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METHODS OF LINKING MIGRATION STATISTICS COLLECTED
FROM NATIONAL SURVEYS WITH THOSE FROM POPULATION CENSUS

I. THE PROBLEM

The data collected through national migration surveys among Asian and
Pacific countries complement and do not substitute for the data collected from
national population censuses. Ideal utilization of the two sources of data is
feasible if data from one source can be related to the others that are available.
The purpose of this paper is to discuss different approaches for linking these

varied sets of data.

We are mainly interested here in two particular sets : retrospective
statistics collected from population censuses and those from national surveys.
So that we will let aside statistics collected from population registers and

those from repeat surveys for which it will be necessary to add some hypotheses

‘about the links between migration and death. We will also let aside some survey

data about commuting, circulation ...

The census data on internal migration relate to a little number of questions
about previous residences. Cost considerations often make it desirable to keep
this number to a minimum. On the other side answers to such questions will be

available for the whole population, especially for small areas populations.

These questions are mainly of two kinds. The first one relates to place of
residence on a specific date Before the census. The length of the interval may
vary according to the country consideréd and even for one country according to
the census considered. The time intervals most commonly selected are five years
and one year. The major part of the countries have also a question on place of
birth, that will give a time interval variable from an individual to another.
In any case such a quéstion gives a count of migrants, who were alive at the
beginning of the period and survived in the country to the end of it. When the
question related to place of birth we can speak of lifetime migrants. Such a

. . away Ir1om; .
census question does not count as migrants those who move ™=, 4n area during

the interval and returned to it before the end of the inverval, or died before
this end. In another side persons may Be counted as migrants between:two areas,
however they had never done a direct migration from one area to the other. For
such repeat migrations only the residence at two definite points in time will be

given by such a census question.



Another kind of census questions may relate to the latest migration. One

of these questions will be about the duration of residence in the place of

enumeration, and the other about the place of last previous residence. Some

countries use only one of these questions alone as others comﬁine the two
questions. We suppose here that we have a combination of them, so that latest
migration streams can be studied for each period. It is important here to know
the definition of the places of enumeration between which a latest migration is
counted. Contrary to migrants, it is no more possible to have a count of latest
migration to a consolidation of these places of enumeration (Courgeau, 1980 : 123).
Such questions will give for any duration of residence in a place of enumeration
the number of latest migrations classified by place of previous residence. Often
to have enough numbers it is necessary to consider a longer duration of residence,
0-4 years for example. Such a number will be similar to the numbers of migrants
over a five years period : it may be presented in the same matrix form. But the

numbers in the two matrices will be different as we shall see further.

To get more complete information on multiple migrations and return migration
it is necessary to use survey data Because such information will be too expensive
and too difficult to oBtain through a census questionnaire.

The national migration survéys undertaken in the ESCAP region will give
" information on all the movements that a person has made since the age of 15
that involved a stay at destination for 12 months or more for any reason, and
any other moves involving shorter stays that were specifically for work, to look
for work or to study " (ESCAP, 1980, II). So that all changes in residence or
migrations of the surveyéd sample will Be recorded since the age of 15. Such
surveys will also give the timing of each migration, and other informations on

the demographic and socio-economic characteristics of the sample.

On the other side such surveys cannot give a détailed spatial view of the
migrations undertaken By the whole population. For example they may be inadequate
for estimating small areas migration streams. But it is possible to use the
relationships among variaﬁlés derived from the survey data to ameliorate the
census data on migrants or latest migrations. Thesé rélationships when applied
to the census data would allow more reliable estimates to be made of migration
parameters for small areas. This imply to reconcile démographic data collected

over different periods of time and with different sizes of observed samples.

To enlighten the different methods proposed in this paper we will simulta-
neously treat a numerical example, following the different parts of the paper.
We suppose here to have a census question on place of residence two years aga,
a census question about last place of residence amd survey data about each migra-
tion done during previous time, with a sample of 1/10th. We will follow the course

of the paper, so that the reader can easily refer to the theoretical approach,



2, THEORETICAL RELATIONS BETWEEN NUMBERS OF MIGRATIONS, MIGRANTS OR LATEST
MIGRATIONS.

It will be useful to see in more detail how these statistics may be related.

Let us first present the notations we will further use.
2.1 Notation

We are working on a period of t years (o, t), with a parcelling of the

country intoc r areas.
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—
™
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= number of migrations from area i to area j during the (o,t)
period

=
g
1}

number of latest migrations from area i to area j during the
(o,t) period

o~
v

g
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number of migrants from area i to area ) during the (o,t) period

When area i and ) are the same, we define ,Y\” (t) (or JAL“ (t), or Vﬂ4i(t)
as
M8 =2 M0 =~ N
e JET? i A

a 4ol indicating a sommation over all other areas.

All these numbers may be represented in a more synthetic matrix form :

M (v, M (t) and WL (v

Now, without considering the times at which moves take place, we represent
here the spatial trajectory of an individual by the different successive

areas of residence during the studied period. So that, for example :

(i, 3, i, k)t = number of individuals who lived in area i at the
beginning of the period, then undertake a migration to -
area j, after come back again to area i to undertake
a last migration to aréa k, where they live at the end

of the period.

These individuals have done three migrations during the (o,t) period.

They will be counted as migrants from area i to area k and also for

doing a latest migration from area 1 to area k, but for different reasons :
in the first case because their first place of residence was in area i

and their last one in area k, in the second case as their latest migration

was from 1 to k.



2.2

The different kind of measurement may then be represented on keeping only

the used information :

M (¢) = ( Ay )t

L4

’Yn'i)'(t): (’“J)t

When completing the dotted lines by different possible places of residence

we will know exactly what kind of migration trajectory distinguish one kind

of measurement from another.

One area out - or in-flows

Let this area be i , the remaining areas of the country, that are not to be
differentiated, being a, b, ... We will observe here only two migrations during
the period, taking into account that its duration is short. However the results

may easily be extended to a greater number of migrations.

