Working Paper

AN IMPROVED METHOD OF COMPUTING
MULTISTATE SURVIVORSHIP PROPORTIONS
FOR THE TERMINAL AGE GROUPS

Peer Just

Kao-Lee Liaw

July 1983
WP-83-65

International Institute for Applied Systems Analysis
A-2361 Laxenburg, Austria




NOT FOR QUOTATION
WITHOUT PERMISSION
OF THE AUTHOR

AN IMPROVED METHOD OF COMPUTING
MULTISTATE SURVIVORSHIP PROPORTIONS
FOR THE TERMINAL AGE GROUPS

Peer Just
Kao-Lee Liaw

July 1983
WP-83-65

Working Papere are interim reports on work of the
International Institute for Applied Systems Analysis
and have received only limited review. Views or
opinions expressed herein do not necessarily repre-
sent those of the Institute or of its National Member
Organizations.

INTERNATIONAL INSTITUTE FOR APPLIED SYSTEMS ANALYSIS
A-2361 Laxenburg, Austria



FOREWORD

Low fertility levels in IIASA countries are creating aging
populations whose demands for health care and income maintenance
(social security) will increase to unprecedented levels, thereby
calling forth policies that will seek to promote increased family
care and worklife flexibility. The new Population Program will
examine current patterns of population aging and changing life-
styles in IIASA countries, project the needs for health and
income support that such patterns are likely to generate during
the next several decades, and consider alternative family and
employment policies that might reduce the social costs of meeting
these needs.

Multiregional and multistate demographic methods are being
increasingly adopted in applied population research. This has
stimulated a reexamination of a number of aspects of the basic
methodology. One of these is the proper survivorship of the last
two age groups in a population and an appropriate calculation of
the corresponding survivorship proportions. This problem is
particularly relevant in studies of the future age composition
of the elderly population. This paper suggests several alter-
natives to improve the projection of the population in the last
two age groups. The so-called preferred approach recommended by
the authors may be readily integrated into the standard framework
of multistate projections.

Andrei Rogers
Leader, Population Program
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ABSTRACT

The aging of populations is a phenomenon which has become
an important research topic. Demographers, however, have given
inadequate attention to the projection of the number of old people
and their future age composition. This paper shows that the con-
ventional method for estimating the survivorship proportions of
the very old tends to produce misleading results with respect to
the size and composition of the aged. Several alternatives are
suggested here to overcome these problems. An empirical example
is used to point out the problems of the conventional approach
and to evaluate the suggested improvements.
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AN IMPROVED METHOD OF COMPUTING
MULTISTATE SURVIVORSHIP PROPORTIONS
FOR THE TERMINAL AGE GROUPS

INTRODUCTION

In multistate demography, an arbitrary convention has
been used to obtain the submatrices of survivorship (and out-
migration) proportions: for the two oldest age groups from the
submatrices representing the age compositions of the multiregional
life table (stationary) population. The convention mismatches
two subpopulations and causes problems that have become parti-
cularly serious when one tries to construct a single-year pro-
jection model for a population with a high expectation of life.
Since the convention was inherited from the common practice in
single-state mathematical démography, the problem has been
hidden or ignored for a long time. As population aging has become
an important research topic in recent years, we find it timely
to focus in this paper on pointing out the problems of this con-
vention and proposing alternative solutions. To illustrate our
arguments we shall draw on a rmultiregional example using Swedish
data.

In section 1, we identify the problems of the conventional
approach. Section 2 presents an alternative approach that reduces
the severity of mismatching subpopulations by further splitting
up the last age group into smaller ones. Section 3 shows our
preferred alternative approach that yields sensible and inter-
pretable results. Section 4 uses the 1974 Swedish data shown
in Appendix A to evaluate the quality of the projection results
that are generated by the different approaches. The last section

summarizes the main points.



