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FOREWORD

The coordinators of the book-homage to Gustavo Cabrera would
like to thank the Center for Demographic, Urban and Environ-
mental Studies (CEDUA) faculty for their enthusiast response to the
invitation to participate in the work, through which the Center
honors Gustavo Cabrera, a key architect of the quantitative and
qualitative changes to Mexican demography.

Gustavo Cabrera studied demography at Celade (Latin Ameri-
can Center for Demography) and worked as a professor and re-
searcher at the Center for Economic and Demographic Studies
(ceep), subsequently renamed the Center for Demographic and
Urban Development Studies at El Colegio de México.

In his capacity as General Secretary of the National Popula-
tion Council (Conapo) from 1976 to 1982, he was the first to de-
fine the demographic goals for this period until the year 2000 of
Mexico’s Population Policy, known as the Regional Demographic
Policy of Mexico, whose strategy was defined by the three Rs, re-
tention, relocation and reorientation. He also established the bases
for the incorporation of the population factor into the Mexican
government’s sectoral policies: Health, Labor, Urban Develop-
ment, Agriculture and Water Resources.

All this, which was groundbreaking work in the 1970s, estab-
lished the guidelines for enabling the population to become the
agent of change in cultural, political and socio-economic spheres,
as wel] as the beneficiary of present and future development.

In addition to the introduction, this book includes 17 articles,
9 from the area of demography and the remaining 8 from Urban
Development, in addition to two interviews, one with Victor L.
Urquidi, former dean of El Colegio de México, and another with

15



16 POPULATION, CITY AND ENVIRONMENT

Carmen Miré, former director of the Latin American Center of
Demography (Celade).

These articles take stock of the developments of the past four
decades and compare the concerns of the period that marked the
beginning of reflection, analysis and policy proposals with those
of today. They show how the researchers of then and now reflected
and continue to reflect on a reality that can be regarded as both
similar and changing. They also demonstrate the theoretical and
methodological advances that have taken place in the fields of
population and urban development studies.

The coordinators are grateful to Ma. Estela Esquivel, who was
responsible for the secretarial work. They would also like to thank
the Publications Department at El Colegio de México for its care-
ful editing.



INTRODUCTION

In his contribution to this work, “Four Scenarios for the Popula-
tion for Mexico for the Late 21t Century Constructed Through an
(Exponential) Function,” Manuel Ordorica designed a mathemat-
ical model to establish the long term as the time horizon for demo-
graphic perspectives and to gauge the influence of demographic
inertia on Mexico’s future growth. To this end, he constructed four
scenarios that enable one to measure the effect of four stable growth
rates on the amounts and rates of five-yearly growth of the Mexi-
can population for the period from 1977 to 2100.

Beatriz Figueroa Campos’ article, “Estimates of Births that Oc-
curred During the 1990s in Mexico,” used various sources to pro-
vide estimates for the births that occurred during the 1990s. One
of the purposes of this exercise was to provide elements to ex-
plain the degree of under-estimation of fertility during the last
decade of the 20t century.

In their essay, “A Decade in the Evolution of the Principal Causes
of Death among Senior Citizens in Mexico and the Federal Dis-
trict, 1985-1995,” José B. Morelos and Gabriela Mejia Paillés use a
Box-Jenkins Univariate Model (arMA) to describe the evolution of
the ten main causes of death among the elderly in Mexico and
Mexico City. Since the data used are based on monthly estimates,
the study used 132 observations spanning the period from January
1985 to December 1995. One of the advantages of using time series
is that it permits the identification of the types of models describ-
ing the original data.

The article by Alejandro Mina Valdés, “Causes of Death in
Mexico and Its Increase in Life Expectancy,” focuses on the deaths
due to a variety of causes during the second half of the 20* cen-
tury and on the application of a method to measure the impact on

17



18 POPULATION, CITY AND ENVIRONMENT

life expectancy of the elimination of each of the following three
causes: heart disease, malignant tumors and diabetes mellitus,
taken separately and together, compared with other causes of
death.

Julieta Quilodran’s article, “Is the Nature of Consensual Union
in Latin America Changing? The Examples of Brazil, Mexico and
the Dominican Republic,” describes the socio-demographic char-
acteristics of co-habiting couples in the traditional model, includ-
ing the changes experienced by couples living together and the
features that the current model, dating from the second half of
the 1990s, shares with the modern co-habitation model of develo-
ped countries and the traces, which can still be observed, of the
traditional model. In addition to Mexico, the author analyzes
the cases of Brazil and the Dominican Republic.

In their article, “A Reflection on Contraceptive Use in Mexico
in Light of Reproductive Rights,” Juan Guillermo Figueroa Perea
and Blanca Margarita Aguilar Ganado review some of the changes
that have occurred since 1994 in institutional standards. The most
important of these include: a) the use of concepts and categories
such as health and reproductive rights and b) the incorporation of
informed consent into the official discourse of certain institutions
such as ssa, Conapo and 1Mss as a means of ensuring respect for
the population’s reproductive rights and providing a more inte-
gral contribution to health in the reproductive sphere.