We will put in correspondence in the same column the identical terms, so that

it will be easy to see the kinds of migrations responsible for the difference.

Let us first consider out-flows :

M‘(t) (i’a)‘c * (’L'a/%)& t (“/“.‘/Q’)t * ('L’“fi>c

M/,v (#) = (£,)¢ + (“v»‘;r%‘)t
m,;,(t) = (‘;;“){— + (‘L,O‘) 6—)t

When there is only one move the three out-flows will be identical. The differences

£

i

are created by higher order moves. If it is so the number of out-migrations will
be greater than the number of latest out-migration or of out-migrants, without
any ordinal relation between the two last numbers. An individual making a return

migration to area i will not be counted as an out-migrants or as a latest out~

migration (i, a, i){. Individuals making multiple migrations will not be counted
as out-migrants if the area i is the second area of residence (a, i, b);y and

will not be counted as latest out migrations if it is the area of departure.
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To develop the numerical example we suppose that the country has been decomposed

into three parts :

\1) @ Lurtai wviue

(2) an urban one of medium-size cities

(3) an urban one with major-size cities

Let us first decompose rural out-flows, into their different components,

that are given by survey data. Using the same presentation than in the paper,

we have :
M, (2 = 10,190 + 500 + 610 + 700 = 12,000
M, (20 = 10,19 + 610 = 10,800
= 10,190 + 500 = 10,690

m, @
From the 12,000 individuals having done an out-migration from rural areas,

700 return ones will not be counted as latest out-migrants or as out-migrants.
From the 1,440 individuals having done multiple migrations, only 500 will be
registered by a census question about place of residence two years ago. A

question about last place of residence will register 610 moves, done after

a previous one.

Let us now consider in-flows

M) = (@8)e v (o, 8,4), ¢ (4,0,0), « (a,4,6),
‘JL.;(E)"(“)L)t t (Q)%Ui)t + (x,a,L)r

M @)= (a8 + (oa)22),

Again the differences are created by moves of order higher than one, but
N 3

W

there exists a perfect ordinal relation between the three nunmbers

m. e M (6) < M (r)

In this case an individual making a return migration to area i will not be

counted as an in-migrant but will be as a latest in-migrant. Only individuals

making multiple migrations, when the area i is the second area of residence
3

will not be counted as well as in-migrants as latest in migrants (a, i, b)
; > e t*

The numerical example will give rural in-flows :
M., @ 3,310 + 380 + 700 + 610 = 5,000
A, (@) 3,310 + 380 + 700 = 4,39 ¥
M., (2) = 3,310 + 380 3,690

From 5,000 individuals having done an in-migration to rural areas, 610 are
not counted as latest in-migrants or as in-migrants, because, their in-
migration has been followed by a new migration. In addition 700 other
individuals canmnot be counted as in-migrants, because their first migration

had been undertaken from a rural area so that they are raturn migrants




Let us now consider the net flow of area i
M=M= (40, (20, oo b), = (o b,
A&QL(‘:) '-JL-.(&> = (a}L)e - (A:/a)k + (“:"":‘i) 3 ";(Lpo‘)“;')(; - (a';"“ )e"b)t

{
m‘i () - M, (&) = (2%); - (i,a)ﬂ_ (“'e"l}’)t _ (’Cfo‘)l‘)c
In this case we can verify that net migration and net number of migrants

are identical :

- M) oM e = m.i(t) -M. (¢
It is easy to see that this relation remains always true whatever the number
of migrations considered. First an out-migrant from area i may have done
more than one out-migration from this area, but each of these will be followed
by an in-migration to i , so that only one net out-migration will be counted.
The same is true for an in-migrant. Finally a non-migrant may undertake some
out-migrations from area i , but each of these out-migrations will Be followed

by one in-migration so that the net migration will also be null.

On the other hand the net number of latest migrations is different from net

migration.

During this first approach we have pointed out the kinds of migrations that
give different estimations : return migrations, multiple migrations defined
by the precise trajectory followed. It is an estimation of these flows we need

from retrospective surveys. They will permit to limk the different statistics.

2.3 Moves between two areas

Let these areas be i and j the remaining ones of the country being a, b

g e

Again we will observe only two migrations during the period but the results

may easily be extended to a larger number of moves.

Calculating the moves between i and i , we have :

M;J' (€)= Bine+loshpde + (344) * (40 K49

M (6 = (d)e +(20)e + (ipe

Mige) = (4,9)¢ (48

These three streams are different. Only one ordinal relation may be found :

.

/u.u(t) £ ™ '\} (t)



sRLe MApOLLAL 1S5 the Iact that the number orf migrants may be higher than

the number of migrations. This is true when the following relation is verified :

e+ (i) (52000 + (4 < o)
In the extreme case, no direct migration from i to j will exist but only

step migration. The following relations are then verified :

M;,(t)':/&q(t>=o YY\‘),(t)>o
The only number that will be positive is the number of migrants, the others

being null.

Let us consider for the numerical example the flows between rural areas and

medium size towns. Such flows may be decomposed as :

M, (2) = 3180 + 70 + 260 + 150 + 340 = 4000
M, (2) = 3180 + 70 + 260 = 3510
= 3180 + 350 = 3530

M,

The 490 individuals making a migration from rural areas to medium size towns
will not be registered as latest migrants or as migrants, because this
migration has been followed By a new one. In addition, the 330 latest migrants
from rural to medium size towns, will not be registered by a census question
about place of residence two years ago, because this migration follows a
previous one from major size urban areas. But 350 migrants from rural to

medium size urban areas, that have an intermediate stay, will not be counted

as doing migration or as latest migrants between these two areas.

B e e e - - - —

Finally the net streams between i and j are :
M0 - M0 2 G0-100) « (d)Y) - («4,4) «(d,6,0) =k 2 )
M (6) - M (0 = (§,0)-(4d) + (@, )0) - (2,5,3) (), - (4,
M) My ()= 1) -[) o4 = () e

For the net streams the previous identity of net migration with the net number

of migrants is no more verified.