1. THE PROBLEM OF THE CONVENTIONAL APPROACH

Consider a population with N (2 1) regions and w+1 age
groups: (0,h),(h,2h),...,(x,x+h),...,(wh,»). Let hEx be an
N XN matrix representing the place-of-residence-by-place-of-birth
population distribution of the x age group (i.e., between exact
ages x and x+h) in the multiregional life table population.
Specifically, the element in the ith row and the jth column is
the number of residents at exact ages between x and x+h in region
j who were born in region i. Also let h§x be the N XN submatrix
of survivorship (and outmigration) proportions, where the element
in row j and column i represents the proportion of the individuals
in the ith region and the x+h age group who will reside in the
jth region h years later. The diagonal elements of h§x are
surviving stayer proportions, whereas the off-diagonal elements
of h§x are surviving outmigration proportions. Without foreign

migration, the constraint

ij

0 < .8, <1 (1)

must be satisfied for each element Sij of .S
h™x h<x
By definition, we have

h%x+h = h§x hEx for x = 0,h,2h,...,(w=1)h (2)
and

olwh = hS(w=1)h h¥(w-1)h T hiwh «lwh (3)

The conventional approach is (i) to solve equation (2) for
h§x for the first w-1 age groups, (ii) to solve for h§(w-1)h
from the inappropriate equation

olwh = hS(w-1)h hl(w=-1)h (4)



and (iii) to set h§wh to zero. The convention is found in most
books that deal with uniregional as well as multiregional popu-

lation projections (e.g., Keyfitz (1968 and 1977) and Rogers (1975)).

A problem of the conventional approach is that the last two
h§wh do not contain any demographically meaningful quantities.
For example, in a single-region life table based on the 1974

Swedish female mortality data for 86 age groups (0,1,2,...,85+),

we found that ,Lg, = 0.36424 and ,Lgg = 1.79784. According to

. _ -1 _ :
the conventional approach, we get 1584 = mL85 1L8u = 4.93592 and
1885 = 0. These are, of course, meaningless survivorship pro-

portions. By disaggregating the female population into two
regions (Stockholm and the rest of Sweden), and incorporating
interregional migration information (see Appendix A), the con-

ventional approach yields

[5.193331 0.016234

1~84 0.057824  4.856811
and _
0 0
S = (6)
1585 . .

Though they happen to be between zero and unity, the off-diagonal
elements of 1§84 are much too large to represent the surviving
outmigration proportions of the relevant subpopulations. Further-
more, the diagonal elements of 1§84 fall far above the upper
bound of the constraint that must hold for the definition of
surviving stayer proportions. In general, these elements tend to
be farther above the upper bound, when the expectation of life

at age wh is high, or when both w and h are small. Of course,
one must not be serious about interpreting equation (6). With
mortality and migration information available for all age groups,
it is regrettable that the conventional approach ends up with
meaningless submatrices of survivorship and outmigration propor-
tions for the last two age groups. If the last age group of the
raw data was 65+, then the h§x submatrices would contain no use-

ful information about the post-retirement subpopulations.



One may argue that the submatrices hSy are constructed solely
for the purpose of projection. Therefore, as long as the resulting
projections are reasonably good, one need not care about
interpretations. Unfortunately, the projections can turn out to
be truly bad, particularly when a single-year projection model
is used. Consider again the aforementioned biregional Swedish
population. Applying the submatrix 1§84 in equation (5) to the
1974 subpopulation in the 84th age group gives

5.193331 0.016234 2132 11237
4(1974) = - (7)
0.057824 4.856811 101e9 49512

(1975) = 1Sg4 1%g

R85
Comparing this vector with the observed initial subpopulation in

the 85+ age group

8789
K. (1974) =
~85 40714

we see that the conventional approach implies an annual growth
rate for the last age group of 28% in the Stockholm region and

22% in the rest of Sweden. Lumping the two regions together gives
an annual growth rate for this age group of 23%. These pheno-
menally high growth rates mean that the projection is totally
misleading as far as the last age group is concerned. We will
show later that the growth rate of the whole population generated

by the conventional approach is also distorted quite badly.

In short, the conventionally constructed h§x submatrices
for the last two age groups are suitable neither for interpreta-
tion nor for projection. Therefore, we shall consider a few

alternative approaches that may produce more satisfactory results.



