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TO IMPROVE POPULATION forecasting in the future, demographers should con-
duct more thorough assessments of the accuracy of past projections. Re-
scarch should also focus on making greater use of: (1) models that include
marriage, divorce, cohabitation, morbidity, and other demographic events
that influcnce fertility, mortality, and migration as well as models that break
populations down by educational achievement, employment status, and
other variables; (2) models that take account of economic, social, and en-
vironmental dynamics, including integrated structural models and models
with constraints; and (3) forecasting approaches that systematically quan-
tify uncertainty. A further area that requires rethinking is the appropriate
use of expert judgment in population projections. Finally, new ways need
to be developed for distributing software for making population forecasts
and for disseminating the results of alternative forecasts.

The accuracy of past projections

Although it is the single most important property of a forecast, accuracy
has been treated in a cavalier fashion in the past. Most agencies that pro-
duce forecasts do not systematically investigate the accuracy of their ear-
lier forecasts. This is wrong-headed because such studies could improve
the accuracy of future forecasts. And improved forecasts could improve
the quality of decisionmaking about important policy issues.

Many demographic projections have been grossly inaccurate. As
Nathan Keyfitz (1996: xii) wrote about population projection: “The best
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demographers do it, but none would stake their reputation on the agree-
ment of their forecasts with the subsequent realization—in fact some of
the most eminent demographers have been the authors of the widest de-
partures.”

Improved forecasts could help produce better policy decisions. Con-
sider, for instance, the enormous financial implications of alternative trends
of future population aging for social security expenditures. Small differ-
ences in the projected size of the population above retirement age corre-
spond to billions of dollars of future government expenditures under spe-
cific pension schemes. Inaccurate forecasts may even lead to the bankruptcy
of certain funds. Better knowledge of the path of future aging could help
policymakers to design more efficient and cheaper adjustment strategies.

We have three general suggestions concerning research on forecast
accuracy. First, demographers need to study the past performance of ear-
lier projections to uncover persistent patterns of errors, as Keilman has done
in this volume. Forecasters have made systematic errors in all three com-
ponents: fertility, mortality, and migration. A clearer recognition of recur-
ring biases—such as the repeated underestimation of rates of mortality im-
provement at older ages—should help correct a major source of forecast
inaccuracy.

Sccond, researchers should use criteria for model assessment and mea-
surcs of forecast accuracy that are appropriate to the context. When there
is a well-defined decisionmaker confronted with a problem, it may be use-
ful to evaluate a forecasting method on the basis of the loss function of the
forecast user. Forecasting methods that are suitable for projecting the popu-
Jlation of a small school district over the next few years may be ill-suited
for projecting the population aged 80 and older nationwide over the next
several decades. A forecast may turn out to be accurate along onc dimen-
sion—total population size, for example—Dbut highly inaccurate on other
dimensions. The number of younger people may be overestimated, for in-
stance, while the number of older people is underestimated. Hence it is
important that assessments of forecasting accuracy pay meticulous atten-
tion to errors in projected fertility, mortality, and migration arising at vari-
ous ages, as well as to errors in the estimated size of the initial population.

Finally, research on forecast accuracy should include comparative
analyses of forecasting models at different levels of structural complexity
and of models based on different methodological approaches. The objec-
tive of comparative analysis should not be to find the best method—this,
we believe, would be a futile exercise. Rather, the goal should be to gain a
deeper understanding of what kinds of models perform best in what kinds
of contexts. It may well be that forecasts based on some average or combi-
nation of forecasts from several different but plausible models will prove
to be more accurate—or, at least, less wildly inaccurate—than forecasts
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based on a single approach. Such gains may be greatest when the forecasts
one combines are based on different model specifications and sets of infor-
mation. Results from the few studies that have been carried out to date on
combining demographic forecasts are encouraging.

If it turns out that forecasts can be improved by combining forecasts
based on different approaches, then it becomes all the more important to
encourage different groups of forecasters at different institutions to develop
alternative methods. The key question should be whether or not a new
method helps to produce more accurate forecasts when averaged or com-
bined with other methods.