Again, if we want to link the different statistics on migration streams, we
will have to estimate higher order moves. Such an estimation will be less easy

than to estimate in- or out-flows, as more complex streatmis interfere.



3. THE NEED OF LONGITUDINAL ANALYSIS.

The previous section gave us the kinds of streams that need to be analysed
to have valuable estimates of a migration flow when we have statistics on migrant

or latest migration flows.

Such an analysis needs to be longitudinal to show more clearly the

hypotheses made when developping a model.

As other papers of this conference will treat in more details such an
analysis, we will give here the only results that are useful for our purpose.

We will consider three aspects of this analysis.

The effect of time on migration behaviour is the most important one. IT
may appear at different levels. The first one is the age of the individual.
Once this age pattern taken into consideration it is useful to analyse the
effect of duration-of-stay, as its importance has been emphasized in several
studies of mobility. At the third level, analysis of the effect of previous

moves should be considered.

The effect of space on migration parameters have then to be taken into
acdount. The previous places of residence may play a part in the migration

process and particularly return moves have to be considered.

Finally disagregation of a population into more homogeneous sub-populations
will be studied. Different socio-economic groups display very different migration
parameters. So that it will be useful to disagregate the population of a small

area into such groups to get a more valuable estimate of its migration parameters.

3.1 The effeet of time

Let us first remember that this analysis ought to be applicable to the census
parcelling into a number, * , of smgll areas. So that the moves to be taken
into account in the survey will be for the same parcelling. But as the sample
size is around 14.000 interviews, it is not possible to consider each flow

'4;; between each couple of areas. So that we may oBserve here the whole
set of Hi; moves undertaken By a cohort :

M.> Z M

L
v} 4L ¥
But such a set may be disagregated according to the time of the move, its

rank ... whatever the areas of origin and destination may be.
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Let us develop here some methods to estimate parameters that will be useful

in further models.

: M-8 .
T +
Let a55’: the number of individuals of age category " a " at the (m-4 )f
move, who x years after this move have not made a new migration. Between
m
the duration x and (x + 1) “P1x of these individuals make a M move.

.. . t . .
Rather than to calculate the traditional rate for this m* move, it will be
more useful to summarize these rates with a little number of indices. Even
if these indices are rough estimates their use during a short period will

give good results.

The first of these indices will be the limiting value of the percentage of
)
individuals who make at least an M- move, knowing that they had made the
(m 1)< one at age a :

K2 b K

= x &

An interesting case is when such an index is independant of the rank of the
move. Then it may be used whatever the past migration history of the
individuals was. The migration process may become Markovian if this value

is omne.

Given a new move, we can then calculate the annual probability of migration :

In many cases this probability remains fairly constant so that the migration
, - "
process may be summarized by only two indices K and ak + Under
. @

such an hypothesis it is possible to estimate these indices on writing the

model :

!

ML R [ajj _ (4 _.GK“)QSQ ] ez,

a b A
If Z, 1is a normal distributed variable with a mean of zero and a variance
. . . ke .om
of one, we can estimate the coefficients “k ) K and v from
: " ~ " . a
the observed M M .. , M variables. The least square method
o e ) a 4 ) ‘a X
will give the same estimate as the maximum likelyhood method. Omitting, to
simplify notations, the indication of age at which the previous move had been

made and the rank of that move we have (Courgeau, 1979 b ¢ 29) :



3.2

3.3

- 40

o xzongs [Tz ]
=35 - [z

Roa lEs)End - slzs zn.]
28, X MyS, - S, [‘Z{sx][zxﬂ,‘]

If these coefficients depend on the age of previous migration, but are

i

independant of the rank of the move, they may be used to link migration
statistics collected from national surveys with those for population censuses.
This rank independance is important to be stressed here because population

censuses generally give no information on migration rank.

The effect of space

The previous indices have been calculated from the whole set of moves

through a census parcelling into a great number of small areas. When applied
to one of these areas such indices will give a good estimation of the real
ones if each area has a size, population ... very near to the size, population
of any other area or if these indices depend only slightly on the size,
population of the observed area. Such a size dependance may be studied

from survey data when considering different parcelling of the territory :
change of residence, of county, of state ... These studies will ensure the

use of the same indices for areas of varying size or population.

Another problem relates to return migration. It will be useful to know if

the probability of returning back to a place of origin i from an intermediate
place j will be the same as the probability of making a first move from j

to 1. Again such probabilities may be estimated from migration surveys.

An interesting point to be studied is to see if these return migrations
represent a constant part of migrations of rank higher than one during each
year (Courgeau, 1979 a : 24). If this hypothesis is true, the formulation

of the links between migrants and migrations will be easier.

Disaggregation of the population

The composition of the population of a small area may differ for an important
part from the national one. So that when applying the national migration
indices to this area we shall have very bad estimates of its migration
parameters. For example, an entirely rural area may Behave quite differently

from the national omne.



The most obvious method of dealing with these differences is to disagregate
the population into more homogeneous subgroups. It is then possible to
estimate parameters separately for each subgroup on which there are enough

data.

Such subgroups may be defined from different ways. MbBility may vary with
occupation - income class, household type, race ... But it will be difficult
to take into account a too important number of subgroups because we are
always working on a survey sample. The occupation - income classes seems

the more important to consider here.

As for the age variable we will try to have estimates of K and R for

each of these group and also an estimate of return moves.

\For the numerical example, such|{
/" an analysis can be undertaken at different levels. For a short period

of observation, here for two years, we can first suppose that the mwajor part
of the population undertake only one migration, or if they undertake more
migrations that each move is independant of every other move and of the

duration of stay.

