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Preface

This report contains the main findings for Work Packages 2 and 3 of the research project “Changing
Population of Europe: Uncertain Future”, abbreviated as UPE (Uncertain Population of Europe). This
is a collaborative project with participants from Finland (University of Joensuu and Statistics Finland),
the Netherlands (Netherlands Interdisciplinary Demographic Institute and Statistics Netherlands), and

Norway (Statistics Norway).

The major goal of the UPE-project is to develop and implement stochastic population forecasts for the
countries of the European Economic Area (EEA). Switzerland is also included in the project, but
Liechtenstein was omitted. Hence the following 18 countries are covered: Austria, Belgium, Denmark,
Finland, France, Germany, Greece, Iceland, Ireland, Italy, Luxembourg, the Netherlands, Norway,

Portugal, Spain, Sweden, Switzerland, and the United Kingdom.

The current report contributes to the project, through the following analyses:
* An analysis of errors in past forecasts. This task is known as Work Package 2 (WP2) in the project.

* Model-based estimates of errors. This is UPE’s Work Package 3 (WP3).

Both WP2 and WP3 will contribute to the formulation of assumptions that are required for stochastic
forecasts in the 18 countries, together with the results from Work Package 4, in which expert views on
future fertility, mortality, and migration in the 18 countries are elicited. WP4 will be reported by
Statistics Netherlands and the Netherlands Interdisciplinary Demographic Institute.






1. The need for stochastic population forecasts

The demographic future of any human population is uncertain, but some of the many possible
trajectories are more probable than others. So attempts to forecast demographic aspects of a
population, such as its size by a given year, should include two elements: a range of possible
outcomes, and a probability attached to that range. Together, these elements constitute the ‘prediction

interval’ for the population variable concerned.

There is a clear trade-off between greater certainty (higher odds) and better precision (narrower
intervals). For instance, in 2001 we estimated that the odds were two to one (a 67% chance) that
Norway’s population, at that time at 4.5 million, would be between 3.9 million and 6 million in the
year 2050 (Keilman et al 2001). Odds of 19 to 1 (a 95% chance) resulted in a wider prediction

interval: 3.2 million to 7.3 million.

Demographers have become increasingly concerned about the accuracy of their forecasts, in part
because the rapid fall in fertility in Western countries in the 1970s came as a surprise. Forecasts made
in those years predicted birth rates that were up to 80% too high and too many young children. The
rapid reduction in mortality after the Second World War was also not foreseen; life-expectancy
forecasts were too low by 1-2 years; and the predicted number of elderly, particularly the oldest

people, was far too low.

Those who use forecasts should be informed about the accuracy of historical predictions. But even
more important is the expected accuracy of the current forecast. Statistical agencies traditionally deal
with the uncertainty of forecasting population variables by producing two or more predictions of
fertility or mortality (or both), and then calculating a range of predictions. For instance, Statistics
Norway expects the number of children aged 6—12 in Norway in 2010 to be between 413,000 and
427,000, depending on whether fertility is low or high — that is, on whether women have an average
of 1.5 or 2.1 children, respectively, in 2010 — and migration is low or high — an annual net
immigration flow of 6,000 or 20,000 persons. The agency attaches no probability to this interval. Yet
those who are planning provisions for education need to know whether the likelihood of this scenario

is roughly 30%, 60% or even 90%.

So, during the 1990s, demographers and statisticians developed methods for making probabilistic

population forecasts, the aim of which is to calculate prediction intervals for every variable of interest.



These forecasts comprised prediction intervals for variables such as age structure, average number of

children per woman and immigration flow in the respective countries.

There are three main methods of probabilistic forecasting: time-series extrapolation; expert judgement;
and extrapolation of historical forecast errors. Time-series methods rely on statistical models that are
fitted to historical data. These methods, however, seldom give an accurate description of the past. If
many of the historical facts remain unexplained, uncertainty is large and thus time-series methods
result in excessively wide prediction intervals when used for long-term forecasting. Judgemental
methods can be used to correct or constrain such broad prediction intervals. Expert judgement is also
used when expected values and corresponding prediction intervals are hard to obtain by formal
methods. In short, the expert is asked to indicate the probability that a key parameter (such as the
average number of children per woman, or life expectancy) in some future year falls within a certain
pre-specified range. A weakness of this approach is that experts, often being unduly confident, tend to
give overoptimistically narrow prediction intervals (Armstrong 1985). When the forecasts are later
compared with actual data, the intervals turn out to fit the observed trends much less frequently than
the probabilities suggested. Finally, empirical errors observed for past forecasts may be extrapolated to
predict the expected errors for the current forecast. A problem here is that forecasts prepared in the
1960s or earlier were poorly documented, so data on historical errors do not stretch back as far as one

would like.

Elements of the three methods are often used in combination. For instance, time-series methods
involve some degree of subjectivity, perhaps in choosing the extrapolation model or the length of the
historical data series. These decisions may strongly influence the prediction intervals. And the
intervals, whether obtained by time-series methods or expert opinion, are frequently checked against

historical error patterns.



2. The UPE-project

The research project “Changing Population of Europe: Uncertain Future”, abbreviated as UPE (Uncer-
tain Population of Europe), was defined to develop and implement stochastic population forecasts for
the countries of the European Economic Area (EEA). Switzerland is also included in the project, but
Liechtenstein was omitted. Hence the following 18 countries are covered: Austria, Belgium, Denmark,
Finland, France, Germany, Greece, Iceland, Ireland, Italy, Luxembourg, the Netherlands, Norway,

Portugal, Spain, Sweden, Switzerland, and the United Kingdom.

An important goal of the UPE project is to use a common methodology to compute stochastic
population forecasts for the 18 countries, combining the three methods mentioned in Chapter 1. One
task in the project is to specify predictive distributions for the parameters of the population forecast
model for each country. We have selected the total fertility rate for fertility, the expectation of life at
birth for mortality, and the net migration surplus for international migration. For these three indicators
the following types of assumptions are needed:

1. The form of the probability distribution of the forecast errors. Initially we will assume normality
in the log-scale, so the predictive distribution depends on the first and the second moments of the
three components.

2. The first moments. These will be specified based on empirical data and judgement.

3. Second moments. Variances and autocovariances of forecast errors in fertility, mortality and
migration have to be specified.

4. Correlations between components. Forecast errors of female and male mortality are likely
correlated. Correlations between fertility, mortality, and migration are expected to be of secondary
importance.

5. Correlations across countries. Forecast errors of fertility, mortality, and migration in different

countries may be correlated.

The current report contributes to all types of assumptions, through the following analyses:

1. An analysis of errors in past forecasts. Historical error patterns in fertility, mortality and migration
are analysed for 14 of the 18 countries.

2. Model-based estimates of errors. We use time series models for fertility, mortality and migration

indicators in all 18 countries.

In brief, the objective of the historical error analysis is to trace systematic patterns in errors observed
for historical population forecasts, specifically differences in forecast errors between fertility,

mortality, and migration. We analyse for each of the three indicators their accuracy and bias, the



statistical distribution of the errors, and the cross-country correlations. For the life expectancy, we also

analyse the correlation between men and women. These results are reported in Chapter 4.

We have restricted ourselves to population forecasts produced by statistical agencies. An important
reason for this choice is that all of these were made with a single methodology, namely the cohort-
component method of population forecasting - indeed, this is the standard methodology for such
forecasts (Keilman and Cruijsen 1992). In addition, the forecasts were produced in stable institutional
settings. These two factors imply that we have obtained a relatively homogeneous data set, which

provides a meaningful basis for error analysis.

The objective of the time series analysis is to use time-series models to compute prediction intervals
for the three indicators. These intervals are derived from autocovariances identified by means of time
series of observed data. Covariances across countries, and across sexes in the case of mortality, are

also investigated. Chapter 5 contains the findings.



3. Data

Our time series models (Chapter 5) are estimated using observed annual values for the TFR, the life
expectancy and the immigration surplus. Long time series are desirable in order to analyse the
variability of the three indicators over time. Our ambition has been to estimate these models, to the
extent this was possible, on time series that cover the whole of the 20™ century. For fertility and
mortality this turned out to be possible for the majority of the countries, see below. For migration we

had to work with much shorter series.

Forecast errors are obtained by comparing forecast variables with their corresponding observed values,
see Chapter 4. We have limited the information on forecasts to the period after World War II.
Therefore observed TFR- and life expectancy values were taken from the same sources as those used

in Chapter 5. For migration, these sources had to be complemented with national data.

3.1 Observed values for the TFR, the life expectancy, and net migration

Observed values for the TFR, the life expectancy, and net migration were taken, to the extent possible,
from international sources. We have put more emphasis on international than on national data sources
in order to increase international comparability. We have used the following sources.

e For the TFR: Chesnais (1992) and Council of Europe (2002).

e For the life expectancy at birth: Council of Europe (2002) and the Human Mortality Da-
tabase of the University of California, Berkeley (USA), and Max Planck Institute for

Demographic Research (Germany). Available at www.mortality.org or

www.humanmortality.de (data downloaded on 16 June 2003).

e For net migration: Council of Europe (2002).

In some cases the international sources had to be supplemented with national sources. Table 3.1 gives
an overview of these sources, together with the years they covered. In most cases the additional data
were found in official publications from the national statistical agencies. Other sources have been used

in a few cases.

For some years, there were minor differences across the data sources. These have been ignored.



Table 3.1. Data sources for observations on the TFR, the life expectancy at birth (by sex), and
net immigration

Country TFR Life expectancy Net immigration

Austria 1: 1951-1959; 3: 1960-2000.  2: 1948-1959; 3: 1960-2000  3: 1960-2000

Belgium 1: 1946-1959; 3: 1960-2000.  3: 1960-2000; 11:1892- 3: 1960-2000
1959

Denmark 1: 1911-1959; 3: 1960-2000  2: 1921-1959; 3: 1960-2000  3: 1960-2000

Finland 1: 1866-1959; 3: 1960-2000;  2: 1941-1959; 3: 1960-2000  3: 1960-2000

4: 1776-1865

France 1: 1855-1959; 3: 1960-2000  2: 1900-1959; 3: 1960- 3: 1960-2000
2000; 9: 1806-1899.

Germany 3: 1960-2000 3: 1963-2000 3: 1960-2000

FRG 1: 1925-1959; 3: 1960-2000  2: 1956-1959; 3: 1960-2000  3: 1960-2000

Greece 3: 1960-2000 3: 1960-2000 3: 1960-2000

Iceland 3: 1960-2000; 5: 1855-1959  3: 1970-2000 3: 1960-2000

Ireland 3: 1960-2000 3: 1985-2000 3: 1960-2000

Italy 1: 1930-1959; 3: 1960-2000  2: 1906-1959; 3: 1960-2000  3: 1960-2000

Luxembourg 3: 1960-2000; 6: 1950-1959  3: 1970-2000; 14:1901- 3: 1960-2000
1969

Netherlands 1: 1901-1959; 3: 1950-2000  3: 1960-2000; 10:1900- 3: 1960-2000
1959

Norway 3: 1960-2000; 7: 1845-1959  3: 1960-2000; 12.1846-1959  3: 1960-2000

Portugal 3: 1960-2000 3: 1960-2000 3: 1960-2000

Spain 1: 1922-1959; 3: 1960-2000  3: 1965-2000 3: 1965-2000

Sweden 1. 1855-1959; 3: 1960-2000  2: 1861-1959; 3: 1960-2000  3: 1960-2000

Switzerland 1: 1932-1959; 3: 1960-2000;  2: 1876-1959; 3: 1960-2000  3: 1960-2000

8:1861-1931

England and Wales 1. 1911-1959; 3: 1960-2000  2: 1841-1959; 3: 1960-2000 3, 13: 1960-2000

Notes: 1. Chesnais (1992). 2. Human Mortality Data Base. 3. Council of Europe (2002). 4. Turpeinen (1979). 5.
Icelandic Historical Statistics (Statistics Iceland, 1997). 6. Jean Langers (personal communication 2003). 7.
Brunborg and Mamelund (1994). 8. Swiss Federal Statistical Office (1998). 9. Meslé and Vallin (1989). 10.
Tabeau et al (1994) and Van Poppel (personal communication 2003). 11. Veys (1981). 12. Mamelund and
Borgan (1996). 13 Data apply to the United Kingdom. 14. Trausch (1997).

3.2 Forecast data

Information on forecast values was taken from national sources'. We sent a request for information on
details from national population forecasts to national statistical agencies in the 18 countries in October
2001, with a reminder to non-responding countries in May/June 2002. We received useful information

from a total of 14 countries. Appendix 1 gives a detailed account of the sources.

Concerning observed variables, we only used annual time series. In contrast, forecast variables were
not available as annual series in many cases, but only in the form of values for certain selected years,

for instance every tenth year. In those cases we interpolated linearly between known values. This may

' Thus observed values are taken from international sources, and forecast values from national sources. This may have
increased the variance in the forecast errors, but we do not know by how much.
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have reduced the variability in the forecast errors somewhat, but not very much, because all forecast

variables are smooth extrapolations of current trends.

In many cases, variant assumptions were used in a specific forecast. For example, the 1990 forecast of
Norway includes a low, a medium, and a high assumption for fertility. Variant assumptions were also
frequently made for the components of mortality and migration. In that case, we included all variants
in our data set, because very few of the forecast reports contained a clear advice as to which of the
variants the statistical agency considered as the most probable one at the time of publication”. Hence,
it was left to the user to pick one of the variants. We may assume that all variants have been used,
although the middle one probably more often than the high or the low one (in case there were three

variants)’.

3.3 Geographical coverage
Concerning geographical coverage, there were problems with Germany and with the United

Kingdom.

Germany:

Observed trends: Long time series with annual values for the three variables of interest do not exist for
Germany; see Table 3.1. For the territory of the former Federal Republic of Germany (FRG), however,
we have annual TFR values since 1925 (Chesnais 1992), annual life expectancy values since 1956
(Human Mortality Data Base), in addition to annual net immigration numbers since 1960 (Council of
Europe 2002). Therefore we decided to construct time series models for the former FRG, instead of
Germany as a whole, assuming that the variability in and predictability of demographic variables
would not differ much between the two countries.

Forecasts: For the forecasts produced before 1990, we only dispose of information for the FRG, not
the German Democratic Republic (GDR). Thus errors in forecasts of the TFR, the life expectancy or
the immigration surplus from these forecasts apply to the FRG only. The forecasts published by
Statistics Germany beginning in 1990 comprise both countries. However, in many cases distinct
assumptions were formulated for the old FRG and GDR separately, and the available information on
fertility and mortality does not allow for a simple aggregation into indicators for the whole of

Germany. For international migration, assumed net immigration into Germany for the period 1990-

% The 1980-based forecast of the Netherlands is one exception.

3 For some countries, we had enough data to check the implications of this choice. For Norway, the standard deviation in the
observed TFR-errors based on all forecast variants was very close to that based on main variants only. For Sweden, the all-
variants standard deviations were approximately 10 per cent higher than those based on main variants.

11



2000 in the forecasts of 1990, 1993, and 1998 could be compared with actual immigration into
Germany. The resulting errors were combined with those for migration assumptions into the FRG in

forecasts before 1990.

United Kingdom:

Also for the United Kingdom (England, Wales, Scotland, and Northern Ireland) the available time
series for the observed values of the TFR, the life expectancy, and the immigration surplus are rather
short. The situation is a lot better for England and Wales: annual TFR-values are available since 1911
from Chesnais, and life expectancy values since 1841 from the Human Mortality Data Base. Thus we
have analysed fertility and mortality for England and Wales, again assuming that these countries could
be representative for the whole of the United Kingdom with respect to variability and predictability.

Immigration was analysed for the UK on the basis of time series starting in 1960; see Table 3.1.

12



4. Empirical errors

4.1 Measurement

Measures
We have used different types of measures to characterize the errors. Assume that the interest is in a

forecast variable from a forecast with a certain base year at a certain future year. Write that variable as
F, and the corresponding observed value as O. The signed error E is defined as F-O. Hence for

positive values of E, the forecast was too high. A negative value of £ indicates too low a forecast.

When we have several forecast values at our disposal (across time, across countries), there is a series

of errors £y, Ey, ..., E, of length n. We have computed several summary measures for the errors.

1. The mean error (ME) is the average value of the series £y, F», ..., E,. It reflects the tendency to
over- or under-predict the variable of interest. Positive errors will cancel negative ones. Therefore,
the mean error is not a good indicator of accuracy, but it yields useful information on bias.

2. The standard deviation in the signed errors (SDE). It measures the variability in the errors around
their mean value. It reflects uncertainty in the variable appropriately, provided that its expected
value is predicted correctly.

3. The latter assumption may be relaxed by inspecting the Root Mean Squared Error (RMSE), which

adds a bias component to the standard deviation.

One disadvantage of the SDE and the RMSE is that they give relatively much weight to extreme
values, as a consequence of the squared terms. Error measures based on absolute errors do not have

this property.

4. The mean absolute error (MAE), computed as the mean value of the errors disregarding sign.
5. In one particular case (see below) we also needed the standard deviation of the absolute error

(SDAE).

Under certain conditions, the summary measures for absolute errors can be computed when the
summary measures for the signed errors are known. We will discuss two particular cases: 1. the signed
errors E; are normally distributed; 2. the signed errors E; are exponentially distributed with parameter o
for positive values of E;, and the errors (-£;) are exponentially distributed with the same parameter a

for negative E;-values. In this case, the density of the signed errors E; is symmetrical around zero.
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1. When the signed errors E; are drawn from a normal distribution with expectation usand standard

deviation gy, one can show that the expected value of the absolute errors |E,| equals

2
@.1) ,uA:,uS+O'S\/§exp[— ”Szj.
V2 207

The median value of the absolute errors equals ys + 0.67505. Furthermore, since (E;)*=|E;, the second

moments of the absolute errors and the signed errors are equal, i.e. z; + ;. Then the standard

deviation of the absolute errors follows immediately.

2. Shlyakhter and Kammen (1993) and Shlyakhter et al. (1994) studied the error distributions for
forecasts of population size, sea-level rise, and energy demand. They found that the commonly
assumed normal distribution underestimates the frequency of extreme errors. Instead they
proposed that absolute errors |E;| are exponentially distributed. This situation arises when signed
errors E; are exponentially distributed with parameter a for positive values of E;, and the errors -E;
are exponentially distributed with the same parameter o for negative E-values. In this case, both

the expectation and the standard deviation of the absolute errors are equal to 1/a, while the
standard deviation of the signed errors equals \/5 / a . The expected value of the signed errors is

zero by construction.

Three dimensions
For a given country and a given indicator, there are three dimensions in the data set of forecast errors:

the starting year of the forecast, the calendar year for which the error is computed, and the duration of
the forecast. These three dimensions are not independent: once we know two of them, the third one
follows immediately. In general:

starting year + forecast duration = calendar year.

For instance, the error in the assumed TFR-value of the Norwegian forecast with starting year 1993 at

duration of four years applies to the calendar year 1997.

Most of our findings will be presented with forecast duration as the dimension of interest. The reason
is that we want to use the historical errors as a benchmark for assessing the predictions derived from
time series models. Neither the calendar years nor the starting years of those two types of forecasts

overlap, but they do have forecast duration in common. In a wider sense, the historical errors can be
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used to assess the quality of current forecasts. One may argue that population forecasters nowadays
produce forecasts with smaller errors than in the past, due to better data, methods, and theoretical
understanding of the underlying mechanisms.* Whether or not this is true, the historical errors are
useful as a benchmark for the predictability of current forecasts. This then leads naturally to a focus on

forecast duration.