Dimensionality and disaggregation

Population forecasts are being used today in an increasing number of fields
ranging from small-area marketing research to global carbon dioxide emis-
sions. Hence users of forecasts are demanding more population forecasts
with special features. Cohort-component methods in their multi-state form
can handle considerable expansion, as is shown for household forecasts
and [orecasts by educational achievement in this volume. Not only can
these models provide users with detailed forecasts, they can also be used
for highly informative policy simulations. However, there is often a tradeoff
between increasing complexity on the one hand and diminishing possibil-
ity of evaluating the plausibility of all specific assumptions involved on the
other. In fact, complexity may not necessarily lead to greater accuracy. As
demographers build more detailed multi-state models, the relationship be-
tween complexity and accuracy needs to be investigated. These comments
hold both for the macrosimulation models presented in the chapters in this
volume and for microsimulation models. Microsimulation, which is par-
ticularly useful in projecting large numbers of individual characteristics, is
likely to become more and more popular as the power of computers in-
creases.

Another dimension that needs to be reconsidered is the length of fore-
cast horizon that is feasible. Is it in fact the case that forecasts beyond 20 to
30 years are of questionable usefulness, as seems to be the common wis-
dom in demography? Or have new developments in methods and the ex-
plicit treatment of uncertainty lengthened the useful forecast horizon? There
are no clear answers. Again, much depends on the purpose of the projec-
tions and the needs of the users. Even in the extreme case of climatologists
demanding scenarios to the year 2200 as input to their models of global
warming, demographers should not refuse to perform the calculations
(which would mean leaving the job to less competent people), but they
should make explicit the associated uncertainties and assumptions.
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Structural complexity

We recommend that the practice of relying almost exclusively on stand-
alone population forecasting models be fundamentally rethought. Research
has shown that models that embed population forecasts in a broader so-
cial, economic, and environmental framework can produce more accurate
forecasts than purely demographic models (see, e.g., Sanderson’s chapter
in this volume). And even if these models are not always more accurate
than purely demographic models—because of the larger number of uncer-
tain trends included—the combined forecasts of the different models are
more likely to present a comprehensive picture of future trends than strictly
demographic models are. However, the earlier comments referring to models
of high dimensionality apply here as well: the larger the number of param-
eters and necessary assumptions, the more difficult it is to assess the plau-
sibility of a forecasting model. The trick is to find the right level of struc-
tural complexity.

Models can be structurally integrated (as in the cases discussed by
Sanderson). Alternatively, individual forecasts of different types of models
can be compared with cach other (as discussed by Cohen). Such a com-
parison can be made, [or instance, of various food production or water con-
sumption models—to shed light on possible constraints on population
growth. Such an approach to making projections may not be easy to imple-
ment because interdisciplinary knowledge is required. Ultimately, the choice
of model will have to be based on the judgment of experts from different
ficlds about whether or not trends in other sectors are likely to have a
sufficiently signilicant impact on population variables to warrant explicit
treatment. The nature of such interdependencies may also depend on the time
horizon: the issue of food security may not be sufficiently relevant to require
explicit consideration within a 10-year horizon but it may become highly rel-
evant for a 50-year horizon. What is needed as a first step is more interdisci-
plinary discussions among those who produce population projections.

Uncertainty

With the increasing concern about the accuracy of population forecasts,
more attention is being given to different ways of dealing explicitly with
the inherent uncertainty of future trends and our imperfect knowledge of
the determinants of the three main demographic components: fertility, mor-
tality, and migration. Although a large proportion of users seem to be sat-
isfied with a “best-guess forecast,” a growing number of users would pre-
fer information about the range of uncertainties. In meeting this demand
it is obvious that uncertainty in all three components needs explicit con-
sideration. In many contexts, uncertainties concerning each of these com-
ponents are so large that it would be inappropriate to disregard any of them.
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There are three major ways of dealing with uncertainty in forecasting
future demographic trends: scenarios, variants, and fully probabilistic pro-
jections. Scenarios are clear “if-then” statements that may correspond to
specific consistent stories (including the assumed consequences of specific
policies), but they are not associated with probabilities of any sort. In con-
trast, fully probabilistic forecasts (whether they are based on past errors,
time-series models, expert judgment, or a combination thereof) provide
users with probability distributions for all population parameters and all
intervals of the forecast period.