2. THE DISAGGREGATION APPROACH

One can partly overcome the aforementioned problems by
disaggregating the last open-ended age group into an arbitrary num-~
berfﬁﬂ of age groups: thh’ hK(w+1)h""’w (w+J)h* Any reasonable
interpolation procedure such as a third-degree spline can be

applied, as long as the constraint

~ A

8wh Z Kw+i)h ¥ % (w+3)n (8)

is satisfied. Note that the age-composition of these new groups
will not have a lasting effect on the projected population
because the people in these age groups at the initial time will
be totally replaced by the incoming cohorts after Jh years.

Under the assumption that the observed mortality and mobility
rates of the last age group apply to all additional age groups,
the submatrices of survivorship proportions can be computed as

follows. The submatrix S( in the conventional approach,

-1)h
expressed in terms of occurrence/exposure rates, is given by

(Ledent 1978)

1
hSw-1)h ~ & Yn (£ 1)n! (9)

where M h denotes the matrix of observed rates as set out in
Willekens and Rogers (1978). This matrix is now replaced by a

matrix h§(w—1)h calculated by

o _ h -1 h
nS(w-1)n = [T+ 3 Mpl I -7 Mg q)nl (10)
Assuming constant rates for all ages w+j (j = 0,...,J-2), the

corresponding submatrices of survivorship proportions are given by

h -1
nS(wej)h = I+ 5 Mgl

= 0 to J-2

n .
[E -2 %wh] ]

= hBwh (11



The troublesome submatrix of survivorship proportions h§(w+J+1)h
for the open-ended age group can now be calculated in two ways.
Either by applying the same procedure as for the other additional

age groups and setting

S =

hS (w+J+1)h ~ hbwh (12)

or using the conventional formula for the last survivorship
matrix but with identical rates for the last and next to the last

age groups. From equation (9) we then get

1 -1 _h
hS (w+I-1)h - & Mwh [ = 7 Mun!

1 .= _1

"nMn 21 (13)

The computation based on equation (12) will further on be referred

to as disaggregation approach (I), and the alternative involving

equation (13) as disaggregation approach (II). For both alter-
natives, h§(w+J)h is set to zero. The population can now be

projected forward by the expanded growth matrix. The structure
of this matrix is the same as that for the conventional approach:
the N xN submatrices in the diagonal are all zero.

For the Swedish data in Appendix A, we have disaggregated
the 85+ age group into 11 age groups (85,86,...,94,95+). According

to equation (10), we now have

0.862548  0.000403
158y = (14)
~ 0.002809 0.858338

Although it looks much more sensible than the corresponding sub-
matrix generated by the conventional approach (see equation (5)),
this submatrix tends to understate the level of survivorship
proportions, because in equation (10) the average mortality level

of the 85+ age group is assumed to be applicable to the single-

year ade 85.



The submatrices computed according to equation (11) are

0.833907 0.000472
S = ,8 = ... = 4,8 = (15)
-85 1-86 193 | 0.001427 0.823267
These submatrices also look sensible, except that the survivor-
ship proportions tend to be understated for 1585 and overstated
for 1593. For the next to the last age group, the disaggregation
approach (I) yields

0.833907 0.000472
1S9y = (16)
~ 0.001427 0.823267

whereas the disaggregation approach (II) gives

5.020865 0.016090
189u = (17)
- 0.048612 4.658370

While equation (16) does not give any information in addition

to that of equation (15), equation (17) does not permit any
meaningful interpretation. Therefore, the justification for the
disaggregation approach lies in the hope of producing less dis-

torted projections only.



3. THE PREFERRED APPROACH

Our preferred approach uses equation (2) to find the first
w submatrices of survivorship and outmigration proportions and

then uses the basic equation (3) to find The solutions are

hSwh "

S = 1

x _ h¥x+h hlx for x = 0,h,2h,...,(w=1)h  (18)

h

and
-1

bSwh T (olwn T hS(w-1)h n¥(w-1)n) «lun (19)
To compute the submatrix hS(w-1)h according to equation (18),
we need to know the value of nlwps wWhich is different from the
submatrix L, that is computed in the conventional multiregional
life table. To make the distinction perfectly clear, we write

h
hix = J Lxer 9% (20)
0
and
[oo]
wlx = f Lern O (21)
0
where £ is an N XN matrix showing the place-of-residence-by-

~X+A
place-of-birth population distribution at exact age x+A among

the survivals of the arbitrarily specified birth cohort in @0.*

and L would lead

Failure to see the difference between , L
h<wh o<wh

us back to the conventional approach.

