predictive validity is favorable to the use of causal
models. Answers to these questions were not provided
by this study. -

SUMMARY

The use of causal models was shown to be of sub-~
stantial value in a situation which is currently of great
importance—long-range forecasting for international
markets. The causal model, based on conventional eco-
nomic relationships, proved to be superior to a series
of naive projections. Evidence of the predictive value
of the causal model was provided by obtaining un-
conditional backcasts of 1954 based on data from 1967
to 1960.
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