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Preface

This third volume of the Global 2000 Study presents
basic information (‘‘documentation’’ as it is termed
by modelers) on the long-term sectoral models used by
the U.S. Government to project global trends in popula-
tion, resources and the environment. These models were
the basis of the projections developed for the Global
2000 Study.

Each of the sectoral models described in this Volume
is a Government developed or Government endorsed
model. Most of the models were developed directly by
Government agencies. Three of the models—the GNP
model, the nonfuel minerals demand model, and one of
the population models—were developed by non-Govern-
mental organizations, but have been applied or recom-
mended by one or more Government agencies as being
the best models available for the particular types of
projections they provide.

Collectively, the sectoral models described in this vol-
ume are referred to throughout the Global 2000 Study
as the Government’s ‘‘global model.”” This term is
more than a convenient means of reference. Collectively
the sectoral models described here provide the U.S.
Government with the same type of projections that
other global models provide their users—projections of
population, GNP, food, energy, minerals, water, envi-
ronment, etc.

The Government’s global model is different from
other global models in several ways. First, the sectors of
the Government’s global model do not reside in a single
computer but are located around Washington (and in
other cities) in the computers of different departments
and agencies, and non-Governmental organizations.
The location of the sectors, however, is only a matter
of convenience. All of the sectors—including those that
are now only computational procedures performed with
a calculator or adding machine—could be placed in a
single computer without altering in any way their

" functioning.

An important way in which the Goverment’s global
model differs from other global models is that there are
only very limited interactions among the sectors of the
Government’s global model. In most global models, the
various sectors (food, population, energy, water, etc.)
interact extensively. In the Government’s global model
intersectoral interactions are severely limited. Prior to
the Global 2000 Study the primary mode of interaction
among the sectoral models was not via a data channel or
magnetic tape, but via the Government Printing Office
(GPO). The departments and agencies made projections
with their sectors of the Government’s global model,
and sent the results to GPO. Subsequently, GPO pub-
lished a report. Other agencies then purchased the

report and transferred the new sectoral projection into
other sectors of the Government’s global model.

It is important to recognize that when the Government
departments and agencies designed or adopted the var-
ious sectors of the Government’s global model, the sec-
tors were not designed to be used as a well integrated,
collective whole. Instead, it was assumed—implicitly or
explicitly—that each sector (and department) acted
more or less independently of the other sectors (and
departments), and that the glacial interaction of the sec-
tors through GPO was sufficient to insure the degree of
internal consistency needed for the Government’s global
policy analysis. In recent years this assumption has
come increasingly into question. Few knowledgeable
analysts now believe it acceptable, for example, to
assume each and every sector will have access to all of
the land, energy, water, and capital that it may need,
which is an assumption inherent in essentially every sec-
tor of the Government’s global model, an assumption
that follows directly from the lack of integration.

The Global 2000 Study was able to increase slightly
the degree of integration in the Government’s global
model by accelerating and expanding somewhat the inter-
actions among some of the sectors. This process first
involved bringing people together. Prior to this study,
not one of the persons ultimately responsible for the
long-term global projections in any of the participating
agencies knew anyone with a similar responsibility in
any other agency. The Global 2000 Study identified
these people, brought them together, and found ways to
improve and increase the interactions among the sectors
of the Government’s global model. The results achieved
—described in Volume 2, especially in Chapters 1 and
14—still fall far short of the interlinkages achieved in
many other global models.

1t is useful to contrast Volume 3 with the model analysis
presented in Volume 2. Chapters 14-23 of Volume 2 were
written by the Global 2000 central staff and reviewed by
the agencies’ modeling experts. These chapters describe
briefly each of the agencies models, emphasizing aspects
of the models that were important from the perspective
of the Global 2000 mission. The purpose of Chapters
14-23 is to discuss the degree to which the Government’s
global model can be relied upon to produce a whole,
internally consistent set of projections.

The purposes of Volume 3 are quite different. First,
Volume 3 provides in a single volume the basic docu-
mentation on the Government’s long-term global sec-
toral models relating to population, resources, and the
environment. In some instances parts of these materials
were also presented in Chapters 14-23 of Volume 2 and
are repeated here to provide a complete volume of basic




vi

documentation.* Second, it provides an explanation, in
the words of the agencies and institutions themselves, of
the structure of their models and the purposes for which
their models were developed. Third, it provides readers
of the Global 2000 Study with access to the basic mate-
rials that were used in writing Chapters 14-23 of Vol-
ume 2. By reviewing the material in this Volume and the
material in Chapters 14-23 of Volume 2, the reader will
obtain a general sense of the individual sectoral models
and the array (and, in some cases, disarray) of their
documentation.

Information on some of the topics that should be cov-
ered in the Volume could not be obtained, and as a result
there are several gaps. These gaps are of two kinds. First,
the Global 2000 Study’s projections for technology, fish-
eries, forestry, water, and the environment are not based
on formal analytical models but rather on various other
techniques of scholarly research, as described in Chapters
19 and 23 of Volume 2, and there is no ‘“model docu-
mentation’’ for these sectors to present here.t This
volume therefore focuses only on the population, gross
national product, climate, food, nonfuel minerals, and
energy sectors. Second, even in these sectors where for-
malized methodologies and analytical models were
employed, there are occasional gaps in the available
documentation. These gaps are discussed in the text that
introduces the individual chapters.

To the fullest extent possible the documentation pre-
sented here is reproduced exactly as it was available to

*In some instances the basic documentation for a particular model is

printed in a volume containing other information. In these cases only
the material most central to understanding the model is included
here.

1The water projections are based in part on formal analytical tech-
niques. The projections by Soviet hydrologist M. 1. L'vovich are
based on analytical methods described in the English translation of
his work World Water Resources and their Future, National
Technical Information Service, Springfield, VA, 1976, pp. 69-107.
Unfortunately copyright laws prohibit reprinting the L’vovich
methodology here.

the Global 2000 Study team.§ As will be apparent from
even a quick review, the documentation on the various
sectors of the Government’s global model is of mixed
quality. If analytical models are to achieve even a frac-
tion of their potential for aiding policy analysis and plan-
ning, the quality of documentation must improve, and
0 too must the extent and consistency of interactions
among the sectors of the Government’s global model.

The Global 2000 Study has made important strides
toward these goals. The Government’s data and models
have been evaluated and their gaps and weaknesses iden-
tified. In addition, for the first time experts responsible
for long-range global analysis and modeling within the
Government have been brought together to exchange
their knowledge and perspectives on global trends and
to begin developing the capacity to produce interactive,
internally consistent projections.

Thus the Global 2000 Study has set the foundation
for the construction of the type of foresight capability
that the United States will need increasingly in the dec-
ades ahead. The task of strengthening this foundation
and building upon it should continue, ultimately draw-
ing together the best of what the Government and the
private sector have to offer in the field of long-term
analysis. It is with this task in mind that the material in
this Volume is presented in the framework of the Gov-
ernment’s ‘‘global model.”

A special note of thanks must be extended to Mr. Bardyl
R. Tirana, Mr. Clifford McLean, and Mr. George Divine
of the Defense Civil Preparedness Agency (later reorga-
nized as the Federal Emergency Management Agency) for
providing the funds for the preparation of this volume
of the Global 2000 Study.

Gerald O. Barney
Editor and Study Director
January, 1981

§In one case some additional documentation became available after

completion of the Global 2000 model analysis. Reference to this
additional material is made in the text introducing the energy
chapter.
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1 The Population Sector (Bureau of the Census)

Introduction

Two sets of population projections were developed
for the Global 2000 Study, one by the U.S. Bureau of
the Census (Census) and the other—at the request of the
Population Office of the U.S. Agency for International
Development (AID)—by the Community and Family
Study Center (CFSC) at the University of Chicago.' The
CFSC projections were included because they are used
by the Population Office of AID to illustrate how effec-
tive, well-funded family planning programs might reduce
world fertility. Documentation for the population model
used by the Bureau of the Census is presented in this
chapter. Documentation on the CFSC model is presented
in Chapter 2.

Basic documentation for the Census population pro-
jection model is presented in the following section en-
titled ‘‘Population Projections.’’? This section describes
several general methods by which the Bureau of the
Census develops population projections, and describes
specifically the cohort-component methodology which
was used to develop the Global 2000 projections.

In addition to the general information on the cohort-
component methodology, the Bureau of the Census pre-
pared more specific and detailed information on the
methods and assumptions used in developing the Global
2000 projections. This more specific information is pre-
sented here in two sections, ‘‘Projection Methods’’* and
““Sources of Base Year Data and Projection Assump-
tions.’’* The second of these two sections provides detailed
rationale for the specific fertility, mortality, and migra-
tion assumptions that underlie the Census projections.

When the Global 2000 food projections were com-
pleted, they showed several countries in central Africa
experiencing a significant decline in per capita food con-
sumption. The Bureau of the Census was asked about
the consistency of its mortality assumptions vis-a-vis the
U.S. Department of Agriculture (USDA) food projec-
tions. Census replied by memorandum on December 15,
1977, indicating that, as best one can tell, the Census
and USDA projections are consistent. The memorandum
from Census is reproduced here.

The Bureau of the Census made a supplemental pro-
jection of world population through the year 2100 at the
request of the Global 2000 study team. This projection
assumes a continuation during the twenty-first century
of fertility and mortality rates projected in the Global
2000 medium case for the year 2000. The results of these
projections are presented here. It is interesting to note
that the annual percentage increase in the world’s popu-
lation declines until the middle of the twenty-first cen-
tury, and then increases somewhat as the still rapidly
growing less developed country (LDC) populations be-
come a higher percentage of the world’s population. In
this projection, the world’s population approaches 30
billion by 2100, and the percentage of the world’s popu-
lation living in LDCs increases to 94 percent.

The Bureau of the Census has an ongoing program of
updating its projections, and after the Global 2000 pro-
jections had been printed in Volume 2, Census developed
some updated figures for a few countries and a new total
for the world based on the updated estimates for the few
countries. The world total projected for 2000 is about 3
percent lower in the new projections. The updated infor-
mation is discussed briefly in Volume 1 of the Global
2000 Report and is presented fully here.

Finally, Census prepared several tables and graphs
comparing its projections and assumptions with those
of CFSC. These tables and graphs are presented in the
last section of this chapter.

References

1. See The Global 2000 Report to the President, vol 2, pp. 7, 502.
2. “Population Projections,’’ in Henry S. Shryock, Jacob S. Siegel,
and Associates, The Methods and Materials of Demography, vol. 2,
Washington: Government Printing Office, 1971, pp. 771-806.

3. “Projection Methods,”’ in U.S. Department of Commerce, Bureau
of the Census, Illustrative Projections of World Populations to the 21st
Century, Washington: Government Printing Office, 1979, pp. 13-15.
4. “‘Sources of Base-Year Data and Projection Assumptions,’” Appen-
dix B in ibid., pp. 95-116.




Editor’s note: This section is Chapter 24 in Henry S. Shryock, Jacob S. Siegel, and
Associates, The Methods and Materials of Demography, vol. 2, Washington: Gov-
ernment Printing Office, 1971, pp. 771-806.

Population Projections

INTRODUCTION

The Nature and Types of Population Projections

The distinction was made between projections and current
estimates in the previous chapter. As may be recalled, current
estimates make use of actual postcensal data from the recent
past in the form of vital statistics, tabulations from population
registers, or statistics that are merely correlated with popu-
lation change. Where there are no such data, the current esti-
mate reduces methodologically to a short-range projection;
but even here account could be taken of qualitative information
concerning, for example, a natural disaster, war, famine, epi-
demic, or mass migration. Conventionally, projections into
the future make no attempt to speculate about such possibil-
ities because they are essentially unforeseeable.

Although we think of projections as applying to future popu-
lation, the projection may also be into the past. There is some-
times interest in historical figures for dates preceding the first
census. One way of making such a “precensal” estimate is to
project the population backward by essentially the same tech-
niques that are used for making forward projections.

The distinction should be made between projections and
forecasts.! When the author or the subsequent user of a projec-
tion is willing to describe it as indicating the most likely popula-
tion at a given date, then he has made a forecast. At the other
extreme, a model worked out to illustrate certain analytical
relationships, on assumptions that are described as highly
unlikely, would not be regarded as constituting a forecast of
future population growth. It is apparent that, in this usage, all
forecasts are projections but not all projections are forecasts.

Population projections, then, are essentially concerned
with future growth. They may be prepared for the total popula-
tion of nations, their principal geographic subdivisions, or
specific localities within them. Projections may also be prepared
for residence classes, such as urban and rural population and
size-of-locality classes. The principal characteristics for which
projections need to be made are age and sex. Projections may
also be made for various social and economic subgroups of
the population and for other demographic aggregates. The
most frequently required and produced are projections of the
population in terms of (1) educational characteristics (i.e.,
enrollment and attainment), (2) economic characteristics (i.e.,
economically active population, employment distribvted by
occupation or industry), (3) social aggregates like households

'John V. Grauman, “Population Estimates and Projections’ in Philip M.
Hauser and Otis Dudley Duncan (ed.), The Study of Population, Chicago,
University of Chicago Press, 1959, pp. 544-575; and Irving Siegel, “Tech-
nological Change and Long-Run Forecasting,”” Journal of Business, 26(3):146,
July 1953,

and families. This chapter is concerned with projections of the
total population of countries and their geographic subdivisions
and with projections of the age and sex distribution in such
areas. Other types of demographic projections are considered
in appendix A.

Uses of Population Projections

The principal uses of population projections and other
demographic projections relate to government or private
planning. Demographic projections may be used directly or
as the basis for preparing other more specialized types of
projections. These include, for example, projections of the
expected number of retirements from the labor force in a given
period, and of the required number of teachers or classrooms,
housing units, medical personnel and facilities, etc. The users
include national and local governments, business firms, labor
unions, university research centers, and social service organiza-
tions. A fairly detailed discussion of these uses and users is
given in a recent publication of the United Nations.? The less
advanced countries of the world have recognized the necessity
of making concrete, comprehensive plans for achieving specific

. goals of public policy related to accelerating their social and

economic development. A first step in planning is to study
relevant aspects of the population and economy both at the
present time and in the recent past. As the United Nations
notes, “‘such study provides a basis for projections represent-
ing plausible future courses of development under the assump-
tion that future conditions will evolve in an orderly manner
from those of the present and past.”’ 3 In addition to the uses
in the field of planning, there are important uses in demographic
analysis and related types of scientific studies.

PROGRAMS OF POPULATION PROJECTIONS

International Programs

Some of the international agencies have both compiled and
published national population projections and made their own
projections for the world and regions. They have provided

2 United Nations, G eneral Principles for National Programmes of Population
Projections as Aids to Development Planning, Series A, Population Studies,
No. 38, 1965.

3Ibid, p. 2.

NoTE. —This chapter makes substantial use of Background Paper WPC/WP/
454, Projections of the Total Population and of Age-Sex Structure, by Henry S.
Shryock, Jr., and Background Paper WPC/WP/494, Projections of Urban and
Rural Population and Other Socio-Economic Characteristics, by Jacob S. Siegel.
both prepared for the United Nations World Population Conference, Belgrade.
1965.




POPULATION PROJECTIONS . 3

leadership in many aspects of concepts and methodology and
have published a number of instructional manuals.

The United Nations has published two comprehensive sets
of population projections for the countries of the world, one in
1958 and another in 1966. The later report presented projec-
tions of the total population of the world, major areas, and
regions for 1960 to 2000, and projections of the total popula-
tion of each country for 1960 to 1980.4 These projections take
into account the results of censuses taken in many countries
in 1960 and 1961. The 1958 report also presented projections
of the future population of the world, regions, and countries,
but on the basis of the censuses taken around 1950.> For
various dates between 1954 and 1959, the United Nations also
published rather detailed projections by sex and age groups
for certain regions and countries, particularly in Central and
South America and Asia.t Earlier, the League of Nations had
sponsored the publication of a set of comparable projections
for the countries of Europe and the Soviet Union.”

Projections for groups of individual countries have been
compiled by various international regional agencies—OEEC
(OECD), 1ASI, ECLA, CELADE, the Caribbean Comis-
sion.? The regional Demographic Training and Research Cen-
ters of the United Nations, which may work in cooperation
with various national agencies or universities, have produced
sets of projections for some of the countries in their region. For
example, CELADE, which is jointly sponsored by the Uni-
versity of Chile, has published projections for many countries
of Latin America.

Other sets of projections for groups of countries have been
prepared by individual governments or private organizations or
offices.? The United Nations has not presented in the Demo-
graphic Yearbook a compilation of population projections made
by national agencies.

Comparability. — International agencies have not made direct
recommendations regarding the specific form and methodology
of projections to their member countries, or set standards of the

4 United Nations, World Population Prospects as Assessed in 1963, Series A,
Population Studies, No. 41, 1966.

5 United Nations, The Future Growth of World Population, Series A, Popula-
tion Studies, No. 28, 1958, Earlier sets of world population projections were
published by the United Nations in “The Past and Future Growth of World
Population— A Long-Range View,” Population Bulletin, No. 1, 1952, and
“Framework for Future Population Estimates, 1950-80, by World Regions,”
Proceedings of the World Population Conference, 1954 (Rome), Vol. 111, 1955.

8 United Nations. The Population of Central America (including Mexuo)
1950-80, Series A, Population Studies, No. 16, 1954. The Population of South
America, 1950-80, Series A, Population Studies, No. 21, 1955; The Population
of South-East Asia (including Ceylon and China: Taiwan), 1950-80, Series A,
Population Studies. No. 30, 1959: and The Population of Asia and the Far East,
1950-80, Series A, Population Studies, No. 31, 1

7 Frank W. Notestein et al., The Future Population of Europe and the Soviet
Union: Population Projections, 1940-70. Geneva, League of Nations, 1944,

# Organization for European Economic Co-operation, Demographic Trends in
Western Europe and in the United States, 1956-76, Paris, 1961: Organization
for Economic Co-operation and Development, Demographic Trends in Western
Europe and North America, 1965-80, Paris, 1966; Interamerican Statistical
Institute, Panamerican Union, America en cifras, 1969: Proyeccion de la pobla-
cibon por sexo y grupos de edad, 1961-81 (America in figures, 1969: Projection of
population by sex and age, 1961-81), Washington, D.C., 1969 Caribbean Com-
mission, The Demographic Problems of the Area Served by the Caribbean Com-
mission: Projections, prepared for the Technical Conference on the Demographic
Problems of the Area Served by the Caribbean Commission, Port of Spain, Trini-
dad, July 25-Aug. 2, 1957.

% France, Service de cooperation, Institut national de la statistique et des
études économiques, Perspectives de population dans les pays africains et
Malgache dexpression frangaise; Etude de synthése des enquétes démographi-
ques recentes (Projections of population in the French-speaking countries of
Africa and the Madagascar region), Paris, December 1963; U.S. Bureau of the
Census, International Population Reports, Series P-90 and P-91; Nathan Key-
fitz and Wilhelm Flieger, World Population: An Analysis of Vital Data, Chicago,
1ll., University of Chicago Press. 1968; and Nathan Keyfitz and Edmund M.
Murphy, Comparative Demographic Computations, Populatlon Research and
Training Center, University of Chicago, Chicago. [ll., 1964.

type found in the case of censuses and vital statistics. The
United Nations has set down some guiding principles, however,
noting that “both the requirements of population projections
and the available resources to satisfy these needs differ from
country to country, and uniform prescriptions would not be
suitable for all countries; therefore, . guiding principles
. are formulated in such a way that they can be adapted in
each country to national needs and available resources. These
principles will also help to achieve as much international com-
parability of projections as is compatible with existing differ-
ences in national needs and resources.” 1°
The national projections prepared by national agencies have
been assembled in unified reports issued by international
organizations on various occasions, and these sets of projec-
tions have followed common guidelines in varying degrees.!!
The national projections made according to a common set of
assumptions and methodology by a single agency or office are
much more likely to be comparable, however.’? Even here,
however, comparability is affected by differences in the avail-
ability and quality of the basic national data. In fact, a uniform
methodology tends toward the least common denominator
of what is available. The dilemma then is whether to have more
regard to uniformity or to the inclusion of those individual
projections that are noteworthy for sophistication of assump-
tions, data, and methodology. The most recent study of world
population prospects by the United Nations attempts to
embrace the best features of both approaches.!? The population
models developed at the United Nations also provide a unifying
framework for assumptions concerning future trends in the
components of population change. Underlying these models,
there seems to be a theory of demographic transition, although
Grauman and others have characterized the demographic
transition as one of the discredited laws of population growth.!4
In a very general way, there does seem to be such a phe-
nomenon although demographic changes in a given country
may not conform very closely to any of the models.

National Programs

The best sources for the population projections prepared by
national governments are the publications of the governments
themselves. As was mentioned in the preceding section, some
of these projections have been included in international
compilations although in these compilations they have often
been abridged in detail or even adjusted in some fashion in the
interests of tomparability. The scope of national population
projections programs varies enormously in respect to resources
devoted to them, frequency and detail of the projections, and
the kind of publication, including the extent of the explanation
of the methodology and assumptions, the analysis of the resulits,
and the interpretation of the future trends implied.

As far as the calculations themselves are concerned, the
methodology, computational procedure, and the detail of the
resulting figures will depend upon a number of factors, includ-
ing particularly the needs of the national government and of

1o United Nations, G eneral Principles for National Programmes of Population
Prajections as Aids to Development Planning, p. 1.

1" See, for example, Organization for European Economic Co-operation, op.
cit.

2 France, Institut national de statistique et des études économiques, op. cit.;
Keyfitz and Flieger. op. cit.; Keyfitz and Murphy, op. cit.; Notestein et al,
op. cit.; various United Nauons publications cited.

13 Umted Nations, World Population Prospects as Assessed in 1963, pp.
44-45.

1 Grauman, op. cit., p. 551.
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various sectors of the general public (which will affect the
resources to be devoted to a program of population projec-
tions), and the availability of time, basic data, trained demog-
raphers, electronic computers, and competent programmers.
Rather elaborate sets of projections from the standpoint of
the number of different series published were made even in
the days before the electronic computer, however. The 16
series of projections made in the 1940’s for the Royal Com-
mission on Population (Great Britain) were all done on desk
calculators, as were the 12 series of U.S. projections made by
Thompson and Whelpton for the National Resources Planning
Board.’> Nowdays, the elaboration of the work is likely to
come in terms of the specificity of the “input” data (disaggrega-
tion in terms of race, marital status, parity, cause of death,
etc.) and the detail of the “output” data rather than solely in
the number of combinations of assumptions.

Many countries have recently produced their first official
population projections, often as a basis for their formal plan
of economic development. Other countries have previously
produced one or more sets of projections and their program
involves updating the figures from time to time, taking account
of the rapidity with which the demographic situation is changing
and particularly the suspected occurrence of a turning point in
previous trends. Some countries change their projections at
frequent intervals if they are repeatedly getting out of line with
actual demographic developments.

