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A Study of the Efficiency of Small Models in

the Projection of Regional Populations

J.-M. Gambrelle

Preface

The work describedin this paper arose out of an ongoing
researchproject, carried out at IIASA and the Centre for
EnvironmentalStudies, London, which aims at a more complete
understandingof the dynamics of population Qovementsand re-
gional economic growth. This general study has two main themes.
One deals substantivelywith interurbanmigration within a
systemof post-industrialcities, and aims to recastmigration
from the traditional economic push-pull theory into a more
dynamic multicausal theory in which job turnover in the local
labour market plays an important part. The second theme is
methodologicaland describesa structuredresearchstrategyfor
the dynamic analysis of complex systems.

The study argues that, while it is important to recognize
the usefulnessof simple models at the early stagesof an
enquiry, those same simple models should be improved by hypoth-
esis testing during the course of the work; the study argues
further that a hierarchy of models of national settlement
systemsshould be developedat varying levels of approximation.
At the simplest level, one should be able to perform calculations
on the back of an envelope that describethe broad qualitative
directions of change in a way that is of interest to policy
makers in the short term. In policy analysis, as in everything
else, one has to begin in order to begin. But it is equally
important to recognize the need for changewhen the inadequacy
of the simpler methods has been demonstrated. Thus policy
analysisbecomesan iterative, structuredlearning process.

within this general context, this paper by Jean-Marie
Gambrelle aims to illustrate and test some simple models for
calculating differential rates of population changewhich require
little data or time to construct, but which may be useful in
preliminary explorationsof policy. The paper focuses on the
regional population distributions of France; a companionpaper
by David Gleave entitled "The Utility and Compatibility of
Simple Migration Models" [6] considersthe application of
similar methods in the UK, Italy, the Federal Republic of Germany
and France.

Martyn Cordey-Hayes
London
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1. Regional Projectionsfor France: A Comparisonof Methods

1.1 Aims

To forecast the size of the population in the regions of a
country, scholarsnormally build a large model with a large
amount of data--if, of course, they are aiming at a multi-
regional forecast and not a solely regional one. Sometimes, the
model is basedon net migration alone, but in recent years the
use of Markovian methods has become more frequent. Markovian
methods need a large amount of data, an amount which increases
with the squareof the number of regions. Analysis with these
methods is usually basedon five-year cohorts, with birth- and
death rates for each age group; this also implies voluminous
data. Ultimately, decision makers in both public and private
administrationhave a very sophisticatedtool with thesemethods:
that is they can produce a model that gives results with a fair
degreeof accuracy. However, there are problems with these
methods.

First, the input data are always outdated, sometimesseri-
ously. Second, comparativestatisticsoften mislead by obscur-
ing interestingand important intertemporalfluctuations.
Further, even dynamic models artifically smooth the naturally
stochasticnature of regional vital statistics.

A model in which data and equationscan be changedwith
easewould thereforebe useful, making it possible to allow for
new trends. We shall attempt to demonstratethat a small model
can give results not too different from those of the larger,
more sophisticated,and less flexible models.

1.2 Approach

First we shall compare three methods of treating migration
trends: the Markovian method, Feeney'smethod, and the method
of the Kinematic models. Next, we look at the model of the
Institut National de la Statistiqueet des Etudes Economiques
(INSEE) whose results suggestsome modifications are needed.
Finally, we focus on a small model which looks at

1) changesin the national birthrate,

2) changesin national migration; and

3) interruptionsof foreign immigation to France.

However, before this is undertaken,a presentationof the French
migration systemwill give a better understandingof the
following work.

2. A Presentationof the French Higration System

The following presentationof the French regions may be of
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interest in illustrating the French migration system. France
is divided into twenty-two administrativeregions each of which
has some individual characteristics,and these characteristics
can explain movementsof the population (see Figures 1 and 2).

2.1 Region of Paris

This first region is well-known; it consistsof Paris
itself and the functionally adjacentnew towns. With more than
nine million inhabitants in 1968, this region held 19% of the
French population (but 2% of the area), and one-third of the
value of global national salaries. In the city there is a
major concentrationof centersof decision making in public or
private administration, and 80% of all French researchworkers.
Since the mid-fifties, the French policy of decentralizationhas
attemptedto discourageindustry in this region and encourage
the growth of administrationand researchcenters.1

The Paris region's growth remained large during the
period of the 1968 census (1962-1968); a global increaseof 9%
gave it the fourth fastest rate of growth of the twenty-two
regions of France. However, this performanceis less if we
consider the region as a city, becauseat least seventy French
cities have shown faster growth. This relatively lesserper-
formance can be explained perhapsby the spreadof this region
into the Bassin Parisien, and by the total satellitizationof
cities such as Rouen, Arniens, Orleans, and Reims. Finally, we
must say that the 1962-1968 population increaseof the Paris
region is not due to a high positive net migration but to
natural growth plus strong foreign imrnigration.2 Natural growth
is large becauseimmigration has brought more younger than older
people.

2.2 The Bassin Parisien

The Bassin Parisienconsistsof six regions: in the East,
Champagne-Ardennes(Reims)i in the North, Picardie (Arniens)i in
the West, Haute Normandie (Rouen and Le Havre), and Basse
Normandie (Caen); in the Southwest, the Centre (Tours and
Orleans)i and in the Southeast,Bourgogne (Dijon).

Except for Haute Normandie, which is an old urban and

1
The governmentdecision of April 16, 1975 now encourages

a different policy: conservationof existing industry in the
Region Parisienne,strong reduction of office growth, strong
growth of the region's new cities, and finally governmental
decentralizationby shifting ministeries to other cities in
France.

2More than one-third of the foreigners living in France
were in Paris in 1975.
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Figure 1. The French regions.
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• aore than 800,000 inhabitants
• aore than 300,000 inhabitants
Unlabeled points are cities having between 200,000
and 300,000 inhabitants.

Figure 2. Principal cities of France.

STRASBOURG
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industrial region with the two large harbors of Rouen and Le
Havre, the region is traditionally rural with a low population
density (between forty-nine and eighty-one inhabitantsper sq.
km; France has an averageoverall density of ninety-one in-
habitantsper sq. km). The cities of this region are increas-
ing in size very rapidly, some of them becoming more and more a
part of the Parisianagglomeration: Haute Normandie is becoming
the industrial region along the SeineRiver, and the Centre
region is becoming the recreationalarea along the Loire Valley.
Not one city in these regions is comparableto Paris in size
or power. The largest city is Rauen with 370,000 inhabitantsin
1968, making it the ninth largest French city.

2.3 The Southeast

We shall next consider four regions:

1) Rh6nes-Alpes. This region is very industrial, power-
ful enough to counterbalancethe Bassin Parissien. The city of
Lyon has more than one million inhabitants, and it is attempting
to become a Europeancity capableof competing with Munich,
Turin, or Zurich. Grenoble is the only French city (except
Paris) with a real researchcenter around the university. And
as for the advantagesof this region, the Alps attract tourism,
and the proximity of Switzerland and the North of Italy aids
the economy (Geneva is 150 kilometers from Lyon and Grenoble).
This is a region with a strong positive net migration.

2) Auvergne. A little on the periphery of Rhones-Alpes,
Auvergne'seconomic situation is not good. Indeed, it is a
region of traditional ernmigration just as Limousin (which is the
other mountainousregion of the Massif Central), and these
regions have past trends of decreasingpopulation (their density
decreasedbetween 1936 and 1962). At presentthis trend has
ceasedbut the natural increaseremains weak. The first city of
the region, Clermont-Ferran,is not very large (around 200,000
inhabitants) but has a strong expansioncapability, probably
owing to the presenceof the factories and headquartersof the
well-known Michelin corporation.

