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ABSTRACT: During the next fifty years, the growth of the population of Finland is expected
to slow down, and turn into decline. The age-distribution is expected to become older because
mortality declines. In particular, the share of the working age population will decline. This de-
velopment is accentuated by the fact that the large post war birth cohorts reach retirement age
during the next decade. Although there is general agreement about these broad features, it is
difficult to say exactly when a decline might begin, or how high the age-dependency ratio will
be like in the future. A study of past forecasts shows that demographic developments have re-
peatedly taken forecasters by surprise. We show that the forecast errors in Finland have not
been related to other social phenomena, such as wars or economic crises, in a simple way. In
fact, our understanding of the causes of the past errors is poor. Therefore, it is important to rec-
ognize that our current view of future population development may similarly be in error. We
account for the uncertainty by statistical modeling. In this way it is possible to estimate, how
large errors one should expect, if future demographic development is as volatile as in the past.
Using stochastic simulation, we derive a predictive distribution for the future population vector
that gives a realistic indication of the uncertainty to be expected.

KEYWORDS: Population forecasting; predictive distributions; demography.
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TIIVISTELMA: Seuraavana viitenikymmeneni vuotena Suomen vieston kasvun odotetaan
hidastuvan ja kdantyvéan laskuun. Ikdrakenteen odotetaan vanhenevan, koska kuolevuus laskee.
Erityisesti tyOikdisen vdeston osuus vahenee. Tatd kehitystd voimistaa sodan jdlkeen syntynei-
den suurten ikdluokkien eldkkeelle siirtyminen seuraavan vuosikymmenen kuluessa. Vaikka
odotetun véestonkehityksen péépiirteistd onkin laaja yksimielisyys, on vaikea tarkasti arvioida,
milloin vdestén viheneminen alkaa tai kuinka korkeaksi huoltosuhde tulee muodostumaan. Ai-
empien Suomen ennusteiden tarkastelu osoittaa, ettd véestdon kehitys on toistuvasti yllattényt
ennustajat. Osoitamme, ettd ennustevirheet eivit ole millddn yksinkertaisella tavalla johtuneet
esimerkiksi sellaisista muista yhteiskuntailmidistd kuin sodat tai taloudelliset kriisit. Ymmér-
ryksemme menneiden ennusteiden virheiden syisté onkin varsin vaatimatonta. Téstd syystd on
tiarkedd tunnustaa, ettd nykyiset késityksemme tulevasta viestonkehityksestd voivat osoittautua
virheellisiksi. Kdytdmme tilastollisia malleja menneen viestoepavarmuuden kuvaamiseen. Talla
tavoin on mahdollista arvioida, kuinka suureen epdvarmuuteen nyt olisi syytd varautua, jos va-
estonkehityksen volatiliteetti on samalla tasolla kuin ennen. Kéyttdmaéllad stokastista simulointia
johdamme prediktiivisen jakauman tulevan videston muodostamalle vektorille. Jakauma antaa
realistisen kuvan odotettavasta viestoepavarmuudesta.

ASIASANAT: Viestoennusteet; prediktiiviset jakaumat; demografia.
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l. INTRODUCTION

During the next fifty years life expectancy in Finland will rise to an unprecedented
level, but it is hard to say exactly, how high. Births are expected remain at a low level,
but no-one knows whether fertility will remain constant, go down to the level now ex-
perienced in some Mediterranean countries, or whether it might rise to the level of the
United States, or higher. Despite the uncertainty, it is likely that deaths eventually ex-
ceed births, and the population will turn into a decline, unless there is compensating mi-
gration into the country. Net migration is expected to be positive, but since it may be
influenced by the EU policies, political upheavals in distant countries, or by surprises of
the economy, few are bold enough to claim that they know what the level will be even a
few years from now.

The age-distribution is becoming steadily older. In particular, the very oldest
age-groups will experience unprecedented growth. Demand for all forms of elderly care
will rise. On the other hand, those who are born in the near future may belong to small
cohorts, have plentiful day care services, benefit from excellent teacher-to-student ratios
in schools and universities, and eventually inherit comfortable dwellings and other
forms of wealth. This is much more uncertain, however.

Despite their informativeness, qualitative characterizations, such as those given
above, are dissatisfying in that for many planning purposes more precise descriptions
would be preferable. Examples include pension systems, health care, social services,
and education.

As we cannot know future events without error, we have to settle for less. Statis-
tical modeling and techniques from time-series analysis provide us a language that can
be used for the task (e.g., National Research Council 2000). The idea is a simple one.
Although we cannot know what life expectancy is fifty years from now, we may express
our uncertain knowledge regarding this value in terms of a predictive probability distri-
bution. The median of the distribution is a value such that we consider it equally likely
that the true future value will be above it and below it. The spread of the distribution
around the median describes the magnitude of uncertainty. A full description of the pos-
sibilities can be given by providing the forecast user the entire predictive distribution. A
more summary description can be given in terms of percentiles, deciles, or quartiles (cf.,
Tornqvist 1949).

Using probabilistic language has the disadvantage that forecast users must be
familiar with the basic concepts of probability theory. As human intuition concerning
probabilities is often weak, the presentation of probabilistic forecasts to non-experts
poses a particular challenge. Graphical displays may be the most intuitive way to con-
vey the information. On the other hand, a major advantage of probabilistic descriptions
is that concepts from risk analysis and stochastic control theory can be brought to bear
on social decision making. Issues of risk aversion and calculated risk taking become
relevant parts of the political process.

In this forecast of Finland’s future population we use probabilistic language sys-
tematically. All assumptions about the future will be made in terms of predictive distri-
butions for the vital processes of fertility, mortality, and migration. A computer program
PEP (Program for Error Propagation) is used to derive the consequences of the assump-
tion for the population itself. PEP uses stochastic simulation to do that. In the current
exercise, 3,000 simulation rounds were used. In other words, the whole population fore-
cast was computed 3,000 times with randomly varying values for the vital rates of fertil-
ity, mortality, and migration. In recent years, empirically based stochastic forecasts have



been made for the United States, e.g., by Alho and Spencer (1985), and Lee and Tul-
japurkar (1994), and for Norway by Keilman, Pham and Hetland (2002).