Although virtually never does more than one national agency
in a country take a census or register vital events, it is not
unusual for more than one agency to prepare the same type of
population projections or projections of such demographic
aggregates as the labor force, the population attending school,

or skilled manpower. In other countries, several agencies may
have a division of labor with regard to these different kinds of
projections. In still other countries, the responsibility for pre-
paring official projections of various kinds may have been
assigned to a single agency. Sometimes the work of preparing
official projections may be contracted to a person or organiza-
tion outside the national government. An example of such an
arrangement involving an international agency was mentioned
above (i.e., League of Nations).

The projections differ from one country to another as to the
method employed. This method may often involve the separate
projection of the components of migration, births, and deaths,
particularly where adequate vital statistics are available. For
a given country alternative projections may be derived with
different assumptions as to migration, or fertility, or mortality,
or a combination of these components.

Tables 24-1 and 24-2 provide illustrations of official
projections published by national agencies in the less developed
countries. Table 24-1 gives a summary of projections for Pakis-
tan according to three assumptions regarding future fertility
after 1960—(I) constant fertility; (II) constant fertility until
1970, then 30 percent linear decline to 1985, constant there-
after; (I11) constant fertility until 1965, then 50 percent linear
decline to 1985, constant thereafter. Panama’s projections also
employed three fertility assumptions after 1960 — (I) increasing
fertility, (II) constant fertility, and (111) decreasing fertility (table
24-2). Projections of age-sex distributions usually accompany
projections of the total population in national reports. Less
commonly, the reports include projections of various charac-
teristics of the population, such as urban and rural and eco-
nomically active populations.

Table 24-1.—Projections of the Population of Pakistan by Sex According to Three Assumptions
Regarding Fertility: 1965 to 2000

[In thousands. Midyear population)

Sex and assumption 1960 1965 1970 1975 1980 1985 1990 1995 2000
BOTH SEXES
Assumption I,...... ceeversse .o 97,720 113,948 134,939 163,027 200,009 247,254 305,767 378,718 470,546
Assumption Il.ecienncnvenns vee 97,720 113,948 134,939 159,696 188,328 219,903 258,704 305,141 359,413
Assumption III,.....c000000000 97,720 113,948 131,667 151,582 172,984 193,810 218,515 246,471 276,87
MALE
Assumption I... 50,455 58,881 69,652 83,963 102,746 126,728 156,476 193,618 240,421
Assumption II.. 50,455 58,881 69,652 82,261 96,764 112,714 132,359 155,915 183,478
Assumption IfE. 50,455 58,881 67,981 78,107 88,906 99,346 111,770 125,858 141,197
FEMALE
Assumption I,.... sescesssenens 47,265 55,067 65,287 79,064 97,263 120,525 149,291 185,100 230,125
Agsumption Il..vessesee ceesene 47,265 55,067 65,287 77,437 91,564 107,189 126,345 149,226 175,935
Assumption IXI...cecvesvacenace 47,265 55,067 63,686 73,475 84,078 94,464 106,745 120,613 135,676

Source: Adapted from, Pakistan Institute of Development Economics, Population Projections for Pakistan: 1960-2000, by Lee L. Bean, Masihur Rahman Khan,

and A. Razzaque Rukanuddin, Karachi, January 1968, table V, p. 28.

15 United Kingdom, Royal Commission on Population, Papers of the Royal
Commission on Population, Vol. 11, Reports and Selected Papers of the Statistics
Committee, London, H.M.Stationery Office, 1950; and U.S. National Resources
Planning Board, Estimates of Future Population of the United States, 1940-
2000, by Warren S. Thompson and Pascal K. Whelpton, August 1943,
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Table 24-2.—Percentage Distribution by Broad Age Groups of the Projected Male and Female
Population of Panama, According to Three Fertility Assumptions: 1960 to 1980

Male Female
Age group
1960 1965 1970 1975 1980 1960 1965 1970 1975 1980

ASSUMPTION I
Totalesseressosssecsscssacssoses 100,0 100.0 100.0 100.0 100,0 100.0 100.0 100,0 100,0 100,0
Under 15 yeBIS.seecsccscssvocssssoes 43,32 43,98 45,07 46,04 46.72 43,59 44,14 45,03 45,85 46,41
15 t0 44 yearS.esvescsnnces eossssens 41,48 40,67 39.82 39,38 39.39 41,78 41.16 40.40 39.98 39,91
45 $0 64 YeBTB..cevecscescrsovocnnes 11,67 11.72 11,59 11.04 10.19 11,03 11.02 10.96 10.62 10,02
65 years and over,.... esesesssecrans 3.53 3.63 3,52 3.54 3,70 3.60 3.68 3.61 3.55 3.66

ASSUMPTION II
Totalesessesssasses seeessesanans 100.0 100.0 100,0 100.0 100.0 100,0 100,0 100.0 100,0 100,0
Under 15 years...ccesavascossssseves 43,32 43,90 44,81 45,49 45,88 43,59 44,08 44,78 45.31 45,57
15 10 44 yeaIS.seescscrncsscocrscnne 41.48 40,72 40,00 39.78 39.99 41,78 41,21 40,58 40,38 40,52
45 to 64 years..... seeessasssrcssnns 11,67 11,7% 11.65 11,15 10,37 11.03 11,03 11.01 10,73 10,18
65 years ANd OVer'ucsscecesscrcess vor 3.53 3.64 3.54 3.58 3.76 3.60 3.68 3.63 3.58 3.73

ASSUMPTION III
Totaleseesassevovsnseoncsce cesee 100.0 100.0 100.0 100,.0 100.0 100.0 100.0 100,0 100,0 100,0
Under 15 years.. 43,32 43,80 b4 J4b 44,71 44,69 43,59 43,97 44 .40 44,54 44,38
15 to 44 years.. 41.48 40,79 40,27 40,35 40.84 41,78 41,29 40,86 40,95 41,38
45 to 64 years.. 11,67 11.76 11.73 11.31 10.62 11,03 11,05 11.09 10,88 10.43
65 years and over,,. 3.53 3.65 3.56 3,63 3.85 3.60 3,69 3.65 3,63 3.8

Source: Adapted from, Panamé._ Direccion de estadistica y censo, Estadistica Panameha, Supplement, El crecimiento de la poblacion Panameha en el iperiodo
1950 a 1980 (Growth of the population of Panama in the period, 1950 to 1980), by Vilma N. Médica, Panama, 1966, table 42, p. 54.

Programs of State and Local Governments and of Private
Organizations

In some countries, where many planning activities are carried
out by state (or provincial), regional, metropolitan, or local
agencies, a very large number of demographic projections may
be produced and even published. These vary greatly in so-
phistication and form of presentation. Universities, private
research institutes, and business organizations have added to
the volume of available projections. An indication of the kinds
of State and local agencies in the United States that prepare
population projections was obtained as a by-product of an

inventory conducted by the Bureau of the Census regarding

programs of current population estimates.!®

The picneering work of Warren S. Thompson and P. K.
Whelpton of the Scripps Foundation in developing the compo-
nent method has had an enormous influence on subsequent
work around the world. Their projections for the United States
were adopted as the official U.S. Government projections in
the 1930’s and early 1940’s; however, by the midforties the
method and the official responsibility for preparing projections
were taken over by the Bureau of the Census. The Scripps
Foundation returned to this field in the late fifties and sixties
when Whelpton and his associates developed projections of
the U.S. population on the basis of fertility “expectations”
data obtained from the Growth of American Families Studies.
In an earlier generation, the logistic curve, promoted by
Raymond Pearl and Lowell J. Reed of Johns Hopkins Uni-
versity, was a tool widely used by demographers and others
in the projection of future population growth, both in the
United States and abroad (ch. 13).

16 U.S. Bureau of the Census, Current Population Reports, Series P-25,
No. 328, “Inventory of State and Local Agencies Prepanng Population Esti-
mates: Survey of 1965,” March 8, 1966.

GENERAL ISSUES AND PRINCIPLES
The Framework of Assumptions

Basic Assumptions.— It is almost commonplace to preface
published projections with a statement that it is assumed that
the area will not be visited by a war or a natural disaster.
Furthermore, no attempt is made ordinarily to allow for future
economic fluctuations of a cyclical nature. Of course, the age-
sex structure of the population, the marital status and cumula-
tive fertility of its women, and other measures of its current
demographic status reflect the impact of such events in the past.
The reports presenting the projections do sometimes state that
conditions of nearly full-employment are expected to continue
or that the gross national product is expected to increase at a
given percentage per annum—even though relatively little is
known about how variations in these economic phenomena
affect population growth.

Number of Series and Combination of Assumptions. — Because
of the evident uncertainties regarding future population
changes, it is desirable to present more than one series of
projections, in the case of both national projections and
subnational projections. These may represent combinations
of multiple assumptions concerning one or more of the compo-
nents of population change. For example, there may be high,
medium, and low assumptions for mortality and fertility. The
high assumption may represent constant mortality or fertility;
or all assumptions may call for decline and the variations may
relate only to the date of onset or the rate of decline. In our
era, increases in these components are regarded as very un-
likely in many countries.

The various combinations of assumptions regarding fer-
tility, mortality, and migration may give rise to a very large
number of series of population projections. The 16 projection
series published by Great Britain’'s Royal Commission on
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Population, mentioned above, were chosen from 250 possible
combinations. All the published projections were described
as reasonable possibilities; the other combinations were not
worked out became particular levels or trends of mortality
did not seem compatible with particular levels or trends of
fertility. Thus, it would be very unlikely that expectation of
life at birth would rise to 70 and continue at that high level
while fertility remainéd constant, say at a total fertility rate
of 6.0. Such combinations have never been observed in demo-
graphic history; and they would imply remarkable incon-
sistencies with regard to modernizing developments in the
fields of medicine, public health, economic development, and
attitudes toward marriage and the family.!7

One series may be designated as ‘‘most probable” or as a
“best judgment” series. This usage indicates that an effort is
being made to ‘“forecast” and not just to “project.” The
medium or central series is ordinarily taken to be the most
probable series. If only three series are prepared, the distri-
bution of the high and low series about the medium series
does not have to be symmetrical, but the usefulness of the
projections is enhanced if the series are at least roughly sym-
metrical. The range from the highest to the lowest of the
“reasonable” series presented may be regarded as a rough
indicator of the degree of uncertainty regarding future popula-
tion change. It is doubtful whether the range should be inter-
preted in a probability sense, however. (See the discussion
below of the accuracy of projections.) One series may usefully
be included in a set of projections which represents a “con-
tinuation of current levels.” When we apply this general as-
sumption to fertility, we have to choose among the several
ways of measuring the level of fertility as well as the calendar
year or group of years which is *“‘current.”

Principal and Analytic Series.—The series we have just
described may or may not all represent reasonable possibilities.
Assumptions or combinations of assumptions regarded as very
unlikely of attainment may be presented for their analytical
value or to set an upper or lower limit within which population
growth is virtually certain to remain. Series 1 of the projec-
tions made for the United States in 1958 represents an ex-
ample of the latter type.’®* Another example is provided by the
projection series for South Korea that was based on the
assumption of the continuation of current mortality and
fertility levels. The report noted that the assumption is not
realistic, but it was included because it provided a useful bench-
mark against which to measure the effects of declining mortal-
ity.® The difference between the series allowing for declining
mortality and the model analytic series assuming constant
mortality would represent the effect of declining mortality.

As suggested above, in these and other examples, certain
series may be characterized as reasonable possibilities and
others as unreasonable possibilities. A more explicit way of
distinguishing the two kinds of projections is to include some
or all of the former as “principal series” in the regular tables
of the published report and to place the latter in an appendix
as “analytic series,” including any series that were elaborated
simply to serve as a benchmark for the other series. An
appendix may also include reasonable series which represent

17 United Nations, World Population Prospects as Assessed in 1963, pp. 47-48,

" U.S. Bureau of the Census, Current Population Reports, Series P~-25, No.
187, *“Nlustrative Projections of the Population of the United States, by Age and
Sex: 1960 to 1980,” Nov. 10, 1958.

9 Republic of Korea, Economic Planning Board, The New Population Pro-
Jections for Korea: 1960-2000, Seoul, 1964, p. 39.

intermediate :ssumptions, series derived by a method that
still may be ¢ ‘n experimental stage, etc.

Length of Projection Period

Projections may extend for varying numbers of years into
the future depending upon the type of area in question, the
needs to be served, the conception of the problem by the
analyst, and the available resources. Projections made nearly a
century ahead by the U.S. Social Security Administration, as a
basis for the long-range cost estimates of the social security
system of the United States, represent one extreme.? The
projections for Great Britain made for the Royal Commission
on Population also extended a century ahead, covering the
period 1947 to 2047. Projections of just a few years used for
short-term economic analysis represent the other extreme.
Long-term projections (over 25 years) are needed in connection
with the development of water and forestry resources, major
transportation and recreational facilities, and planning for pro-
vision of food, whereas only middle-range projections (10 to
25 years) are required for planning educational and medical
facilities and services, and housing needs. Relatively simple
methods may be used both for short-range projections (under
10 years) and for the extensions of middle-range projections
beyond 25 years. For projections up to 25 years ahead the more
elaborate methods are usually employed and are recommended.
Differences in the accuracy of national and subnational pro-
jections suggest that, in general, the latter be extended for sub-
stantially fewer years into the future (see below).

Frequency and Nature of Revision

There is, in general, a real problem as to how often an orga-
nization should revise its projections and how fundamental the
changes should be. Primary factors pertinent to these decisions
include: (1) The extent to which the present projections are out
of line with current estimates, (2) the mere passage of time, say
a few years, during which at least some of the series of projec-
tions must deviate from the current estimates, (3) the avail-
ability of additional data, not only for more recent periods but
also (more refined data) for earlier years, (4) advances in meth-
odology. Secondary factors include (1) the availability of re-
sources and (2) the need to meet an established publication
schedule. The revision may consist of merely “splicing in” ad-
Jjusted projections for the next few years or of making a small
absolute or ratio adjustment of all the original projections, in
order to make them consistent with newly available current
data. In such cases the basic assumptions are not otherwise
modified. In other cases, the most recent data may suggest the
need for major modifications in the basic assumptions and
hence a recalculation of all the projections.

Detail of Presentation

National reports on population projections will differ greatly
in the detail shown, but they should be fully informative as
to how the projections were made. In addition to the principal
series, the report may usefully present a number of supple-
mentary series, including additional combinations of the basic
assumptions and analytic series. Single ages or broad age
groups and annual or quinquennial figures may be presented,
depending on the quality and need for the figures. When there
are many series, the age or chronological detail may be abridged

# U.S. Social Security Administration, Office of the Actuary, “United States
Population Projections for OASDHI1 Cost Estimates,” by Francisco Bayo.
Actuarial Studv No. 62, December 1966.
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for those series that are not considered the principal series.
The text should fully discuss the choice of assumptions, the
methodology, the resulting projections, and even their implica-
tions. It is useful also to present the relevant information on
the past trends of the components of population change which
were taken into account in choosing the assumptions, the
implied birth and death rates at future dates, and other demo-
graphic summary measures.

METHODOLOGY

Some Methodological Principles

From the above discussion of principles, several conclusions,
or indeed recommendations, regarding methodology emerge.
The choice of methods, although affected by the other con-
siderations mentioned, should be determined primarily by the
data available. The availability of adequate statistics on the
age-sex distribution of the population and of adequate statistics
on age-sex-specific fertility and mortality ordinarily calls for a
cohort-component method. Using theoretical models, the
cohort-component method may also be employed without
benefit of recorded age detail for fertility and mortality. Even
if there are some defects in the basic data, however, it may
often be advisable to adjust the data rather than to have
recourse to a more theoretical model. More time may then
need to be spent on evaluating and adjusting the basic data
than on computing the projections.

The trend toward refinement of the methodology of popu-
lation projections has led to increased specificity of the as-
sumptions and the estimation categories on the ground that
more accurate assumptions can be made for those more specific
categories. The impetus toward specificity derives in part
from the thesis that the quality and usefulness of projections
will be enhanced by employing a method whose steps parallel
the order of events in real life. This principle leads to the use
of methods based on birth or marriage cohorts and specific
rates for the frequency of events affecting these cohorts as
they progress through life. In its fully developed form we have
a population model.

In order to take advantage of the most up-to-date knowl-
edge of recent events, the benchmark of the projections should
be the latest postcensal estimates (including sample survey
estimates) or, failing that, the latest census counts. There
would ordinarily be only one set of population figures at the
benchmark date; however, if the current estimates are sub-
ject to considerable error, including sampling error, a range
of estimates may be employed. For later dates, there should
be at least two principal projection series. Moreover, the
various series in a single set of projections should conform
to some general system of projections, permitting easy com-
parison of the assumptions and results. Finally, the assump-
tions of each principal series should be mutually consistent
and should not represent an unreasonable combination of
developments.

Classification of Methods

The methods of making projections may be classified in a
number of different ways. One possible way is to distinguish
those that can be applied independently to any type of area
from those that are dependent on or require antecedent pro-
jections for other areas. The latter class of methods includes
(1) summing of projections, as in the case of adding country
projections to secure regional or world population totals,
(2) obtaining a projection for one area on the basis of changes

in some other similar area or more inclusive area for which a
projection is already available. The latter procedure covers a
wide range of techniques; e.g., distributing the projected
population of an area among its subdivisions taking account of
the past proportionate distribution (ratio methods) and pro-
jecting the components of population change for an area on
the basis of changes in these components for a similar area or
more inclusive area for which such projections are already
available. Most typically, the independent methods are applied
in the case of national populations, but they could be employed
to project the population of any type of area from the world
total to a particular locality. These methods include mathe-
matical methods and component methods applied at any
geographic level, but particularly at the national level. Even
here the results over a number of areas may be adjusted to
population figures for a parent area. In fact, it is a principle
of population projections to extend the degree of interdepend-
ence where possible to assume consistency of assumptions
and results for the various areas for which projections are
being prepared.

Another typology of the methods distinguishes among mathe-
matical and ratio methods, various methods using a series of
indicators of population change, component methods, and
combinations of these. The mathematical methods employ
relatively simple mathematical equations to describe the
nature of future population change of an area, taken as a whole.
The component methods involve the separate projection of
mortality, fertility, and net migration. The methods using
indicators of population change embrace a variety of pro-
cedures, some estimating total population directly, others
estimating net migration only, which is then combined with a
separate estimate of natural increase. The indicators (e.g.,
employment, per capita income, etc.) may be used to project
population or net migration by a regression or a ratio procedure.

The description of methods will begin with those methods
applicable to national populations. It is convenient to con-
sider the projection of the age-sex distribution of national
populations at the same time because the totals are often
obtained by summation of projections for age groups. Projec-
tions for the principal geographic subdivisions of countries
are then considered. Again, projections of the age-sex distribu-
tion for such areas are considered at the same time. As men-
tioned earlier, projections for certain social and economic
subgroups of the population, including urban and rural groups,
the enrolled population, and the labor force, and for social
aggregates like households and families, are considered in
appendix A. These are often derived from prior population
projections for the area containing the subgroups, but the
process may be reversed, with the projection for the total
population being obtained by summation over a set of projec-
tions for the subgroups or by ratio estimation from the pro-
jections for social aggregates.

National Projections of Total
Composition

Population and Age-Sex

Methods of preparing national projections of total popula-
tion fall very simply into two classes, mathematical methods
and component methods. As is indicated later, the component
method is usually the method of choice, but there are many
variations of the component method and results may differ
substantially from one variation to another. Mathematical
and component methods may also be employed as principal
methods of preparing projections of age-sex distribution for
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countries. They may be combined with ratio procedures as
subsidiary elements in the method; as, for example, when the
percent distribution of a population by age is projected by a
mathematical formula. The component method is also the
method of choice for preparing projections of age-sex distribu-
tion; this is so even when very limited historical data on
components or component data of doubtful quality are avail-
able. In the latter situation, these data must first be corrected
before the actual projections are calculated.

Mathematical Methods. - Mathematical methods are simplest
conceptually, usually require relatively little time to apply,
and historically antedated the use of component methods. The
mathematical methods involve application of some mathe-
matical formula directly to the total population from one or
more censuses, to derive projections of total population. The
mathematical equations useful for preparing projections
correspond to those described in chapters 13 and 22 for
measuring population change or for extrapolating time series.
The number of mathematical forms that could be used to
project population could be extended far beyond those cited
there, but very few of these are actually employed. For pro-
jecting total population, polynomial forms, including linear
extrapolation, have little application, especially over the
long-term. Various exponential forms are widely used, how-
ever. These include the geometric curve, with (1a) annual or
(1b) continuous compounding, and (2a or 2b) the logistic curve.

Pi=Po(1+r) (la)
or
Pi=Pgert (1b)
1
_ 4
Pt—'l b (2a)
ae~ "t
or
K
Py e (2b)

where r is the growth rate, 7 is the number of years, a and b
are.constants, and e is the base of the natural system of loga-
rithms. In (2), the constant 1/a or K is the upper asymptote.

For making a population projection, one may apply equa-
tion (1a) or (1b) either by using the latest intercensal rate of
change, the average rate over a longer period, or an arbitrary
rate, or by fitting a curve by the method of least squares to
a series of census totals. Since growth rates are likely to change
in the long term, these formulas are recommended for use
only in making short-term projections.

Fitting a logistic curve is a more complicated procedure and
requires a greater number of observations covering a longer
period. At the same time, it is useful for projection over a
greater period of years than the simple geometric procedures,
particularly if the past series has reached the point of inflexion.
Fhis form of projection overcomes a principal weakness in
the use of the geometric rate, namely, the possibility of ob-
taining extremely large population figures after a short period.
The logistic growth model has a finite upper limit with steadily
decreasing rates of growth. The logistic curve occasionally
seems to fit the growth history of a country, or at least a
segment of a country’s growth history, and hence should be
applicable to projections for these countries. It has, in fact,
been employed to make projections for a number of countries,

especially in the Americas and in the years before World
War 11.2' The difficulty is to select the countries and the
periods in the countries’ history. The procedure for fitting a
logistic curve to a series of population totals was described in
chapter 13. A simple extension of this procedure provides the
desired projections. Like all mathematical curves, the logistic
is quite mechanistic; hence, it may be advisable not to apply
it over too long a period.2? The logistic cannot be used to
project a population that is decreasing.

Mathematical methods are now much less frequently
employed to estimate the population of countries than formerly,
even though they have by no means been abandoned.z* Com-
ponent methods have been displacing the mathematical
methods.