In “Participation in the Labor Force, Women's Social Position
and Reproductive Behavior: An Analysis of the Progress Achieved
to Date,” Brigida Garcia and Orlandina de Oliveira describe the
most recent advances in the explanation of the links between
women'’s extradomestic work and their demographic behavior in
relation to fertility and child survival. They begin with a sum-
mary of the earliest, mechanical approaches that explained these
links and chart their evolution towards more subtle analytical
approaches, highlighting efforts in new research areas to link
women’s demographic behavior with their extradomestic work
and empowerment and /or autonomy.

In “School Dropout Rates, Adolescent Labor and Family Struc-
tures in Mexico,” Silvia E. Giorguli Saucedo explores the existing
links between teenagers’ activities and their family environment.
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She places particular attention on the implications for this group
of the absence of one of the parents, the mother’s employment
status and the importance of these characteristics, in addition to
gender, on teenagers’ transition from school to the labor market.

In his article, “Change and Continuity in Government Re-
sponses to Mexican Migration,” Francisco Alba describes the evo-
lution of Mexican government responses and positions vis-a-vis US
migratory policies and measures, which in turn have left their mark
on the flow of Mexicans to their neighboring country. It also ex-
plains how, since the events of September 11 2001, Mexico has faced
several dilemmas regarding migratory policy, and been forced to
make difficult decisions because of the overlapping of security and
border control issues with that of Mexican emigration.

The works included in the second half of the book explore
various facets of the relationship between city and environment.
In the case of the city, the authors research specific aspects of every-
day life and its link with space, as well as its appropriation by
specific social groups, and undertake model-based analyses of
urbanization in Mexico.

The most crucial issues for understanding the urban dynamic
in Mexico today are present in the works included in this book.
These comprise the analysis of the service revolution and its main
features in Mexico City. Also discussed is the problem of popula-
tion distribution, poverty, the environment and sustainable de-
velopment. Taken as a whole, the articles reflect the status of con-
temporary Mexico City. However, they also deal with specific
issues and problems through which the city emerges as a sphere
of coexistence that has been transformed into a modern space and
one of contrasts. This is the case, from one of the approaches
adopted in the book, of the modernity expressed in industrial
development and the expansion of the service sector. From an-
other point of view, the city and the countryside appear to be syn-
onymous with poverty and pollution, as well as non-sustainable
urban and regional development.

Gustavo Garza’s article, “The Service Revolution,” places the
start of Mexico City’s increased dependence on the service sector
in the second half of the 20* century. This process can be explained
by the acceleration of the manufacture of industrial goods and
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the rise in the consumption of services, resulting from factors such
as the increase in citizens’ income, demographic changes, elastic-
ity of demand, etc. The hegemony of the service sector in the more
economically advanced countries constitutes a genuine service
revolution, from which post-industrial society emerges. By way
of a conclusion, Garza states that both neo-classical economic
theory and political economy constitute conceptual and method-
ological patterns that can be used to understand the functioning
of the production, distribution, circulation and consumption of
goods and services. Analyzing the service sector in Mexico is cru-
cial to understanding the macroeconomic evolution of recent de-
cades and envisaging future perspectives for a possible service
revolution in the early 21 century.

In his essay, “Competitiveness and Employment in the Larg-
est Metropolitan Areas of Mexico,” Jaime Sobrino maintains that
the competitiveness of a city is determined by a series of factors
known as competitive advantages. He also posits that its com-
petitive performance tends to translate into changes in the levels
of local productivity and transformations in the urban labor mar-
ket. The author seeks to explore the impact of a city’s competitive
position on the dynamics of its labor market, for which he studies
the ten main metropolitan areas in the country during the period
from 1980 to 2000. The relationship between competitive perform-
ance and occupational dynamics is analyzed through the con-
struction of a self-regressive statistical model. The results of the
model allow the author to conclude that, in general terms, and
according to the theory, the competitive position of the country’s
largest metropolitan areas during the period under study is posi-
tively linked to the increase in productivity and to the dynamics
of its urban labor market.

In “Distribution of the Mexican Population During the 20* Cen-
tury,” Crescencio Ruiz Chiappetto studies the process of urbaniza-
tion in Mexico, using Williams’ population redistribution paradigm
(1983) as a frame of reference. The article develops the formulation
of three indices constructed by Williams (urbanization rate, rural
and urban population growth rates and the urban-rural ratio).

The author points out that one of the main contributions of
Williams’ simple definition of the urbanization rate (differences
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in the degree of urbanization per period) enable him to derive
other indices from the latter (such as net urban growth, net rural
growth and rate of change of the urban-rural ratio). This shows
that a calculation regarded as over-simple until relatively recently
constitutes the key to understanding the relationship between the
indicators of population concentration.

One of the questions raised as possible themes for future re-
search is the existence of a potential relationship between these
urbanization indices and the bell shapes of other population con-
centration indicators, particularly those of the urban cycles pro-
posed in more recent models such as those by Berry (1988), Geyer
(1996) and Kontuly (1993).