42 TFR

4.2.1 Accuracy and bias

Figure 4.1 plots the mean of the absolute errors in the TFR (MAE) for14 countries. For each country,
the mean is computed across several forecast rounds, controlling for forecast duration. Each line
represents one country. For long forecast durations we have fewer observations than for short ones.
Therefore, in order to avoid too much randomness, we plotted, for each country, only those MAE-
values that were based upon at least 10 observations. The marked solid line gives the MAE-value for
the pooled set of errors, i.e.the errors for all countries and forecast rounds combined, including those
observations that were left out from the country-specific means. The latter curve is based on 295
observations in the first forecast year and 203, 94, and 16 observations at durations of 10, 20, and 30

years ahead, respectively.

Figure 4.1. Mean of observed absolute TFR errors in 14 countries
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4 Yet there is no empirical evidence that supports this assumption (NRC 2000).
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The pattern that emerges is that of slowly increasing errors. Long-term forecast accuracy is less than
short-term accuracy, because the chances that conditions that affect fertility may have changed are
relatively large for remote forecast years. Across all countries and all forecasts, the mean absolute
error increases from 0.06 children per woman in the first year of the forecast, to 0.3 for a forecast
horizon of 15 years ahead, and 0.4 children per woman 25 years ahead. Thus, measured by this
indicator, the growth is slightly slower than linear. Although the patterns for the individual countries

vary rather strongly around the mean of the pooled errors, they are roughly consistent with the overall

picture.
Figure 4.2. Mean of observed TFR errors in 14 countries
0.8
Note: Each unmarked line represents one country. The marked line gives the mean error for the pooled set of errors.
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Figure 4.2 shows that TFR-forecasts after World War II in the EEA-countries were biased upwards:
the overall (that is, on average across countries and forecast rounds) mean error (ME) in the TFR is
negligible in the first forecast year, but it grows regularly to a little over 0.4 children per woman 25
years ahead. This pattern reflects the well-known fact that fertility was overpredicted in the late 1960s
and the 1970s, when actual numbers fell rapidly in the region. Indeed - the mean error is only slightly
lower than the mean absolute error in Figure 4.1, reflecting the fact that almost all errors were positive.
Two countries, viz. Finland and Denmark, have underpredicted their TFR by 0.1 children per woman
15-20 years ahead. The reason is that the observation period for these countries starts when fertility

already was at a low level: 1972 in Finland and 1974 in Denmark.
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4.2.2 Error distributions

Figure 4.3 plots the relative frequency curve for absolute errors in the pooled data set at forecast
horizons of five, ten, and fifteen years. The curves show the probability that the absolute error in the
TFR exceeds a certain value. For instance, at a forecast duration of 10 years, there is a 10 per cent
chance for an error of at least 0.6 children per woman. Not surprisingly, the graph shows that large

errors are more frequent for longer forecast durations.

Figure 4.3 Probability that absolute error in TFR exceeds a certain value
1.00 -
5 yrs ahead
= = = .10 yrs ahead
15 yrs ahead
0.10 +
0.01 ‘ ‘ ‘ ‘ ‘ ‘ ‘
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4
abs error in TFR (ch/w)

If the absolute errors would be normally distributed, the curves in the semi-logarithmic plot would be
quadratic; exponentially distributed errors would imply straight lines. Since the ratio of the MAE to the
SDAE is only around 0.9 for durations 5, 10, and 15 years ahead, a normal distribution with its
indefinite left tail is unlikely. Indeed, the patterns in Figure 4.3 do not very closely resemble quadratic
curves, except perhaps for large error values at a forecast horizon of 15 years. A straight line seems to

fit better, in any case in the probability range 5-100 per cent.

Assume that the absolute errors Y stem from an exponential distribution with parameter a:

F(y)=Pr{Y <y} =l-exp(-ay), a,y=0.°

> Figure 4.3 plots 1-F(y).
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When o increases, the curve in Figure 4.3 becomes steeper, and extreme errors become less likely.
Since the expected value yu, of the error equals 1/a, o can be estimated as the inverse of the observed
mean error. This gives 5.7, 3.6, and 3.1 women per child as estimated parameter values for the error
distributions at durations 5, 10, and 15 years. Indeed, long durations imply small values of a, and thus
more likely extreme error values. We can correct for this duration effect, by inspecting the normalized
error — in other words ¥, which is the same as Y/u,. Since the standard deviation of an exponentially
distributed variable is equal to its expectation, the same result is obtained when the errors are divided

by the standard deviation.

Figure 4.4 Probability that absolute error in TFR exceeds a certain value
(errors scaled by MAE)
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Figure 4.4 is the frequency plot for the normalized absolute errors. For each forecast horizon, the
normalized error was computed as the observed error divided by the corresponding MAE. The three
curves coincide quite well, except for very large errors with probability less than five per cent. There
is a 10-per cent chance that the absolute error in the TFR exceeds 2.3 times its mean value — in other
words that it exceeds 0.40, 0.64, or 0.73 children per woman at durations 5, 10, and 15 years ahead.
Alternatively we can say that the chance is 10 per cent that the absolute error in the TFR exceeds 2.3
times its standard deviation. We inspected the value of the MAE as a ratio of the standard deviation of
the absolute errors. For exponentially distributed absolute errors, this ratio should be one. In our case it
turned out to be between 0.96 and 1.09 for forecast durations 4-20 years ahead. The ratio was much

lower than one for some very short and very long durations.
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As a further check on the form of the error distribution we used expression (4.1) to predict the
expected value of the absolute errors, assuming normally distributed signed errors. The expected value
and the standard deviation of the signed errors were estimated by the ME and the SDE. For all forecast
durations, however, the predicted value was much larger than the empirical value (MAE), even larger
than the upper bound of the 95 per cent confidence interval of the expected value of the absolute

errors. Thus we conclude that a normal distribution is unlikely for the signed errors.

4.2.3 Cross-country correlations

Do large errors in one country tend to go together with large errors in another country, or rather with
smaller errors? Tables 4.1-4.3 present correlations across countries based on absolute errors in the
TFR. We selected forecast horizons of 5, 10, and 15 years. The number of observations is given in
parentheses for each country. For each pair of countries with numbers of observations equal to n and
m, we tested whether the correlation would be significantly different from zero (two-tailed, a = 0.05),
based on a number of degrees of freedom equal to min(n,m)-2. Correlations that appear significant are

marked.

Table 4.1 Cross-country correlations of absolute errors in TFR, 5 years ahead

A B Dk SF F FRG I Lux NI N Pt S CH UK

Austria (18) 1

Belgium (11) 0293 1

Denmark (39) 0.267 0.154 1
Finland (32) 0.112 -0.322 0214 1

France (13) -0.097 -0.274 0.672 0.474 1
WGermany (14) 0.469 0.573 0.005 0.022 -0.080 1
Italy (15) 0.420 0.082 0.507 0.162 0.309 -0.126 1

Luxembourg (16) 0.564 0.206 0.377 0.154 0.118 -0.045 0.634 1

Netherlands (18) 0.386 0.144 0.669 0.715 0.153 0.006 0.405 0.406 1

Norway (28) 0.324 0.199 0.156 -0.065 -0.202 0.342 0.305 0.357 0.301 1

Portugal (7) 0.076 -0.036 0.934 0.658 0.712 -0.595 0.400 0.354 0.490 -0.640 1

Sweden (23) 0.050 -0.252 0.245 0.215 0.347 -0.312 0.168 -0.051 0.349 -0.351 0.904 1
Switzerland (18) 0.007 0.070 0.492 0.576 0.195 -0.124 0.414 0.173 0.625 0.261 0.328 0.212 1

UK (19) 0322 0.167 0.697 0.634 0.280 0.061 0.542 0.596 0.787 0.480 0.502 0.240 0.728 1

Note: Number of observations in parentheses; correlations that are significantly different from zero (two-sided;
0=0.05) are marked.
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Table 4.2 Cross-country correlations of absolute errors in TFR, 10 years ahead

A B Dk SF F FRG I Lux NI N Pt S CH UK

Austria (13) 1
Belgium (5) 0.659 1
Denmark (25) 0.273 0.541 1

Finland (24) -0.144 -0.135 0.173 1

France (13) 0.390 0.522 0.195 0434 1

WGermany (13) 0.107 -0.469 -0.373 -0.053 -0.095 1

Italy (9) 0414 0.856 0.526 0.024 0.590 -0.673 1

Luxembourg (13) -0.002 0.296 0.002 -0.341 -0.066 0.306 0.090 1

Netherlands (13) 0.405 0.934 0.553 0.300 0.568 -0.047 0.607 -0.229 1

Norway (22) 0.623 0.666 0.432 0.401 0.553 0.252 0.486 0.201 0.587 1

Portugal (4) -0.966 -0.682 -0.789 0.499 -0.077 0.831 -0.863 -0.086 -0.516 -0.960 1

Sweden (20) -0.187 -0.017 -0.107 0.105 0.154 0.222 -0.091 0.004 0.400 -0.111 0.684 1

Switzerland (13) 0.718 -0.238 0.026 -0.102 0.294 0.347 -0.058 -0.145 0.219 0.353 -0.741 0.277 1

UK (16) 0.708 0.092 0.499 0.332 0.521 0.247 0.290 -0.067 0.628 0.639 -0.575 0.433 0.663 1

Note: Number of observations in parentheses; correlations that are significantly different from zero (two-sided;

0=0.05) are marked.

Table 4.3. Cross-country correlations of absolute errors in TFR, 15 years ahead

A B Dk SF F FRG I Lux I N Pt
Austria (9) 1
Denmark (15) 0.415 1
Finland (16) -0.109  -0.027 1
France (10) -0.015 -0.585  0.265 1

WGermany (11) -0.594 -0.104 -0.266 -0.189 1
Luxembourg (8) 0.489 0.511 -0.082 -0.136 -0.182 1
Netherlands (8)  0.478  0.145  0.545 0467 -0.426 -0.169 1

Norway (18) 0.705 0226 -0.259 0.210 0.089 0410 0.548 1

Sweden (14) -0.295 0294 -0.200 -0.652 0383 0.236 -0.202 0.034 1

Switzerland (13) 0.526  0.172 -0.164 -0.039 0.096 0.034 0.052 0364 -0.475 1

UK (13) 0.738 0276 -0.287 0.278 -0.283 0.155 0.661 0.713 -0.251 0.440 1

Note: Number of observations in parentheses; correlations that are significantly different from zero (two-sided;
0=0.05) are marked.
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The correlation pattern across countries that emerges from Tables 4.1-4.3 is not stable. The only
significant correlation that appears in all three tables is that between Norway and the United Kingdom,
in strength varying between +0.48 and +0.71. The correlations 15 years ahead are seldom significant,
because we have so few observations. When we restrict ourselves to forecasting horizons of five and
ten years, there seems to be a group of countries that move together: Denmark, Norway, Netherlands,
Switzerland, and the UK. Their correlations are on average 0.67 for a forecast horizon of five years,
and 0.57 ten years ahead. These five countries experienced the strong fertility decline at approximately
the same time. The correlations for Finland fit also in here, provided we restrict ourselves to five-year

forecasts. The correlations for other countries are less systematic.

4.2.4 Conclusion

The TFR forecasts in 14 countries indicate that the absolute TFR-errors have a distribution that is
close to an exponential distribution. The commonly assumed normal distribution fits the data
somewhat less well. Thus the absolute errors in the TFR in our data set can be said to be characterized
by two features: a set of normalization factors that increase with forecast duration, as plotted in Figure
4.1, combined with an exponential distribution for the probability that the normalized error exceeds a
given value, as plotted in Figure 4.4. These two characteristics are to be used for forecast durations up
to approximately 20 years and for probabilities not lower than about five per cent. For example, the
probability is approximately 20 per cent that the absolute error 6 years ahead exceeds 1.5%0.2=0.3
children per woman. The value pair (20%, 1.5 children per woman) is read off from Figure 4.4,
whereas the normalized value 0.2 children per woman at a forecast duration of 6 years is found in
Figure 4.1. At 12 years ahead, the normalized value is 0.3. Hence there is a 20-per cent chance that the
absolute error in the TFR will exceed 1.5%0.3=0.45 children per woman at that horizon. There is a
tendency that Denmark, Finland, Netherlands, Norway, Switzerland, and the UK move together: large
(small) absolute errors in the TFR in one country tended to coincide with large (small) errors in the

other countries in this group.

4.3 The life expectancy at birth

4.3.1 Accuracy and bias

Figures 4.5 and 4.6 plot the means of the absolute errors in the life expectancy at birth of men and
women (MAE) forl4 countries. Some countries had fewer than 10 observed errors, even at the first

forecast duration. There is no individual line for these countries, but their errors are included in the
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mean of the pooled errors. The figures show a slightly accelerating growth in inaccuracy by forecast
horizon, with errors increasing by 0.2 years per year for forecast horizons 10-25 years, and somewhat

slower rising errors for shorter durations. The patterns are very similar for men and women.

Figure 4.5 Mean of observed absolute life expectancy errors for men in 14 countries

Note: Each line represents one country. The marked solid line gives the MAE-value for the pooled set of errors.
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Figure 4.6 Mean of observed absolute life expectancy errors for women in 14 countries
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Note: Each line represents one country. The marked solid line gives the MAE-value for the pooled set of errors.
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Figures 4.7 and 4.8 indicate that life expectancy forecasts have been too low on average. The
underprediction amounted to 1.0-1.3 and 3.2-3.4 years of life expectancy at forecast horizons of 10
and 20 years ahead, respectively. This confirms earlier findings for selected industrialized countries

(Keilman 1997).

Figure 4.7 Mean of observed life expectancy errors for menin 14 countries

years

Note: Each line represents one country. The marked solid line gives the ME-value for the pooled set of errors.

-8 T T T T T T T T T T T T T T T T T T
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

Forecast duration (yrs)

Figure 4.8 Mean of observed life expectancy errors for women in 14 countries

years

Note: Each line represents one country. The marked
solid line gives the ME-value for the pooled set of errors.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26
Forecast duration (yrs)

23



4.3.2 Error distributions

Figures 4.9 and 4.10 suggest that the distributions of the absolute errors for forecast durations of 5, 10,
and 15 years ahead are close to a normal one, in particular for men. One explanation for the normal
distribution is that the errors are caused by a gradual improvement in life expectancy, which was not

picked up by population forecasters.®

Figure 4.9 Probability that absolute error in life
expectancy exceeds a certain value
Men
1.00 -
5 yrs ahead
= = = .10 years ahead
15 years ahead
0.10 -
0.01 : )
0 1 2 3 4 5 6 7
absolute error in life expectancy (years)

8 The errors in the TFR were caused by sudden trend shifts, and hence they became more extreme than those for the life
expectancy. This explains why their distribution is exponential, rather than normal.
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Figure 4.10 Probability that absolute error in life
expectancy exceeds a certain value
Women
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This implies that the distributions for life expectancy errors can be described by two parameters, as
opposed to only one parameter for the TFR-errors. Figures 4.11 and 4.12 plot the distribution of the
standardized errors, i.e. errors obtained after having subtracted the mean and divided by the standard
error. Assuming a normal distribution for the absolute errors at each forecast duration, we can use
Figure 4.13, combined with Figures 4.11 and 4.12, for statements about the likelihood of errors of a
certain magnitude in life expectancy forecasts. For example, the probability is 20 per cent that the
standardized absolute error in female life expectancy will exceed 0.6 years (Figure 4.12). Figure 4.13
gives the two parameters that are necessary to recompute standardized errors to errors in the original
scale. Since there was very little difference between the sexes (compare Figures 4.5 and 4.6 for the
means), we plotted the curves for only one sex. At 10 years into the future, Figure 4.13 gives a mean
error of 1.3 years and a standard deviation of 1.0 year. Thus the standardized error of 0.6 years
mentioned earlier will translate into an unstandardized error of 1.3 + 1.0*0.6 = 1.9 years. In other
words, there is a 20 per cent chance that the ten-year ahead life expectancy forecast for women will be

wrong by at least 1.9 years.
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Figure 4.11 Probability that absolute error in life
expectancy exceeds a certain value
(standardized errors)
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Figure 4.12 Probability that absolute error in life
expectancy exceeds a certain value
(standardized errors)
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Figure 4.13 Means and standard deviations of observed absolute life expectancy errors for

men and women in 14 countries
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4.3.3 Cross-country correlations

Tables 4.4-4.9 report correlations across countries in absolute errors of life expectancy forecasts for

men and women for selected forecast horizons.

Table 4.4. Cross-country correlations of absolute errors in life expectancy of men, 5 years ahead

A B Dk SF F FRG 1 Lux NI N S CH UK
Austria (17) 1
Belgium (6) 0.616 1
Denmark (14) -0.643 -0.480 1
Finland (26) 0.195 -0.904 -0.298 1
France (7) -0.753  0.147 -0.744 -0.265 1
WGermany (9) 0468 0.625 -0.369 0.033 -0.377 1
Italy (5) -0.454 -0.363 0.560 0.135 -0.058 -0.593 1
Luxembourg (7) -0.001 0.680 -0.395 -0.534 0.491 0.149 -0.124 1
Netherlands (20) 0.346  0.595 -0.708 0.315 0.426 0.602 -0.563 0.606 1
Norway (15) -0.485 -0.797 0.080 0.151 0.311 -0.574 0.530 -0.440 -0.296 1
Sweden (17) -0.070  0.000 0.591 -0.456 -0.641 -0.253 0.448 -0.123 -0.605 -0.053 1
Switzerland (10) 0.149 0.472 -0.119 -0.521 0.254 -0.076 -0.131 -0.040 -0.235 -0.053 -0.038 1
UK (7) 0.746 -0.213 0.779 -0.116 -0.692 -0.145 -0.279 -0.382 -0.668 -0.336 0.936 0.108 1

Note: Number of observations in parentheses; correlations that are significantly different from zero (two-sided;
0=0.05) are marked.
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Table 4.5 Cross-country correlations of absolute errors in life expectancy of men, 10 years ahead

A B Dk SF F FRG I  Lux NI N S CH UK
Austria (13) 1
Belgium (5) -0.538 1
Denmark (9) -0.044 -0.676 1
Finland (16) 0.664 -0.452 -0.638 1
France (7) -0.654 0.207 -0.686 0.129 1
WGermany (8) 0.146 -0.730 -0.046 -0.053 -0.164 1
Italy (4) -0.516 0.043 -0.082 -0.281 0.246 0.161 1
Luxembourg (6) -0.695 0.701 -0.619 -0.085 0.648 -0.433 0.604 1
Netherlands (15)  0.092 -0.409 -0.616 0.315 0.614 0.612 0.172 -0.087 1
Norway (7) 0.125 0.344 0.179 0.305 -0.113 -0.893 0.129 0.265 -0.790 1
Sweden (14) -0.238 -0.794 0.832 -0.477 -0.299 0.160 0.592 -0.285 -0.280 -0.055 1
Switzerland (6)  -0.102 0.812 -0.369 0.072 -0.053 -0.861 -0.161 0.348 -0.724 0.782 -0.921 1
UK (4) 0.492 0.152 0.063 0.126 -0.421 -0.455 -0.950 -0.659 -0.392 0.070 -0.792 0.458 1

Note: Number of observations in parentheses; correlations that are significantly different from zero (two-sided;
0=0.05) are marked.