Component Methods. — These methods involve the separate
projection of mortality, fertility, immigration, and emigration.
As in preparing population estimates, the last two components
are usually combined in the form of net migration; and even this
combined component is often omitted, in effect, by use of an
assumption of *“no net migration.” Since the method may be
easily applied, and is conventionally applied, by age-sex groups,
projections of age-sex structure are usually obtained directly by
this method; and total population is commonly obtained by
combining the projections for age-sex groups. The component
method makes explicit the assumptions regarding the compo-
nents of population growth and hence can give one considerable
insight into the way population changes. Valuable by-
products, such as various measures of fertility and mortality,
as well as estimates of the effect of alternative levels of fertility,
mortality, or immigration on population growth, may also be
obtained. In its simpler form the component method is mechan-
istic in many ways. In its more complex forms, however, the
component method becomes a rather elaborate model of popu-
lation growth (see ch. 22, “Demographic Models’"). For ex-
ample, the assumptions can be expressed in the form of
probabilities simulating human behavior, i.e., to each member
of the population can be attached a probability of marrying,
giving birth, migrating, or dying within a given interval of future
time. Because the probable error associated with the projection
of each component may be rather large, the component method
is not necessarily more accurate, on the average, than the
mathematical methods.

Use of crude rates. — 1In principle, crude birth and death rates
may be employed as measures in projecting the numbers of
births and deaths. They are rarely used in a direct fashion for
this purpose, however, since they are strongly affected by the
structure of the population, particularly its age-sex structure.
Crude rates have been employed occasionally in otherwise
elaborate studies of the future on the ground that methodologi-
cal refinement is unjustified by the state of our knowledge.?¢
Assumed absolute numbers have not been used for projecting
births and deaths, but such an assumption is sometimes made
for the migration component.

*'Irene B. Taeuber, “The Development of Population Predictions in Europe
and the Americas,” Estadistica, 11:323-346, 1944.

2 Gybrgy Acsadi and Emil Pallés, “Methods for Population Forecasts,”
Demografia (Budapest), 1(1):68-94, 1958; and John Hajnal, “The Prospects
for Population Forecasts,” Journal of the American Statistical Association,
50(270):309-322, June 1955.

# Luigi Amoroso, "‘l.e quattro fasi di espansione demografica™ (The four
phases of demographic development), Rivista di politica economica, 48(11):
1168-1175, November 1958; and H. C. Plessing, **Om den Logistiske Kurve og
dens Anvendelse i Praksis™ (On the logistic curve, its use and practice), Erhver-
sekonomisk Tidskrift (Copenhagen), 26(3):205-231, 1962.

* Marion Clawson et al, Land for the Future, printed for Resources for the
Future, Inc., by the John Hopkins University Press, Baltimore, 1960.
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Cohort-component methods. — In these methods, the compu-
tations are carried out separately for age-sex groups on the
basis of separate allowances for components. Specifically,
one starts with the population distributed by age and sex at
the base date, applies assumed survival rates and age-sex
specific fertility rates or birth probabilities, and makes allow-
ances for net migration by age and sex, if desired. The base
population should be the latest dependable postcensal esti-
mates of the national population distributed by age and sex.
In the event that current estimates are not available or calcu-
lable, the data from the last census can be used. The age groups
usually have 5-year class intervals. Five-year life-table survival
rates can be applied to this base population, to bring it forward
S years at a time and to allow for deaths in the interval, by
S-year age cohorts. Births are usually computed by applying
5-year age-specific fertility rates to the women of childbearing
age at the middle of each S-year time interval. (The actual
measure used to project fertility may be quite different but,
typically, this measure is converted into age-specific fertility
rates in order to derive the actual number of births.) The
schedules of fertility and mortality rates are either held con-
stant through all, or part, of the projection period or are
allowed to change according to specified formulas, which may
vary from the very simple to the quite complex. On the other
hand, the projection scheme may be rather informal and quite
arbitrary. In any case, the determination of the prospective
changes in fertility and mortality involves a considerable
element of judgement.

Projections of Mortality. —In projecting the component of
mortality, two measures of mortality may be employed, age-
specific death rates or age-specific survival rates; hence, our
discussion will be concerned principally with the different
ways of projecting rates of these types. If the projections of
mortality are carried out initially in terms of age-specific
death rates, they will have to be converted into survival rates
so that they can be applied to the population in terms of age
cohorts.

Projections of past trends. — Where there are adequate mor-
tality statistics for the country itself, we may start with the
country’s own age-sex-specific death rates or survival rates
for the most recent year or period. The survival rates are
usually calculated for 5-year age groups and 5-year time inter-
vals and are applied to the population distributed in 5-year age
groups at one date to obtain the number of survivors 5 years
older 5 years later.

5L.t+5

s$3=sP; . 3)

Projections for single years of age or individual calendar
years may be obtained by interpolation from the grouped data
at quinquennial intervals. Once single ages have been derived
at S-year intervals, annual projections may be obtained by
interpolation along single-age cohorts. If an electronic com-
puter is available, however, the preferred procedure is to carry
out the survival calculations directly in single ages for in-
dividual calendar years.

The various procedures of projecting mortality commonly
involve a different and progressive set of survival rates for
each succeeding S-year period or other time unit over which
the population is projected. Hence, each age cohort is carried

forward, in effect, by a type of generation life table although
generation life tables are not actually computed. Generation
life tables which specifically reflect the effect of earlier in-
fluences on age cohorts have hardly been used in population
projections. Generational effects represent the effects of health
habits, preventive medicine, diseases and injuries, possibly
genetic makeup, etc. upon the later chances of survival of the
members of the cohort. These generational effects are difficult
to measure, and it is not clear whether a reduction of mortality
in the early life of a cohort increases or decreases its mortality
at the older ages.?s Spiegelman, Barnett, and others believe
that many calendar-year influences affect most ages and may
easily outweigh the generational influences.26

Projected death rates for a given country may be derived
on the basis of a number of general procedures or assumptions.
These are: (1) Maintaining the latest observed death rates,
(2) extrapolating past trends in the country’s own death rates
in some fashion, (3) applying standard percentage decreases
in death rates depending on the level of the death rate at each
successive date, and (4) establishing target rates for a distant
future date and securing rates for intermediate dates by some
form of interpolation.

The first alternative would be applicable only where (a) mor-
tality had reached a standstill and there were no signs of fur-
ther progress or (b) the implications of other more realistic
assumptions were being evaluated against this ‘‘base.” The
series of death rates may be extrapolated either graphically or
by fitting an appropriate mathematical curve. The extrapola-
tions under (2), (3), and (4) should all provide for improvement
in mortality, with rare exceptions, and, if death rates are al-
ready low, the improvement should be at a decreasing rate.
The extrapolations should be carried out independently for
each age-sex group; and the same or different method of
extrapolation may be used for different age-sex groups.

The risk of arriving at unreasonably low levels of mortality
in the projection period when direct extrapolation is em-
ployed suggests that a limit should be set to the improvement
assumed to occur. Accordingly, after a given future date, the
rates at every age may be assumed not to change any farther.
The target rates set to avoid unreasonable levels of future
mortality may be reached in different years for different age-
sex groups. They may be derived in a number of different
ways: (1) Use of the rates already attained in some advanced
geographic subdivision of the country; (2) use of the rates
already attained in another, more advanced country, some-
what similar to the given country in certain socioeconomic
features but having better public health organization and lower
death rates; 27 (3) analysis of age-specific death rates in terms
of components, such as principal causes of death, for which
judgmental projections could more confidently be made; and
(4) determination of the lower biological limit for mortality
at each age on the basis of present knowledge, and of the date
by which this limit will be attained.

# Recent evidence on this question is given in: United Nations, “Factor
Analysis of Sex-Age Specific Death Rates,” Population Bulletin of the United
Nations, Series N, No. 6, 1962, pp. 149-201.

% See Mortimer Spiegelman, /ntroduction to Demography, rev. ed., Cambridge,
Mass., Harvard University Press, 1968, pp. 157-158; and H. A. R. Barnett,
*Experiments in Mortality Graduation and Projection Using a Modification of
Thiele's Formula,” Journal of the Institute of Actuaries (England), 84(11,367):
212-229, 1958.

% See, for example, J. J. Paes Morais and A. Costa Leal, “‘A evolucéo demo-
grafica nacional e o desenvolvimento econdmico (National population trends
and economic development), Revista de economia (Lisbon), 11(4):149-167,
December 1958.
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The third procedure for deriving target rates has been em-
ployed in a number of important studies in the United States.?8
It may be explained on the basis of the particular projection
procedure described in Actuarial Study No. 62 of the U.S.
Social Security Administration. Past trends in age-sex specific
death rates were analyzed in terms of 10 cause-of-death classes,
and medical research in progress was evaluated from the stand-
point of the prospects of “‘breakthroughs” that would impor-
tantly affect the level of these rates. Low and high percentage
reductions for each age-sex-cause specific death rate between
1960 and 2000 were then determined on the basis of the anal-
ysis of the historical trends in each rate and the assessment of
the factors which could bring about further reduction (table
24-3). These percentage reductions were employed to derive
age-sex-cause specific rates for the year 2000, which were
then combined into general age-sex specific death rates for
that year (table 24-4). The rates in the base year and in 2000
were then converted into 5-year survival rates by life-table con-
struction methods; survival rates for intcrmediate years were
derived by interpolation using an exponential curve.

If one cause of death plays a dominant role, it may suffice to
project just this cause separately. In their mortality projections
for India, Coale and Hoover considered malaria separately
from other causes of death in view of the prevalence of that
disease in India and of the prospects for rapid reduction in the
disease through simple public health measures.2¢

Mortality models. —Mortality models, representing general-
ized schemes for projecting mortality applicable to a group of
countiies, are generally employed when satisfactory statistics
are not available regarding the current level and trend of mor-
tality for a country or group of countries. They are also used
occasionally when such data are available. Mortality models
may relate to the pattern by which current death rates are re-
duced over successive time units in the projection period, or to
the way in which the terminal levels of mortality are deter-
mined, or to both; or they may establish specific levels of termi-
nal mortality. (Further discussion of mortality models, relating
to systems of model life tables, with applications to statistically
underdeveloped countries for current or recent years, is given
in ch. 25.)

The Princeton method (Coale) and the U.N. system of model
life tables provide a basis for determining the projected changes
in mortality at each observed or estimated level of mortality.
The Census Bureau method (Campbell) provides a basis for
determining projected changes and also sets specific terminal
levels. Studies relating to the biological limit of mortality
have been carried out at France’s Institut national d’études
démographiques (Bourgeois-Pichat). These studies are
described briefly below.

An early generalized scheme of projecting mortality was the
method developed by Coale at Princeton University in the
1940’s.%* His method was based on an historical analysis
of age-specific death rates for populations of European origin.

2 1.S. Bureau of the Census, Forecasts of the Population of the United States,
1945-75, by P. K. Whelpton et al., 1947, pp. 8-13; U.S. Sczial Security Adminis-
tration, Office of the Actuary, “Illustrative United States Population Projec-
tions,” by T. N. E. Greville. Actuarial Studv No. 46, May 1957, pp. 9- 16: and
idem, “United States Population Projections for OASDI Cost Estimates,” by
Francisco Bayo, Actuarial Study No. 62, December 1966, pp. 10-16. Actuarial
Study No. 46 was the basis of the projections of mortality incorporated in the
population projections published by the U.S. Bureau of the Census in Current
Population Reports, Series P-25, Nos. 286 and 381.

This analysis showed that the rate of decline of these death
rates tended to vary directly with their level, without regard to
country or year. He derived a set of curves for age-specific
mortality rates (s¢:) by (1) separating the observed rates at
each age into four segments on the basis of the level of the
rates, (2) fitting straight lines by least squares to the three
segments with the higher rates, (3) fitting an exponential
curve to the segment with the lowest rates (the form of curve
being chosen to prevent the rates from becoming negative when
extrapolated), and (4) smoothing the junctures between
segments.

The Princeton method was based wholly, or in large part,
on pre-World-War-11 mortality experience. In general, the
decline of mortality has accelerated in the post-World-War-I1
period. Using postwar data, Campbell derived new constants
for Coale’s height-slope relationships and introduced certain
“ultimate” levels of mortality at each age.? His principal
equation js:

Myt = (Myo— Mz e)e 0r'+ my 4)

where m;, is a central death rate in the base year (last observed
rate) at age x, my, is a central death rate ¢ years after the base
year at age x, m.. is the ultimate central death rate at age
x, by is a constant specific for age x, to be determined, and ¢
represents the number of years for which the projection is
desired. Like the Princeton study, this study found that, for
each age group, higher death rates tend to decline more
rapidly than lower death rates. It appeared from this new
study, however, that the height-slope relationships observed
before World War Il have changed and that mortality has
fallen much more rapidly since the end of the war than it did
before the war. The study also followed the principle that the
rate for any particular age should not fall below some minimum
level, to be determined.

The two constants, b, and m..., must be determined for
each age x in order to apply equation (4). Then the death rate
at age x for any year t years after the base year can be ob-
tained by substituting the values for these constants and m; .,
into the equation. For example, the formula for projecting the
death rate for females 25 to 29 years old is as follows, given
values of m..=0.46 per 1,000 population and b=.162:

my= (m,— .00046)e- 162 + 00046

The death rate for any year r years after the base year is
calculated by substituting values for m,, the death rate in the
base year, and ¢ into the equation. If a country has a death
rate of 8 per 1,000 population in the base year, 25 years later
its death rate would be

mzs=(.008 — .00046)¢ - -162(23) + 00046
=(.00754)(.01742)+ .00046
=.0006
The constant b, is a quantity representing the slope of a

straight line which expresses absolute annual decline in
mortality as a function of the level of mortality. The method

2 Ansley J. Coale and Edgar M. Hoover, Population Growth and Ecc ;
Development in Low-Income Countries, Princeton, N.J., Princeton University
Press, 1958, pp. 65-67 and 356-357.

3 Notestein ef al., op. cit., pp. 183-189.

3 U.S. Bureau of the Census, International Population Reports, Series
P-91, No. 5, A Method of Projecting Mortality Rates Based on Postwar
International Experience,” by Arthur A. Campbell, 1958, pp. 3-16.
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Table 24—3. — Postulated Low Male Death Rates for the United States for the Year 2000 as Percent
of the 1959-61 Rates, by Age and Cause-of-Death Group

Age Cause-of-death groupl
(years) 1 1 it v v VI Vil VIl X1 X

UDAET Luvevnsncanersssonsonconasnnes - 20 70 50 60 55 50 80 60 50
1 t0 4evees - 20 60 50 50 40 30 70 65 40
540 9vuees - 20 70 50 40 30 50 60 65 35
10 to - 15 70 50 35 40 70 65 70 40
15 to - 10 70 60 40 50 80 80 80 50
20 to - 10 70 70 45 60 80 90 80 60
25 to - 10 70 80 50 60 80 90 85 80
30 to - 10 70 85 55 60 80 90 85 80
35 to - 15 70 90 60 60 80 90 80 80
40 to - 15 70 90 65 60 80 90 80 80
45 to 5 20 70 90 65 60 80 90 80 80
50 to 10 20 70 90 65 60 80 90 80 80
55 to 15 25 70 90 65 60 80 90 80 85
€0 to 20 30 70 85 65 65 80 920 70 85
65 to 30 40 70 85 70 70 80 90 65 90
70 to 40 50 75 85 75 75 80 90 65 90
75 to 40 60 80 85 80 80 80 90 60 90
80 to 40 80 85 90 85 85 80 90 60 90
85 aNd OVET.ssssessssnssssssssscanne 50 90 90 90 90 90 80 90 50 90

Total, all ages®..iceiviaceresns 21,6 31.0 74.0 86.6 T 69,7 51.4 79.3 7.7 82.4

— Represents zero.
t See source of table for explanation. L . .
2 Derived from the age-specific percentages by weighting on the basis of the 1960 census population.

Source: U.S. Social Security Administration, “United States Population Projections for OASDHI Cost Estimates,” by Francisco Bayo, Actuarial Study No. 62
December 1966, table 4.

Table 24—4. —Projected Death Rates for the United States for the Year 2000 According to Low and
High Mortality Assumptions, Compared With Rates for 1959-61, by Age and Sex

Male Female
Projected rates Projected rates
as percent of as percent of
Age Low ngh current rates Low High current rates
(years) 195961 mortality mortality, ; . 1959-61 mortality mortality .
2000 2000 Low High 2000 2000 Low High
@+l | B0k, m+©1 | (®)+6)]«
100= 100= 100= 100=
(1) (2) (3) (4) (5) (6) (7) (8) 9 (10)
Under loiceesessscvssnnnnnnes 30,40 16.56 23,48 54,5 77.2 23.19 12,67 17.93 54.6 77.3
1.15 0,61 0.88 53.0 76,5 0.96 0.49 0,73 51.0 76.0
0.56 0.31 0.43 55,4 76.8 0.41 0.23 0.32 56,1 78.0
0.56 0.34 0.45 60,7 80.4 0.32 0.19 0.26 59.4 81.3
1,28 0.93 1.11 72.7 86,7 0.54 0.35 0.44 64.8 81.5
1.81 1.34 1.57 7.0 86.7 0.70 0.46 0.58 65,7 82,9
1.71 1.32 1.51 77,2 88.3 0.88 0.60 0,7 68,2 84.1
2.01 1.49 1.75 7,1 87.1 1.23 0.85 1.04 69,1 84.6
2.85 2.00 2.42 70,2 84.9 1.79 .21 1.50 67.6 83.8
4.59 3,22 3.91 70.2 85,2 2,76 1.81 2.28 65.6 82.6
7.48 5.18 6,33 69,3 84.6 4.20 2.70 3.45 64,3 82,1
12.31 8.44 10.38 68.6 84.3 6.39 4.01 5.20 62.8 8l.4
18,58 12.79 15,68 68.8 84.4 9.31 5,98 7.64 6h.2 82.1
27.7% 18,91 23.33 68,2 84,1 14.58 9.58 12.08 65,7 82,9
40,88 29.33 35.10 71.7 85.9 22,44 15,33 18.88 68.3 8.1
58.19 44,22 51,21 76.0 88,0 36.26 25,89 31,07 7.4 85,7
84,98 68,07 76,53 80.1 90.1 60,08 47,02 53,55 78.3 89.1
132.23 111.81 122.02 84,6 92.3 104,23 86.41 95,32 82.9 91.5
85 and OVeT.sevessssvevesens 228,41 202.42 215.42 88,6 9.3 201,07 176.63 188,85 87.8 93.9
Total, all agesliie.iese 10.90 8,01 9,45 73.5 86.7 8.01 5.84 6,93 72.9 86.5

1 Derived from the age-specific rates and percentages by weighting on the basis of the 1960 population.

Source: U.S. Social Security Administration, “United States Population Projections for OASDHI Cost Estimates,” by Francisco Bayo, Actuarial Study No. 62,
December 1966, table 5.
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of deriving b, involves first setting the level of m.,, independ-
ently for each age. Then a value of b is determined for each
observation (each country) from the equation,

which is derived from equation (4). The value m/ is the first
derivative of m, and represents the average annual decline
for any death rate (m,). The values of m, and m/ correspond,
respectively, to the “heights” and “slopes” described in the
preceding section. The values of b determined for the various
countries at a particular age were averaged in order to obtain
a single value to represent the general trend of the height-slope
relationship at that age. These values of b were further adjusted
to remove certain irregularities in the resulting trends in age-
specific death rates.

The hypothetical low death rates, m.., chosen do not
greatly affect the projections of population for most age groups
as long as the death rates assumed are below present levels
and reasonable. Campbell derived the low death rates by (1)
compiling a set of lowest observed age-specific death rates,
(2) smoothing the observed lows graphically, (3) calculating
maximum possible percentage reductions below the smoothed
observed lows (ranging up to 50 percent for ages 20-24 years),
and (4) reducing the smoothed observed lows by these per-
centages to obtain a set of hypothetical lows. Such mortality
rates are intended only for use in making population projec-
tions. They are not intended to yield independently valid pro-
Jjections of future mortality rates.

The formulas are of doubtful utility in extrapolating death
rates in countries whose postwar mortality experience has
diverged widely from the average international trend. Similarly,
they are not applicable to countries having mortality rates much
higher than any of those used to estimate the constants of the
projection formulas. The formulas may become obsolete as
medical progress leads to improved mortality beyond the
limits of the minimum mortality rates used in the projection
formula.

Projections of mortality could also be based on the research
findings at France’s Institut national d’études démographiques
regarding the separate trends of deaths from endogenous and
exogenous causes and the biological “limit” of the death rate
at each age.® As noted in chapter 14, the biological *limit’
of the death rate for a given country is arrived at by separating
out the exogenous causes of death from the total death rate
at each age and considering the possibilities for further reduc-
tion in the endogenous death rates in the light of prospective
medical developments in the particular country and of actual
past developments in the most advanced countries. The
“ultimate” level is still a function of the state of present
knowledge and would have to be reexamined from time to time.

Without specifying either height-slope relationships or ulti-
mate levels of mortality, the United Nations has developed a
set of model life tables for projecting mortality.?® They are
based on analysis of 158 life tables representing the experience
in the first half of the 20th century of 50 countries. The calcula-

*John V. Grauman. op. cit., p. 571; Jean Bourgeois-Pichat, “Essai sur la
mortalité ‘biologique’ de I'nomme™ (Essay on the “biological” mortality of man),
Population (Paris), 7(3):381-394, July-Sept. 1952.

# United Nations, Age and Sex Patterns of Mortality: Model Life Tables for
Underdeveloped Countries, Series A, Population Studies, No. 22, 1955; and
idem, Methods for Population Projections by Sex and Age, Series A, Population
Studies, No. 25, Manuat I11, Methods of Estimating Population, 1956.

tion of the model tables rests on the principles that the
schedule of age-specific mortality rates is fairly well defined if
the expectation of life at birth is known, and that expectation
of life tends to increase by a fairly uniform annual amount
until a moderately high level of life expectancy is reached.

The model tables were designed on the assumption that an
annual gain of 0.5 year in expectation of life at birth will occur
whenever the expectation is less than 55 years. At older ages,
the gain increases, then declines. Twenty-four model tables
(males and females for each model) are presented, reflecting
differences of 2.5 years in expectation of life at birth (up to
55 years) over each 5-year time period and covering a time
span of 115 years. The expectation of life for both sexes com-
bined ranges from 20 to 73.9 years. Once a particular model
table is selected to represent the current level of mortality or
once the current level is established, the tables to be used for
future mortality allowances are selected in rank order from the
set of model tables. (See illustration below for Costa Rica in
table 24-7.) To use the system of model life tables, the assump-
tions with respect to mortality have to be expressed in terms of
é, for both sexes combined. This &, identifies a particular model
life table which describes a whole age-pattern of mortality
conditions.