Araceli Damidn, the author of “The Evolution of Urban and
Rural Poverty in Mexico”, presents her version of the evolution of
total, urban and rural poverty during the decade of the 1990s. She
argues that the debt crisis and the subsequent stabilization and ad-
justment programs led to a considerable increase of poverty in the
country. Among other aspects, the author highlights the fact that
during the 1980s, the country lost everything it had gained during
the import substitution period. Conversely, during the 1990s she
finds that the poverty reduction was slower than the increase of
poverty during periods of crisis, such as between 1994 and 1996.
The period from 2000 to 2003 saw negative growth of per capita
cppP which, together with the scant possibilities of a rapid recovery
of the economy due to the recession in the United States and Eur-
ope, in addition to the negative effects of the economic policy imple-
mented by federal government, comprising increased interest rates
and reduced spending, will trigger further recession and therefore
an increase in the number of people living in a state of poverty.

The author suggests that dealing with urban poverty more
effectively requires not only reducing the rural bias of policies
designed to combat poverty (for which federal government has
decided to expand the Oportunidades program to urban areas)
but also conducting an in-depth review of economic and social
policies, including key issues such as the potential elimination of
general subsidies.

Clara E. Salazar and Catherine Paquette, authors of the article
“Senior Citizens in an Urban Space Undergoing a Process of Re-
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generation. The Case of Mexico City’s Historic Center,” analyze
the perception of this particular population group of the transform-
ation of their urban space.

One of the most important contributions of this article to the
study of spaces undergoing transformation is the exploration of
everyday life as an aspect of urban studies, by linking it both to the
impact of urban actions on specific dimensions (change of residence,
new economic activities, etc.) and to the analysis of government
policies and actions regarding urban transformation.

The authors argue that socio-demographic research on this
subject ignores the everyday practices of this sector of the popu-
lation in cities, which explains why there is widespread ignorance
about the way senior citizens experience cities. The hypothesis
guiding this research holds that Mexico City’s Historic Center
provides socio-spatial conditions that senior citizens can use as a
resource for mitigating their precarious conditions, which may be
altered by the process of regeneration currently underway.

The authors conclude that the impact of the transformations of
senior citizens’ living space is not always perceptible. However, they
hold that a close link exists between senior citizens and the mater-
ial and symbolic resources provided by the Historic Center.

In his article “Geography and Environment: From Natural
Resources to Natural Capital,” Boris Graizbord highlights the
limitations of regional policy regarding the environment and sus-
tainable development, from the perspective of regional and ur-
ban analysis. This argument is developed on the basis of the defi-
nition of the concept of space in regional economy, “regional” being
defined as an intersection between the local and the regional, and
notes the problem faced by regional analysis as a result of the in-
troduction of the paradigm of sustainable development. Finally,
the author highlights the conceptual and methodological differ-
ence in the use of the definitions of natural resources and natural
capital as analytical categories. The main contribution of this work
is its proposal of a methodology for evaluating urban-regional
policy within the context of environmental transition.

José Luis Lezama'’s article, “Metropolitan Environmental Man-
agement: The Case of Air Pollution in the Valle de México,” ex-
~ amines the problem faced by public administration in regulating
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phenomena such as environmental problems, particularly those
involving air pollution, due to their eco-systemic nature. The au-
thor explains that the main difficulty lies in the fact that issues
such as air pollution are not restricted to politico-administrative
limits, which is why they require governmental coordination, for
which environmental management institutions in Mexico are not
prepared. According to this article, the crux of the matter is the
lack of a metropolitan authority with the constitutional authority
to make decisions. The author therefore proposes adapting the
Mexican legal and institutional framework to include a metropoli-
tan authority that will be able to influence territorial spheres where
various politico-administrative entities overlap.

In his contribution to this book, “Urban Transport and Air
Pollution in the Mexico City Metropolitan Area,” Valentin Ibarra
Vargas analyzes one of the crucial aspects to understand the prob-
lem of air pollution in the Valle de México, namely its relation-
ship with the transport sector. According to the author, the trans-
port sector, which is responsible for the highest proportion of
substances annually emitted into the atmosphere, has a structure
that encourages or stimulates the production of pollutants. He
therefore posits that in the search for solutions to both pollution
and public transport service, it is essential to change the main dir-
ection, replace the public transport fleet with less polluting, more
efficient vehicles from an energy point of view, rearrange routes
to improve service and prevent the unnecessary overlapping of
various modes of transport, establish stricter regulations for people
and freight transport, and incorporate traffic administration meas-
ures.

In his article, Professor Ibarra discusses aspects that have not
been analyzed in other contributions to the study of the relation-
ship between transport and pollution, particularly as regards the
urban dimension of transport and the elements that point to
the planning of both transport and the factors affecting air quality
in this metropolitan city.

Jost Luis LEzamMa
Jost B. MORELOS
(coords.)