Table 4.6 Cross-country correlations of absolute errors in life expectancy of men, 15 years ahead

A Dk SF F FRG Lux NI N S CH
Austria (9) 1
Denmark (5) 0.326 1
Finland (11) 0.661  0.009 1
France (6) -0.729  0.214 -0.492 1
WGermany (6) 0.029  0.590 -0.552  0.143 1
Luxembourg (5) -0.214 0278 0388 0371 -0.215 1
Netherlands (10)  -0.123 0450 0.186  0.812  0.667  0.084 1
Norway (6) 0370  0.860 0.407 0.106 0.183  0.667 0.204 1
Sweden (8) -0.310 0423 -0.520 -0.068 0.737  0.632 -0.135  0.311 1
Switzerland (6) 0.011 -0.891 0374 -0365 -0.779 -0.298 -0.716 -0.664 -0.624 1

Note: Number of observations in parentheses; correlations that are significantly different from zero (two-sided;
0=0.05) are marked.
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Table 4.7. Cross-country correlations of absolute errors in life expectancy of women, 5 years

ahead
A B Dk SF F FRG I Lux NI N S CH UK

Austria (17) 1
Belgium (9) 0.693 1
Denmark (14) -0.716 -0.569 1
Finland (26) 0.160 -0.181 -0.377 1
France (7) -0.598 -0.219 0.479 0.931 1
WGermany (9)  0.239 0.594 -0.566 0.008 -0.328 1
Italy (5) -0.120 -0.374 0.815 0.326 0.320 -0.707 1

Luxembourg (7) 0.370 0.703 0.024 0.114 0.237 0.088 -0.180 1
Netherlands (20) 0.498 0.622 -0.494 0.389 -0.083 0.749 -0.721 0.600 1

Norway (15) 0.233 0.221 -0.168 0.673 0.826 0.252 0.779 0.533 0.387 1

Sweden (17) 0.319 -0.107 -0.277 0.439 0.257 -0.007 0.243 0.390 0.373 0.613 1
Switzerland (10) 0.451 0.624 -0.088 0.246 0.292 0.338 0.309 0.521 0.155 0.704 0.108 1
UK (7) -0.546 -0.541 0.690 0.015 0.191 -0.297 0.086 -0.040 0.051 0.100 0.682 -0.367

Note: Number of observations in parentheses; correlations that are significantly different from zero (two-sided;
0=0.05) are marked.

Table 4.8. Cross-country correlations of absolute errors in life expectancy of women, 10 years

ahead
A B Dk SF F FRG I Lux NI N S CH UK

Austria (13) 1
Belgium (5) 0.395 1
Denmark (9) -0.224 -0.308 1
Finland (16) 0.664 -0.135 -0.495 1
France (7) 0.432 -0.678 0.064 0.791 1
WGermany (8) -0.046 -0.432 -0.881 0.150 -0.162 1
Italy (4) -0.057 0.757 -0.259 -0.921 -0.981 -0.141 1

Luxembourg (6) 0.375 0.515 0307 0.509 0.066 -0.754 0.918 1
Netherlands (15) 0.116 0.289 -0.687 0.360 -0.345 0.560 0.569 0.044 1

Norway (7) 0.779 0.473 -0.139 0.794 0.582 -0.991 0.070 0.720 -0.120 1

Sweden (14) 0.647 0.299 -0.091 0.544 -0.002 0.077 0.816 0.843 0.481 0.478 1
Switzerland (6)  0.908 0.724 0.536 0.397 0.211 -0.886 0.370 0.628 -0.410 0.870 0.381 1
UK 4) -0.055 0.942 -0.609 -0.653 -0.886 0.019 0.798 0.511 0.703 0.058 0.328 0.417

1

Note: Number of observations in parentheses; correlations that are significantly different from zero (two-sided;
0=0.05) are marked.
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Table 4.9. Cross-country correlations of absolute errors in life expectancy of women, 15 years

ahead
A Dk SF F FRG Lux N1 N S CH

Austria (9) 1
Denmark (5) -0.920 1
Finland (11) 0.484 -0.053 1
France (6) -0.210  0.649  0.802 1
WGermany (6) -0.608  0.336 -0.810 -0.590 1
Luxembourg (5) 0.802 -0.735 0.638 -0.047 -0.574 1
Netherlands (10) 0.208 -0.361 0318 -0.339 0443  0.291 1
Norway (6) 0.765 -0.710  0.699 0378 -0.928 0.718 -0.164 1
Sweden (8) 0.562 -0.569  0.500 0.021 -0.461 0.751 0.263  0.501 1

Switzerland (6) 0.895 -0.820  0.541 0.115 -0.799  0.679 -0.050 0947 0411

1

Note: Number of observations in parentheses; correlations that are significantly different from zero (two-sided;
0=0.05) are marked.

In a number of cases, women in Western Germany and in Denmark correlate negatively with women
in other countries. For Denmark, this is explained by the slow improvement in female life expectancy
in recent decades. This led to small errors in Danish forecasts, in a time when life expectancy forecasts
in other forecasts showed much larger errors. Indeed, the MAE for Denmark in Figure 4.1 (not

indicated) is well below the average. For Germany the explanation is less clear.

There seems to be a group of countries that move together: significantly positive correlations are
found in at least two of three cases (5, 10, or 15 years ahead) for female life expectancy errors in
Austria, Finland, France, Norway, and Switzerland. These countries are among those with the highest
female life expectancy in Europe, at least since 1980. Future life expectancies have been
underestimated in all five. The average values of the significant correlations in this group of five
countries are 0.80 (5 years ahead), 0.86 (10 years) and 0.92 (15 years). It would be natural to add

Sweden to this group.

For men, the cross-country correlations are not stable. Denmark and Sweden correlate positively at
five and ten years ahead, with estimated coefficients equal to 0.59 and 0.83, respectively. All other
correlations are less systematic. Austria and Finland also correlate positively at ten and fifteen years
ahead, but negatively at five years ahead. We conclude that there is no systematic cross-correlation in

male life expectancy errors.

30



4.3.4 Correlation across the sexes

The empirical correlations across the sexes in absolute errors of life expectancy forecasts turned out to
be 0.67, 0.74, and 0.67 at forecast durations of 5, 10, and 15 years, respectively. These values are
highly significant, as they are based on 163, 116, and 76 observations, respectively.

4.3.5 Conclusion

Absolute errors in life expectancy forecasts increase by 0.2 years per year for forecast horizons 10-25
years, and somewhat slower for shorter durations. The patterns are very similar for men and women.
The forecasts have been too low on average. The underprediction amounts to 1.0-1.3 and 3.2-3.4 years
of life expectancy at forecast horizons of 10 and 20 years ahead, respectively. The distributions of the
absolute errors are close to a normal one, in particular for men. The means and standard deviations
increase with forecast lead time, as plotted in Figure 4.13. For example, there is a 20 per cent chance
that the ten-year ahead life expectancy forecast for women will be wrong by at least 1.9 years.
Absolute errors in life expectancy forecasts are correlated across sexes with a correlation coefficient of
about 0.7. Cross-country correlations for men are not systematic, but for women in Austria, Finland,
France, Norway, Sweden, and Switzerland they increase with forecast lead time, from 0.8 for five

years ahead, to over 0.9 for 15 years ahead.

4.4 Net migration

Net migration is defined, for a certain year, as the number of immigrants minus the number of
emigrants. To facilitate comparison across countries, we have scaled all national migration numbers
by the national population size as of 1 January 2000. Thus the unit of measurement is ‘“net migration
per 1000 population”. Averages and standard deviations were computed based on these scaled

numbers.

Many historical projections have ignored migration. We have assumed that the implicit assumption for
those projections was a net migration level of zero. In those cases, the signed error was simply equal to
minus the observed level of net migration. The reason for this choice is the fact that many users will
have interpreted these projections as proper forecasts, reflecting plausible future demographic

developments.

4.4.1 Accuracy and bias
Figure 4.14 shows that the mean absolute migration error for all countries taken together rises slowly

from just under two per thousand in the first forecast years, to about three to four per thousand at
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forecast durations of twenty years or more. For a country like Germany (82 million inhabitants in
2000) the regional average would imply an absolute error of 164,000-328,000 migrants. At the other
end of the spectrum we find Luxembourg with a population of 436,000 persons in 2000, resulting in

an error of only approximately 900-1700 migrants.’

Figure 4.14 Mean absolute error in migration forecasts in 14 countries
(scaled per 1000 population 1 January 2000)

Note: Each unmarked line represents one country. The marked solid line gives the
MAE-value for the pooled set of errors.

per thousand
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There are two distinct groups of countries. One group, consisting of Austria, West Germany,
Luxembourg, Portugal, and Switzerland have mean errors well above the average for the pooled data
set. The forecasts of Austria, Germany, and, to some extent, Switzerland were less accurate than the
average, because of large immigration flows after the fall of the Berlin Wall in 1989. Luxembourg is a
small country in which the level of migration in itself is high. Hence large migration forecast errors
occur frequently. The large errors for Portugal are explained by the fact that migration statistics are not
as reliable as those in other EEA countries. For instance, the 2002 issue of “Recent demographic
developments in Europe” reports “observed” net migration to Portugal in multiples of 1000 for each
year since 1992 (Council of Europe 2002). The 1998-issue reported net migration for the years 1991-
1997 even in multiples of 5000. For the years 1993-1997, there is little agreement between the two

time series of net migration numbers.

" Iceland is the smallest country in terms of population among the 18 (279,000 inhabitants on 1 January 2000); however,
forecast errors for this country are not included in the data set in this Chapter — see also Appendix 1.
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The other group, consisting of Belgium, Denmark, Finland, France, Italy, Netherlands, Norway,

Sweden, and the UK show much smaller errors in their migration forecasts.

Migration has been consistently underestimated in historical forecasts. In a number of cases, the error
is negative simply because migration was omitted, and the actual migration level was positive, see
above. In other cases, the assumption was just too low. Figure 4.15 shows that the mean error in scaled

migration falls regularly to minus 3 per thousand after 20 years and next it stabilizes around that level.

Figure 4.15 Mean error in migration forecasts in 14 countries
(scaled per 1000 population 1 January 2000)

Note: Each unmarked line represents one country. The marked solid line gives the
ME-value for the pooled set of errors.
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4.4.2 Error distributions

There is a general belief among demographers that of the three components of population change at
the national level, migration is the least predictable (Cruijsen and Keilman 1992, 332). The conse-
quences for migration flows to industrialized countries brought about by economic, political, and
demographic developments are much more difficult to foresee than those for births or deaths. This
explains our finding that extreme migration errors are more likely than an exponential distribution
would predict. Figure 4.16 plots the empirical probability distributions for absolute errors in migration
assumptions at forecast durations of five, ten, and fifteen years ahead. The pattern is that of a straight
line for probabilities between 10 and 100 per cent. This suggests an exponential distribution. However,

in the range between 0 and 10 per cent, the empirical pattern deviates from this straight line, in par-
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ticular for the short term. In other words, the probability for extreme errors is larger than an exponen-

tial distribution would predict.

Figure 4.16 Probability that the absolute error in migration exceeds a certain
value (scaled per 1000 population 1 January 2000)

5 yrs ahead
= = = 10 yrs ahead

15 yrs ahead

0.10 -

0.01 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0 20.0

abs error in scaled migration (per thousand)

Between 10 and 100 per cent, the three empirical curves in Figure 4.16 are rather close. At the same
time, Figure 4.14 shows that the mean absolute values for the pooled set of errors for five, ten, and
fifteen years ahead are also very close: 2.4, 2.2, and 2.5 per thousand, respectively®. These two facts

combined make it unnecessary to compute normalized distributions.

4.4.3 Cross-country correlations
We checked whether large errors in one country tend to go together with large errors in other

countries. However, no stable (across forecast duration) interpretable correlation patterns were found.

4.4.4 Conclusion

We have investigated forecast errors for scaled net migration in the 14 countries, that is, migration as a
fraction of national population size (population 1 January 2000). Migration forecasts for Austria, West

Germany, Luxembourg, Portugal, and Switzerland were clearly less accurate than the average for the

8 A linearly smoothed curve predicts values of 2.2, 2.4 and 2.7, respectively.

34



14 countries, for different reasons: large unforeseen immigration flows after the fall of the Berlin Wall
(Germany, Austria), small population size with large migration flows that are inherently difficult to
predict (Luxembourg), or simply inaccurate migration statistics (Portugal). Migration has been
consistently underpredicted in historical forecasts. The mean error in scaled migration falls regularly
to minus 3 per thousand after 20 years, and for longer forecast durations it stabilizes around that level.
The error distribution of the absolute error in scaled migration is exponential, except for low
probabilities. For probabilities less than ten per cent the errors are more extreme than an exponential

distribution would predict. There seems to be no systematic pattern in cross-country correlations.
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5. Predicted errors

5.1 Time series models

A number of recent stochastic population forecasts have used some form of time series analysis for
one or more key indicators, when assessing the expected accuracy of predicted values for these
indicators. Time series models were used to predict the TFR in stochastic forecasts prepared for the
US (Lee and Tuljapurkar 1994), Finland (Alho 1998), the Netherlands (De Beer and Alders 1999), and
Norway (Keilman et al. 2001). One attractive property of time series models is that they not only give
a prediction of future values of the variable in question, but also allow us to compute prediction

intervals.

A common finding with TFR- time series in industrialized countries is that these are non-stationary.
As a consequence, long run prediction intervals, when unchecked, may become extremely wide.
Therefore, adjustments are necessary. For instance, Lee and Tuljapurkar (1994) introduced upper and
lower bounds to the TFR by a generalized logit-transformation. This way they constrained TFR-
predictions to between 0 and 4 children per woman on average. Alho (1998) found that time-series
based TFR-prediction intervals 50 years ahead were 15 per cent wider than those obtained based on
the volatility in the historical TFR-observations, and he decided to rely on the latter type of intervals.
De Beer and Alders (1999) initially found a 95-per cent prediction interval for the TFR in 2050 equal
to [0.6 — 2.8] based on time series models. Next, an analysis of fertility by birth order led them to
suggest that an interval of [1.1-2.3] would be more appropriate. Keilman et al. (2001) simulated
predicted TFR-values, and rejected TFR-simulations that would fall outside the interval [0.5 — 4] in

any year up to 2050.
In this chapter we present time series models for the TFR, the life expectancy, and net immigration in

the 18 countries. An important aim of this modelling exercise was to obtain prediction intervals that

were not excessively wide, even on the long run.
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52TFR
Figure 5.1 plots the Total Fertility Rate for the 18 countries. The data sources are listed in Table 3.1.

Figure 5.1 Total Fertility Rate in 18 countries

ch/w
w

1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000

TFR-plots for distinct countries will be presented later in this chapter. Here the interest is in the overall
trend. The countries show a similar pattern in the TFR, which reflects the demographic transition,
followed by the effects of the economic recession in the 1930s and the baby boom in the 1950s and
1960s. In the 20™ century, many countries show a tendency towards lower variability in the TFR.
Major events, such as the First World War, and the occurrence of the Spanish Influenza in 1918/1919

are clearly reflected in the series for most countries.

An important question is how much of the data one should use in the modelling. Several issues are at
stake here. First, Box and Jenkins (1970, 18) suggest at least 50 observations for ARIMA-type of time
series models, although annual models (in contrast to monthly time series) probably need somewhat
shorter series. Second, the quality of the data is better for the 20™ century than for earlier years. This is
particularly true for the denominators of the fertility rates, i.e. the annual numbers of women by single
years of age. Third, one may question the relevance of data as long back as the mid-1800s. Current
childbearing behaviour is very different from that of women in the 19" century. Fourth, our ultimate

goal is to compute long-term predictions of some 50 years ahead, which necessitates a long series.
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The ultimate choice is necessarily a subjective one, which includes a good deal of judgement and
arbitrariness. We believe that we strike a reasonable balance between conflicting goals by selecting the
20" century as the basis for our models. An analysis based on the last 50 years, say, would be
unfortunate: it would include the baby boom of the 1950s and early 1960s, but not the low fertility of
the 1930s, to which the boom was a reaction, at least partly. A base period stretching back into the 19"
century would be hampered by problems of data quality, and it would also unrealistically assume that
the demographic behaviour over such a long period could be captured by one and the same model. In a
sensitivity analysis for Denmark, Finland, Norway, and Sweden we also experimented with base
period 1945-2000. For Norway and Finland we found 95 per cent prediction intervals that were
smaller (by 1.4 and 0.5 children per woman on average, respectively) than those that we have accepted
for further analysis (see Figure 5.2 below). For Denmark and Sweden they were larger (by 0.8 and 1.2

children per woman, respectively).

We have used observed annual TFR data for the period 1900 to 2000 for the following countries (see
Table 3.1): Finland, France, Iceland, Netherlands (series starting in 1901), Norway, Sweden, and
Switzerland. To increase comparability across countries, we used a TFR time series starting in 1900
for Denmark and for England and Wales as well, in spite of the fact that TFR-observations start in
1911 only. Danish and English TFR-values for the years 1900-1910 were estimated on the basis of
observed Crude Birth Rate values for these countries; see Appendix 2. Thus we have estimated time
series models for the TFR based on a whole century of data for nine countries. Time series models for
the remaining nine countries were estimated based on annual TFR-data for the years 1950-200. This

was the case for Austria, Belgium, Germany, Greece, Ireland, Italy, Luxembourg, Portugal, and Spain.

Traditional time series models of the ARIMA type assume homoscedasticity, i.e. constant residual
variance. Given the tendency towards less variability in the TFR in recent decades, such traditional
models could not be used. The Autoregressive Conditional Heteroscedastic (ARCH) model introduced
in Engle (1982) combines time-varying variance levels with an autoregressive process. This model and
its generalizations (generalized, integrated, and exponential ARCH models, to name a few) have
gained popularity in recent years (Bollerslev 1986). The model has already proven useful in analysing
economic phenomena such as inflation rates, volatility in macroeconomic variables, and foreign
exchange markets; see Bollerslev (1986) for a review. Application to demographic time series is less
widespread. Yet, given the varying levels of volatility in the TFR during the 20" century, an ARCH-

type of model is an obvious candidate.
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Let Z, be the logarithm of the TFR in year z. Then the model is

Z,=C+¢Z,_ +v, + nU,, +n,U,, +nU;, + 774U4,t +nUs,
Vt = l//lvt—l + l//th—Z +...t l//mvt—m + 8[
(5.1) g, =(ﬂ)e,
q
h=w+) ae,
where e,~ N(0,1). This is the AR(m)-ARCH(g) model. The outliers caused by the two world wars and

by the Spanish Influenza are handled by between two (Denmark, Iceland, Netherlands, Sweden) and

five (Switzerland) dummy variables U;,. In addition we have @ > 0 and a; > 0.

The maximum number of terms m included in the autoregressive expression of v, was set equal to 10,
but few of the i/ -estimates turned out to be significantly different from zero. In practice, m was
restricted to 2. Similarly, estimates for o, suggested that the order (¢) of the CH-part of the model
could be restricted to one. We will first present results for the nine countries with long TFR-time series

(section 5.3.1), and next results for all 18 countries based on observed TFR data for the period 1950-
2000 (section 5.3.2).