Another system of model life tables, the Coale-Demeny
model life tables, distinguishes regional variations in mortality
patterns; four sets of life tables are given, with expectation
values of 20.0 to 77.5 years, at intervals of 2.5 years.3* The
selection of tables was not designed to provide a progression
of values directly applicable to projections, as were the U.N.
tables. Once some assumptions regarding the improvement
in mortality in a country have been developed, however, the
Coale-Demeny model tables can effectively be employed to
implement the assumptions. The tables are described more
fully in chapter 25.

These systems of model tables may be used to project the
mortality of countries for which only limited data on mortality
are available. They may also be used to project mortality in
developed countries under a unified system of projections.
The use of a common system of mortality projections should
add to the international comparability of the projections even
though the procedure may be less refined than is possible for
some countries.

Projections of Fertility. — We may distinguish three types of
methods of projecting fertility as part of a cohort-component
method of projecting population, namely, the period-fertility
method, the cohort-fertility method, and the marriage-parity-
interval progression method. Other methods of projecting
fertility may be viewed as elaborations or combinations of
these basic methods. In brief, the period-fertility method ex-
amines the trend of age-specific birth rates (or the correspond-
ing age-adjusted summary measures of fertility) over past
years for the same age groups. The cohort-fertility method
examines the trend of fertility for separate birth cohorts or
marriage cohorts of women, usually in terms of age-specific
or duration-specific birth rates and cumulative and completed
fertility rates for these cohorts. In the marriage-parity-interval
progression method, probabilities of marriage and of birth by
parity of women are employed to determine sequentially the
number of births of various orders and the number of women
who are at risk of giving birth to a child of a given order. Let
us consider each of these in some detail.

# Ansley J. Coale and Paul Demeny, Regional Model Life Tables and Stable
Populations, Princeton, N.J., Princeton University Press, 1966.
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Period-fertility method.—1In the period-fertility method,
or the age-specific birth rate method, assumptions concerning
future fertility are stated in terms of calendar-year or period
age-specific birth rates, period sex-age adjusted birth rates,
period total fertility rates, or period gross reproduction rates.
The prototype procedure consists essentially of (1) calculating
and analyzing a time series of birth rates for each (5-year) age
group of woman; (2) holding the most recent rates constant
over the projection period or projecting the rates on the basis
of various assumptions and techniques to some future year;
and then (3) applying the projected schedule of rates to the
projected female population by 5-year age groups for a given
future year to determine the corresponding number of births.
The characteristic feature of the method is that the trend
analysis is in terms of rates for a given age group. If the
calculations are done manually, it is most convenient (1) to
obtain the projected rates for the end of each quinquennium,
(2) multiply the rates cumulatively by the number of women
by age previously calculated to have survived to the end of
the quinquennium, (3) average the births for the first and last
years of each quinquennium, and (4) multiply by five (to secure
births for a 5-year period).

This procedure may be abbreviated, with little change in
the results, by projecting the period total fertility rate or the
period gross reproduction rate instead of the schedule of age-
specific birth rates. Applying any single reasonable set of age-
specific rates (e.g., the rates for the current year) to the future
numbers of women of childbearing age, with an adjustment to
the projected total fertility rate (or gross reproduction rate),
produces very nearly the same number of births as applying a
projected schedule of age-specific birth rates. Variations in
the pattern of age-specific birth rates tend to have little effect
on the corresponding numbers of births, given the overall
reproduction rate, so that the total fertility rate (or the gross
reproduction rate) is a useful substitute for making projections
of births by the age-specific birth rate method. This variation
permits the application of the period-fertility method to areas
where age-specific birth rates are lacking and where only
the total number of births is known. The initial age-specific
birth rates and total fertility rate can be estimated by the
indirect method from (1) the total number of births, (2) the
female population of childbearing age, and (3) an available set
of age-specific birth rates for a similar area (ch. 16).

Among the several variations we have mentioned so far, we
will illustrate first the use of the total fertility rate to project
births, given current age-specific birth rates. Let us consider
an example using the total fertility rate to project births for
Costa Rica from 1965 to 19835 (table 24-5, Method B). We
employ for this purpose the basic data and some of the assum-
tions of an official Costa Rican study, including the estimates
of the population by age and sex and the recorded age-specific
birth rates for 1965.35 First, the total fertility rate is projected
on some basis. In the present case, following the procedure
of the official study, we made three assumptions regarding the
future course of fertility, representing high, medium, and low
alternatives. The high series assumes a continuation of the
total fertility rate of 1965, the medium series a decline in the
rate of 5 percent each 5 years, and the low series a decline in
the rate of 10 percent each 5 years (table 24-6).

33 Costa Rica, Direccién general de estadistica y censos, Proyeccién de la
problacién de Costa Rica por sexo y grupos de edad, 1965-90" (Projections of
the population of Costa Rica by sex and age, 1965-90), by Ricardo Jiménez J.
et al., Serie Demografica No. S, Revista de estudios y estadisticas, San josé,
No. 8, October 1967.

First, the current schedule of age-specific birth rates is
assumed initially for all future dates and series. Next, these
assumed rates are applied to the projected female population
of childbearing age in each year (see below for method of
derivation) to obtain the “‘expected” number of total births
for that year (for all series). For example, under all assumptions
the expected number of births in 1970 is derived by taking the
cumulative product of the age-specific birth rates of 1965 and
the projected female population of childbearing age in 1970
(table 24-5). This product is 75,344. Next, this number is
multiplied by the ratio of the projected total fertility rate (TFR)
in 1970 for a particular series to the total fertility rate for 1965,
corresponding to the percent change in the rate for that series
for 1965-70. For the medium series, for example, this ratio
is .95 and the projected number of birthsin 1970is 75,344 X .95,
or 71,577. The projected number of births for 1965-70 is
obtained by inflating by 5 (for 5 years) the average number of
births for the period [$(62,821+71,577)=335,995]). The
projected number of female births is then derived by applying
as assumed proportion female among births; e.g.,

335,995 X .49= 164,638

Similarly, to derive the projected number of births in 1975,
under the medium series the expected number of births in
1975 is adjusted by the ratio of the projected TFR in 1975
under the medium series to the current TFR (this is, .9025).
Note that, after 15 years of projecting births, it is necessary
to begin carrying forward to older ages the female births which
were projected in the first future 5-year period, so as to derive
the female population of reproductive age; for example, the
births of 1965-70 will become 15 to 19 years of age in 1985.

The calculations for the high and low series of births are
presented in table 24-6. Since the high series assumes no
change in the TFR, it corresponds to the expected numbers of
births computed in table 24-5, the adjustment factors being
1.00 in each case. The low series of births in 1970 (67,810)
was derived by adjusting the expected number of births in
1970 (75,344) by the ratio of the low series TFR for 1970
{5,886.5) to the TFR for 1965 (6,540.5) —.90; the low series
of births in 1975 (75,088) was derived by adjusting the ex-
pected number of births in 1975 (92,701) by the ratio of the low
series TFR for 1975 (5,297.9) to the TFR for 1965 (6,540.5)—
.81; etc.

Use of the total fertility rate in this way is equivalent pre-
cisely to assuming that the age-specific birth rates change uni-
formly by age by the same percentage as the total fertility rate
(table 24-5, Method A). Even if a different pattern of change in
fertility by age is expected, the summary procedure is accepta-
ble because of the negligible effect of variations in the age pat-
tern of fertility on the number of births, once the total fertility
rate is fixed. It may be recognized that the procedure of using
the total fertility rate to project the number of births, just de-
scribed, involves the same logic as the calculation of this rate
by the indirect method, albeit the order of calculation is dif-
ferent. In the former case, we are given the population by sex
and age, a standard set of assumed age-specific birth rates, and
the total fertility rate, and we are asked to calculate the corre-
sponding number of births. In the latter case, we are given the
population by sex and age, a standard set of assumed age-
specific birth rates, and the total number of births, and we are
asked to calculate the corresponding total fertility rate. The
procedure and logic with gross reproduction rates are essen-
tially the same; there is no advantage in the use of this rate and
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Table 24-5.—Calculation of the Projected Medium Number of Female Births in Costa Rica by the
Period-Fertility Method, for 1965 to 1985

[Methods A, B, and C represent three variations in the application of the period-fertility method]

Age-specific birth rates (f ) Population (p )2 Popula-
Age of mother a 2 tl_on
(years) weights
1965% 1970 1975 1980 1985 1965 1970 1975 1980 1985 W)
110.9 105.4 100,1 95.1 90.4 72,385 92,466 | 116,881 | 142,217 157,262 1
301.9 286.8 2725 258,9 245.9 58,115 71,914 92,022 | 116,472 141,847 7
319.6 303.6 288.4 274.0 260.3 48,275 57,650 71,483 91,617| 116,076 7
ceerernieia. 258.1 245.2 232,9 221.3 210.2 42,325 47,836 57,241 71,090 91,214 6
...... 212.4 20L.8 191.7 182.1 173.0 36,875 41,872 47,420 56,835 70,671 4
[ 89.3 8.8 80.6 76,5 72.7 29,815 36,381 41,395 46,960 56,352 1
Ceessieerectetaninanas 15,9 15,1 14.3 13.6 12.9 25,200 29,260 35,781 40,786 46,340 -
Total fertility rate = 5 Lf | 6,540.5| 6,213.5] 5,902.8 | 5,607.7| 5,327.3
Births (B)
1965 1970 1975 1980 1985
Method A:
1. Expected births, year y = ££,¥ p7 62,821 71,579 83,661 99,011 | 115,405
2. Expected female births, 5 year period® = [ (57 + BY*%) + 2 ]x 5 x .49 164,640 190,169 223,773 262,660
Method B:
3. Expected births, year y = LF 6% p ¥ 62,821 75,344 92,701 | 115,478 | 141,684
¥
4, Projected medium births = (3) x %E%g; 62,821 71,577 83,€53 99,009 | 115,403
5. Profected medium female births, 5 year period? = [(B” + By*’) + 2] x5 x .49 164,638 190,169 223,773 262,655
Method C:
6. Welghted population = E W, pay 1,248,380 | 1,490,299 | 1,835,937 | 2,299,680 | 2,849,043
7. Sex-age adjusted birth rate, year y = s.a.a.b.r.9"% x .95 L5032 L4780 L4541 L4314 .4098
8. Projected medium births = weighted pop. x s.a.a.b.r, = (6) x (7) 62,818 71,236 83,370 99,208 116,754
9. Projected medium female births, 5 year period’ = [(By + B*5) 4 2] x5 x ,49 164,216 189,392 223,658 264,553

— Represents zero.

! Source: Costa Rica, Direccién general de estadistica y censos, “Proyeccién de la poblacién de Costa Rica por sexo y grupos de edad, 1965-90" (Projections

of the population of Costa Rica by sex and age, 1965-90), by Ricardo Jiménez J, et al., Serie Demog

October 1967, table 34.
t See table 247,

rifica No. 5, Revista de estudios y estadisticas, 3an José, No. 8,

* These births relate to the 5-year period from July | of initial year to June 30 of terminal year.

either measure allows for a change in the sex ratio of births with
equal convenience.

The medium series of births, derived'as described above, was
employed in completing a set of projections of the female popu-
lation of Costa Rica by 5-year age groups at 5-year time inter-
vals to 1985 (table 24-7). For this purpose, we have adopted
the current population estimates given in the Costa Rican re-
port cited above.>® The base population in 1965 (derived from
the census of 1963) was adjusted for underenumeration of chil-
dren under 10 years old and for age heaping in the range 10
years old and over. As in that report, we have assumed that
there would be no immigration and that mortality would show a
moderate gradual improvement after 1965. The projected survi-
val rates were based on the observed death rates for 1963;
they followed the assumption that expectation of life at birth
would increase from 1.5 to 2.5 years over each 5-year time
period, corresponding to the model life tables in U.N. Manual

% Ibid, p. 64.

I11.*" The observed rates in 1963 corresponded most closely,
on the average, to the rates in U.N. model life table 90 (or
é,= 65.8). Therefore, for projection periods 1965-70, 1970-75,
1975-80, and 1980-85, we used model tables 95, 100, 105, and
110, corresponding to life expectation values of 68.2, 70.2,
71.7, and 73.0 years, respectively.

Five-year survival rates for each 5-year time period corre-
sponding to each required mortality level were selected from
the model tables and applied to the female population. The
1965-70 factors were applied to the 1965 population, by sex,
to derive the projected population 5 years old and over in 1970,
then the 1970-75 factors were applied to this population to
derive the projected population 10 and over in 1975, etc. The
projected births were developed on the basis of the projections
of female population of childbearing age, as described earlier
(Method B, medium series, in table 24-5). The births in 1965-

* United Nations, Methods for Population Projections by Sex and Age,

table V.
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Table 24-6.—Calculation of Alternative Projections of Female Births in Costa Rica by the
Period-Fertility Method, for 1965 to 1985

Series 1965 1970 1975 1980 1985
HICH SERIES
1. Total fertility rate, year y = 1.00 TFRY™> 6,540,5 6,540.5 6,540.5 6,540.5 6,540.5
2, Expected births = ZF %° pa"’ 62,821 75,344 92,701 115,478 141,684
3, Projected female births, 5-year period? 169,252 205,855 255,019 315,023
MEDIUM SERIES
4, Total fertility rate, year y = .95 TFRY™> 6,540,5 6,213,5 5,902,8 *5,607,7 5,327.3
5. Projected births = (2) x % 62,821 7L,577 83,663 99,009 115,403
6. Projected female births, 5-year periodl 164,638 190,169 223,773 262,655
LGW SERIES
7. Total fertility rate, year y = .90 TFRY"> 6,540,5 5,886.5 5,297.9 4,768,1 4,291.3
8. Projected births = (2) x % 62,821 -67,810 75,088 84,185 92,961
9. Projected female births, 5-year periodl....... 160,023 175,050 195,109 217,004
1 A Y A
t[(Bv+ Bu+%)--2] X'5 X 49. These births relate to the 5-year period from July 1 of initial year to June 30 of terminal year.
70 were then carried forward to ages 0-4 in 1970 by use of the B=s.a.a.b.r. X Wyp} 6)

appropriate survival rate, the survivors 0-4 in 1970 were
carried forward to ages 5-9 in 1975, etc.

A still simpler procedure for projecting births which is ap-
plicable when Only total births and an age-sex distribution are
available employs the U.N. sex-age adjusted birth rate (ch.
16). In this procedure we do not have to assume any particular
pattern of age-specific rates. We have applied the procedure
in table 24-5 (Method C) to Costa Rica, using the same
general assumptions as before but without making use of the
available age-specific birth rates. This procedure represents
still another application of the logic of indirect standardization.
Use of the sex-age adjusted birth rate was recommended by
the United Nations as a simple means of preparing comparable
projections for many countries.3* It may be recalled that the
U.N. sex-age adjusted birth rate is calculated by dividing the
number of births by the cumulative product of the midperiod
female population and a standard set of weights, and multi-
plying by 1,000. The standard set of weights is roughly pro-
portional to the typical relative fertility rates of the various
age groups and was chosen so that the resulting adjusted rate
would be of the same order of magnitude as the crude birth
rate. The U.N. rate represents a simple device for eliminating
the effects of changes in sex-age structure in the measurement
of the fertility trend and the estimation of future births.

For purposes of the population projections for Costa Rica,
we begin by determining the U.N. sex-age adjusted birth rate
for a current year (50.32). We then project the rate on the same
assumptions as we projected the total fertility rate. For
example, the sex-age adjusted birth rate under the medium
assumption in 1970 is .95 X 50.32, or 47.80. We next calculate
the weighted aggregate of women of childbearing age in each
projection year and multiply the projected rate by the weighted
aggregate:

* United Nations, Methods for Population Projections by Sex and Age,
pp. 41-50.

For the medium series in 1970, we have:
B=.0478 X 1,490,299
B=171,236

It may be observed that in the present case the differences
among the projections of births derived on the basis of the
total fertility rate and the U.N. sex-age adjusted birth rate are
very small for all years (table 24-5).

Some of the methods of extrapolating fertility rates parallel
those of extrapolating mortality rates. Straight lines or curves
may be fitted to determine the trend of the rates in the past,
a rate of change may be assumed for each future quinquen-
nium, a target schedule of rates may be assumed for the end
of the projection period (or beyond) and intermediate values
calculated by interpolation, and so on. Knowledge from a wide
variety of sources can be brought to bear in making these
assumptions. These include the trends in other countries,
fertility differentials (e.g., urban-rural, geographic, ethnic)
within the country in question, current practices and attitudes
about family limitation as obtained from sample surveys or
clinic records, national programs and plans in the field of
family limitation, and information or theory concerning the
relationship between fertility, on the one hand, and marriage
patterns, family systems, sexual practices, infant mortality,
survival to childbearing age, desired and expected numbers
of children, employment of women outside the home, and
economic conditions, on the other hand. As in the case of
mortality, studies at the Institut national d'études démograph-
iques in Paris are helping to provide information about the
biological limits on fertility.3® Henry has developed a mathe-

* Louis Henry, “Fécondité et famille” (Fertility and family, Population,
12(3):413-444, July~September 1957.
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Table 24—7.—Calculation of Projections of the Female Population of Costa Rica, by Age, According
to the Medium Fertility Assumption, for 1970 to 1985

[Projections assume no net migration. Heavy lines identify a S-year age cohort]

Projected Projected Projected Projected
Estimated Survival population, Survival population, Survival population, Survival population,
Age population, rate, , July 1, 1970 rate, July 1, 1975 rate, July 1, 1980 rate, July 1, 1985
(years) July 1, 19651 | 1965-70 1970-752 1975-80° 1980-85>
M x @)= (3) x (4)= (5) x (6)= (7) x (8)=
[¢0)] ) (3) (4) ) (6) (@) (8) [€)]

Al 8ges”..eiiieiinennien 742,080 (X) 884,782 (x) 1,053,262 (X) 1,254,427 (X) 1,492,527
BATtNS s e ierernarosnannensen 164,638 . 9660 190,169 9744 223,773 .9801 262,655 .9838 (x)
Under S.ececescnsscasesconces 144,520 .9892 159,040 .9925 185,301 .9948 219,320 .9963 258,400
5 10 Qiveesensncsssonscencsns 117,715 .9962 142,959 .9972 157,847 .9981 184,337 .9986 218,509
10 40 14uvsvsvossvsacnscssass 92,875 . 9956 117,268 .9967 142,559 9976 157,547 .9982 184,079
15 30 19.vsnescccencssnnnasee 72,385 .9935 92,466 .9952 116,881 . 9965 142,217 29974 157,263
20 30 24.000cassossrssrcessas 58,115 .9920 71,914 .9940 92,022 .9956 116,472 + 9966 141,847
25 10 29cueiescsnrvarnccocass 48,275 . 9909 57,650 .9929 71,483 9945 91,617 L9956 116,07€
30 t0 34.seveasncssscecnocnne 42,325 .9893 47,836 L9913 57,241 9929 71,090 L9941 91,21
35 10 39 ccncconnsovecnsraces 36,875 .9866 41,872 .9886 47,420 .9903 56,835 L9915 70,671
40 $0 ddicvasaccreseresrocnce 29,815 .9814 36,381 .9835 41,395 .9853 46,960 .9868 56,352
45 10 49uererrarraanranianies 25,200 9731 29,260 9754 35,761 L9775 40,786 9792 46,340
50 10 54cs0ceenccrrescsncnsas 21,275 .9609 24,522 .9637 28,540 . 9661 34,976 .9680 39,938
55 10 59ccvesacsonnosenanirne 16,065 .9402 20,443 9437 23,632 . 9466 27,572 L9491 33,857
60 10 64sseevccascsscnnnsnsan 12,520 .9036 15,104 .9083 19,292 .9122 22,370 L9161 26,169
65 10 69vevveenconeassanssanes 9,205 L8429 11,313 8490 13,719 .8549 17,598 . 8609 20,493
70 0 Thussesecnsrccesacsases 6,190 L7525 7,759 .7602 9,605 7677 11,728 L7764 15,150
75 0 79ueecveaseecnnsessncnne 4,085 .6323 4,658 L6410 5,898 L6493 7,37 L6592 9,106
80 BNd OVeTussecssnssseoansse 4,640 .3781 54,337 .3828 54,646 .3869 55,628 .3913 57,063

X Not applicable,

! Source: Costa Rica, Direccién general de estadistica y censos, “Prqyeccién de la poblacién de Costa Rica por sexo y grupos de edad, 1965-1990" (Projections
of the population of Costa Rica by sex and age. 1965-1990), by Ricardo Jiménez J. er al., Serie Demografica No. 5, Revista de estudios y estadisticas, San José,

No. 8, October 1967, table 34.

2 Selected from table V of: United Nations, Methods for Population Projections by Sex and Age, Series A. Population Studies, No. 25, 1956. See text for

explanation.
3 Total excludes births.
4 See table 24-6, medium series.

5 Derived from populations and survival rates on same and previous lines: [(p¥; 54X s15-70) + (Psos X ss0+) 1.

matical model for the legitimate fertility of couples not practic-
ing any form of birth control, which takes account of a number
of biological factors as well as of the duration of their
marriages.

The method of projection of age-specific fertility rates
developed by Coale and his colleagues at Princeton University
for the League of Nations was similar to their method of pro-
jecting mortality rates in that the trend was determined by the
height of the rate in the base period. “The fertility rate of each
age group was projected on rectangular hyperbolas whose
heights were determined by rates of the base periods, in general
taken subsequent to 1935, and whose initial slopes, taken as
of 1930, came from height-slope relations characterizing
European experience in the ‘twenties’ and ‘thirties.” ** 4

In its use of the sex-age adjusted birth rate (s.a.a.b.r.), the
United Nations has usually formulated fairly simple arithmetic
assumptions about future trends. Underlying the simple formu-
lations, however, was usually a good deal of analysis and
theory. In the projections published in 1966, for example, a
considerable theoretical analysis led to a general assumption
of a continuous but irregular decline of the s.a.a.b.r. for each
region over a 30-year period to one-half of its initial level,
for the high fertility countries.#? Alternative dates of onset
were set for each region; the high fertility assumption repre-
sents a late date and the low fertility assumption, an early date.
(See discussion of “United Nations Projections of 1966
below.)

4 Notestein et al., op. cit., p. 189.
4 United Nations, World Population Prospects as Assessed in 1963, pp.
45-46.

Cohort-fertility method.—The period-fertility method is
very simple to apply operationally, but it does not always
yield reasonable levels of implied family size. Furthermore,
there is no logical basis for projecting the trend of annual
fertility and the levels assumed for various dates in the projec-
tion period are extremely arbitrary. The cohort-fertility
approach tries to overcome these weaknesses of the period-
fertility approach. The variation of the cohort-fertility method
described here employs data on the fertility history of birth
cohorts of women, as they progress through the childbearing
ages. As may be recalled from chapter 16, cohort fertility data
represent the cumulative fertility of specific birth cohorts of
women to each successive age. It may be noted that this varia-
tion of the method, like the period method, involves only the
variable of age.

