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Preface

Interest in human settlement systems and policies has been
a critical part of urban-related work at IIASA since its incep-
tion. Recently this interest has given rise to a concentrated
research effort focusing on migration dynamics and settlement
patterns. Four sub-tasks form the core of this research effort:
I. the study of spatial population dynamics;

IT. the definition and elaboration of a new research
area called demometrics and its application to
migration analysis and spatial population
forecasting;

ITI. the analysis and design of migration and settlement
policy;

IV. a comparative study of national migration and
settlement patterns and policies.

This paper, the fifth in the comparative study series,
examines two aspects of spatial population dynamics in the
Soviet Union: the migration age profile in the U.S.S.R. and
some of the distributional consequences of zero population
growth. The former topic deals with the problem of summarizing
observed regqularities in migration data, the latter considers
how stabilization of the Soviet national population might affect
its urban and rural population distributions.

Related papers in the comparative study series, and other
publications of the migration and settlement study, are listed

on the back page of this report.

A, Rogers

June 1976
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Abstract

The absence of reliable and detailed data on internal
migration is a problem that repeatedly confronts demogra-
phers and population geographers concerned with the dynam-
ics of spatial populations. The first of the two short
notes assembled in this paper describes a procedure for
identifying and summarizing the persisting regularities
that appear in empirical data on interregional migration.
An application based on data for the Soviet Union illus-
trates the principal argument.

The second note considers some of the geographical
consequences of zero population growth in the Soviet
Union. Specifically, attention is focused on the changes
in age compositions and in regional shares of the urban
and rural populations of the U.S.S.R. that might arise
were fertility immediately to decline to replacement
level.
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MODEL MIGRATION SCHEDULES: AN ILLUSTRATION USING
DATA FOR THE SOVIET UNION

Andrei Rogers

1. Introduction

The spatial evolution of a human population is largely de-
termined by its recent history of fertility, mortality, and
migration--a history defined by a collection of spatially
disaggregated age-specific rates of birth, death, and geograph-
ical mobility. These rates exhibit remarkably persistent regular-
ities all over the globe, and it is therefore not surprising
that demographers have sought to identify and summarize such
regularities by means of various curve-fitting exercises that
collectively fall under the designation of "model" schedule
construction. Model schedules have two important applications:

1) they may be used to infer, disaggregate, or adjust the
empirical schedules of populations for which the requisite
data are lacking or inaccurate, and

2) they can be applied in mathematical studies of spatial
population dynamics.
Model fertility and model mortality schedules have received
a significant amount of attention during the past decade. This
has not been the case with model migration schedules., This pa-
per considers the problem of defining model migration schedules

and illustrates their use with demographic data for the U.S.S.R.

2. Model Migration Schedules

The shape, or profile, of an age-specific schedule of mi-~
gration rates is a feature that may be usefully studied inde-

pendently of its intensity, or level. This is because there is

considerable empirical evidence that although the latter tends
to vary significantly from place to place, the former remains
much the same in various localities. Illustrations of this
property appear in Figure 1, which sets out migration rates for
the U.S.A. and Sweden.

Migration rates vary substantially for different age groups.
They are relatively high for the young but decline sharply with

age among the middle-aged. The basic age profiles may be
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FIGURE 1.A: Age-Specific Annual Migration Rates of the Total
United States Population by Category of Move:
Average of 1966-1971.

Source: Long (1973), p. 38
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FIGURE 1.B: Age-Specific Annual Migration Rates of the Swedish
Average of 1968-1973.

Source:

Internal Migration in Sweden 1968-1973,

Population by Sex:
1974, p. 10.




summarized in a number of ways, the more useful of which tend
to reflect similar efforts in the areas of fertility and mor=-
tality.