Because such probabilistic forecasts require explicit assumptions that
producers of population forecasts have been reluctant to make, and be-
cause they are a bit more complex in data handling, the variants approach
has become a very popular compromise. Producers do not give up the safe

-ground of “if-then” statements, but at the same time they can provide some
sort of plausible range of future population trends. Clearly, this is a com-
promise between two internally consistent but opposing approaches; the
question is whether it is a good or a bad compromise.

We think that the current variants approach is a bad compromise for
the various reasons stated in the contributions by Lee and by Lutz,
Sandcrson, and Scherbov in this volume. One key weakness is that it is
difficult to know what to make of the low and the high variants. Typically,
they are based on low and high fertility assumptions, respectively, com-
binced with a middle assumption for mortality and migration. How can they
be interpreted in terms of a plausible range of possible population outcomes?
Any attempt to remedy this serious problem moves the variant approach
toward cither the scenario approach or the probabilistic approach. For this
rcason we suggest that agencies producing forecasts should phase out the
variants approach and replace it with a mixture of probabilistic projections
and sclected scenarios, as well as employing more complex multi-dimen-
sional or structural models. Instead of a single, deficient compromise, we
think it would be better to offer users an array of forecasts.

The variants approach is a bad compromise between the scenario and
probabilistic approaches. However, it may be possible to develop a more
serviceable compromise, and we would suggest one approach toward this
goal. Two (or more) equally likely fertility variants (one low and one high,
for example) might be devised, one capturing the most likely trend in fer-
tility if fertility is low and the other capturing the most likely trend if fertil-
ity is high. Conditional on each of these fertility variants, two (or more)
equally likely mortality variants could then be formulated—a low and high
mortality variant, say, for each of the fertility variants. Finally, conditional
on the four fertility-mortality variants, two (or more) equally likely migra-
tion variants could be specified. The conditional nature of these variants is
crucial. The basic idea is that certain conditions may be favorable to, for
instance, both high fertility and low mortality, and this combination may
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tend to lead to low net in-migration. Also central to this approach is the
stipulation that the variants are equally likely or have other specified prob-
abilities. And the variants should capture the most likely (or, even better,
median) trends under the assumed demographic regime. In the simple ex-
ample above, the eight combined variants would each have a probability
of 0.125. Ranked from low to high population growth, the eight combined
variants would provide users with some idea of the probability distribution
of likely population outcomes. Such an approach—which might be called
SCOPE forecasting (for structured conditional-probability estimation)—
needs, however, extensive research and discussion before it can be widely
applied in demographic practice.

More generally, all probabilistic methods of population forecasting re-
quire more research and discussion. There is no one broadly accepted way
of doing probabilistic forecasts. The two contributions to this volume by
Lee and by Lutz, Sanderson, and Scherbov illustrate the difference between
demographers who tend to rely more on time series models and those who
give more weight to expert judgment. There is also still disagreement about
whether one should rely for the actual calculations on randomly drawn
(piecc-wisc linear) scenarios (which represent a more gradual evolution
from the current practice of individual scenarios and variants) or on ran-
dom walks (which are closer to real-world short-term fluctuations).

We do not view this as being a question of cither-or. If probabilistic
scenarios give a good cnough approximation of the outcomes of short-term
fluctuations and if they arec more acceptable to the institutions producing
forecasts, then this may be a good solution in some cascs; in other cases
onc may choose the random walk. It is obvious that no matter which ap-
proach is choscn, experts will always play an indispensable role in defining
the forccast model. And it is equally obvious that assumptions about the
future will have to be based on the observed past patterns of fertility, mor-
tality, and migration together with information about the errors of past
projections and informed guesses concerning possible future structural
discontinuities. The remaining differences of opinion (among experts) seem
to be natural signs of an emerging methodology. Further scientific discus-
sion is clearly needed, but this is likely to promote the production of proba-
bilistic population projections in an increasing number of settings. Further-
more, as argued earlier, a combination of alternative methods should prove to
be superior to reliance on a single approach.

