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INTRODUCTION

In view of the high population growth
in Mexico during the last decades and con
sidering the demographic and sociocecono-
mic implications that this population
growth brings along, it has become the
center of exhaustive analyses and deep
thought.

Three surveys at national level have
been conducted in Mexico, tending to pro-
vide more information on the population
dynamics. In 1976 the Mexican Fertility
Survey was carried out, and in the years
1978 and 1979 the Coordinacidn del Progra
ma Nacional de Planificacidn Familiar con
ducted two more.

This brief summary refers to the fert
ility and mortality estimations at nation
al level, derived from the 1979 survey.

In the first place, an evaluation of
the information is made and, subsequently
the direct estimations obtained from the
survey are presented accompanied by cor-
rections, in order to consider response
error. Further on, estimations derived
from the use of alternative estimation me
thodologies are presented (indirect meth-
ods).

Sampling Design

This survey is specifically oriented to
obtain data on mortality, fertility, con-
tinuity in the use of contraceptive meth-
ods and maternal child care. In addition,
questions destined to relate these thema-
tic aspects with socioceconomic variables
were included.

The sampling scheme was based on a pro-
babilistic sample of the geographic areas
of the national territory, independently
selected for each of the 32 federal enti-
ties.

SAMPLING  METHODOLOGY

3 Metropolitan
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The total sample consisted of 18,505
households; also, two ramdomized subsam-
ples were considered (one with 13,865 for
prevalence in the use of methods and an-
other with 4,640 for maternal child care).
From the first subsample, processable in-
formation was obtained for 16,919 women,
as compared to 5,617 from the second one.

Validation of Information

In order to validate the information
obtained from the survey, the structure
by age and sex of the whole population
and the structure by age for women between
15 and 49 years of age, were compared with
the data from the Mexican Fertility Sur-
vey and the 1970 Population Census. In ad
dition, the whole women sample structure
was compared to its two samples. The re-
sults obtained reflected a substantial in
formation consistency.

With data derived from the total pop-
ulation, the Myers, Whipple and masculini
ty indices were calculated, having found
that: Men's age is better reported than
women's, although both have preference for
ages ending in digits 0 and 5. The propor
tion between both sexes for the age groups
does not differ from the previously observ
ed pattern.

The non-response, at national level,
was 8.7% which, after analyzing the rea-
sons, showed the following porcentages:
Absent women after 4 visits 5.4%; refused
to give information 0.5; inadequate infopr
mant 1.6% and other reasons 1.2%.

Analyzing the available information
about non-interviewed women, in the house
hold questionnaire for 3 field regions,
we reached to the conclusion that these
women's fertility is lower than the inter
viewees',

FERTILITY ESTIMATION

Dinect Method

The survey was carried out from septem
ber 15th to december 31st, 1979 and the
reference period for recent births which
was considered more adequate for the cal-
culation of fertility estimations was no-
vember 1978 to october 1979. Once this pe
riod was determined, an adjustment was
made to women's age in order to obtain
their approximate age at the time of giv-
ing birth.

The specific fertility rates and the
global fertility rate obtained were the
following:

f.

Age groups i
15 - 19 0.1099
20 - 24 0.2389
25 - 29 0.2143
30 - 3y 0.1993
35 - 39 0.1411
40 - 4y 0.0567
45 - 49 0.0058

TGF 4.83

Indirnect Methods

Coale-Demeny Method

This method estimates fertility annual
rates, by age, based on information on
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the mean number of live-born children.

Through this procedure which presents
two variants, extremely high global fert-
1lity rates are obtained: 5.6 and 7.5
children per woman respectively.

Brass Method

“I) Method on all births, and

11) Method for first births

These techniques estimate specific fer
tility rates, establishing a comparison
between the retrospective fertility data
and the current fertility information.

There are some implicit assumptions in
the applications of these methods, such
as:

It is assumed that fertility has remained
constant in recent years; it is accepted
that younger women's (under 30 years of
age) response is more reliable than that
of the rest of the women between 15 to 49
years of age, and that unimportant omis-
sions can be overlooked. It is then as-
sumed that the structure by age of the
fertility rates obtained, starting from
information on the births occurred during
the last 12 months, can be considered
correct, although the general level may
not be so.

With data about recent births, it was
found that for the 20-24 and 25-29 age
groups the P. (average of children per
woman) exceeds in 17% the F. (accumulated
fertility calculated with data on re-
cent births), which means to adjust the
global fertility rate of 4.83 to 5.66
children per woman.