July 2004
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I. FOUR SCENARIOS FOR THE POPULATION OF
MEXICO FOR THE LATE 215T CENTURY
CONSTRUCTED THROUGH AN EXPO
(EXPONENTIAL) FUNCTION

Manuel Ordorica

What we do know, even in the 21+ century, is that
the world population is still experiencing its fast-
est period of demographic growth in history. Its
increases in absolute numbers will remain at be-
tween 90 and 100 million inhabitants per year
over the next 20 to 25 years. Tomorrow’s world
will be very different from today’s, not only in
terms of total numbers but also as regards its
material conditions and quality of life. Even with
alternatives of intermediate or low growth rates.
The greatest challenge to be met is for popula-
tion policies to be incorporated into sustainable
development policies. The next 20 years will be
crucial for the world to be able to achieve the
stabilization of its population with approxi-
mately zero growth in the 21+ century, in other
words, in about 2090, on the threshold of the
2204 century, or 40 years earlier, in the mid-21+
century.’

* Gustavo Cabrera (1996), “Hacia la estabilizacion del crecimiento de la
poblacién del mundo y de México en el siglo xx1,” in Marcos Mazari (coord.),
Hacia ¢l tercer milenio, Mexico, El Colegio Nacional.
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28 POPULATION, CITY AND ENVIRONMENT

1. INTRODUCTION

In 1977, the National Population Council (Conapo) set a series of
goals for demographic growth, of 2.5% for 1982 and of 1% for
2000, when the country had an annual population growth rate of
3.2%, meaning that the population doubled almost every two dec-
ades or, in other words, that every twenty years, a new Mexico
would have to be constructed. One of the architects of this public
policy was Gustavo Cabrera. He felt it was essential for long-term
demographic goals to be set, since demographic processes do not
experience brusque alterations in the short term. One should have
an objective view of a demographic Mexico stretching over vari-
ous decades; he had totally futuristic view.

As far as technical aspects were concerned, he pointed out,
for example, that the indicator subjected to family planning policy
should be the population’s growth rate, since it was a global in-
dex that described the speed of the demographic increase of soci-
ety as a whole, instead, for example, of the overall fertility rate
which is applied to the individual, meaning that a goal concern-
ing this indicator would go against the principle of people’s free-
dom to decide on the number of children they wished to have.
I remember that this aspect was widely discussed, and as a result,
goals were presented in terms of the population growth rate. An-
other element that was present in demographic policy approaches
in the late 1970s was the concept of demographic inertia or popula-
tion “momentum.” It was said that the population’s growth rate
resembled the movement of a boat weighing several tons. Even if
brakes were applied, the boat’s engines would continue advan-
cing due to the law of inertia. The population has inertia because
of the effect of the age structure on the other demographic com-
ponents. In the year 2000, the population momentum?! is 1.57, mean-
ing that the population will still increase 57% in relation to that of
the year 2000. It is impossible to slow down the demographic
growth rate brusquely. I still remember the fact that the decision
makers did not set a goal of zero demographic growth, because

' Momentum is calculated using the following expression developed by James
Frauenthal. M, = (be%)/R,/? where b is the birth rate, e°; is life expectancy at
birth and R is the net reproduction rate.
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this would cause oscillations in the age structure of the popula-
tion that would go against the dynamic of social structures.
Gustavo Cabrera considered all these aspects in the design of dem-
ographic planning. He was a highly analytical person, who was
both a deep thinker and extremely careful in the way he analyzed
data and drew up a population policy.

In order to remember Licenciado Cabrera, as he was fondly
known, I have developed a mathematical model that will permit
the analysis of the population in the short, medium and long term.
I will predict a series of scenarios for the total population for the
late 21¢t century, when our great-grandchildren will be ruling the
country and when many of us will form part of the statistics that
enable analysts to calculate death rates and therefore life expect-
ancy at birth. I am not trying to compete with the official demo-
graphic perspectives, which I use widely, but rather to draw at-
tention to the fact that despite the sharp decline in fertility levels,
we are still growing, meaning that we need a clear, objective im-
age of the future demography of the country.

Human beings have always been interested in predicting the
future and we construct mathematical and other types of instru-
ments to be able to approach the future. We take the future as a
reference point and organize our activities according to this vi-
sion of the world. Knowing the number of people there will be in
the future is essential for economic and social planning. Project-
ing desirable scenarios will enable us to propose alternatives to
the evolution of demographic phenomena that may produce nega-
tive effects on development. In the 17" century, the population
forecasts carried out by Gregory King in England were based on
the time it would take the number of inhabitants in the popula-
tion to double. Malthus also undertook population forecasts, us-
ing duplication time and geometric function. In 1835, Quetelet was
one of the first to apply mathematics to the issue of population,
analyzing the fact that demographic evolution progresses rapidly
and then more slowly. He said that “the sum of obstacles opposed
to an unlimited population growth increases in proportion to the
square of the speed with which the population tends to increase.?