As with any application of stochastic models, it is necessary that an understand-
able mapping between the events we observe and the model parameters be given. In the
case of population forecasting this means that we must be able to defend both the center
of each predictive distribution (or, why the median is where we put it?), and the amount
of spread around the center (or, how much uncertainty should we expect?). Both aspects
are non-trivial. In particular, while it is easy to acknowledge, in principle, that the future
is uncertain, most people are surprised by the magnitude of uncertainty when it is pre-
sented to them.

To understand how the uncertainty arises requires a longer term perspective than
is customary in demographic analyses underlying conventional forecasts. Therefore,
before explaining the forecast assumptions, in Section 2 we discuss two examples of
past population forecasts in Finland. The first goes back as far as our current forecast
period goes forward, or for over 60 years. The second goes back half this time, or thirty
years. We use those early contributions as backdrops to illustrate how unexpected the
subsequent development of the society can be. Yet, the upheavals need not have any
direct relationship with demographics.

In Section 3 we present details about the predictive distributions of the vital
processes. In Section 4 we provide some summary results of the forecast for the years
2002-2050, and a more limited discussion of what to expect in 2050-2065. This is an
updated version of the forecast described in Alho (1998).

2. FORECASTING IN A CHANGING SOCIETY

The statistical modeling of demographic events is based on the assumption that the
events are realizations of stochastic processes. The particular paths that fertility, mortal-
ity, and migration take, may never repeat themselves, yet some aspects of the processes
are assumed to recur. Our forecast period is 2002-2050, and we even consider some as-
pects as far as 2065. What might be a relevant data period, and how should we think of
future uncertainty?

Many demographers believe that the social and economic factors underlying
demographic events change fast. Therefore, data from, say, two or more decades ago
may already be deemed irrelevant in forecasting. I agree with this assessment, in the
sense that the most recent past is the most relevant, when we attempt to specify the me-
dian of the predictive distribution. However, a restricted data period cannot give us reli-
able information of even “business as usual” type of random variation (cf., National Re-
search Council (2000), p. 195), let alone the kinds of structural breaks that occur in his-
tory (cf., Hoem 1973). They, in turn are a major source of uncertainty. For example, in
the case of Finnish mortality, there is year-to-year variation that has stayed fairly similar
for decades, but there are also occasional changes of trend (Alho 1998, pp. 19-21). A
predictive distribution for the years 2002-2050 must acknowledge the possibility of
both. Speaking in favor of a long data period is the fact that statistical model choice is
on a firmer footing, if more data are available. In particular, one may be able to quantify
modeling error (cf., Draper 1995). Estimation error can also be reduced, if all available
data are used.



Empirical studies of past forecast errors (e.g., Keilman 1990, 1997) suggest that
official forecasts of population are much more uncertain than is generally believed. In
particular, the decline in mortality has been underestimated, and future fertility has been
overestimated during the post World War II period. Evidence from the United States
(Cheeseman-Day 1993) indicates that there may not be general improvement in fore-
casting accuracy in countries whose basic demographic data are accurate.

The quality of the Finnish population forecasts has not been systematically stud-
ied. The existing evidence (Hdmaéldinen 1987) suggests that the situation is similar here
as elsewhere. To develop a sense of how errors in forecasting come about, and how they
may be related to other social phenomena, we consider two examples in different his-
torical settings.

2.1. Modeen’s Forecast in 1934

In 1934, the population statistics of the year 1930, and mortality statistics of the 1920's
had been completed (Luther 1993). Gunnar Modeen, then actuary at the Central Statisti-
cal Office, prepared a forecast for Finland, with 1930 as the starting or jump-off year
(Modeen 1934a). The forecast extended to the year 1980.

At the time, the declaration of independence, and the civil war, were less than
two decades behind. The great depression had just been experienced. Finland was an
agricultural society in the process of building a national identity. A practical motive for
making a forecast was the concern that population growth might stop.

In Finland, Modeen was the first to apply the cohort-component method pio-
neered by Cannan (1895) for England and Wales. In this method each age is separately
survived using age-specific survival proportions, and births are generated using age-
specific fertility rates. The method had become a standard tool in population forecasting
in Europe, during the 1920's and 1930's (DeGans 1999).

Modeen’s forecast showed that the population would peak at just under four mil-
lion in the 1970's. The actual population was 4.8 million at that time, so the error in-
curred during a 35 year forecast period was about 17%. What went wrong?

Underlying Modeen’s assumptions were comparisons to England, France, Italy,
Denmark, Sweden, Norway, and Germany. He assumed that mortality would remain at
the level estimated for the years 1921-1930. Assumption I for fertility postulated that
the absolute number of births remains constant. Assumption II postulated that the gen-
eral fertility rate would remain at the average level of the years 1931 and 1932. A well-
known Swedish demographer Wicksell (1934) used similar assumptions in a forecast
for Norway. The Statistisches Reichsamt (1930) had also done so in Germany. Follow-
ing the practice in other countries, Modeen assumed future net migration to be zero.

Although Modeen considered his calculations as being somewhat hypothetical,
the next Finnish national forecast prepared by Modeen and Fougstedt (1938) also as-
sumed that mortality would remain at a constant 1931-1935 level. They thought that
even if a further decline were likely it is very difficult to predict, how big this decrease
is in different age groups”. The three assumptions concerning births were also similar to
the earlier ones. Either the total number of births was assumed to remain constant; or
fertility was assumed to remain at the 1931-1935 level; or fertility was assumed to de-
cline by 1% per year, in each age. Again, zero net migration was assumed.

In retrospect, we know that during 1935-1970 Finland actually lost approxi-
mately 300,000 inhabitants due to migration. However, this was not the primary reason



Modeen’s forecast was grossly in error. In fact, the zero net migration assumption
tended to compensate for other errors!

Apart from the effect of the civil war in 1918, a stable declining trend in mortal-
ity starting around 1870 had been observable. Despite, neither Modeen’s forecast nor
that of Modeen and Fougstedt considered the possibility that the trend might continue.
War casualties during World War II offset the resulting error to some extent, but still
the forecasted mortality was much higher than the observed mortality. During 1935-
1970 the net effect of the error was roughly 600,000.

