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Spatial Configurations of the Brazilian States

With Respect to Human Migration

Functional regions underlying population redistribution in a
spatial systen can be defined as the clust.erings of proximate.
acministrative units characterized by large transactions of migrants
in standardized and ronstandardized measures. Multidimensional

scaling technique was applied to the Brazilian migration data in order
o identif; functicnal regionalization in ‘the nation, An interstate
migration matrix, augmented by intrastate roves, was constructed for
males from the 1970 census. Three proximity matrices were derived
£rom the migration n*ati“ix—-a) nonstanciardize:i.rratrix; b} standardized
ratrix unadjusted for intrastate moves, and ¢) standardized matrix
adjusted for intrastate roves. 7To make interstate distances in a
two-dimensional space romust against unestimable proporticns of
primary movers in the data, we imposed rank order transformation on
the proximity information. The central regions were identified in
three configurations around the clustering of the core states—Minas
Gerais', Rio de Janeiro, Sao Paulo and Matt:'a Grosso. Three semi-core
states—Ranhia, Parana and Distric Federal-—joined the core states in
forming the central reyions, though not consistently., Swygestions for
future studies were ade after discussion abcut the possible factors

regponsible for the observed clustrings and differentiation of the

states,
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Spatial Configuration of the Brazilian States

With Respect to Hunan Migration

1. Intrcduction.
The states of Ri0 cde Janeiro and Sao Paulo have been the major

centers of cevelopment in Brazil and have attracted opworiunity-sesking

rmigrants across the nation, (See Figure 1 and Table 1 For a wap and
ligting of the Brazilian states.) According to the 1870 census (IZGS,

f.l_.l
I._.l

1673) the two states together abscrbed aperoximately 40 percent of &
the interstate migrants, As is generallyv believed, the principal
scurce Of these flows originate in the impoverished, stagnant

Northeast region, comorising approxitetsly 45 parcent of migration
=] - = foudley =y oy A

.

nto the o states. Eowever, such descripticns bassd on the

!

statistics aggregated at the level of acministrative regiops seem o
have limited practical velue and o be misinformative about the
Sunctional regionalization formed throwh the exchanges of huran

rescurces,

The aygregated statistics, for example, tend to mask the
significant streams flowing out Minas Gerais into Rio de Janeiro and
Sa0 Paulo which far exceed in size that of any single state of the
Northeast region, Also, they tend to conceal diversification among
the states in the reyion with respect to migration patterns and links

o the develomment centers. The figures shown in Tables 2.1 and 2.2

Insert Taples 2.1 and 2.2 about here
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Table 2.1
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Table 2.2

Prefarence raenks accorded to Rio de Janeiro and Sso Pzulo

oy emmigranitis from the XNortheast, based on the rslative
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will illustrate the points in question, thouyh they pertain only to
males, (Inclusion of females do not affect the generality of our
argument.) An implication we can draw from Table 2.1 is that attempts

to control influx into Rio de Janeiro and Sao Paulo will be effective

th

if directed to the push-pull relationships with Minas Gerais rather
than with the vast territory of the Noriheast. Concerning Mable 2.2,
it is clesar that attraction of the twpo s"':.a"‘r;es is ype=ker than thet of
mach less cevelored Golas and annao to these r.,m left the ncrthern
three states of the region. Among @suicrants from the rest oF the
states in the region, either Rio de Janeiro or Sao Panlc enjovs the
st prefef:eé_. status as destination, Still, one should ot overlcock
the importance of the states of Paraiba, Pernambucd, Bahia and parana
as receiving areas, The okserved patterns ar:.;mv' to be the vroducts

f comglex interactions of thysical distance, varicus kinds of

ctors in addition 0 netyporks of transportaiicn and

o
{
in
[
L
éé
}_1
th
sl

information,

These preliminary findings gave us a strong impetus © conducting
more systematic analysis of pomulation movarents among all the states
in the naticn. The objective of our initial study is to provide basic
informaticn about the functional spatial systems resulting either from
or regonsible for, or both, population movements in the nation. Thus
cotained knowledge, when causined with similar analysis on the flcus
of goods, capital and information, sheuld help us gain deeper insight

inte the mechanisms underlying the phencinenon of mwman migration.