2 A. Quetelet (1835), Sur I homme et le développement de ses facultés, Paris.
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More complex mathematical functions were subsequently used
to make population projections. The best known function is the
logistics developed by Verhulst in 1838, examining the Quetelet
principle. For a long time, the logistic curve was not used, since
census data were unavailable. In 1920, Pearl and Reed rediscov-
ered the logistic curve on their own. Logistics attracted a great
deal of attention during the 1920s. It is based on the hypothesis
that populations tend to reach a limit that they subsequently do
not exceed. This function assumes that the population increase
has limits: a lower and higher level, and is based on the assump-
tion that population growth follows a linear path. It was criticized
for its failure to take cultural changes into account, which enable
a population to exploit its resources more effectively and modify
its relations with other populations. The logistic function is now a
museum piece. Other functions in which there are limits are
Gompertz and Makeham'’s, which are commonly used in actu-
arial work. There are a number of groundbreaking theoretical stud-
ies of formal demography such as Euler’s in the 18 century, which
anticipated the concept of stability. It pointed out that a hypo-
thetical population with a set of constant mortality rates by ages
and an invariable growth rate would have a stable age structure,
meaning that the other demographic components could be fully
determined. In 1928, Delevsky pointed out that growth rates can
sometimes increase and that the population could follow a wave
curve.® In 1945, Leslie* introduced the use of matrix algebra into
the method of components for making population projections. In
1960, Von Foerster used a hyperbole to adjust the population data.
Another commonly used method is the exponential function,
based on the assumption that the demographic growth rate re-
mains constant. A linear differential equation of the first order is
solved to obtain the exponential function. This hypothesis is then
used to construct the stable population theory developed by Alften
Lotka. The population is also assumed to be closed. Since these
hypotheses are usually not fulfilled, it proved necessary to de-

3 J. Delevsky (1928), Une formulation mathématique de la loi de la population,
Metron (Italy), Vol. VII, pp. 75-96.

4 PH. Leslie (1945), “On the use of matrices in certain population mathe-
matics,” Biometrika, 33.
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velop the theory of quasi-stable populations to approach reality, since
they involve changes in the behavior of the components of the
population’s natural growth. Other types of mathematical func-
tions have also been elaborated, such as the expologistic> and
expolinomial ¢ which reproduce demographic reality more accu-
rately. The problem with these last models is the difficulty of ad-
vancing in the theory of demography, since the formulation un-
derlying this type of mathematical functions for incorporating age
structure and other demographic indicators becomes more com-
plex when we assume that the rate of population growth is not
constant. How does one solve this mathematical difficulty? How
can one propose a more realistic, less mathematically complex
model that enables one to consider the population’s composition
by age?

The model I will develop describes the evolution of the de-
mographic growth rate in Mexico from the moment it begins to
decline until it becomes stable. It is not valid before this time.
Statistics show that from the mid-1970s onwards the birth rate
began to drop rapidly, as a result of which the demographic growth
rate was reduced. This dynamic was the result of a series of actions
derived from a population policy that defined a series of objectives
and established goals for the population growth rate, mentioned
at the beginning of this article. The rate of demographic increase
declined rapidly during the early years, after the population policy
mentioned earlier was defined in the 1970s, and more slowly in
recent years. The mathematical function that could reproduce the
evolution of this demographic growth rate from the mid-1970s
onwards is known as the negative exponential function. While
this function does not enable one to describe the dynamics of the
intensity of population growth before 1975, it accurately projects

5 M. Ordorica (1990), “Ajuste de una funcién expologistica a la evolucién de
la poblacion total de México, 1930-1985,” Estudios Demogrdficos y Urbanos, 5 (3),
Sept.-Dec., pp. 373-386, Centro de Estudios Demograficos y de Desarrollo Urbano,
El Colegio de México.

¢ M. Ordorica (1994), “Conciliacién de la poblacién de los censos y las
estadisticas de nacimientos, defunciones y migracién a través de una fun-
cién expolinomial,” Estudios Demogrdficos y Urbanos, 9 (3), Sept.-Dec., pp. 509-519,
Centro de Estudios Demograficos y de Desarrollo Urbano, El Colegio de México.
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what will happen in the future in the 21t century. What popula-
tion function is generated? The aim of this article is to answer this
question, in other words, to develop a mathematical function that
will enable one to analyze the future development of the popula-
tion on the basis of the negative exponential and establish sce-
narios of what could happen in the short, medium and long term.
The panorama forecasts according to the various alternatives of
demographic growth could be useful for reformulating the 20t
century’s population policy, particularly as regards actions con-
cerning the birth rate. The mathematics for developing an expo-
nential function are not that complex and would allow one to ad-
vance in theoretical results linking the other components of
population growth and age structure.

2. METHODOLOGY
Let
1 dP(t)

PO =r(t) (1)

be the population growth rate, where r(t) is the time function.
Let us assume that r(t) experiences an exponential decline as
follows:

r(t) = p + e’ )

Where o’and B are parameters, and the latter has a negative
value. When t tends to infinite, r(t) tends to p. This means that p is
the demographic growth rate to which the population tends when

t tends to infinite. Expressing the previous equation in a linear
fashion we have:

r(t)—p=ore®t ®)
Using logarithms we have:

In[r(t)-p]=Ino’+Bt @
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or
In[r(t)-p]=ou+PBt (5)

where o = In o/

On the basis of equation (5) it is possible to estimate the pa-
rameters of the model through a simple linear regression model.
Using the values of the demographic growth rate for several years,
we obtain o and B through minimum squares.