Because migration, like fertility, is potentially a
repetitive event, its level can be expressed in terms of an
expected number of events per person. But, like mortality,
migration can be measured in terms of an expected duration
time, e.g., the fraction of a lifetime that one may expect
to live in a particular region. The latter perspective
suggests an approach to the construction of model migration
schedules that resembles the efforts of Coale and Demeny
(1966); the former view leads one to curve-fitting efforts
such as those of Keyfitz (1968), Mazur (1976) and Tekse
(1967). Having experimented elsewhere with the "mortality"
approach (Rogers, 1975, Ch. 6 and Rogers and Castro 1976)
we shall consider here the applicability of the "fertility"

approach.

2.1 The Migration Age Profile

Age-specific migration rates, such as those illustrated

in Figure 1 confound a region's migration age profile with

the region's population age composition. This can be easily

demonstrated by examining the components in the numerator and
dencminator of the fraction that defines the age-specific
migration rate, M(x). If O(x) denotes the number of out-
migrants of age X leaving a region with a population of K(x),

then

_ O0(x) _ O°N(x) _ N (x)

M(X) = K(X) - K'C(X) = cmr - C—'—'—T(x ’

where
O = total number of outmigrants;
N(x) = proportion of migrants of age x;
K = total population;
C(x) = proportion of population of age X; and

cmr = crude migration rate.



We define N(x) to be the migration age profile associated

with a regional population and C(x) to be that population's age

composition. Distinguishing among such profiles and compositions

on the basis of a summary measure of age such as mean age, we can
classify observed migration schedules as falling into one of the
following four categories:

1. Young migration age profile and young population age
composition;

2. Young migration age profile and old population age
composition;

3. 0ld migration age profile and young population age
composition; and

4. 01ld migration age profile and old population age
composition.
Let n denote the mean age of profile N(x), and c denote
the mean age of composition C(x). Then the above four state-

ments may be summarized by the following two-by-two table:

Kk\\:::::S\\\ Migration Age Profile, N(x)

‘<;\\\ Young 014
Population n below average n above average
Youn - -
Age 9 c below average c below average
Composition,
C(x) - -
n below average n above average
014 - -
c above average c above average

Figure 2.A illustrates the age profiles and age compositions
that combine to produce the migration rate curves of Figure
1.B. Similar data for Poland are set out in Figure 2.B for
purposes of comparison (See also Appendix). The respective
mean ages for Sweden are n = 25.93 and ¢ = 26.71 for males
and n = 25.23 and c = 25.48 for females. For Poland they are
n = 26.27 and ¢ = 32.99 for males and n = 28.50 and ¢ = 34.75
for females.
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2.2 The Migration Level

A commonly used summary measure of fertility level is the
gross reproduction rate which, for data expressed in five-year

age intervals, is defined as

‘GRR = 5) F(x)
X

A similarly useful summary measure of migration level

is the gross migraproduction rate (Rogers, 1975, p. 148): °

GMR = 5) M(x) . (2)
X
As with age profiles and age compositions, it is sometimes con-~
venient to distinguish various age-specific schedules of migra-
tion rates M(x) by their mean age, m say; in such instances we
shall associate that mean age with the schedule's GMR and write
GMR (m) .

Substituting (1) into (2) we observe that

- .0, ¢ N(x) _ -
GMR = 5 ® E cx) 5 cmr*P = I*P (3)
where
I = 5-% = the intensity of migration, and
P_zN(x)_ h £ mi .
= o= - the age pattern of migration.
X

Note that the intensity of migration deals with the fraction of

a population that moves (i.e., the crude migration rate times

5), whereas the age pattern of migration is a summary index of

two age distributions. Migration level is the product of in-
tensity and age pattern. This suggests the following classifi-

cation of observed migration schedules:



1. Low GMR (or I or cmr) and low m;

2. Low GMR (or I or cmr) and high m;

3. High GMR (or I or cmr) and low m; and
4. High GMR (or I or cmr) and high m.

These are summarized in the following table:

\ Pattern, P (m)
Young old
Migration m below average m above average
Low )

Level, GMR below average GMR below average
GMR (m) -

m below av M
(or T) High w erage m above average

. ,
(or cmr) GMR above average GMR above average

2.3 TIllustrations

The decomposition of an age-specific migration schedule,
M(x), into a level component, cmr, say, and a pattern component,
P(m), suggests a more direct focus on the ways in which dif-
ferent regional migration age profiles combine with different
regional age compositions to produce observed distributions
of migration rates by age.