To compute , L and . L _ from the matrices of the observed
mobility and mortality rates (gx), an assumption about the
underlying mathematical model must be made so that the integrals
in equations (20) and (21) can be conveniently evaluated. Two
well-known alternative assumptions are (i) that gx is piece-wise
linear within the interval h, and (ii) that @x is a good approx-

imation of the matrix of instantaneous mobility and mortality

*For convenience, we usually let £ be such that most £x
are invertible. ~ h



rates (Ex) which is in turn assumed to be piece-wise constant
within the individual age groups. The approaches based on these
two assumptions are called the linear and the exponential approaches,
respectively. The former approach occasionally generates some
nonsensical quantities like a negative outmigration proportion,
whereas the latter does not have such a problem. Since it is
widely used and does generate satisfactory results when single-
year age groups are used, the linear approach shall be discussed
first.

3.1 Linear Approach

Assuming a piece-wise linear éx over an integral h, equation (18)
can be expressed in terms of observed occurrence/exposure rates
as shown by equation (10). In particular, the survivorship pro-
portions from the second last to the last age group is given by

h -1 h
7 [1

+ 7 Mon! I -3 My-1)n! (22)

hS(w-1)n = [I
In contrast, the submatrix h§(w—1)h in the conventional approach
was calculated according to equation (9).

Finally, the proportion surviving within the last age

group has to be derived from formula (19). Replacing hs(w_

1)h
in (19) by
_ -1
hS (w=1)h = h¥wh h¥(w-1)h (23)
leads to
I - L, L (24)

hSwh = I = nlwh ~twh

Following Willekens and Rogers (1978), we can substitute meh
in (24) by

_ =1
w%wh - @wh éwh (25)

and finally get
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-1
h§wh = I - plun gwh Moh

Some further manipulations* show that the additional submatrix

of survivorship proportions hgwh is given by
_ h
nSwh = % 7 ZhBwnh T I1Mun = nBun (26)
with hgwh to be calculated by
fBan = (3 U] (D G Mg (27)

Note that in the conventional approach, the zero matrix wa is

given but hEBwh is not computed. It can be shown that
h “"“h -1 .
f[hgwh + I] = 2(£(w+1)h + gwh)gwh’ which represents the average

numbers of person-years lived in various regions during the h
years beyond age wh by region of residence at exact age wh.

This interpretation makes equation (26) intuitively clear. The
survivorship proportions computed by formulas (22) and (26) have
now to be placed into the last row of the growth matrix. Since
an additional element h§wh is used, the growth matrix is rewrit-

ten as

*First replacing hah by

hlwh = 2lnBen * 114

[hBwn T 140

and then using the property (Ledent 1978)

_ _h h 1
hPwh = [T = 7 Mopl [T + 5 Mo

_ h -1 h

= [T +35 Ml I -3M,l]



-11-

9 9 Bah L 2 I §Bh ...... 9 * ® o © & o 9
h34 9 : :
: nS2 2 :
c=| : ) : : (28)
L] L] l..,'. L] -
0 0 h3(w-1)h  hSwh

Applying the linear approach to the Swedish data in Appendix

A yields
0.862548 0.000403
1.84 0.002809 0.858338
and
0.833907 0.000472
15g5 = (30)

0.001427 0.823267

Both these matrices appear much more sensible than those of

the conventional approach. Note that the 1§8u submatrix does
not differ between the preferred linear approach and the dis-
aggregation approaches. The value of the submatrix 1§85 of the
preferred linear approach is identical to those of 1§85’ 1§86’

...,1893 of both disaggregation approaches.