To obtain the function of the population, we find r(t):

r(t)—p =8t (6)
In other words:

r(t) = p+e®B V)

substituting equation (7) for (1) we have:

1 dp (t) a+]3t
— 27 =0+
(D) dt pte ®
which is equal to:
dh:ilt)(t)' =p+e= ©)
incorporating both sides of equation (9) we have:
InP(t) = pt+%eBt +c (10)
when t = 0 the initial conditions are:
1nP(O)=5B—+c (11)

meaning that
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c= lnP(O)—% (12)

Substituting (12) for (10) we have:

ea

InP(t)=pt+ 5

e® +1In 13[0]—5[;i (13)

By grouping terms together we have:

a

InP() = pt +1In P(O)+%(e"' -1) (14)

Finding P (t) we have the final formula:

b
P(t)= P(0)e’'e P () (15)

The document World Population Prospects. The 2000 Revision.
Comprehensive Tables. Volume I, published by United Nations, was
used to obtain the demographic growth rates for Mexico of 0.0268
for 1977.5, 0.0221 for 1982.5, 0.0196 for 1987.5, 0.0182 for 1992.5
and 0.0163 for 1997.5, which represent the average figures for each
of the five-year periods from 1975-1980 to 1995-2000. It is impor-
tant to note that the total demographic growth rate estimated by
United Nations for the middle of the period from 1977-1980 is
greater than that estimated by Conapo for that period, due to the
fact that Conapo thought that Mexico’s population was closed to
migration. These data were used to calculate the values of a.and 8
using a classic linear regression model, with different p values of
-0.5,0,0.5 and 1%.
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3. VALUES OF PARAMETERS
AND THE DETERMINATION COEFFICIENT

1) Ifp=-0.5% = o =-3.483 and B =-0.01914, and the determin-
ation coefficient is 0.965.

2)Ifp=0% = o=-3.660 and B =-0.02377, and the determin-
ation coefficient is 0.970.

3)Ifp=05% = o=-3.872and  =-0.03146, and the determin-
ation coefficien is 0.977.

4)Ifp=1% = o.=—4.133 and B = —0.04701, and the determin-
ation coefficient is 0.987.

In every case, the determination coefficient is extremely high,
above 0.965, showing a good fit for the data, the best fit being the
one for p =1%.

4. SCENARIOS

Let us assume four scenarios in the stable demographic growth
rate:
p=1%; p=0.5%; p=0% and p = -0.5%.

As we saw earlier, each scenario has different values for o
and .
When p = 1%, the function of P(?) is:

—4.133
e 1

P() = P(0)e*"'e0%™0

( 4).0470:_1)

When p = 0.5%, the function of P(t) is:

e—3.872

P(r) = P(0)e"*®'e~00314

( ~0.031461 _])

When p = 0%, the function of P(t) is:



36 POPULATION, CITY AND ENVIRONMENT

3660 ( ,~0.02377t _1)

P(t) = P(0)e 7

When p = -0.5%, the function of P(#) is:

3483

P(t) — p(o)e-0~005‘e 001914

( e-oowm_l)

5. REsuLTS

Below are the results of the different scenarios from 1977 to 2100.

Table 1
Mexico: Total Population, 1977-2100 with p = 1%

Year t P(t)
1977.5 0 63,322,000
1982.5 5 71,498,897
1987.5 10 79,532,749
1992.5 15 87,428,770
1997.5 20 95,214,189
2000 225 99,077,527
2010 325 114,472,942
2020 425 130,074,786
2030 52.5 146,271,794
2040 62.5 163,418,758
2050 72.5 181,834,315
2060 825 201,811,457
2070 92.5 223,627,722
2080 102.5 247,556,093
2090 112.5 273,875,312
2100 1225 302,874,508

pP=1% o=-4.133 B=-0.04700
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Table 2
Mexico: Total Population, 1977-2100 with p = 0.5%

Year t P(t)
1977.5 0 63,322,000
1982.5 5 71,488,955
1987.5 10 79,585,939
1992.5 15 87,544,945
1997.5 20 95,319,493
2000 22,5 99,127,931
2010 325 113,796,156
2020 425 127,568,754
2030 52.5 140,549,638
2040 62.5 152,903,190
2050 72.5 164,812,222
2060 82.5 176,453,782
2070 925 187,989,214
2080 102.5 199,559,790
2090 1125 211,287,087
2100 122.5 223,274,702
p=0.5% o=-3.872 B =-0.03146