Rephrased in rore concrete terms, our present purpose is to

identify clusterings of the Brazilian states by migration volumes as



measures of the interstate proximities, That is
Q.. =m,, (1)
=23 il

where 'C‘)ii' ﬂgl_j_ cenote the proximity and migration volume from state i

o j. Slater (1975, 1976) who shares the same basic interest with us

proposed application of cluster analvsis to find functional regionalization

after adjusting migration volumes for size esfects asscciated vith

Crigins and destinatvions., Although he maintained *hat his amoroach

adminizirtive units in Russiz (1975) and Jacan (1678), it lacks
pursuasiveness because of the Tollcywing problams:

1} Siater equated the migration volime with the distance betiesn
adrministrative units, This means that he assumed ecual weight or

Importance attached 0 each Person wiv Delcnus o the same elesent in

L e = i ] - 3 =t - 1o oA : R~ P
18 ransallicn matrix,  (Whether the matriv is aqjustet for row &nd

2) In his devisive clustering procedure, he failed o Fulls
utilize asvmmetry in the transaction matrix; for a given pair of

units, the value of the critical link, 51.1., was a smaller voluie of

miyrants exchanged between them, To at it formally,
C.. =mn {m,.,
=1 T A1
where ﬂij_ is the volume of movers from unit ito j.

) (2)

m. .,
e

As a solution O the problems, we suggest the use of miltidimensional
scaling. Tre technique, developed by psychometricians (see, Kruskal
and Wish, 1973; Takane, 1978), is designed for placing objects in a

rmaltidimensional space in which the distances between pairs of

- _ ? - i



cbjects, %—.i' correspond to theilr proximities:

iy v E (o)) (3).

For technical reasons, proximity data mast bpe first converted into

*
dlsproximity éata, o , for instance, by

_91 = constant - Oil . {4)
To raintain consistency, however, we will use the term proximity
y - -, Y 3 - . N = - N ® ) -
Tirougnt the paper, provided that readers understanc that Q.. instead
=1
of _g:._j- enter the actual commtations:
1

Suppose that e have obtained a reasonable configuration of al
the states in a txo-dimensional space, the position of state i can be

indicatad by its coordinates cn the tyo axes (:_{ilf _35-2).. Tha

{stuared) distance betyesn 0 states in this scace, &, ., will be
2 IS P2

=N
) 2 2
S 72 %a e T E) 3

wiere v, . 15 a weight on the ath axis assigned to state i included
nandle asymretry in the proximity matrix, 0. HNote that

= d.. orly if v, _ =

d, .
=i T =3 “a = ~ia

We still need scre device to relate proximity to distance, This will

1<

. {6)

Jal]

be done by cdefining £ of eguation (35) as ronotonic transforwation
v,,-n_cn preserves rank order information in the proximity matrix, 0. As
a result, thne following condition will ke satisfied for all pairs of
the states;:

S 7% 7T &% - )
Because of monotonic transformation, the obtained configuration is

less vulnerable, as compared wzith Slater's linear transformation



approach, to some variations in the proximity data as long as rank
orders in the data remain unaffected, Variations in the proximities
my arise from sampling errors or from the differences in the
estimated proportions of primary rovers in Eii' Camon to the to
ap

roaches is an assumtion of constant death rates among migrants.