3.2 Exponential Approach

The assumptions that the observed matrix of occurrence/
exposure rates (@xf is a good approximation of the matrix of
the corresponding instantaneous rates (Ex) and that My is piece-
wise constant within individual age groups imply that the model
of the multiregional life table can be written as the differential

equation
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where £ x4+ is the derivative of £ X4 with respect to age, and

A is constrained by 0 < A< h for the first w age groups and by
0 < A for the last age group. The solution of the differential
equation is

Bepy, =€ 5 L, for x = 0,h,2h,...,wh (32)

In other words, the matrix of probabilities of surviving between

exact ages x and x+h is simply

-AM

P =e °% for x = 0,h,2h,...,wh (33)

A~X

Substituting equation (32) and (33) into equations (20) and (21),
-\M
expanding e ~X into a Taylor series, and then integrating, we

get
- m—1 -
h<~x ~ My (I Px)éx (34)
= (I - P )M Z
~ hox’Zx *x
and
=1
wlyh = gwh gwh (35)

Substituting equations (34) and (35) into equations (18) and
(19), we get

-1

RSx = I = pPrsnlMyin nBy M (I - (P (36)
for x = 0,h,2h,..., (w=1)h
and -hM N
=.p, = V¥ (37)

hSwh = hiwh

The exponential approach starts with computing all hex from
M, and then using equations (36) and (37) to compute all hSx-
To obtain a highly accurate result for Px, we recommend the

following computation formula
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-1
1 5 2 1 301 4 1 5 1 6
hox =~ [5 g )+ e (M) T+ (M) Y ez ) Tt GEsas0 (! ]
1 5 2 1 31 4 1 5 1 6|
[5 -7 M+ () - ga (M) T+ o (M) - Tog20 () * Gesaso (M) ]

(38)

This formula was derived by the matrix continued fraction method
of electrical engineers (Shieh et al. 1978). For an explanation
of the logic underlying the method, see Liaw and Ledent (1980).

Applying the exponential approach to the Swedish data in
Appendix A yields

0.861465 0.000408
158y = (39)
0.002758 0.856931
and . —_
0.834322 0.000468
1285 = (40)
0.001415  0.823769]

Comparing equations (39) and (40) with equations (29) and (30)
suggests that for single-year models, the linear and exponential
approaches tend to yield similar results. By comparing these

four equations with equations (5) and (6), our preferred approach
is clearly better than the conventional approach, as far as
interpretability is concerned. However, one must remember that

the survivorship proportions for the second to last age group tend
to understate their true values, since the average mortality of

the open-ended age group tends to be higher than the true mortality

of the first corresponding closed interval (wh, wh+h).
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4. COMPARISON OF THE PROJECTION RESULTS

The survivorship submatrices generated by the conventional
approach, the two versions of the disaggregation approach, and
the two versions of our preferred approach are combined with
reproduction submatrices to form alternative growth matrices for
the 1974 Swedish data shown in Appendix A. Here we want to
evaluate the projections generated by these growth matrices in
terms of their effects on the changing population size of the

85+ age group and on the entire system's annual growth rate.

Right from the first projected year (1975), the conventional
approach separates itself from the other approaches by forcing
the 85+ age group to grow by an unrealistically high growth rate
of 20.47%.* 1In contrast, the two versions of the preferred
approach both imply a growth rate of 3.87%, whereas the first
version of the disaggregation approach results in a growth rate
of 3.44% and the second version a growth rate of 8.66%. Figure
1 shows that among all the approaches, the conventional one
tends to produce most erratic projection for the last open-ended
age group, because it amplifies the irregularities in the changing
sizes of the incoming cohorts. The first version of the disag-
gregation approach shows a strong tendency to underproject the
population size in the 85+ age group, whereas the second version
of the disaggregation approach is moderately sensitive to the
irregularities in the initial age composition but does not show
a strong tendency to under- or over-project the size of the oldest
age group. The two versions of our preferred approach produce
practically identical results that neither amplify the irregular-
ities of the incoming cohorts nor exhibit any tendency of over-
or under-projection, assuming the age-specific rates are time-
invariant.

