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l. Iintroduction:

Migration is a multifarious demographic phenomenon which affects and
is affected'by other socio-demographic, economic, and ecological phenomena;
Peterson (1958), Bogue (1959), Elizaga (1970), and Willis (1974). Studies on
migration provided evidences on its varying aspects and on the voluminous
factors that interact with it; Thomas (1963), Lowry (1966), Lee (1969), Stinner
(1969), Vander-Kamp (1971), and Greenwood (1975). Such complexity of the
oy problem has paved the way for the use of multivariate analysis techniques as
suitable media for analysing migration data. Cananical correlation analysns is
one of such technlques It is the most general one, but perhaps the least used
of them, Tabachnic and Fidell (1983).

Migration in Egypt is one of the vital processes that affect the population
growth and structure. Patterns and streams of migration have been the theme
for most studies on Egyptian migration; Abdul Hakim (1966), Ibrahim (1982),
and El-Saadany (1984). Interaction of migration with other socio-economic

variables has also been recognized and investigated; Greenwood (1969),

Khalil (1986), and Seifelnesr (1983 and 1992).
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The main objective of this paper is to screen some latent profiles of
internal migration in Egypt, as evidenced by availablernational statistics 'using a
. canonical analysis modellrng approach +Canonical analysrs provrdes a tool for
rnvesttgatmg relatronshrps in research settrngs of complrcated or more general

nature. In such settlngs two sets of variables are measured or observed and

the researcher aims at recognrzrng how they relate to each other Tabachnlck K

- and Fidell (1983) and Dunteman (1984) To accompllsh this, parrs of canonlcal.f._. 2

variates are generated They are linear comblnatlons of vanables in the two
sets, one llnear comblnatlon from each set. Correlation's among these
canonical variates are then computed and analysed By dettnlng canomcal
variates relatrng migration vanables with other lnfluencrngvvanablesone would"
be able to describe the overlapping effects of the two sets.of variables. Al_so_; the
various dimensions 'along which the'mig'ration phenomenon is related to soc‘i‘o‘-
demographic and economrc phenomena can be meanrngfully structured . |
The paper consists of five sections mcludrng thrs rntroductron Sectron
two describes the data sets that provide the necessary materrals for analysrs
Section three gives account of research methodology which centres -upon the
mam teatures of canonical correlation analysis. Sectron four contarns research |

__,marntfmdlngs Summary of the work i is grven in the last sectlon

AmOngst the extensive data on particulars of ‘ind,ividuals, _households and -
establishments which the 1986 censth in Egypt provided are d,ata‘ o.n migration
at various adminlstr'atiye levels of the country. ,ln and out-migratlon_to and_frorn

each of the 26 governorates (the largest. administrative level) of Egypt were :
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obtained from cross-classifications of the population by governorate of current
usual residence and governorate of previous usual residence.!  In and out-
‘migration rates were then calculated for each governorate and used as the set
of dependent variables required for canonical analysis. Information on
variables believed to interact with migration were sought through either the
population census or other parallel data sources, mainly the statistical year
book of Egypt2. As many as 2 1 of such variables were considered for meeting
the requirements of the present analysis. They are measured mostly in the form
-of proportions or rates with the intention of standardizing for governorate
pqpulation size. In the context of canonical analysis they are used as the set of
. independent variables. They are arbitrarily classified into four distinctive groups
summarizing four different profiles of migration, namely, socio-demographic
. 4p|.roﬁle (6 variables), ec_:onomic profile (7 variables ), urbanization profile (6
_ - variables), and health profile (2 variables). It is to be n_oied that the avéilability
of information was a crucial element in determining the number of variables in
.éach of the four categories. The following is a comprehensive list of
independent variables included in each of the mentioned 'groups.

a)  Variabl mmarizing th io- raphic profile:

y 8 Propdrtion of governorate population to total country population (x{).