The assuastion 1s necessary in deeling with most mublished census

Refore clozing this section, we shall comment on standardization
of migraticn volumes by the IPFP (iterative provortional fitting
procedurs). Descriptive studies (e.g., Castro, MNeto, Grabois et al,

ig7%) oiten utilize rnonstandardized ray migration volumes. The method

is pertinent where ianteresis lie in the assessrent of the absoluts

3 gy} g .. o S == i amataT = : - -
SizZae CI The Volgn=E, ror .._-"lStau"‘.CE, GlIDgrent DUDILC SErvices may oa

]
b

thers been o dfferences in the total number of immigrants and
emilgrants for all states, The IPF? (see, Fienbery, 1970} is suitable
for this purpose, In brief, given a tzble of cross—classified data,
the I2rP altermatively scale internal cells such that they sum o
desired marginal totals., The iteration for scaling will be repeated
until cell values in two successive cycles agree sufficiently el

It is known that the IPFP preserves statistical interactions among
cells cefined by crossproduct ratios,

( Wm, /m ) (i

Big 7 P P/ Py e

-
.
1»
-
W,
L



By fitting a migration matrixz to uniform row and column margins,
we are able to analyze standardized migration flows from which the
size effects associated with origins and destinations are removed.
Besides the statistical advantage, the IPFP allows what is not usually
amodied in the analysis of inter-unit migration: ecamination of
inter-unit migration in light of intrs-unit migration. Siater (1976)
also recomnized the merit of includi 1:“; L‘lf:&—mﬁt noves in standardizing
migration ratrices ywhere pessible, Introducticn of the intra—imit
roves in the IPFP for the Brazilian case enable us to evaluate
proximities among the states adj,usted for the gravity of the states
wlding opportunity-seekers within their boundaries., However, the
method should rot be considered, in anv definite sense, superior to
the otller two methods discussed above: mn&‘muf‘*"na and stancardized
matrices with intrastats moves deleted. The re tive utility of the

retnods depends on research purpeses, Since ocur objective is +o

—

provide basic Information for further investigations, it seems
approvriate 10 present different spatial configurations of the

zilian states resulting from the three proximity matrices.



2, METHOD,

Data.--The migration matrix shown in Table 3 was formed from the
1970 pPopulation Census data (IBEGHE, 1973) on the noves for those o
wera living in runicipios other than their birthplaces. To avoid
confounding effects of sex, infomnaticn aoout ferales weas anitied from

the a@nalysis.

Insert Table 3 abhcut here

e v o 3. Eax LSO e )y . ey e S
Proimiyy matrix.—-Three proximity matrices wers prapered: 1)

nonstandardized metrix yfiich iz in fact the migraticn ratrix wifh the

{3,
1)
uy
Q
v
i
Q
0
'_l
}_r
n
B
fot
{

{3
)

) standardized matrix without adjustrent for
intrastate migration, and, ) standardized rmatrix adjusited for
intrastete migration., Standardization of the proscimiiv matrices was

performed by the IZFP t the uniform margins of 1000.

tultidimensicnal scaling,—Before computaticons, the proximities,

=

*
gi_l, were converted into the disproximities, Q40 by

L%

O--; = }-OOO - c- +
7 =1

The ASYMSCAL mocdel in the ALSCAL program available in the SAS package
was applied to the proximity matrices. We oObtained two dimensicnal
configurations for the ease of interpretaticns, The efficiency of
scaling can be judged by Xruskal's stress 1 which measuvres how well a
given confiyuration represents the data, Stress is a square root of
the following quantity
2 2
s« £o;4) ~ &4 ) /E_gé.l :
Functicnal regions,—-Functional regions yere operationally

cefined as clusters of more than one state all of which were located
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rutually within short distances ( Qﬂ:l < .600). The criterion ywas

chosen after several experiments on the results of our pilot study,
3. RESULTS.
The configurations (Configurations A, B and C) produced from the

three proximity matrices are presented in Figures 23, 28 and 2C, The

Insert Figures 23, 25 and 2C about here

stress fOr each configuration was reasonably small (.232, .212 and
210 for Configurations A, B and C), indicating the satisfactory £it
ci the Lwx—dimensicnal sclution to the data. The interstate distances

in these configurations are shown in Tables 4A, 45 and 4C. Shore {d

Insert Tables 43, 48 and 4C abcut here

< .40C) and intermediate (.400 <

1“1
FaY
>
[}
L]