The conventional approach not only yields unrealistic pro-
jections for the 85+ age group but also distorts significantly
the growth rate of the entire population, although the proportion

*All the growth rates mentioned in this section are instantaneous
rates per year.
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of the population in the last age group is usually relatively
small. Table 1 shows that between 1974 and 1975 the growth rate
of the entire population is projected to be 0.56% by the conven-
tional approach and 0.34% by our preferred approaches. This
difference is completely due to the different treatments of the
open-ended age group. We also see from Figure 2 that the growth
rate of the entire population generated by the conventional
approach tends to fluctuate significantly in response to the
changing sizes of the cohorts entering the last age group,
whereas the corresponding growth rates generated by our preferred
approaches exhibit a more regular pattern. The more irregular
the initial age composition, the worse the conventional approach
will perform. For countries that have more irregular age compos-
itions than Sweden (e.g., the Soviet Union and the Federal Republic
of Germany), the differences between the approaches would be more
dramatic than what is revealed in our example. The patterns of
population growth rates generated by the two disaggregation
approaches do not differ much from those of our preferred

approaches, as shown in Appendix B.

Table 1. Annual growth rate in percent, 1974-1975.

Approach Population 85+ Total population
Conventional 20.47 0.56
Disaggregation I 3.44 0.33
Disaggregation II 8.66 0.40
Preferred linear 3.87 0.34
Preferred 3.88 0.34

exponential
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Figure 2. Annual growth rate (in percent): 1974-2024.
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CONCLUSION

We have pointed out the problems of the conventional approach
to population projection, arising from an inappropriate specifi-
cation of the survivorship proportions for the last two age
groups. After examining several alternative approaches that may
remedy these problems, we are convinced that our preferred
approaches described in section 3 are superior to the other
alternatives in terms of (1) the interpretability of the sur-
vivorship proportions, (2) the reliability of the projection

results, and (3) the computational effect involved.