5.2.1 A time series model for the TFR in nine countries, 1900-2000
Table 5.1 specifies the AR(m)-ARCH(g) models with dummy variables for the nine countries with

long TFR-time series.

Table 5.1. ARCH models with dummy variables for Z, = log(TFR) in nine countries, 1900-2000

Dummy variables AR: v, = CH: h, =

Denmark 1920, 1942 Wy, +E o+aog,
Finland 1919,1920,1940,1941 WLV, +E, o+aeE
France 1915, 1920, 1940, 1946 WV, +E, o+aeE
Iceland 1920, 1942 g,

Netherlands 1920, 1946 WiV, tE w+aE,
Norway 1915, 1919, 1920, 1946 W, +E o+as’,
Sweden 1920, [1942-45]" AR o+,
Switzerland 1915, 1920, 1941, 1942, 1943 WLy, +E, o+aE,
England and Wales  [1915-17]', [1919-20]', [1942-44]" vy, +¢, o+,

Note 1: one common dummy variable for each year in the period.
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Table 5.2 lists the estimation results, with t-values in parentheses. None of the C-estimates were sig-
nificantly different from zero. Yet the constant was retained in the model: trial calculations without a
constant resulted in implausibly low point predictions for the TFR in 2050, ranging from a high 1.66
children per woman in Iceland, to a low 1.21 children per woman in Sweden. The predictions for 2050
based on the model with constant are in the interval from 1.95 (Netherlands) to 1.34 (Switzerland). We

tested the residuals for normality, independence, and constant variance.

Table 5.2. Parameter estimation results for the models in Table 5.1; t-values in parentheses

i 1 13 N4 ns C ¢ v, W, @ 2
Denmark 0.149  0.090 0.016 0970 0.367 9E-4  0.005
2.1) (2.8 0.9) (482) (3.1) 6.1)  (0.0)
Finland -0.208 0.291 -0.109 0.156 0.005 0.981 0.214 7E-4 0.708
2.1) (1.7) (-64) (7.5 0.5 (98.0) Q4) 42 (3.5)
France -0.295 0.536 -0.045 0.247 0.018 0.970 0.240 SE-4 0.576
13.6) (7.1) (3.1) (34 0.8) (39.2) (1.9) @43) @27
Iceland 0.098 0.123 -0.003 0.995
2.4)  (3.0) (-0.2) (59.1)
Netherlands 0.178 0.333 0.023  0.967 0.347 3E-4 0.604
(5.4)  (1.3) 2.0) (86.6) (3.9 (3.6) (2.9
Norway -0.068 -0.053 0.183 0.102 0.011 0.975 0477 5E-4  0.363
(23) (24) (88) (2.3) 0.6) (48.1) (541) (52) (2.5
Sweden 0.226  0.075 0.022  0.959 0.579 7E-4  0.000
(10.4) (4.5 (12) (48.7) (6.5) 6.1)  (0.0)
Switzerland -0.121 0.139 0.108 0.079 0.037 0.003 0.983 0.560 4E-4 0.000
(2.1) (122) (3.5 (52) (2.1) (02) (57.0) (5.9 (57) (0.0
England and Wales -0.062 0.233  0.091 0.004 0982 0.250 7E-4  0.481
(-6.9) (112) (6.0) 0.2) (42.4) (2.6) (5.8) (2.5)

Note the high a,-estimates for Finland, France, and the Netherlands. They reflect the large variability
in the data in these three countries. The a;-estimates for Denmark, Sweden, and Switzerland are close
to zero — however, omitting the ARCH(1) part from the model (which essentially boils down to
assuming constant variance) would lead to rejecting the null hypothesis of constant variance in the

residuals, as trial calculations showed.

Note also that all ¢ -estimates are close to one. Indeed, with the exception of the Netherlands, they do

not differ significantly from one. For this reason we could have used a more parsimonious model by

selecting ¢ = 1. However, this would have increased the width of the prediction intervals, in particular
the long rune ones. For example, the 95% prediction interval for the TFR of Norway 2050 equals
o [0.77-2.96] with ¢ = =0.975(s.e.e.=0.0203),

e [0.85-4.23] with= 1 (and all other parameter estimates unchanged).
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The overall impression is that model (5.1) is a useful device to capture the TFR-trends in the nine
countries during the past century. We used the model to compute prediction intervals for the future
TFR up to 2050. Since we cannot be certain that the estimated coefficients are equal to the real ones,
we used simulation to obtain these intervals. In each of the 5000 simulation runs, parameter values
were drawn from a multivariate normal distribution, with expectation equal to the parameter estimates
in Table 5.2, and with corresponding covariance matrix as estimated earlier. The possibility that a
pandemic as bad as the Spanish Flu, or a war with consequences as catastrophic as WWI or WWII
could occur during the prediction period, was included in these simulations. For each of the two
dummy variables, we first drew a random number from the binomial distribution with a probability of
“catastrophe” equal to 1/101. Next, the starting year for the catastrophe was determined on the basis of
a random draw from the uniform distribution on the interval [2001, 2050]. Finally, the appropriate 7-

value was drawn from its estimated distribution.

The simulations resulted in a few ¢ -values equal to or larger than one. These were rejected, and ¢ was

redrawn until 5000 admissible values had been obtained for each country.

Figure 5.2 plots point forecasts (i.e. expected values) and prediction intervals up to 2050. Long-range
(50 years ahead) 95 per cent prediction intervals are between 1.7 (Switzerland) and 2.3 (Iceland) chil-

dren per woman wide, and ten years ahead the width is only 0.7 to 1.2 children per woman.

The time-series model predicts an expected TFR-value in 2050 in the range 1.3 (Switzerland) to 1.9
(Netherlands) children per woman. Although these values are not entirely unrealistic, the result for
Finland (1.5) is much lower than that in official population forecasts, for instance forecasts prepared
by Statistics Finland (1.75, see Council of Europe 2001) or by the United Nations (1.85, see
http://www.un.org/esa/population/publications/wpp2002/ wpp2002annextables.PDF ). In this report,

we focus primarily on the width of the predictive distribution, much less on its central tendency. In an
actual fertility prediction, all long-term point predictions would have to be examined critically, for

example by inspecting the mean number of children born to women in successive birth generations.
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Figure 5.2. Forecasts and 67%, 80%, and 95% prediction intervals for the TFR. Data 1900-

2000. Observed TFR-values for the year 2000 are indicated as “y2000”
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In order to assess the robustness of the prediction intervals obtained in the previous section, we have
experimented with several other time series models for Z;:

e apure AR(m)-model

e an AR(m)-CH(1) model

e an AR(m)-model with dummy variables
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The experiments were restricted to the cases of Denmark, Finland, Norway, and Sweden. The results

can be summarized as follows.

Fitting an AR(m)-model or an AR(m)-CH(1) model
A purely autoregressive model for Z, (with maximum lags equal to 5 for Norway, 2 for Denmark, 1 for

Sweden, and 2 for Finland) indeed indicated non-constant variance: using a Portmanteau Q-test and a
Lagrange Multiplier (LM-) test, a hypothesis of homoscedastic residuals had to be rejected at the five
per cent level for Norway, Sweden, and Finland. For Denmark, such a hypothesis was not rejected at
the ten per cent level. When we introduced a CH(1)-part to the model in order to account for
heteroscedastic residuals, the situation improved considerably for Denmark and Sweden, but for
Norway and Finland, there were still some signs of heteroscedasticity at lag 1. A Kolmogorov-
Smirnov test hypothesis for normality could only be accepted for Norway and Denmark (at the five

per cent level), not for the other two countries.

Fitting an AR(m)-model with dummy variables

Can the non-constant residual variance be captured by introducing dummy variables to the AR(m)-
model? This is the case for three countries: Finland was the exception. For the other three countries,
dummy variables for the periods around 1918, 1944, and 1970 were introduced. A hypothesis of
homoscedastic residuals at all lags could not be rejected (5%) for all three countries. The 95%
prediction intervals in 2050 turned out to be 2.7 (Norway), 3.0 (Denmark), and 3.5 (Sweden) children

per woman wide - much wider than the intervals in Figure 5.2.

Based on these sensitivity tests we conclude that the ARCH-model in expression (5.1) gives a useful
and reliable description of the development in the TFR in the four countries in the previous century.

Given the similarity of trends, we assume that this is also the case for the other countries.

5.2.2 A time series model for the TFR in 18 countries, 1950-2000

In this section we present results for 18 countries based on observed TFR for the years 1950-2000.

The period 1950-2000 is characterized by much less variability in the TFR than the first half of the
century. The post-WWII baby boom is the only major irregularity. In contrast, the years 1900-1950
witnessed a sharp overall decline in TFR, the depression of the 1930s, the recovery of the TFR by the
end of the 1930s, and the peak fertility levels in 1946 and 1947. This explains our finding why an
ARCH-type of model was not necessary except for three cases. To begin with, the ARCH-model in

expression (5.1) was estimated for all 18 countries, but the a-estimates turned out to be significant in
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none of these cases. Next, the CH-part of the model, represented by the expression for 4, was
removed, the model was re-estimated, and the residuals were tested with respect to constant variance.
The hypothesis of constant variance could not be rejected in 15 of the 18 countries. The exceptions
were Belgium, Germany, and England and Wales. Dummy variables were not necessary for any

country.

Table 5.3 specifies the models, and Table 5.4 gives the parameter estimates. The constant was omitted
from the expression for Z; for Greece, Ireland, Italy, Portugal, and Spain. Trial calculations resulted in
negative estimates for the constant, caused by the recent strong fall in fertility in these five countries.
In turn, the negative constant led to unrealistically low TFR predictions in 2050: between 0.6 (Greece)
and 1.1 (Ireland) children per woman. A model without a constant gave more realistic TFR-
predictions: between 1.1 (Greece, Italy, and Spain) and 1.5 (Ireland) children per woman in 2050. All
models as specified and estimated in Tables 5.3 and 5.4 had independent, normally distributed

residuals, with constant variance.

Table 5.3. Time series models for Z; = log(TFR) in 18 countries, 1950-2000

Z;= Vi = h =

Austria C+¢Z _ +v, Wi, té

Belgium C+9oZ, , +v, WiV &, O+ouE],
Denmark C+9oZ, ,+v, Yviaté

Finland C+9Z  +v, Yviaté

France C+9Z  +v, Yviaté

Germany C+oZ, ,+v, YV TWV T8 o +as’,
Greece oz, +v, Y, té&

Iceland C+oZ  +v, &

Ireland oz, +v, YVio, T8

Ttaly 07 +v, Vv +E,

Luxembourg C+9Z,  +v, Vv té

Netherlands C+9oZ,  +v, Vv té

Norway C+oZ  +v, WiV, &

Portugal oz, +v, WiV té

Spain oz +v, Y, té&

Sweden C+9Z,  +v, Vv té

Switzerland C+oZ  +v, WiV, &

England and Wales C+9oZ,  +v, WV, ., + &, o+, 8,2_1




Table 5.4 Parameter estimation results for the models in Table 5.3; t-values in parentheses

C ¢ ¥ v, @ &
Austria 0.011 0.971 0.690
(0.3) (18.4) 5.1
Belgium 0.017 0.979 0.433 3E-4 0.395
0.7) (32.9) 2.4) 2.7 (1.0)
Denmark 0.021 0.959 0.383
(0.8) (26.0) 2.7
Finland 0.029 0.941 0.434
(1.2) (29.2) (3.2)
France 0.033 0.948 0.508
(1.0) (24.5) (3.9)
Germany 0.014 0.964 0.349 0.271 9E-4 0.007
(0.4) (16.0) (2.0) (1.4) (3.6) (0.04)
Greece 0 0.981 0.259
(115) (1.9)
Iceland 0.001 0.988
(0.04) (41.4)
Ireland 0 0.991 0.359
(155) 2.7
Italy 0 0.977 0.619
(79.6) (5.4)
Luxembourg 0.031 0.933 0.283
(1.2) (20.8) (1.7)
Netherlands 0.024 0.954 0.678
(0.8) (24.6) (5.4)
Norway 0.014 0.975 0.528
(0.5) (25.6) (3.7
Portugal 0 0.986 0.251
(145) (1.8)
Spain 0 0.986 0.612
(83.1) (5.3)
Sweden 0.088 0.856 0.688
(1.0) (6.2) (3.49)
Switzerland 0.011 0.969 0.620
(0.4) (25.7) 4.5
England and Wales 0.009 0.976 0.416 7E-4 0.163
(0.3) (22.3) (3.1 (5.2) (1.0)

Figure 5.3 plots expected values and prediction intervals up to 2050. The width of long-range 95 per
cent prediction intervals varies a great deal, ranging from a low 1.0 (Greece) and 1.3 (Portugal), to a
high 2.9 (Austria, Germany) and 3.4 (Sweden). A possible explanation for the large uncertainty in
Sweden is the baby boom around 1990, caused by a change in legislation for maternity leave. Greece
had a baby boom in the 1960s and 1970s that was much less pronounced than that in most other coun-
tries. Fertility fell more or less regularly after 1950, and hence the narrow interval in 2050. Ten years

ahead 95 per cent intervals are 0.6 (Greece) to 1.2 (Sweden) children per woman wide.
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Figure 5.3 Forecasts and 67%, 80%, and 95% prediction intervals for the TFR
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Finland (model with constant)

4 —
3 —
2.47
2 .
1.64
"] .
0.76
y2000=1.70
O .
1950 1970 1990 2010 2030 2050
54 France (model with constant)
4 .
3 3.02
27 1.89
14 0.94
y2000=1.89
D ]
T T T T T T T T T T T
1950 1970 1990 2010 2030 2050
5 Germany (model with constant)
4 ]
3 ]
2 -
'] -
O -
T T T T T T T T T T T
1950 1970 1990 2010 2030 2050

49




54 Greece (model with non constant)
4_
3_
2_
‘] -
y2000=1.29
0_
1950 1970 1990 2010 2030 2050
54 lceland (model with constant)
4_
3 315
2_
1.55
1 0.79
y2000=2.08
D_
T T T T T T T T
1950 1970 1990 2010 2030 2050
54 Ireland (model with non constant)
4_
37 288
2_
1.48
Ly 0.80
y2000=1.89
O_
T T T T T T T T T
1950 1970 1990 2010 2030 2050

50




59 ltaly (model with non constant)
4
3_
2_
,] _
D_
1950 1970 1990 2010 2030 2050
59 Luxembourg (model with constant)
4_
3_
2.44
2_
1.60
Ly 0.91
y2000=1.79
O_
T T T T T T T T T T T
1950 1970 1990 2010 2030 2050
54 Netherlands {model with constant)
4_
3_
2_
fI -
O_

T T T T
1950 1970 1990 2010

51




59 Norway (model with constant)
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Sweden (model with constant)
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How do the prediction intervals derived from time series models based on short series (1950-2000)

compare to those based on long series (1900-2000)? Figure 5.4 plots the width of the 95 per cent in-

tervals in 2050 for the nine countries for which we have a long series, i.e. Denmark, Finland, France,

Iceland, Netherlands, Norway, Sweden, Switzerland, and England and Wales. We see that with one

exception (Finland), the intervals based on short series are at least as wide, if not wider, than those

computed on the basis of long series. The difference is large for Sweden and the Netherlands.

width 95% interval TFR 2050

(short series)

Figure 5.4 Width of 95% prediction intervals for the TFR in
2050, long and short historical series, nine countries
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5.2.3 Cross-country correlations

We have computed correlations across countries between residuals from the time series models. Table

5.5 shows the 9x9 correlation matrix for countries for which we have a long series of observations

(1900-2000), and Table 5.6 contains the 18x18 correlation matrix for all countries, based on data for

the period 1950-2000.

Table 5.5. Correlations for residuals across countries, TFR time series models, data 1900-2000

Dk SF N S F Is N1 CH E&W
Denmark 1
Finland 0.291 1
Norway 0.392 0.092 1
Sweden 0.409 0.352 0.349 1
France 0.262 0.055 0.247 0.270 1
Iceland -0.036 0.036 0.029 0.076  0.048 1
Netherlands 0.024 -0.043 0.255 0.100 0.030 0.146 1
Switzerland 0375 0.280 0.311 0.357 0.503 0.072 0.141 1
England & Wales 0.357 0.162 0.337 0350 0313 0.060 0.251 0.363 1
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Table 5.6. Correlations for residuals across countries, TFR time series models, data 1950-2000

A B Dk SF F D EL Is IRL I Lux NI N P E S CH

Austria 1
Belgium 0.333 1
Denmark 0.247 0.086 1

Finland 0.250 0.148 0.230 1

France 0.408 0.540 0.192 -0.051 1

Germany 0.419 0.437 0.105 0.378 0.291 1

Greece 0.034 0.047 -0.105 0.250 -0.128 0.081 1

Iceland 0.205 0.166 0.348 0.126 0.102 0.117 0.069 1

Ireland 0.134 0.430 0.087 -0.032 0.440 0.242 -0.011 0.119 1

Italy 0.136 0.271 0.122 0.283 0.226 0.180 0.239 0.263 0.231 1
Luxembourg 0.525 0.476 0.293 0.400 0.342 0.531 0.104 0.124 0.106 0.151 1

Netherlands 0.325 0.444 0.032 0.173 0.331 0.488 -0.040 0.048 0.305 0.084 0.253 1
Norway 0.438 0.335 0.405 0.148 0.289 0.230 -0.107 0.436 0.140 0.272 0.327 0.294 1
Portugal 0.161 0.321 0.005 0.095 0.095 0.250 0.103 0.153 0.176 0.162 0.279 0.17 -0.076 1

Spain 0.152 0.262 0.181 0.211 0.096 0.195 0.247 0.121 0.336 0.440 -0.008 0.154 0.055 0.579 1

Sweden 0.262 0.373 0.382 0.348 0.337 0.247 0.112 0.248 0.128 0.236 0.363 0.227 0.343 0.094 0.260 1
Switzerland 0.535 0.633 0.299 0.240 0.573 0.364 -0.078 0.206 0.366 0.239 0.474 0.230 0.508 0.064 0.249 0.451 1
England & -

Wales 0.347 0.435 0.277 0.103 0.277 0.329 -0.001 0.284 0.400 0.122 0.303 0.331 0.467 0.014 0.038 0.390 0.592

The critical level with 101 observations is 0.196 (a¢=0.05, two-sided). Thus we see that Iceland is
unrelated to the other countries. Otherwise the countries are moderately correlated (although
Netherlands only with Norway and England & Wales), with an average correlation coefficient equal to
0.33. The correlations in the observed data (not shown here) were 0.45 or higher — in most cases larger
than 0.7. Thus the time series model has removed a large part of the original correlation between the

countries.

For the shorter time series (51 data points, data for 1950-2000), the critical value of the correlation is
0.27. Table 5.6 shows a large number of moderately strong correlations. The average value of those

correlations that exceed the critical value is 0.39.

5.3 The life expectancy at birth
Figure 5.5 plots the life expectancy at birth for men and women in the 18 countries. Major
interruptions caused by the First World War, the Spanish Influenza, and the Second World War are

clearly visible. The time series show less variability in the second half of the twentieth century than in

the first half.
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Figure 5.5. Life expectancy at birth in 18 countries
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As Table 3.1 shows, the time series for the life expectancy at birth vary a great deal in length across
countries. The longest series is that for France, which starts in 1806. At the other end of the spectrum
we find Ireland: an uninterrupted series with annual life expectancy values exists since 1985 only,
although there are observations for 1960-61, 1970-71, and 1980-81 also (probably in connection with

population censuses held in those years).