distances ars respecitivelwv,
dencted by solid and broken lines in Figures 24, 23 and 2C. The

double headed arrcws in the figurss indicate that the interstas
distances in both directions are within the same range., Standardization
of the proximty data yielded similar configurations (Conficurations B
and C} with more distinctive clusterings than the cne hased on the
ronstandardized data (Configuration &), This is reflected in £he
nuper of uni~ and bilateral linkages in three configurations: (44,
42), (12, 49) and (18, 40) in order of Configurations A, B and C. The
distinction between the short and intermediate distances was ro longer
made in fihding functional regions. The size and constituent states

cf the regions identified in each configuration at the selected level

(E%j_< .600) are listed in Table 5.

Insert Table 5 about here
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Ccnerence among Minas Gerais (S16), Rio de Janeiro (5813}, sao
panlo (S19) and Mato Grosso (S23) persisted in all configurations.
Also, these core states were located near the center in each
coenZfiguration. Semi-—core states ywhich joined the core states in the
formation of the central regions include Bania (S15) and Darana (S20)
in Conficuraticn A, and Ditrio Federal (SZS) in Configuraticns 3 and
C. Despite the geographical proximity, no linkage wes coserved
petwesn EsSprito Santo (817) and Rio @e Janeiro in any configuraticn,
This holds, too, for the relatioships betyeen Golas (524) and Sao
Pzalc, The other persistent clustering of the states was found among

Maranhao (87}, Piaul (S8) and Ceara (89) in all configursticns.

The six states of the North formed a cohesive and isclatad rscoicn
in Configurations 3 and C, though the cohesion was not perfect in the
latter, Such correspondence betyesn administrative eané funcitional

+

regions was non-edistent ywith respect €0 these states in Configuration
A, primarily due to the functionally detached positicn of Rondonia
(S1) from the rest of the North, The state received large volume of
migrants from five states in the eastern par: of the Northeast—rRio
Grande do Norte (810), Paraiba (S11), Pernambuco (S12), Alaccas (S12)
and Bahia (S15)-—and sent out their own mobile pomulatin to Rio de
Janeiro and Sao Paulo. Hogever, rone of thesge linkages yeras

pilateral.

The Northeast dissolved into three functional regions which were
raotely located from each other in Configuration A: a) ltaranhao (S7),

Piaui (S8) and Ceara (S9); b) Rio Grande Norte (S10), Paraiba (S11)



and Permambuco (512), and; c) Alagoas (S13), Sergipe (S14) and Bahia
{s15). Clustering of the first three states was rost stable across
all configurations, The reduction of the betyeen-region distances in
Configurations B and C was accompanied by soire changes in the
interstate linkages. irst, concerning Configuration B, the statss of
the second group (k) no longer clustered into a regicn, aithough they
&ic net dlsperse in the scage. 3Because ¢f the increased distances,
the reciprocal linkage betwmsen Rio Grande & Norts and Paraile as
resizced Iy the one connesting the fommer with Cezrs, Secornd, ney
clusterings of the states emerged in Configurzticn C around RIC Grande
& Merte (810} wmich constituted a resion with Parsiza (S11) and Goias
(S24), 1In acdition, the region comprised of lMaranhao, Piavi and Ceara

would nave been enlarged, had there been a closer linakge From Rio

to Seryise, con the other, regiocnalization by these thres states yas

ot found in Configuration C.

The states O the Southesst, South and Central-Zast fall in three
classes: core states—Minas Gerais (S16), Ric &= Janeiro (Si3), S=o
Paulc (519) and Mato Grosso (523); semi-core states—>Parana (S20) and
Distrio Federal (S25), and; peripheral states—Esprito Santo (817),
Santa Catarina (521), Zio Grande & Sul (S22) and Goias (824).
Ccherence Of the core states was, as reported earlier, unsusceptible.
to the manijpulations of the proximity data, thouyh the internal
formations changed. Unlike the otner persistent cluster of Maranhao,

Piaui and Ceara, the core states occupled central positions in all



configurations, Each of the semi—core states contributed to the
formation of central regions with the core states in cne of the
configurations, but not jointly. That is, Parana and Distrio Federal
were bilaterally connected with the core states in Configurations A
and C, respectively. In Configuraticn B, reciprocal linkages from

Minas Gerais to these states wers not present.