Table 1 presents two regional migration age profiles
(Figure 3) and two regional age compositions (Figure 4).
Given a cmr of 0.10 say, these four distributions may be com-
bined to form the four sets of migration rates that appear in
Columns 5 through 8 and which are illustrated in Fiqure 5.

A young (old) migration age profile and a young (old)
age composition generates an old (young) migration schedule.
But what are the results of mixed combinations? Consider,
for example, the combination of a young migration age
profile and an old age composition--a combination that
presumably exists in economically declining areas which

have been consistently losing their younger population. Such
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migration schedules differ substantially in mean age from
those of economically ¢rowing regions with their combinations
of young profiles and young compositions,

The reverse combination of an old migration age profile and
a young age composition may perhaps be characteristic of a rap-
idly growing region in a cold climate. In such a case one might
expect to find a relatively large outmigration of the elderly

to milder and sunnier climates.

2.4 Application: Migration in the Soviet Union

Table 2 presents crude estimates of age-specific migration
rates between urban and rural areas for the Soviet Union in 1970.
They were derived in the following manner. A pair of published

‘age profiles describing in- and out-migrants into and out of
urban areas in the U.S.S.R. was averaged to produce the age
profile set out in Column 3 and illustrated in Figure 6. (The
0-15 and 60+ age group proportions were disaggregated using the
profile exhibited by the Polish data.) Next, the migration

age profile was combined with observed urban and rural population
age compositions and observed crude migration rates (the latter
available only for 1973 and 1974, however) to produce the urban-
to-rural and rural-to-urban migration rates that appear in the

last two columns of Table 2.

3. A Multiregional Life Table for the USSR

Age-specific death rates disaggregated by urban and rural
places of residence apparently are not published by the USSR.
Column 4 of Table 3 sets out such rates for the nation as a
whole. These were scaled to produce the total numbers of
deaths in urban and rural areas that were reported in published
data. Thus we are forced to assume that the age curve of death
rates in urban and rural areas is the same (but not the area
under the curve). In this manner we obtained the age-
specific urban and rural death rates set out in Columns 5 and 6.
These rates were combined with the age-specific population data
in Table 3 and the migration rates in Table 2 to generate the

two~region life table for the USSR that appears in Table 4.
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Life tables describe the evolution of a hypothetical cohort
of babies born at a given moment and exposed to an unchanging
age-specific schedule of mortality. For this cohort of babies,
they exhibit a number of probabilities of dving and surviving
and develop the corresponding expectations of life at various
ages.

Conventional life tables deal with mortality, focus on a
single regional population, and ignore the effects of migration.
To incorporate the latter and, at the same time, to extend the
life table concept to a spatial population comprised of several
regions requires the notion of a multiregional life table
(Rogers, 1973). Such life tables describe the evolution of
several regional cohorts of babies, all born at a given moment
and exposed to an unchanging multiregional age-specific schedule
of mortality and migration. For each regional birth cohort,
they provide various probabilities of dying, surviving, and
migrating, while simultaneously generating regional expectations
of life at various ages. These expectations of life are dis-
aggregated both by place of birth and by place of residence and
will be denoted by iej(x), where 1 is the region of birth and j
is the region of residence.

Expectations of life in a multiregional life table re-
flect the influences of mortality and migration. Thus they
may be used as indicators of levels of internal migration, in
addition to carrying out their traditional role as indicators
of levels of mortality. For example, consider the regional
expectations of life at birth that are set out in Table 4
below for the U.S.S.R. population with both sexes combined.