However analysing the whole set of migrations between the three previous
areas, we get some estimates of the following parameters :

-~ ~ s

K - 0.6 R:-o02 L -0

This indicates that for 100 moves undertaken from rural to medium—-size towns,
for example, 60 new movés will be registered in the future, with an annual
probability of moving of 0.2. For these 60 new moves, 36 will be return ones

and 24 will go to a new destination.

A more detailed analysis of these moves will give us different sets of
parameters, when we decompose these moves into migrations to larger urban
areas and other ones. When a move to a major—town is undértaken the individual
will have a greater proEability to remain into this area. So that the
parameters for a new migration for these areas are :

A~ a
K = 0.5 k = 0.2 /Q - 0.6
3 > 3

In the other case, between rural areas and medium-size towns, the moves
are more generally followed by a new one, so that the parameters for these

new migrations are :

K1 = O,}

We can see that for these moves the return ones are more frequently done

by the population.



4. EVALUATION AND DISCUSSION OF DIFFERENT MATRIX METHODS.

The methods developed here introduce a discrete time. But their results

can be generalized on using a continuous time model (Singer and Spilerman, 1976,

Ginsberg, 1971 : 251, Keyfitz, 1980).

Let us first introduce the notations.

4.1 Notation

<

We will use here matrices of probabilities. The first one may be easily
derived from the M (1) (or /LL(I), or YYL(I) ) matrix : it gives the

probabilities that a person in region i at the beginning of the period,

will be living in a region

where

o~

P,:j

one year after.

y
- %1 ’ou Pas Pra.
Pﬂz = sz PzJ T T - Prz

PA\' Pzr B Jir P'lé

p

is the previous migration probability.

Such a matrix can be written :

The initial populations of each area may be represented by a diagonal

matrix

r ~
N4(D> 0 C .. 0
0 N,(0) . ... .. o0
N - , '
(
; :
0 0 N, (9)
-~ J
where TVLLO) is the number of observed persons living in area i at time O.
Such populations may be only a part of the total area i population:

it may be an age group« , a social group ...



We can then write the matrix of migration flows at time 1

M (’\) = ?(/‘> N(O)

With these notations the problem we have to solve will be : how to calculate
f’(l) (or M (1) ) from a census information giving /LL (t) or YYl(t) ?

To solve this problem we may use other informations taken from the survey
data.

T Li&gour numerical example}
We suppose Y~

“that each area has an initial population of 100.000.
The observed matrix of migrants given by census data is

!

- 3690 3527 7162
M @) - 2440 - 5617 5178
1250 2090 - 12340

The observed matrix of latest migration given by census data :

- 4388 3507 7297

M@ = 2631 - 6138 5474

1754 2631 - 12771

The survey gives us an estimate of the annual matrix, we want to calculate

from census data :

- 2150 1870 3780 - 0.0215  0.0187 0.0378
M (1) = 1350 - 3130 2780| or P (1) | 0.0135 - 0.0313 0.0278
800 1260 - 6560 0.0080  0.0126 -0.0656

~

4.2 Migration uniformly distributed

Let us first suppose that there are no multiple moves during the period of
observation and that the migration flows are uniformly distributed during
the t years period. In that case we may have K =O for each w322

so that the annual flow P FJL(CO may be replaced by a flow t times
larger t p% Q&(Q) . This will lead to the following expression :

T) = tP(0)

So that we may have

M)« (o) = M(e) = P (1) N(o)

and the solution of the problem will be

P(4) = %M(t) N(o)—ql = .’é.m(t) N(o)d 1)
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As the matrix N(o)is diagonal N(o) will be very easy to calculate,
A

N; L9

In fact, such an hypothesis may be rarely verified as multiple migration

each diagonal term being s, the others remaining null.

is the usual case (Kitsul and Philipov, 1981 : 2). It will be approximatively

true for a very short period but is quickly unusable as the duration increases.

example,
,In the nuMeric;}\\/’ the P (1) estimate will be very easy to calculate

on dividing by two each non diagonal term. So that this estimate will be :

~ - 0.01845 0.01763 0.03581
’24(4)= 0.01220 - 0.02838 0.02589
0.00625 0.01045 - 0.06170

with a matrix of errors :

~ + 0.00305 - 0.00107 - 0.00199
Po-T(1) = | -o0.00130 +0.00292 - 0.00191
- 0.00175 - 0.00215  + 0.00390

N ) ~

Such a method under-estimates all the migration flows and gives an over-
estimate for sedentary individuals. Even for a two years period, these error

terms are not neglectible.

For the number of latest-migrants we have :

r/

~ - 0.02193 0.01753 0.03649

—~ 1
L,0) = 0.01316 - 0.03069 0.02737
0.00877 0.01316 - 0.06386

with a matrix of errors :

~ + 0.00043 - 0.00117 - 0.0013I

o ~ .
L W-Pl = - 0.00034 + 0.00061 - 0.00043
- 0.00077 - 0.00056  + 0.00174

Such a method also underestimate migration flows, but leasf than the previous

one.
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4.3 Migration as a Markovian process 415

Another simple hypothesis is to suggest that an individual's migratory
behaviour may be represented as a stochastic process. In the Markovian
assumptions, each move is independant of every other move and the probability
of a move is independant of the duration of residence in the origin area.

It depends only on the two considered areas.

Such assumptions may be verified from the longitudinal analysis. In this

case we may have iﬁ“ = 1 for each ™ > 2 and the annual proBability of

a move, R , will be independant of the duration of stay. Return migrations
are also allowed with these assumptions : they are produced with the same
probability as direct moves. For example for a two year period we have for

different kind of migrants :
(Al))‘b)a_ = P‘J P‘)L NLLO)
(pye = ey (4 -2 R (2 k) by TN
("'*A'h)a = F’LA P; e N; (o)
Such an example shows how to calculate after a t years period the number
of migrants of each kind and further how to estimate the numbers of migrations,

latest migrations and migrants during this period. Keeping the two years

example, we can write :

Mq(z): P;J N‘,(o) + (4 - %i Pim) P"J N{(O) + [Z Par Y} [0)} F’"J

so that :

MiJ(Q) = FA—) [(2 - %—L F’:“ ) '\}c(c) + %L Pa‘ N“(O)AX
The number of latest migrationswill be

g . o J Z b . N (o .
M” tz) - P")(A - E;) ?Jt‘) ML(O) T /.(/‘ - 0%; Pi‘“) x) N (0) (a,*¢ P(kA a‘- )) P&a
so that :

A/L (:L) [(2, -2 h,a - %,‘ 'P4'0) N_;[o) + ‘az;“, Pos N@(o)j'

a#é.