Considering information about the first
births only, this porcentage comes down
to 13% and, therefore, the global fertil-
ity rate is 5.5u4.

The assumption of constant fertility
in the last years, established by the in-
direct methods, does not apply to the case
of Mexico. This conclusion comes from two
facts:

i) The global fertility rate tendency
considering the Mexican Fertility Survey
and the Prevalence Surveys.

ii) The quotients P;/F; obtained with
information on all births occurred in the
last year, increase with age.

MORTALITY ESTIMATION

Dinect Method

With data on deceases occurred during
the 12 months prior to the interview date
a gross mortality rate of 6.0 ®/oo 1/ and
an infant mortality rate of 46 ©O/0co0 were
calculated. This confirms the result ob-
tained by other surveys as regards detec-
tion of mortality through direct methods,
that is, through this technique there is
always an under-estimation of mortality.

A correction was made taking into ac-
count the omission percentage of deceases
obtained with preliminary data of the de-
cease follow-up project (obtained in the
survey's household questionnaire) which
was developed by the Direccidn General de
Bioestadistica of the Secretaria de Salu-
bridad y Asistencia. The regultant rate
of this correction was 7.8 ~/oo.



Indinect Methods 2/

To measure infant mortality and, in the
first years of live, methods based on da-
ta about live-born children and surviving
children were used. 3/

The first method considers the previ-
ously mentioned data for the total of live
born children and surviving children for
women between 15-49 years of age, while
the second method considers only the live
borns and surviving children in the year
prior to the survey.

The first method developed by Brass
presents three variants: Sullivan, Trus-
sell and Feeney. These duthors (with the
exception of Feeney) assume that mortali-
ty has remained constant.

These methods were applied to the four
families of the regional tables developed
by Coale-Demeny and it is observed that
in general, the West family is better ad-
justed to the case of Mexico.

The resultant estimations for both
sexes, in terms of infant mortali
ty rates (©/00) which imply the
195> 293> 39 and 59g according to
Coale-Demeny's West model

199 resultant from:
Method
199 290 3% 590
Brass 986 61 69 71
Sullivan - 61 68 68
Trussell| 96 62 69 70
Feeney - 55 60 61

These data are not referred to the
year prior to the survey, but to
variable periods.

The method of the live-born children
in the year prior to the survey considers
the decease separation factor for infants
under one year of age 4/, and gives an in
fant mortality rate for 1979. The result-
ant rate was 5.4 /00, which is almost
identical to the estimation obtained by
Feeney (55 ©/00) based on 29 (see above
chart).

The father, mother and first spouse
(husband or wife) survival methods and
that of decease structure by age, were
applied to estimate adult mortality le-
vels.

Considering the mother orphanhood meth
od as more consistent, an approximate
gross mortality rate of 8.5 ©/oo was esti
mated, only that it is not referred to
the year 1979.

The decease structure method gives a
gross mortality rate estimation, for the
population over 5 years of age, of 7.4
O/0o. The indirect methods applied show
consistency, as the survival probabili-
ties from birth, which were obtained, are
always higher for women than for men,
which is in accordance with the fact that
the male mortality level is higher than
the female mortality one. The precise pe-
riod to which said estimations refer is
unknown until this moment.
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CONCLUSION

From the fertility analyses presented
in this document, the following remarks
can be made:

To obtain an estimation of the level
and fertility structure in populations
where birth control is being increasingly
practiced, a more and more complex analy
ses demanding the use of complementary
tools, is necessary. Such is the case of
Mexico, which shows evidence of a fast
fertility reduction in recent years.
Hence, the necessity of using alternative
sources and most of the estimation tech-
niques thus far applied.

For this, the direct estimation pro-
vides more adequate results for our real-
ity, based on two affirmations:

1. Fertility has not remained constant
during the last years.

2. These methodologies were designed
to estimate fertility results when the
quality of information gathering is defi-
cient. The introduction of probabilistic
sampling schemes, with higher efficiency
in the information gathering control sys-
tems, makes the correction of the indi-
rect methods consistently greater.

From the foregoing, it is suggested
that the survey's direct estimation, cor-
rected by different concepts, in accord-
ance with the previous explanation, is
more convenient.

For the year 1979 it was estimated
that, when the specific calculated ferti-
lity rates were applied to the female pop
ulation structure determined by the sur-
vey itself, a gross birth rate of 35
births per each one thousand inhabitants
was found.