APPENDIX A: DATA FOR SWEDEN 1974, FEMALES,
STOCKHOLM AND REST OF THE COUNTRY
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49 9513 1.24 0. 0. 29, 0.44 45. 0.35 85, 6.58 %) 3.048 4.730 9.040 -4.310
50 9771 1.27 0, 0. 20. 0.30 60. 0.47 78. 0.53 0 2.047 6.141 7.983 -1.842
51 9973 1.30 0. 0. 32, 0.48 49, 0.38 63. 9.43 0 3.209 4,913 6.317 -1.404
52 10487 1.37 0. 0. 39. 08.45 47. 0.36 8S 0.60 0 2.861 4.482 8.391 -3.910
53 11211 1.46 0. 0. 41, 0.62 45. 0.35 73. 0.50 0 3.657 4.014 6.511 -2,498
54 10376 1.35 0. D. 60. 0.90 41. 0.32 78. 0.53 0 5.783 3.951 7.517 -3.566
55 9342 1.22 0. 0. 57. 0.86 44. 0.24 87 0.59 0 6.101 4.710 9.313 -4.603
55 9356 1.22 0. 9. 57. 0.36 39. 9.30 Sl 0.55 0 6.092 4.168 8.658 -4.489
57 9ss 1.19 9. 0. 60. 0.90 37. a.29 63. 0.43 0 6.602 4.071 6.932 -2.%61
53 8258 1.17 Q. 0. 63. 0.95 29. .23 73 0.58 0 7.033 3.237 8. 149 -4.912
52 2067 1.18 0. 0. 51, 0.77 38, 0.29 69. 0.47 ¢} 5.625 4.191 7.610 -3.419
€0 9172 1.29 Q. 0. €2. 0.93 42, 0.23 73 0.50 0 6.760 4.579 7.959 -3.389
61 9375 1.22 Q. 0. 66.. 0.93 39. 0.30 79. 0.54 Q 7.040 4. 1€0 8.427 -4,267
€2 9228 1.20 0. 0. 76. 1.14 33. 0.2 89. 0.6 5] 8.236 3.576 9.645 ~6.068
63 8907 1.16 0. 0. 89. 1.34 40. 0.31 86 0.58 0 9.992 4.491 9.655 ~-S.164
64 370 1.16 0. 0. 9l. 1.37 46, 0.36 993. 0.67 0 10.259 5.186 11.161 -5.975
65 8708 1.14 0. 9. 110. 1.€6 59. 0.46 74. 0.50 4] 12.632 6.775 8.498 -1.723
66 §390 1.09 9. 0. 117. 1.76 44. 0.34 656 .45 3] 13.945 5.244 7.867 ~2.622
67 8623 1.5 0. 9. 117. 1.76 33. 0.2 55 9.37 (] 14,583 4,113 6.85S -2.742
68 7G17 .99 0. 9. 109. 1.84 26. 0.20 57. 0.39 4] 14.310 3.413 7.433 -4.070
69 7131 ©0.93 Q. Q. 128, 1.93 39. 0.30 37. 0.25 ¢} 17.950 5.469 5.189 0.289
7 6732 0.88 0. 0. 143. 2,18 2i. 0.16 4] 0.28 4] 21.242 3.119 6.090 -2.971
71 €492 0.85 0. 9. 151. 2.27 21. 0.16 32. 0.22 (¢} 23.234 3.231 4.924 -1.693
72 6305 0.82 0. Q. 162, 2.44 24. 0.19 24, 0.16 Q 25.694 3.807 3.807 0.
73 6034 0.79 9. 0. 183. 2.7 21. 0.16 28. 0.19 %] 30.328 3.480 4,640 -1.160
74 5570 0.73 0. Q. 187. 2.82 16. 0.12 23 0.16 5] 33.573 2.873 4,129 -1.257
75 5177 0.68 0. 0. 184. 2.77 13. 0.10 30. 0.20 4 35.542 2.511 5.795 -3.284
76 4840 0.63 0. 0. 203. 3.06 16. 0.12 16 0.11 4] 41.942 3.306 3.306 0.
77 4.199 0.59 0. 0. 207. 3.12 10 0.08 27. 0.18 3] 46.010 2.223 6.001 -3.779
78 4201 9.55 0. 0. 240, 3.62 14 0.11 15 .10 4] 57.129 3.333 3.571 -0.238
79 3793 0.49 0. 0. 237. 3.5 290 0.16 10 0.67 [} 62.4384 5.273 2.636 2.636
3 3416 0.45 0. 0. 254. 3.83 9 0,07 13 0.09 3] 72.592 2.5872 3.715 -1.143
81 3058 0.43 0. 0. 226. 3.40 9 6.07 6 .04 [¢] 69.368 2.762 1.842 0.921
82 2945 0.38 G, 0. c3. 3.9¢ 7 0.05 12 0.08 [¢] 89.304 2.377 4.075 -1.698
&3 2527 0.33 o. 0. 262. 3.95 ) 0.63 10 0.07 4] 103.689 1.583 3.957 -2.374
’4 2132 0.28 0. 9. 243. 3.66 4 0.03 10 0.07 0 113.977 1,876 4,690 -2.814
§5 8789 1.15 Q. 9. 1577. 23.75 23. 0.18 15 0.10 Q 179.429 2.617 1.707 0.910
tot 7665€0. 100.00 9991. 100.00 6639. 100.00 12884. 102.60 14729. 100.00 .
§ross 0.817 1.221 1.251 1.431
crede (x1000) 0. 8.661 16.808 19.214 ~2.407
miage' 38.17 27.53 73.06 25.32 26.61 27.59 ;g.%ﬁ 26.59 28.35
e (0) .24
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49 40522.
50 41198.
S1 41925.
52 43739.
53 46C01.
54 432789,
S5 39550,
56 40034.
57 49281,
S8 39950.
59 40712.
60 41265.
61 40999,
62 40521.
63 39956.
64 39954,
65 33657.
G5 38323.
€7 37081.
6S 35344,
69 34727.
70 33256.
71 32277.
72 31232,
73 23672,
74 27644,
75 25764,
76 24C61.
77 22174,
78 20593.
79 18879.
80 16933.
31 15113,
82 13427,
83 11768,
84 10169,
85 40714,