When writing about fertility, Modeen (1934b, pp. 361-362) mentioned a French
forecast in which a decline to the level of the department of Seine, ”a fairly urbanized
area”, was assumed. Modeen dismissed this and other such hypotheses as being based
more on “speculation” than his own assumptions of constant fertility. Later, Modeen
and Fougstedt (1938, p. 8) argued that the urbanization of the society will most likely
lead to a decrease both in marriage rates and in marital fertility. This was the prevailing
view elsewhere, as well. In Germany, Burgdorfer (1932, p. 32) wrote of Berlin as the
“unfruchtbare Stadt” and worried about the unhappy consequences of the ”Zweikinder-
system”. In Sweden Myrdal and Myrdal (1934, pp. 87-88, 94) attributed the decline in
fertility to improved contraception, and secularized rationality that follow from urban
life style. They thought the decline would continue for the “nearest decades”. Later,
Whelpton (1947, pp. 28-29) argued similarly that the U.S. fertility would continue to
decline, because of urbanization, women’s increased labor force participation, and im-
proved contraception.

As we know now, all these authors turned out be in error. In the case of Modeen,
the net error during 1935-1970 was approximately 300,000 too few births.

Since the three error components are not independent, no unique decomposition
of the total error exists. Nevertheless, ignoring the interactions, one can say that the
three error components, as identified here, explain -300,000 + 600,000 + 300,000 =
600,000 inhabitants out of the total of 800,000 by which the true population in 1970 ex-
ceeded Modeen’s forecast.

For later analysis, three aspects are notable. (1) The level of error in all three
components was extremely high. Hence, the possibility of errors should be taken seri-
ously in forecasting. (2) Error components compensated for each other, to a consider-
able extent. Probabilistic methods are capable of handling the independence (or lack of
independence) of error sources. (3) Mortality was drastically overestimated. Overesti-
mates have continued, but their magnitude has been lesser as the later forecasts have
taken declining trends partially into account.

2.2.  Population Plans of the 1970's[I

After World War II, Finland’s economic, political, and social life was quite different
from the time Modeen made his pioneering forecast. After the heavy war reparations,
the 1960's were a period of rapid growth with an (inflation adjusted) increase of 55% in
Gross Domestic Product per capita during 1960-1970 (Hjerppe 1989). At the same time
manufacturing became the dominant sector of the economy, and the country urbanized
rapidly. Many thought that “rational planning” would solve the problems of the society.
Despite the ideological differences, a major concern in the 1970's, just like in Modeen’s

The author would like to thank Professor Heikki Eskelinen for pointing out some of the central refer-
ences to this period. Any interpretations given to the texts are solely the responsibility of the author.



time, was the slowing down of population growth. The total fertility rate had declined
from 2.7 children per woman in 1960 to 1.8 in 1970. Emigration exceeded immigration,
and Finland suffered a net loss of 187,000 inhabitants during the years 1960-1970 due
to this. Neither course of events could be forecasted even as late as the early 1960's
(Viestoennusteryhmé 1973, p. 21).

In accordance with the general mood, the government decided to replace “by-
stander’s forecasts” of population that incorporate no assumptions about specific poli-
cies, by “participant’s forecasts” in which the state would harmonize social policies on
the regional level in such a way that future population would actually follow a popula-
tion plan (Véestoennusteryhmd 1973). Conceptual models for the work were sought
from the regional input-output tables and other planning tools developed in Sweden,
Norway, Italy, France, the Netherlands, the United Kingdom, West-Germany, and the
Soviet Union. These models attempted to give a system theoretic picture of the regional
economies, regional populations, and their change (Talousneuvoston aluejaosto 1972).
The primary interest of the planners was in the interregional migration. Yet, it is of in-
terest to see how the general demographic patterns were viewed at the time.

Forecasts made in the late 1960's by Statistics Finland (then the Central Statisti-
cal Office), and by the regional planning authorities, put Finland’s population in 2000
between 5.15 and 5.65 million (Véestoennusteryhma 1973, p. 19). A forecast by Statis-
tics Finland was the lowest, and hit almost exactly the observed value of 5.18 million.
However, in view of the events of the late 1960's, in the early 1970's it was felt that
these forecasts were too optimistic. In 1971 Statistics Finland produced a new forecast
reflecting the recent lower fertility and higher out-migration. The change of mood was
remarkable. The new forecast was 4.4 million for the year 2000. This meant that there
was an error of 15% in thirty years.

In 1974, the forecast was revised upwards again. Four population figures for the
year 2000 were given, between 4.5 and 4.9 million (Population Projections 1973-2000).
In three years, pessimism regarding migration had decreased and zero net-migration
was assumed. Mortality was either assumed to stay at the level of 1973, or to decline
slowly until Sweden’s levels of 1971 would be reached. In the case of fertility there was
more variation. Either it was assumed to remain at the 1972 or 1973 level; or to decline
by about 20% in a decade and then stabilize; or to remain first at the 1972 level, and
then increase to replacement level by the year 2000. Clearly, the forecast methodology
had improved from that used a few years earlier. Yet, the median of the four forecasts
for the year 2000 was 4.6 million, an error of still 10% in 27 years. The prevailing ra-
tionalistic outlook was of little help in forecasting.

For the 1974 forecast, the cumulative net migration forecast was 80,000 too low
by the year 2000. The number of deaths was approximately 200,000 too high, and the
number births was (for the median of the forecasts) approximately 230,000 too low. Ig-
noring interactions of the three components, this produces an error of approximately
80,000 + 200,000 + 230,000 = 510,000 that covers most of the actual error of 580,000
for the year 2000. As in the case of Modeen, all errors were large, and mortality was
overestimated. However, this time there was no cancellation of error.

2.3.  Uncertainty in the 21* Century

After the success of Nokia and other information technology companies, many may feel
that the factors that lead Modeen astray, or the factors that lead the planning optimists



of the 1970's astray, would not be relevant at the turn of the millennium. After all, in-
stead of nationalism, globalization is the topic of debate. Instead of planning, great trust
is put into market mechanisms. Finland has joined the European Union, and opened up
its economy. Curiously, the prospect of a declining (and hence, aging) population is
again a concern. How should we think about the uncertainty of the future now?