A baby born in a rural area, and exposed to the multiregional
schedule of mortality and migration that prevailed in 1970,
could expect to live an average of 69.96 years, out of which
total an average of 41.17 years would be lived in urban areas.
Taking the latter as a fraction of the former, we have in

reu = 0.5899 an indicator of the (lifetime) rural to urban
migration level that is implied by the 1970 multiregional
schedule. Note, that for urban to rural migration this same

indicator decreases to 0.1484.



19

L8°6 g0°g 202020°R
g1'2 sL'g Z9Lnse’e
190t eh'p 1LELN2°0
g£2°14% 1£°S i96802°2
gLtQe €19 £90050°0Q
o‘*we sa°¢ 1eL192°2
eg*L? 96°L eLetgea
99°e¢ gee goviete
6e°rs §6°s 2eRoLt R
es’ Lt 160t 180952°0
v2°an L2t L200tL58%0
ns* 1y p2°'91 8149Lh°%0
g2y gn°@2 n22tez’e
gven se'ne n2oe2e°'e
L2ty 69°9¢2 gessse‘e
(2'1'/x3a (2'2'x33 (2'1'x)¢
eL'? i1°e1 Ro2000°%Q
£ nst2t SheL22'D
£0°y L2*sy g2(8t10°Q
LT84 ) g9 eLSLt2'e
gh's 9n° 12 $98610°0
12°9 ea'he nisele’e
l6°9 L2*ee Lrsg2e’e
oL'L £e'ts rEceEoe
2n'e 15°ss 2eesne’n
21°6 2E’es 89n290°¢C
2L g2y glLeett1p
121 95°4Lh neEle0’?
2n*at 11°2¢g 6vE250°0.
€3°0% 49°9§ 9.6212°2
Lgtas 16°6% g2se20'0
(1f2/%x)3 (1/1'x)3 (1'2'x)s
6685°0 @

boR0R2*3 §£85SLV°0
95QL6E"2 9Sni20°2
9929nR‘2 2i6it2°0
g20¢g8°2 289112°¢
genope*d® Lg9820°n
91g226°2 166SQ8°2
9.9168°2 ge9h@2°0
SERTLE'2 1ne9E02°0Q
8neE18°2 9sl202°02
PinlEl®d L6120¢°0
1sn@2*2 geStER°Q
"9L915“2 6e6000°Q
BLLM6L 0 665000°0
SELR96°0 669020°0
6LnSt6°23 e88900°0Q
(2'2'x)Ss (2'x)0Ow

Po20200'0 L2lil0°e
92Eh9E‘2 9g2822°0
9g22(9°3 28nete‘e
1L5606°C g10212°0Q
SREFEL ' £56002°2
B9shne*Q 1919Q0°'¢
nhhene®2 92gv2e‘e
TLTen6’Q 66LE00°0
26n6EL°0 SLB200°0
1pe926°Q s52202°0
Anrel9°0 gm9loR°e
DL6S68'0 L20100°0
gssEn62  919000°¢
£62786°@ 61(202°C
920156°2 SROLR0°D
(T/14X)8  (1/X)0W

n I I

8 AN

6

pepeerte
LIdvie®e
996t1t2°2
1eteto*a
en9tinte
nSento®n
lgg2da»
86§922°w
6S8EN2° Y
gEneLe®p
Ls2602°2
92stat’e
2gisnecn
etL900’e
$892202°@

(2/1/x)w

pooeoe*e
n2zne2°*
bennEa’p
93ngRR*2

29n§Re D

nisnoo’e
g19gQa’n
§S9.L83°n
LeLtip*e
gnnstg’o
nnelECe
Linsee’n
L9221v0°n
1182242
cgeeda‘a