3) and 4) The Mediterraneanreqions Provence-Coted'Azur
and LanguedocRoussillon. Here the characteristicsare changing,
particularly becauseboth regions are increasingrapidly in
population. As in the Rhones-Alpes,the urban network here is
strong enough with Marseille (one million inhabitants),
Nice (400,000 inhabitants), and Toulon-Avignon in the eastern
part (Provence-c6ted'Azur)i and with Montpellier, Nimes,
Beziers Perpignan, Narbonne, etc. in the western part
(LanguedocRoussillon). A better division of these regions
might be to separatea Mvrseille region from the rest. The
Marseille region itself is industrial: it is a petrochemical
center and possibly the first harbor of the MediterraneanSea,
if we consider Etang de Berre and the new industrial complex
of Fos as part of the Marseille region.
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The remainderof the Mediterraneanregion has very few
industries. But the expansionin the region is occurring be-
causemore people are corning to live here. This, along with
the building of secondaryresidences,is providing employment,
and in turn the new expansionmakes the region attractive for
certain factories. The cities of this region are growing
rapidly, the fastestgrowing city being Montpellier, having
increasedby 37% in six years.

2.4 The Major Mining Regions and the East

The major mining regions of France are Nord (in the coal
basin of Europe, running from Britain to the Ruhr) and
Lorraine (continuing in the Saar). Almost all the steel fac-
tories of France and a large part of the textile industry have
long been located here. Now Fos in the Marseille region has
changedthis pattern becauseof its large new steel works. Both
Marseille and the two northern mining regions are in a stateof
crisis becauseof structural-industrialobsolescenceand
environmentalcatch-up. The crisis, though, seems strongestin
Nord, perhapsfor environmentalreasons (French opinion rates
this region as being unattractive). The Nord region, too, has
a very high population density similar to that of Belgium and
the Netherlands,and very close to that of Britain and Northern
Europe. It also contains very large cities, for example, Lille
(the fourth largest French city) and Dunkerque, the latter
having a large harbor and the largest French steel producer,
USINOR. It is perhapsbecauseof this region's size that the
crisis seemsmore spectacularthan in Lorraine.

Lorraine, in its turn, has some advantagestoo: high
urbanizationwith Nancy and Metz, a better natural environment
with the Vosges, proximity to the FRG in which many people of
this region do their daily work. Daily out-commuting is worse
in Alsace, in the direction of the FRG and Switzerland, but
we must point out here that the region's mother tongue is
German. This is a region for weekend tourism from the FRG
becauseof the many attractive cities, Strasbourgnot the least,
and especiallybecauseof the excellent reputationof Alsacian
cooking. Next, in many respectsthe economic aspectof the
FrancheComte region is not good and resemblesthat of Auvergne;
net migration in favor of Alsace and Rh&nes-Alpes; mountains
for tourism; a small urban network (Besansonhas only 116,000
inhabitants); some industrial specializatlonssuch as clock-
making and the Peugeotcar industry. But, like the other eastern
regions, daily out-commuting to Switzerland takes place for
the higher salariespaid there.

2.5 The West of France

France has six regions in the West, of which three are in
fact in the West and three are in the Southwest. The six are:
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a) Bretagne, with Rennes and Brest;

b) Pays de la Loire, with Nantes and Angers;

c) Poitou-Charente,with Poitiers and La Rochelle;

d) Limousin, with Limoges;

e) Aquitaine, with Bordeaux; and

f) Midi pyrennees,with Toulouse.

A common point of these regions is a very high level of
agricultural workers, with, of course, a high rural emmigration
and a weak industrial base. But there are also differences
among the regions: the West consistsmainly of young people
where a traditionally high birthrate compensatesemmigration un-
like the regions of the Southwest. The policy of decentraliza-
tion from the Paris region has sent some work to the West, but
it has sent very little to the South except for Toulouse.

The urban networks are very different too. In the West
there are many cities ranging from 50,000 to 200,000 inhabi-
tants. Nantes is the only truly large city, with around 400,000
inhabitants. In the South, the metropolitan phenomenoncomes
into play: Bordeaux has 550,000 inhabitantsand Toulouse
440,000, with the next city of this region having only around
100,000. And finally the net migration is always negative in the
West whereas it is positive in the Southwest. The densitiesare
also different, the South having a very low density.

3. Calculation of Migration Comparisons

These initial comparisonsare made at constantpopulations:
that is, the global population remains constant, but migration
movementschange regional populations.

3.1 The Markovian Model

The censusis given in the form of a squarematrix. Suppose
this matrix is called M, with n lines and n columns:

where

j € {1, ...,n}

M ..
1)

is the number of people in the region i at the ｢ ･ ｧ ｩ ｮ ｾ

ning of the period between the censusesand in the
region j at the moment of the censusif i is unequal
to j; and
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M.. is the population which was in i at both times.
11

Mij is the emmigration from i to j, or the immigration

from j to i. We can say:

Mi * = L M..
ｪ ｾ ｩ

1J

and

M*. = L M ..
J ｩｾｪ

1J

Mi * is the gross emmigration from i and M*j is the gross

immigration to j. The squarematrix M1 is the following:

1
H ..

M .. = 1J

1J M.. + !-l i *11

1 L 1
Mi * = 11 ..

ｪ ｾ ｩ
1J

is the propensity to emmigrate from i during the period.

The expressionof the matrix M could be:

The population in the regions at the end of the censuswould be

Pi i = 1, •.• ,

where P is a line vector.
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The Markovian projection of the population at the t-th period
would then be

There are two criticisms of the Markovian method:

1) It supposessteady rates of emmigration from each
region i to each region j. But at the same time, the regions
have no influence over their immigration. Thus, a region of
decay near a region of expansioncan have decreasingemmigra-
tion (constantrate on lesseningnumber of people) and increas-
ing immigration from the expanding region. This seems a little
illogical, and hardly realistic; indeed, if we consider the
expandingcities, the contrary seems truer over a long period
of time: the city seemsmore and more attractive for the people
living in the proximity, and the emmigration rate of the de-
clining region can increaseduring the decreasingof the immi-
gration rate. After some time it can reverse,of course, but
it is perhapsa generalmovement. For example, the increase
of the ｒ ｾ ｧ ｩ ｯ ｮ Parisienneoccurredat the expenseof the Bassin
Parisienduring the nineteenthand twentieth centuriesuntil
the 1960's; it is now true that the trends are reversed,but
this occurred only after more than 150 years had elapsed. The
impact of the fast increasein the size of the city of Lyon on
the region of Auvergne is perhapssimilar.

2) The secondproblem of this method is the need for such
a large amount of data.

3.2 The Kinematic Model of M. Cordey-Hayesand D. Gleave

This model (see Cordey-Hayes [3]) is basedon the equation:

fwhere n. =
1

(u./E.)/I (U./E.)
1 1 ill

This model supposesa steady propensity to emmigrate from each
region, and a steadypropensity to immigrate to each region,
for the emmigrating people. The proximity problem does not
concern this method; essentially, the greatestadvantagesof
this method are:

- continuity of time, since we are not concernedwith the
period;
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- easeof calculation since it is possible to do
the calculationsfor a country divided into twenty-
two regions with a pocket calculator.

