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Abstract

In this paper, we discuss the role of a diverse set of policies aimed at regulating the number
and age structure of elections on the size and age structure of five European Academies of
Sciences, namely the Austrian, Berlin-Brandenburg, Russian and Norwegian academies and
the Royal Society. We show the recent pace of ageing and the degree of variation in policies
across them and discuss the implications of different policies across these academies,
regulating the number of elections and influencing their age structure. We illustrate the
potential effect of different election regimes (fixed vs. linked) and age structures of election
(younger vs. older) by contrasting the steady-state and transient dynamics of different
projections of Full Members in each academy into 2070 and measuring the size and age-
compositional effect of changing a given policy relative to a status quo policy scenario. Our
findings suggest that academies with linked intake (i.e., where the size of the academy below
a certain age is fixed and the number of elections is set to the number of members becoming
that age) may be a more efficient approach to curb growth without suffering any ageing trade-
offs relative to the faster growth of academies electing a fixed number of members per year.
We further note that academies need to take into consideration their current age structure
before enacting this type of intake regime as the potential of (negative) momentum could be
sizable.
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The Impact of Policies Influencing the Demography of Age-
structured Populations: Lessons from Academies of Sciences

Fernando Riosmena, Maria Winkler-Dworak, Alexia Prskawetz, Gustav Feichtinger

1. Introduction

Population ageing is transforming the demographic makeup of many nations (e.g.
Bongaarts 2009; Uhlenberg 2009). While longstanding patterns of low fertility have been
major contributors for the observed trends, significant reductions in adult mortality—
including the oldest-old ages—have had and will continue to have a nontrivial impact on
the age structure (Kim and Schoen 1997; Preston et al. 1989; Rowland 1996)." Under
prevailing systems of social security, labour market policies and institutional frameworks
in most industrialised countries these demographic developments may pose economic
challenges and could endanger the sustainability of economic growth (see works in
Prskawetz et al. 2008).

The pace of ageing is especially rapid for structured organisations like armies,
universities and academies of sciences—the case under study herein. These institutions
have aged considerably in the last few years (Cohen 2009; Van de Kaa and de Roo 2006).
Figure 1 illustrates the rapid ageing of these organisations by showing trends in the mean
age of the population in five European academies of sciences. These academies currently
have mean ages above 68,% a result of a rapid, secular trend due to both ageing from the top
and bottom. Academician longevity, already remarkable throughout history (Andreev and
Jdanov 2007; Cohen 2009; Houdaille 1980; Jdanov and Andreev 2009; Leridon 2005;
Matthiesen 1998; van de Kaa and de Roo 2008; Winkler-Dworak 2008; Winkler-Dworak
2011), has continued to increase over the past few decades (Andreev and Jdanov 2007,
Jdanov and Andreev 2009; Van de Kaa and de Roo 2008; Winkler-Dworak 2008). Further,
this has been compounded by an upward trend in the mean age at election in many
academies, as shown in Figure 2.

' Even if milder, the consequences of ageing ‘from the top’ tend to be more immediate than those of
ageing brought about by decreasing fertility.

* Note that the mean age of the Berlin-Brandenburg Academy of Sciences is somewhat lower. This
can be explained by the fact that the academy was recently re-founded and the age distribution of new
members is generally younger than for the other academies.
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Figure 2
Mean age of full members by academy and year
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Figure 1
Mean age at election of full members by academy and period
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As compared to nation states, the age structure of these organisations is especially
sensitive to changes in survival and intake. While this poses a challenge, academies are
also better equipped to regulate their pace of ageing through several policies affecting the
number and, with more difficulty, the age structure of newly-elected members.’ In
practice, the byelaws of most academies regulate growth either by setting the number of
elections per year to a fixed number or allowing them to fluctuate while linking them to a
given target, such as the total number of members below a certain age. The Austrian,
Berlin-Brandenburg and Norwegian academies are a case of the latter, having set a
maximum number of members below 70, 68 and 67, respectively. Assuming mortality
below this age is negligible, this policy implies that the number of elections will be equal
to the number of members reaching that age.* However, the younger the newly elected
members are, the longer it takes until these members reach the age limit. Thus, the age
structure of elected members will be a crucial component determining the future age
structure and the future number of elections in an academy under these conditions (Dawid
et al. 2009; Feichtinger et al. 2007).

In addition, other considerations could affect the age structure of elections and, in
turn, that of an academy. Although not formally stated in their byelaws, some academies
elect most of their ‘full”’ members (i.e. those with voting rights and, in some cases, full
access to other benefits) from a pool of another membership category, generally a
‘corresponding’ membership, thus de facto serving as full-membership ‘candidacy’. The
age structure of election may be affected by the existence of a corresponding status, as it
may add a waiting time before election to full member, as we show below.