Between Modeen and the plans of the 1970's, World War II took place. After the
1970's the Soviet regime fell out of power. Momentous as these events were, the errors
of the population forecasts cannot be attributed to them. To be sure, World War II lead
to an increase in mortality, but Modeen’s forecast of mortality was still too high, so the
war actually made the mortality forecast more accurate. The role of the war in the crea-
tion of the baby-boom is also debatable, because, contrary to what many people believe,
it cannot be explained simply as a matter of recovering births that would have been
postponed during the war. Since this is a matter of more general concern, we present, in
an Appendix, a simple “back-of-the-envelope” calculation that proves the point.

Moreover, although the demise of the Soviet Union did open up the borders of
Russia to out-migration, this did not lead to a mass migration to Finland that one might
have expected.

The connection between the political and economic upheavals Finland has ex-
perienced in recent decades, and the demography of the country, appears rather weak.
Therefore, instead of speculating about the kinds of political surprises we might encoun-
ter in the future, it seems preferable to use past demographic fluctuations directly as a
guide to the fluctuations to be expected in the future. It has been demonstrated earlier
(Alho 2000) that in the 1930's, when Modeen made his forecast, a stochastic analysis of
past data could have been used to produce a predictive distribution that would have cor-
rectly indicated the level of error one should have expected at the time. (Of course, nei-
ther the appropriate theory nor the computational facilities existed at the time.)

3. FORECAST ASSUMPTIONS

We will now sketch the assumptions concerning the predictive distributions that are
needed in a cohort-component setting.

In addition to forecasting to 2050, we had an interest in longer term calculations
that extended until 2065. The quality of the existing error estimates begins to deteriorate
when the forecast period exceeds 40-50 years. In this forecast, the level of uncertainty
in the forecasting of fertility and mortality was assumed not to increase after 50 years
(cf., Alho and Spencer 1997, p. 218).

3.1.  Jump-oftf Population

The starting, or the jump-off population was the Finnish population at the end of year
2001, by single years of age (0,1,2,..., 119, 120+), for females and males. The popula-
tion being forecasted is the legally resident population as enumerated in the Finnish
population register. The total count was 5.195 million.

The population register is thought to be nearly 100% accurate due to the admin-
istrative uses of the population registration system. Complete accuracy was assumed in



this forecast. In countries with less accurate registration systems, the uncertainty of the
jump-off value can also be expressed in probabilistic terms. For an example concerning
the United States, see Alho and Spencer (1985).

32.  Fertility

The median of the distribution of fertility was assumed to be at the level observed em-
pirically in 2001, in each child-bearing age (14-50, in this application). A summary
measure used to describe the overall level of fertility is the total fertility rate. It is de-
fined as the sum of age-specific fertility rates over the child-bearing ages. The total fer-
tility rate of a given year can be interpreted as the expected number of children a
woman will have provided that (a) she experiences the age-specific rates of the year in a
sequence, and (b) she survives to the end of the child-bearing ages. In this case the total
fertility rate was assumed to remain indefinitely at 1.73, the level observed in the year
2000.

Comparing our forecast to the year 2000 revision of the U.N. forecast, the dif-
ference is that the U.N. (medium variant) first assumes the Finnish fertility to decline to
about 1.55 in 2000-2005 and then to increase to 1.94 in 2045-2050 (United Nations,
2001, p. 589). This is in accordance with the U.N.’s general view that currently a de-
cline of fertility is under way in Europe, but later all countries move towards a value
guaranteeing population replacement (approximately 2.07). As there is little solid re-
search to support such a development, we have opted for the simpler assumption. Nu-
merically, and in practical terms, our assumption and that of the U.N. are quite close,
however.

The uncertainty estimates used to create the predictive distribution of the future
fertility and mortality in Finland are similar to those described in Alho (1998). They are
based on a statistical analysis of the Finnish total fertility rate during 1776-1996. We
have empirically determined the relative error of a naive forecast that assumes fertility
to remain constant in the future. A naive forecast approximates closely the medium
forecasts made in Finland (starting from Modeen’s and continuing to the present day),
and in the United States (e.g., Lee 1974). To assess the error of the naive forecasts, we
used the medians of the absolute errors to determine the scale parameters. This means
that the largest errors observed in the past did not influence the estimate. Furthermore,
the estimates were scaled to match the recent low level of error in the naive forecasts.
The estimates were also compared to error estimates obtained from formal time-series
(ARIMA) models. The latter indicate a larger level of uncertainty, but this is due to their
constant volatility assumption and lack of robustness against outliers, so the lower esti-
mates are preferred. The estimates were also checked against those obtained from the
period 1967-1996 when fertility was relatively stable. The shorter period could not
serve as a basis for error estimation in long term forecasting, but it turned out that for
short forecast periods the two approaches produced similar estimates of uncertainty
(Alho 1998, p. 18).

In summary, the proposed error structure corresponds to recent past uncertainty
during 10-20 years into the future. After that it corresponds to the historical median lev-
els of uncertainty from 1776-1996.

The predictive distribution is graphically displayed in Figure 1. The median
(Md), the first and third quartiles (Q;, Q3), and the first and ninth deciles (d;, do), for the
years 2030 and 2050 are as follows:



year d, Qi Md Qs do
2030 1.21 1.43 1.73 2.08 2.46
2050 1.10 1.36 1.73 2.20 2.72

The intervals of Figure 1 (and those of all subsequent figures) are annual. Joint
intervals that would cover the whole path of total fertility would be wider.

3.3.  Mortality

Mortality rates of a given year can be summarized in terms of life expectancy at birth.
This is the length of life a person is expected to have, if he or she would experience the
year’s age-specific mortality risks in each age. In the year 2000 life expectancy for fe-
males was 81.0 and for males 74.1 years. To put these figures into a perspective, we
note that in the early 1970's the life expectancies were about 75 and 67 years, and at the
time of Modeen, about 57 and 52 years, respectively.