We have attempted to construct time series models based on time series of maximum length.

However, for reasons of data quality and mortality behaviour, the time series could not be “too” long.
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In practice, we started with the year 1900. Time series with annual observations since that year for
male and female life expectancies are available for seven countries: Belgium, England and Wales,
France, Netherlands, Norway, Sweden, and Switzerland. But also for Denmark, Finland, Italy, and
Luxembourg, rather long series are available, these series varying in length from 100 data points for
Luxembourg to 60 data points for Finland. These eleven countries constitute a group for which we
have estimated Generalized Autoregressive Conditional Heteroscedasticity (GARCH)-models, i.e.
models that are slightly more general than the ARCH-models employed for fertility in the previous
section. A second set of estimates was computed for all 18 countries, based on data for the period

1960-2000. All models were estimated for men and women separately.

5.3.1 A time series model for the life expectancy in eleven countries, 1900-2000

Let e, represent the life expectancy at birth in year t, and define Veo)t as eo,; - €,.; - The model is

Ve,, =C+ ¢VeO,H +v, + anUjJ
J

V=YWV, TV, YLy, T E

(5.2) g = <\/h_t)et, where e,~ N(0,1), and

q P
2
h =w+ E aE, + E 7l
i=1 Jj=1

This is the AR(m)-GARCH(p,q) regression model. Tables 5.7 and 5.8 specify the models for men and

women for the eleven countries with long life expectancy time series.
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Table 5.7. ARCH-GARCH models for differences in life expectancy at birth, data 1900-2000

Ve, =C+ Ve = h,=
dummies +
Belgium men Ve, +v, W, t+E o+yh_ +a.e,
women 2
Ve, +v, YVia té o+yh_ +aE,
Denmark men Ve, +v, & o+yh_ +oE
women &t 2
Ve, +v, o+yh +aE
Finland men Ve, +v, Yy, t+é& o+yh  +oEl,
women >
Ve, +v, YiVia T & o+yh_ +aE,
France men Ve YV TWoVi, T 6 ot 71ht 1t 0‘2‘9:2 2
women v
Vv, t &, a)+0(1 L, toaye t2
Italy men Ve, +v, WVo tWVtE o+ b +aE]
women v vV oYWy o+ 2
¢ €o,1-1 +V, WiVt TVaVis t w+71ht—l T,
Luxembourg men Ve YVt WV, o+yh  +ael
women v >
WiV, TV, &, w+ }/th +ag
Netherlands men Ve, +v, WV WV tE o+ynh  tael
women v VAWV, +E 2
¢ eO,t—l + v, YV TV, t o+ ylht—l +0{1€t 1
Norway men Ve, +v, WiV té o+yh_ +aE
women s
¢Veo,t—l + v, YVia + 2 o+ 71ht—1 + a&
Sweden men ¢Ve0’ TV, vy, +¢& o+yh_ + 0616‘,2,1
women >
Ve Wy, te, o+yh  +os
Switzerland men Ve, +v, & o+yh_  +tosE,
women W, t+E
1
Ve, +v, o+yh +oE
England & Wales men Ve, +v, W, +E& o+yh_ +oE
women @Ve,,  +V & h ’
0,-1 T Ve O+yh o,

As the model estimates in Table 5.9 show, we have retained a number of non-significant estimates.

The reason is that these insignificant parameters guaranteed independence, normality, and constant

variance of the residuals, similar to the case for fertility.
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Table 5.8. Dummy variables for the models in Table 5.7

men women

Belgium 1914 1919 1949 1941 [1943-44] [1945-46] 1914 1919 [1943-44] [1945-46]

Denmark none none

Finland 1944 1945 1946 [1950-51] 1944 1945 1946 [1950-52]

France 1914 [1919-20] 1940 1941 [1943-44] 1918 1919 1940 [1943-44] [1945-46]
[1945-46]

Italy 1918 1946 1918 1919

Luxembourg 1915 [1917-18] 1920 [1943-44] 1946 1918 [1919-20] [1944-45] 1946

Netherlands 1918 1919 1940 [1943-44] 1945 1946 1918 [1919-20] [1943-44] 1946

Norway 1918 [1919-20] [1940-41] [1945-46] 1918 [1919-20] [1944-45]

Sweden 1918 1919 1920 1918 1919 1920 1941

Switzerland 1918 [1919-21] 1918 [1919-20]

England & Wales 1915 1918 1919 1940 1942 1915 1918 1940 1942

Table 5.9. Estimates of model (5.2). Data 1900-2000

Men Women
Estimate t-value Estimate t-value

Belgium
C 0.176 6.6 0.178 6.4
m -13.200 -13.2 -11.536 -6.2
N2 12.673 2.5 11.379 7.7
3 -5.727 -1.9 -1.034 2.0
N4 4.729 2.8 1.696 2.3

Ns -2.296 -8.3
N6 3.008 2.0

[0) 0.229 4.7 0.198 3.0
2] -0.525 -6.6 -0.393 -2.7
) 1.E-08 255.7 1.E-04 0.0
o 0.140 2.3 0.179 2.7
Y1 0.849 18.0 0.820 17.3

Denmark
C 0.130 3.7 0.161 4.6
[0} -0.137 -1.0 -0.155 -1.7
) 0.007 0.9 0.013 1.3
oy 0.355 1.7 0.448 2.1
Y1 0.627 4.5 0.537 34

Finland
C 0.150 4.6 0.167 5.4
m -13.109 -16.9 -3.125 -4.6
N2 17.971 19.8 2.853 5.1
3 -2.610 -2.6 1.975 5.5
N4 1.634 6.3 0.620 5.0
[0) 0.341 6.1 0.268 4.8
(2] -0.791 -8.1 -0.614 -5.7
) 0.095 4.6 1.E-08 49.2
o 0.000 0.0 0.113 0.9
Y1 0.001 0.5 0.875 7.3
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Table 5.9 (continued)

C
M
N2
3
N4
Ns
N6
(4

Y2
0

(0]
(05
Y1

0.256
-22.564
9.067
-15.079
12.000
-5.933
9.043
-0.551
-0.361
1.E-08

0.551
0.559

0.375
-19.291
2.423
-0.424
0.400
-0.174
1.E-08
0.245
0.742

0.257
1.969
-3.637
10.343
-9.096
20.843
-0.480
-0.361
1.E-08
0.148
0.842

France
21.9
-21.0
32
-74.0
28.5
-29.1
25.7
-1.7
-2.9
1769.0

3.1
6.5

Italy

7.3
-17.0
2.1
-6.0
3.6
-1.7
13.6
1.7
6.8

Luxembourg
5.8
2.1
-6.6
4.6
-17.1
5.1
-4.6
-33
6537.0
1.8
13.4

60

0.248
-10.393
9.093
-3.038
-4.096
5.046

-0.383

0.045
1.054
0.419

0.213
-18.252
18.189
0.171
-0.430
-0.144
3.E-04
0.230
0.756

0.265
-8.257
4.985
-2.612
6.697

-0.478
-0.363
1.E-08
0.133
0.858

7.7
-7.6
11.6

-20.8
-3.4
16.1

2.2
3.2
2.5

7.4
-4.0
9.6
2.9
-3.3
-1.5
0.2
2.0
9.1

5.6
-2.1
3.7
-3.0
59

-4.5
-3.6
6838.0
1.4
10.5



Table 5.9 (continued)

C

Uit
N2
3
N4
Ns
Ne
¢

A4
Y2

V3
®

(o8]
Y1

Uit
N2
n3
N4

V1

(0]
Y1

i
N2
3
N4
Vi

[08]
Y1

i
n2

Vi

[08]

0.121
-9.367
9.845
-3.467
-2.395
-8.841
17.036
0.150
-0.590

0.207
0.001
0.202
0.783

0.151
-6.177
4.582
-1.341
2.126
0.054
-0.617
1.E-08
0.089
0.900

0.187
-9.364
6.881
2.735

0.074
-0.329
1.E-08

0.166

0.827

0.329
-11.328
3.945
-0.429

0.003
0.290
0.713

5.2
-6.9
4.1
-5.5
-11.5
-3.1
12.8
3.0
-5.2

2.0
0.4
1.9
8.9

4.9
-20.8
16.8
-4.9
2.7
0.8
-4.7
60.8
2.4
26.4

7.5
-2.1
3.9
34

1.2
-2.5
40.3
2.0
13.1

8.8
-5.8
94
-10.2

0.5
1.8
53

Netherlands

Norway

Sweden

Switzerland

61

0.102
-6.268
5.069
-2.428
7.429

0.302
-0.706
-0.303

0.004
0.234
0.746

0.140
-6.389
4.224
0.638

0.045
-0.513
1.E-08

0.130

0.855

0.192
-8.438
5.591
3.222
1.024

-0.359
0.004
0.222
0.764

0.338
-9.340
1.048
-0.543
0.347
0.001
0.174
0.813

4.2
9.2
53
-8.2
3.2

3.8
-4.8
=23

0.9
2.1
9.5

54
-19.8
18.2
2.2

0.8
-4.4
62.2

2.2
20.3

7.1
-2.7
5.0
7.0
3.0

-3.3
1.0
1.8
6.9

5.7
-7.0
2.2
-16.4
2.5
0.3
1.4
7.0



Table 5.9 (continued)

England and Wales

C 0.176 7.5 0.258 9.6
m -2.298 -1.9 -2.550 2.2
M2 -8.286 -1.4 -8.971 -12.0
s 11.955 5.9 -2.462 -16.9
N4 -3.119  -3.1 2.731 4.0
s 2326 3.6

0] 0.233 4.9 -0.482 -10.3
8 -0.612 -6.1

® 1.E-08 2.9 1.E-08 0.2
o 0.174 1.7 0.264 2.5
Y1 0.814 10.2 0.740 10.3

The models were used to simulate prediction intervals for future life expectancy values of men and
women. Residuals, estimated coefficients, and the occurrence of dummy variables were all drawn
from their respective distributions. The set of figures numbered as Figure 5.6 gives the prediction

results.

Figure 5.6. Forecasts and 95% prediction intervals for the life expectancy at birth for men (M)
and women (F). Data 1900-2000. Values written in each graph indicate the predicted
life expectancy for 2050, and the 95% prediction interval bounds in 2050 in brackets
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Between 2000 and 2050, life expectancy at birth for men and women is expected to rise by between 6
and 13 years. Across countries and sexes, the average annual increase amounts to 0.2 years. This is in
line with historical developments (0.23 years for record life expectancy 1840-2000, Oeppen and
Vaupel, 2002; 0.21 years for 21 industrialized nations 1955-1995, White, 2002), but it reflects a much
stronger increase than that projected for 21 OECD countries to 2050 (0.09 years , Dang et al. 2001) .

The relatively small increase for men and women in Denmark (6 and 7 years, respectively) is a direct
consequence of the stagnation in Danish life expectancy in recent decades. This led to negative
estimates for ¢ (Table 5.9), and next to small annual increments in predicted life expectancy. Long-
range (fifty years) 95 per cent prediction intervals are 4-14 years wide, with Swedish men and women
from England and Wales at the lower end of the spectrum, and Danish men and women at the upper
end. Ten years ahead 95 per cent intervals are between one (men in France, women in England and
Wales) and four (Denmark, both men and women) years wide. Denmark was the only country for
which we could omit dummy variables, and nonetheless obtain constant variance in the residuals. This

explains the rather wide intervals for that country.

5.3.2 A time series model for the life expectancy in 18 countries, 1960-2000

This section presents time series predictions for all 18 countries based on observed life expectancy
data since 1960. For a few countries, the necessary historical data were missing: Germany (1960,
1961, 1962), Iceland (1961-1965, 1967-1969), Ireland (1962-1969, 1972-1979, 1981-1984), and Spain
(1961-1964); see Table 3.1. For Germany, data for the years 1960-1962 are available for the former
GDR and the former FRG, but not for Germany as a whole. In view of the small differences in life

expectancy between the two countries, we estimated the missing data for Germany by computing the
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simple average of the GDR and the FRG data. Missing values of the life expectancy at birth for men
and women for the other countries were estimated by using data of a neighbour country. We used the
life expectancies in England and Wales, Norway, and Portugal as independent variables in a regression
model to predict the missing life expectancy data for Ireland, Iceland, and Spain, respectively.

Appendix 2 gives details.

The life expectancy time series model estimated on the basis of the short data series (observations
from 1960 to 2000) is of the form as given in expression (5.2), but without dummy variables. Table
5.10 specifies the models for men and women, and Table 5.11 gives parameter estimates. As in
previous cases, a number of non-significant estimates were retained in the models, to ensure normally

distributed independent residuals with constant variance.

Between 2000 and 2050, life expectancy at birth for men and women is expected to rise by about ten
years. This is the average increase across countries and sexes, and it is the same as the one found on
the basis of long time series for eleven countries in Section 5.3.1. Life expectancy stagnated or
increased very little in Denmark and the Netherlands in recent decades. This led to small estimates for
the constant C (see Table 5.11), and next to modest life expectancy increases for the period until 2050:
5-6 years for men in the two countries, and 6 years for women. Long-range (fifty years) 95 per cent
prediction intervals are typically 9 years wide, and ten-year ahead 95 per cent intervals on average 3

years. Ireland and Italy (both sexes) have narrow long-range intervals: less than 6 years.
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Table 5.10. ARCH-GARCH models for differences in life expectancy at birth, data 1960-2000

Ve,, =C+ Vi = h,=
Austria men Vi & o+aE,
women Vy & 2
0) + a| 89 1
Belgium men #Ve,,  +v, & o+ 6}271
women & 2
Ve,V 0 +aE
Denmark men Ve & o+aeE,
women Ve, . +v &
¢ 0,71 t w + a, 8,27]
Finland men ¢Ve0’t_l +v, &t
women &
Ve, +v,
2
France men Ve, +v, & o+,
women & 2
Ve,V 0 +aE
Germany men Vi & o+ 8,2 .
women Ve WiV, 3+ &
3V1-3 2
! ! w+ae,
2
Greece men Ve, +v, & w+aE;
women &t 2
Vey, v, o+ag
Iceland men Vi YV TV, tE
women Ve
YVia YWV, T &
2
Ireland men Ve WV, tW,V,, tE, w+aE,
women Ve 2
YV t¥V, T8 wtaeE,
2
Italy men Ve, +v, & o+yh_ +aE
women &t 2
¢ve()‘t—l + Vt o+ 7 hr_l + a,é,
2
Luxembourg men #Ve,, , +V, & w+aoE
women WV, , +E
2Vt-2 2
Ve, v, e 0+aE
Netherlands men Ve, +v, & o+aeE,
women ’ WV, +E
3V1-3 2
¢ve0.t—1 + vt ' ! w+ta¢,
Norway men Ve, +v, &
women &
Ve, +v,
Portugal men Vi Vv té
women v
Vv té
. 2
Spain men Ve, +v, & w+a,E
women v, +¢& 2
Vi Vivia v & o+acs,
Sweden men Ve, +v, &
women &
Ve, +v,
Switzerland men #Ve,,  +V, & o+aeE
women ’ & 2
Ve, v, 0+aE
England & Wales men Ve, +v, & o+ algtz !
women ’ v, +éE
¢Ve0 =1 + vt l//3 - ! w+a, ‘9:24
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Table 5.11 Estimates of model (5.2) as specified in Table 5.10

Men Women
Estimate t-value Estimate t-value
Austria
C 0.249 6.4 0.238 6.9
o 0.061 5.4 0.031 2.9
oy 0.000 0.0 0.441 1.4
Belgium
C 0.253 5.1 0.274 6.5
) -0.374 -2,2 -0.382 -2.3
o 0.277 1.0 0.266 0.7
Denmark
C 0.091 2.9 0.168 39
P -0.315 -1.5
o 0.035 2.3 0.045 2.6
o
Finland
C 0.266 4.8 0.289 53
® -0.235 -1.5 -0.319 -2.1
France
C 0312 6.8 0.340 6.7
® -0.450 2.7 -0.416 2.8
o 0.019 29 0.036 33
oy 0.742 1.9 0.356 1.2
Germany
C 0.211 5.7 0.238 5.5
;3 0.311 1.9
) 0.041 4.0 0.039 4.1
o 0.113 04 0.022 0.1
Greece
C 0.188 3.8 0.262 5.7
® -0.268 -3.5 -0.548 -3.8
o 0.059 2.0 0.048 2.1
oy 0.087 0.2 0.561 1.5
Iceland
C 0.168 2.2 0.155 2.7
7 -0.463 -2.9 -0.315 -2.0
123 -0.246 -1.6 -0.263 -1.6
Ireland
C 0.155 7.7 0.180 10.0
0 -0.561 -3.1 -0.777 -4.6
2 -0.369 -1.8 -0.333 -1.7
o 0-043 2.8 0.053 1.5
oy 0.192 04 0.155 0.3
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Table 5.11 (cont.)

e 6 0

S 0

e N

0.344
-0.358
1E-8
0.208
0.783

0.308
-0.371

0.200
0.175

0.131
-0.285

0.050
0.000

0.133
-0.199

0.314
-0.641

0.340
-0.608

0.076
0.000

0.173
-0.227

0.261
-0.276
0.045
0.201

0.265

-0.276

0.030
0.411

6.6
-2.2
718
1.2
5.3

35
-2.2

22
0.5

3.7
-1.7

4.5
0.0

32
-1.3

6.2
-5.2

7.0
-5.2

39
0.0

4.5
-1.5

54
-1.5
3.8
0.8

6.1
-1.9

23
0.9

Italy

Luxembourg

Netherlands

Norway

Portugal

Spain

Sweden

Switzerland

England and Wales

0.376
-0.500
0.003
0.298
0.649

0.374
-0.705
-0.506
0.224
0.000

0.165
-0.254
0.543
0.033
0.000

0.178
-0.290

0.350
-0.687

0.239

-0.423
0.062
0.571

0.231
-0.413

0.309
-0.510
0.040
0.309

0.254
-0.720
0.329
1E-8
0.846
0.340

7.7
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The set of figures numbered as Figure 5.7 gives the prediction results.

Figure 5.7 Forecasts and 95% prediction intervals for the life expectancy at birth for men (M)
and women (F). Data 1960-2000. Values written in each graph indicate the predicted
life expectancy for 2050, and the 95% prediction interval bounds in 2050 in brackets
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Figure 5.8 shows that interval widths in this section, i.e. based on data for the years 1960-2000, tend to
be close to interval widths based on data for the years 1900-2000 presented for eleven countries in

Section 5.3.1. For women there is a weak tendency for the intervals based on long series to be wider
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5.3.3 Cross-country correlations

We have computed correlations across countries between residuals from the time series models. Table
5.12 shows the 11x11 correlation matrix for countries for which we have a long series of observations
(1900-2000), and Table 5.13 contains the 18x18 correlation matrix for all countries, based on data for

the period 1960-2000.