Given the sensitivity of academies to these policies, previous studies have
determined the optimal recruitment strategies to keep an academy ‘young’ (Dawid et al.
2009; Feichtinger et al. 2007; Feichtinger et al. 2011) or have attempted to look at future
academy scenarios (under status-quo policies) to gauge their ageing potential (Feichtinger
et al. 2007; Leridon 2004; Matthiesen 1998; van de Kaa and de Roo 2008). However, each
of these studies has focused on only one academy (e.g. the Austrian, French, Royal Danish
or Royal Dutch) and, moreover, on the consequences of one specific policy mix. In this
paper, we assess the role of a more diverse set of policies aimed at regulating the size and
age structure of intake in influencing the potential evolution of full membership of a
broader set of academies of sciences: the Austrian, Berlin-Brandenburg, Russian and
Norwegian Academies and the Royal Society of London. We first summarise the history
and policies of each of the academies in our study, showing the degree of variation in
policies across them. Second, we discuss the implications of different policies across these
academies, regulating the number and influencing the age structure of elections, on the
ultimate size and age structure of academies. Finally, we illustrate the effect of different

3 This flexibility is higher relative to that of a nation state attempting to rejuvenate its population (e.g.
decrease its mean age or dependency ratios) as academies can control inflows (and, arguably, their age
structure) more efficiently. Moreover, the potential of age-structured inflow (i.e. net immigration) as a
solution to population ageing in nation states is quite limited (Coleman 2002; Espenshade 2001;
Schmertmann 1992; United Nations 2001).

* Academies refer to this age as that of ‘retirement’. However, members past this age generally retain
full rights and privileges in the academy (many undoubtedly keeping very active research agendas, whether
still employed by their academic employers or not given retirement rules in places like Norway), thereby
rendering the term ‘retirement age’ somewhat meaningless in the context of effective academy membership.
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policies on ageing by contrasting the steady-state and transient dynamics of different
projections of full members (hereafter FM) in each academy into 2070 and measuring the
size and age-compositional effect of enacting a given policy vis-a-vis a standard policy
scenario. Our comparative study ultimately aims to provide a more general assessment of
the effect of various age-graded recruiting policies on the size and age structure of other
organisations. We finally discuss some of the implications of our study for the literature on
how to regulate the pace of ageing on the nation-state scale through age-structured
immigration.

2. The Academies and their policies
2.1. Brief portraits of the Academies

We base our comparisons between different election policies on data from
historical membership records (up to 2005) of five European learned societies: the Austrian
Academy of Sciences, the Berlin-Brandenburg Academy of Sciences, the Royal Society in
London, the Russian Academy of Sciences and the Norwegian Academy of Sciences and
Letters. We use first-hand data provided by the respective academy and membership
registers published either online (The Royal Society 2005; Russian Academy of Sciences
2008; Berlin-Brandenburgische Akademie der Wissenschaften 2009) or in hardcopy
(Russian Academy of Sciences 1999; Amundsen 1957; Helsvig 2007; Hittmair and Hunger
1997; Osterreichische Akademie der Wissenschaften 1996-2005) as well as from Andreev
and Jdanov (2007). The size and age structure of full membership varies considerably
across academies (see Table 1, Figure 1) and can be explained by variation in intake rates,
the age structure of new members (Figure 2), and—to a lesser extent—by the mortality
conditions to which members are exposed to (Jdanov and Andreev 2009; Winkler-Dworak
2011).

The Austrian Academy of Sciences (OEAW), founded in 1847, limits the number
of members below a statutory ‘retirement’ (henceforth SR) age of 70 years (since 1972, 75
years in 1950-1971) to 45 in each of its two sections: Mathematics and the Natural
Sciences, and Humanities and the Social Sciences (Feichtinger et al. 2007). Despite the
total number of FMs below that age thus being limited to 90, the actual size of the academy
as of mid-May 2005 (just after elections took place) was 164, as 45 per cent of FMs were
over age 70. New members need to have Austrian residence and stellar academic records,
and they generally come from the ranks of Corresponding Members (henceforth, CMs).
Only the Austrian and Russian academies have such a ‘candidate’ status, which might
partly explain their older ages at election as will be explained below.