2 Govemorate population density (x2) |

3. Sex ratio in governorate (x3)
4

Rate of natural increase in governorate (x4)

1 These data éfe contained in table (48) of volume 1 of the 1986 Population
Census, ref. 861/89/CAPMAS.

2 statistical yearbook, A.R.E. 1952-1992, CAPMAS, (June 1993).
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Proportion of married population to total population fifteen years and over
in governorate (xs)
Proportion of illiterate population to total population six years and over

in governorate (xg)

Variables summarizing economic profile:

Proportion of unemployed population to total labour force population in
governorate (x7) '

Proportion of population engaged in occupationis to total pdpulétion
fifteen years and oVer in governorate (xg)

Proportion of population engaged in induétrial and production
occupations to total population fifteen years and over in governorate
(xg) |

Proportion of popqlétion engaged in agricultural occupétions to total
population fifteen years and over in governorate (x10)

Propbrtion population engaged in services occupations to total

population fifteen years and over in governorate (x11)

_Proportion population engaged in technical occupations to total

population fifteen years and over in governorate (x12)

Average annual expenditure ( LE ) per individual in governorate (x13)

r rizi r izati file:

Proportion of urban population to total population in governorate (x14)

_ Proportion of asphalted roads to total roads in governorate (x15)
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d)

Rs
2.

Proportion of population with university education and above to total
population six years and over in governorate (x16)

Proportion of population working in the manufacturing industries sector to
total population fifteen years and over in governorate (x17)

Proportion of electrically lighted buildings to total buildings in
governorate (x18)

Proportion of modern buildings (using cement and iron in construction) to

total buildings in government (x19)

Variables summarizing health profile:

Number of pharmacies per 10,000 of population in governorate (x20)

Number of beds per 10,000 of population in governorate (x21)

r meth |

~ Canonical analysis is usually initiated through the generation of a

correlation matrix R.

Denoting the dependent variables (DVg) by y and the independent

variables (IVs) by x, we have four correlation matrices:

R, — correlation between the DV,
R, — correlation between the IV, ,
R,, — corrclation between the DV, and the IV,

. p ’
where: R, = R}

The correlation matrix to be generated and analysed is then:

R B, Row BB,y rssssisssnssssapsansas (1)

-106-



THE EGYPTAION POPULATION AND FAMILY
PLANNING REVIEW.

The analysis proceeds by solving for the eigenvalues and eigenvectors of R.
Calculation of eigenvalues and corresponding eigenvectors aims at
redistribution of the variance in the original variables into a very few sets, each
set capturing a large share of the total variance. These sets, termed canonical
variates, are defined by linear combinations of the DVs on one side and the Vg

on the other, Tabachnick and Fidell (1983, p. 152). Canonical correlation
maximizes correlation between each pair of canonical variates, one for the DVg

and one for the IVg.! Solution for eigenvalues A, and eigenvectors Vi involves

solution of the equation:

I - (3)

where T, is the canonical correlation between the ith pair.of canonical
variates; i=1,2,..., m and m is the smaller of the number of the DVs (Ky) or
the number of the IVg (Kx). From equation (3), the cahonical correlation
between the ith pair of sets of dependent and independent variables is found by
takiﬁg the square root of the cdrresponding eigenvalue A, . Also r; may .be

interpreted as ordinary Pearson product-moment correlation coefficient; when

1 Discovery of pairs of canonical variates continues until either no significant
linkages between sets remain in the residual correlation matrices or as many
pairs of variates have been defined as there are variables in the smaller set, see
Tabachnick and Fidell, p. 146.
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squared it represents overlapping variance between two variables and A,
then, represents overlapping variance between a pair of canonical variates.
The significance of one or a set of canonical correlations can be tested

using the conventional x2 or F significance tests. For the x2 testitis:

= - [N_l_(&—;l&i)] Ly susssnsnss (4)

which has a Chi-square distribution with (Kx . Ky) degrees of freedom; where

N is the number of observations (number of governorates in the present

analysis), and A, is defined by:

Am = JIA-A) oo (5)

Equations (4) and (5) test whether or not the whole set of canonical correlations
differ from zero. If i in equation (5) runs from 2, the equations test whether or

not the remaining set of canonical correlations, with the first correlate removed,
differs from zero. The test then has a Chi-squared distribution with (k,.,) (k,.,)

df.

The next step in canonical analysis is to generate two sets of canonical
coefficients (canonical weights) for each canonical correlation, one set C,, is

| needed to combine the DVg and the other (2, to combine the IVg. These

coefficients are defined by:
C,=®R"™YV ...l (6)

and
C, = DR} Ry Cob o na ewonn nesis uis (7)
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where V is the matrix of eigenvectors for the DVg and D is the diagonal

matrix of reciprocals of eigenvalues.