Table 5.12. Correlations for residuals across countries, life expectancy time series models, data

1900-2000
B Dk SF F 1 Lux NI N S CH E&W
men
Belgium 1
Denmark 0.146 1
Finland 0.209 0.250 1
France 0.530 0.162 0.290 1
Italy 0.194 0.103 0.239 0.402 1
Luxembourg 0.210 -0.037 0.003 0.261 0.131 1
Netherlands 0.525 0.285 0.276 0412 0.178 0.047 1
Norway 0.316 0.273 0.353 0.236 0.218 0.144 0.391 1
Sweden 0.143 0439 0459 0215 0274 -0.081 0.342 0.506 1
Switzerland 0.414 0.298 0.333 0.289 0.336 0.000 0.347 0367 0.245 1
England & Wales 0.482 0.171 0.260 0.314 0304 0.051 0.500 0452 0413 0.281 1
women
Belgium 1
Denmark 0.248 1
Finland 0.193 0.292 1
France 0.632 0.312 0.208 1
Italy 0.333 0.186 0.204 0.388 1
Luxembourg 0.343 0.127 0.058 0.282 0.305 1
Netherlands 0.456 0.358 0.285 0.403 0.287 0.152 1
Norway 0.188 0.419 0.347 0.169 0.338 0.076 0.395 1
Sweden 0.106 0.563 0.496 0.174 0.333 -0.047 0.300 0.571 1
Switzerland 0.436 0.525 0.370 0.503 0.276 0.229 0.317 0.274 0.250 1
England & Wales  0.413 0.215 0.213 0.416 0.198 0.119 0.399 0.293 0.276 0.385 1

In the long run, ten of the eleven countries reported in Table 5.12 seem to have moderately positively
correlated errors in life expectancy. The exception is Luxembourg.’ The average value of the
significant correlations equals 0.35. Given the fact that the correlations in the observed data are 0.9 or
higher (data not shown), we conclude that the time series model removes a large part of the original

correlation, but not all.

® The shortest time series is the one for Finland with 60 data points. The critical value for the correlation coefficient is 0.25 in
that case (two-sided; a=0.05). Most countries have 101 data points, with a critical value of 0.196.
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Table 5.13a Correlations for residuals across countries, life expectancy time series models, data
1960-2000. Men
A B Dk SF F D EL Is IRL I Lux N N P E S CH

Austria 1

Belgium 0.326 1

Denmark 0.114 0.348 1

Finland 0.289 0.315 0.340 1

France 0.477 0.712 0.287 0.374 1

Germany 0.477 0.611 0.080 0.161 0.601 1

Greece -0.238 -0.028 0.025 -0.099 0.046 -0.044 1

Iceland 0.453 -0.039 0.021 0.355 0.048 0.211 -0.100 1

Ireland 0.100 0.527 0.287 0.241 0.482 0.414 -0.111 -0.001 1

Italy 0.280 0.569 0.143 0.355 0.632 0.511 0.034 0.218 0.253 1
Luxembourg -0.015 0.077 0.056 0.062 -0.064 -0.200 -0.123 0.015 -0.010 -0.181 1

Netherlands 0.315 0.665 0.288 0.315 0.678 0.549 -0.029 -0.219 0.539 0.295 0.002 1

Norway 0.192 0.460 0311 0.499 0.387 0.305 -0.046 0.176 0.528 0.324 0.096 0.371 1

Portugal -0.211 -0.040 -0.017 0.346 -0.060 -0.180 -0.036 0.087 -0.023 -0.021 0.216 0.024 -0.12 1

Spain 0.004 -0.069 0.063 0.453 0.084 0.119 -0.001 0.140 -0.001 0.035 0.012 -0.029 0.013 0.621 1

Sweden 0.203 0.451 0.295 0.508 0.497 0.459 -0.097 0.142 0.471 0.470 0.001 0.303 0.451 0.057 0.180 1
Switzerland 0.335 0.495 0.259 0.384 0.441 0.414 -0.215 0.270 0.247 0.727 -0.048 0.311 0.371 0.076 0.019 0.339 1
England &

Wales -0.019 0.537 0.320 0.177 0.454 0.383 -0.02 -0.152 0.811 0.259 -0.047 0.579 0.527 0.032 0.008 0.395 0.289

Table 5.13b Correlations for residuals across countries, life expectancy time series models, data
1960-2000. Women
A B Dk SF F D EL Is IRL I ILux NI N P E S CH

Austria 1
Belgium 0.440 1
Denmark 0.099 0.128 1

Finland 0.190 0.257 0.315 1

France 0.603 0.642 0.311 0.141 1

Germany 0.618 0.509 0.256 0.233 0.606 1

Greece -0.067 -0.114 -0.059 0.037 0.079 -0.109 1

Iceland -0.026 -0.122 0.030 0.083 0.104 -0.026 -0.089 1

Ireland 0.086 0.442 0.095 -0.018 0.414 0.220 -0.152 0.103 1

Italy 0.396 0.558 0.164 0.102 0.719 0.460 0.257 -0.139 0.232 1

Luxembourg 0.331 0.507 0.104 0.114 0.250 0.158 -0.130 -0.041 -0.006 0.216 1
Netherlands  0.450 0.510 0.399 0.169 0.544 0.472 -0.088 -0.042 0.394 0.316 0.235 1

Norway 0.068 0.171 0.240 0.366 0.443 0.191 0.012 0.274 0.344 0.305 0.199 0.218 1

Portugal -0.142 0.012 -0.069 0.419 -0.127 -0.042 -0.070 -0.177 -0.017 -0.022 -0.057 0.073 0.043 1

Spain -0.071 0.065 -0.160 0.350 0.010 0.002 0.014 -0.108 0.237 -0.005 -0.195 0.067 0.269 0.742 1

Sweden 0.105 0.105 0.335 0.390 0.364 0.427 0.265-0.120 0.117 0.307 -0.085 0.127 0.462 0.006 0.126 1
Switzerland 0.291 0.579 0.450 0.455 0.555 0.483 -0.198 0.165 0.367 0.500 0.299 0.532 0.424 0.128 0.0800.372 1
England &

Wales 0.096 0.460 0.147 0.202 0.312 0.231 -0.087 -0.080 0.727 0.207 -0.028 0.338 0.343 0.113 0.294 0.233 0.374

For the shorter time series, the critical value is 0.31. In this case, Greece is unrelated to all other
countries, while Luxembourg and Iceland are positively correlated with no more than two. Otherwise
the correlations are somewhat stronger than those for long time series, with an average value of 0.46,
which is higher by 0.11 than the average correlation based on long time series. However, part of this
increase is due to the fact that there are fewer observations, which in turn leads to a higher critical

value (0.31 instead of 0.20-0.25).
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5.3.4 Life expectancy correlations across sexes

Are model errors predicted by the life expectancy models correlated across the sexes? In other words,
do large model residuals for men tend to go together with large residuals for women? The answer can
be found by inspecting correlations across sexes. Table 5.14 gives, for each country, two types of
correlations. One is based on long time series (only eleven countries), the other on short time series

(all 18 countries).

Table 5.14. Correlations for residuals across sexes, life expectancy time series models, data
1900-200 and 1960-2000

Data 1900-2000 Data 1960-2000
Austria 0.777
Belgium 0.813 0.808
Denmark 0.726 0.580
Finland 0.707 0.661
France 0.491 0.760
Germany 0.801
Greece 0.658
Iceland 0.318
Ireland 0.693
Italy 0.817 0.772
Luxembourg 0.349 0.067 (sic)
Netherlands 0.594 0.593
Norway 0.700 0.478
Portugal 0.860
Spain 0.772
Sweden 0.792 0.530
Switzerland 0.628 0.636
England & Wales 0.784 0.782

Cross-sex correlations in the raw data were 0.9 or higher (data not shown here). Thus the table
demonstrates that, with the exception of Luxembourg and Iceland, a large part of this correlation is
still present in the residuals. A multivariate GARCH-time series model for men and women
simultaneously could possibly capture this correlation (Engle and Kroner 1995, Kroner and Ng 1998).
However, a recent test of the available software for such multivariate GARCH models revealed
considerable differences in the resulting parameter estimates across four software packages (Brooks et
al. 2003). Since a reliable benchmark data set is not available, the authors conclude that much work

remains to be done before this class of models is to be reliably used in practice.
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5.4 Net migration

Net migration poses a greater challenge than total fertility or life expectancy, for two reasons:

e the observed trends are strongly volatile, due to political and economic developments, and changes

in legislation;
e the data situation is problematic — time series of observed net migration are rather short, and the

data quality may be questioned in some cases, cf. the comment for Portugal in Section 4.4.

5.4.1 Three time series models

Data on net migration to the 18 countries for the years 1960-2000 are available from the Council of
Europe, see Table 3.1. Spain is the only country with a shorter time series, which starts in 1965. We
have estimated three very different models on the basis of the time series for each country, namely a
linear trend model, a random walk with drift, and an autoregressive process of order 1 (AR(1)). This
way we hope to cover particular national trends and developments in the 18 countries. (Tests for
constant variance indicated that GARCH-type of models were not necessary in the case of migration.)

Dummy variables are included in order to capture outliers caused by special events.

Let Z, be the net migration in year ¢. The three models are as follows.

Linear trend (LT)
(5.3) Z,=nU, +..+nU, +C+ ft+e¢,

where U, is the dummy variable for year ¢, C is the constant, and £ is the slope of the trend.

Random walk with drift (RWD)
5.4) Z, =;/1Ut1 +"'+711Ut,, +u+Z,_,+a,,

where U, is the dummy variable for year ¢, and x is the drift.

Autoregressive AR(1) process (AR(1))
(5.5) Z, =AU, +..+ AU, +K+9Z_ +v,

where U, is the dummy variable for year #;, K is a constant, and the autoregressive coefficient ¢ < 1.

We have tested the residuals ¢, a,, and v, for independence, normality, and constant variance.
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Table 5.15 Calendar years for dummy variables, net migration

Linear trend

Random walk with drift

AR(1)

Austria
Belgium
Denmark
Finland
France
Germany
Greece
Iceland
Ireland
Italy
Luxembourg
Netherlands
Norway
Portugal
Spain
Sweden
Switzerland
UK

1989 1990 1991 1992

1974 1975 1995

1969 1971 1972 1973

1961 1962 1969 1970 1970
1969 1989 1990 1991 1992
1975 1976 1978 1990 1991
1987 1988 1995

1974 1975 1985 1987 1989
1971 1992 1993 1994 1996
1973 1974 1981 1983 1984

1987 1989 1990 1995
1966 1969 1974 1975
1998 1999 2000

1969 1972 1973 1989
1962 1975 1976 1977
1960 1961 1962 1981

1989

1962 1988

1974 1995

1964 1969 1971 1975 1976
1962 1963 1968 1969
1970

1985

1992

1971 1976

1967 1975

1987 1989

1974 1975 1976

1970 1971 1979 1980 2000
1969 1971 1974

1961 1975

1962 1971 1972 1973 1983

1974 1982 1989

1961 1970 1971

1974 1995

1964 1969 1971 1975 1976
1962 1963 1968 1969
1970

1985

1961 1971 1992 2000

1971 1976

1967 1976

1987 1989 1991 2000

1965 1969 1974 1975 1976

1970 1971 1979 1980 1981 2000

1969 1971
1961 1970 1975
1971 1972 1973 1998

Table 5.15 reports the calendar years for which dummies were included for the 18 countries. In many

cases, there were major political or economic events in those years, for instance large immigration

flows in the years 1989-1992 connected to the reunification of Germany, immigrants from Eastern

Europe into Austria in 1989 after the fall of the Iron Curtain, Algeria gaining independence from

France in 1962, the end of the Portuguese junta in 1974 and the following independence of Angola and

Mozambique in 1975, and the independence of the Dutch colony of Surinam in 1975; see Jennissen

(2003). But in other cases, we suspect that dummies are simply a result of discontinuities in migration

measurement in connection with a population census, for instance in France in 1968, or in Spain in

2000: when census results reveal larger numbers of inhabitants born outside the country than expected

from migration statistics, these statistics may be adjusted in the Census year or the years before.

The estimation results for models (5.3)-(5.5) show that the slope f was significant for twelve of the 18

countries, the drift 4 in only one case, the constant K in the AR(1) model in seven cases, and the

AR(1)-coefficient ¢ for all countries (with the exception of Italy, Portugal, and Spain; see below).

Table 5.16 reports the estimates for the three models and 18 countries.

For Iceland, Ireland, Italy, Portugal, and Spain, the estimated constants K were negative. Since the

equilibrium value equals K/(1-¢ ), where ¢ is the AR(1) coefficient of which the estimate was less

than one in each case, negative values for predicted net migration resulted for those countries. Such
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negative values were judged unrealistic for Italy, Portugal, and Spain. The negative values appear

sooner for low ¢ -values (close to zero) than for large ¢ -values (close to, but still less than one). We

avoided negative values for these three countries by selecting ¢ -values equal to 0.95-0.96. The

constant and the dummy coefficients were estimated from the data.

Table 5.16 Parameter estimates for models (5.3), (5.4), and (5.5)

Linear trend model (5.3)

Random walk with drift (5.4)

AR(1)-process (5.5)

Parameter Estimate t-value Parameter Estimate t-value Parameter Estimate t-value
Austria yon -47988 -3.5
Ago -48288 -3.5
789 47383 3.2 V89 35310 1.9 g9 34676 2.6
Moo 63191 43
No2 73345 49
C 8722 3.6 K 5688 2.3
) 0.7569 8.6
Belgium Aol -50959 -4.1
A0 -43211 -3.5
o 27210 2.0
V88 37197 2.2
C 9925 3.8 K 7819 3.2
) 0.3867 3.1
Denmark N74 -10929 -2.8 V74 -19051 -4.1 A4 -16134 -4.3
75 -13274 34
o5 19253 4.8 Y95 18105 39 Aos 20195 5.4
C -463777 -4.4 u 201 0.3 K 2364 3.1
s 237 4.5 7] 0.5851 6.4
Finland Yeoa -12559 -3.1 Aea -13607 -3.6
) -31107 -4.2 Y60 -26016 -6.4 Ao -28121 -7.3
n71 20550 2.8 Y71 48255 11.8 An 42997 10.1
N7 20134 2.8
173 18920 2.6
Y75 -10127 -2.5 A5 -9163 24
Y76 -8441 2.1 /175 -8894 2.4
C -1218044 -6.3 u 511 0.8 K 406 0.6
s 613 6.3 ) 0.8526 15.2
France 61 123635 3.8
62 803888 24.6 Y62 680253 26.1 Ae2 710017 25.7
Y63 -725500  -27.8 Ae3 -549827 -6.6
Vs 90170 35 Aes 83786 33
Mo 94328 2.9 Y69 49051 1.9 Ao 62008 2.5
170 122529 3.8
n71 85243 2.6
C 59980 11.2 K 9620 1.2
) 0.7855 7.8
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Table 5.16 (continued)

Germany

Greece

Iceland

Ireland

Italy

Luxembourg

169

139
90
91
92

nN75
N76
178
90

o1
C

B

187
RS
M9s

174
n7s
185
187

139
C

N

N92
o3
194
/LS

C
B

n73
N74

181
183

34
C

420853

602379
512467
458864
632698
143699

68151
63326
109063
48544
62508
-4248343
2146

1235
1473
-1547
-38612
19

26060
24016
-31701
-37008
-28609
-1042945
524

-108463

123899
118154
85549
76839

-9702741
4900

2932
3060

-2131
-2491
-2328
-136658
70

2.1

3.0
2.5
23
3.1
43

32
2.9
5.1
2.2
2.9
-7.5
7.5

1.9
2.2
-2.3
-2.2
2.2

1.8
1.6
-2.2
-2.5
-1.9
-2.7
2.7

2.9
2.8
2.0
1.8

-8.3
8.3

2.2
23

-1.6
-1.9
-1.8
-4.0

4.1

Y70

V85

V92

71

V76

85

-836238

1359

49

-23855

1166

175586

2165

3979

2474

39

-3.8

0.3

0.4

0.7

4.4

0.4

4.2

0.3

270

/12000

K
®

A7

/176

-711831

101580
0.5997

3680
0.7517

43
0.4979

-25483

-188

0.7156

-62878
-54827

174567

73760
3392
0.95

3733

-2271

488
0.8134

-3.4

2.5
4.7

0.8
7.2

-0.4
3.1

-0.1
7.7

-1.8
-1.5

4.9

2.1
0.6
see text

4.1

-2.5

2.0
9.5



Table 5.16 (continued)

Netherlands

C

Norway g7

189
190

Nos

Portugal
66
69
M74
175

C
B

Spain

Nog
99

12000

C
B

Sweden Mo

N72
n73

ZES)
C

Switzerland

62

n7s
M76
N77

-1577412
809

6104
-9971
-6813

-3852

-663145
337

-96436
-134473
230602
399442

-7259326
3649

94651
158493
327727

-3905508
1971

27102

-29649
-29057

27070
17123

59613

-79797
-76003
-44831

21950

-3.8
3.8

2.7
44
3.0

-1.7

2.2
-3.0
52
9.1

-6.2
6.1

1.8
3.0
6.1
-2.1
2.1

23

-2.5
-2.4

23
8.8

2.7

-3.6
-3.4
-2.0

6.1

Y67
VEE

V87
V89

V74
V75
V76

Y70
71
Y79
V80

Y2000

Yoo

Y71

Y74

Ye1

Y75

86

-33766
37357

1650

5857

-12388

462

258089
172210

-335932
279

184723
-219715
-86643
142222

164146
7058

32614
-45950

20252

77673

-59503

-2.2
24

0.7

2.0
-4.2

1.0

8.7
5.8
-11.3
0.1

5.1
-6.0
-24

39

32
-4.5

2.0

4.9

Le7 -37336
X176 -40702
K 11365
® 0.6769
Ag7 6034
Ago -11949
Aot 5322
12000 -8543
K 966
® 0.9077
Ass -49396
Ago -78483
Aa 250876
A7s 252890
X176 -323897
K 2123
® 0.94
Ao 177775
A -217074
A9 -89444
Aso 135442
Ag1 -149946

A2000 168838

K 12007
) 0.95
Ago 30593
An -37095
K 5407
® 0.7084
As1 78284
Ao -37991
Azs -65498
K 6523
® 0.6812

-2.9

-2.8
32
54

2.5
-4.9

2.2

-3.1
1.7
9.6

-1.9

-3.0
9.3

6.8
-12.5
0.5

see text

7.6
-9.2
-3.8

5.8
-6.4

7.2
2.8
see text

3.0
-3.4

2.1

59

6.6

-3.2

-5.5

2.9

10.7



Table 5.16 (continued)

UK 760 200514 5.2
61 233999 6.0
Ne2 143823 3.7 Y62 -87855 2.7

Y7 -76473 -2.4 A -78990 2.2

Y72 113492 3.5 An 100395 2.8

V73 -88881 -2.7 A3 -85156 2.4
31 -91389 2.5

Aog 71116 2.0

C 10771972 -10.0 u 3129 0.6 K 5395 0.9

S 5451 10.1 o 0.8558 10.3

All 3x18 = 54 models reported in Table 5.16 passed tests for independence and constant variance in

the residuals (a=0.05), but the residuals were not normal in a number of cases: Austria (RWD), France

(all three models), Ireland (RWD), Italy (RWD and AR(1)), the Netherlands (RWD), Portugal (RWD

and AR(1)), Spain (all three models), Sweden (LT and RWD), and Switzerland (LT).