The point forecast for mortality was based on a simple trend extrapolation of the
recent past age-specific mortality (in the log-scale) by single years of age, for males and
females separately. To reduce variation caused by small numbers of events, the rates of
change were smoothed by the procedure RSMOOTH of Minitab. This lead to the fore-
cast of 86.7 years for females in 2050, and for 81.6 for males. Or, the gap between
males and females is expected diminish. The U.N. forecasts 86.1 and 79.8 for females
and males, respectively, in 2045-2050 (United Nations (2001), p. 633). Given the length
of the forecast period, the difference between the U.N. forecast and ours must be con-
sidered small.

The analysis of uncertainty was based on the relative error of the naive forecast
with data for 5-year age-groups for 1900-1994. In the case of mortality, the naive fore-
cast assumed that the recent past decline in mortality continues indefinitely. As dis-
cussed in Alho (1990) and Lee and Miller (2001), the naive method and related extrapo-
lation methods perform typically equally well as (or better than!) the judgmental official
forecasts. The analysis of uncertainty is complicated by the fact that the level of mortal-
ity varies considerably by age. In ages with low level of mortality, very large relative
errors are commonplace. The proposed estimates reflect the uncertainty in ages 35-59,
60-79, and 80+ correctly, but may underestimate the relative error in the younger ages.
This is not a great concern, however, since the absolute numbers of deaths are small in
those ages. The reasonableness of the assessment of uncertainty of mortality was
checked by a comparison to a formal time series model. In this case the agreement was
notably good (Alho 1998, p. 22).

The implications of these estimates have been summarized in terms of the pre-
dictive distributions for life expectancy in Figure 2. Summary data for the years 2030
and 2050 are as follows:

sex year d; Q Md Qs do

female 2030 82.7 83.8 85.0 86.2 87.3
2050 83.3 84.6 86.7 88.4 90.1

male 2030 75.9 77.5 79.3 81.0 82.6

2050 76.7 79.0 81.8 84.3 86.4



Lee and Carter (1992) used a time-series approach to forecast the U.S. life expectancy
(both sexes combined). The resulting prediction interval for a 50 year ahead forecast
had width of about 8.4 years. For comparison, a 95% prediction interval for the Finnish
females is [82.4, 91.1] and for males [75.3, 87.9]. Or, the widths are 8.7 and 12.6, re-
spectively. Keilman, Pham and Hetland (2001, pp. 48-49) report empirical analyses
with Norwegian data. Their 95% prediction interval 50 years ahead has width of about 9
years for females and 12 years for males. A possible reason for why one would expect
greater uncertainty in the Nordic countries as compared to the United States, is that the
U.S. consists of several large, culturally somewhat independent sub-populations, so on
average, one would expect cancellations of fluctuations, and thus, a more stable devel-
opment.

Recently, Vaupel and Oeppen (2001) have presented evidence of the develop-
ment of the so-called “best practice life expectancy”. This is the life expectancy of the
country that at any given time has the longest life expectancy. Vaupel and Oeppen show
that for females the curve goes almost linearly from the value of 45 years observed in
Sweden in 1840, to 85 years observed in Japan in 2000. Or, life expectancy has im-
proved by approximately 0.25 years annually. In 2000, the Finnish female life expec-
tancy was 81.0 years, a difference of four years to the Japanese. If Finland would ex-
perience improvements at the same rate as the best practice country, in 50 years we
would expect female life expectancy to be 50/4 = 12.5 years higher than now, or 93.5
years. This value is higher than the 9" decile of our predictive distribution. How should
we think about the discrepancy?

From Modeen’s time, or in about 70 years, female life expectancy increased by
81 - 57 = 24 years. This is approximately 0.34 years annually, or more than the im-
provement in the best practice countries. However, when we look at the first 40 years of
the period, the increase is 75 - 57 = 18 years, or 0.45 years, each year. During the latter
30 years the increase was 81 - 75 = 6 years, or 0.2 years, each year. The latter rate
would imply an increase of 10 years by 2050, a value that is still above our 9" decile.
Our forecast assumed that age-specific mortality rates continue to decline at the rate
they have declined during the past 15 years. One can see from the Figures 5a-e of Alho
(1998, pp. 19-21) that especially in the ages 80+ mortality has stagnated since 1980, or
so. In fact, during the past 15 years female life expectancy improved by only 81.0 - 78.6
= 2.4 years, or 0.16 years annually. This would imply an improvement to 88 years by
2050. This is at 0.70 fractile of the predictive distribution. The difference between 88
years and the median of 86.7 can be fully reconciled by noting that the continuation of
the recent rate of decline in age-specific mortality implies a slowing down of increase in
life expectancy (Alho 2002). This, of course, is incompatible with the linear change hy-
pothesis.

3.4. Migration

The forecasting of migration differs from that of fertility or mortality in at least three
ways. First, migration can be influenced by government policies to a higher extent than
fertility or mortality. Second, although out-migration can be reasonably analyzed via
out-migration rates, it is typically difficult to define a meaningful risk population for in-
migration. Third, data on migration are poor even in a country like Finland that has a
well functioning population register. Because of these problems, migration forecasts are
typically judgmental, and given in terms of the net number of migrants one expects. On
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the other hand, a probabilistic approach is well suited to the handling of the uncertainty
of judgment concerning future migration. The primary difficulty is in finding a robust
way to elicit judgments.

In Alho (1998) it was assumed that the most likely net number of migrants
would remain at the recent level of 4,000 per year. A prediction interval around that
number was derived using a combination of empirical data analysis and a betting argu-
ment. The argument was used to calibrate the empirical estimates to match the subjec-
tive probabilities of the experts of Statistics Finland (Alho 1998). Less emphasis was
put on the long term implications of the assumptions. Here, we describe the assumptions
from that perspective.