The two sets of canonical coefficients can be used to estimate scores X
and Y on cénonical variates as:

X=Z,E€,  coonvenmss (8)

and Y =Z &, BT 9)
where Zx and Zy are standardized scores on the original variables x and Y.
Matrices of correlations Ax and Ay between original variables and canonical
variates can be found. They are used as an aid to interpret canonical variates

instead of interpreting them via canonical coefficients. Ax and Ay are

calculated by:
(10)

and A =R.C. ... ' (11)

y y y
The proportions of variance extracted from the IVg and the DVs by their own

canonical variates, V, and V_, are given by:

K 2
=N (12)
i=l kl
~ L 82 ’ .
and 9, =3 ;L (13)
Ci=l >

where axi and ayi are elements of Ax and Ay defined by equations (10)
and (11).
The variance of the DVg explained by the canonical variate of the IVg

(also the variance of the IVg explained by the canonical variate of the DVs) is
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known as the redundarcy in a canonical variate, rd. It is the proportion of
variance it extracts from its own set of variables (equations (12) and (13) times
the squared canonical correlation for the pair, i.e.,

rd V.7 ' (14)

IV. The findings:

The data described in section two are subjected to a set of canonical analysis
procedures of the sort outlined in section three. The aim is to identify inherent
profiles of in and out-migration flows in Egypt as depicted by the latest 1986
population census. To perform this task the computer program CANCORR of
SAS software. package is used as a suitable means for providing the
information necessary fof the required analysis. 1 Output from the CANCORR
ﬁrocedure includes detailed information on the mainfold features of a canonical
correlation analysis but the intent is not to present here all such details.
Rather, the most important of these features are summarized and presented in
-table (1) below Examination of the contents of this table reveals the following.
As the theory of canonical .cor‘r,e_lation analysis tells? two pairs of canonical

variates are produced at each applicat_iph of the CANCORR,. since the number

For a full description of the CANCORR procedure, reference should be made to SAS

~user's Guide: Statistics, 1982 edition, SAS Institute Inc., Cary, N.C., USA,
1982. '

There are as many pairs of canonical variates as the number of variables in the
smaller set, see section three of the paper.
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of DVg is 2. The first variate in a pair is a linear combination of the two migration
variables (in and out-migration rates). The second variate is a linear
combination of the opposing set of variables (the IVg). The analysis begins byv
testing for independence between the variates, i.e., to test the null hypothesis:

Hy: 7, = 4/4,=0 ,i=12 ..., m

against the alternative hypothesis
Hyf o=+ #0,i=2, ... ,m.

using x’ or F test.

Significance tests prove that the first three canonical correlations, those relating
migration to socio-demographic, economic, and urbanizati_on variables, are
different from zero. In other words, the hypotheses of independence between
migration and these variables are rejected at high levels of sigﬁificance. On the
other hand, canonical correlation relating migration to health variables does not
significantly differ from zero, i.e., HN for this correlate is accepted. The
probability of rejecting HN ié, however, lowest in the case of urbanization
variables (pr. > F = 0.0001) and highest in the case of socio-demographic
variables (pr. >F = 0.0008). If correlation between the first pair of variates in
each cése is removed from analysis HN is not rejected, implying the

insignificance of correlation between the second pair of variates.

1 Recall that the first significance test concerns correlation's among variabes for
all generated pairs.
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An assessment of the variance explained by the significant pairs of canonical
variates is made through the calculation of variance overlap between each pair,
it is the squared canonical correlation 7’ . For the socio-demographic,
economic, and urbanization migration profiles, the amount of variance overlap
is more than three quarters of total variance in each case. It is highest for the
economic profile (85.7%) relative to the socio-demographic (80.5%) and
urbanization (77.2%) profiles. Variance overlap for the health profile is only
17% of total variance, signifying very low interaction rate between migration and
health variables.

Another way of assessing the importance of canonical variates is through
the calculation of the amount of variance a variate extracts from the variables it
represents. The migration variate extracts a fairly high proportion of variance
from its own variébles within each of the four investigated profiles. The highest
propou_'tion is recorded within the socio-demographic profile (almost 61%) and
the lowest within the urbanization and economic profiles (almost 52% for each).

Regarding the canonical variates of the IVs , the amount of variance they
extract from their own variables is very much lower than that the DVg extract
from their own variables, except within the health profile. The percent of
variance explained by own canonical variate is lowest within the socio-
demographic profile (19.2) and highest within the health profile (64.7). The only
é)&planation to this is the limited number of variables included in the health set,
with higher chance of less variability among the variables.