Figure 5.9. Forecasts and 95% prediction intervals for net migration. Data 1960-2000
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Figure 5.9 shows point predictions and prediction intervals for the three models in each country. The
graphs as such are difficult to compare across countries, because absolute numbers for net migration
differ widely internationally. Yet Figure 5.9 shows that the Random Walk with Drift model predicts
much wider intervals than the historical data suggest. In addition, as noted above, RWD-residuals are
heteroscedastic for eight countries. For these two reasons we conclude that the RWD-model is not

appropriate for our purposes.
When we inspect the results for the other two models, the intervals for the AR(1)-model tend to be

somewhat wider than those for the LT-model. The reason is that prediction uncertainty for multiple

steps ahead forecasts cumulates for AR(1), as opposed to LT, in which each forecast step starts from
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the trend line. Although the AR(1)-model fails to predict the trend in a number of cases (Finland,
Greece, Italy, Luxembourg, Norway, Portugal, Spain, the UK), its prediction intervals look more

reasonable than those for LT.

In order to compare the forecasts across countries, we have scaled net migration in each country by the
national population size as of 1 January 2000. Figure 5.10 plots the scaled LT forecasts and AR(1)
forecasts in 2050 as a function of the scaled observed migration in 2000. The figure reveals that the
AR(1) model predicts 2050 values that are closer to observed 2000 values than LT does. AR(1)
predictions for 2050 are generally in the order of magnitude of up to 5 per thousand, whereas half the
LT predictions exceed this level. The reason is again the linear trend in the historical data, which is not

picked up by AR(1).

Figure 5.10 Net migration predictions 2050 vs.
observed 2000, scaled numbers
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A second cross-country comparison concerns the width of the prediction intervals. We have plotted
the width of the 95 per cent prediction interval in 2050, relative to the predicted value for 2050, for the
LT and the AR(1) model; see Figure 5.11.

Figure 5.11 Relative width of 95% prediction interval

for net migration in 2050
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Iceland and Ireland are not included in Figure 5.11, because the 2050 predictions from the AR(1)
model were just below zero: -0.31 per thousand for Iceland, and —0.18 per thousand for Ireland. Both
numbers are expressed as predicted net migration in 2050 relative to population size in 2000. These

small negative numbers produced huge negative relative widths for the intervals.

Figure 5.11 shows that LT generally produces narrower intervals than AR(1). There are two reasons.
First, LT-intervals for some countries are narrow because the model picks up a linear trend. The
estimated trend is moderate for Denmark, Italy, Luxembourg, Netherlands, Norway, and Spain, while
Finland, Greece, Portugal, and the UK show a strong trend. Second, AR(1)-intervals are wide because
the K-estimate has a large standard error. This is the case for Finland, France, Greece, Italy, Portugal,

and the UK see Table 5.16.
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5.4.2 Migration forecasts for the European Economic Area plus Switzerland

When net migration numbers are added across countries, the result is the net migration for the whole
area. Migration forecasts for the European Economic Area as a whole are of particular interest for
European policy makers. In this brief section we present such forecasts for the EEA+, which is to be
understood as the European Economic Area (including Liechtenstein), plus Switzerland. As before, we
have fitted a Linear Trend model, a Random Walk with Drift, and an AR(1) process. We have ob-
served migration for the period 1960-2000, except for Spain, for which the observations start in 1965.
Figure 5.12 plots the observed net migration for the EEA+, while Figure 5.13 gives the forecasts and
the prediction intervals. Model estimates are contained in Table 5.17. A dummy variable for the period

1960-1964 captures the effect of missing data for Spain for these years.

Figure 5.12.Net migration to the European Economic Area plus Switzerland (EEA+)
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Table 5.17 Parameter estimates for models (5.3), (5.4), and (5.5), EEA+

Linear trend model (5.3) Random walk with drift (5.4) AR(1)-process (5.5)
Parameter Estimate t- Paramete Estimate t- Parameter Estimate t-
value r value value
EEA+

Hspain 300719 2.0 VSpain -400199 24 ASpain -375659 2.4
N6z 956762 35 Y62 1196406 3.8 A2 1153652 3.8.8

Ne7 -484435 -1.9

789 527194 2.1

No2 806258 32

93 495702 2.0
C -46647826 -5.5 u 33322 0.7 K 110010 1.9
b 23715 5.7 1) 0.8097 8.5

The large migration flow from Algeria into France in 1962 dominates the pattern in the early 1960s in
the case of the EEA+, too. Also, consequences for European migration of the fall of the Berlin Wall
and the reunification of Germany are clearly visible. The effects continued until 1993, at least as

measured as a systematic deviation from a linear trend.

The three models predict very different levels of net migration in 2050, ranging from 580 000 for
AR(1) to 1.96 million for LT and 2.82 million for RWD. To compare: the simple sums across
countries of the point forecasts in 2050 are 842 000 (AR(1)), 1.73 million (LT), and 1.89 million
(RWD). The random walk model for the EEA+ predicts much higher net migration than the 18
country-specific random walk models do. The reason is that the estimated drift for EEA+ (33 000) is
almost twice the sum of the country-specific drifts (18 000). The high point forecast from the RWD
model (2.82 million in 2050) together with the wide prediction interval (from —3.2 million to 8.7
million in 2050; 95%) lead to the conclusion that the RWD model is not very useful for predicting net
migration to the EEA+. In practice, the linear trend model excludes the possibility for a net emigration
from the EEA+ in 2050: the 95% prediction interval around the predicted value of 1.96 million ranges
from 1.22 to 2.73 million. For the AR(1) model the interval bounds are -0.55 million and 3.21 million.

The cumulated net migration flows for the period 2000-2050 are 31.4 million (0.9 to 120.3 million for
the 95% bounds) for the AR(1) model, and 69.4 million (50.4 to 88.5 million) for LT.

5.4.3 Cross-country correlations
The fall of the Berlin Wall in 1989 induced large migration flows from Eastern Europe into EEA-
countries, in particular Germany and Austria. The war in the former Yugoslavia in the 1990s led to

large numbers of refugees from Bosnia, who settled into Western and Nordic countries, such as the
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Netherlands, Norway and Denmark. These two examples illustrate that migration flows may be
correlated across countries. This is also shown in empirical data, see Table 5.18. Next, the question is

how large the residual correlation is after we fitted the migration time series models in this section.

Table 5.18 Correlations across countries for observed net migration, data 1960-2000

A B Dk SF F D EL Is IRL I Lux N1 N P E S CH
Austria 1
Belgium 0.239 1
Denmark 0.304 -0.135 1
Finland 0.381 0.267 0.147 1
France 0.347 -0.191 0.140 -0.276 1
Germany 0.706 0.422 0321 0.245 0.307 1
Greece 0.285 0.060 0.100 0.437 -0.421 0.215 1
Iceland 0.063 0.316 -0.294 0.471 -0.236 -0.024 0.064 1
Ireland -0.090 0.017 0.157 0.158 0.024 -0.147 0.151 -0.197 1
Italy 0.194 0.265 0.482 0.457 -0.348 0.278 0.504 0.017 0.360 1

Luxembourg 0.390 0.504 0.386 0.477 0.174 0.547 0.157 0.048 0.405 0.536 1
Netherlands 0243 0.219 0.023 0.133 0.025 0.308 0.516 0.048 0.271 0.336 0.538 1

Norway 0.085 0.098 0.332 0.475 -0.209 0.096 0.318 0.527 0.059 0.613 0.310 0.254 1

Portugal -0.249 0.064 -0.160 0.385 -0.505 -0.248 0.569 0.068 0.461 0.484 0.286 0.533 0.292 1

Spain -0.061 -0.343 0.348 -0.134 0.005 -0.180 0.344 -0.255 0.383 0.420 0.112 0.408 0.287 0.350 1

Sweden 0.213 0.045 0.071 -0.504 0.214 0.273 0.084 -0.346 -0.371 0.013 0.027 0.238 -0.169 -0.188 0.243 1
Switzerland ~ 0.630 0.123 0.268 0.371 0.157 0.644 0.088 0.313 -0.414 0.120 0.193 -0.046 0.246 -0.346 -0.255 0.147 1
UK 0.239 -0.013 0.679 0.363 -0.186 0.220 0.395 0.055 0.010 0.642 0.350 0.187 0.527 0.143 0.406 0.121 0.311

Table 5.19. Correlations for residuals across countries from fitted AR(1) models for net migration
A B Dk SF F D EL Is IRL I Lux NN P E S CH

Austria 1

Belgium 0.07 1

Denmark 0.23  0.00 1

Finland 0.57 -0.16 0.06 1

France 0.38 -0.09 031 0.24 1

Germany 020 0.10 0.06 -0.14 0.36 1

Greece -0.12  0.05 -024 -0.02 -0.14 -0.08 1

Iceland 020 021 -027 0.14 -0.13 -022 0.11 1

Ireland 0.16 -0.05 0.16 0.08 -0.14 0.09 023 -0.30 1

Italy -0.08 0.33 0.14 -0.11 -0.04 -0.14 0.09 0.03 -0.11 1

Luxembourg 0.00 0.04 0.36 -023 0.11 051 -0.16 -0.25 023 0.09 1

Netherlands  -0.11 029 0.02 -0.14 -0.01 0.01 037 0.03 -0.01 021 0.14 1

Norway 0.30 -0.06 0.05 023 -0.10 0.02 0.05 030 021 -0.05 0.10 0.13 1

Portugal -0.03 024 025 -0.08 0.08 -0.08 0.14 -0.10 0.13 0.12 -0.17 0.29 0.01 1

Spain -0.23 0.12 028 -0.09 0.00 -026 0.21 -0.05 0.12 027 0.15 027 0.04 0.17 1

Sweden -0.21 025 0.09 -026 0.12 006 0.12 -0.07 -029 021 0.19 023 -0.19 0.06 0.14 1
Switzerland 022 006 -0.13 038 0.02 0.17 023 028 001 -029 -0.12 0.12 030 031 -024 -0.03 1
UK -0.15 -0.12 026 -0.07 025 003 023 -023 0.04 0.04 0.13 -0.02 -0.15 0.13 021 0.13 -0.21

Correlations larger than 0.5 in absolute value are marked in Table 5.18. (All correlations larger than
0.25 are significant at the 5 per cent level. However, marking those values would not have led to an
interpretable regional pattern. The threshold level of 0.5 is selected more or less arbitrarily.) We note a
cluster of Central European countries (Austria, Switzerland, and Germany) and the Benelux countries,

a South European cluster (Portugal, Italy, and Greece), and a North-West European cluster (Denmark,
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Iceland, Norway, and the UK). The countries in these three clusters are positively correlated. There are
also two clusters (Finland/Sweden and France/Portugal) with negative correlations. Probably this is
explained by counter cyclical economic developments, which induce labour migration between the
two countries in each pair. When we inspect in Table 5.19 the residuals from the AR(1) model, the
time series model that we judged as giving the most realistic prediction intervals, there are still two
correlations that exceed 0.5, namely those between Germany and Luxembourg (0.51), and between
Finland and Austria. The latter one is difficult to interpret. Of the correlations that still exceed the
critical value of 0.26, we mention the neighbouring countries Germany/France (0.36), Spain/Italy
(0.27) and Belgium/Netherlands (0.29) with a moderate positive correlation, and the negative
correlations for Finland/Sweden (-0.26), Denmark/Iceland (-0.27), and Italy/Switzerland (-0.29),

which probably reflect labour migration.
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6. Conclusion

This report contains the main findings of Work Packages 2 and 3 of the EU-funded research project
“Changing Population of Europe: Uncertain Future”, abbreviated as UPE (Uncertain Population of
Europe). The major goal of the UPE-project is to develop and implement stochastic population fore-
casts for 18 European countries: Austria, Belgium, Denmark, Finland, France, Germany, Greece, Ice-
land, Ireland, Italy, Luxembourg, the Netherlands, Norway, Portugal, Spain, Sweden, Switzerland, and
the United Kingdom. In this report we focus on observed and expected forecast errors in total fertility,

the life expectancy at birth, and the level of net migration in each country.

We have analysed observed forecast errors in historical forecasts for the three indicators in 14
countries. The TFR forecasts in 14 countries made since the 1960s indicate that TFR-predictions have
been wrong by 0.3 children per woman for forecasts 15 years ahead, and 0.4 children per woman 25
years ahead. Our results confirm earlier findings that the TFR-predictions were too high on average,
mainly as a result of the sharp fall in fertility in the 1960s and 1970s. The absolute TFR-errors have a
distribution that is close to an exponential distribution. The commonly assumed normal distribution
fits the data somewhat less well. Absolute TFR-errors in the following countries were moderately
correlated: Denmark, Finland, Netherlands, Norway, Switzerland, and the UK, but the correlation

pattern is not stable across forecast duration.

Absolute errors in life expectancy forecasts for men and women increase by 0.2 years per year for
forecast horizons 10-25 years, and somewhat slower for shorter durations. The forecasts have been too
low on average: forecasters in the 14 countries have been too pessimistic in the past, and predicted too
slow increases in the life expectancy. The underprediction amounts to 1.0-1.3 and 3.2-3.4 years of life
expectancy at forecast horizons of 10 and 20 years ahead, respectively. The distributions of the abso-
lute errors are close to a normal one, in particular for men. Errors for men and women are strongly
correlated, with a correlation coefficient around 0.7. Correlations across countries are different for
men and women. For women, low-mortality countries move together, with a correlation coefficient

equal to 0.8-0.9. For men, there is no systematic correlation pattern across countries.

Migration forecasts for Austria, West Germany, Luxembourg, Portugal, and Switzerland were clearly
less accurate than the average for the 14 countries, for different reasons: large unforeseen immigration
flows after the fall of the Berlin Wall (Germany, Austria), small population size combined with large
migration flows that are inherently difficult to predict (Luxembourg), or simply inaccurate migration

statistics (Portugal). Migration has been consistently underpredicted in historical forecasts. The error
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distribution of the absolute error in migration is generally exponential, although for low probabilities
the errors are more extreme than an exponential distribution would predict. There is no systematic

pattern in cross-country correlations.

We have used ARCH and GARCH time series model to construct prediction intervals to 2050 for fer-
tility and mortality in all 18 countries. TFR-predictions in 2050 show 95% prediction intervals with a
width that ranges from a low 1.5 (Luxembourg) and 1.7 (Finland, Switzerland), to a high 2.9 (Austria,
Germany) and 3.4 children per woman (Sweden). Sweden seems to be an outlier in this regard, since
the interval width for none of the other countries exceeds 3 children per woman. Ten years-ahead 95
per cent intervals are 0.6 (Greece) to 1.2 (Sweden) children per woman wide. Models estimated on the
basis of long data series (1900-2000) tended to result in prediction intervals in 2050 that on average

were slightly narrower than those for short data series (1950-2000).

The time series models indicate that between 2000 and 2050, life expectancy at birth for men and
women is expected to rise by between 6 and 13 years. Across countries and sexes, the average annual
increase amounts to 0.2 years. This is in line with historical developments. Long-range (fifty years) 95
per cent prediction intervals are 4-14 years wide, with Swedish men and women from England and
Wales at the lower end of the spectrum, and Danish men and women a the upper end. Ten years ahead
95 per cent intervals are between 1 (men in France, women in England and Wales) and 4 (Denmark,

both men and women) years wide.

Net migration was modelled as an autoregressive process, which led to reasonable prediction intervals.
An alternative model, i.e. a linear trend model, showed relatively narrow intervals. The predictions
indicate that net migration to the total of the 18 countries involved may increase to between 600 000
and 2 million in the year 2050, depending on the particular time series model one adopts. Cumulated

immigration for the period 2000-2050 could amount to between 30 and 70 million persons.

101



References

Alho, J. (1998). 4 stochastic forecast of the population of Finland. Reviews 1998/4. Helsinki:
Statistics Finland.

Bollerslev, T. (1986). Generalized autoregressive conditional heteroskedasticity. Journal of
Econometrics 31: 307-327.

Box, G.E.P. and G.M. Jenkins (1970). Time series analysis: Forecasting and control. San Francisco:
Holden Day.

Bretz, M. (2001). “Zur Treffsicherheit von Bevdlkerungsvorausberechnungen” Wirtschaft und
Statistik 11/2001.

Brooks, C., S.P. Burke, and G. Persand (2003). Multivariate GARCH models: Software choice and
estimation results. Journal of Applied Econometrics 18: 725-734.

Brunborg, H. and S.-E. Mamelund (1994). Kohort- og periodefruktbarhet I Norge 1820-1993 (”Cohort
and Period Fertility for Norway 1820-1993). Report 94/27. Oslo: Statistics Norway.

Chesnais, J.-C. (1992). The Demographic Transition: Stages, Patterns, and Economic Implications.
Oxford: Clarendon Press.

Council of Europe (2002). Recent demographic developments in Europe 2002. Strasbourg: Council of
Europe Publishing.

Cruijsen, H. and N. Keilman (1992). The future of national population forecasting. Pp. 323-342 in N.
Keilman and H. Cruijsen (eds.). National Population Forecasting in Industrialized Countries.
Amsterdam and Berwyn, PA: Swets and Zeitlinger Publishers.

Dang, T., P. Antolin, and H. Oxley (2001). The fiscal implications of ageing. Projections of age-
related spending. OECD Economics Department Working Papers 305.

De Beer, J. and M. Alders (1999). Probabilistic population and household forecasts for the
Netherlands. Paper ECE-Eurostat Work Session on Demographic Projections, Perugia, Italy, 3-7 May
1999. Internet www.unece.org/stats/documents/1999.05.projections.htm

Engle, R. (1982). Autoregressive conditional heteroskedasticity with estimates of the variance of U.K.
inflation. Econometrica 50: 987-1008.

Engle, R.F. and K. Kroner (1995). Multivariate simultaneous generalised ARCH. Econometric Theory
11: 122-150.

Human Mortality Database of the University of California, Berkeley (USA), and Max Planck Institute
for Demographic Research (Germany). Available at www.mortality.org or www.humanmortality.de
(data downloaded on 16 June 2003).

Jennissen, R. (2003). Economic Determinants of Net International Migration in Western Europe.
European Journal of Population 19: 171-198.

Keilman, N. (1990). Uncertainty in national population forecasting: Issues, measurement,
backgrounds, recommendations. Amsterdam: Swets & Zeitlinger.

102



Keilman, N. (1997). Ex-post errors in official population forecasts in industrialized countries. Journal
of Official Statistics 13: 245-277.

Keilman, N. (1998). How accurate are the United Nations’ world population projections? Population
and Development Review, supplement to Volume 24, 1998, 15-41.

Keilman, N. and H. Cruijsen (1992). National Population Forecasting in Industrialized Countries.
Amsterdam and Berwyn, PA: Swets and Zeitlinger Publishers

Keilman, N., D. Q. Pham, and A. Hetland (2001). Norway’s uncertain demographic
future. Social and Economic Studies 105. Oslo: Statistics Norway. Internet
www.ssb.no/english/subjects/ 02/03/s0s105_en (30 April 2002).

Kroner. K.F. and V.K. Ng (1998). Modelling asymmetric co-movement of asset returns. Review of
Financial Studies 11: 817-844.

Lee, R. and S. Tuljapurkar (1994). Stochastic population forecasts for the United States: Beyond High,
Medium, and Low. Journal of the American Statistical Association 89: 1175-1189.

Mamelund, S.-E. and J.-K. Borgan (1996). Kohort- og periodedadelighet I Norge 1846-1994 (“Cohort
and Period Mortality in Norway 1846-1994”"). Report no. 96/9. Oslo: Statistics Norway.

Meslé; F. and J. Vallin (1989). “Reconstitution de tables annuelles de mortalite pour la France au
XIXe siecle.” Population 44: 121-158.