In the cohort-fertility approach, the fertility assumptions are
directly formulated in terms of the completed fertility of real
cohorts of women, so that unreasonable or unlikely assump-
tions concerning completed family size may be avoided. In
fact, projections of births derived by other procedures should
be evaluated, in part, in terms of the implied completed family
size. The cohort-fertility approach makes possible the use of
additional information and relationships, such as information
on the expressed expectations of women regarding completed
family size that have been obtained in national or local sample
surveys, and historical evidence regarding the relation of
cumulative fertility or mean age of childbearing to completed
fertility size, etc.

The cohort-fertility method may be applied in different
ways. We describe the variation employed by the U.S. Census
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Bureau in its 1967 projections. The steps are: 4

1. Selecting “‘terminal” levels of completed fertility for the
annual birth cohorts of women which will reach childbearing
age in the future (table 24-8). Four alternatives, corresponding
to the four series of population projections planned, were
selected. They are as follows: Series A, 3,350; Series B, 3,100;
Series C, 2,775; Series D, 2,450. In arriving at these figures,
account was taken of ‘“‘expectations” data from various na-
tional fertility surveys and of historical trends regarding the
variations in completed family size.

2. Assigning age patterns, representing the distribution
of births by age of mother over the childbearing span, to the
terminal levels of completed fertility in step (1) (table 24-8).
Four patterns corresponding to each of the four terminal levels
of completed fertility were selected. They are based on the
age patterns of fertility of various historical cohorts which
had completed fertility rates similar to those set for the four
series.

3. Developing assumptions on the completed fertility
of each annual birth cohort of women which had already
reached childbearing age by the base year of the projections,
consistent with cumulative fertility to date for each cohort
and in line with the assumed distribution by age and the
assumed completed fertility rates for the cohorts which will
reach childbearing age in future years determined in steps (1)
and (2) (table 24-9). The completed fertility rates for these
older cohorts would not agree with those for the younger
cohorts in step (1) because of the fertility cumulated to date.

4. Calculating the cumulative fertility rates for each cohort
to each age of childbearing, and the implied age-specific birth
rates, in each future year (table 24-10).

5. Applying the age-specific rates in step (4) to projec-
tions of the female population of childbearing age to obtain
the number of births for each year.

The cohort-fertility rates are first extended to the most
recent year for which the total number of births is known and
then tied in with the overall level of fertility estimated for that
year. This is accomplished by projecting the available age-
specific birth rates according to various assumptions to the
current year, selecting that series which most closely yields
the reported number, and then adjusting the rates to yield
exactly the reported number of births (cf. indirect method of
standardization, ch. 16). In the procedure followed by the U.S.
Bureau of the Census, cumulative fertility data available from
the National Center of Health Statistics to January 1, 1965,
were projected to January 1, 1966, and were then forced to be
in line with the estimated number of births for 1965. The cumu-
lative rates for the various cohorts for January 1, 1966, were
then extended to the end of the childbearing period on the basis
of previously established assumptions regarding their com-
pleted fertility and the pattern of age-specific birth rates.
Similar patterns were used to distribute the assumed com-
pleted fertility of new cohorts entering the childbearing ages
after 1965 over the childbearing period.

In preparing these projections limited account was taken of
information on the expectations regarding completed family
size reported by representative national samples of married
couples included in the Growth of American Families (GAF)
Studies of 1955 and 1960 and in the University of Michigan

2 U.S. Bureau of the Census, Current Population Reports, Series P-25,
No. 381, “Projections of the Population of the United States, by Age, Sex, and
Color to 1990, With Extensions of Population by Age and Sex to 2015, by
Jacob S. Siegel, December 1967, pp. 18-32 and appendix A.

Table 24-8.—Summary of Age-Specific Birth Rates Used in
Distributing Terminal Completed Cohort Fertility Rates by
Age, According to Four Projection Series, for the United
States

{Rates are based on the female population adjusted for net census undercounts.
These rates apply exactly to cohorts born after July 1, 1954 and reaching age
14 after July 1, 1968]

Age of woman Series Series Series Series
(years) A B C D
BIRTH RATES
87.4 77.0 64.5 51.8
233,7 203,6 168.0 131.8
180.9 167.9 150.8 133.8
102.5 103,1 101.6 100,4
50.7 53,0 54,3 55.9
14,0 4.6 15.0 15.4
45 30 492, it iiiiiiineneenen. 0.8 0.9 0.9 0.9
Completed fertility rate’...,. 3,350.0| 3,100,0| 2,775.0| 2,450.0
Median age of mother....eerse. 25,3 25.8 26.4 27.2
PERCENT OF TOTAL
13.0 12.4 11.6 10.6
34,9 32.8 30.3 26,9
27.0 27.1 27.2 27.3
15.3 lo,6 18.3 20,5
7.6 8.5 9,8 1l.4
2.1 2.4 2.7 3.1
45 10 49.eeteeinransinacnconns 0.1 0.1 0.2 0.2
Completed fertility rate...... 100,0 100.0 100,0 100,0

! Includes births to women under 15 years of age.

2 Includes births to women 50 years old and over.

3 Sum of age-specific birth rates over all childbearing ages for cohorts born
after July 1, 1954 and reaching age 14 after July 1, 1968,

Source: U.S. Bureau of the Census, Current Population Reports, Series P-25,
No. 381, “Projections of the Population of the United States, by Age, Sex, and

Color to 1990, With Extensions of Population by Age and Sex to 2015, Decem-
ber 18, 1967, table S.

Table 24-9.—Estimated and Assumed Completed Fertility
Rates, for 5-Year Birth’ Cohorts of Women, According to
Four Projections Series, for the United States: Birth Years,
1900-05 to 1960-65

[Average number of ¢hildren born by end of childbearing period per 1,000
women. Rates below the heavy line are projections. Completed fertility rates
for birth periods 1950-55 and later correspond approximately (1950-55)
or exactly (1955-60 and later) to the “‘terminal” rates]

Cumu- .
Age on lative Completed fertility rate
Birth period of July 1, fertility
women 1965 rate to . . . .
Series Series Series | Series
(years) Jan. 1, B c
1966

1900-1905, 40 000uu, | 60 t0 64| 2,421 | 2,421 | 2,421 2,421 2,421
1905-1910......000 | 55 t0 59| 2,273 2,273 | 2,273 | 2,273 | 2,273
1910-2915,,uuuu0s. | 50 o 54| 2,310 | 2,310| 2,310| 2,310 2,310
1915-1920...0..0., | 4510 491 2,553 | 2,553 | 27553 | 275531 27553

1920-1925.....00.s | 40 t0 44| 2,844 [3,805 | 2,865 2.863 | 2265
1925-1930.....000. | 35 40 39| 2,978 | 3,133 | 3,122 3,117 | 3,115
1930-1935......... | 30 t0 34| 2,913 | 3,383 | 3,372 | 3,366 | 3,357
1935-1940,........ | 25 to 29| 2,284 | 3,368 | 3,346 | 3,322 | 3,295
1940-1945......... | 20 to 24| 1,084 | 3,305 3,111 | 2,071 | 2,883
1945-1950.100v00e. | 15 to 19 157 | 3,320 | 3,087 | 2,778 | 2,504
1950-1855,10000v.. | 10 to 14 3| 3,347 3,098 | 2,775 | 2,451
1955-1960, .0 0.su.. 5439 -1 3,350 3,100 2,775 | 2,450
1960-1965.0,400... | Under 5 -1 3,35 3,100 2,775 | 2)450
1965 and later.... (2 - | 3,350 3,200 2,775 | 2,450

— Represents zero.

! Period extends from July 1 of initial year to June 30 of terminal year.

 Born after July 1, 1965.

Source: U.S. Bureau of the Census, Current Population Reports, Series P-25,
No. 381, “Projections of the Population of the United States, by Age, Sex, and
Color to 1990, With Extensions of Population by Age and Sex to 2015,” Decem-
ber 18, 1967, table R.
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Table 24-10.—Estimates and Projections of Cumulative and Completed Fertility Rates, by Birth
Cohort of Women, According to All Series and Series C, for the United States: Birth Years,

1900-01 to 1939-40

[Rates represent cumulative live births per 1,000 women up to age indicated. Rates below heavy lines are based, in whole or part, on
age-specific birth rates projected for years after 1966]

Completed Median
. Up to Up to Up to Up o Up to 1
Birth year of mother fertility age of
Y age 20 age 25 age 30 age 35 age 40 rate mother
All series
1900-1901..... esessrensiseerresons 287 1,112 1,780 2,195 2,430 2,511 25,9
1901-1902. e v eveesnonsnsscaasacaccns 310 1,115 1,750 2,135 2,355 2,435 25,7
1902-1903...... bevevessacaans vesnen 314 1,113 1,737 2,121 2,344 2,426 25,7
1903-1904 35 1,091 1,697 2,083 2,310 2,392 25,8
1904-1905 . 314 1,053 1,646 2,026 2,261 2,343 25.9
1905-1906 311 1,028 1,602 1,981 2,226 2,306 25.9
1906-1907 307 1,004 1,564 1,346 2,202 2,282 26.1
1907-1908 303 982 1,539 1,934 2,201 2,279 26,3
1908-1909. 4 ceursecresvarsassnscnoss 290 933 1,478 1,888 2,154 2,230 26,5
1909-19100 vt uneecnscasasnnersancee 281 916 1,476 1,910 2,188 2,268 26,8
1910-1911 e vevrecenaraseronsornnnes 279 897 1,467 1,926 2,205 2,285 27.1
1911-1912, . cvvecncncovecvsonsonvans 274 888 1,472 1,951 2,222 2,303 27,2
1912-1913, 0 eunreceranarccrcnnarsons 264 879 1,487 1,979 2,246 2,328 27.3
1913-1914.ceueeernrccacaranes veerena 248 868 1,499 1,988 2,253 2,334 27.4
1914-1915, . cctrveneernsncsenrsnanes 240 856 1,498 1,986 2,252 2,331 27.4
1915~1916.. teeennes 243 871 1,538 2,035 2,307 2,387 27.3
1916-1917.. ceee . 244 891 1,590 2,088 2,362 2,442 27.2
1917-1918. . ccvencenreennanennns .o 248 930 1,649 2,155 2,442 2,522 27.3
1918-1919,ss0veesnnsscansanss ennes 263 1,003 1,772 2,269 2,560 2,640 27.2
1919-1920. s 0eveeresaorvesnncsosnsns 273 1,034 1,827 2,391 2,695 2,777 27.2
Series C

1920=1921. civnnrsocnrcnonccnens aeee 269 1,016 1,841 2,406 2,701 2,778 27.0
1921-1922.. . 273 1,049 1,886 2,457 2,747 2,822 27.0
1922-1923...... veee cnes . 281 1,087 1,924 2,500 2,782 2,854 26.9
1923=1924. 0 cveieerscnncnns vensruees 289 1,126 1,980 2,558 2,834 2,903 26,8
1924=1925, st viarecnancersscnvavnnes 280 1,166 2,048 2,622 2,893 2,959 26,7
1925-1926.0cencarscrrocsscsncssanns 266 1,205 2,105 2,676 2,937 3,002 26.5
1926=1927¢c0veecnsss Ceererseacsnees 275 1,253 2,162 2,724 2,971 3,036 26,3
1927-1928...0.4.0 Cevencrentacsonnee 320 1,322 2,256 2,817 3,058 3,124 26,2
1928-1920 . curnasrecrtnnscnnrasncns 351 1,376 2,315 2,867 3,100 3,166 26.0
19291930 .0 esssvancerssosnsesssane 377 1,449 2,415 2,966 3,191 3,258 25.8
1930-1931...... N 384 1,480 2,445 2,97 3,197 3,264 25.7
1931=1932. ceeiesvnsnrorrensecasnnes 407 1,550 2,526 3,034 3,257 3,324 25.5
1932-1933., 426 1,633 2,619 3,112 3,337 3,404 25,3
1933-1934,. . 438 1,675 2,649 3,126 3,352 3,420 25.2
1934m1935. v revecntascnaranssnnas 448 1,704 2,658 3,120 3,348 3,416 25.0
193521936, c0cencencrnanons PP 454 1,729 2,655 3,110 3,339 3,408 24.9
1936-1937. . veeerenenssnnsns sesenanes 464 1,730 2,615 3,069 3,300 3,369 24.8
1937-1938. s i eivnrrarrsenosreconnens 479 1,735 2,576 3,032 3,264 3,333 24,7
1938-1939. ccvivecnrnronnserranes Ve 481 1,714 2,516 2,973 3,207 3,276 24.7
1939=1940. . veternrecreerscnsncencss 487 1,691 2,462 2,920 3,155 3,225 24.6

Source: U.S. Bureau of the Census, Current Population Reports, Series P-25, No. 381, “Projections of the Population of the United States, by Age, Sex, and
Color to 1990, With Extensions of Population by Age and Sex to 2015,” Dec. 18,1967, table A-1.

national sample surveys of 1962, 1963, and 1964.4% (See the
section on “Expected and Ideal Size of Family” in ch. 17.) The
methods and results of these studies were rather similar. The
terminal levels of completed fertility assumed for the B and
C Series of fertility projections “‘straddled” the mean number
of children expected by women in these surveys.

The cohort method of projecting fertility may be extended to
take into account other variables in addition to age, particu-

43 The former studies were carried out by the Scripps Foundation for Research
in Population Problems, Miami University, and the Survey Research Center,
University of Michigan, and the latter studies were carried out by the Popula-
tion Studies Center and the Survey Research Center, University of Michigan.
The methods and results of the 1955 and 1960 surveys are described in: Ronald
Freedman, Pascal . Whelpton, and Arthur A. Campbell, Family Planning,
Sterility, and Population Growth, New York, McGraw Hill, 1959; and Pascal
K. Whelpton, Arthur A. Campbell, and John E. Patterson, Fertility and Fumily
Planning in the United States, Princeton, N.J., Princeton University Press,
1966. The design and results of the 1962-64 studies are described in: Ronald
Freedman and Larry Bumpass, “Fertility Expectations in the United States:
1962-64,” Population Index, 32(2):181-197, April 1966.

larly marital status. Like the general cohort method, this
method employs cumulative fertility rates for birth cohorts of
women and assumed levels of completed fertility. In this more
elaborate method, however, the rates relate only to married
women, and hence assumptions must be made about the pro-
portion of women in each birth cohort who will have married
by various later ages and about the fertility rates for ever-
married women cumulated to these ages. The cumulative fer-
tility experience of each birth cohort to date for ever-married
women is taken into account, of course.

Applications of this method were made by Whelpton and his
associates, who based their projections of completed fertility
of ever-married women on the fertility expectations reported by
married women in the 1955 and 1960 GAF Studies.** In their
second study, they developed three series of population pro-

4 Freedman, Whelpton, and Campbell, op. cit., chapter 11; and Whelpton,
Campbell, and Patterson, op. cit., chapter 10.
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jections —high, medium, and low —based on different assump-
tions regarding the percent of women who will ever marry, the
“average size of family” (i.e., completed fertility rate for ever-
married women), and the distribution of birth rates by age of
mother for ever-married women over the childbearing span.
(The mortality assumptions were essentially the same as those
used in the Census Bureau projections, except that the compu-
tations were carried out for 5-year age groups by 5-year time
periods. Net immigration was assumed to be 300,000 per year,
distributed by age and sex like the immigrant aliens in the
period 1957 to 1962.) The specific steps followed in develop-
ing the three series of projections of births are as follows:

1. Projections were made of the proportion of women who
will have married by specified ages in groups of birth cohorts
(tables 24-11 and 24-12). The three series imply corresponding
changes in median age at marriage. For example, the medium
series implies a small increase (less than 1 year) in the median
age at marriage.

2. Next, projections were made of the cumulative fertility
rates of ever-married women up to specified ages in groups of
cohorts, including the final ages of fertility. The cumulative
marital fertility rates for each cohort group were projected to
the end of the childbearing ages on the basis of the average
expectations regarding the size of completed families reported
in the GAF Studies. The cumulative figures up to specified
ages also had to be determined. For example, for cohorts
entering the marriageable ages about 1980-85, 74.0 percent of
the cumulative births for ever-married women would have
occurred by age 30 in the medium series, as compared with
59.0 percent for the cohorts entering the marriageable ages in
the early 1930’s. ‘

3. The cumulative fertility rates for ever-married women
in groups of birth cohorts were then converted into rates for
all women by multiplying the cumulative fertility rate for ever-
married women in a given age group at a given date (item 2
above) by the proportion of women who have married by that
age (item 1 above):

B(‘um —- P{m Brum
p{ P P, @)

The “medium” size of completed family indicated by the
married women in the GAF Study of 1960 was adjusted to
represent all women and accepted as the medium assumption
for completed family size in the Scripps Foundation project-
tions (2,820). The high (3,395) and low (2,275) assumptions
correspond to the highest and lowest completed fertility rates
that have been reached or seem likely to be reached by cohorts
born so far in this century (1930-35 and 1905-15, respectively).

4. The rise from one age group to another in the cumula-
tive fertility rate of all women, for a given group of birth
cohorts (item 3), was used to derive the number of births added
per 1,000 women in a given initial age group during each 5-year
interval.

5. The projections of births per 1,000 women in a given
initial age group in a 5-year period (item 4) were then applied
cumulatively to the female population by age at the beginning
of the interval to obtain the number of births occurring to the
women during the period.

Another demographic variable which may be taken into
account in the application of the cohort-fertility method is the
order of birth of the child. Completed fertility rates for a given
birth cohort and birth order would represent the number of
births of a given order per 1,000 women or ever-married

Table 24-11.—Estimated and Projected (Medium Series)
Cumulative Marriage and Fertility Rates for Cohorts of
Women Born in 1930 to 1935, by Successive Ages, for the
United States

[These cohorts reach 15 to 19 years of age in 1950 and 45 to 49 years of age in
1980. Percents and rates below the horizontal line are projections}

Number of
Cumulative Number of births per
births per 1,000 1
percent ever , tota
Age ied 1,000 women women
(years) marrie ever married
(1) x (2)=
(1) (2 (3)
17.3 729 126
69,8 1,397 975
89.3 2,390 2,134
33,5 3,075 3,5
9%.0 3,350 3,149
95.0 3,440 3,268
95.5 3,450 3,295

Source: U.S. Bureau of the Census, Current Population Reports, Series P-25.
No. 286, “Projections of the Population of the United States, by Age and Sex:
1964 to 1985, With Extensions to 2010,” July 1964, table D-2.

Table 24-12.-—Estimated and Projected (Medium Series)
Cumulative Marriage and Fertility Rates Up to Ages 45 to 49,
for 5-year Birth Cohorts of Women, for the United States:
Birth Years, 1900-05 to 1950-55

[Percents and rates below the horizontal line are projections|

Year in which Births per
cohorts reach Percent Births per 1,00?
Birth periof of ever 1,000 women tota;
woman Ages 15 Ages 45 | married | ever married women
to 19 to 49 (3) x (4)=
(1) ) 3) (4) (5)
1900~1905, 0.0 00ss 1920 1950 92,2 2,625 2,420
1905~1910.00usas . 1925 1955 92.4 2,458 2,271
1910-1915. .0 000as 1930 1960 93,3 2,481 2,315
1915-1920. .00 000s 1935 1965 95,0 2,700 2,565
1920-1925, 400000 1940 1970 96.5 3,000 2,895
1925-1930,, 1945 1975 96,0 3,300 3,168
1930-1935.. 1950 1980 95.5 3,450 3,295
1935-1940., 1955 1985 95,0 3,300 3,135
1940-1945..00000e 1960 1990 9,5 3,200 3,024
1945-1950. 000 00as 1965 1995 9%, 5 3,100 2,930
1950-1955. 00 veaes 1970 2000 94,0 3,000 2,820
1955 or later....| 1975 or | 2005 or
later later 94.0 3,000 2,820

! Period extends from July 1 of initial year to June 30 of terminal year.

Source: U.S. Bureau of the Census, Current Population Reports, Series P-25,
No. 286, “Projections of the Population of the United States, by Age and Sex:
1964 to 1985, With Extensions to 2010,” July 1964, table D-1.

women at the end of childbearing. The available cohort fertility
tables for the United States include order of birth as a variable,
but not marital status.*s It would be possible, however, to
extend the cohort-fertility method to include both order of
birth and marital status. The expectations data from the
fertility surveys provide a basis for making assumptions regard-
ing the fertility rates for first births, second births, etc., at the
end of childbearing. This approach requires assumptions not
only about the completed fertility of each cohort and the
timing of their future births, but also about the future age at
marriage, or percents ever-married by age, and order-specific

# See, for example, U.S. National Center for Health Statistics, Vital Statistics
of the United States, 1966, Vol. 1, Natality, 1968.
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marital fertility. These additional assumptions, like the basic
ones required by the simpler variation, are subject to consider-
able uncertainty and may contribute to an increase in the
“error” of the projections. On the other hand, the explicit
introduction of the additional variables relating to marriage
and order of birth assures reasonable implicit assumptions in
these components of the overall fertility rates.

In spite of the apparently superior logic of the cohort-
fertility approach to projections of births as compared with the
period-fertility method, it has a number of weaknesses. First,
there are serious difficulties in determining the future level
of completed fertility of each cohort; yet, the results depend
heavily on these assumptions. Expressed birth expectations
may be unreliable because of changing circumstances,
particularly for young women who have recently married and
who have not begun childbearing. Making assumptions about
the level of completed fertility is particularly hazardous for
cohorts which have not yet married or even entered the child-
bearing ages, for whom expectations data are not available.
(In only a few years women who are not currently married
will be contributing a large share of births —about 50 percent
in the fifth year of the projection period on the basis of U.S.
data, for example.)

There are problems also in developing realistic assumptions
regarding the timing pattern of the-various cohorts —the other
important determinant of the annual number of future births.
(Changes in timing affect period rates even when the size of
the completed family does not change.) The past may not be
a good guide because of prospective changes in the socioeco-
nomic milieu, and the survey data on birth expectations now
available can tell us little or nothing about future annual
changes in fertility, particularly after a few years of the pro-
jection period have passed.® Mathematical procedures for
projecting the fertility of cohorts which have already started
childbearing may be useful for these cohorts but cannot serve
as a satisfactory basis of projecting the total fertility and
timing pattern of cohorts which have not yet entered child-
bearing.*” Accordingly, research has turned to an alternative
method, the marriage-parity-interval progression method,
which involves a greater disaggregation of the data and a more
realistic structuring of the components.