The data on mortality obtained about
deceases occurred in the household pro-
vide, as vital statistics do, an under-
estimation of the mortality level. Direct
ly from the survey, a gross mortality rate
of 6.0 ©/o0 and an infant mortality rate
of 46 ©/0o were estimated. Probabilities
of dying, calculated by b-year age groups
show irregularities due to deficient res-
ponse and to an under-estimation in the
expected decease sample size.

From the estimations obtained through
direct methods, the one calculated by the
method of decease structure by age, also
referred to the year prior to the survey,
provides an estimation of 7.4 ©/oo for
the gross rate (estimation referred tothe
population over 5 years of age), which
represents 23% of under-estimation as re-
lated to direct findings: through the
live-born children survival method in the
year prior to the survey, an infant morta
lity rate of 54 ©/oo was obtained. The es
timations obtained through the others me-
thods give an average value of 62 ©/oo,
only that this last estimation is referred
to the year 1979, approximately. There-
fore, the infant mortality rate obtained
directly (47 ©/00) is clearly under-esti-
mated, at least in 17%.



Regarding adult mortality, the nature
of the methods applied and the fact that
the estimation reference period is not
well defined, do not allow to reach, for
the moment, a solid conclusion about the
under-estimation levels.

However, the results of the indirect
mortality methods suggest that mortality
is well represented for Mexico in 1979,
by level 19 of the West model of Coale-
Demeny's life tables, which represents a
gross mortality rate of 8 ©/0o approxima-=
tely.

As opposed to the conclusion reached
for fertility estimation, the indirect es
timation was considered more reliable,
due to three facts:

1. There is an unquestionable under-es
timation in direct methods.

2. The robustness of indirect methods
makes estimations less sensible to ferti-
lity changes.

3. Mortality has not decreased so dras
tically in the last years.

In spite of changes in the traditional
questions and the efforts in the field op
eration for obtaining reliable informa-
tion, it has been demonstrated that the
question on mortality is more sensitive
than the one about fertility. Hence, if
we want to obtain a reliable estimation
through a direct method, efforts must be
made in the technique and methodology for
information gathering, or another type of
survey, such as the continual one, must
be considered.

METHODOLOGICAL BASIS

Since most of the indirect techniques
applied in this document are based on si-
milar theoretical propositions, and the
interesting point here is to illustrate
the idea of how, starting from establish-
ed mortality and fertility laws, expres-
sions associated with determined func-
tions of the life table can be establish-
ed, following the mathematical foundation
of two methods are presented, as an exam-
ple.

Method of Live-boan Children -

Sunviving Children

Fundamentally, what the method does is
to convert the deceased children propor-
tion of the total number of live-borns
from women classified by 5-year age groups
into probabilities of dying, of a life ta
ble, between birth and a determined age
x. This method was originally developed
by William Brass.

Starting from the following assump-
tions: i

That fertility be a continual function
of age f(x).

That the decease proportion between
birth and certain age x be also a conti-
nual function q(x), and that these two
functions remain constant in time.

With these conditions, age structure
(in the absence of mortality) of live-
born children from mothers of certain age
x, for example, 25 years of age, can be
expressed as follows:
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_ f(25-a)
czs(a)-———ig——— caees (1)
./.f(x) dx
s
where:
f(25-a) = represents fertility at age
25-~a
25

Jﬁf(x)dx= is the total number of chil
dren from women of 25 years

s of age, and

is the age at which fertili
ty initiates

=3 =

Thus, the above mentioned expression
can be understood as: the proportion of
children at an age a, born from mothers
of 25 years of age, is equal to said mo-
thers' fertility at the exact age (25-a),
divided by the fertility accumulated by
these mothers up to age 25.

However, from the number of live-borns
the deceased proportion can be determined
starting from the age structure (in the
absence of mortality) of the live-born
children: 025(a), and of the population

mortality law: g(a), that is:

25-s
d, = CQS(a) g(a) da ... (2)
0
where:
dyg = symbolizes the proportion of
deceased, among live-born chil
dren, from mothers of 25 years
of age.
25-5 = is the maximum age children

can reach 025(a)'

To refer expressions (1) and (2) to
five-year age groups since -as previously
presented- data are classified at exact
ages, we have:

For women in the 20-25 year age group,
for example:

25

ff(x—a) dx
c.(a) = 20 cenes (3)
27 T 25-s 25
/ f(x-a) dxda
0 20
where:
c2(a) = yepresents the distribution
in the absence of mortality
of children from women in the
20-25 year age group.
f(x-a) = is the fertility function.