An annual gain of 4,000 during a 50 year forecast period would mean that the
most likely value for the net gain is 50 H 4,000 = 200,000 inhabitants. In the current
revision it was felt that the magnitude of gain may be too optimistic. Instead, it was as-
sumed that net migration would start from the recent past value of 5,000, and decline to
zero in 25 years. This implies 70,000 as the most likely gain. In Alho (1998) the auto-
correlation structure of net-migration was chosen so that it would be, at all lags, equal to
the first empirically observed autocorrelation, or 0.716. This is a conservative assump-
tion. It implies that the standard deviation of the cumulative net-migration during 2001-
2050 would be as high as 474,200. In this exercise it was felt that the value is somewhat
too high. After some experimentation, an autocorrelation of 0.4 was chosen, a value
closer to the average autocorrelation. This means that the assumed predictive distribu-
tion of the cumulative net-migration in the next 50 years would be N(70,000, 409,800%).
Or, a 50% prediction interval for the cumulative net migration is [-206,400; 346,400],
an 80% interval is [-455,200; 595,200], and a 95% interval is [-733,200; 873,200]. In
contemplating whether this is a realistic assessment of the uncertainty, we remind the
reader that Modeen’s migration assumption was off by 300,000 in 35 years, and Statis-
tics Finland’s 1974 assumption was off by 80,000 in 25 years.

4. PREDICTIVE DISTRIBUTIONS

4.1.  Total Population

Figure 3 has summary data of the predictive distribution of the year-end population in
2002-2050. These (and subsequent) results are based on 3,000 simulations of the popu-
lation. The median may be taken as a point forecast. The first and third quartiles form
the 50% prediction intervals, and the first and the ninth deciles form the 80% prediction
intervals. The uncertainty of population growth vividly illustrated by the width of the
intervals. According to the median, the population is expected to grow for less than a
decade, to just above 5.3 million, and then a gradual decline begins. However, the me-
dian forecast is quite flat for over two decades. Relatively small changes in migration
can make a difference, from this perspective. In fact, it is by no means certain that the
population will turn into a decline, if net migration is positive, or fertility happens to
increase.



IZ_-IFigure 4 gives a more detailed look at the predictive distributions in 2030 and
2050.~The histograms show how the uncertainty increases as we go further into the fu-
ture. Summary statistics for the total population in these years are as follows (in thou-
sands):

year d, Qi Md Qs do
2030 4,836 5,020 5,243 5,480 5,676
2050 3,947 4,361 4,867 5,469 6,022

Given the overall level of uncertainty small modifications in assumptions do not matter
much. However, it is of some interest to observe that had we retained the earlier net mi-
gration assumption of 4,000 per year, it would have had the effect of increasing the me-
dian in 2030 approximately to 5,273,000, and in 2050 to 4,997,000. In other words, the
expected decline would have been somewhat delayed as compared to the above.

An assessment of the roles of fertility and mortality on one hand, and of migra-
tion on the other, in the overall uncertainty, can be made by repeating the calculations,
but setting the uncertainty of the migration forecast to zero. The following results are
obtained. The standard deviation of the predictive distribution in 2050, when all sources
of uncertainty are present, is 0.828 million. If there would be no uncertainty due to mi-
gration, the standard deviation would be 0.640. On the other hand, if only the uncer-
tainty in the cumulative net number of migrants would be taken into account, the stan-
dard deviation would be 0.410. One can deduce from these estimates that, approxi-
mately, 60% of the variance is explained by fertility and mortality together, 25% is ex-
plained by migration, and 15% is due to nonlinearities and interactions.

In National Science Foundation (2000) a model was built for the errors of the
U.N. national forecasts of all countries of the world, with data from the 1950's onwards.
The ratio of the 9™ decile to the median of Finland’s predictive distribution in 2050 is
1.173. From the current calculation we get 6022/4867 = 1.237. It is somewhat reassur-
ing that the two completely independent methods give similar estimates of uncertainty.

4.2.  Age-distribution

Figure 6 presents a forecast of the population by age and sex in 2030, together with 80%
prediction intervals. Figure 7 presents the corresponding information for 2050. Popula-
tion aging is clearly visible in both graphs. Similarly, the uncertainty of fertility leads to
wide prediction intervals in the younger ages. In adult ages, migration is a primary
source of uncertainty. In the very highest ages the uncertainty of mortality is also an is-
sue.

It is customary to summarize age-distributions in terms of dependency ratios. In
Figure 7 we present the ratio of the population in ages 0-18 and 65+ to the population in
age 19-64. Because of variations in labor force participation and unemployment this de-
pendency ratio is not a pure measure of the burden posed by the economically inactive
population on the economically active. Nevertheless, the ratio provides us with useful
indication of the pressure the demographic development alone puts on the economy. We
find that the burden will increase from the present value of 0.61 to about 0.88 in three
decades. That is the burden increases by nearly a half. After that - when the baby boom

% The bin width was 200,000, and the percentages given on vertical axis refer to the number of simula-

tion runs falling into a bin.
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generations die - the burden is expected to ease out. Of course, this is just the most
likely development. The summary statistics for age-dependency ratio in the years 2030
and 2050 are as follows:

year d; Q Md Q3 do
2030 0.78 0.82 0.85 0.90 0.94
2050 0.77 0.82 0.89 0.96 1.03

Looking at the ninth decile we find that the probability is 10% that the burden will be
over 1.00 in about four decades. Moreover, even the first decile will increase to 0.78 in
three decades. This means that even in very optimistic circumstances the future burden
will increase at least by a third from the current value.

Because of the approaching retirement of the baby-boom generations, the role of
the elderly in age-dependency is of interest. Figure 8 has a plot of the old age-
dependency ratio, or the ratio of the population in ages 65+ to the population in ages 19-
64. We see a dramatic increase from the present value of 0.25. The summary statistics
for the old age-dependency ratio in the years 2030 and 2050 are as follows:

year d, Q Md Qs do
2030 0.44 0.46 0.49 0.52 0.55
2050 0.41 0.46 0.52 0.58 0.65

4.3.  Children and the Young

Current fertility is well below replacement level. We expect the low level to persist, but
recognize that fertility has been highly volatile in the past. It might take us by surprise
again. What do these facts imply for the births? Figure 9 has a predictive distribution for
the births (actually zero-year olds at the end of the calender year). The median of the
predictive distribution declines roughly linear from the current value of 55,000 to
47,000 by 2050. The summary statistics of the predictive distribution of future births in
2030 and 2050 are (in thousands):

year d, Q Md Qs do
2030 36.6 42.8 50.3 60.1 69.8
2050 239 33.2 46.9 66.5 91.3

We see that the probability is 10% that the births in 2050 are only half of the most likely
value. On the other hand, with equal probability the births might be double the most
likely value.