3.3 The FeeneyModel

The Feeneymodel (see Feeney [5])may be expressedby the
following equations:

m.. (t) = P .. (t) c .. x. (t)
lJ J 1 J1 1

i t j ( 1)

where

P .. (t)
Jl

c ..
Jl

x. (t)
= L .....,;J"-r-:-......

kfi X k (t)

m.. (to)
= lJ

P . . (to) x. (to)
Jl 1

i f j

i f j

(2)

(3)

m.. denotesthe number of personsin region i at the begin-
lJ h

ning of the tt time period who are in region j at the

d f h th . den 0 t e t perlo;

x. (t) is the population of the region at the beginning of the
J

t th . dperlo ;

P.. is the number of personsin region i as a proportion
lJ of the total population of all regions excluding j; and

c .. denotes the characteristicsof the migrations from j
lJ to i, dependingon the two regions.

It is clear that the population of region i at time t + 1

(end of the tth period) is:

x.(t + 1)
1

= x.(t) +
1 L

jfi
m.. (t) -
Jl L

jfi
m.. (t)
lJ

(4 )

which expressesthat the magnitudeof population in region i at
the end of the period is the magnitudeat the beginning of the
period plus immigration, less emmigration.



-12-

3.3.a Comments on the Emmigration Rate

We first must notice that the emmigration rate is changing
with t:

L m.. (t)
• J. . J 1
1rJ

xj (t)

L
= ifj

P .. (t) ·c.. ·x. (t)
1J 1J J

xj (t)

where

x.(t)·c..
= L 1 1J

ifj P - xj (t)

It is really important becauseit is possible to have a growing
rate of emmigration and a decreaseof regional population.

3.3.b The Equilibrium

The equilibrium will be:

L m.. (t) = L
ifj J1 efj mej(t)

It expressesthe equality between immigration and emmigration
for each region. It can be expressedby:

Vj: L p .. (t)c ..x. (t) =
ifj 1J 1J J

L p. (t)c. x (t)
J.' Je Je eerJ

Vj
x. (t)

L P _J x (t) c. x (t)
efj e Je e
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We have two cases:

1 ) x. (t)
)

= 0, where we reach an equilibrium with
an empty region, and

2)

Then we have:

x.(t) "10.
)

c. x (t)
= c .. = L )e e

1) e"lj p - xe(t)

Both these expressionsare strictly positive numbers by
definition of c .. and x:

1)

and,

x. (t) =
)

p - L
i"lj

L
e"lj

x.(t)c ..
1 1)

c. x (t))e e
p - x (t)

e

c ..
1)

m.. (to)= )1
p .. (to) x . (to)

1) )

c .. m.. (to) p .. (to) xi(to)
ｾ = )1

*
)1

*c .. m.. (to) p .. (to) x. (to))1 1) 1) )

C .. m.. (to) P - x
j

(to)
ｾ = )1

* = K ..c .. m.. (to) P - x. (to) )1
J1 1) 1

x. (t) 1=
) L

c. x (t)
)e e

e"lj p- x (t)
e

[ c. x (tl (p -= L )e e K. P - K. x (tl)]
e"lj

p - x (t) )e Je ee
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if we have:

x (t)
e

< p
(K. - 1)

Je
K.

Je
tVe , e t j

then

The following casewith three

We are now in the same position as in case 1)" becauseour
calculation is true only in the case where x. > 0 by definition

J -
We must demonstratethat it isof x., and then x. (t) = O.

J J
possible to obtain x. (t) = O.
regions J

x 1 (to) = x 2 (to) = x3 (to)
p

= 1"

= 2 + E:

= 2 + E:

gives equilibrium if x
3

(t) = 0

It is interesting to note that if a region is empty, there
is an equality between immigration and emmigration:

I m.. (t) I
Xi (t)

c ..x. (t) 0= =
J1 P - x. (t) 1J J

,
itj ｩ ｾ ｪ J

if

x. (t) = 0
J

I m.. (t) = I
x j (t)

c ..x. (t) = 0
ｩｾｪ

1J
ｩ ｾ ｪ

p - Xi (t) 1J 1
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The probability of having empty regions grows with the number
of regions: indeed, it is more probable that we shall have
strongly decaying regions when we considermany small regions.

3.4 Comparisonof Markov and Kinematic Forecasts

We shall first make a comparisonbetween the Markov and
the Kinematic forecastsof migrations. We are working with
data of the 25% sample made during the 1968 census in France,
giving the migrations of the people of the twenty-two French
regions during the period between the 1962 and 1968 census.

We continue the tendenciesof the migrations of this period
from 1968 until 1986, using both the Markov and Kinematic methods.
The results are given in Table 1. The first two columns are
the projected net migrations between 1968 and 1986 using ｾ Ｑ ｡ ｲ ｫ ｯ ｶ ｩ ｡ ｮ

and Kinematic methods. The third column is the ratio of the
regional 1986 populationsfound by the two calculations.

The regional differencesin migration flows are quite
significant, differing by up to 30%, particularly in regions
with a low net migration. Still the total regional population
is practically the same at the end of the eighteenyears, with a
range of over five per thousand.

It must be noted that the regions which are underestimated
by the Kinematic method as opposedto the Markov method are
generally those of the Centre East and the Southeast. These
regions strongly exchangetheir migrations between themselves.
The net migration figure for the Kinematic model results in the
emmigrationsof these regions being in proportion to their size,
but the sharing of national immigration is more evenly distrib-
uted. If we make a partition between the Southeastand the
rest of France, we find the Kinematic method gives a growing
emmigration from the South to the rest of France and a decreas-
ing immigration from the rest of France to the South. The
Markov method gives another figure: a growth of emmigration
from the Southeast,a gradual decreaseof immigration from the
rest of France to the Southeast,and a very strong growth of
migration between the regions of the South.

The Kinematic model gives us a figure such as Figure 3.

SouthernRegions

Figure 3.

The Rest of France
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Table 1. Net migrations 1968-1986.

Pi ,86,Kin

Region Markov Kinematic Pi,86,Mark

Region Parisienne (RP) 89,410 84,450 .999

Champagne-Ardennes (C-A) -30,800 -29,220 1.001

Picardie (pic) -2,900 -2,030 1 .001

Haute Normandie (HN) -9,780 -9,730 1.000

Centre (C) 97,690 93,860 .998

BasseNormandie (BN) -52,830 -51,370 1.001

Bourgogne (Bo) -240 -3,570 .998

Nord (N) -195,650 -192,890 1 .001

Lorraine (L) -116,370 -114,130 1.001

Alsace (AI) 33,510 33,730 1.000

FrancheComte (FC) -10,615 -10,872 1 .000

Pays de la Loire (PDL) -78,680 -72,060 1.003

Bretagne (B) -53,830 -57,620 .998

Poitou Charente (PC) -77,450 -76,060 1 .001 I

Aquitaine (Aq) 19,220 18,320 1 .000

Midi pyrennees (MP) -25,720 -27,970 .999

Limousin (Lim) -8,415 -8,560 1 .000

Rh6nes-Alpes (R-A) 219,320 208,690 .998

Auvergne (Auv) -22,510 -24,620 .998

LanguedocRoussillon (LR) 7,200 1,610 .996

Provence-C6ted'Azur (PCA) 222,720 211,540 .996

Corse (Cor) -4,501 -5,501 .995

I

I
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But the Markov model shows a different figure (see Figure 4).

SouthernRegions The Rest of France

Figure 4.

The direction of the arrows gives the direction of the flow of
migration.