The under-index i of c.(a) varies ac-
cording to the 5-year age~ group consider
ed; the result will be i=1 for the 15-20



group; i=2 for the 20-25, etc.
Thus, the proportion of deceased chil-
dren will be:
25-s
c2(a) q(a) da ..... (&)
0

Finally, with the fertility function:

F() = k(t-s) (s+33-t)°

To the West-European mortality stand-
ard calculated by Brass and with the ex=
pression (4), the deceased proportions Di

can be related to probabilities of dying
q(ai).

Decease distribution method,

Theoretical Development

The equation on which the technique
application is based is:

by age

N(x) = ». N(x+) + D(x+)
where:

N(x) = represents the number of per-
sons at an exact age Xx.

N(x+) = the number of persons at an
age equal or over X.

D(x+) = the number of deceases among
persons at an age equal to or
over X.

and r = the growth rate in a stable
population.

This equation is reached through two
relations that are met in a stable popula
tion, i.e.:

N(x) = Be™™* 1 (x) ..... (1)

where:
B = symbolizes the number of annual
births
(5]
and
D(x+) =/N(x) H(x) dx v.... (2)
X
where:
_o=1l'(x) ,
H(x) = T %) - -D 1n 1(x);

that is, the derivative (with a negative
symbol) from the natural logarithm of the
survival function (1(x)), and represents
the instantaneous mortality rate or mort-
ality force.

Substituting in (2) the value of N(x)
given in (1), we obtain:

w
D(x+) = J[Be_rx 1(x)  #(x) dx.....(3)
X
. _ =1'(x)
but as: m(x) = Ty
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w

-rx 1'(x)
-—B/e l(X)m dx

X
w
-rx
= -B J~e
b4

Integrating this last expression, in
parts, we obtain:

D(x+)

1'(x) dx ..... (W)

w w

D(x+):[-Be‘I’X 1(x) ]-r /Be‘ml(x)dx e (8)
x X

but as by definition 1(w)=0, and given

the relation (1), the following is reach-
ed:
w

N(x+) =/ Be TX

p:4

Substituting (1) and (2) in (5), we
obtain:

D(x+) = N(x) - r N(x+)
from where:
N(x)= r.N(x+) + D(x+) ..... (7)

which is the fundamental equation of the
technique established at the beginning of
this exposition.

Starting from this equation, the two
expressions which permit the method appli
cation are reached, that is:

The one which represents the first va-
riant which permits to estimate mortality
based on information in absolute values,
and the one which represents the second
variant which considers relative values.

That is:
dividing (7) by N(x+), we obtain:

N(x) D(x+)
N(x+) N(x+) °°°*°

which is the equation of the method's
first variant.

Now, if we divide (7) by N which repre
sents the total of persons in the popula-
tion under study, we have:

= r + (8)

NGO L, NG L DGR ©
and on the other side:
D(x+) . D(x+) D
N D ° N
= Dxr) el (10)
where:
D = symbolizes the total number of de-

ceases in the population under stu
dy, and

the gross mortality rate



Substituting (10) in (9) and dividing

the resultant expression by N(x+) we ob-
tain: N

N(x) N(x+) _ N(x+) N(x+)

N / N T N / N T

D{(xt) / N(x+)

d =5 N
N(x) _ D(x+) N
NCx+Y = r+d N(x*#) D **"°* (11)

which is the technique's second variant.

The application of this method is a
very simple one, as all necessary func-
tion to solve the equations can be direct
ly calculated, except for the number of
persons at an exact age x (N(x)). This in
formation is not available, in general.

An estimation that can be considered
as acceptable may be obtained from the po
pulation distribution by age groups which
in the case of the 5-year age groups, is
as follows:

N(X—S,x—1)+N
10

That is, a simple assumption is made,
"It is assumed that the number of persons
at a determined age is equal to the tenth
part of the sum of the population contain-
ed in the two succesive 5-year age groups
whose central age is the age for which
the population is to be calculated".

In general, the most significant proof
that these are reliable data and that
they can be used to provide a mortality
estimation, is the fact that when the
quotient values N(x)/Nx+ are graphed in
the ordinates axis, and the quotient va-
lues Dx+/Nx+, %§i N are graphed in the

x+ D
abscissas axis, whether it is the first
or second variant the points that may re-
sult indicate an approximate lineal ten-
dency.

REFERENCES

1/ Indicates one per thousand

2/ Most methods assume constant fertility
and mortality

3/ See methodological basis

4/ This factor was obtained with data on
age at the time of dying

N(x)= (x,x+4)
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