Consider the population in ages 0-6, the under school age population. Their ab-
solute numbers are of interest in the planning of day-care services, for example. As one
would expect, their forecast is almost identical to that of the births, albeit with a scale
adjustment, see Figure 10. The summary statistics of the predictive distribution of the
population in ages 0-6, in 2030 and 2050, are (in thousands):

year d; Q Md Q3 do
2030 275 315 364 423 482
2050 177 241 331 462 618



The school-age population 7-18 is of interest to the planners of the educational
system. Figure 12 presents the predictive distribution. The difference here is that ini-
tially the uncertainty is much less than in the younger ages, because for over a decade
many of the members of the population subgroup are already born at jump-off time. We
see from the graph that, demographically, pressures on the school system are likely to
ease. The summary statistics of the predictive distribution of the population in ages 7-
18, in 2030 and 2050, are (in thousands):

year d, Q Md Qs do
2030 534 593 666 747 823
2050 359 458 578 752 927

4.4.  Working Age Population

Primarily due to the baby-boom generations, Finland has, in recent years, had a rela-
tively large population in working age, which we define here as ages 19-64. Figure 12
has a predictive distribution for the size of that population. We see that the situation is
going to get worse. Currently, the population size is 3,225,000. The summary statistics
of the predictive distribution of the population in ages 7-18, in 2030 and 2050, are (in
thousands):

year d; Q Md Q3 do
2030 2,619 2,713 2,822 2,923 3,021
2050 2,101 2,320 2,560 2,858 3,133

4.5.  Elderly and Oldest-Old

The retirement of the baby-boom generations has lead to much public discussion about
the sustainability of the public sector finances, including pension systems. At jump-off
time the size of the population in ages 65+ was 787,000. Figure 13 shows that the popu-
lation is expected to nearly double during the next thirty years, or so. After that the
growth is expected to stop, because the smaller cohorts born after the 1960's enter the
age bracket. The summary statistics of the predictive distribution of the population in
ages 65+, in 2030 and 2050, are (in thousands):

year d; Q Md Q3 do
2030 1,259 1,318 1,386 1,449 1,507
2050 1,116 1,212 1,334 1,461 1,574

The oldest-old have become a topic of much research in recent years. In many
countries they form the fastest growing segment of the population. At jump-off time the
size of the population in ages 95+ was 3,700. We see from Figure 14 that the size of the
population is expected to triple in the next 40 years. The summary statistics of the pre-
dictive distribution of the population in ages 95+, in 2030 and 2050, are (in thousands):

year d; Q Md Q3 do
2030 43 7.2 11.6 17.3 24.1
2050 4.8 12.1 27.2 51.3 83.6
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Both the figure and the summary statistics indicate a very high level of uncertainty in
forecasting, however. The uncertainty is partly due to migration, and partly due to the
high level of uncertainty in the mortality of the oldest-old.

As women live longer than men, their share among the elderly is quite high. At
the jump-off time it was 61% among those in ages 65+. As we have seen in Figure 2,
the gap between female and male life expectancies is expected to narrow. This results in
a declining share of females among the elderly, see Figure 15. Indeed, the summary sta-
tistics of the predictive distribution of the fraction of women in ages 65+, in 2030 and
2050, are:

year d, Qi Md Qs do
2030 0.53 0.54 0.55 0.57 0.58
2050 0.51 0.52 0.54 0.57 0.59

I.e., women’s share does go down, although women will still remain the majority in this
age bracket.

4.6. Beyond 2050

As our error estimates become increasingly untrustworthy when the forecast period is
extended, we present here some summary data on the characteristics we have discussed
above, for 2065:

characteristic d; Q Md Q3 do
life exp. female 84.8 86.3 88.0 89.8 91.4
life exp. male 78.7 81.0 83.6 86.0 88.1
total pop. (1000's) 3,256 3,824 4,640 5,625 6,529
age-dep. ratio 0.83 0.89 0.96 1.05 1.14
old age-dep. ratio 0.41 0.48 0.57 0.68 0.81
births (1000's) 17 27 42 67 100
pop. in age 0-6 (1000s) 126 197 301 468 681
pop. in age 7-18 (1000s) 259 381 552 800 1,119

pop. in age 19-64 (1000s) 1,589 1,959 2,385 2,870 3,367
pop. in age 65+ (1000s) 1,095 1,204 1,345 1,498 1,630
pop. in age 95+ (1000s) 4.8 13.2 299 58.9 97.2
fraction women in 95+ 0.49 0.51 0.53 0.56 0.58

(Note that one cannot add population sizes in the columns and obtain the same fractile
for the aggregate, because the sizes of the populations are less than perfectly correlated!
For the same reason, one cannot get, e.g., the 9™ decile for the old age-dependency ratio
by dividing the 9™ decile for the population in age 65+ by the 9™ decile for the popula-
tion in ages 19-64.) We conclude that the trends already visible become stronger as the
forecast period is extended.



5. DISCUSSION

The forecast we have presented differs technically from conventional population fore-
casts in that it has been systematically phrased in probabilistic language. The goal has
been to give a realistic indication of the level of uncertainty one can expect. In all cases
we have attempted to provide an empirical basis for the assessment of uncertainty. Im-
plicit in this is the assumption that future uncertainty is similar to that experienced in the
past. This is the way the predictive distributions of this forecast should be interpreted.

Subjective elements have entered the specification of both the medians of the
predictive distributions needed in cohort component forecasting, and in the specification
of the spread around the medians. The effect of judgment has generally been to lower
the level of uncertainty. For example, in the analysis of fertility and mortality the dra-
matic shocks of the 19" century were eliminated by the estimation method used.

