
Chapter 9

Cohort Component Projection: Algorithm,
Technique, Model and Theory

9.1 Introduction

If a student were to ask a North American demographer where to find a detailed

treatment of population projections, chances are he or she would be sent to a text on

demographic ‘techniques’ or ‘methods,’ or urged to take a course on ‘technical’
demography. If the student were to look in a standard introductory textbook on

population, or take a course on ‘population problems’ or on ‘behavioral’ or ‘sub-
stantive demography,’ chances are he or she would be exposed to at best a cursory

treatment of population projections, mentioning their use in population forecasting

or prediction.

I have come to think that the sharp distinction between formal or technical

demography on the one hand, and substantive or behavioral demography on the

other, has been mistaken. The relegation of the population projection algorithm,

along with many other measures and models, to the category techniques, devalues
them as scientific knowledge. The standard projection algorithm, of course, is a

technique and a computational procedure. But when rightly viewed, it is more than

that. It is a powerful substantive model of core population dynamics. At a basic

level, it tells us clearly and accurately how populations work. When viewed in the

light of newer ideas in the philosophy of science, the population projection model is

nothing less than a demographic theory. The philosopher of science Ronald Giere

recently has written of physics:

The problem is not with current scientific theories of the world, but with current theories...

of what it is to acquire good scientific theories of the world. As is typically the case for

individuals, our collective self-knowledge lags behind our collective knowledge of the

world. (Giere 1999)
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The same could be said of demography as a science – specifically as a distinct

and autonomous science, as opposed to a branch of applied statistics concerned

with the collection and descriptive treatment of demographic data. Demography

knows more than demographers or others give it credit for. But scientific knowledge

is encapsulated in theory. And much of our theory is not recognized as such, buried

as it is in ‘techniques’ or ‘methods.’
Whence this faulty self-knowledge of demography? There are many reasons,

most of them tied up with the intellectual history of modem demography. There has

been the perverse influence of radical positivism (see Ernst Mach or Karl Pearson),

intensified in the latter half of the twentieth century by the logical empiricism of

Nagel, Hempel, and Popper. There has been the close association of scientific

demography with government statistical agencies, an association that had signal

advantages for demography, but also disadvantages, notably, a preoccupation with

data collection, estimation, and descriptive analysis, at the expense of theory.

9.2 Anatole Romaniuc on Population Projections

Closely related to this neglect of theory, has been a similar neglect of scientific

methodology and the logic and epistemology of science as these apply to the study

of human population. The demographic literature contains relatively few excep-

tions to this statement.1 In this chapter, I focus on one such exception, by Anatole

Romaniuc – ‘Population projection as prediction, simulation and prospective anal-

ysis’ (1990). In this paper, Romaniuc transcends the restrictive methodological

views of most demographers to highlight the multi-faceted character of population

projection, including its role as a substantive model of population dynamics, that is,

as theory.

In discussing population projection as prediction, Romaniuc is on familiar

ground. When one wants to know the future population (size, age and sex structure)

of the world, nation, or other well-defined population, one commonly turns to a

standard demographic (cohort-component) population projection. We often quibble

about the differences among a ‘forecast,’ a ‘prediction’ and a ‘projection,’ but often
as not what we’re really after is knowledge of the future.

Romaniuc accepts the well-documented fact that population projections viewed

as predictions have often turned out to be incorrect, a fact which he attributes to the

inherent unpredictability of human behavior. But these limits to the predictive

abilities of projections do not disturb him, since he sees two other important roles

for population projections.

One is the use of the algorithm for simulation. Simulations, in his view, are

‘prediction-neutral.’ ‘No attempt is made to predict the future’ (p. 21). Simulations

1See, for example, Keyfitz (1975), Wunsch (1995), and McNicoll (1992). Keyfitz felt it necessary

to apologize in advance to his demographic audience for discussing ‘epistemological’ questions.
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are ‘conditional’ projections, ‘... tautological in the sense of one set of numbers

(input) being transformed into another set of numbers (output) relevant to the

problem at hand’ (p. 21). The focus is on using the projection algorithm to

investigate interrelationships among demographic and other variables.