Table 3
Mexico: Total Population, 1977-2100 with p = 0%

Year t P(t)
1977.5 0 63,322,000
1982.5 5 71,489,145
1987.5 10 79,619,943
1992.5 15 87,611,623
1997.5 20 95,377,496
2000 225 99,153,450
2010 325 113,389,629
2020 425 126,040,921
2030 52.5 137,003,416
2040 62.5 146,314,853
2050 72.5 154,100,483
2060 82.5 160,530,008
2070 92.5 165,787,824
2080 102.5 170,054,460
2090 1125 173,495,695
2100 122.5 176,257,990

p=0% o =-3.660 B = -0.02377
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Table 4
Mexico: Total Population, 1977-2100 with p = -0.5%
Year t P(t)
1977.5 0 63,322,000
1982.5 71,499,340
1987.5 10 79,660,786
1992.5 15 87,682,227
1997.5 20 95,452,216
2000 225 99,211,960
2010 32.5 113,180,730
2020 425 125,092,991
2030 52.5 134,691,403
2040 62.5 141,929,171
2050 72.5 146,913,309
2060 82.5 149,849,677
2070 92.5 150,998,085
2080 102.5 150,635,249
2090 112.5 149,032,633
2100 122.5 146,440,800
p=-05% o =-3.483 B =-0.01914
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Mexico: Average Annual Population Growth Rate

Table 5

According to p, o« and B Values

(as a percentage)

Year 1 0.5 0 -0.5
1977.5
2.459 2.456 2.456 2.459
1982.5
2.153 2.169 2.178 2.185
1987.5
1.911 1.925 1.931 1.937
1992.5
1.721 1.716 1.713 1.713
1997.5
1.604 1.579 1.565 1.557
2000
1.455 1.390 1.351 1.326
2010
1.286 1.149 1.063 1.006
2020
1.180 0.974 0.837 0.742
2030
1.115 0.846 0.660 0.525
2040
1.074 0.753 0.520 0.346
2050 .
1.048 0.685 0.410 0.198
2060
1.032 0.635 0.323 0.076
2070
1.022 0.599 0.254 -0.024
2080
1.015 0.573 0.201 -0.107
2090
1.012 0.553 0.158 -0.176
2100
o= —4.133 -3.872 -3.660 -3.483
B= -0.04700 —0.03146 -0.02377 -0.01914
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6. ANALYSIS OF RESULTS

According to official data from the National Population Council,
Mexico had 104 million inhabitants in 2000, and an annual demo-
graphic growth rate of just over 1%. This means that Mexico would
double its population over periods of approximately 70 years, if
this demographic growth rate continued. Its life expectancy at birth
is 75 years and its overall fertility rate approaches replacement
levels. At present, Mexico also expels nearly 400,000 people. With
all these demographic characteristics, the issue of fertility would
appear to have receded into the background, while issues such as
international migration, the aging of the population and the rapid
increase of the population at active ages have become crucial is-
sues in the sphere of the country’s social planning.

On the basis of the results obtained in this paper, I attempt to
show that family planning and the issue of reproductive health in
general will have to remain on the population policy agenda, since
the number of inhabitants will continue growing during the rest
of the century. Tables 1 to 5 and Graphs 1 and 2 derived from the
model that has been constructed enable us to point out the fol-
lowing: assuming that Mexico’s population will stabilize at an
annual rate of demographic growth of 1%, by 2100, the country’s
population would reach 302.9 million inhabitants, nearly three
times the current population. If, on the other hand, it stabilized at
0.5%, the population for the end of the century would be 223.3
million and if it stabilized at zero growth, the population would
rise to 176.3 million. In the event that Mexico experienced a nega-
tive demographic growth rate of —0.5%, by 2100, the population
would total a mere 146.4 million, 40% more than the current popu-
lation.

In an extreme case of negative demographic growth, the popu-
lation would become extinct. At the other end of the spectrum, it
would continue to grow rapidly. What sort of country do we want?
What sort of demographic image would we like for the end of the
century? .
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II. ESTIMATES OF BIRTHS THAT OCCURRED
DURING THE 1990s IN MEXICO

Beatriz Figueroa Campos

1. INTRODUCTION

The main purpose of this paper is to present various estimates of
the number of births that occurred for the country as a whole and
to contrast the estimates and see whether the levels and trends
match or differ. The sources used are: vital statistics from 1990 to
2001; 1990 and 2000 General Population and Housing Censuses,
the 1995 Population and Housing Survey and the 1992 and 1997
National Surveys on Demographic Dynamics (eNADID). The aim is
to observe the changes that have occurred in this demographic
phenomenon and to contribute to the task of reviewing the vari-
ous information sources rather than to evaluate the information
itself. Comparing these estimates will also provide a different per-
spective on what happened in the area of fertility during the last
decade of the 20* century in Mexico. Most of the studies compar-
ing fertility levels are based on the comparison between Overall
Fertility Rates or Specific Fertility Rates for five-year groups of
the mothers’ age, from which the pattern by age is derived. If the
estimated rates are drawn from a survey, the information for cal-
culating these rates is drawn from the same source, and when these
rates are obtained from census information they are taken from
several techniques that have been developed for this purpose.
Conversely, when vital statistics are used to estimate these rates,
two different information sources are involved: population cen-

45
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suses or surveys and vital statistics, meaning that it is more diffi-
cult to identify the information source responsible for the varia-
tions in the estimates of fertility levels. In order to avoid this prob-
lem in this article, instead of comparing fertility rates, we will
compare the total number of births estimated according to differ-
ent information sources during the 1990s.