The uncertainty of future migration is more difficult to estimate as reliably as
that of fertility or mortality. Judgment necessarily has a greater role. However, even
here the assessments have been grounded on empirically observed data.
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Figure 1. The Total Fertility Rate of Finland in 1776-2000, and its Forecast in
2001-2050, with 50% and 80% Prediction Intervals.
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Figure 2. Forecast of Life Expectancy, and its 50% and 80% Prediction Intervals,
for Females (Upper Curves) and Males (Lower Curves), in 2001-2050.
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Figure 3. Forecast of the Population of Finland in 2002-2050 with 50% and 80%
Prediction Intervals.
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Figure 4. Predictive Distribution of the Population in 2030 (Solid) and 2050
(Dashed).
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Figure 5. Forecast of Population in 2030 by Age for Females (Top) and Males
(Bottom): Median and 80% Prediction Intervals.

40 — RN
30 — NS

Population (in Thousands)
o
\
/
/

30 — -

40 — -7

Age 20 40 60 80 100 120

Figure 6. Forecast of Population in 2050 by Age for Females (Top) and Males
(Bottom): Median and 80% Prediction Intervals.
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Figure 7. Forecast of the Age-dependency Ratio in 2002-2050 with 50% and 80%
Prediction Intervals.
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Figure 8. Forecast of the Old Age-dependency Ratio in 2002-2050 with 50% and
80% Prediction Intervals.
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Figure 9. Forecast of Births in 2002-2050 with 50% and 80% Prediction Inter-
vals.
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Figure 10. Forecast of Population in Ages 0-6 in 2002-2050 with 50% and 80%
Prediction Intervals.
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Figure 11. Forecast of Population in Ages 7-18 in 2002-2050 with 50% and 80%
Prediction Intervals.
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Figure 12. Forecast of Population in Ages 19-64 in 2002-2050 with 50% and 80%
Prediction Intervals.
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Figure 13. Forecast of Population in Ages 65+ in 2002-2050 with 50% and 80%
Prediction Intervals.
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Figure 14. Forecast of Population in Ages 95+ in 2002-2050 with 50% and 80%
Prediction Intervals.
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Figure 15. Forecast of the Fraction of Women in Ages 65+ in 2002-2050 with 50%
and 80% Prediction Intervals.



Appendix. The Birth of the Baby-boom Generations in Finland.

The total numbers of (live) births in consecutive five-year periods, during 1925-1954,
were as follows:

years births
1925-1929 384,300
1930-1934 349,200
1935-1939 366,000
1940-1944 372,600
1945-1949 521,300

1950-1954 466,200

We see that the number of births reached a low during the years following the economic
depression of the 1930's. After that there was a recovery, and during the five-year pe-
riod that was most influenced by the war, the recovery continued: the total number of
births was higher during the five years of war than during the previous five-year period
of peace. It follows that the high number of births during 1945-1949 (with peak in
1947) cannot be attributed solely to a recovery of births that had earlier been prevented
by the war.

Note that the above analysis does not mean that the war would not have had im-
portant timing effects. We see from Figure 1 that there was a zig-zag pattern caused by
the winter war, the following short peace, and the subsequent continuation of war. In
monthly data even finer effects of timing can be distinguished.

A more plausible explanation can potentially be given in terms of a longer term
postponement caused by both the depression and the war. The validity of this can be
investigated by studying completed cohort fertility. Figure A presents the SuHEIOf age-
specific fertility rates in ages 15-40 for the birth cohorts born in 1905-1965.* Before
analyzing the data, two technical remarks are in order.

First, due to the approximate method of estimation, the statistics of the cohort of
1905 are more accurately attributed to those born at the end of 1905, those of the cohort
1906 are more accurately attributed to those born at the end of 1906 etc. As discussed
by Fougstedt (1977, p. 19), the approximations have a notable numerical effect for some
birth cohorts hat were born at a time, when fertility was rapidly changing from month to
month. The years 1918-1919, 1939-1940, and 1944-1946 are examples of this.

Second, for the last five cohorts the values have been forecasted by adding 0.16
to the cumulative fertility of ages 15-35. This is the difference observed for the last
available cohort born in 1960. Given that the fertility in ages 40-49 has been approxi-
mately 0.05 during the 1940's and 0.01 recently, the cumulative sum for the ages 15-40
approximates cohort total fertility rate well.

Turning to Figure A, completed fertility presents a much smoother picture of the
evolution of fertility than period fertility. This is to be expected, since fertility is heavily
influenced by period factors that tend to compensate for each other for actual cohorts,
over time. Nevertheless, completed fertility has changed during the period we are inves-
tigating. It started at level 2.3 for the cohort of 1905, and rose to a high of 2.7 for the
cohort of 1919. As argued by Fougstedt (1977, p.18), the method of estimation has
slightly exaggerated this value and decreased the low value of the previous year, so 2.6

The author is grateful to Timo Nikander of Statistics Finland for providing these statistics.
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may be closer to the actual maximum. From there, a decline to about 1.8 takes place. In
other words, the increase during the early part of the period is about 0.3 children, and
the subsequent decline is about 0.8 children, or 31%. From an even longer-term per-
spective the baby-boom still appears as a reversal of a declining trend that started in the
late 1800's and continued after the 1950's.

In thinking about the possible reasons for a reversal of a long-term decline, it
seems useful to look at other countries, as well. Sweden did not participate in war, but
had a baby-boom that peaked in 1945, and a smaller peak in 1964. Great Britain and
Belgium had lesser peaks in 1947-1948 and a bigger one in 1964. France and the Neth-
erlands had higher peaks in 1946-1947 and a lesser one in 1964. The United States and
Canada had major peaks in 1957 and 1960, respectively. (ILN.E.D. 1976, pp. 46-54)
Clearly, Finland’s experience does not exactly match that of any of the other countries
mentioned. However, in terms of completed cohort fertility all the countries share the
same feature: a temporary reversal of a long time declining trend took place.

The conclusions one can draw from the above are dissatisfying. We have ample
evidence that on a cohort level a temporary reversal took place. This corresponds to un-
derdamped systems in control theory (Box and Jenkins 1976, p. 344), but merely find-
ing an analogue for the phenomenon hardly explains why it happened. Moreover, from
the perspective of forecasting births it is the period fertility that counts, because it de-
termines the annual births. This, of course is at the root of the problems we are experi-
encing now, when the baby-boom generations are about to retire.
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Figure A. Approximate Completed Fertility for Birth Cohorts Born in 1905-1965.
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