tot 3331970. 100,
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25.32

7.681
8.532
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12,482
13.569
14.509
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APPENDIX B: PROJECTED GROWTH RATES OF
SWEDISH FEMALES, 1975-2024
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Year 1 2 3 4 5
1975 9.564200 0.333100 0.399800 0.338200 0.338500
1976 0.318300 0.298000 0.330900 9.308300 0.308600
1977 0.282100 0.26 1000 0.289200 9.275100 0.275400
1978 9.235100 9.223300 0.245800 0.239900 0.240100
1979 0.206700 9. 186300 d.203100 90.204000 0.204100
1980 0,173100 9.151000 0. 162300 0. 168500 0. 168600
1981 0. 134300 0.118200 9. 124600 9. 134600 9. 134700
1982 0.089500 9,088900 0.091000 0.103600 0. 103600
1983 9.084500 0.063700 0.062400 0.076500 0.076400
1984 0.052600 0.043000 0.038700 0.053200 0.953100
1985 0.046400 0.025700 0.021800 0.033500 0.033400
1986 9.039000 0.010700 9.018000 0.016500 0.016400
1987 -0.006400 -0.004300 9.002900 0.002000 0.00 1800
1988 -0.046 100 ~-0.017000 -0.011500 -0.010600 -0.010800
1989 -0.046200 -0.027800 -0.021400 -0.021500 -6.9021700
1990 -0.021300 -0.037900 -0.031100 ~-0.031500 -0.931700
1991 -0.036900 -0.947500 -90.041100 -0.040900 -0.041200
1992 -0.051000 -0.056500 -0.052200 -0.050000 -0.050200
1993 -0.056200 -0.065000 -0.057700 -0.058900 -0.059000
1994 -0.063700 -0.074200 -0.068000 -0.067900 -0.068000
1995 -0. 118300 -0.083200 -0.075000 -90.076900 -0.077000
1996 -0. 135300 -90.092100 -0.082000 -0.085300 ~-0.085400
1997 -0.093700 ~-0. 100900 -0.094800 -0.093500 -0.093600
1998 -0. 120000 -0. 108800 -9. 106900 -0.101600 -0.101700
1999 -0. 142400 -0.115600 ~-0. 113000 -0. 109300 -0. 109400
2000 -0. 169600 -0. 122200 -0.115000 -0.116500 -0.116600
2001 -0. 173500 -9.129100 -0. 122400 -0.123100 -0. 123200
2002 -0.121300 -0. 135700 -0. 129700 -0. 129600 -0. 129600
2003 -9. 142600 -0. 141900 -0. 135400 -0. 135800 -0. 135900
2004 -90. 166800 -0. 147800 -0.141000 -0.141500 -0.141600
200S 0.052800 -0. 154300 -0.154100 -0. 147900 -0. 148000
2006 -0.051700 -0. 160600 -0. 162800 -0.155200 -0. 155300
2007 -0.350300 -0. 164400 -0. 160400 -0. 160300 -0. 160400
2008 -0.270200 -0. 166400 -0.165100 -0. 162200 -0. 162400
2009 -0. 197800 -0. 166400 -0.168100 -9, 162700 -0. 162900
2010 -0.191900 -0.165200 -0. 170500 -0. 162400 -0. 162600
2011 -0.200400 -90. 163300 -0. 169600 -0.161700 -0. 162000
2012 -0.200600 -0.161200 -0. 160000 -0. 161000 -0.161200
2013 -0. 147600 -0.161300 -0. 1626000 -0. 1609900 -0.161100
2014 -0. 158700 -0. 162000 -0.165800 -0.161800 -0. 162000
2015 -0. 160700 -0. 163300 -0.133700 -0. 163800 -0. 163900
2016 -0. 152000 -0, 172000 -0.151700 -0. 167200 -0. 167400
2017 -0. 181000 -0. 179760 -0.201000 -0. 172200 -0.172300
2018 -0.205700 -0. 181300 -0. 195200 -0. 178800 -0. 178800
2019 -0. 193000 -0. 186900 -0. 192500 -0, 187200 -0. 187300
2020 -0. 155200 -0. 196600 -0.202400 -0. 197900 -0. 197900
2021 -90. 148000 -0.209000 -0.216900 -0.211100 -0.211000
2022 -0. 165300 -0.223400 -0.232400 -0.226500 ~-0.226400
2023 -0. 191600 ~0,239300 -0.241300 -0.243400 -0.243300
2024 -0. 196500 -0.257900 -0.261000 -0.261700 -0.261500
KEY
1 - conventional approach
2 - disaggregation approach I
3 - disaggregation approach II
4 - preferred approach linear
5 - preferred approach exponential
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