Marriage-parity-interval progression method.— A number of
sequential probability methods may be devised which take
several fertility-related variables into account simultaneously.
They employ fertility rates in the form of probabilities and es-
sentially operate in attrition fashion, using as successive bases
the progressively smaller numbers of women who have ex-
perienced each successive type of event. The particular sequen-
tial probability method described here, designated the marriage-
parity-interval progression method, takes joint account of the
variables of marriage, parity, and birth interval, as the name
suggests. Single women are reduced in numbers by marriage,
childless married women may become 1-parity women, 1-
parity women may become 2-parity women, etc. The specific
procedure employed in developing *‘high” projections of births
for the United States from 960 on by the marriage-parity-

“ For a general criticism of expectations data as a basis for projections of
births, see Norman B. Ryder and Charles F. Westoff, “The Trend of Expected
Parity in the United States: 1955, 1960, and 1965.” Population Index 33(2):153-
168, April-June, 1967; and Jacob S. Siegel and Donald S. Akers, **Some Aspects
of the Use of Birth Expectations Data from Sample Surveys for Population
Projections,” Demography 6(2):101-115, May 1969.

" Donald S. Akers, “Cohort Fertility vs. Parity Projection as Methods of
Projecting Births, Demography, 2:414-428, 1965,

interval progression method, as devised by Wilson H. Grabill
of the U.S. Bureau of the Census, is as follows:4®

1. First marriage rates (i.e., first marriages at a given age
per 1,000 women single at the next younger age) were com-
puted by single years of age, primarily on the basis of the 1960
census data on the percent single among women (table 24-13).
As suggested in chapter 19, such rates may be computed on
the basis of the age-to-age changes in the percent single shown
by the census, expressed as a percent of the figure at the earlier
age. (Adjustments may then be made to obtain a smoother pat-
tern of marriage rates at some ages.) '

Table 24-13.— Assumed (High Series) First Marriage Rates
for the White Population of the United States, by Age

[First marriages at age x per 1,000 women single at age x—1}

; First : First
Age at last birthday . Age at last birthday .
marriage marriage
(years) tates (years) rares
11 60
12 45
35 35
67 29
142 23
212 18
239
17
255 16
250
235 13
13
2 eeiriicinanarsonnses 200
250siteiscnanasnrsenne 170 11
260i00seensensncnrsnne 140 16
27 0eses resercesutnans 120 8
-1 verenns ves 100 7
29 eeernrssincnns veses 80 7

Source: U.S. Bureau of the Census, Current Population Reports, Series P-25,
No. 286, “Projections of the Population of the United States, by Age and Sex:
1964 to 1985, With Extensions to 2010,” July 1964, table E-|.

2. These age-specific first marriage rates (item 1 above), in
combination with an initial distribution of single women by age
and age-specific survival rates, were used to derive annual
projections of first marriages of women of childbearing age, and
of women who were still single, by age. The marriage rates and
survival rates were first applied to the single population by age
on the census date to obtain estimates of the number of women
who married in the year after the census and the number still
single at the end of the year. This process was repeated from
year to year. (A single set or a variable set of first marriage
rates could be used in future years.)

3. Next, parity-interval-specific birth rates were estimated.
As may be recalled, a parity-interval-specific birth rate repre-
sents the probability that a woman of parity n at a given date
will have a birth of order n+ 1 during the next year, specific by
the interval since marriage or previous birth. For this purpose,
it was necessary, in effect, to develop estimates of women by
parity and interval since the birth of the previous child (interval
since marriage for childless or zero-parity women) and of births
by order and interval since the birth of the next lower order. In
the calculation of the parity-interval-specific rates, extensive
use was made of annual birth registration data by age and order

“ U.S. Bureau of the Census, Current Population Reports, Series P-25, No.
286, “‘Projections of the Population of the United States, by Age and Sex, 1964 to
1985, With Extensions to 2010,” by Jacob S. Siegel, Meyer Zitter, and Donald S.
Akers, July 1964, pp. 35-37 and 84-86.
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of birth over a period of about 20 years compiled by the Na-
tional Center for Health Statistics, and of sample survey data
compiled by the Bureau of the Census that classified women
by date of marriage and date of birth of each child and from
which interval between births was inferred.*® Intervals of 12
months were used in the distribution of women in each parity
group, and parity groups up to the sixth (the terminal group
being seventh and over) were considered separately. Two sets
of birth rates for the second to sixth order were computed—an
“initial> set which was assumed to apply only to the year after
April 1, 1960, and a “terminal” set which was assumed to
apply to certain later years (table 24-14).

4. The initial parity-interval-specific birth rates (item 3)
were then applied to the female population by parity and birth
interval in 1960 to secure projections of births by order and
birth interval in the year after the 1960 census. The results
were then used to obtain projections of the female population
by parity and birth interval for the end of the first year, which
became the basis for the application of the interpolated parity-
interval-specific birth rates for the second year after April I,
1960, and so on sequentially. If allowance has to be made for

illegitimate births, first births may be increased by an appro-
priate percentage. Alternative series of birth projections could
be based on higher or lower parity-interval-specific birth rates.

In the application of the marriage-parity-interval progression
method described, no direct account was taken of the distri-
bution of the women by age or year of marriage in estimating
the births (except in the projection of first marriages). How-
ever, the concentration of births within a narrow spacing range
provides some indirect control of age. In the absence of in-
formation on age, it is very difficult to convert the fertility
rates used in the marriage-parity-interval progression method
into completed fertility rates for birth cohorts. The method can
be elaborated to incorporate the factor of age or duration of
married life, but the necessary information is only infrequently
available.

The application of the marriage-parity-interval progression
method requires a considerable volume of data relating to the
marriage and childspacing practices of women, based pref-
erably on census or survey data on marriage histories and birth
rosters for age cohorts of women. Even so, at best, only cur-
rent rates can be directly derived from these data, and pro-

Table 24—14. — Assumed (High Series) Initial and Terminal Values for Parity-Specific Birth Rates
of Children of First to Fifth Order, by Birth Interval, for the White Population of the United

States

[Births of given order n during interval per 1,000 women of parity n— 1 at start of interval]

Initial values Terminal values
Interval since first marriage 1st births

of women or since birth date per 1,000 2nd births 3rd births 4th births Sth births 2nd births 3rd births 4th births Sth births

of previous child O-parity per 1,000 per 1,000 per 1,000 per 1,000 per 1,000 per 1,000 per 1,000 per 1,000

(months) womenl 1-parity 2-parity 3-parity 4-parity 1-parity 2-parity 3-parity 4-parity

women women women women women women women women
0 to1ll...... ceessescsersanae 332 39 28 23 20 36 25 21 20
12 $0 23.0cevesvesscssncncene 409 357 221 201 180 335 198 183 172
24 10 35.ierevecnncecscerenan 317 351 215 188 170 323 191 168 155
36 10 47eieirencecnccocnecnen 234 302 184 147 133 261 158 125 114
48 10 59ucttrrcscssrncessonne 179 262 142 108 99 214 119 88 79
60 0 Tlicseesncsscocncennass 153 199 108 59 55 150 89 42 35
72 t0 B3ievinaoncncscccnrenes 118 159 85 50 48 117 &9 35 30
84 10 95ueencrsecsasinsiosens 85 125 68 41 41 92 54 28 25
96 £0 107..0uerseessasonseans 62 108 56 36 36 75 4l % 22
108 10 119 4euecescsssscscsen 43 87 46 30 31 61 36 20 19
120 t0 131.ceeosnsvsosnvccnna 39 63 21 22 22 44 13 10 9
132 10 143.00eeanscccecsnrven 30 49 18 14 1e 38 11 7 6
144 10 155, 00tennsnccacennes 23 43 16 10 10 34 10 5 4
156 10 167.00ecccsncranansons 17 %3 16 8 8 27 10 4 3
168 10 179, 40eecescsencencens 13 42 15 6 5 22 9 3 2
180 to 191..... ceescssanansas i3 31 11 3 3 18 7 1 1
192 %0 203, 0ueeevccccncncene 11 20 6 - - 13 4 - -
204 10 215, ciecencercsornnns 8 14 - - 8 - - -
216 10 227.00eeececcsssrrocae 7 10 - - - 4 - - -
228 10 239, 40encecnenrcncnnnn 5 5 - - - 3 - - -
240 t0 251.uvecnrscnnssnsones 6 2 - - - 2 - - -
252 10 263.400s00s0s0cccnce .. 4 1 - - - 1 - - -
264 t0 275, 000acercncsersenes 3 - - - - - - - -
276 10 287, 00veecencscsscnns 2 - - - - - - - -
288 10 299, ii00cesovansoncnes 1 - - - - - - - -
300 and OVer,.cccesssssvevens - - - - - - - - -

— Represents zero or rounds to zero.
1 Initial and terminal values are the same.

Source: U.S. Bureau of the Census, Current Population Reports, Series P-25, No. 286, “‘Projections of the Population of the United States, by Age and Sex: 1964

to 1985, With Extensions to 2010,” July 1964, tables E-2 and E-3.

4 U.S. Bureau of the Census, Current Population Reports, Series P-20, No.
108, “Marriage, Fertility, and Childspacing,” August 1959, by Wilson H. Gra-
bill and Robert Parke, Jr., July 12, 1961.
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jection of the rates to allow for possible future changes is still
necessary. There may be few, if any, guides for doing this, as in
the case of cohort fertility rates.

The marriage-parity-interval progression method may be
most useful in making short-term projections of births since
changes in marriage and childspacing patterns would be ex-
pected to change less in the short term than in the long term.
In the long term it would seem useful to “‘control” the changes
in fertility to some predetermined level of cohort-completed
fertility, possibly by merging the two methods after several
years and then shifting entirely over to the cohort method in
the long term.® The refinement of the marriage-parity-interval
progression method of projecting fertility may serve as the
fertility component of a complex demographic model based on
aggregated data using macrosimulation techniques (ch. 22,
“Demographic Models”).

Projections of Net Immigration.— For many countries inter-
national migration has long been of negligible magnitude, and
for others it has dwindled away to a trickle as compared to the
heavy flows of the past. The passing of the frontiers of settle-
ment and the enactment of very rigid national laws with respect
to either immigration or emigration, or both, have contributed
to this reduction of migration flows in relation to the corres-
ponding national population totals, and there is little likelihood
of a resumption of heavy flows. The volume of net immigration
will often be too small, therefore, to justify separate treatment
of this component in population projections. Frequently, also,
the mere lack of adequate historical information on the volume
of migration dictates an assumption of no net migration. In
making projections of national population for many, and
possibly most, countries of the world, therefore, it is satis-
factory to ignore this component, i.e., to assume that the net
balance will be nil. This was the assumption employed in the set
of country projections published by the United Nations in
1958.51

As was noted in chapter 20, however, in a fair number of
cases, net migration constitutes at least 10 percent of net
population change. In the case of Australia (net immigration)
and Ireland (net emigration), it is a major factor in population
change. Moreover, even though the volume of net migration is
small, population projections by age may be strongly affected
because of the special sex-age composition of the migrants.
It is desirable, therefore, to allow for net migration in some
cases.

The allowance for international migration may be an arbi-
trary rounded amount, roughly in line with recent experience,
which is assumed to remain constant for the duration of the
projection period. If the calculations are done by age and sex,
a constant age-sex distribution may also be assumed. Al-
ternatively, a constant rate of migration may be assumed or
the amount or rate of net migration may be projected on the
basis of the recent trend. The age-sex distribution of migrants
is unlikely to resemble the population of the sending or re-
ceiving country, young adult males tending to be over-
represented among migrants. Therefore, the age-sex distribu-
tion is best taken from an available distribution for recent
migrants.

To simplify the computations, the migrants may be added to
or subtracted from the population at the end of the year of
entry or departure or, less precisely, the quinquennium of

% Akers, op. cit., p. 427; Siegel and Akers, op. cit., p. 114.
51 United Nations, The Future Growth of World Population, p. 40.

entry or departure. This simple assumption eliminates the
need of allowing for deaths or births of the migrants during the
period of entry or departure (the average period of exposure to
the risk of birth and death being one-half of each projection
period). At the same time, the age distribution of the migrants
should be adjusted to reflect the change in age between the
date of migration and the end of the migration period. Follow-
ing the period of arrival, the same birth rates and death rates
may be applied to the immigrants as to the general population.
Any difference in the level of fertility or mortality of the
general population and the immigrant population would have
very little effect on the future population. These simplifying
assumptions eliminate the need for special calculations of
fertility rates and survival rates, and special adjustments of
the data on migrants.

The projections of the population of Great Britain made by
the Royal Commission in 1947 employed two series of migra-
tion projections, each of fixed absolute amounts.’2 Net immi-
gration was assumed for some population series and net emi-
gration was assumed for others because of the great uncer-
tainty regarding the prospects in the postwar recovery period.
Population projections for Australia from 1960 to 1975, made
by Borrie and Rodgers, employed three different assumptions
regarding immigration: %3 (a) None, (b) constant annual amouat,
and (c) declining annual amount. Allowance was also made in
these projections for the indirect effects of immigration on
fertility rates. Since most arriving women were either wives or
fiancees and since the surplus of adult males among the immi-
grants helped to increase the proportion of native Australian
women (and of earlier immigrants) who were married, separate
levels of age-specific fertility rates were used for the no-
migration and with-migration assumptions.

The four principal series of projections published for the
United States in 1967 each employed the same assumption of a
constant annual net immigration of 400,000 from July 1, 1966,
to July 1, 1990.5¢ This number corresponds roughly to the vol-
ume of net immigration in the middle sixties. For the age and
sex composition of net civilian immigration, the same allowance
was used for each year in each series of population projections,
corresponding to the distribution in 1961-64. The future addi-
tions to the population resulting from an annual net immigra-
tion of 400,000 persons between 1966 and 1990 may be deter-
mined by comparing projections assuming this amount of net
immigration with projections assuming no migration, under
the same fertility and mortality assumptions. Such a compari-
son, indicating the cumulative additions or losses by compo-
nents of change, is given in table 24-15 for the projections with
B level fertility and slightly declining mortality. The projected
contribution of net immigration to population growth between
1966 and 1990 is 13.6 million; this is the total difference be-
tween the two series of population projections. Four hundred
thousand (net) immigrants per year would cumulate to 9.6 mil-
lion over 24 years, but over 4 million more would be added by
the natural increase of the (net) immigrants in this period (4.6
million births less 0.6 million deaths).

The most recent national projections prepared at the United
Nations illustrate the projection of a changing amount of
migration. For a few countries (in Europe, the Americas, and

52 Great Britain, Royal Commission on Population, op. cit. p. 216.

33W. D. Borrie and Ruth Rodgers, Australian Population Projections: 1960 to
1975, Department of Demography, Australian National University, Canberra,
August 1961.

34 U.S. Bureau of the Census, Current Population Reports, Series P-25, No.
381, p. 42,




POPULATION PROJECTIONS 23

Table 24-15. —Future Additions to the Population of the United States Resulting From an Annual Net
Immigration of 400,000 Persons, By Components: 1966 to 1990

[Numbers in thousands. Based on projections assuming an intermediate (B) level of fertility and slightly declining mortality.
Population series with immigration assumes that immigrants do not have births or die during the year of arrival. Base dateisJuly 1,

1966]
Cumulative additions or losses Additions or losses during preceding period
Iy 1) Net additions
Year (July 1 . Net Net . Net
Percent of Births Deaths immigration additions Births Deaths immigration
Number total
populationt
1970, ceeeennnse eerseevestnven 1,697 0.8 107 10 1,600 1,697 107 10 1,600
1975, ceeeteescnnrnnsocncnanes 4,183 1.2 652 67 3,600 2,486 545 57 2,000
1980, 4 000nescnes teresccnnnne 7,026 2.9 1,605 17 5,600 2,843 953 110 2,000
1985, c0uevennne tevesacecnsree 10,179 3.8 2,929 347 7,600 3,153 1,324 170 2,000
1990, ceecesssenenss vecavsenne 13,626 4.8 4,616 588 9,600 3,447 1,687 241 2,000

t Base is population including allowance for net immigration on date indicated.

Source: U.S. Bureau of the Census, Current Population Reports, Series P-25. No. 381, “Projections of the Population of the United States, by Age, Sex, and
Color to 1990, With Extensions of Population by Age and Sex to 2015,” Dec. 18.1967, table DD, p. 43.

Oceania), assumed annual amounts of net immigration for the
initial period (1960-80) were projected linearly to zero
between 1980 and 2000.5

Because it is often impossible to arrive at a satisfactory
measure of past trends in the volume and age-sex distribution
of net migration and because it is extremely difficult in most
cases to predict the future course of migration with any con-
fidence, model allowances and model tables may be employed
to allow for this component. These may either be incorporated
into the principal population projections, or they may be
computed and displayed separately from those projections.
The model can be used to measure the effect of any given an-
nual amount of migration upon the population figures for the
various sex-age groups. A model may be applicable to a group
of countries in a particular geographic region, although it may
be based on the statistics of recent immigration and emigration
for a single country. Other models, suited to different situations,
can be developed by the same methods. The U.N. projections
for Latin America were accompanied by a model which could
be used to estimate the effect of any given annual amount of
immigration and emigration upon the sex-age distribution for
various countries in Latin America.’® The model is based on
the statistics of postwar (1948-52) immigration and emigration
for Argentina; it presents the effects of immigration at the rate
of 100,000 a year and emigration at 25,000 a year, with an
annual net immigration of 75,000. The effect of any alternative
amount of net immigration or net emigration may be determined
by inflating or deflating the model figures proportionately; i.e.,
halving the figures if only 37,500 net immigration is to be
assumed.

Normally, the two components of international migration,
immigration and emigration, are projected in combination as
net migration. Consideration may be given to projecting im-
migration and emigration separately when separate trends in
these components can be identified and net migration is
sufficiently large. Even when there is an overall balance of
roughly zero net migration for a population, there may be

5 United Nations, World Population Prospects as Assessed in 1963, pp. 46-47.

% United Nations, The Population of South America, 19501980, Annex C;
and United Nations, Methods for Population Projections by Sex and Age, tables
47-50, pp. 64-67.

substantial gross migration and, under these circumstances,
the contribution of immigration and emigration to the gross
migration may vary from one age to another. If the age-sex
distributions of immigrants and emigrants differ considerably,
there may be reason to project, and evaluate the effect of,
immigration and emigration separately. Projections for West
Germany made in 1963 provided one alternative with net
immigration through 1969 but added a table giving the sur-
vivors and descendants annually over a period of 40 years of
100,000 immigrants and 100,000 emigrants by sex.5?

United Nations Projections of 1966. - The population projec-
tions for the countries of the world published periodically by
the United Nations represent the single most important set of
international population projections available. We describe
these projections here as an illustration of how the components
of population change may be combined in developing a compa-
rable set of population projections. In its latest set of population
projections, those published in 1966, the United Nations
applied the same method uniformly for every world region in
order to achieve a certain degree of interregional comparability,
even though the methods are too crude for some areas and too
refined for others.38

These projections employed the U.N. set of model life tables,
which provide a representative set of survival rates for any
general mortality level defined in terms of &,. These generalized
assumptions were modified where this was considered appro-
priate, and for particular countries expectation of life at birth
could exceed the limit of 73.9 years assumed for the set of
model tables. The system calls for a steady decline in mortality
in the future in all countries; no increase in mortality is con-
templated. The amount of plausible variation in death rates in
most regions of the world appears rather small, compared with
that for birth rates, and so only one mortality assumption was
employed to carry out the projections for most regions. In the
case of the remaining regions, however, high and low assump-
tions of mortality were employed.

57 Karl Schwarz, *Vorausschiitzung der Bevilkerung des Bundesgebietes bis
zum Jahr 2000" (Projections of the population of West Germany to the year
2000), Wirtschaft und Statistik (Wiesbaden), 12:729-735, Dec. 1963.

58 United Nations, World Papulation Prospects as Assessed in 1963, pp. 44—-48.
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The use of a generalized procedure of allowing for mortality
introduces some error, particularly where the “‘trend” of the
model tables is not consistent with the actual past trend in a
given country, or even with the actual current level in the
country if it were known. Other errors may be more serious as,
for example, the inadequacies of data on the age distribution
from which the projections ‘“‘take off.”

The assumptions on fertility are stated in terms of the U.N.
sex-age-adjusted birth rate (s.a.a.b.r). Assumptions on fer-
tility were formulated differently for regions with gross re-
production rates greater than 2.00 and those with gross
reproduction rates less than 2.00. Most of the world’s popula-
tion has high fertility, which may very well decline by the year
2000, but there is little basis for formulating specific assump-
tions. For these high fertility regions (i.e., with GRR greater
than 2.00), it was assumed that fertility would begin to fall at
various dates before 2000 as follows: Taking general account
of the record of other countries which have already experi-
enced a decisive fertility decline, the s.a.a.b.r. in successive
5-year periods following onset of the decline was assumed to
average 97.5, 90, 80, 70, 60, 52.5, and SO percent of its initial
value and to remain thereafter at this level (i.e., after a 30-year
period). Alternative high, medium, and low assumptions were
made for each region in terms of the assumed date of onset of
the fertility decline, and the alternative dates were set wider
apart in some regions than in others. In the high assumption
the date of onset was assumed to be later than in the low as-
sumption. (The rate, duration, and ultimate level of fertility
were assumed to vary from this general assumption in some
cases.)

For the regions of low fertility (i.e., with GRR less than
2.00), the high, medium, and low assumptions were based on
an examination of variations previously observed in these
regions. For the high assumption, the s.a.a.b.r. was assumed to
average 20 from 1970 onward in regions of very low fertility
and 25 per 1,000 in regions of moderately low fertility. For
the low assumption, the s.a.a.b.r. was assumed to fall to be-
tween 16 and 18 in 1970.

Allowance for net migration was limited to those regions
where the recent volume of net migration had been relatively
large in proportion to the natural population increase — Europe,
the Americas, and Oceania. The principal assumption was
that, in the period 1960 to 1980, there would be a fixed annual
migratory loss from Europe of 230,000 to America and
Oceania; between 1980 and 2000, the migratory balance would
diminish linearly to Zero. (The assumption comprises a net
immigration, presumably mostly from Europe, of 40,000 an-
nually to Temperate South America, and an equally large net
emigration, presumably mostly to the United States, from the
Caribbean and the Middle American mainland.) It was further
assumed that an annual migratory balance of 1,000 persons
would entail a demographic gain (or loss) of 12,000 persons
within the first 10-year period, and 15,000, 18,000, and 20,000
in each of the next three 10-year periods. These additions
(or losses) represent the combination of the direct additions
due to net immigration and the indirect additions through the
natural increase of the migrants.