Table 1

Summary of history, policies, and membership and age structure (as of January 2005) of

academies

Austrian Berlin- Russian Royal Norwegian

Brandenburg Society

Year of foundation 1847 1700, 1993 1724 1660 1857
Data availability 1847 -2005 | 1700 -2005 | 1724 -1999 | 1660 - 2006 | 1950 - 2005
Status previous to full Yes Until 1993 Yes No No
member?
Current maximum N/A N/A N/A 44 N/A
intake
Statutory retirement 70 68 N/A N/A 67
(SR) age
Current maximum size 90 200 N/A N/A 219
Current full 164 173 496 1,257 459
membership
Per cent FMs above 45.1 2.3 N/A N/A 523
'retirement' age

The Berlin-Brandenburg Academy of Sciences (BBAW) was founded, strictly
speaking, only in 1993, though some of its members had previously belonged to the roster
of the old Prussian Academy, which became the German Academy of Sciences in Berlin in
1946 and was renamed Academy of Sciences of the German Democratic Republic in 1972
(Berlin-Brandenburgische Akademie der Wissenschaften 2009). In the wake of German
reunification, the academy was closed in 1992 and re-constituted in 1993 with the new
name. Upon ‘re-foundation’, the Academy dropped the Corresponding Member status,
enacted a retirement age of 68 and established a limit of 200 members below the statutory
retirement age. However, as of early 2005, membership under the SR age was still well
below the limit, namely at 169. The whole full membership of the BBAW sums up to 173
(Table 1), making those above the SR age only 2.3 per cent of total membership.

The Russian Academy of Sciences (RAS) lacks a statutory retirement age and does
not have any clear limits for the number of elections, which take place every three years
(unlike the other academies where elections occur annually). As of mid-2005, there were
496 FMs, by and large elected from a pool of corresponding members. Despite having one
of the highest growth rates and lowest life expectancies among academies (Jdanov and
Andreev 2009; Winkler-Dworak 2011), the Russian academy has the oldest observed age
structure: 68 per cent of their members are above age 70. This is due to the fact that newly
elected members tend to be much older than those in other academies: the mean age at
election in the 15 years prior to 2005 was around 61, roughly 4 years older than in any of
the other four academies (Figure 2).

Like in the Russian case, the Royal Society lacks a statutory retirement age or any
membership size limits per se (in addition, it lacks a corresponding member category).



Although the RS does limit the number of elected fellows (to 44 per annum in 2004),” this
intake is large enough (relative to the total membership) to result in high growth in the
latter half of the 20th century (Figure 3), making the RS the largest academy of the five
societies hereby studied, with membership standing at 1,257 in mid-2005 (Table 1). Such
high growth has indeed resulted in a younger age structure as compared to that of the
Austrian and Russian academies, but not compared to the still young group of
academicians from Berlin-Brandenburg (Figure 1).

Figure 3
Full membership size by academy and year
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The Norwegian Academy of Sciences and Letters, with a similar mean age as the
Royal Society (Figure 1) does not have a corresponding member status either but does
have a statutory retirement age of 67 (in line with Norwegian law for any member of the
labour force). As in the Austrian and Berlin-Brandenburg cases, membership size below
the SR age 1s limited (in this case to 219 members). However, the total size of the academy
is 459, implying that 52 per cent of its members are older than the SR age, a percentage
similar to the one observed in the Austrian academy.

> These limits increased from 15 in the early 1900s to 25 around mid-century, reaching 40 around
1980.



2.2. Intake policies and their implications in the ageing of learned societies

In the previous section we showed there is considerable variation regarding the
size, number of elections and age structure of the five academies. Although ‘exogenous’
conditions—such as mortality and the relative size of the pool of potential academicians
(in turn affected by various supply and demand factors beyond the scope of this paper)—
are at play, a narrow set of intake (i.e., election) policies under the potential (or actual)
control of the academies also affect the size and age structure of these organisations. We
focus on two such policies. One—whether an academy has fixed or linked intake—affects
the growth and size of the academy. The other—whether academies have a corresponding,
or candidate, membership status—may influence the age structure of elections (i.e. shift it
to the right with a corresponding status), which in turn affects the age structure of full
members. We describe both policies in more detail next and study their long-run
implications, i.e. their role for the stable age distribution.

Policies affecting intake size: limiting and linking the number of elections

Although rapid population ageing can be ‘alleviated’ by rapid growth, this is not a
feasible policy for learned societies as they are generally highly selective institutions.
Academies limit the number of full members to be voted in a given election period in two
main ways. First, they may select a fixed number of new members per election period, as
in the case of the Royal Society. In the long run, any population (academy) with a fixed
(age-specific) inflow (elections) and constant mortality schedule will eventually become
stationary (Espenshade et al. 1982; Arthur and Espenshade 1988; Schmertmann 1992). The
steady state of the population, however, could be much larger/smaller than the initial one
depending on the age structure of intake (Arthur and Espenshade 1988) because of
momentum (Keyfitz 1971; Kim and Schoen 1997; Preston et al. 1989; Rowland 1996).
Before reaching a steady state, the population will experience a transitory growth (decline)
phase if the crude rate of intake (in this case, the ratio of elections to number of members)
is higher (lower) than the crude death rate. Note that this occurs partly because the crude
death rate is in turn affected by the initial age structure of the academy during the pre-
transitional period.