Cencerning the perigneral states, neither Godas (824) ror Federal
Distric (S25) exhiibited any linkage, in Configuration A, rot only with
the core states but all other states except two groups of states of

the Northeast—cone consisted Of Maranhao (87), Piaui (88) and Ceara

Alagcas (Si2), Golas and Federal Distri we*-:e,; however, connected o
each'of these states onlv as recigients of amgrants, i.e., the
reiationsnips wers all unilateral. fThe statuses of the two states
changed and differentiated in Configurations B and C. Cn the one
hand, Distric Federal jcined the clusterings kv the core states,
though itg full garticipation was not possible in “he former
configuration on account of the absence Of a reciprocal linkage from
Minas Gexais to it. In contrast. the sole status of Goias as a
recipient of migrants continued in Configuration B, Hoyever, the
scurces of migrants changed to Rondonia, Rio de Janeiro, lato Grosso
and Distrio Federal. Only in Configuration C Goias reciprocated
migraticn streams in a new region comprising Rio Grande do Norte and
Paraiba both of which ars physically most distant in the nation from

Goias,

- 23 -



The region comprised of the other three peripheral states in
Configuration A—Esprito Santo (S17), Santa Catarina (S21) and Rio
Grance do Sul (S822) overpassed both Rio de Janeiro and Sao Paulo in
spite of the interwediary gecgrapnical positions of the two states., A
similar pattern ywas cbserved with regard to the regicon composed of
Esprito Santo, Rio Grande do Sul, Minas Gerais (S16) and Parana (S29).
a2 Ceniicuraticns B and ¢, insulated r gionalizétion by Santa Catarina
(821) and Ric Grande do Sul (S22) was roticabple. The status of

Esprito Santo (S17) differed in these configuraticns, While the state
an

was raryinally located and unrelatad

regicn in Cenfiguraticn C,

its mutual linkaces with Minas Gerais and Sao Paulo in Configuration B

o the sxtent that pecple nove in feasible distances, a migrtion
voluame represents the functional proximity between areas of origin and
¢estination. In other words, areas which exchange large volumes of
zomulaticn form 2 funciicnal region within a spatial system.
Identificaticn of such functional clusterings is of great value for

e stugises an

g

s

planning of poralation redistribution, However, the
task of identification is difficult €0 fulfil when pomulation
exchanges ars asymmetrical and ywhen the number of areas under study is
ot sall, The situation becomes more complicated in the case of
Erazil wiich emraces w0 develxent poles, nanely, Fio de Janeiro and
Sac Peaulo., Furthermcre, the tw0 states & not have necsssarily
exercised centripetal forces in the population transacticn field of

the nation, That is, the Brazilian migration streams are essentially
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rultidirectional, The pest strategy under the circuastances is to use
miltidimensional scaling technicque by which we may reconstruct a
spatial map of the nmation in accordance with the interstate proximity

information derived from a migration matrix,

Concerning the proximity information, it is not unconmon ©o trsat

the size ¢ a migration £f1loy from state 1 0 J as a measure of the

— -

'_.J

proximity betwesn the states, Trowgh this interpretation may have

relevance in some situaticns, it fails o take into account the

!
o
{
B
<
{
‘ 1
I.._l
(@]
(@]
i
[{o}
0
B
%3
]
d
=]
i
a
UJ
[.U
cl
il
i
fu
I
H}
B
rJ
)
¢t
i
Y

otal number of migrants left the two states ars 200 and 100,000,

respectively. ‘Then, it is obvious that state i is rors prosimats ©

state j than iz state X t j. The same argunsnt applies +o the size

effect ©f total immigration. The elimination of the size affacts
associzted with origin (i,e., emmigration) and destination (i.e.,

ricrmed in ooy study oy the IDFP to the uniform
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margins. A note seans in order here that the use of uniform margins
is rot mandatory in the IPFP procedure: an analyst can use ronuniform
margins computed on some theoretical ground, if the research urpose
is, for example, a projection of migration flows needed o achieve
certain equilibrium in the population distributions (see for example