This use is less familiar than the predictive use of projection, but has found

increasing application since the advent of computers rendered the sheer computa-

tional labor of doing a projection almost trivial. Suppose one wants to know in

general how immigration can affect the age structure of a population. More

specifically, can changes in the number and kind of immigrants slow or even

reverse population aging? The question can be answered by computer simulation

of several population projections (realistic, but not necessary accurate with respect

to any particular population), with varying assumptions about patterns of mortality,

fertility, and migration. Using this approach, one can easily demonstrate that for the

typical developed nation (e.g., Canada), no imaginable pattern of immigration can

have more than a small impact on the age composition of the population, except in

the short term, or unless one assumes that immigrants maintain fertility levels well-

above prevailing below-replacement fertility.

One could similarly demonstrate the relative influence on age structure of

mortality decline versus fertility decline, or the impact of delayed fertility (higher

average age at childbearing) on population growth rates. Note that these simula-

tions, if carried out with enough well-chosen assumptions about inputs, yield firm

scientific generalizations – knowledge of how specific kinds of populations work in

well-defined circumstances. This is the basis of Keyfitz’s claim that in demography

‘... the most important relations cannot be established by direct observation. . .’;
insight and understanding come from models (Keyfitz 1975, p. 267).

The third use of population projection identified by Romaniuc is that of pro-
spective analysis. He views it as a middle-ground between prediction and simula-

tion: ‘If one pictures the transition from simulation to prediction on a continuum,

with predictability ideally increasing in degree along that continuum, the prospec-

tive analysis would be found somewhere midway along the axis’ (p. 23). The

emphasis here is on working out plausible or possible futures for a specific

population. ‘These projections aim chiefly at unraveling demographic tendencies’
(p. 23). Prospective analyses differ from predictions in that they do not seek

certainty or even high probability, only plausibility. They differ from simulation

in that they are future oriented, and in that they deal with a specific population

rather than with general relationships.

The key requirement for a projection as prospective analysis is that it have what

Romaniuc terms ‘analytic credibility’: ‘The argument underlying the projection

assumptions must be persuasive to both the professional peers of the producers and

to the users’ (p. 23). In other words, the whole projection process should be based

on and should lead to understanding, not just mechanical forecasting or extrapola-

tion. Understanding the processes that lead to the future is important in preparing

for it (p. 28).

Finally, Romaniuc argues that being able to predict future population accurately

may be less important that getting analytic guidance to change the future: ‘...the
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performance [of a projection] is to be gauged not so much by the degree to which

the projection predicts the future population...but rather by the extent to which it

contributes to the decision-making processes that shape the future’ (p. 29).

9.3 Towards Rethinking Demography

Although specifically limited to a discussion of population projections, Romaniuc’s
paper has much wider relevance, containing as it does powerful ideas that challenge

the way we view demography and other empirical social sciences. He does not use

the word theory in this connection, but many scientists and philosophers of science

would say that projection as simulation and projection as prospective analysis are in

effect forms of theoretical analysis; the projection model is a theoretical model.

The cohort-component projection algorithm is true in the way that 2 + 2 ¼ 4 is

true, given accepted definitions of numbers and the addition operation. But if I have

two apples and you have only one, the 2 + 2 ¼ 4 model simply does not apply. If

you have 200 and I have 199, a 200 + 200 ¼ 400 model might be close enough for

the purpose at hand, with an error of 1/400 or 0.25%. Similarly, the cohort-

component projection model is true, based as it is on the basic demographic

equation [population change is accounted for by four factors: births, deaths,

in-migration and out-migration], and on elementary arithmetic. Given inputs for

fertility, mortality and migration, the projected outcome is true. Whether it applies

or will apply to the real world is an empirical question. As a prediction, it may or not

be realized in the future. It is more apt to be ‘true’ in this sense over a short period –
say, up to 5 years – than over a longer period of a decade or more.

Romaniuc’s discussion of projection as prospective analysis and as simulation is

a striking illustration of this general principle. In one fell swoop, he shows us that

much of formal demography – often belittled as ‘mere techniques’ or ‘human

bookkeeping – is in fact theoretical knowledge of population dynamics. It is a

reminder that in the hands of a master, methodological reflection – stepping back

from everyday work to think deeply about how that everyday work is being done –

can yield important insights into what a discipline has achieved and point the way to

future progress.
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