Finally the number of migrants will be

&#)
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I

In matrix form we can easily generalize this last equation : 46
(3

N (o) + “YY\(t) = [ 1 + P(“‘)—} N( o)

So that the solution of the problem, when knowing the number of migrants

over a t years period is
4%
P(4):(I s M(ON@ ) - T (2)

For the number of latest migrations the solution is more complex and will

need an algorithm to find the P (1) matrix.

Such a model that is better than the previous one, because it allows multiple
migration and return migration to be considered,does not always give
satisfactory results (Rees 1977, p. 262). It seems that generally a more

complex process than the Markovian one is involved in multiple migration.

xggfvthe numerical example )

vsing the Markovian assumptions we can estimate from the number of migrants,

the annual migration matrix. We have to calculate the square root of the

following matrix :

4 . 0.96310 0.03527 0.07162
T MNp) < 0.02440 0.94383 0.05178
0.01250 0.02090 0.87660

Such a root can be estimated by successive approximation :

' 0.98114 0.01786 0.03710

é(Iﬂﬂ(q)N(o)“i) = 0.01241  0.97125  0.0269!1

0.00645 0.01089 0.93599

So that we will have an estimate

N - 0.01886 0.01786  0.03710
Pw = 0.01241 - 0.02875  0.02691

ksl
0:00645  0.01089 - 0.0640k

~

with a matrix of errors

+ 0.00264 - 0.00084 ~- 0.00070

P2 - P4) = |-0.00109 + 0.00255 = 0.00089

- 0.00155 - 0.00171 + 0.00159

~

Such a method always underestimate migration flows, but improves all the

estimates.



4.4 Mover - stayer model and its extension ' 1+

One way to improve the Markov model is to divide the population into different

groups having a different migration matrix.

The simplest of these models is the "mover—stayer" one, where a certain part
of the population, K, has a non-zero probability of migration (movers) while
the rest of the population, (1 - K), has a zero probability of migration

(stayers).

Such assumptions may be easily related to the previous longitudinal analysis.
If we suppose that the whole population had just migrated before time O,

then the K coefficient will be exactly the same as previously defined
(section 3.1). As such an hypothesis is not usually true the coefficient

may be however related to the longitudinal index.

If these assumptions are verified we will have two independant Markovian

processes whose mixture is not itself Markovian.

Let us again calculate the numbers of migrations, latest migrations and
migrants we will have after a two years period. These numbers are only
calculated on the K N(0) part of the population but with a migration
matrix that will be 4. P(4) . The number of migrations will be :

K

Maj(’-) = Py Nito) + (4 - &Zm ‘P.iu) Py Nilo) + [Z‘ AE Pt Na(")‘l P‘é

[- % a$t

So that :

Mg = g [ (3t 2 b IV s L5 W (o) |

K at K asi

The number of latest migrations will be

Mié t1> = F(’.J A~ "EPJa ) N;'(O) +(4— %’( %“ Pie-) ‘ou Ni(o) + [%L j’l‘( Pa.i N@.(a)] P«J

M“ (9.) = %q{ ( - 1‘2%‘) jo Z Pia )N{e)f"' Z" Pcl‘. )

K aii

Finally the number of migrants will be

mq(l)-s &P (A- 4 %A 5a)+(4- i‘zib P_io\) by ¥ %:3 “:_Z Pia Pa :\ N, (o)

[\%( 2-1 2 i -4 L2 et 2 \ommél N (o)

ut«. K ﬂ-,*a



Again the last relation can easily be generalized in matrix form : ‘18
t

N)+r M () = K [1 + 47< ?(4)\ N (o) +(4*-K)N(°)

So that the solution of the problem, when knowing the number of migrants

over a t years period, is :
' -1 %
A
Pr) = K {[1 + L M ()NC) } - 1} (3)

Such a model will generally allow better estimates than the previous ones

of the annual migration matrix. It is possible to generalize it on introducing
two subpopulations, one with a high intensity of migration, the other with

a low intensity of migration (Kitsul and Philipov, 1981). Such a model may

be written :

t
N(@) + M(6) = K R(4) N(©) +(=)S{4) N(o)
with the condition

KR « (A-vc>5(4) =1+ 2

Again this mixture of two Markovian processes is generally not itself a
Markovian process. But as to estimate the T (1) matrix we need two sets

of data - for example one-year and five-year observations - and also the
hypothesis that these matrices can be diagonalized by equal matrices
(Kitsul and Philipov, 1981), we should not further dévelop this method,
refering the reader to this paper. It may also Be generalized to a greater

number of subpopulations (Ginsberg, 1973 : 115-118).

(gor th& numerical -example, wWe/

" */begin to use information from survey data : only sixty percent of the

individuals undertaking a previous migration will undertake a new one.

We can then use a mover-stayer model.

We have first to calculate the square root of the following matrix :
I'd

0.93850 0.05878 0.11937

0.04067 0.90639 0.08630

0.02083 0.03483 0.79433

W

[ +§ W\(t)l\}(o)-4

that is :



o ——
1

-

+5 M) N) 0.02082  0.95126  0.04614
0.01100  0.01873  0.89038

1)

“)3 0.96808 0.03001 0.06348

[V R1]

!

that will give the following estimate :

~ - 0.01909 0.01801 0.03809
P = 0.01249 = 0.02925 0.02768
>

0.00660 0.01124 - 0.06577

with a matrix of errors
N + 0.00241 = 0.00069  + 0.00029
P, B = | -0.00101  +0.00205 - 0.00012
- 0.00140 - 0.00136 - 0.00017

L

As we can see this method improves all the estimates, particularly those
of migration to large towns, and we have no more an underestimation of all

migration flows.