We see here very clearly that in the Kinematic model one
growing region increasesthe share of its emmigration over the
global moving population, but nothing changesin its shareof
the immigration. This is not true of the Markov model: indeed,
in this case, region i has no power to increaseits share ｯ ｶ ･ ｾ

the immigration, but the other regions can emmigratemore people
globally, and if one increasingregion has emmigrationsinto
region i, the immigration in i increasesproportionally to
the size of region j. Then, with the Markov model, the growth
of each region in the Southeastincreasesthe emmigration of
these regions, but the exchangeof people is strong, and there-
fore the immigration to these regions grows accordingly.

3.5 Comparisonof Kinematic and FeeneyForecasts

With the data of the 1954-1962 census (see [1]) a calcula-
tion was made using both methods. The results (see Table 2)
are not greatly different; they differ rather more from the
Markov-Kinematic projectionsbecausethe differences in the
global regional population can be more than 1% (for example,
Bretagneor Alsace in 1980). To be fair we must indicate that
we do not use a real Feeneymodel becauseFeeneyused six age
classes. But we use Feeney'sprinciple for the study of migra-
tional trends.

4. Comparisonwith An INSEE Extrapolation

The INSEE (see [4]) makes its extrapolationon the basis
of a 25% sample of the 1968 census (see [2]).

The method proceedsas follows:

a) calculation of the population of each zone in 1974,
with the hypothesisof constantfertility but not taking
migration into account;

b) calculations, thereafter,of migration and induced
births; and
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Table 2. Percentagesof French population in each region.

--_.

ｾ
1962 1974 1974 1980 1980 1986 1986 1998 1998

Kin. Feeney Kin. Feeney Kin. Feenev Kin. Feenev

RP 17.90 19.16 19.02 19.72 19.58 20.24 20.13 21.16 21. 22

C-A 2.63 2.55 2.56 2.51 2.52 2.47 2.48 2.41 2.40

Pic 3.26 3.20 3.21 3.18 3.18 3.16 3.16 3.11 3.10

HN 3.08 3.07 3.07 3.06 3.06 3.06 3.05 3.04 3.03

C 4.06 4.05 4.05 4.04 4.04 4.04 4.03 4.03 4.02

BN 2.68 2.49 2.50 2.40 2.42 2.33 2.33 2.20 2.16

Bo 3.14 3.08 3.08 3.05 3.06 3.03 3.03 2.98 2.98

N 8.0J . 7.86 7.98 7.77 7.80 7.68 7.72 7.51 7.55
L 4.64 4.61 4.61 4.60 4.60 4.59 4.58 4.56 4.55
Al 2.85 2.84 2.85 2.83 2.86 2.83 2.86 2.82 2.86
FC 2.02 2.01 2.01 2.01 2.01 2.01 2.01 2.00 2.00

PDL 5.46 5.24 5.26 5.14 5.17 5.05 5.07 4.88 4.88
B 5.30 4.94 4.99 4.77 4.83 4.62 4.68 4.35 4.38
PC 3.19 3.05 3.07 2.99 3.00 2.93 2.94 2.83 2.82

Aq 4.98 4.94 4.94 4.92 4.92 4.90 4.90 4.87 4.85
MP 4.42 4.31 4.32 4.25 4.26 4.20 4.21 4.11 4.10
Lim 1. 62 1. 56 1. 56 1. 53 1.53 1. 50 1. 50 1. 45 1. 44

R-A 8.58 8.82 8.78 8.94 8.88 9.05 8.98 9.25 9.18
Auv 2.79 2.72 2.72 2.68 2.69 2.65 2.65 2.59 2.58

LR 3.25 3.16 3.17 3.11 3.12 3.07 3.08 3.00 2.99
PCA 5.70 6.04 6.01 6.19 6.17. 6.34 6.33 6.60 6.67
Cor 0.37 0.32 0.32 0.29 0.30 0.27 0.27 0.24 0.24
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c) calculation of migrations with foreign countries by
zone.

The zones are founded on ZPIU or "zones de peuplements
industriel urbains." Taking certain regroupings into account
and, for each region, all the communities outside ZPIU gives a
total of 181 migration zones. INSEE includes data on the popula-
tion by age and sex and data on foreign migrants for each zone.
The calculationsof migration betweenthe zones estimatethe
immigrations, the emmigrations, and the steadypopulation in
each zone by cohort ages of five years. But a more general
table estimating the migrations of yearly age groups between
the five large groups of zones (Paris; ZPIU of more than 60,000
inhabitants; ZPIU between 20,000 and 60,000 inhabitants, ZPIU
of less than 20,000 inhabitants; and non-ZPIU) gives an estimate
of the population by yearly age group.

Several calculationswere made with the aim of approximat-
ing the regional results of INSEE. We estimatedthe migrations
by the Kinematic model only; the result, as we have seen, was
not far off from the result of the Markov model, and the
estimatewas more easily reachedusing the Kinematic method.
Our calculationswere made in the following order:

1) migration alone, kinematic;

2) natural growth by region;

3) migration and natural growth;

4) migration, natural growth, and estimatesof the
change in the natural growth of regional population;

5) foreign net-migration; and

6) items 1) - 5) plus an attempt to integrate the chang-
ing age structuredue to migrations.

4.1 Migration Alone, Kinematic

We used the data of the 25% sample of the 1968 census.
But, different from INSEE, we worked only at the aggregated
level of the twenty-two French regions. This calculation is
made by using the Kinematic method the same way as reported in
Section 3.4 above.

The only difference with regard to the previous computa-
tion is that to compare INSEE's regional population to the
national population, the national population cannot be, in it-
self, too dissimilar. In fact, the INSEE computation leads to
an increasein the French population of more than 18%, whereas
our migration calculationsare made at constantnational pop-
ulation. Then we shall simply multiply each regional population
by approximately 1.1U, thus implicitly assumingthat there are
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no spatial variations in fertility.

For input data we need:

Pi ,68: population of each region i in the year 1968 22

global emmigration for each region i between
1962-1968 22

global immigration for each region i between
1962-1968 22

an estimateof the French population in 1986 1

Total number of data entries 67.

The results are summarized in Table 3.

4.1.a Remarks

This calculationparticularly favors the regions of old
population with a low birthrate; in fact, our calculationat-
tributes to each region a natural and uniform annual growth of
0.94%. One estimateof this type lacks exactnesssince the
error in the 1968 population forecast can reach and exceed 10%.
It is therefore necessaryto include some approximatemeasure
of the spatial variations in fertility.

But we can see, however, by this result that the regions
with high natural growth are the Northeastquarter of France
plus the Lyon-Grenoble region. The three other quartershave
(or will have during this period) a lower natural growth rate
than the rest of France. It is of course the more economically
powerful and more urbanized regions that have a high natural
growth rate owing to the migration pressureof young people.
But this is not incompatiblewith the fact that in the case of
France the fecundity of women decreaseswith the size of the
city. It is clear that the migrations give a bad estimateof
the regional population and we shall compare this with the case
where only the natural growth is taken into consideration.

4.2 Natural Growth by Region

For input data we need:

d.: the natural growth in 1971 in each region
1

Pi ,68

PF 86: the population of France in 1986,
Total number of data entries

2 x 22

22

1

67
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Table 3. Kinematic versus INSEE projections.

Percentof increase Regional Ratio of
projection change

Kinematic pro- INSEE projection,
Pi ,86,Kin. Kinematic.

jection, 1968-1986 1968-1986 Pi,86,INSEE IUSEE

RP 19 29 .92 .65

C-A 16 19 .98 .84

pic 19 22 .97 .85

HN 18 22 .97 .83

C 25 20 1.03 1. 23

BN 14 11 1.02 1.23

Bo 19 12 1.06 1. 50

N 13 16 .97 .76

L 12 18 .92 .68

Al 22 23 .99 .96

FC 17 20 .98 .88

PDL 16 14 1.01 1.10

B 16 9 1.06 1.71

PC 13 4 1.08 2.97

Aq 19 11 1.09 1. 70

MP 17 7 1.09 2.38

Lim 19 -1 1.19 -1. 38

R-A 24 26 .98 .92

Auv 16 6 1.10 2.83

LR 17 13 1.04 1.38

PCA 25 19 1.05 1.32

Cor 14 10 1.03 1.40
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4.2.a Calculation

and

which is the normalization of the population of France by INSEE.