(1/2'X) W

$73A37

SLer0°9
SQEgs‘e
L9r9gte
s6121%s
ginee’s
16g2h° L
g9VZg ¢
e96L5°¢t
(XI ¥ LR
gonas's
189gg8°2
trenn®t
22an9 e
2¢Q8es"0
19ege’®@

gn9eg’s
LAYA-F "]
L51€8°0
ni2ee’o
§9226°02
glL256°R
r19/6°% ¢
Lenes°e
na9ee*
(T 11 AR
L8998°1
nonng’s
11991°n
1Lg62'y
e9ew9’n

(1x)711 (2'e’'x)MNM

96(69°1T
190192
IrSEL’e
S91LL%0
61L6L°2
9pUtu’e
98218°D
envdze‘te
T1SLL°0
cetgLte
14299°0
951790 °0Q
TLLge*e
§s(§e*9
ennette

aLn2e*9
g£5219°2
92866°2
gsiee's
LoEsE s
Leans®s
6E859°K
BLLIL%
2ne9s‘’s
662L6°%
6E68B° N
t1g9te’n
89¢€18°n
L86LE Y
19wde’n

‘genLYy
‘senhS
*ggd09
‘%66K9
*h1699
‘fule9
LY
‘el
*9p92yL
*USSiL
‘et
‘184t
*gaetlt
"rage
‘0

(21/xJ)"

*ngeet
‘slent
*snigt
*tedst
L9191
LTA R
‘a9l
‘69451
‘ggadst
AL A
‘cirdl
‘negle

*g28s

*LLty

*d

‘geent
*Leée9l
fLez iy
*29087
*tg2net
*nede’
‘19161
‘o002
*noRte
*oLtge
*‘ges51se
*toeee
‘Ehnne
*ezEL8
‘ooecet

(2‘e'x1"

*1etEn
‘pe19s
19229
-LLLL]
*91869
*Sguel
isend’
*LSM9¢
*2a2e8L
:ELYL]
‘9L
*levee
‘15826
‘nnids
‘voodo:

ded222"° ¢
L1Sene’e
ng92s2°2
eLnon2*o
ThegSd®e
6eee9n’n
leeis. v
s2¢611"2
SilE622°0
2dingga’e
atagne’n
£8589F°0
¢eisee’e
niLaga*e
nToUELDD

(2*1'x)d

orgoue’e
79gLI0%2
96L612°0
¥eecto’o
Tiesi0'e
gegrzo’R
d9.5¢22'0
6r9nga’o
neeasete
194980 °2
9g5911°2
¥Ge%60°2
Sod11n®a
fgefin’e
69 LInR%2

/237 (1) (1f2’/x) (1 '14x) (1felx)d

NOILvHEOTH

0L61L ‘34 s°s'n

¥6°69 3 (0)D

Li°69 2(0)Q"

«0282C°Q
vueeee ¢
§82198°C
2EL968°0
91L526°% 2
cgelas‘to
IS 1N R T
29§£298°¢
2OL9LL D
1292940
2966n8°¢
gZipltg’*n
999746°0
98 L5960
gnrdgLe’y

(e‘e'x)d

doec0e°Q
9s2gR*Y
206TeR'C
slecee’m
2SEBN6° v
cuLene’c
Lon0se' e
nPNGone R
fgnage’o
6letés’
uESLR 2
g29r68° 2
L2asve’e
2Endee’0
rhngle'

(t'1'x)d

§ NOTid0 378vy 3417 (NQI93IN=O0mL) Nvv0IQIMILINW =

dg2go’ 1

Lnsget’y
198982°0

J6l950°¢
gheena'a

1rgedd’2

feEspiete
geegtR’

ga2gee’

L962310°0Q
b2¢s20°2
L2Q5R22°0Q

266200°0
gengeo’n
§06LEY 0

(2'x)e

gavden"t
2rgtgt’e
regLese’o
2ugese’e
5L9tP2°'D
hNMFME-&
fgggee’ o
LugBgloty
egeni’e
1e21vt1eto
1918048°%¢
nliswd®o
SL0guR"e
L88¢g2e°e
L9¢ngc’o

(1)

h

§73A37 ALIAVLINOW

ERELEY

@aL
59
29
es
“s
S
gn

St

se
K]
el
@1

39v



Table 5 presents a comparable urban-rural life table for
Poland. Note the differences in the migration levels. For
Polish data, reu = 0.4424 and uer = 0.1332. Thus we may
conclude that rural to urban migration is currently proceeding

at a much higher rate in the Soviet Union than in Poland.