2. BIrTH EsTIMATES BASED oN 1990 AND 2000 CENSUSES.
THE 1995 PorPULATION COUNT AND THE ‘92 AND ’97 ENADID SURVEYS

a) Estimation Methodology

In order to estimate the births that have occurred in a given year
z(0?%) we have women of (Pf) reproductive age by five-year age
groups from the 1990 and 2000 censuses, the 1995 population count
and those of the "92 and 97 ENADID surveys (see Table 1). We also have
the Specific Rates for five-year age groups (nf*(x, x + 4)) that
have been obtained and published in various documents by INEGI,
on the basis of these same sources, with the exception of the 1995
Population Count in which no information was obtained on fer-
tility (see Table 2). The estimated number of births that have taken
place in a given year (O?) is expressed in symbols as follows:

44
OZ = zo(zx, x+4) (1)

x=15

where O(, ,.,, are the estimates of births that have taken place in

the year z to women between the ages of x and x + 4, which are
obtained as follows:

44

O(Zx. x+d) = 2((” (i, x+4)) hd (Pfl(_xVI;it))) )

x=5

Replacing (1) by (2), we find that:
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44
0= ;(n 5 ) (B) 3)

Consequently, the number of births that have occurred for a
set year z (O?) will be determined by: the total number of women

44

z pl-vii-:

of reproductive age = f(x,x+4) the age structure of the women
x=

in the ages considered (15-49) and specific fertility rates (nf?_ ., ).

3. Basic INFORMATION, DESCRIPTION AND ANALYSIS

The first point to note regarding information on the population is
the differences in the number of women classified in the unspeci-
fied age cohort. This section may affect the estimates of births pro-
vided in this paper, depending on its size. The problem of the
women for whom no age has been assigned varies according to
the source (see Table 1). In the ENADID surveys, the problem is mini-
mal, just 15,839 in 1992 and 8,527 in 1997 (totalling 0.035% and
0.017% respectively) and somewhat greater in the 1995 popula-
tion count, i.e. 111,643 (0.24%). The problem is most acute in the
censuses, since in the 1990 census figures are almost double,
equivalent to 252,207 of an unspecified age, accounting for just
over half a percentage point. Nevertheless, the 2000 census un-
doubtedly has the most problems in this respect, since 1,020,126
(2.04%) of the women were not classified by age. Given the im-
portance of the number of women of an unspecified age in 2000,
we decided to follow the traditional procedure, meaning that
women of an unspecified age were proportionally distributed.
Thus two columns with the population figures for each year were
drawn up: the former containing the raw data and the latter con-
taining what one might call the adjusted population (see Table 1).
Failure to include these women in the calculations produces an
under-estimate in the number of births that have occurred. Nev-
ertheless, in order to determine the effect of this problem, esti-
mates have been made of the number of births that have taken
place among the adjusted and non-adjusted population.
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ESTIMATES OF BIRTHS THAT OCCURRED 49

Other factors to be taken into account include the proportion
of women of reproductive age and the age structure or relative
distribution within the 15-49 age group. The proportion of women
of reproductive age has shown a spectacular increase (see Tablel).
In 1990, 50.70% of the total female population was within this age
range, whereas by the year 2000 this proportion had risen to
55.13%, an increase of 5%. In absolute numbers, the total popula-
tion of women aged 15-49 rose by 5,620,459. This increase should
be reflected in the number of births that have occurred, despite
the steady decline in fertility rates, as we shall see further on. This
analysis of the number of births that have occurred will show
whether the increase in the number of women of reproductive
age is offset by the decline in fertility.

Table 3 shows the distribution by five-year age groups of
women ages 15 to 49. If we compare the 1990 data with those for
2000, the first thing that strikes one is the fact that the groups whose
percentage has declined most are the first two. The 15-19 year
group has declined by four points, while the 20-24 group has de-
creased by just over one point (1.3). The 25-29 group has slightly
increased its share (from 16.09 to 16.50%) while those with the
greatest increase are the 35-39 and the 40-44 group, by 1.5and 1.7
points respectively. The decline in the 15-19 group is fairly unim-
portant in the number of births that have occurred because of the
low fertility levels for this age group. Nevertheless, the change
that has occurred in the following group (20-24) may produce a
small reduction in the number of estimated births. Increases among
the 35-39 age group are unimportant for the purpose of estimat-
ing births, since this is the age group in which fertility has de-
clined the most (see Tables 2 and 4). Another outstanding fact is
the information from ENADID 92 in the 20-24 and 25-29 age groups,
which are less important than in the 95 Population Count and in
the 97 ENADID and even in the 2000 census. I believe that the 92
ENADID has underestimated the number of women in these age
groups, which in turn will lead to an underestimation of the num-
ber of births calculated using this source, since fertility is higher
among these age groups. Consequently, these age groups are re-
sponsible for just over 50% of the births that take place in a year
(see Tables 2 and 4).
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