Alternatively, intake per election period (typically, annually) could be linked to a
given amount.® As mentioned above, the Austrian, Berlin-Brandenburg and Norwegian
academies have set the number of elections to match the number of people reaching a
‘statutory retirement’ age, which is currently at 70, 68 and 67 years, respectively. This has
fixed the number of full members below the SR age limit to 90 in Austria, 200 in Berlin-
Brandenburg, and 219 in Norway (though, as members past this age generally retain all
their rights and privileges as full members, this policy has not limited the de facto size of
the academy).

As in the case of fixed intake, linked age-specific intake and a fixed mortality
schedule does eventually lead to a stationary population (both below and above the

% For a similar assumption applied to general populations, see Alho (2008) and Liao (2001).
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retirement age) as the number of open vacancies eventually stabilises to a fixed number.
As such, the age structure of elections is a crucial determinant of future vacancies (i.e.
elections) and membership size (e.g. the younger the newly elected members are, the
longer it takes until the members reach the SR age limit in order to open new vacancies). In
other words, there is a clear trade-off between the age structure of members and the
number of elections (Dawid et al. 2009; Feichtinger et al. 2007; Feichtinger et al. 2011).

For both fixed and linked intake, the initial age structure of the population may be
an important consideration when deciding which type of intake policy to enact as it could
drive the pre-transitional dynamics of the academy (i.e. momentum could be non-trivial).
Before discussing if academies might be better off with either policy based on the results
from our macro-simulations, we discuss policies that may affect the age structure of intake
as well.

Corresponding membership and other policies affecting the age distribution of elections

In addition to any policy directly aimed at regulating the age distribution of
elections some policies may indirectly affect the age structure of learned societies.
Academies such as the Austrian, the Russian and—until 1993—the Berlin-Brandenburg
one have had a ‘corresponding membership’ status with more limited rights and privileges
(most notably, these members have no voting rights). Historically, corresponding
membership has served different purposes, such as recognising the work and maintaining
links with scientists living abroad (or outside of the area of influence of the academy), who
were thus not eligible for full membership due to residence requirements in academy
byelaws. In many academies, corresponding membership has also served as candidate pool
for the election of full members, although the byelaws of academies with a corresponding
membership status do not explicitly state that full members should be elected from the pool
of corresponding members or any other membership category.

The existence of a candidate status can affect the age distribution of elections in
two ways. First, even if all CMs were elected into full membership, the size and age
distribution of corresponding members would set constraints to the pool of people that can
become full members. Although this restriction is relaxed by the fact that not all CMs get
elected as FMs, the transition from CM to FM seems to be a function of age and also—to
some extent—age at election as CM. To illustrate this, Table 2 shows estimates of lifetime
probabilities of being promoted from CM to FM in Austria for those elected as CM
between 1960 and 1990. The probability of becoming a FM was lower the older
academicians were when elected as CM. Transition probabilities ranged from 88 per cent
for (the few) members elected before their 46th birthday to 38 per cent for those elected as
CM after age 55 (probabilities decrease monotonically for the age groups in-between).
Thus, if most members are elected from the ranks of CM and their ages at election as CM
signal the strength of their records and potential for being elected as FM, then the age
structure of FM intake is a function of and, as such, is constrained by the age structure of
CMs.



Table 2

Probability of ever becoming a full member, mean duration before FM election, and mean
age at election as FM in the Austrian Academy of Sciences by age and period of election
as corresponding member, members elected as CM in 1966-1990.

Age at election as Raw probabilities of ever | Mean duration as CM

Corresponding Member becoming a Full Member | for those who became | Mean age at
(CM) (FM) FMs election as FM
Less than 45 0.872 8.0 49.6

45 to 49 0.792 8.1 55.7
50-54 0.764 6.0 58.4

55 and over 0.378 4.6 64.6

All ages 0.629 6.7 57.3

Perhaps as a result, full membership might be attained later than otherwise, i.e.
without a candidate status. In Figure 2 above, we showed the mean age at election as FM
in the five academies under study by period. It is rather clear that not only has age at
election increased over time, but it is considerably higher in the two academies with a
corresponding status previous to full membership (Russia and Austria) despite their
contrasting policies regarding the number of elections (in Russia, high, non-fixed intake; in
Austria, linked intake). Age at election as FM may be higher in academies with CM status
because it ‘allows’ academies to elect members to an intermediate status before they
(potentially) achieve full membership or may simply add more time to the waiting process
for potential academicians.