The role of experts

An important question—not only in the discussion of probabilistic fore-
casts—is how great a role should be assigned to expert judgment. In all
areas discussed so far, experts are the ones who ultimately determine the
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most appropriate way of studying the accuracy of past projections. And
they decide on the basis of certain more or less explicit criteria how many
dimensions a model should have, what the structural equations should be,
if any, and how one should go about combining different forecasts.

But no matter how deeply they may have studied certain demographic
issues, experts still have their personal biases and blind spots, and they
tend to be overly impressed by the most recent trends. Hence it is prefer-
able to rely on objective research findings rather than individual subjective
judgments. Sometimes, however, expert judgments are the only informa-
tion available. To monitor and improve expert judgments used in forecasts,
it is important to encourage peer review of publications, substantive dis-
cussions at scientific mectings, and research on the accuracy of forecasts
based on various kinds of expert input.

If individual experts are to define the specific assumptions of a consis-
tent population projection, then intensive interaction among them is nec-
essary. It may be helpful to invite experts with dissenting views to argue
with cach other about substantive issues. More rescarch is needed on how
best to obtain and consolidate expert knowledge. Users will demand this
because they want to know what they can count on. More generally, as
noted carlier, more rescarch is needed on when and how expert judgments
can be combined with objective rescarch findings to improve forecasts.

Dissemination of software and results

New computer software and the Internet will make it increasingly casy for
people without much cxperience in demography to produce their own
population forecasts with a few keystrokes. This anticipated democratiza-
tion of population forecasts carries with it both opportunitics and dangers.
It will make forecasts possible for specific arcas or population subgroups
for which no forecasts whatsoever have hitherto been carried out by pro-
ducing agencies. It will also allow people with innovative ideas or knowl-
cdge of some specific arca to challenge the established agencics. On the
negative side, users may get confused if there are too many forecasts float-
ing around and if they have no means to judge whether a forecast is based
on a serious research effort or just a careless calculation. Hence the reputa-
tion of the producer may end up being the decisive criterion for the accep-
tance of a projection. But a name is not necessarily a guarantee of accu-
racy. A well-argued, published justification of the choice of model and the
specific assumptions underlying it may be a better criterion for users.
Single-state population projection software has become popular. The
dissemination of more powerful software, however, is not yet widespread
enough to meet policy and research needs. As indicated in two contribu-
tions to this volume, the great potential of multi-state population projec-
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tion is still broadly underestimated, because of a lack of awareness and the
scarcity of easily implementable software. The same can be said of
microsimulation and of some structural models. Here we see a clear need
for information, training, and software dissemination.

As to the publication of forecast results by established agencies, the
tendency must clearly be directed away from printing tons of thick tomes.
This mode of dissemination will become unsustainable in any case if agen-
cies move toward probabilistic projections or larger sets of alternative sce-
narios. An obvious solution is to publish only the key results in printed
form and to put the rest in a database from which users can retrieve spe-
cific information via the Internet. An important condition for the ultimate
success of this trend, which already seems to be underway, is that all the
assumptions are well-documented so that users are informed about what
the forecasts are based on.

Demographers need to recognize that we are experiencing times not
only of rapid demographic change but also of significant institutional
changes. The competitive nature of a globalized multi-disciplinary scien-
tific community implies that the field of demography will not thrive if de-
mographers confine themselves to cozy, esoteric niches. Demographers
should pay more attention to the most important justification of the disci-
pline in the eyes of the public, which is to produce reliable and useful in-
formation about future population trends. If we are to live up to this obli-
gation, we must rethink population forecasting along the several dimensions
that are outlined in this volume.
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