4, Conclusion

In our previous research on model migration schedules
(Rogers, 1975, and Rogers and Castro, 1976) we adopted the
"mortality" approach and developed model schedules by ra-
gressing age-specific probabilities of migration, pij(x),
on the migration level iej. In this paper we instead have
adopted the "fertility" approach and have focussed on model
age profiles and their associated gross migraproduction rates
and mean ages. We believe this second approach to be a more

useful one than the first for the following reasons:

1) The fertility approach more easily preserves the
regularities in observed migration schedules by
separating out the influences of migration level,
regional age composition, amd migration age pro-
file!. Such a separation has the additional
benefit of allowing the three different components
of migration rates to be estimated on the basis of
different sample sizes, thereby suggesting that
more extensive sampling be carried out to determine
the value of the component that fluctuates most in
the short run, i.e., migration level.

2) The identification of a migration age profile uncon-
founded by the influences of age composition sug-
gests further carry-overs from the fertility
literature on model schedules, e.g., the framework

!For example, recalling the age-specific USA migration rates
illustrated in Figure 1.A, we can offer the conjecture that the
level of migration varies inversely with the size of areal unit
used but that the migration age profile does not. The implica-
tions of this for econometric modeling of migration flows are
significant and could greatly simplify the specification of such
models.
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indicates that it may be useful to decompose a
typical migration age profile into three broad
sets of age groups:

a) the pre-labor force migrants (0-14 years)
b) the labor force migrants (15-64 years)
c) the post-labor force migrants (65+ years).

The migration age profile of the first group may be
related to levels of fertility, in addition to the
usual association with the migration profiles of
parental age groups. Migration by labor force age
groups may be related to indices such as labor force
participation rates and ages of entry and exit from
the labor force. Finally, retirement migration may
be expressed as a function of variables such as
climate and the general quality and quantity of
social services in a particular region.

The fertility approach to model migration schedules also
has a practical application. Much of the published data on
internal migration streams appears in the form of broadly ag-
gregated age groups, e.g., 0-14, 15-64, and 65+. A typical
example may be found in Fielding (1971), where a 20 by 20 inter-
city migration flow table is given for each of the above three
age groups. How can such data be efficiently disaggregated in-
to the five-year age groups typically used in multiregional
population projections and analyses?

Assume that a family of standard migration age profiles
N(x) has been developed (for each sex) and that each such pro-
file has been categorized according to its mean age n. Further,
imagine that using these profiles we have calculated a regression

equation (for each sex) of the form
n = by + b;*N(0 - 14) + by+N(15 ~ 64) + bzeN(65+)

Entering a particular triple of observed values into this

equation gives us an estimate of n and, through it, a complete
model migration age profile. Combining this profile with the
observed age composition and the observed crude migration rate

gives us the desired age-specific schedule of migration.



APPENDIX

Observed Population and Migration Profiles

Sweden (1968-1973): Intercommunal movements

Source: Internal Migration in Sweden 1968-1973,
Nr. 1974:9,
National Central Bureau of Statistics,
Stockholm, Sweden, 1974, p. 73.

Poland (1973): Intervoivodship movements

Source: Rocznik Demograficzny, 1974, N. 33,
Glowny Urzad Statystyczny,
Warszawa, 1974, pp. 282-289.
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SOME SPATIAL CONSEQUENCES OF ZERO POPULATION
GROWTH IN THE SOVIET UNION

Andrei Rogers

1. Introduction

During the past decade, several nations have attempted to
define the outlines of a desirable national population growth
policy, taking as their starting point the widespread convic-
tion that such growth is not taking place the way it should.
Their common contention that national population problems stem
from a propensity to overbreed overlooks the evident fact that
an important component of many demographic imbalances in the
developed and developing countries today is not only a conse-
quence of absolute numbers but also of their maldistribution.