While we do not model a two-stage election process (CM and FM) explicitly (see
Feichtinger et al. 2011 for a model), we do look at different scenarios considering the
effect of changes in the age structure of intake on the age structure and ultimate size of
both fixed- and linked-intake regimes. In other words, we assume that the existence of a
CM status implies an older age structure of intake or, at the very least, consider different
scenarios regarding the age structure of intake.

Note that changing the age structure of intake will not only alter the steady-state
age distribution of an academy but also its size, and that the direction of this effect will be
contingent on the type of intake. An older age structure of intake will of course make an
academy older than it would otherwise be under a younger election schedule
(Schmertmann 1992), regardless indeed of intake type as we show in our analyses below.
However, a younger or older age structure of intake will also have consequences on the
ultimate size of an academy because the age structure of elections will influence the
momentum observed in the academy. In academies with a fixed intake, a younger age
structure of elections will imply a larger stationary size of the academy due to fewer deaths
(see also Arthur and Espenshade 1988).

In contrast, the momentum of an academy under linked intake will be more complex

inasmuch as a younger age structure of election may imply a smaller membership size in
the steady state. On the one hand, a younger age structure of elections implies a longer
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waiting time before those members reach the SR age, implying a lower number of
vacancies in the academy (Dawid et al. 2009; Feichtinger et al. 2007). On the other hand,
the younger the age structure of election, the fewer deaths will be observed implying a
larger membership size of the academy. Which effect will dominate depends, ceteris
paribus, on the initial age structure of the academy. But note that, most definitely, the
ultimate size of an academy will be quite different under linked as compared to fixed
intake even when using the same age structure of elections.

Next, we describe our strategy aimed at illustrating the extent to which the
combination of the type of intake and the age structure of new members affect the size and
age structure of full membership. We also note that the initial shape of the age structure in
each academy (i.e. the past history of intake policies and practices and of mortality) have
an important effect in determining the ultimate size of the academy under a new regime of
intake policies.

3. Comparing academies’ transient and ultimate size and age structure
under different policies

In order to understand the effect of different policies and practices regarding intake
type and the age structure of elections on the academies’ size and age structure, we project
each academy to 2070 using cohort-component projections (e.g. Preston et al. 2001,
Chapter 6). While this allows us to study the steady-state age structure in each regime, we
also compare the ultimate size of different scenarios for each academy in order to
understand how pre-transitional dynamics (e.g. momentum) vary by scenario and
according to initial conditions in each academy. To avoid conflating the effects of policies
(or initial conditions) and those of differential mortality across academies (Jdanov and
Andreev 2009; Winkler-Dworak 20011), we standardise longevity conditions for all
academies by using a standard mortality scenario used previously by Feichtinger et al.
(2007, p. 23)’ until 2050, after which we maintain mortality conditions to be fixed (at 2050
levels) until 2070.

We manipulate two main policies in our scenarios: intake type (linked vs. fixed)
and the age distribution of elections (status quo vs. standard). We present results from
three scenarios for each academy (except the Austrian, as is explained below). First, the
Status quo scenario assumes academies to have followed the same intake type they
currently practice with an age structure of elections based upon a smoothed version of the
academy-specific age distribution of election in the 1990-2004 period (the number of
elections is based on recent numbers for fixed-intake academies as well). Figure 4 shows
the smoothed status quo age distribution of election in each.

7 The mortality scenario assumes the same mortality development as in the latest forecast of death
probabilities by Statistics Austria (Hanika and Klotz 2005), which were derived using the Lee-Carter method
(Lee and Carter 1992). As Academicians show a significantly lower mortality than the general population,
the forecasted death rates were adjusted according to the standardised mortality ratio for the most recent
period (for more details see Feichtinger et al. 2007).
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Figure 4
Age distribution of elections in status quo and standard scenarios by academy
0.1

40 45 50 55 60 65 70 75 80 85 90

== fustrian (also the standard age distribution)  =E=Berlin-Brandenburg  =d=FRussian =@=Roval Society  =@=ITorwegian

The second scenario uses the same status quo age structure of elections but the
opposite intake policy to the one currently observed (i.e. from fixed to linked intake or vice
versa). The third scenario uses the status-quo intake policy while standardising the age
structure of elections. We use the Austrian Academy of Sciences’ age distribution as our
standard. Note that this standard age structure is younger than that of the Russian academy
and older than that of the Berlin-Brandenburg and Norwegian Academies as well as the
Royal Society’s and it is less dispersed than for the other academies except the Berlin-
Brandenburg Academy, which shows a similar variance as the standard. As the standard
chosen is that of the Austrian academy, we do not present the latter scenario for this
academy as it is of course exactly the same as the status quo projection.