Three sets of projections are presented for the world, major
areas, and regions, labeled “medium,” “high,” or “low,” based
on census data or estimates of total population and age-sex
composition for years around 1960. The individual series gen-
erally represent the combination of high, medium, or low
fertility with the single assumption on mortality and migration.

In the few regions where high and low assumptions of mortality
were employed, these were combined with either high or low
fertility depending on the circumstances in each region. In
general, only one set of projections, corresponding to the
medium variant, is presented for each country. The medium
series is intended to follow the most plausible population trend,
and the high and low series are designed to represent upper
and lower boundaries of the range of maximum plausibility or
estimates of the range of error in the medium series. This range
varies from region to region. A fourth series, “‘constant fertility,
no migration,” allowing for mortality improvement, is designed
to serve as a basis for evaluating changes in the other series.
Available (official) national projections, extrapolated if
necessary to 1980, were generally employed for individual
countries.

Subnational Projections of Total Population and Age-Sex
Composition

In turning from the methodology of national projections to
the methodology of projections for geographic subdivisions, we
must become concerned with the outlook for internal migration.
Although the assumption that future international migration
will be nil or negligible is justified for many countries, internal
migration (particularly rural-urban migration) involves a large
proportion of the people in almost all countries. Indeed, as we
saw in chapter 13, the growth rates of a country’s political
subdivisions tend to differ largely because of internal migration
rather than natural increase.

The problem of making population projections is rather dif-
ferent for political units, such as States and counties. and for
subdivisions that represent statistical classifications, such as
urban-rural areas and areas classified by size. As was noted in
chapter 6, the former are subject to relatively few boundary
changes, whereas the latter are frequently reclassified after the
results of each census become available. Changes in population
resulting from boundary changes and revised statistical
classifications constitute, in effect, another major component
along with migration which must be considered in making
projections for these areas. We will consider here only the
methods of projecting population for relatively stable, political
areas not affected by boundary changes.

The range of methods applicable to subnational projections
is more extensive than for national projections. This situation
results from the fact that both independent methods and
methods dependent on the projection for another area (either
another geographic subdivision or, more commonly, the
country as a whole) may conveniently be employed in the
calculation, from the fact that the methodology must consider
internal migration as an additional factor, and from the fact
that many types of data are relevant and often available.
Although internal migration is often an important factor in local
population growth, and it must be taken account of in projec-
tions, the allowance for this factor does not have to be explicit.
The various methods for subnational projections include
mathematical methods and ratio methods; cohort-component
methods; methods using economic analysis, particularly cor-
relation with “indicators,” i.e., variables whose changes more
or less reflect changes in population; and combinations of these
methods. The various analytic methods attempt to take ex-
plicit account of one or more of the demographic or socio-
economic variables with which change in the geographic distri-
bution of the population is related. Once again, because some
methods derive the projections of total population by com-
bining projections for age groups and because others may be
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applicable for deriving projections of both total population
and age-sex structure directly, it is convenient to consider the
projection of total population and age-sex structure at the
same time.

Mathematical and Ratio Methods. — We consider first those
methods which employ a minimum of independent data, as-
sumptions, and variables for making the projections. Even
when additional statistics, including estimates of past net
migration, can be developed, one does not have to use the more
complex, analytic methods, especially if projections must be
prepared for a large number of geographic subdivisions and
rough figures are satisfactory. In the mathematical methods, as
previously noted, typically the series of total population figures
for past years for the area are directly extended to future
years by use of some mathematical formula, without benefit of
other related series of projections. In the ratio procedures,
typically the series of total population figures for past years are
extended by mathematical formula as a ratio of the population
for some larger area for which population projections are al-
ready available. Sometimes the two methods may be applied
in such a way as to imply algebraically nearly the same pro-
cedure and give the same results; for example, projections for
a set of geographic areas derived by mathematical extrapola-
tion of absolute totals and pro rata adjustment of these extrap-
olated figures to prior projections of the parent (i.e., more
inclusive) population may closely resemble projections ob-
tained by the ratio method.

Mathematical methods. —The forms of mathematical curves
useful for making projections of local population are very much
the same as those useful for making national projections, as
noted earlier and as described in chapters 13 and 22. Local
populations may be projected by straight lines, simple geometric
curves, polynomials of second or third degree, or complex
growth curves such as the logistic curve. The curves may be
passed exactly through the past data or simply approximate
them. The particular curves differ in their suitability for par-
ticular situations or in the probable errors associated with the
results. Special caution is necessary in the use of mathematical
curves for projection purposes. A mathematical curve may
project an unreasonably large figure for a local area in relation
to a prior projection for the parent area and, in extreme cases,
may project a larger figure, even with the same mathematical
curve. None of the curves, except possibly the logistic, is
applicable over a long period because they imply either
unlimited growth or indefinite continuation of the same growth
pattern.

Ratio methods.—The ratio method of projecting total popu-
lation is peculiar to projections for geographic subdivisions. In
this method the percentage distribution of the parent popula-
tion (e.g., a country) among the geographic subdivisions (e.g.,
States) is observed for one or more past dates, projected to
future dates, and applied to an independently derived projec-
tion of the parent population. For the projection of the percents,
the percent distribution may be held constant at the last
observed level or may be modified in some way to take account
of the past trend. Although, in principle, the chief factor affect-
ing the redistribution of population is internal migration and
this component of change is quite likely to be influenced by
economic developments, there is no direct practical way of
taking account of plans or expectations concerning the eco-
nomic development of regions in the ratio method. The percent
distribution may be assumed to approach a stable condition
after a great number of years on the ground that differences in

fertility and mortality will have disappeared and net migration
will have fallen off to zero for each arca. There are many
ways of accomplishing a shift to stability in this distribution.

One procedure for calculating projections by the ratio
method may be illustrated for the provinces of Canada (table
24-16). These projections assume that the average annual rate
of change in the percents observed between June 1, 1961, and
June 1, 1969, for each area will fall off linearly to zero by the
year 2,025.%° First, the percent distributions of the national
population by provinces in 1961 and 1969 are calculated
(cols. 1 and 2). Second, the average annual rates of change be-
tween 1961 and 1969 are derived (col. 3). They are assigned to
the middate of the period, Dec. 1965. These rates of change are
then extrapolated according to the basic assumption noted
above (cols. 4 to 9 and cols. 13 to 17). The population percents
of June 1969 are then extrapolated to 1975 (col. 10) and 1980
(col. 18) according to the annual percent changes previously
determined for each projection year. These percents do not
automatically add to 100.0 and require some adjustment (cols.
11 and 19). Finally, in columns 12 and 20 the absolute figures
are obtained by multiplying the percents by an independently
derived projection of the total population of the country.8

Another variation of the ratio method employs an assumed
relationship between the area’s own growth rate and that of
another area for which a projection is already available. In
this case the other area may be a broader area or a coordinate
geographic subdivision. The method is especially applicable
when (a) adequate population and vital statistics are lacking
for a given area, (b) data are lacking for part of an area’s popula-
tion, for example the tribal or nomadic population, or (c) the
relatively small population of the area or the limited time
available make it impractical to construct an independent
projection.

The ratio method in either form may also be used, of course,
when a single geographic subdivision requires a population
projection. Moreover, it is readily capable of extension to a
hierarchy of subdivisions. For example, having been used for
states or provinces, it may next be used for the counties or
communes of which these primary subdivisions are constituted;
in this case, the projections for the primary subdivisions are
employed as totals to which the secondary set of percentage
distributions is applied.

The ratio method may be readily adapted to derive projec-.
tions of the age-sex distribution of geographic subdivisions.
Two types of ratio techniques are considered here for pro-
jecting the age-sex distribution of the primary divisions of a
country. Both require prior projections of the national popula-
tion by age and sex and of the total population of each area.
The first employs the ratio of the percent of the area’s popula-
tion in each age-sex group to the corresponding percent for the
national population at the last census.®! It is then assumed that
the ratios of the percents will not change, will change according
to the intercensal “trend,” or will change according to some
other principle, as for example, that the ratios will approach
unity by some distant date. The projected ratios are then
applied to the projections of the percent distribution of the

59 All calculations are actually carried out in terms of proportions rather than
percents (i.e., on a unit basis).

% An alternative briefer method of projecting the ratios is illustrated in:
Helen R. White, J. S. Siegel, and Beatrice M. Rosen, “Short Cuts in Computing
Ratio Projections of Population,” Agricultural Economics Research, 5(1):5-11,
January 1953.

% For an application of this method, see Margaret J. Hagood and J. S. Siegel,
“Projections of the Regional Distribution of the Population of the United States
to 1975, Agricultural Economics Research, 3(2):41-52, April 1951,
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Table 24-16. —Projection of the Population of the Provinces of Canada by the Ratio Method from
1969 to 1975 and 1980

Percent distribution

Average annual rate of change in percent?

of population?

Preliminary

Projected percent
Province Estimated, ?isuil;""li—‘g’;’s
Census, Estimates, 1961-69 ~ . = = = . une 1,
June 1, 1961 June 1, 1969 1969-70 1970-71 1971-72 1972-73 1973-74 1974-75

(n 2) (3) (4) (5) ©) (@) (8) (&2} (10)
CANAAB. vverssuvnneasencsannss 100,000 100,000 x) x) x) x) (x) x) x) 100,166
Newfoundland....ceesecesesessscacs 2,510 2,441 -0,349 -0,322 -0.316 -0.310 -0,304 -0,298 -0,292 2,399
Prince Edward Island, cees 0,57 0.522 -1.188 -1.093 -1.,072 -1.051 -1.,030 -1.009 -0,988 0,489
Nova Scotlf..veveaess veae 4,041 3,623 -1,365 -1,257 -1,233 -1,209 -1.185 ~1,161 -1,137 3.3711
New Brunswick,.... cves 3,278 2,968 1,241 -1.,142 -1.120 -1,098 -1,076 ~1,054 -1.,032 2,780
Quebec..... 28,836 28,413 -0,185 -0,171 -0.168 -0.165 ~0.162 -0,159 -0.156 28,074
Ontario, 34,192 35,383 +0,428 +0,396 +0,389 +0,382 +0,375 +0,368 +0,361 36,241
Manitoba.....e0000 coes 5,054 4,648 -1.0%6 -0,965 -0.947 -0.929 -0,911 -0.893 -0.875 4,399
Saskatchewan,,,,.. cens 5,073 4,553 -1.351 1,247 -1,224 -1,201 -1.178 -1.155 -1.132 4,239
Alberta...ceevvene .n cene 7.303 7.412 +0,185 +0,171 +0,168 +0,165 +0,162 +0,159 +0.156 7.502
British Columbla,..ceeeovevensanas 8.932 9,814 +1,178 +1,088 +1,068 +1,048 +1,028 +1,008 +0,988 10.437
Yukon and Northwest Territories,.. 0.206 0.223 +0,991 +0,914 +0,897 +0.880 +0,863 +0,846 +0.829 0,235

Projected population,

Projected average annual rate of change

Projected population,

June 1, 1975 in percent? June 1, 1980
Adjusted Percent distribution
percent Number 1975-76 1976-77 1977-78 1978-79 1979-80 Number
distribution Preliminary| Adjusted
(11) (12) (13) (14) (15) (16) 17y (18) (19 (20)
Canada, veeeenseessocsesnoncns 100,000 | 323,256,025 (x) (X) (X) (x) (x) | 100.162| 100,000 | 225,250,634
Newfoundland,..eeessessenscsccnsss 2.395 556,982 -0.286 -0,280 -0.274 ~0.268 -0,262 2,360 2,356 594,905
Prince Edward Island,.,.. 0.488 113,489 -0.967 -0.946 -0.925 -0,904 -0,883 0.464 0.463 116,910
Nova Scotia,,....ouse 3.365 782,565 -1.113 -1,089 -1,065 -1,041 -1.017 3,187 3.182 803,475
New Brunswick,. 2,775 645,355 -1.010 -0,988 -0.966 -0,944 -0,922 2,645 2,641 666,869
Quebec,..vvuuas 28,027 6,517,966 -0,153 -0.150 -0,147 -0,144 -0,141 27.831 27,786 7,016,141
Ontario...... 36,181 8,414,262 +0,354 +0, 347 +0,340 +0,333 +0,326 36,764 36,704 9,267,99%
Manitoba,,... 4,392 1,021,405 -0,857 -0.839 -0,821| -0.803 -0,785 4,214 4,207 1,062,294
Saskatchewan, 4,232 984,195 -1,109 -1.086 -1,063 -1,040 ~-1.017 4,011 4,005 1,011,288
Alberta,, oeennsss 7,490 1,741,876 +0,153 +0,150 +Q.147 +0,144 +0,141 7. 544 7.532 1,901,878
British Columbia...ieavecvvecessns 10,420 2,423,278 +0,968 +0,948 +0,928 +0,908 40,888 10.897 10,879 2,747,016
Yukon and Northwest Territories... 0,235 54,652 +0.812 +0.795 +0,778 +0,761 +0, 744 0,245 0.245 61,864

X Not applicable.

' Sources of basic data: Canada, Dominion Bureau of Statistics, Census of Canada, 1961, Vo). | (Part 1), Population: Geographical Distribution, 1962; and
idem, “Estimated Population by Sex and Age Group, for Canada and Provinces,” June 1, 1969. Dec. 1969.

* Rate for 1961-69 derived from the percent distributions for 1961 and 1969. Rates for 1969-70 to 1979-80 derived by linear interpolation between the rate of
change for the period 1961~69 (with July 1, 1965 as the assumed central date) and the rate for the period 2020-25, which is assumed to ge Zero in every case,

% Derived by adjusting the projections given in, Wolfgang M. Wlling, Population, Family, Household and Labor Force Growth to 1980, Staff Study No. 19, prepared
for the Economic Council of Canada, Sept. 1967, table 2-7 (series with medium immigration and medium fertility).

population by age for the country as a whole to obtain projec-
tions of the percent distribution by age for each area. Each of
these percent distributions must then be proportionately ad-
justed to 100 percent for all ages before being applied to pro-
jections of the total population of each area. Proportionate
adjustments of the figures for all areas at each age to the na-
tional totals at that age, and of the age-sex figures for each area
to the total of all ages for the area, follow in order. This cycle
of adjustments is repeated until full, or nearly full, agreement
with marginal totals is obtained (known as the method of
iterative proportions or two-way raking; see ch. 22).

Two-way raking is also applied in the second ratio procedure
for projecting the age-sex distributions for a set of subnational
areas. Here, the male population and the female population at
each age in the parent population at the first projection date
are distributed by geographic areas according to the regional
distribution at the last census, and the results over all ages are
then adjusted proportionately to the independent projection of
the total population of each area. The resulting figures are
again subjected to the same adjustment cycle until complete

reconciliation with assigned marginal totals has been achieved.
These final results are then utilized as a basis for deriving the
projections at the next projection date by the same procedure,
and so on. This two-way raking procedure has been applied
principally in connection with projections of the urban and
rural population by age and sex (see app. A).

These two ratio techniques may be effectively merged into a
single procedure. Consider the case where data on age. sex,
and geographic subdivisions are available for a single census
and it is assumed that the sub-area-to-total-area ratios of the
percents for each age group will remain unchanged from one
projection date to the next. The final figures for the first pro-
Jection year, after raking is completed, may then be employed
as a basis for calculating the ratios of the percents to be used in
the second projection year, and so on.%

2 A step-by-step description of this procedure, including applications to the
countries of Central America, is given in: United Nations, Economic Commission
for Latin America, Human Resources of Central America, Panama, and Mexico.
1950-80, in Relation to Some Aspects of Economic Development, by 1.ouis J.
Ducoff, 1960, app. B and pp. 41-45.
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In sum, the mathematical and ratio methods of projecting
regional population generally have the advantage of simplicity
of computation, but they do not take into explicit account, and
hence provide little or no information with respect to, the
demographic or socioeconomic correlates or components of the
indicated trends. Nevertheless, the results may usefully serve
as approximations to the future geographic distribution of the
population of an area, particularly when comparable figures for
a set of constituent areas are desired quickly and with little
investment of resources.

Cohort-Component Method. — The cohort-component method
is now the most widely used of the analytic methods for prepar-
ing regional projections. The general outline of the method is
the same as indicated for national projections, but the compo-
nent of internal migration must be incorportated into the
procedure. This method is especially appropriate if projections
by age and sex are wanted in addition to totals. Carrying out
component projections on an age-specific basis is recom-
mended even when projections of only the total population are
sought, because of the added specificity of the assumptions and
the provision of data on the age-sex distribution of the popula-
tion as a by-product. The cohort-component method may be
applied with various degrees of refinement and complexity,
from a variation in which mortality and migration are handied
jointly and a single assumption is made for this joint component,
to one in which migration is treated as three components,
namely, net immigration, gross in-migration, and gross out-
migration, and several assumptions are made with respect to
each component of change. In applying the cohort-component
method, the choice of a specific procedure is suggested in large
part by the type and quality of data available and the resources
for developing the projections.

Sufficient testing has not been carried out to support the
conclusion that the analytic methods, including the cohort-
component method, provide more accurate or realistic pro-
jections than the ratio and mathematical methods, but they
may be preferred for a number of reasons, quite apart from the
relative accuracy of the methods. As in the case of national
projections, they may be expected to provide more meaningful
and useful results for subnational areas since they attempt to
take explicit account of the components of change and of
available knowledge regarding the course of these components.
In addition, direct use can be made of national projections of
mortality, fertility, and net migration from abroad. From the
standpoint of accuracy, however, the choice of method may be
less important than the choice of assumptions, particularly
those relating to individual components. Like any set of pro-
jections based on recent past trends, projections using the
cohort-component method will fail to predict a shift away
from these trends during the projection period and, hence, may
differ from actual developments.

Use of census cohort-change rates. — In the simplest form of
the cohort-component method the components of net migra-
tion and mortality are treated as a unit in the projections for
the cohorts already alive at the base date, and a single assump-
tion is made that the rates remain unchanged. In general, the
method involves carrying forward the latest census or current
population by age and sex to future years by use of census
cohort-change rates (sometimes called migration-survival
ratios), representing the ratio of the number of persons enumer-
ated in a given age group in one census to the number of
persons in the same birth cohort enumerated in a previous
census. Census cohort-change rates include, in addition to
mortality and net migration, the effect of relative errors of

enumeration between successive censuses. In the formula of
Hamilton and Perry cohort-change rates for a given area be-
tween the two censuses are assumed to remain constant in
future years: €

Pl
(+h =" a+k p,
"PﬂIk_ P,_kn a (8)
nt aq

where P is population, a is the initial age of the age interval at
the second census, n is the size of the age interval, ¢ is the year
of the second census, and & is the intercensal interval in years
(a multiple of n, usually 5 or 10 years). The formula does not
directly allow for the calculation of projections of children in
the cohorts born during the intercensal period. In the Hamilton-
Perry procedure births during the projection period are esti-
mated by holding constant recent age-specific birth rates.
In our illustration below, we hold constant the last observed
child-women ratio. Although formula (8) assumes no change
from the intercensal period to the projection period in age-
specific death rates, migration rates, and patterns of net census
error, alternative assumptions are possible.

Censuses are taken most commonly at 10-year time intervals
and show abridged age detail for geographic subdivisions of
the country. In this case, it is most convenient to prepare
projections at 10-year time intervals for a combination of
5- and 10-year age groups (depending on the original age
detail). An illustration, relating to Sivas Province in Turkey,
employs census data for 1955 and 1965, to derive projections
for the female population in 5- and 10-year age groups for
1975 (table 24-17). The age data shown for 1955 and 1965
represent the maximum common detail available in these
censuses, and projections for the same age groups were pre-
pared. Census data are also available for 1960 but were dis-
regarded for this illustration. No adjustments were made for
errors in coverage or age reporting in the 1955 and 1965
censuses. To adapt to the age detail available, we have calcu-
lated 10-year census cohort-change rates for 5-year age groups
up to 20-24 and for 10-year age groups 25 and over; for

example,
1965

1975 — _ 2024 | pyggs
P20-24 P1955 PIO-H
10-14

P196s
P1975 — _25:34 . pi1gss
25-34 7 p19ss 15-24
15-24

1965
P1975 =£6_5L . p196s
65+ T p19ss 55+
554

For the ages under 10 in 1975, we have employed the following
ratios of children to women:

1965
P1975 =i4__. . P197s
0-4 P19¢;5 15-54
15-54
1965
PITs = Py . P19ts

P1965 20-54
20-54

Where the censuses are five years apart and 5-year age data
are available for the geographic units, projections can con-
veniently be made at 5-year time intervals for S-year age groups

% C. Horace Hamilton and Josef Perry, “A Short Method for Projecting
Population by Age From One Decennial Census to Another,” Social Forces
41(2):163-170, Dec. 1962.
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Table 24-17.—Projection of the Female Population of Sivas
Province, Turkey, by Age, by the Census Cohort-Change
Method (10-Year Intercensal Period), from 1965 to 1975

Projected
Ratio population,
Census, Census,
Age (a) 1955t 1965 1975
(years) . _ _
(Z)a -(l)a_lo— (S)ax(Z)a_lo—
(¢Y)] @ 3) 4)
Total.iesesssaes 300,383 354,809 (X) 418,741
Odisesenssacasaness 54,095 59,569 (x) 271,992
59 1ennes 41,990 55,957 (%) 266,156
10-2diveasess 27,566 41,585 . 7687 45,791
15-19. 4000 [ 25,757 29,291 6976 39,036
2024, 0000 enes 28,216 25,455 .9234 38,400
25-34. 0000 reee 47,127 55,516 1.0286 56,312
35~4dieenn e 28,831 35,614 .7557 41,953
45=54iuies “oe 23,040 22,028 . 7640 27,209
55~64eestssvacinins 14,446 18,347 .7963 17,541
65 and OVer,.sesess 9,315 11,446 3,4817 414,351

X Not applicable.
' Sources: Turkey, General Statistical Office, Census of Population, Oct.

23, 1955, Population of Turkey, Vol. 67, table 16; idem, Census of Population,
Oct. 24, 1965, Social and Economic Characteristics of the Population, table 12,
Ages not reported have been prorated.

z Calculated by special formula; see text.

3 Derived by: 11,446 = (14,446 +9,315).

4 Derived by: .4817 (18,347 + 11,446).

by census cohort-change rates, except for young children. The
projections for children under § in the first projection year can
be derived by assuming that the ratio of children to women of
childbearing age in that year and later years will be the same as
shown by the latest census. We can also carry out this pro-
cedure for Sivas Province in Turkey using the census data for
1960 and 1965. The steps are: (1) Subdivide the 10-year data

for ages 25 and over into 5-year age groups (chapters 8 and 22),
(2) carry the population forward to 1970 and 1975 in 5-year age
groups by the cohort-change method, and then (3) recombine
the data into the age groups of the census. Table 24-18 presents
the calculations for part of the age distribution and the resulting
total over all ages. The age groups above age 25 were sub-
divided by osculatory interpolation (Sprague multipliers) in
order to derive the required 5-year cohort-change rates. The
projections for children under S in 1970 and 1975 were based
on the assumption that:

P0_4 1965 P0_4 1970 P0—4 1975
( P15-49 ) ( P15-49 > ( P15-49 )

A comparison of the projections for 1975 in tables 24-17
(col. 4) and 24—18 (col. §5) indicates substantial percentage
differences at a few ages under 35. The differences may be
viewed as reflecting principally the results of employing two
different assumptions of net migration, although differences in
mortality and in net census errors are also involved.