4.2.b Remarks

The following computation (see Table 4) excludes the growth
or decline of regions due to net migration. It is interesting
to note that this estimateis globally more exact than those
basedonly on migrations. This occurs becauseeighteenyears
is a relatively short time period and migrations do not generally
change the demographicstructureof a country in this short a
period of time.

But it is surprising to note that some of the regions are
underestimatedand others overestimatedby both calculations.
At the same time, the total French population is underestimated
in comparisonto INSEE in 1986. This is probably so because
the "baby boom" of 1946-1950 has not really affected the birth-
rate of 1971, and the increasein the birthrate must in reality
be greater than simple extrapolationof the 1962-1968 trend
would allow. (The reality is different becausesince 1973
France has been following a strongly decreasingbirthrate curve
similar to the FRG, but having begun several years later.)

At this time it is normal that the regions which cumulate
a strong birthrate and immigration of young people (Paris for
example) are underestimated. But the interpretationof the
difference between INSEE's results and our calculation is more
difficult than in the previous case.

4.3 Migration and Natural Growth

This calculation combines the two precedingcalculations,
migrations and natural growth, in the following way: for a
three year period we

- calculate the migrations,

- calculate the natural growth of the population after
migration,
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Table 4 •

.ｾ Percentof change Pi ,86
Natural
increaseNatural increase INSEE

Pi ,86,INSEE1968-1986 1968-1986 INSEE

RP 22 29 .95 .76

C-A 22 19 1.03 1.18

Pic 22 22 1.00 .98

HN 24 22 1.02 1.10

C 16 20 .97 .82

BN 21 11 1.08 1. 82

Bo 13 12 .99 1.05

N 23 16 1.06 1. 39

L 23 18 1.04 1. 27

Al 17 23 .96 .77

FC 23 20 1.02 1.15

PDL 24 14 1.08 1.66

B 16 9 1.06 1.74

PC 16 4 loll 3.66

Aq 12 11 1.00 1.04

MP 11 7 1.04 1. 54

Lim 4 -1 1.05 -2.80

R-A 20 26 .95 .76

Auv 10 6 1.04 1. 75

LR 10 13 .98 .79

PCA 12 19 .94 .64

Cor 8 10 .98 .40

Result: Populationof France: 55,460 (INSEE: 5R,843)
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iterate (and we iterate six times), and we

- multiply by a coefficient to obtain the population
of Pi ,86.

For this we need: Number of Data Entries

for the regional population 22

for migrations 44

for natural growth 44

for the French population 1

Total number of data entries 111

The results are shown in Table 5.

4.3.a Remarks

We have reduced the difference betweenour projection and
the INSEE population of the global population to ｾ + 6%. It
is not a good result, but for nine regions the differencesof
the populationsof the changeare less than 10%. It is clear
that one improvementmust eventuatewith a better appreciation
of the natural increaseof the population becausethe French
population in 1986 seemsbadly projected. We have already ex-
plained why this is so, and we shall calculatenow one adjust-
ment in the natural growth taking into account the expectedin-
creaseof the birthrate beginning with the secondgeneration
after World War II.

4.4 Migration, Natural Growth, and Estimatesof the
Change in the Natural Growth of Regional Population

The projected natural growth in Francewill increaseif
the fertility stays steady. The calculation made by INSEE [1]
gives increasingbirthratesuntil 1980 and thereafterthe rates
decrease(see Table 6).

Table 6.

1968 1970 1975 1980 1985 1990

birthrate % 16.7 17 • 1 18.2 18.5 18. 1 17.6

death rate % 10.8 10.7 10.5 10.3 1O. 1 10.0
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Table 5.

ｾ
Percentof change Pi ,86 Calculatedvaria-

1962-1986 by tlon

Calculation INSEE Pi ,86,INSEE Variation INSEE

RP 23 29 .95 .78

C-A 20 19 1. 01 1. 04

pic 22 22 .99 .99

HN 23 22 1. 01 1.07

C 23 20 1. 02 1. 14

BN 17 11 1. 04 1. 43

Bo 14 12 1. 01 1. 11

N 17 1 6 1. 00 1. 01

L 21 21 .99 .92

Al 21 21 .98 .92

FC 21 20 1. 01 1. 08

PDL 20 14 1 .05 1.43

B 15 9 1.05 1. 53

PC 11 4 1. 06 2.47

Aq 13 1 1 1. 02 1. 16

11P 10 7 1. 03 1.39

Lim 4 -1 1. 06 -3.20

R-A 26 26 1. 00 .98

Auv 9 6 1. 03 1 .55

LR 10 13 .98 .78

PCA 19 19 1. 00 1. 01

Cor 5 10 .95 .45

Result: Populationof France: 55,400 (INSEE: 58,843)
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It is uselessto establishthat this projection is wrongly
specified becausesince 1973 the birthrate has been decreasing
strongly. The INSEE projection, which we try to approximate,
incorporatesthe principle that all trends in the 1962-1968
period are the same in the future.

We must note that the global population of France, given
by extrapolationat the aggregatelevel of the French popula-
tion following the aggregatelevel of the French population
following the aggregatetrends of the natural growth (Table 5),
is 56.8 million people, whereas the calculationsthat we per-
form give a population of 58.8 million. INSEE explains this
difference of two million by the foreign migrations, and,
secondarily, by the hypothesisof constantfertility at one
disaggregatelevel.

4.4.a The Calculations

We perform the previouscalculations, but at each period
of three years we changeboth birth- and death rates by one
coefficient which is the ratio betweennational birth- and
death rates of the period over that of the previous period.
The results are found in Table 7.

4.4.b Remarks

We can see that the results are dismayin0ly near to those
of the previous calculation. This is amazing becausethe
approximationof the global French population is now better, and
we could have expecteda big change in the results at the
regional level. But, in fact, we reduced the death rate and
increasedthe brithrate in similar proportion; if we note that
the regions with a low birthrate have a high death rate and vice
versa, we can understandthat the result of the change in both
birth- and death rates induced small changesin the size of
the regional populations. Now we shall try to improve our
regional assumptionsby the integration of the foreign migrations
which must add again around 2% of the population to the French
territory.

4.5 Adjustment for Foreign Higration

Two hypothetical situationswill now be examined: annual
growth of the number of foreigners at 140,000 and at 110,000.
The actual growth rate of the number of foreigners during the
last decade is 140,000. The number 110,000 takes into account
that if the number of immigrations can be consideredconstant,
the number of emmigrations is related to the number of for-
eigners living in France. Thus the number of emmigrationswould
increase,and this could involve an averageyearly growth of
110,000 over the next few decades (see Table 8).
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Table 7.