One 6f the best indices of thé importance of relationships is the
redundancy of a canonical variate. It is defined as the amount of variance a

canonical variate of one set of variables extract from the variables in the other
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set. Equivalently, if the score on a canonical variate of one set is known,
redundancy of this variate is the amount of uncertainty to be reduced regarding
the other set. Table (1) indicates that the DVg variate in general explains higher
proportions of variance from the IVg than what the [Vg variate explains from the
DVs in all profiles except the one related to health. To demonstrate this, the
following figures are quoted. The migration variate extracts a little less than fifty
percent of the variance in the socio-demographic variables, 45 and 40% of the
variance in the economic and urbanization variables respectively. Whereas it
extracts only 10 per cent of variance in the health variables. On the other hand,
the urbanization, the economic and .the socio-demographic canonical variates
extract about 30, 35, and 15% of the variance in the migration variables. The
health variate explains only 11% of the variation in the migration variables,
signifying again a weaker relationship between migration and health indicators.

Finally, correlations between the canonical variates and the original
variables provide further indications about the relative importance of the
variables as contributors to the relationship with migration variables. Table (1)
contains information on the variables of highest correlation's with the canonical
variates. Starting with the DVsg, it is noticed that the in-migration rate plays a
more important role in the relationship between migration and determining
factors th_ém does the out-migration rate. it has correlation coefficients with own
canonical variate over 0.95 within all migration profiles and c0(felatibn
coefficients with opposite, canonical variates over 0.85 within the firét three
profiles. The out-migration rate, on the other hand, has very low correlation

coefficients with either own or opposite canonical variates except within the
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socio-demographic profile where correlation coefficient of either type is around
-~ 0.5.

_Régarding the independent variables a fairly good number of
thérﬁ, espeéially within the first three migration profiles, correlate highly with
bofh d;;vn and opposite canonical variates. Correlations with opposite variates
aré, however, slightly lower than those with own variates. Within the set of
socio-demographic variables, the proportion of illiterate population enjoys the
highest cdrrélations, -0.788 and - 0.707 with own and opposite variates
reébebtivélyl Next to it, comes the rate of natural increase with cbrresponding
correlation coefficients of - 0.466 and - 0.418. Within the set of economic
variables, variables related to occupational affiliation have the highest
correlatidné witﬁ both own and opposite canonical variates. Correlation
coefficiéhts forvtheser variables with own c'anonical variates range between
0.618 and - .7S‘)»1 and those with.opposite variates range between 0.572 and -
0.732. |

| Within thé drbanization group of variablés, the proporiion of urban
popﬁlatioh, the' proportion of buildings with modern construction style, and the
proAportidri of university education and abbve enjoy fairly:high correlations with
owh and opposite canonical variates. Correlation coefficients in the first case
range from 0.702 to 0.906 and in the second from 0.616 to 0.796.

. “As for the two health variables, they enjoy high correlatcons with their
own canonlcal variate (0.939 and 0. 643) but low correlations with opposite
variates (O 387 and 0.265). This implies low contributions of these variables to
the relatlonshlps with the migration variables. This is in Ilne with earlier findings

concluded through variance analysis.
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Vv Summary:

Data on in and out migration in Egypt by governorate and on variables
believed to interact with migration are examined. The purpbse is to identify the
dimensions through which the basic demographic phenomenon can be
rationally structured. This objective is approached through. a general
multivariate analysis technique known as canonical correlation analysis. It is an
appropriate tool for investigating relationships between two sets of variables,
one of them may be thought of as a set of dependent variables and the other as
a set of independent variables.

The basic step in a canonical correlation analysis procedure is the
generation of orthogonal paris of canonical variates. For any pair, the first
variate is a linear combination o{f the dependent variables and the second is a
linear combination of the independent variables. Once these variates are
generated, a number of criteria are applied to assess the type and strength of
relationship between the dependent and the independent variables.

For the purpose of migration analysis, in and out-migration rates by
governorate are used as a set of dependent variables. A number of variables
believed to act as determinants of migration are used and arbitrarily classified
into four grou’ps to represent four distinct kmigration profiles, namely, socio-
demographic,“ economic, urbanization, and health profiles. The SAS computer
program CANCORR is used to generate the information necessary for analysing |
these profiles.