Note that some of these policy scenarios required additional assumptions. First,
although the Russian Academy of Sciences has no clear limits on the number of elections
in recent years, we specified the number of elections in its status quo scenario to 42
elections per year (the average on the 15 years prior to our baseline) to facilitate
comparisons with other academies and policies. Second, when going from fixed to linked
intake, we chose a SR age of 70 and fixed the size below this age to 750 in the case of the
Royal Society and 300 in the case of the Russian Academy of Sciences.® The number of

¥ In the case of the Royal Society, this number is close to the number of members below age 70 at
baseline thereby tying its future growth to its pace of ageing. In the case of the Russian Academy of
Sciences, we allowed it to grow from its baseline membership below age 70 of ~200 to 300 as fixing it at 200
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vacancies (elections) under the new linked regime is not fixed but corresponds to the
number of members that turned 70 that year plus the number of deaths occurring before
age 70 (an only minor figure due to the low mortality of academicians). Moreover when
changing the intake policy from fixed to linked elections, we also had to truncate and
rescale the status quo distribution of age at elections so no FM elections take place after 70
in the status quo calculations. Finally, going from linked to fixed intake requires specifying
the annual number of elections: we set the number of elections for these academies
(Austrian, Norwegian and BBAW) to the average number of elections in the 15 years prior
to our initial year (i.e. in the 1990-2004 period), equal to 7 in the Austrian Academy of
Sciences, 15 in the Berlin-Brandenburg Academy of Sciences and 17 in the Norwegian
Academy of Sciences and Letters.

3.1. Effect of intake policy

Table 3 shows results for each scenario in terms of (A) academy size, (B) number
of elections per year, (C) mean age of academy members, (D) the standard deviation in the
mean age of the members of the academy and (E) the proportion of members below age
70. We present these figures at initial, medium-run and steady-state conditions as reflected
by the values of these quantities in 2006, 2025 and 2070. Regarding size (Panel A), going
from linked to fixed intake (that corresponds to levels equal to the average number of
elections per period in 1990-2004) in the Austrian, Norwegian and Berlin-Brandenburg
cases implies growing stronger in the pre-transitional period (ultimate size is 6.6 per cent
higher in the first two academies and 14 per cent higher in the latter) than in the status quo
scenario. The number of elections (which are equal to the number of open vacancies below
the SR age, see Panel B) are higher in the short run in the status-quo than in the fixed-
intake scenarios but then stabilise to a similar or slightly lower level than the average
number of elections in 1990-2004 used in the fixed-intake scenario. Note that the short-run
growth is exceptionally high in the Berlin-Brandenburg academy as they had not met its
stipulated limit of 200 members below age 68 by 2005.

would have implied a very sizable dip in the number of academicians of all ages in the steady state given that
the academy age structure is considerably older than that of the other academies (and as such, the implied
number of elections in the linked-intake scenario would have plummeted relative to the status-quo scenario).
Note, however, that even setting this number to 300 implied a moderate amount of negative momentum for
the Russian Academy. We discuss this below.
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Transitioning from a fixed- to a linked-intake type of election (scenario?2 in
Table 3) implies a lower average number of elections in the projection period and thus a
smaller membership size for the Russian Academy of Sciences: its steady-state size under
fixed intake would be 1,191 members while under linked intake the stationary size would
be only 829. While one would expect that a relatively old age structure of intake, such as
the status-quo distribution of elections in the Russian Academy of Sciences, implied a
large number of elections given the trade-off between number of elections and age
structure of members at election under linked intake (Dawid et al. 2009), the large
difference in ultimate size between these two scenarios is the result of negative momentum
(Rowland 1996). That means, as the percentage of Russian academicians who are above
age 70 is rather large (63 per cent, see Panel E), the projected number of deaths is well
above the projected number of newly-elected members. Note that this is true even though,
in the linked-intake scenario, we set the number of academicians below the SR age to 300,
a number well above the number of members below age 70 at baseline (158). As such, our
estimate of negative momentum is quite conservative relative to that of enacting a policy
setting the number of members below the SR age close to the status quo at baseline (as we
do in the case of the Royal Society). Only if we increased the maximum size of the
academy under age 70 to almost triple the number of members below 70 in 2006 (results
not shown) would these differences vanish.

In contrast, the Royal Society would grow slightly less rapidly under its current
policy of fixed intake, projected to be 1,571 by 2070 than by linking the number of
elections to those reaching age 70, projected to 1,596. This is due to the fact that the recent
past of a large number of elections under a young age structure of intake resulted in a
favourable age structure of members in 2006 allowing a considerable amount of growth in
the short run as these relatively large cohorts come close to ‘retirement’ age.
Coincidentally, the ultimate number of elections under the linked intake is the same as the
fixed-intake number of elections.