The notion of a population distribution policy therefore has

wide appeal but, unfortunately, insufficient substance. An
important contributing factor to this lack of substance is our
poor understanding of the dynamics of multiregional demographic
growth and distribution. A useful tool for developing stuth an
understanding is populafion projection.

In this paper we shall illustrate how alternative projec-
tions of the urban and rural populations of the Soviet Union
help to illuminate important aspects of spatial population
dynamics in that country. We begin with a projection that
assumes a continuation of present trends and then contrast the
results with those produced by two alternative evolutions to

a national zero growth population.

2. Projection of the Soviet Union's Population to the Year
2000

Population projections illuminate the impacts of current
schedules of births, deaths and migration by drawing out the
future consequences of the maintenance of present rates.
Methods for developing population projections for single re-

gions are well known, and the mathematics of such exercises
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have been documented in countless articles, and more recently,
in several texts (e.g., Keyfitz, 1968; Pollard, 1973). The
mathematics of population projection for multiregional systems
that experience internal migration, however, are less known,
and it is only recently that concepts such as the multiregional
life table have given them a methodological consistency with
the conventional mechanics of single-region population projec-
tion (Rogers, 1975).

The mechanics of population projections typically revolve
around three basic steps. The first ascertains the starting
age distribution and the age-specific schedules of fertility,
mortality, and migration to which this population has been
subject during a past period. The second adopts a set of
assumptions regarding the future behavior of such schedules
(e.g., that they will remain constant). And the third derives
the consequences of applying these schedules to the initial
population.

The discrete model of multiregional demographic growth
expresses the population projection process by means of a
matrix operation in which a multiregional population, set out
as a vector, is multiplied by a projection matrix that survives
that population forward through time. The projection calculates
the region and age-specific survivors of a multiregional pop-
ulation and adds to this total the new births that survive to
the end of the unit time interval.

Table 1 sets out estimated urban and rural age-specific
fertility rates for the Soviet Union in 1970. These imply a
gross reproduction rate of 1.00 in the urban areas and of 1.62
in the rural areas (and one of 1.22 for the U.S.S.R. as a
whole). When combined with the corresponding mortality-
migration data (see Table 1) these give a net reproduction rate
of 1.05 for the Soviet Union, disaggregated according to the

following matrix:

[0.80 o.eu]
NRR = 0.23 0.46
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Urban-born individuals are being replaced, on the average, by
1.03 babies in the next generation and rural-born individuals
by 1.10 babies. Because of migration, roughly twenty percent
of the former babies are born in rural areas {i.e., 0.23/1.03
= 0.22) and about sixty percent of the latter babies are born
in urban areas (i.e., 0.64/1.10 = 0.58).

Table 2 presents the principal results of a projection of
the 1970 urban and rural populations of the U.S.S.R. It is
assumed that current trends in fertility, mortality, and mi-
gration remain unchanged until the year 2000.l Such a projec-

tion produces an older and much more urbanized population.

3. Spatial Zero Population Growth in the U.S.S.R.

Demographers agree that because of the large number of
young people in most countries of the world today, immediate
zero population growth is not a practical national or global
objective. Consequently, most projected paths toward a sta-
tionary population assume an average of just over two births
per woman from now on and hold mortality fixed. On the assump-
tion of zero or negligibly small net immigration, such projec-
tions normally evolve into stationary populations in about a
century and imply an ultimate population increase of anywhere
from zero to 300 percent. Much has been made of the social
and economic consequences of such zero growth populations and
particularly important have been the analyses of their station-
ary age compositions-—-age compositions that have a high mean age
and virtually constant numbers from age zero to fifty.