4.5

Migration as a semi-Markov process

~

Such a process is another generalization of the mover-stayer model. It

" that had been emphasized

introduces the existence of " cumulative inertia
in many migration studies. With such an hypothesis the probaﬁility of going
from an area i to another area j depends not only on i and j but
also on how long the individual has been in i . As this duration of
residence increases this proEaBility will be less important. Such a process

is known as a Semi-Markov or Markov-Renewal Process (Ginsberg, 1971).

We will present here such a process in a discrete time model, but again

it may be easily converted into a continuous time model.

To develop this model we need the series of probabilities of going from i
to j for each duration of stay. Such a series may be derived from
retrospective‘surveys as the proBabilities of making a migration through
the same parcelling for each duration of stay. Again we have to suppose

that the whole population had just migrated before time O.

19



So that we can write

Py () = Py, Py l2) = Py 1 ...

Knowing this distribution (Ginsberg, 1979) it is possible to construct
the whole Semi-Markov process. We will give here the estimations of the
number of migrations, latest migrations and migrants that may be observed

after a two-years period.

The number of migrations will be :
My @)= M) [ by + (4 -Z rzm)n,xcz)] + {Z Pa wo)} Piy

The number of latest migrations will be

Ju’% (Q‘> = NL(O) [P‘J [4"%‘) Fa“-) ¥ (A _a%i. P.ia) PA)£(2)1 > [5’; PAL NGLO)SP.LJ‘
The number of migrants will be :

MM by (- Z ki) + (- pe)bgh® « 2 piopeg |
ay

Knowing Anl%(t) and the series (l,f(ﬁ)/ @(3) een iUﬂ) it may be possible
to estimate T (4)

Such a process gives a more general view of the migration behaviour than

the previous ones. However it will generally be impossiBle to tell the
difference between the Semi-Markov model and the mover—stayér model, looking
only at the distribution of intervals between events (Ginsberg, 1971 : 254).
So that for our purpose the Semi-Markov process will not greatly improve

the results, giving only a more realistic model. We will refer the reader

to Ginsberg papers for further developments of such a modél (Ginsberg, 1971,
1979 and others).

5. TOWARD A MORE GENERAL MODEL

In all the previous models the process is assumed to start ffom scratch
at the instant a given area is entered. So that the times between entering and
leaving a glven state are assumed to be independent, identically distributed
random variables. Such an hypothe31s may be too restrictive. Several authors
had stressed the importance of return move : the probablllty of returning back
to a place of origin i from an intermediate place j will not be the same as
the probability of making a first move from j to 1i. It is now necessary to

take into account such moves, to give a more general model.

..



4
5.1 A simple model of out-migration and in-migration.

We are dealing here with a small area, i , for which we suppose the migration
flows to be even during the whole census period. So that during a very short
interval of time, d =, the in-migration is m, dx and the out-migration
m; dx for the sub-population on which we are working. Such a model
introduces a continuous time, but it may easily be transformed into a discrete

time model.

From the census we have a number of latest in-migration 'u'.;(t) (or a number

of in-migrants m . (t)) and a number of latest out-migration /«, (¢) (or a
oA 2

number of out-migrants mi.(b) ), for the period (o, t).

Let us consider the m _ dx  individuals undertaking an in-migration to 1 .
Some of them will later undertake an out-migration from i , so that they
will not be counted as latest in-migrants or in-migrants during the (o0, € )
period. Let us see how these new migrations may occur. First we will suppose
that only a part I of these migrants will undertake a new migration, and
that for this sub-group the annual probability of migration will remain
constant, R . The new migrations occuring during a short interval of time

(t, t + dt), dm (t), will then be proportional to the population at risk

( Km”._zix-'m(t‘)), so that we can write :

dwm(e) = R [ Kom de - m(b)}olt
The integration of this relation gives :

-RrE
K m‘Ld'x/ -m(t) = C e

The conditions at the initial time t = X gives

kx
C:K"n’\,.e. dx

-4

So that

) -k (E-x) |
mt)= K m . dx (/l - e )

where M. (t) are the new migrations undertaken by individuals having done

a previous in-migration toward 1i.
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When Xx varies from 0 to t we may enumerate all the new migrations out

of area i , by calculating the integral :

_a::lr .
-rit-x) _ -kt

Km , dx (A - e ) = Km [t - (4 -t )} :(a,{,/%—)b

x =0

This will be the number of previous migrants to i that have done an

out-migration from i afterwards (a, i, b)t

So that the number of in-migrants remaining in the area 1 , that is the

number of latest out-migrations to 1 , will be :

Y
'M»zu):'m.;{.("”‘)t *%(4"@ )]
To estimate the number of in-migrants we have to go further. Some of the
individuals Undertaking a last in-migration to area i may not Ee counted
as in-migrants if they are return migrants. We will suppose here that the
number of return migrants is proportional to the population at risk, that
is those who undertake a new migration from the area where they were. If
this proportion is I we can estimate the number of returning migrants to
area 1 as :

x el

—k(E-%) . k€
A wm, dx (4 -2 ) ,_sz\m‘..[t-"]z(n_e )lg(ﬂ;,a,;)e
xzo
We suppose here that these new migrations are wéll described with the same
parameter K as the area i migrations. Such an assumption may Be changed.