Remarkably, changing intake policies while keeping the age structure of elections
constant has no consequences regarding the ageing prospects of academies in the long run:
regardless of initial conditions, academy size and intake type, the same age-specific
distribution of intake and mortality schedules results in the same age structure for all (i.e.
one with a mean age of 74.2 years and a standard deviation of 11.6 years around the mean,
where 58.35 per cent of members are above age 70; see Panels C, D, and E for scenario 3
in all academies, Table 3). Hence, choosing between a policy that fixes or anchors the
number of elections with the same age distribution will affect the stationary size but not the
stationary age structure of an academy. As we base our parameter assumptions on the
recent past history of the academies in terms of number of elections and age structure of
members, the growth rates under fixed or linked type do not differ substantially. As long as
the latter holds, the stationary age structure is independent of the type of intake because of
ergodicity (Lopez 1967). Nevertheless, the number of elections could vary considerably
during the pre-transitional period due to momentum (Keyfitz 1971).
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3.2. Effect of age structure at election

Scenario 3 in Table 4 presents the results for each academy with the status-quo type
of election but standardising for the age structure at election. Obviously, an older
(younger) age structure of intake implies that the steady-state age structure of the academy
will be older (younger). That means that using the standard age distribution at election
implies a younger ultimate age structure of members for the Russian Academy of Sciences
and an older age structure of members for the other learned societies (see Panels C, D and
E in Table 3, Scenario 3). Again, the ultimate age structure is solely determined by the age
distribution at election and independent from initial conditions or intake type:
standardising for the age distribution at election, the age structure of members for all
academies eventually converges to the same age structure, which is characterised by a
mean age of full members of 74.2 years, a standard deviation of 11.6 years around the
mean and a proportion of members below age 70 equal to 58.4 per cent.

Note that a lower dispersion of the age at election in the standard scenario
compared to the status quo implies also a lower ultimate dispersion of age of members
except for the Russian Academy of Sciences (see Panel D in Table 3). While the standard
deviation of the status-quo age distribution of the Russian Academy is about two years
larger than the standard deviation of the standard age distribution, the steady-state standard
deviation of the status quo is actually slightly lower than the one of the standard age
distribution for the Russian Academy of Sciences. The latter results can be explained by
the higher ages of members in the status-quo scenario for the Russian Academy of
Sciences and the fact that mortality increases with age, implying a more left-skewed age
structure of members compared to the standard scenario.

The implications of standardising the age structure at election on the size and
number of elections do indeed hinge on the type of intake. Under fixed intake, the pre-
transitional growth implications of standardising the age structure of elections (as reflected
in the steady-state size of the academy) are contingent on whether the status quo
distribution is older/younger than the standard of course: ceteris paribus, a younger
distribution of elections will yield a larger steady-state academy than an older age
distribution (see also Arthur and Espenshade 1988). For the Russian Academy, where the
status quo age structure of intake is older than the standard, electing 42 younger members
per year with the younger standard age structure would result in a larger stationary size
(1,383; see Scenario 3, Table 3) than electing 42 academicians with the older status quo
age structure (1,191; see Scenario 1, Table 3). In the Royal Society, going from electing 44
members with a younger status quo age distribution to electing the same number of
members with the older standard intake schedule (the opposite direction of the change in
Russian academy) would imply attaining a slightly smaller academy in the steady state
(1,571 vs. 1,449; Scenarios 3 and 1, respectively, Table 3). In both cases, this is a result of
a higher pre-stationary transitional growth under a younger age structure as a result of
lower crude death rates.

As mentioned before, the effect of a younger or older age structure of elections on
the stationary size of academies with linked-intake regimes is not as straightforward as in
fixed-intake academies where deaths are the only component of growth depending on how
young or old the age structure of elections is. Under linked intake pre-transitional
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dynamics of the academy are more complex as the transient and steady-state number of
elections is also contingent on the age structure of intake. Moreover, unlike the number of
deaths, which are directly proportional to mean age at election, the number of vacancies is
inversely proportional to mean age at election (Dawid et al. 2009; Feichtinger et al. 2007).
This is so because a younger age structure of intake will extend the expected waiting time
before statutory retirement, thus implying a lower number of vacancies in the medium and
long run (Feichtinger et al. 2007). On the other hand, a younger age structure of elections
will imply a lower death flow in the medium run.