The analysis shows that the economic profile of migration is the most

pronounced one of the four profiles examined. Canonical correlation between
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the migration and the economic variates is at its highest level (0.926) and so is
the amount of variance overlap between them (85.8%). Next to it are the socio-

| demog'r‘aphic and the urbanization profiles. On the other hand, canonical
~ correlation between rriigration and health variables does not significantly differ

from zero and the percent of variance overlap is very low (17%).

- Migratibn canonical variates within the four specified profiles extract
between fifty two and sixty percent of the variance in their own variableé and
betweeh forty and forty nine percent of the variance in the set of opposite
variables. An‘exception to this last result is the low amount of variance in the
health variables explained by the migration variate. This is another indication to

the weak relationship between migration and heailth indicators.

The amount of variance in the independent variables explained by the
canonical variates is much lower, ranging from 19% to 65% for own variates

and from 11% to 30% for opposite variates.

Finally, there is an indication for several independent variables across
the socio-demographic, the économic, and the urbanization profiles to exert
larger interaction with migration variates than do other variables. This is
~ evidenced by the high correlations between these variables and both own and
| opposite canonical variables. Among these variables are the proportion of

illiterate population, the proportion of population engaged in occupations, and

the type of occupational affiliation.
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The above findings, however, summarize the specific migration
experience in Egypt in the early eighties. Their validity is hinged upon

considerations of quantity and quality of available baseline data.
The procedure of canonical correlation analysis proves to be a very

useful technique for illuminating relationships of complicated or general nature

such as the ones dealt with in this paper.
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TABLE (I)

Summary Indicators for Canonical Correlation Analysis of Internal

Migration in Egypt

Migration Profile

Indicator Socio- Economic{ Urbani- |Health
Demogra- zation
phic
Canonical corelation (f;) 0.8971 0.9262 0.8786 | 0.4128
Level of significance (Pr.>F)
(P-value) 0.0008 0.0001 0.0003 | 0.2647
% of variance overlap (4,) 80.483 85.777 77.198 | 17.043
% of variance in DVg explained by:
Own canonical variate (V,) 60.67 52.49 52.23 | 58.96
Opposite canonical variate (rdy) 48.83 45.02 40.32 10.05
% of variance in Vg explained by:
Own canonical variate (V,) 19.17 29.58 38.36 | 64.72
Opposite canonical variate (rdx)' 15.43 25.38 29.61 11.03
Variables of highest correlations with
canonical variates
(a)_Dependent_variables: .
INMIGR (y1) - own C.V. 0.957 0.999 0.998 | 0.978
| opposite C.V. 0.858 0.925 0.877 | 0.404
OUTMIGR (y2) own C.V. 0.546 0.229 0.220 | 0.471
opposite C.V. | 0.490 0.212 0.193 | 0.195
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(Contd. Table I)

Migration Profile

Indicator Socio- Economic| Urbani- Healthl
Demogra- zation
phic

(b)_Independent Variables:
PILUIT (x5) own CV... | -0.788
opposite C.V. -0.707
RNICRSE(x4) own C.V. -0.466
- opposite C.V. -0.418
PPOP (x1) own C.V. -0.4083
opposite C.V. | -0.361
PAGRIC (x10) own C.V. -0.791
opposite C.V. -0.732
PTECOCC (x12) own C.V. 0.659
opposite C.V. 0.610
POCCUP (xg) own C.V. 0.623
opposite  C.V. 0.577
PINDOCC (xg) own C.V. 0.618
opposite C.V. 0.572
PSERVOC (x11) own C.V. 0.497
opposite C.V. 0.469

~119-




1SSR,Cairo Univ.,Vol,27,N0.2,1993.

Cont. (Table 1)

Migration Profile

Indicator Socio- Economic| Urbani- |Health
Demogra- zation
phic
UNEMPL (x7) own C.V. 0.471
opposite C.V. 0.436
PURBAN (x14) own C.V. 0.906
opposite  C.V. 0.796
PMODBDG (x15) own’ C.V. 0.862
' opposite C.V. 0.758
PUNIVED (x16). own C.V. 0.702
opposite C.V. 0.616
PINDSEC(x17) own C.V. 0.651
opposite C.V. 0.572
PPHARM (x20) own Cc.v. 0.939
opposite C.V. 0.389
BEDRATIO (x21) own C.V. 0.643
opposite C.V. 0.265
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