But what of the spatial distribution of such stationary
national populations? What are the alternative paths in a
geographic context? Will most countries, for example, have as
Alonso (1973, p. 191) puts it "a nationally stable population...
composed of many localities declining in population, many local-

ities growing, and only some remaining stable"?

1This means the fertility rates in Table 1 and the
survivorship and migration proportions of the life table in
Table 4 of "Model Migration Schedules..." are assumed to be
constant over the thirty-year projection period.

.
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A nationally stationary population may arise out of a growth
process which exhibits a zero growth rate in each short interval
of time or it may develop out of a long~run average zero growth
rate which occurs as a consequence of a combination of sequences
of positive growth, of zero growth, and of decline. Since no
obvious advantages arise from the latter case, demographers guite
naturally have viewed the attainment of a stationary population
as arising from a continuation of zero growth in the short-run.
Thus the normal assumption involves a fixed mortality schedule
and fertility set at replacement level.

An analogous situation arises in the case of a multiregional
population. By augmenting the assumptions of fixed migration we
may obtain a stationary multiregional population. In such a case,
each region in the system will grow at a zero rate of growth.
(Alternatively, we may assume that zero growth for the multi-
regional system is a consequence of an aggregation of zero and
nonzero growth rates in its constituent regions. The dynamics
of this situation are more complex and will not be considered
in this paper.)

If mortality is fixed and one thousand babies born at
each moment replace themselves, on the average, with a thousand
babies as they move past their childbearing years, we will
ultimately obtain a stationary zero growth population. But the
babies who survive to the childbearing ages must have enough
chilidren to replace not only themselves but also those who
have not survived to become parents. Thus we specify that
the net (and not the gross) reproduction rate of the population
be unity, i.e., NRR = 1. Reducing observed age-specific fer-
tility rates proportionally to obtain a net reproduction rate

of unity then is one way of achieving a stationary population.

The multiregional analog of the above calculation is
straightforward. We simply reduce the observed age-specific
regional fertility rates proportionally until the aggregate
national net reproduction rate is equal to unity. (Note that
such a reduction can be achieved a number of alternative ways.)
The mechanics of the population projection process itself,

however, remain unchanged.
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Table 3 sets out some of the more interesting consequences
of an immediate movement to replacement levels of fertility by
the 1970 U.S5.8.R. population. In particular, it shows the
growth and distributional consequences of two alternative paths
to spatial zero growth. Alternative A reduces fertility in
urban and rural areas in such a way as to ensure that each
individual, no matter where he (or she) was born, is replaced
in the next generation by a single baby. Alternative B, how-
ever, reduces births to urban-born individuals more than births
to rural-born individuals. That is, each urban-born person is
on the average, replaced, in the next generation by 0.98 of a
baby and each rural-born person is similarly replaced by 1.05
babiesz. Both alternatives however, give a unit net reproduc-
tion rate for the Soviet Union as a whole. But the growth and
distributional consequences are different.

Alternative A gives the urban areas proportionally more
births than Alternative B. Hence the mean age of that popula-
tion is younger in the former than in the later case, and its
share of the total population is corresvondingly higher. Because
Alternative B gives rural areas proportionally more births
than it does to urban areas under either alternative, the mean
age of the rural population is much lower and its share of the
total is higher.

Note that due to the low level of fertility observed in
1970, the zero growth results in general do not differ sub-
stantially from a projection of current trends. Urban areas
receive over 70 percent of the population in all projections

and the mean ages all lie in the range of 35 to 38 years.

4, Conclusion

This note has developed two principal conclusions. The
first is that current trends in fertility and migration in the
Soviet Union suggest an evolution of its present population
into one that is highly urban and relatively old, at least when
compared to today's situation. The second conclusion is that a
sudden reduction to replacement level fertility is not likely
to change matters very much.

2The mathematics of the two alternative fertility reductions
appear in Rogers and Willekens (1976).
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