Which of these two effects dominates (and thus, if a linked-intake policy implies a
larger or a smaller stationary size than one of fixed intake) depends on initial conditions, as
these will determine the transient election and death flow. In both linked-intake academies
in which we modify the age structure of elections, the effect of the age structure of
elections on the number of open vacancies in the future is stronger than its effects on the
death flow. In the Norwegian Academy, the older standard schedule yields a larger number
of elections (20 vs. 16) and a larger population size (665 vs. 568) than the status quo
scenario. Likewise, in the Berlin-Brandenburg Academy of Sciences, the older standard
age structure of intake yields both a larger stationary number of elections (17 vs. 13) and a
larger academy size (559 vs. 476) than in the status quo scenario.

4. Discussion

In this paper, we have shown the importance of different intake policies (in terms
of fixed vs. linked intake and with respect to the age structure of intakes) on the intrinsic
stationary size and age structure of academies of sciences using data from five academies
with a mix of heterogeneous policies/practices (Table 1). We have found that the stationary
age structure is solely determined by the age structure at election and independent from the
type of intake. Thus the age structure of elections becomes the key policy variable to
regulate both the pace of ageing in the academy and the future number of vacancies in the
case of linked intake. The choice of one intake policy over the other is then a matter of
deciding (1) how large an academy should be in the long run and (2) what would be an
acceptable set of conditions (e.g. number of elections) in the medium run.

Most obviously, a younger age structure of inflow implies a younger stationary age
structure in academies with either type of intake (Table 3, Panels C, D, and E; see also
Schmertmann 1992). The solution to academy ageing, however, is not as simple as electing
a younger set of new members, not only because their age may already be reasonably
‘young’ as far as selecting prestigious scientists goes but because the stationary size of a
population is sensitive to the age structure of intake (Panel A in Table 3, see also Arthur
and Espenshade 1988). As academies are selective institutions, they may not prefer rapid
growth for the mere sake of rejuvenation. Nevertheless, academies have enacted policies in
order to increase their statutory membership size several times throughout history in order
to, among other objectives, incorporate new directions in science and rejuvenate their
member population.
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What then is the optimal strategy?

The effect of the age structure of inflow on the stationary size of an academy
further depends on the type of intake. A younger inflow implies a larger stationary size in
academies under fixed inflow (i.e. the Royal Society and the Russian Academy of
Sciences). In academies under linked inflow, this effect is not unequivocal as explained
above. However, in the two cases we studied here (e.g. the Norwegian and Berlin-
Brandenburg academies), a younger age structure of elections implied a smaller stationary
size. Thus, if academies and other organisations cared about curbing their growth and pace
of ageing, linked intake would seem to be a better solution than setting the number of
elections to a fixed number.

Assuming these are the objectives of an organisation and having established that
linked intake will tend to outperform fixed intake in terms of academy size (while having
the same effect on the stationary age distribution), the question then lies in how to optimise
the trade-off between the number of open vacancies and their age distribution that yields
the youngest academy while electing as many members as possible. Feichtinger and
colleagues (Dawid et al. 2009; Feichtinger et al. 2007) have shown that a bimodal
distribution of elections is the optimal strategy among all linked-intake scenarios.

Having said that, our projections of the Russian Academy of Sciences highlight the
relevance of initial conditions in the subsequent transient dynamics of academies adopting
a policy of linked intake. Linked intake only seems like a reasonable strategy if the recent
history of the academy has not implied both high growth and ageing by way of electing
many older members. Otherwise, academies should be aware that the transient dynamics
and ultimate size will be especially sensitive to enacting this policy. In the Russian case,
interrupting the history of rapid growth (Figure 1) and an older election schedule (Figure 4)
would imply a most dramatic drop in the ultimate stationary population to levels wel/
below the initial size of the population (Table 3, Panel A) given that most members in the
initial population are already above the assumed SR age (Table 1). In short, academies
should thus consider their recent demographic history before deciding to enact specific
policies as the fransient growth and ageing dynamics and ultimate size of the academy will
also depend on them.

Our study also contributes to the literature on how age-structured intake may affect
ageing in populations. Most other studies have dealt with questions on how to regulate
ageing in nation states through age-structured immigration (e.g. Liao 2001; Feichtinger and
Steinmann 1992; Schmertmann 1992; United Nations 2001; Wu and Li 2003), if at all
possible (Coleman 2002). While these studies have proposed solutions with regard to how
to minimise ageing in the context of a stationary population, they did not quite deal with
the additional restriction of considering how large the steady-state population would be.
Our study suggests that linking the number of immigrants to a given number (e.g. as a
proportion of the number of births, see Alho 2008) while considering a bi-modal age
structure based on labour market considerations could potentially minimise the pace of
ageing at the same time as achieving a smaller steady state than one under a fixed-
migration scenario with the same age structure. Future research should look at the potential
effect for these kinds of age-structured intake on the ageing and size of nation states at
large.
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