ｉ ｾ
Percentof change

Pi ,86
Calculatedvaria-

1962-1963
tion

Our calculation INSEE Pi ,86,INSEE INSEE variations

RP 23 29 .95 .77

C-A 20 19 1. 01 1 •04

Pic 22 22 .94 1.00

HN 23 22 1 •a1 1.06

C 23 20 1.02 1.15

BN 17 11 1 •04 1. 44

Bo 14 12 1.01 1. 12

N 17 16 1.00 1. 03

L 17 18 .99 .92

Al 21 21 .98 .92

FC 21 20 1. 01 1.08

PDL 20 14 1.05 1. 41

B 15 9 1. as 1.59

PC 11 4 1 •06 2.47

Aq 13 11 1.02 1.16

MP 10 7 1.03 1.39

Lim 5 -1 1.06 -3.78

R-A 26 26 1.00 .98

Auv 9 6 1. 03 1.56

LR 10 13 .98 .79

PCA 19 19 1.00 1. 00

Cor 5 10 .95 .50

Result: l?opulation of France:56,831 (INSEE: 58,843)
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Table 8. Annual foreign immigrations of 110,000.

"" Percent of Change Pi ,86 (1986-1968)

Our calculation INSEE Pi ,86,INSEE (1986-1968)INSEE

RP 28 29 .97 .87

C-A 19 19 1.00 1.01

Pic 21 22 .99 .92

HN 21 22 .99 .96

Ic 22 20 1.01 1.07

IBN 13 11 1.02 1.16

IBo 13 12 1.01 1.07

N 16 16 1.00 .97

L 17 18 .99 .96

Al 20 23 .99 .90

FC 21 20 1.01 1.08

PDL 17 14 1.02 1. 20

B 11 9 1.02 1.19

PC 8 4 1.03 1. 81

Aq 12 11 1.01 1.06

HP 9 7 1.02 1.31

Lim 3 -1 1.04 -2.00

R-A 27 26 1.01 1.03

Auv 8 6 1.02 1. 43

LR 11 13 .98 .85

PCA 21 19 1.02 1.11

Cor 12 10 1.02 1. 25

Result: Populationof France: 58,821 (INSEE: 58,843)
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For input data we need:

Pi ,68

Emmig·i ,62_68

Inunig·i ,62_68

Birthrate

Death rate

Foreign population in 1968 in each region

French population in 1986

National birth- and death rate in six
periods of time

Increaseof the foreign population

Total number of data entries

22

22

22

22

22

22

1

12

1

146

By this computationwe have eleven regions within a range of
10% calculatedon the growth of population from 1968 to 1986.
However, two out of four of the more populatedregions are
situatedoutside this margin: la Provenceand the Region
Parisienne.

Only five regions have a difference with the INSEE cal-
culation of more than 20%; they are Limousin, Poitou Charente,
Auvergne, !1idi pyrennees,and Corse. These are the regions
located in the Southwestand Central South of France and they
are characterizedby a very low rate of demographicgrowth
and negativemigrations, particularly due to the negative net
migrations of working populations.

Next, only four regions are more poorly estimatedthan the
above five: Picardie, Alsace, Rh8nes-Alpes,and Provence-C6te
d'Azur. These are regions that are strongly increasingeco-
nomically, and it is possible that they take a growing share in
the foreign immigration; our estimateis founded on the foreign
population by region at the beginning of 1973. Thus the regions
with traditional trends of foreign immigration are overestimated
(Region Parisienne,Lorraine, and Nord), and the newly econom-
ically powerful regions are underestimated. But if the global
foreign population dependson political constraints, the
trends of the movement of these people must be less stable in
time than the national trend, and so the extrapolationof
trends becomes less relevant. It is worth knowing that since
1973 the Region Parisiennehas had a decreasingforeign popula-
tion becauseindustry is decreasinghere. Finally, we must
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note the very good approximationof the French population: the
difference is only 0.022 million of inhabitants, less than four
in 10,000. If we take a foreign yearly immigration of 140,000
personsthe result is very much the same, but the approxima-
tion to the national population is worse.

4.6 An Attempt to Integrate the Changing Structureof the
Regional Population

To the last computationwe add an attempt to change the
structureof the regional population. It is obvious that migra-
tions change the age-sexstructureof the population. Our
hypothesistakes into account the direct change by migration in
birthrate but not the change in the secondgeneration. We
have no data on the age structure, only birth- and death rates.

We know also the net migration by regions of the working
population (people between the ages of sixteen and sixty-five).
It is clear that this is a bad indication, becausethe sixteen
year olds are too young to affect the birthrate and the sixty-
five year olds are too old. We really need the migrations of
the people between the ages of twenty and forty to be able to
build an efficient hypothesis. But, since "it is better to
try and fail than to not try at all," we try to approximatethe
population with the following equation:

1 -
net migration of region i

population of region i

net migration of working pop.

working population

This gives the coefficient of changeof the birthrate in each
three year period. We use exp (-EiT) becausethe Kinematic

method uses this to slow the migration in time.

This equationmeans that if the working population grows
faster than the general population, the region's birthrate
should grow and vice versa. One must note that since we use
three year periods, and that since the migrations are given
over a six year period, our coefficients multiply the effect of
a simple rate difference by two.

This hypothesiscan be criticized strongly; for example,
the Region Parisiennewhich has seen a positive and large work-
ing immigration population, mainly for those of childbearing
age, should show a growth in its birthrate. It is, however,
possible that this is an erroneousmovement, erroneousbecause
the Region Parisiennehas benefited from the immigration of a
very strong, active population for quite some time with a birth-
rate probably due to this. This equation itself is only an
attempt, and it is easy to argue against. It would be interest-
ing to look for a better equation, but our aim is to show only
that it is possible to improve the model by integrating a
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hypothesisof structural change by age due to migration. We
have no idea what hypothesiscould be exact and logical with
the data available.

If we study the result in Table 9, we see a small differ-
ence (10% margin) of the estimatedchangebetween the eighteen
year period by both methods (our own and that of INSEE), and
this for sixteen regions. But four regions remain outside
this 10% margin. The regional populations in 1986 are roughly
the same, but Languedoc Roussillon shows a strong difference.

This difference can be due to the very high migration rate
of this region, a few migration modifications then having
important consequences. This region has seen, in recent decades,
an important emmigration of the rural population toward the
urban centersof the region and also toward Marseilles and Lyon.
Another reason for the difference can stem from the effects
of the closenessof the Rhones-Alpesand the Marseille regions,
both of which have a marked growth. A final reason for the dif-
ference could be an error in the estimateof the foreign popula-
tion which is particularly numerous in this region (over 10%).
This error is due to our data on foreign population; for INSEE,
data were for the period 1962-1968,"but we extrapolatedto
the period 1963-1973. The trends here could be very different.

The differencesbetweenLimousin, Poitou Charente, and
Auvergne can be of another order: the growth of these regions
is weak, and so we can produce a good estimateof their growth;
for these regions, the sudden inflow of 10,000 people involves
a sensitivereevaluationof the growth estimate, but a reeval-
uation which is negligible on the total population itself.
Next, we see that the estimate for Corse is relatively correct.
This leads us to supposethat the hypothesisof the aging of
the population due to migrations is perhapsnot sufficient.
One must also note the weak rate of urbanizationin these re-
gions.

4.7 Comparisonof Estimatesfor 1975 and 1980

We have made the final calculation for 1975 and 1980, this
to see if the relative accuracyof our 1986 estimate (compared
to that of INSEE) was due to coincidence. This was not likely
consideringthe number of regions correctly reached, though it
was possible. ｈ ｯ ｷ ･ ｶ ･ ｲ ｾ as Table 10 shows, ｴ ｨ ｩ ｾ was not so.
One must note that there is a relatively strong modification
in the growths of 1980 and 1986, due most probably to the con-
siderablegrowth of the birthrate for the 1980's. Table 10
gives our and INSEE's ratio of calculatedchange during the
time period between 1975, 1980, 1986, and for the year 1968.