Under this condition the number of in-migrants to area i will be :

-kt . ~-RE
m”__(e),-_ m‘i[@—\()t v K (4-¢ )} ‘QKmi'(['%(ﬁ’Q )l
R

Let us consider now the out-migrations from area i , %wé_ckx. . We have
yet calculated the number of returning migrants to area i that will not be
counted as out-migrants. But also the individuals having previously moved to
area 1 and undertaking later an out-migration from this area will not be
counted as out-migrants. So that the number of out-migrants to area i

will be

m&._(t): mo bl tKm [t-‘E[‘—-Q )] - K “’“.i[t - (/’_e“ht)]

or :
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We can easily verify that the net migration to area i is equal to its

net number of migrants :

mpi[t\) -{m,).”((r) = (M.;_' wm*_)l:

as calculated with these wvalues.

To estimate the number of latest out-migration we have to go further. T get
this number we may calculate the out-migrations from area i that are

followed by a new migration to any other area, i , included. These will be :

-t
. 4 .
K"’Y\i'[t—;("—e )] :(‘A)ale‘)t
recalling the previous hypothesis about new migrations from outside areas.

So that the number of latest out-migrations from area i will be :
. - —mbE
M,, (0 = 'mh[(/l-K)f + X (4_e )}
r

Resolving the two systems of equations giving /&L (t) and ,lL (t) (or
YYL (t) and YYL (t) -we can get estimates of the 1n—m1grat10n and the
‘ 4- !

out—mlgratlon probabilities, from census data :

- M. ) (4 )

ol

-kt

1-KJE + K -
@-K)e o (aoe )

m e M (s)
B-K)t + ﬁ(J_e-ht)
or R
o M. (m.ic‘t)-m{_(t)) [ a4 (a _e’w)}
o X (6)
(A_ K(4+e)]t - fiiiﬁl(IA_ e J

R

. mh(e) P(W}_L[t)_mh(t)) K [A A (A,e'“)}
m. = kE (}Z)

A e et
CoxwoTe + wlet (4 o)
k

To have such estimates it is necessary to know the migration parameters

from retrospective survey data. Such parameters may be estimated

as indicated in section 3.1 and 3.2.
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5.2 Extension of this model to migration flows

We are now considering two areas i and j . During the observed period the

migration flow remains even y M dx

J

We have given in section 2.3 the decomposition of the flows for which we need

an estimation. It is necessary to give additional assumptions.

Let us first suppose the (i,‘i)dé + (AL,j ,i ) flow to be proportional to the

previous ( ¢, & ) flow. So that we can write

-kt
N L 4
('th))a)b'r(hlAI'L)t‘ ‘:m,‘c}K(k’—;("'e >)
This relation verify the condition, previously stated :

s ~ i ~kt
, . . _ 4
. [G"i}/u)t+(ﬁ')3’h)r‘l -— m}ﬁK[t- ._{/‘ - )
PR R
S~

as . 2_ ™ = M.

Do . 4) A

Jet
Under this condition we can estimate the number of latest migration from i

to j as
.Mi}(t{) = { (4-x)C + ,Z; (’A.a“Qt )J

So that

Y
v
-

(8)

1]

H kt

To estimate the number of migrants we need other estimates. First the
(a, i, j) + (i, i, j) flow may be decomposed. As a (j, i, j) flow is a

return one, we will have

-kt -
oid) = )dmp Lot (aae )|

For the other moves that are not return ones we will have :

-kt 7
oty (22 ) [ ™)
“E M-
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We need further an estimate of the (i, a, j) flow. As such a flow is not

a return one we have :

(A"q,/})b

ati
a3y a.

S KU e M [/t-i.(q-efht)]

Under these conditions the number of migrants from area i to area j will be :

{j ail A
' ary mi-m

m(t) = Wié E- K [ ML; T k‘m)y + (A-«Q,)%«\{.J (Z_ Ma o )
(9)

: . -RE,
~(+-2) 2 Mic Moy £-oLhoe )
T <

Such a system of equations for each . flow verifies the conditions :

“
. ~RE
%‘mq[t‘)zm‘.((’) = 'h'l;”r _K(J‘W\b +-M‘L')[t_%(a(_€ )}

003, 0ol o) (55057

As it is not linear it may be solved by an iterative procedure. We have
previously calculated estimates of ™ .. and vn') . From these estimates

we can write a first series of mk-}

o~ A
wt oMoy ma
iy iJ

m.

A»

that will verify :

N oa
Y R i
but no more :
~ 4
L4} ﬁm“) =My oy

Applyfing these estimates to equation (9) > we will have a value of mc} <t>
that may be different from the observed one. Writing the differential

equation from (9) we will have :

> .
d(mi(b))= kqu- - K,[olm.L -\—'Qo{'mjl‘ +(A-()0{wié Ml
4 " B M
- A R
.+Q_Q)'/v\nA Z dma, (A-Q)“/:l4 > ;\h‘:L dmia
B \asl A ~ 4 | Ylase < < 12
oy M -M X 4y (m& - wfﬁ)
A~ A~ )
_(A-Q)Z 'm__:.g "(__"‘f& -(A-Q)Z ™uq d May
Awl N I @2l o~ o~
aty Mg, -m, app M, -'\M:“
IS4 S ., Rkt
-0, D Te ST [ 4 (e )}
L o A A\ k
at} ('m - m ) .
a. an



2§

So we have to solve a system of r(r-4) linear equations, the variables
being the ciwnié ones. The solutions of this system will give better

estimates :

The same procedure may be applied until we have the needed approximation.

Another procedure will be to find a first set of m .

g estimates verifying

the following conditions:

7} i 4
N g
M ® M
/\A

Such a set may be estimated on using an algorithm (Courgeau, 1980, 153-154 ;

Tugault, 1970, 65-66). We will summarize it here. The first step will be to

write :
S
44
™ = s W\d
\v* N
m,, - 'W‘J.

Such an estimate will verify

A s
m - M - but ™ F m
.) 'J As 4

So that we will introduce a second step on writing :

/N AN A
m'? - Tn: M
4 4 14
mk'
Such an estimate will verify
Ve A
Mn =z M Bk m’t + m
A A 'J J

A third step may be to write

_/\‘.3 /\41‘

My My __;giL_
and so on untiYL%e have the needed approximation. Then the previous procedure
may be applied to find the solution of the problem : it will converge more
quickly than in the previous case Because the two marginal conditions are
verified. Other ways to get such estimates may be found in Willekens, Por

and Raquillet, 1981.