Mackinnon and Skarke, 1977},

The spatial configurations we obtained from the ALSCAL alcoritihm
with ordinal transformation markedly differed cdepending on whether the

oroximity matrices were statndardized (Configurations B and C) or nokt
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(Ccnfigufation A). Canpared to these differences, the adjustment for
intrastate moves in the standardization procedure did not have
significant effects on the clusterings of the states except for the
changes cccured in the locaticns of Pernambuco and Goias, The
observed shifts of the other states and the associated changes in the
distances yere smaell., This means that the adjustment for inmtrastate
moves did ot greatly altersed the rank order structure of the

interstate proximities in our éata.

In vieyw of the present evidence, we can point cut the fallacyry of
= l

Fh

he gopular retion about the Northeast as the primary source O
migration into Rio de Janeiro and Sac Paulo, It appears so when cther
rmigration flcys are not simultanecusly considered. Our resulis, by
sharp contrast, demonstrate the importance of the circulaticn of

popnlation among the four cors states—iio ce Jeneirc, Sao Paulo,
POk =)

Minas Gerais end Mato Grosso. Geocraphical proximities and levels cf

Hh

economic CGevelopment are probably responsible for the clustering o
these states. However, attribution to these factors alone fails o
explain iy easnigrants from Esprito Santo and Goais overpassed the
neighporing Ric de Janeiro and Saoc Paulo, respectively, Other
well-known pusn-pull factors such as disparities in inccme and
educational levels seem all inadequate as far as ecological inferences
are made at the state'ievel. A plausible explanation may ke found in
the operaticn Of social networks., However, empirical evidence in this

regard must be sought in data scurces other than the census,

The principle of geographical proximity in determining feasible



distances seems at work in the decomposition of the Neortheast into
three groups of the states most conspicuously seen in Configuration A:
(Maranhao, Piaui, Ceara), (Rio Grande do HNorte, Paraiha, Pernamsuco) ‘
and (Alagcas, Sergige, Banhia). EKHowever, there still remains a
question to be answersd as o why this particular grouping or
differentiation ccoured among other possible combinations on the sare

-y . = a. Eegrpunyre - dm
principle, I transferability o

[

jeb skills and expertise is a kesy

factor in the migrant's decision fimcticn, within-group similarities

with respect to, for instance, the production rmode and merket
tructures may account for the differentiaticn among the groups.

Irquiries into contextual factors discriminating these groups Ircm

Y

eacn QLOaer must e

-

m2de in future studies, The present analysis
uncovered another type of differentiation of the Mortheast that has
rarely received actention in previcus studies: only cne third of The

states have linkaces with Rio de Janeiro and Sao Paulo., They ara

(@]
¥

1
it
[}

Pernambico and Bania, Besides differentiation among the thres

d fron the rest of the Northeast, thoerists, particularly

g
by
R (]
n
2

those who enphasize coportunity discrerancies as the major determinants
of migration, must provide adecuate explanations about the links to

Pernambuco and Bahia from Rio de Janeiro and Sao Paulo,

Internal differentiation of the officially defined regions was
not limited to the Northeast.. Or more precisely stated, the
functional regicns identified in the present study &id rot agree with
the official divisions of the nation, chiefly due to the intercrossing
linkages of the npaticns. The single exception %o this rule is the

correspondence betiween the official and functiocnal regions ohoserved
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with respect to the North in the configurations based on the
standardized proximity matrices. Since all the points raised above
regarding the operations of possible causes are relevant here, we
shall rot repeat them., We expect that the results of the presentc
study offer valuable information and cltes for both causal modeling

and empirical research,
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