It is not reasonable,with the data used, to try to approxi-
mate a statedextrapolationmade with a large amount of data
and many calculations. It is time to remind ourselvesof the
goal of this study, to find an easy method to allow testing of
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Table 9. Immigration of 110,000
foreigners per year.

ｾ
Percentof change Pi ,86 f:..

f:.. f:.. INSEE Pi ,86,INSEE f:.. INSEE

RP 30 29 1.01 1.03

C-A 19 I 19 1.00 .98

Pic 19 22 .98 .87

HN 21 22 .99 .96

C 20 20 .99 .97

BN 12 11 1.00 1.00

Bo 12 12 1.00 .96

N 15 16 .99 .94

L 17 18 .99 .96

Al 21 I 23 .99 .92

FC 21 20 1.01 1.06

PDL 16 14 1.01 1.11

B 9 9 1.00 .95

PC 6 4 1.02 1.41

Aq 10 11 .99 .91

MP 7 7 1.00 1.03

Lim 1 -1 1.02 -.90

R-A 27 26 1.01 1.03

Auv 7 6 1.01 1. 24

LR 9 13 .96 .67

PCA 20 19 1.01 1.06

Cor 10 10 1.00 1.00
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Table 10.

ｾ
(75) (80) (86)

(75)INSEE (80)INSEE (86)INSEE

RP .93 .95 1.03

C-A .98 .97 .98

pic .95 .92 .87

HN .96 .96 .96

C 1. 07 1.06 .97

BN 1.06 1.03 1 .00

Bo 1.03 1.02 .96

N .99 .94 .94

L .98 .94 .96

Al .95
I

.95 .92

FC
I

1.07 1. 07 1.06

PDL 1. 13 1 • 10 1.11

B 1. 12 1.09 .95

PC 1.56 1.45 1.41

Aq .99 .99 .91

MP 1 . 12 1.13 1.03

Lim -- -1.04 -.90

R-A 1. 04 1. 05 1.03

Auv 1.32 1. 29 1. 24

LR .74 .76 .67

PCA 1. 09 1.12 1.06

Cor 1.00 1.08 1.00
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alternativepolicies using little data and few calculations.
From this point of view the goal is achieved, since the compu-
ter used is a Hewlett Packard 9803, one of the smallestof
computers, situatedhalf-way betweenmodern pocket calculators
and full-size computers.

The amount of data is negligible:

- 22 data entries on the 1968 regional population;

- 44 data entries on the migration of population;

- 44 data entries on the migration of working population;

- 44 data entries on natural growth; and

- 22 data entries on the location of foreign population.

The method, however, is simple, easy to use, and the re-
sults are accuratefor a large number of regions, only one
being estimatedbadly. It is very easy to change the method and
the facts slightly to test different hypotheses.

It is possible to say that our goal for this study has
been achieved, despite reservationsover the weaknessesof hy-
potheseson aging due to migrations; still, somethingmore satis-
factory must be done in this area.

5. Test of the Hypotheses

We have built a model of very simple usage, and with it
we shall be able to test our hypotheses. Now we shall demon-
strate how this is possible, and the results obtained.

5.1.a Hypothesisof the Trends of Immigration

This hypothesishas two sourcesfor input data:

a) extrapolationfrom 1968 regional population and
migratory currents noted during the 1954-1962period;
and

b) extrapolationfrom 1968 regional population and migra-
tory currents that will exist if the perceivedevolu-
tion between the censusof 1962 and 1968 proceedsin
similar fashion.

5.2 Comparisonof 1962 and 1968 Census

The 1962 censusmeasuredchangeswhich came between 1954 and
1962. The period between these censuseswas eight years, while
the period between the 1962 and 1968 censuseswas only six
years (see Figure 5). The comparisonof these censusesis,
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Figure 5. Changp. in the migrations between the census
of 1962 and 1968. Plot of the ratios of
immigration and emmigration.
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however, facilitated by the fact that the global volume of
migrations is comparable: slightly less than 3.3 million
people in the two censuses.

From the comparisonbetween these censuses,Nord, Lorraine,
and the Region Parisienneemerge as being in a period of re-
conversionto deconcentration(their emmigration grew and their
immigration declined), contrary to a large majority of pre-
dominantly rural regions and Alsace, where the emmigration
declined and the immigration grew.

This can be explained by the rapid urbanizationof these
regions. The rural exodus can no longer be viewed in terms
of national migratory currents; rather it must be in terms of
regional currents (departuretoward the neighboring medium-
sized or larger city), thesecities also being large enough to
be attractive outside the region. Immigration is to grow from
this fact (however, all these regions, except Alsace, have
negative net migrations).

An interestingproblem would be to try to discover if the
migratory currents betweenneighboring regions grew more rapidly
than the other migratory exchanges." The regions where the
immigration and emmigrationdecreasedsimultaneouslyare those
peripheral, not largely urbanized (except for the Haute Normandie
region) regions of Paris. As rural regions, their emmigration
decreaseddue to larger attractionof regional cities localized
in neighboring regions.

On the one hand, deprived of large cities, they must have
suffered from the Parisiandeconcentrationpolicy toward stable
metropolises;on the other hand, they must have profited from
the first wave of deconcentrationtoward the cities of the
Bassin Parisien in the previous period.

The last two regions are those of Lyon and Marseille,
dotted with attractive cities in a region of strong expansion.
However, it must be noted that if immigration and emmigration
have grown absolutely, the immigration and emmigration per
capita have remained stable; indeed they follow the increasing
size of the population.

5.3 Extrapolation of TendenciesDue to our Model

By the extrapolationof the changing trends between the
two censuses,we have built a hypothetical censuswith new
trends (see Table 11 and Figures 6, 7, and 8). The change in
the noted migrations is favorable to demographicregional
growth except for the four missing regions which are all (the
Region Parisienneincluded) traditionally urbanizedFrench
regions. For the other three urban regions (Rh6nes-Alpes,
Midi Pyrennees,and Alsace), the evolution can only be felt
in Alsace.
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Table 11.

1968 Regional Percentof change Theoretical census
population 1962 Census 1968 Census Percentof change

RP 41 30 18

C-A 14 19 21

pic 16 19 23

HN 20 21 21

C 14 20 27

BN 3 12 20

Bo 9 12 15

N 17 15 12

L 22 17 16

Al 16 21 25

FC 21 21 20

POL 11 15 19

B -1 10 20

PC 5 6 6

Aq 8 10 13

MP 5 7 10
I

Lim -3 1 6

R-A 26 27 29

Auv 5 7 9

LR 4 9 14

PCA 21 20 22

Cor -12 10 33
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Figure 6. negional growth between 1968 and 1986.
Trends of the 1962 census.



-39-

II

I
I

'\

'I ｾ Ｍ -;- -.\ ...c I.
.. - - - - .-J- ... :",-"'>' - - - - - r - ---'- ---.-.- - --_. ｾｬ］ -- .- - - - - - --- --- -- - r---

---- ------ - 7- - - ---
- Ll-- -----

ｩ Ｂ Ｇ ｾ -;- r-r__- -__ -l - _ ｾ

J N""- -- J ｾ - -
ｾ 1\,.:-"; ｾ｟ _ _ _ _ -:

• C"｟ｾ - ｾ - : -L

ｾ ｾ - ＭＮＬＭｾＭＭＭ ＭｾＭＮ ",

) ｾ ＭｾｾＭｾ --- - ｾＺＭＺＭＭＭ Ｍ］ｾｾ［ .
- - - -----r< I - ---- _:;.__ E

... ｾＭＺＮＮＭＭ ｾＭＭＭＭ -
............ - --- - ---- ］Ｍ］Ｍ］ｾ

- ＺＺ｟ｾ
- - --:J

-

I

I
ｾ

Figure 7. Regional growth between 1968 and 1986.
Trends of the 1968 census.
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One seeson the other hand, a more marked growth than the
other regions, a growth that must be put on a parallel with
the growth of cities in these regions, which causesthem to
swing little by little to urbanizedregions. One must note the
strong similarity in growth rates: some parts of the Southwest
alone remain greatly below the national average. This calcu-
lation shows the great modification of French Easternmigrations.
However, we must also note here that this is only a hypothesis
from a prolongationof the change in trends.