Such a model may be greatly improved if we have estimates of parameters K and
1 for different kind of moves : rural to urban, intra-rural, intra-urban ...
The solution of such a system with different K, R and 4 parameters will not
be more difficult than the case we took here (an unique set of K, R and 4
parameters)..

..
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For the numerical model, the instantaneous migration matrix to be estimated is :

\

- 2500 2000 4000 - 0.025 0.020 0.040
M - 1500 - 3500 3000 or g 0.015 - 0.035 0.030
1000 1500 -~ 7000 0.010 0.015 _0.070

We will first suppose that the different migrants have an homogeneous

behaviour, so that we can use the preceding parameters, estimated from

migration surveys :

—~ /~ r~
K = 0.6 R = 0.2 £ 0.6

For the three areas the model can be written, as six linear equations :

3527 = 2w, -~ (m, +o6 m,  +O0Ou4 mo—o4m ) 0244
7162 = 2 wm . _ (m  +06 m,  +ouwm,_  _ oy ) o.244
2440 = 2 m,, - (’m“ +0.6 M., +0.4 WM, - O‘Q%‘L:;) 0. 244
5178 = 2 Mzg - (M,n_,o.e My, 0.4 m,, _.O.Q‘Vm“) 0.244
1250 = 2 m,, - (My, 406 M, 30.Um . _064my, )0 214
2090 = 2m,, - (-)ﬂgl.eo‘eﬁmzs FOUM, . 0. m, ) 0. 244

Such a system can be simplified to give the following ones :

3231.6 = 1.7046 m, - 0.0412wm,
2355.6 = 1.7046 moy - 0.05‘22&«\'1
6866.6 = 1.7046 m,, .0.0422 ™o,
1629.8 = 1.7046 ™aq, - ©.0422 LU
5093.6 = 1.7046 'Mzz - 0.0422 M,
2469.8 = 1.7046 ma, - 0. 0422 ™, .
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that will give the solution matrix :

~ - 0.02486 0.01931 0.04056
P = 0.01430 - 0.03455 0.03027
0.01056 0.01524 = 0.07083
with a matrix of errors :
+ 0.00014 - 0.00069 + 0.00056
~ :

?:M _® - | - 0.00070 + 0.00045 + 0.00027

+ 0.00056 + 0.00024 -

0.00083

~

This method gives a new improvement of migration estimates between small

towns and rural areas, but not for migration to major urban areas.

It is necessary to go further and to use the whole information from survey
data. For all moves except those to major urban areas, the new migration

can be summarized with the set of parameters :

K,=0,7 k =0,2 L=0,7

The new migrations from major urban areas are summarized by an other set

of parameters ¥

K, =0,5 k =0,2 L=0,5

So that we can write the following system of linear equations

3527 = Z'm’1,0,1q6(h”z+ 0.3 m,, +<>,3m31)»«o.s-Mo.i;“s?:w,3
7162 = 2 my -0 FFF M, — 0,246 (03 my, 403 M, _ 0.5 m,, )
2640 = 2 m,, _0.2ub (M, +0FmM, +0,3m, ) ¥0.5x0. 155 m,,
5178 = 2 wm,, - 0135%S T, = 0.246 (03 Mm,, +O03m, ~ 0.3 ™, )
1250 = 2w, - 0.246 (m, _ 0,3 ™ay) = O STSIS (M 4, )
2090 = 2 ™y, - 0.24 ¢ ('mh _ 0.2 'm%) —-0.5 .0, r}s}:(ng 44“‘3)

The sollution of this system leads us to a matrix very near from D .
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CONCLUSIONS

We have developed in this paper a general approach to analyse the effect
of multiple and return moves. These moves give different mobility estimates when

working on migrations, latest-migrations or migrants.

Such an approach is based on the existence of a partial estimation of these
multiple and return moves from retrospective surveys. Although such surveys did
not give valuable migration estimates for small areas, they will give more valuable
estimates for some migration parameters. The idea is then to use a parcelling of
the national territory into these small areas, but not to consider separately
each flow between them. So that we will have an adequate number of migrations
to estimate the different useful migration parameters : probability of a new
migration, annual migration rates for different migration ranks, probaBility

of a return migration ...

These parameters can be estimated for different age-groups, socio—economic
groups ... Such a decomposition will be linked to the size of the sample and
cannot be very detailed. However it will give more valuable estimates when splitting

each area into these groups.

Then refering to Census data on latest migration or migrants for each small
area, we will suppose that these flows may be analysed in the same way as survey
data. First we will have an instantanéous migration flow even during the observed
period, that will further establish new multiple or return flows with the same
probability than estimated from the survey. If such an hypothesis is verified
we have a good description of migration flows for each area with a set of parameters
estimated from the survey and gnother set of latest migration or migrants measures

from the census.

We have given in this paper different estimates of instantaneous (or annual)
migration flows with different hypothesis on the used migration parameters. It is
however necessary to undertake the longitudinal analysis of migration survey to be
able to take the best suited model for each country and for each parcelling of this

country.

The last model we presented allows the greatest variability of these parameters.
It releases from the hypothesis made in other models that the process is starting
from scratch at the instant a given area is entered. It allows memory effect that
had been shown in many studies. Some of the hypothesis taken to develop it may be
replaced by more general ones if the longitudinal analysis giygs different

informations on multiple or return moves.
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The problem handled here is an important one, because it gives the possibility
to compare small areas migration parameters, cancelling out the effect of multiple
or return migration. Such an effect is quite complex and needs a detailed analysis
from retrospective surveys. Further improvements on this methodology may Be related
to a more thorough longitudinal analysis of multiple migration in relation with

different characteristics of the individual.
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