National Research Council — NRC (2000). Beyond Six Billion: Forecasting the World’s Population.
Panel on Population Projections, Committee on Population, Commission on Behavioral and Social
Sciences and Education; John Bongaarts and Rodolfo A. Bulatao eds. Washington, National Academy
Press.

Oeppen, J. and J. Vaupel (2002). “Broken limits to life expectancy”. Science 296(10), 1029-1030.

Shlyakhter, A., and D. Kammen (1993). ”Uncertainties in modeling low probability/high consequence
effects: Application to population projections and models of sea-level rise”. Pp. 246-253 in
Proceeding of the Second International Symposium on Uncertainty Modeling and Analysis, April
1993, University of Maryland. Los Alamitos (Ca.): IEEE Computer Society Press.

Shlyakhter, A., D. Kammen, C. Broido, and R. Wilson (1994). ”Quantifying the credibility of energy
projections from trends in past data” Energy Policy 22: 119-130.

Statistics Iceland (1997). Sogulegar hagtolur um fsland (“Icelandic historical statistics™). Reykjavik:
Statistics Iceland.

Swiss Federal Statistical Office (1998)Two centuries of Swiss demographic history: Graphic album of
the 1860-2050 period. Neuchatel: Swiss Federal Statistical Office.

Tabeau, E., F. van Poppel and F. Willekens (1994). Mortality in the Netherlands: The data base. NiDi
report no. 36. The Hague: Netherlands Interdisciplinary Demographic Institute.

103



Texmon, 1. (1992). Norske befokningsframskrivinger 1969-1990 ("Norwegian population projections
1969-1990). In Mennesker og modeller: Livslap og krysslap, eds. O. Ljones, B. Moen and L. @stby.
Sosiale og Pkonomiske Studier no. 78. Oslo: Statistics Norway

Trausch, G. (1997). La mortalité au Luxembourg 1901-1995. Cahiers économiques no. 88.
Luxembourg: Statec.

Turpeinen, O. (1979). Fertility and mortality in Finland since 1750. Population Studies 33: 101-114.

Veys, D. (1981). “De sterftetafels, transversaal en longitudinaal, in Belgie” (Period and cohort life
tables for Belgium). Bevolking en Gezin. 1981/2: 205-27.

White, K. (2002). “Longevitiy advances in high-income countries 1955-96”. Population and
Development Review 28: 59-76.

104



Appendix 1

Data sources for forecast variables

We gratefully acknowledge the kind help of many persons when we tried to obtain the appropriate
publications and unpublished material: Alexander Hanika (Vienna), Leila Bellamammer (Brussels),
Anna Quist (Copenhagen), Ossi Honkanen and Timo Nikander (Helsinki), Frangois Clanché (Paris),
Bettina Sommer and Dieter Emmerling (Wiesbaden), Helen Cabhill and Francis McCann (Dublin),
Federico Geremei (Rome), Jean Langers (Luxembourg), Rob Broekman, Hans Sanders, and Taeke
Gjaltema (Voorburg, NL), Maria José Carrilho (Lisbon), Margarita Cantalapiedra (Madrid), Jan Qvist
and Ake Nilsson (Stockholm and Orebro), Anne-Christine Wanders and Stéphane Cotter (Neuchatel),
Tony Whiffen and Chris Shaw (London).

Austria

All population forecasts have been published in « Statistische Nachrichten », viz. 1964/8, 1964/10,
1972/4, 1979/6, 1980/4, 1980/10, 1981/10, 1982/10, 1983/10, 1984/11-12, 1985/12, 1986/12, 1988/1,
1988/2, 1988/10, 1989/12, 1990/9, 1991/9, 1992/9, 1993/9, 1996/5, 1996/9, 1997/9, 1998/9, 2000/12,
2001/9.

Belgium

F1977 Perspectives de population 1976-2000. Le Royaume. Bruxelles: Institut national de Statistique
1979.

F1981 Perspectives de population 1981-2025. Tome 1 : Méthodologie et résultats généraux. Bruxelles:
Institut national de Statistique 1985

F1988 Perspectives de population 1988-2040. Bruxelles: Institut national de Statistique 1989.

F1992 Perspectives de population 1992-2050. Bruxelles: Institut national de Statistique 1993

F1995 Perspectives de population 1995-2050. Bruxelles: Institut national de Statistique (not dated)
F2000 Mathematische demografie : Bevolkingsvooruitzichten 2000-2050 per arrondissement. Brussel:

Nationaal Instituut voor de Statistiek 2001

Denmark

Various issues of “Befolkning og valg” published by Danmarks Statistik, viz.1983:15, 1984:20,
1985:12, 1986:16, 1988:13, 1989:12, 1990:17, 1992:2, 1992:16, 1993:13, 1994:12, 1995:15, 1996:14,
1997:12, 1998:15, 1999:11, 2000:11, 2001:11. For earlier forecasts we consulted “Statistiske
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Efterretninger” issues 1978 A39, 1980 A7, 1981 A40, and 1982 A33, and “Statistiske Undersogelser”
nr. 33 published in 1975.

Finland

Information is contained in the following reports published by Statistics Finland:

“Statistisk rapport” issues VA 1972:7, VA 1973:6, VA 1975:12, VA 1978:17, VA 1982:5, VA 1982:5,
and VA 1985:10; “Statistiska meddelanden™ 49:1972; “Statistical surveys” issues 52:1974, 64:1979,
70:1983; “Muistio” 91:1984; “SVT/OSF Population” issues 1989:3, 1992:6, 1993:10, 1995:9, and
1998:6.
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F1945 INSEE Prévisions conditionelles pour la population Francaise jusqu’en 2005. Etudes
démographiques no. 6. Paris: Imprimerie Nationale 1946.

F1968 G. Calot, J.-L. Bodin, R. Salais, S. Hémery 1970 “Projections démographiques pour la France”
Les collections de ’INSEE D6 Mars 1970.

F1970 S. Hémery, R. Salais, Q.-C. Dinh, M. Passagez 1973 “Projections démographiques pour la
France avec migrations extérieures” Les collections de I'INSEE D21 Avril 1973.
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1975-2020” Les collections de I'INSEE D63 Mai 1979.
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1985-2040” Les collections de I'INSEE D113 Novembre 1986.
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RP90. Horizons 1990-2050” INSEE Résultats no. 412/Démographie-Société no. 44, Aot 1995.
F2000 Chantal Brutel « La population de la France métropolitaine en 2050 : un vieillissement

inéluctable. Economie et Statistique no. 355-356, p. 57-71 2002

Germany 1952-1989: FRG; 1990-1998 Germany

F1952 “Vorausberechnung der Bevolkerung in der Bundesrepublik Deutschland bis zum Jahre 1972
Wirtschaft und Statistik 12/1953.

F1963 “Vorausschitzung der Bevolkerung des Bundesgebietes bis zum Jahr 2000” Wirtschaft und
Statistik 12/1963.

F1965 “Vorausschiatzung der Bevolkerung fiir die Jahre 1966 bis 2000” Wirtschaft und Statistik
11/1966.

106
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Wanderungen)” Wirtschaft und Statistik 6/1973.
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F1975 “Voraussichtliche Bevolkerungsentwicklung bis 1990: Zwiter Teil — Deutsche Bevolkerung
unter Beriicksichtigung von Wanderungen” Wirtschaft und Statistik 6/1976.

F1978 see Bretz (2001)

F1985 see Bretz (2001)

F1989 see Bretz (2001)

F1990 “Entwicklung der Bevolkerung bis 2030: Ergebnis der siebten koordinierten
Bevdlkerungsvorausberechnung” Wirtschaft und Statistik 4/1992.

F1993 “Entwicklung der Bevdlkerung bis 2040: Ergebnis der achten koordinierten
Bevdlkerungsvorausberechnung” Wirtschaft und Statistik 7/1994.

F1998 see Bretz (2001)

Bretz, M. (2001). “Zur Treffsicherheit von Bevolkerungsvorausberechnungen” Wirtschaft und
Statistik 11/2001.

Greece
F1960 National Statistical Service of Greece “Demographic trends and population projections of

Greece 1960-1985 Athens: 1966

Ireland

F1981 Central Statistics Office “Population and Labour Force Projections 1986-1991”. Dublin:
Stationary Office 1985

F1991 Central Statistics Office “Population and Labour Force Projections 1996-2026”. Dublin:
Stationary Office 1995

F1996 Central Statistics Office “Population and Labour Force Projections 2001-2031”. Dublin:
Stationary Office 1999
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Italy

F1969 ISTAT Tendenze evolutive della popolazione delle regioni italiane fino al 1981 Roma : Istituto
Centrale di Statistica. (Note e relazioni edizione Ottobre 1989 no. 41).

F1988 IRP Golini, A., A. De Simoni, F. Heins (1989). Tre scenari per il possibile sviluppo della
popolazione delle regioni italiane al 2037 (base 1988). Roma : Istituto di Ricerche sulla Popolazione
1989.

F1986 ISTAT Previsioni della popolazione residente dal 1986 al 2001 : Dati per sesso, eta e regione.
Roma: Istituto Centrale di Statistica 1982 (Annali di Statistica Anno 111, Serie IX Vol.2).

F1988 ISTAT Previsioni della popolazione residente per sesso, eta e regione. Tomo 1. Roma : Istituto
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F1994 IRP Golini, A., A. De Simoni, F. Citoni (1995). Tre scenari per il possibile sviluppo della
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1995.

F1996 ISTAT Previsioni della popolazione residente per sesso, eta e regione. Base 1.1.1996 Roma :

Istituto Nazionale di Statistica. (Informazioni 1997 n. 34).

Luxembourg

F1948 « La population du Grand-Duché de Luxembourg » Office de la Statistique Générale, 1951
F1969 Unpublished note STATEC January 1970

F1974 Unpublished note STATEC November 1976; « Projection démographique 1974-2000 »
Unpublished note STATEC November 1974

F1977 G. Calot (1978). “La démographie de Luxembourg: Passé, présent et avenir » STATEC
F1980 »Projections de la population de Luxembourg jusqu’en I’an 2000 » PP. 199-202 in
Démographie et logement, STATEC.

F1982 See Bulletin du STATEC 1995 no. 8 Table 1.

F1988 See Bulletin du STATEC 1995 no. 8 Table 1.

F1990 See Bulletin du STATEC 1995 no. 8 Table 1.

F1995 « Projections de population 1995-2050 » Bulletin du STATEC 1995 no.8
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Netherlands

We have updated the data originally assembled by Keilman (1990), who collected data for the
forecasts of 1950-1980 during the years 1950-1986. Updates were made based on Statistics
Netherlands (1985, 1986, 1989a, 1989b, 1990).

Keilman, N.W. (1990). Uncertainty in national population forecasting: Issues, measurement,
backgrounds, recommendations. Amsterdam: Swets & Zeitlinger.

Statistics Netherlands (1985). “Bevolkingsprognose voor Nederland 1984-2035”. ’s-Gravenhage:
Staatsuitgeverij/CBS-publikaties.

Statistics Netherlands (1986). “Bevolkingsprognose voor Nederland 1985-2035. Supplement bij
Bevolkingsprognose voor Nederland 1984-2035”. *s-Gravenhage: Staatsuitgeverij/CBS-publikaties.
Statistics Netherlands (1989a). “Bevolkingsprognose voor Nederland 1987-2035. Supplement bij
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SDU-uitgeverij/CBS-publikaties.

Statistics Netherlands (1990). “Bevolkingsprognose voor Nederland 1989-2050. Supplement bij
Bevolkingsprognose voor Nederland 1988-2050”. ’s-Gravenhage: SDU-uitgeverij/CBS-publikaties.

Norway

We have updated the data originally assembled by Texmon (1992), who collected data for the
forecasts of 1969-1987 during the years 1969-1989. Updates were made based on Statistics Norway
(1994, 1997, 2002).

Texmon, 1. (1992). Norske befokningsframskrivinger 1969-1990 ("Norwegian population projections
1969-1990). In Mennesker og modeller: Livslep og krysslep, eds. O. Ljones, B. Moen and L. Ostby.
Sosiale og Pkonomiske Studier no. 78. Oslo: Statistics Norway

Statistics Norway (1994). Framskriving av folkemengden 1993-2050: Nasjonale og regionale tall
("Population projections 1993-2050: National and regional figures"). NOS C 176. Oslo: Statistics
Norway.

Statistics Norway (1997). Framskriving av folkemengden 1996-2050: Nasjonale og regionale tall
("Population projections 1996-2050: National and regional figures"). NOS C 414. Oslo: Statistics
Norway.

Statistics Norway (2002). Framskriving av folkemengden 1999-2050: Nasjonale og regionale tall
("Population projections 1999-2050: National and regional figures"). NOS C 693. Oslo: Statistics
Norway.
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F1996 « Cenarios da evolucao da populacao residente em Portugal, 1995-2020 », Unpublished note

Instituto Nacional de Estatistica.

Sweden

Information from forecasts prepared by Statistics Sweden starting in 1972 can be found in the
following reports: ”Information i prognosfragor” issues 1972:5, 1973:6, 1974:7, 1975:6, 1976:3,
1978:5, 1983:2. Later forecasts have been published in “Demografiska rapporter” 1986, 1989:1,
1991:1, 1994:3, and 2000:1. Forecasts with base years 1997, 1998, 1999 have been published at
Statistics Sweden’s home page (http://www.scb.se/), and in Statistical Yearbooks of Sweden issues

1998, 1999, 2000.
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12, 1959.
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3, 1965.
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Economique 1967.
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F1991 « Les scénarios de I’évolution démographique de la Suisse 1991-2040 » Berne : OFS 1992.
F1995 « Les scénarios de I’évolution démographique de la Suisse 1995-2050 » Berne : OFS 1996.
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F1998 OPCS “National population projections 1998-based” Series PP2 no. 22 London:HMSO 2000
F1996 OPCS “National population projections 1996-based” Series PP2 no. 21 London:HMSO 1999
F1994 OPCS “National population projections 1994-based” Series PP2 no. 20 London:HMSO 1996
F1992 OPCS “National population projections 1992-based” Series PP2 no. 19 London:HMSO 1995
F1991 OPCS “National population projections 1991-based” Series PP2 no. 18 London:HMSO 1993
F1989 OPCS “National population projections 1989-based” Series PP2 no. 17 London:HMSO 1991
F1987 OPCS “Population projections 1987-2027” Series PP2 no. 16 London : HMSO 1989.

F1985 OPCS “Population projections 1985-2025” Series PP2 no. 15 London : HMSO 1987.

F1983 OPCS “Population projections 1983-2023” Series PP2 no. 13 London : HMSO 1985.
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F1981 OPCS “Population projections 1981-2021” Series PP2 no. 12 London : HMSO 1984.

F1979 OPCS “Population projections 1979-2019 microfiche” Series PP2 no. 11 London : HMSO
1981.

F1978 OPCS “Population projections 1978-2018” Series PP2 no. 10 London : HMSO 1980.

F1977 OPCS “Population projections 1977-2017” Series PP2 no. 9 London : HMSO 1979.

F1976 OPCS “Population projections 1976-2016” Series PP2 no. 8 London : HMSO 1978.

F1975 OPCS “Population projections 1975-2015” Series PP2 no. 7 London : HMSO 1977.

F1974 “Variant population projections 1974-2011” Series PP2 no. 6 London: HMSO 1975.

F1974 OPCS “Population projections 1974-2014" Series PP2 no. 5 London : HMSO 1976.

F1973 OPCS “Population projections no. 4 1973-2013” London : HMSO 1974.

F1972 OPCS “Population projections no. 3 1972-2012” London : HMSO 1973.

F1971 OPCS “Population projections no. 2 1971-2011” London : HMSO 1972.

F1970 OPCS “Population projections 1970-2010” London : HMSO 1971.
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Appendix 2

Estimation of TFR values for Denmark and England and Wales
for the years 1900-1911

For Denmark and for England and Wales, Chesnais (1992) tabulates annual TFR-values starting in
1911, and isolated data points for 1903 and 1908. On the other hand, his Table A1.5 lists pre-1911
values for the Crude Birth Rate (CBR) in the two countries. We have estimated TFR-values for the
years 1900-1910 based on a linear regression between TFR and CBR. A plot of TFR and CBR showed
a near linear relationship for the years 1911-1940. We have used this relationship and “backcasted” the
TFR for the years 1900-1910. This way, we obtained the values and 95 per cent prediction intervals as
given in Table A2.1. The TFR for the period 1911-2000 for the two countries (see Figure 5.2) and the
corresponding first difference do not reveal any apparent anomalies in the predictions for the years

1900-1910.

Table A2.1. Backcasts and 95 % prediction interval bounds for the TFR of Denmark and Eng-
land and Wales, 1900-1910

1900 1901 1902 1903 1904 1905 1906 1907 1908 1909 1910

Denmark

Prediction  4.07 4.07 3.99 391 394 386 3.88 3.83 3.8 383 371
L95 401 4.01 393 385 388 380 381 377 383 377 3.65
U9s 412 412 404 396 399 391 393 388 394 388 377
E&W

Prediction 349 347 347 347 342 334 333 326 328 319 3.12
L95 327 325 325 325 320 3.14 3.14 3.07 3.09 301 295
u9s 371 3.68 3.68 3.68 3.62 3.54 353 344 346 336 327

For Denmark, Chesnais (1992, 545) reports a TFR in 1908 equal to 3.84, and in 1903 equal to 4.04.
Our estimate for 1908 is close to Chesnais’ value, while the 1903-estimate is somewhat lower.
Chesnais’ figures for England and Wales are 3.14 (1908) and 3.40 (1903). Our 1908-estimate is a bit

higher, while the 1903-estimate is close.

112



A2.2 Estimation of life expectancy values for Iceland, Ireland, and Spain
We used simple univariate linear regression models to estimate missing life expectancy values for the
three countries based on observed life expectancies in Norway, England and Wales, and Portugal,

respectively. Table A2.2 gives prediction results.

Table A2.2. Predictions and 95 % prediction interval bounds for the life expectancy of men and
women in Iceland, Ireland, and Spain

Ireland
1974 1975 1976 1977 1978 1979 1981 1982 1983 1984

Men Prediction 69.1 693 693 69.7 69.6 69.7 704 70.5 707 71.0
L95 69.0 692 692 69.6 69.5 69.6 703 704 706 71.0
u9s 69.2 694 694 698 69.7 69.8 70.5 70.6 708 71.1

Women Prediction 74.0 743 743 748 747 74.9 75.6 758 76.0 76.5

L95 739 743 741 747 74.6 74.7 755 75.6 759 764
Uuo9s 742 744 744 750 749 75.0 758 759 762 76.6
Iceland

1961 1962 1963 1964 1965 1967 1968 1969
Men Prediction 72.2 719 71.7 723 72.1 72.4 723 T71.7

L95 717 714 711 71.8 715 71.9 71.8 71.1
u9s 727 725 723 728 726 72.9 72.8 723
Women Prediction 76.0 754 76.0 76.5 77.1 769 76.7
L95 755 748 755 76.1 76.7 76.5 763
U9s 76.5 760 76.6 77.0 77.5 773  77.2
Spain
Men Women
1961 1962 1963 1964 1961 1962 1963 1964
Prediction 67.1 67.9 684 68.4 71.2 72.6 73.0 782
L95 66.8 67.7 68.1 68.2 70.9 723 728 729
U9s 673 68.1 685 68.5 71.5 72.8 732 734
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