5.4 Test of the Consequencesof Two events

The above calculationsattemptedto discover the conse-
quencesof various evolutions in internal migrations in France.
Here we shall see what could be the new figures for the French
regional populations in the year 1986, if two new events, a
decreasingbirthrate and a steady foreign population, are
stable trends.

The first calculationswill be made with a foreign popula-
tion ever growing at the same rate, and a national birthrate
holding steady at 14.5 per thousandfrom 1974 to 1986. The
birthrate is from 1973 and it is likely that this will be a
higher rate than in reality. Fourteenand one-half percent is
an averagerate, of course, and each region has a rate calcu-
lated as follows:

rate of region i =
in 1974

(rate of region i in 1971)

National rate in 1971

• 14 • 5

With a foreign immigration of 110,000 personsper year, and
with thesebirthrates, the French population will be 2.6 million
people fewer in 1986 than in 1968. If the foreign population
remains at the same level between 1968 and 1986, the French
population will then be 4.6 million fewer, or 4.5 million fewer
than the extrapolationmade by INSEE and studied above.3

This secondhypothesisis quite possible. Indeed the
foreign population of France in 1974 was 8% of the global pop-
ulation, and 9% of the people with French nationality. This

3In this case, the decision of the Government (April 16,
1975) to reduce the growth of Paris between 1968 and 1986 by
around two million inhabitants (giving a total of eleven million
inhabitants in 1986) is not as good as it seemsbecausethe in-
creasein this region would be the half of the national growth.
In comparison, our calculationsgive a growth of less than 1.5
million for the Region Parisienne.
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could result in strong limitations on the increasein the num-
ber of foreigners in France. Another reasonthis second
hypothesisis possible is that the strong economic growth of
France during the 1960's could be much slower during the fol-
lowing decades,and then the need for foreigners would be
smaller.

A third reason supporting this hypothesisresidesin the
following: we say that the foreigners accept employmentwhere
the French would not, but this assertionis not totally true;
indeed, foreigners accept employment that the French would not
accept in some places, but accept in others. For example, at
the Renault factory in Boulogne-Billancourt (Region Parisienne)
approximately 20% to 30% of the workforce is made up of
foreigners if we are to believe the newspapers,but at the
Renault factory in Le Mans (Pays de la Loire) less than 1% of
the workforce is made up of foreigners. Thus the economic
crisis and national settlementpolicies can perhapsstrongly
reduce the need for foreign workers. Table 12 gives the per-
centageof population change between 1968 and 1986:

1) as projectedby INSEE;

2) resulting from a reducedbirthrate; and

3) the same as 2) plus steady foreign population.

It is interesting to note that with this low birthrate the
demographicgrowth of some regions is not assured. It is
thus possible that the struggle over national settlement
policies will increasein the future becausethis policy was
built in the past on the basis of a growing national population
and economy. Both the population and the economy seem less
likely to grow in the future (cf. Figures 9 and 10).

6. Conclusion

We shall not give a finer analysisof the results, as one
can study this oneself and follow one's own interests. The
prospecthere was not to think specifically about France;
rather it was to demonstratethat it is possible to build a
very small, accuratemodel with easily changeabledata in the
program.

The model's accuracywas shown in Section 3. We found
results very close to those obtainedby INSEE, results which
required a much larger amount of data (fine zonal division, a
likely heavily structuredprogram, and great amount of time and
money, etc.).

The ease in changing some data and then the testing of
different hypotheseswas shown above. There, we tested four
hypotheses;however, many more are possible. It is worth noting
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Table 12.

ｉ ｾ
Percentof change

Hypotheses Birthrate Birthrate = 14.5
INSEE = 14.5 Foreiqn = steady

RP 30 23 16

C-A 19 13 10

Pic 19 I 14 12

HN 21 15 13

C 20 15 13

BN 12 7 6

Bo 12 8 5

N 15 10 7

L 17 12 7

Al 21 15 12

FC 21 15 11

PDL 15 10 10

B 10 5 5

PC 6 2 1

Aq 10 7 4

MP 7 4 1

Lim 1 -2 -3

R-A 27 21 16

Auv 7 3 1

LR 9 6 1

PCA 20 16 10

Cor 10 7 -4

L--.
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that calculationsfor each hypothesistook, on the whole, less
than half an hour using a Hewlett Packard 9308. Both the data
and statementchange and the running time are included in this
half hour, demonstratingthat the study of each of these
hypothesesis quite simple.
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APPENDIX

Flow Chart
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Table 13. Migrations.

ｾ
Million ｾ ｬ ｩ ｬ ｬ ｩ ｯ ｮ Census 1962 - 1963
inhabitants inhabitants (Total population)
(1968) (1986) INSEE H1MIG El-1MIG

RP 9.248 11.967 .722 .684

C..;"A 1 • 230 1. 523 .093 .105

pic 1 • 575 1.925 .132 .132

HN 1.497 1. 823 .101 .104

C 1.988 2.387 .195 .155

BN 1.262 1. 407 .090 .111

BO 1 .504 1. 691 .122 .123

N 3.824 4.455 .093 .164

L 2.278 2.692 .101 .146

Al 1 • 411 1.728 .067 .054

FC .994 1.191 .063 .067

PDL 2.590 2.958 .141 .169

B 2.472 2.706 .131 .153

PC 1 .479 1. 543 .099 .130

Aq 2.461 2.741 .163 .155

MP 2.186 2.339 .127 .137

Lim .733 .729 .054 .057

R-A 4.418 5.579 .256 .177

Auv 1 .314 1.391 .080 .089

LR 1.707 1.921 .126 .124

PCA 3.288 3.917 .271 .186

Cor .209 .229 .015 .017

Sources: INSEE, "Dictionnaire des Projections 1985 et 2000, Travaux
et Recherchesde Prospectives"[4]; and"AnnuaireStatistique
1972" [2] .
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Table 14. Censusdata.

ｾ
Census 1962 - 1968 Ratio

(Working population)
(Working population) {Total ｰ ｯ ｰ ｵ ｬ ｡ ｴ ｩ ｯ ｾ

IMMIG EmUG HU.UG EHHIG

RP .386 .232 .53 .34

C-A .036 .042 .39 .40

Pic .049 .055 .37 .42

HN .040 .043 .40 .41

C .079 .069 .38 .45

BN .034 .052 .38 .47

Bo .044 .052 .36 .42

N .035 .067 .38 .41

L .039 .056 .39 .38

Al .027 .021 .40 .39

FC .024 .028 .38 .42

PDL .053 .076 .38 .45

B .045 .071 .34 .46

PC .035 .057 .35 .44

Aq .056 .068 .34 .44

MP .043 .062 .34 .45

Lim .020 .026 .37 .46

R-A .103 .070 .40 .40

Auv .030 .039 .38 .44

LR .042 .053 .33 .43

PCA .096 .072 .35 .39

Cor .005 .007 .33 .41

FRAUCE: .41
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