Direct estimates of net migration.— A more refined pro-
cedure, which we may call the cohort migration-survival
method, treats migration as a separate component. In the most
common variation, births, deaths, and net migration (combining
net immigration and net internal migration) are the components
directly manipulated. Although statistics of gross migration are
useful in analyzing past population redistribution and in making
more realistic assumptions about future migration (see next
section), they may be unavailable and use of such data, when
avaijlable, greatly complicates the method. The effect of
migration on population change may be measured more simply
by use of estimates of net migration. As we have seen in chapter

Table 24-18.—Projection of the Female Population of Sivas Province, Turkey, by Age, by the
Census Cohort-Change Method (5-Year Intercensal Period), from 1965 to 1970 and 1975

Projected Projected
Ratio population, population,
Age (a) Censg;;, Ce;;;gy 1970 1975
(years) 19 1
(2)aH(Da-5= (3)ax(2)a-5= (3)ax(4)a-5=
1) [¢A)] 3) 4) (5)

Total, sll ages? 333,851 354,809 (%) 376, 504 401,574
Under S.cevvevecerencanoas 56,616 59, 569 (x) 363,334 468,179
59, veeerennn eeeniseaeas 50,065 55,957 .9884 58,878 62,600
10-14.00esee [N 36,303 41,585 .8306 46,478 48,904
15-19ciiervenscncnconnannns 24,502 29,291 8068 33,551 37,498
20=24..000ns serereerenes 26,779 25,455 1.0389 30,430 34,856
25-34,00ivuues cenevsenes (57,136) (55,516) (x) (53,183) (57,192)

25229, iiianenneiranas 29,526 28,517 1.0649 27,107 32,405
30-34.000ues tareeneeetsriitenaaerasrsrrsanias 27,610 26,999 L9144 26,076 24,787

X Not applicable.

' Sources: Turkey, General Statistical Office, Census of Population, Oct. 23, 1960, No. 452, table 5; idem, Census of Population, Oct. 24, 1965, Social and Eco-
nomic Characteristics of the Population, table 12. Age not reported has been prorated. Age groups 25 and over were subdivided into 5-year age groups by osculatory

interpolation (Sprague multipliers).
z Covers all ages. including 35 years and over.
3 Calculated by use of the formula:

P8y (census)

1970 )
P 1965 (census) X Pl.‘)—w
1544

4 Calculated by use of the formula:

P 1970 (vrolected)
“Amd ¢ p197s (prolected)
P1870 (vrojected) 15-44

1544
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21, such estimates, combining international and internal migra-
tion as well as the effects of boundary changes, are readily
calculated as intercensal residuals for the political subdivisions
of many countries. Amounts and rates of net migration by age
can be derived for those areas which have age data in the
appropriate detail in two appropriately spaced censuses.
Amounts and rates of net migration can occasionally be
computed also from census or sample survey data on place of
residence at a fixed date prior to the census or survey.

A variety of choices are available for making assumptions
regarding future migration for geographic subdivisions. The
migration assumptions may be expressed in terms of amounts
or rates of net migration. The amounts or rates assumed should
be based on actual experience in some recent period in the
specific local area; they may be held constant or projected
according to some formula. Gradual change to half or some
other proportion of the previous intercensal amounts or rates
by some future date is a type of alternative assumption. To
simplify the expression and application of the assumptions,
rounded amounts or rates may be employed. Estimates of net
migration by age for a current period, for use in population
projections for local areas, may be computed in various ways,
as described in chapter 21. Either actual death statistics, life
table survival rates, or national census survival rates may be
employed to make the allowance for mortality in a residual
procedure. The “forward” formula is well adapted to the
needs of projections. The estimated amounts of net migration
may then be converted to rates for the purpose of projections
by dividing them by the “expected” population, that is, the
survivors, at the end of the intercensal period, of the initial
population.

Accordingly, if the population is to be carried forward by
5-year time intervals with S-year migration rates of this kind,
we could proceed as follows: (1) Calculate or select appropriate
S-year survival rates for the first 5-year projection period;
(2) carry forward the initial population to the end of the first
period with these projected survival rates to derive the “ex-
pected” population; (3) make an allowance for net migration
by applying rates of net migration to the “expected’ population;
(4) project the number of births or the number of children under
5: (5) repeat these calculations for each subsequent 5-year
projection period.

It may be recalled that intercensal estimates of net migration
by age derived as residuals by use of national census survival
rates are presumably free of net census error. It is desirable to
employ this method in order to measure the migration com-
ponent more accurately when making assumptions regarding
future net migration. We can also allow for subnational varia-
tions in mortality in census survival rates if data are available.
On the other hand, the method necessarily incorporates the
assumption that regional census-to-census cohort changes in
net census errors are the same as the national figures.

Procedures for deriving projections of population by the
cohort migration-survival method using census survival rates
are illustrated for the female population of Sivas Province,
Turkey. Projections of the population to 1975 by 5-year or
10-year age groups, based on the census data for 1955 and 1965
(disregarding the 1960 census) and conforming to the age data
available from the 1965 census, are presented in table 24-19.
The steps are as follows:

A. Derivation of net migration rates by age, 1955-65:

1. Calculate national census survival rates for the female
population of Turkey, 1955-1965 (col. 2).

2. Apply these rates (col. 2) to the census population of
Sivas Province in 1955 (col. 1) to derive the expected popula-
tion 10 years older in 1965 (col. 3). (No allowance was made
for regional variation in mortality levels.)

3. Subtract the survivors (col. 3) from the census popula-
tion of Sivas in 1965 (col. 4) to derive the estimated net
migration by age cohorts, 1955-65 (col. 5).

4. Derive the corresponding rates of net migration, 1955-
65 (col. 6), by dividing the estimates of net migration (col. 5)
by the expected population (col. 3). (These rates have an
unusual age pattern in comparison with the age patterns of
net migration rates observed elsewhere but have been
accepted for the present use without modification.)

B. Projection of the 1965 population to 1975:

5. Calculate 10-year life-table survival rates from model
table South No. 20 (col. 7), chosen on the basis of an analysis
of national census survival rates for Turkey and reflecting
some future improvement.t¢ (Note, again, that no allowance
was made for regional variations in mortality levels.)

6. “Survive” the 1965 census population (col. 4) to 1975
(col. 8) by use of the life-table survival rates (col. 7).

7. Calculate net migration for the 1965-75 period (col. 9)
by multiplying the migration rates (col.’6) by the survivors
in 1975 (col. 8). This procedure assumes that net migration
rates will remain unchanged.

8. Add net migrants (col. 9) to the expected population (col
8) to derive population projections for 1975 (col. 10).

Inasmuch as the birth statistics of Turkey are inadequate, we
have developed our projection of the population under 10
years of age in 1975 on a different basis. We have simply as-
sumed that the ratio of children under 10 to women 15 to 54
years old in 1975 is the same as that observed in 1965. This
procedure encompasses the effect of fertility, mortality, and
net migration in determining the size of these juvenile age
cohorts.

Other assumptions of net migration should be employed to
prepare additional series of population projections. We have
assumed above that net migration rates were the same as ob-
served in 1955-65. Possible additional assumptions are: (1)
Net migration rates, 1955-65, reduced 25 percent; (2) net
migration rates, 1955-635, increased by 25 percent; etc.

We could have employed national census survival rates in
projecting the population of Sivas Province instead of life
table survival rates. As we developed the projections above,
net census error in one age group is carried down to the next
age group over a projection period. Use of national census
survial rates would help to keep the net census errors of the
Sivas data in their original (1965) ages and, hence, increase the
accuracy of the projected changes by age. This procedure im-
poses the pattern of change in net census errors by age cohorts
between 1955 and 1965 for Turkey on the census data for
Sivas Province. Implicitly, mortality in Turkey as a whole at
the level of 1955-65 is assumed for 1965-75, without change.

¢ Ansley J. Coale and Paul Demeny, op. cit. See also Paul Demeny and
Frederic C. Shorter, Estimating Turkish Mortality, Fertility, and Age Structure,
P;lbhcahotsl No. 218, Faculty of Economics, University of Istanbul, Istanbul,
1968, pp. 8-28.
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Table 24-19.—Projection of the Female Population of Sivas Province, Turkey, by Age, by the

Migration-Survival Method (10-Year Intercensal Period), from 1965 to 1975

10-year Projected
Age (a) Population | census | Expected | Population | N€t mi- 10-year | 6 car | Expected | "™ | projected
(years) : : P pu ration net mi- Y P gration )
of Sivas survival survivors, of Sivas gra ' N life- survivors, 1965 to’ popula-
Province, rates, 1965 Province, 1955 to gration table 1975 1975 tion, 1975
census of | Turkey, census of 1965 rate survival
) ] } 1955 1955 to 1965* rate ®, x
in 1955 in 1965 in 1975 1965 1 (yx2)= @-3)= | (5)+3)= @x(n= | 6)4 0= | @+9)=
n (2) (3) 4) (3) ©6) (€] 8) 9 (19)
Total..susss Total....... 300,383 (x) (X) 354,809 (X) (x) (X) (X) (X)] 432,132
(x) (x) (x) (x) (x) (x) (x) (%) (x)| 143,345
(x) (x) (x) 59,569 (x) (x) .9798 58,366 -11,837 46,529
(x) (x) (x) 55,957 (x) (x) .9926|  55,543| -11,231( 44,312
54,095 . 9643 52,164 41,585| -10,579 ~,2028 L9910 41,211 4,632 36,579
41,990 8744 36,716 29,291 =7,424) -,2022
27,5661 1.0403| 28,677|  25,455| -3.202| -.1l24|f +9867] 54,019 -854| 53,165
53,973 1.0451 56,407 55,516 -891| -.0158 .9809 54,456 -9,748 44, ,708
47,127 .9205 43,380 35,614 =7,766] ~.1790 .9678 34,467 -4,894 29,573
28,831 .8905 25,674 22,028 -3,646| -,1420 .9331 20,554 -2,695 17,859
.o 23,040 9165 21,116 18,347 -2,769| -,1311 .8285 15,200 4.3,785( 416 062
55 and over..., { 65 and over,.. | 75 and over... 23,761 5952 14,143 11,446 -2,697| -.1907 L4060 4,647 ’ ’

X Not applicable.
! Ages not reported have been prorated.

* Computed from model life table for region South, level 20, given in, Ansley J. Coale and Paul Demeny,

Princeton, N.J., Princeton University Press, 1966, p. 675.
3 Calculated by use of the formula:

P1965 (census)
—08 5 pie7s (urolected)
P 1965 (census) 15-54

15-54

+ Ages 65 and over.

Note that, ideally, we would adjust the 1965 census population
of Sivas for net census errors by age and then carry the ad-
justed population forward by projected life table survival
rates and net migration rates; a basis for adjusting the popula-
tion is lacking, however.

Projections of population are often wanted at 5-year time
intervals. A procedure for deriving projections of Sivas’
population to 1970 is presented in table 24-20. It employs
10-year net migration rates estimated from the 1955 and 1965
censuses but requires a conversion of these 10-year rates to
S-year rates. (For purposes of this illustration also, we omit
use of the 1960 census.) We assume that the 5-year net migra-
tion rates as estimated on the basis of 1955-65 population
changes will continue unchanged for 1965-70. Having derived
estimates of expected survivors in 1965, and of net migration
for 1955-65 for 5-year age groups from 10 to 24 and 10-year
age groups above age 25 (table 24-19, cols. 3 and 5), we can
proceed as follows (table 24-20):

1. Subdivide the expected survivors in 1965 and the net
migration estimates, 1955 to 1965, into S-year age groups
above age 25 (cols. 1 and 2). Inthe present illustration Sprague’s
osculatory multipliers (ch. 22) were employed for all categories
except net migration 25 to 34 years. For the latter category,
negative results were obtained by. osculatory interpolation and
Newton’s interpolation formula for halving a group (ch. 8) was
employed in its place.

2. Combine the population in adjacent ages (col. 3} and
the estimates of net migration in adjacent ages (col. 4). The
purpose of this step is to take advantage of the fact that the
net migration of each 5-year age group is reflected in two of
the cohorts employed in the calculations. For example, net
migration for terminal ages 30-34 is represented by the two
shaded areas in the following sketch:

Regional Model Life Tables and Stable Populations,

Age Age
2024 20-24
25-29 25-29
30-34. 30-34
35-39 35-39

1955 1960 1965

3. Divide the net migration in column (4) by the population
in column (3) to derive a hypothetical 10-year migration rate
for 5-year age groups (col. 5).
4. Divide the results in column (5) by 2 to derive S-year
migration rates for 5-year age groups (col. 6).
5. Compute the expected female population of Sivas in
1970 (col. 9) by applying life-table survival rates (col. 8) to the
census population in 1965 (col. 7).
6. Calculate the projected net migration for 1965-70 (col.
10) by applying the rates in column (6) to the expected sur-
vivors in column (9). In every case the figures are matched in
terms of terminal ages.
7. Combine the projected net migration in column (10)
with the expected survivors in column (9) to derive the pro-
Jjected population for 1970.
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Table 24-20.—Projection of the Female Population of Sivas Province, Turkey, by Age, by the
Migration-Survival Method (10-Year Intercensal Period), from 1965 to 1970

Projected
‘?E:a(r:; Expected Net mi- 10-year S-year Population 5-year Expected net mi- Projected
¥ survivors, et m Da+ 24+ net mi- net mi~ of Sivas life- sur= gration, lati
Sivas gration, (Da (2)a gration gration Province, table vivors, 1965 to poplug;(;lon,
Province, 19;2;,? Ma+s= | (at5= rate rate census of | survival 1970 1970
1965* ! 19652 rate? ©), x
in 1965 in 1970 @)= | (2= Mx@®= | ©,1s= | @+a0)=
(1) (2) 3 (4) (5) (6) (€8] (8) (9) (10} (11)
(x) (%) (X) (x) (X) (X) 354,809 (x) (X) (x)] 386,525
(x) (x) () (x) (x) (x) (x) (x) (x) (X)| 465,957
(x) (x) (x) (x) (x) (x) 59,569|  .98339| 58,580 -5,940 52,640
x) (x) (x) (x) (x) -.1014 55,957 99630 55,750 -5, 647 50,103
52,164| -10,579 88,880 -18,003| -.2026] -.1013 41,585  .99625| 41,429 -3,372 38,057
36,716 =7,424|  65,393| -10,646| -.1628{ -.0814 29,291  .99469| 29,135 -961 28,174
28,677|  =3,222| 58,241 -3,848| -.066l| -.0330 25,455 .99327| 25,284 -200 25,084
29,564 6o626| 56,407 -891| -.0158} -.0079 28,517  .99211| 28,292 ~1,067 27,225
26,843 6.265| 50,655| -3,819| -.0754| -.0377 26,999  .99069| 26,748 -2, 394 24,354
23,812) -3,554| 43,380 -7,766| =.1790| ~.0895 20,258  .98821] 20,019 -1,954 18,065
19,568] =4,212| 34,214 -6,681| -.1953] -.0976 15,356|  .98443| 15,117 -1,073 14,044
14,646]  =2,469| 25,674 -3,646] -.1420| -.0710 12,1770 .97796] 11,909 -551 11,358
11,028 -1,177| 20,638 -1,912] -.0926| -.0463 9,851  .96781 9,534 -625 8,909
9,610 -735) 21,1161 -2,760|  -.1311|  -.0656 8,874  ,94993 8,430 ~768 7,662
11,506 -2,034 718,578 7-3,383] -.1821] -.0911 9,473]  .91659 @ 8 8
65 and over....| 70 and over.... 14,143| 2,607 °14143| 92,697 -.1907| 10-lcess| 11,446 .67934} 16,464 O-L,5TH 14,893

X Not applicable.

1 Age groups 25-29 to 60-64 were interpolated from 10-year age groups (cols. 3 and 5 of table 24-19) using Sprague’s osculatory multipliers.
2 Ages not reported were prorated. Age groups 25-29 to 60-64 were interpolated from 10-year age groups (col. 4 of table 24-19) using Sprague’s osculatory

multipliers.

3 Model life table for region South, level 20, in, Ansley J. Coale and Paul Demeny, Regional Model Life Tables and Stable Populations, Princeton, N.J., Princeton

University Press, 1966, p. 675.
4 Calculated by use of the formula:

P1ess (census)
e P 1870 (projected)
P :ge%(‘census) 15-49

s Net migration rate for ages 0-4 (initial) to 5-9 (t€rminal) assumed to equal orz-half the net migration rate (—.2028) for ages 0-4 (initial) to 10-14 (terminal).

See table 24-19, col. 6.

8 Computed by applying Newton's interpolation formula for halving a group.
7 Value for ages 60-64 plus one-half value for ages 65 and over in col. 1 or col. 2.

8 Ages 65 and over.
9 Same as value for ages 65 and over in col. 1 or col. 2.

10 Net migration rate for ages 60 and over (initial) to 65 and over (terminal) assumed to equal one-half the net migration rate (—.1907) for ages 55 and over

(initial) to 65 and over (terminal).

It will be noted in table 24—20 that the conversion of the
data to 5-year time intervals was carried out after the estimates
of 10-year net migration were derived since the latter should be
calculated from unadjusted census data (assuming the use of
national census survival rates). The derivation of 5-year
amounts and rates of net migration for 5-year age groups, from
10-year amounts and rates for 5-year and 10-year age groups,
may be accomplished in different ways. For example, we could
interpolate our 10-year data tb 5-year data at a different point
in the calculations, as by converting the 10-year net migration
rates directly to S-year rates. This approach might improve on
the procedure described earlier, which does not, in effect,
handle the calculation of the denominator of the 5-year rates
very satisfactorily. One could simply compute population
projections for 10-year age groups 10 years ahead and derive
other required figures by interpolation.

The results obtained for 1970 by the census cohort-change
rate method and the cohort migration-survival method given in
tables 24—18 and 24-20 differ substantially in many ages, as do
the results for 1975 given in tables 24—17, 24—18, and 24-19.
Differences in population projections for the same date reflect
mainly differences in the underlying assumptions on net
migration.

Tarver has presented a detailed illustration of the application
of the cohort-component procedure to U.S. geographic

subdivisions.®> In his illustration 10-year intercensal amounts
and rates of net migration, 1940-50, are derived by use of
national census survival rates, adjusted for local mortality
variations, and converted into 5-year amounts and rates of net
migration for projecting the population from 1950 to 1955 and
1960. The procedure used for this conversion is largely the
same as we applied to Sivas Province, Turkey. Estimates of
net migration for children under 5 and 5 to 9 years of age are
derived on the basis of statistics of births during the 1940-50
decade. The calculation of two alternative assumptions of net
migration is also illustrated. The total amount of net migration
derived initially for the 1940-50 period was reduced by 50
percent and 100 percent under the two assumptions. The
corresponding figures by age under these assumptions were
derived by applying a plus-minus proportionate adjustment
procedure (described in ch. 22) to the amounts of net migration
by age calculated initially. These 10-year amounts were con-

s James D. Tarver, A Component Method of Estimating and Projecting State
and Subdivisional Populations, Miscellaneous Publication MP-54, Oklahoma
State University, Agriculture Experiment Station, 1959. See also James D.
Tarver "and Jeanie Hill, IBM 650 Program Instructions for Making State,
County, and City Population Projections by the Component Method, Series
P-353, Oklahoma State University, Agricultural Experiment Station, June 1960.
The computer programs given relate to estimates and projections of birth rates,
survival rates, net migration rates, births, and population for 5-year age groups
for 5-year time periods.
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verted to 5-year rates in the same manner as for the 100 percent
assumption on net migration.

Even if a country has good current data on internal migration,
it is desirable for the responsible agency to prepare a special
series of projections assuming no further net migration among
the geographic subdivisions. In this way user agencies can
make their own assumptions to serve special needs. Calculation
of a series assuming no net migration among the geographic
subdivisions of a country in future years permits an evaluation
of the contribution of net migration to projected population
change as reflected in the various series with net migration. In
sum, a no-migration series may have considerable value to
planners even though it may be quite unrealistic in itself.%8

Projection of births and deaths.—We have already men-
tioned one or more ways of projecting births and deaths in
preparing subnational population projections by the component
method. We may consider this problem more generally.

Birth rates by age and survival rates (or age-specific death
rates) may be projected independently, or by comparing the
rates for the local area and its parent area for one or more past
dates and applying the current or extrapolated ratio of these
rates to previously available projections of the rates for the
parent area. The parent area will usually be the country as a
whole. In addition to historical analysis, an analysis of regional
differences for other countries at various stages of economic
development should prove useful in this regard.

Calculation of the number of births for each 5-year projec-
tion period by use of age-specific birth rates involves a special
step. We have to interpolate the female population of child-
bearing age, by age, to the middle of each projection period,
apply the projected age-specific birth rates cumulatively to
this population to derive the average number of births in the
period, and multiply this number by five to obtain the estimate
for the 5-year period. Alternatively, births may be calculated
for the first and last year of each 5-year projection period,
added together, and then inflated by a factor of 2.5. The pro-
jected number of births and deaths over all subdivisions of an
(parent) area should, as a final step, be adjusted to the projected
total of births and deaths for the area.

Because birth and death statistics by age are not always
available for small geographic areas and the volume of compu-
tations in the procedure just described is quite large, it is
desirable or necessary to try to abbreviate the procedure.
Fertility may be projected by an indirect method, such as one
employing a single schedule of age-specific birth rates and
projected total fertility rates, or sex-age adjusted birth rates.
Mortality may also be projected by an indirect method, in-
volving a single set of age-specific death rates but with some
“control” figures at the local level. When mortality varies only
moderately among the local areas, the same mortality rates may
be assigned to several areas or even to all areas in a country.
The projections for geographic subdivisions can be made in
terms of the ratio of crude birth rates and crude death rates for

% See, for example: Sweden, Statistika Centralbyrdn, Befolkningsprojektion
Sfor kommunblocken till 1970, 1975, 1980 och 1985 (Population projections for
cooperating communes to 1970, 1975, 1980, and 1985), Stockholm, 1969; idem,
Sveriges bertknade framtida folkmungd, Part 2, Underlag for lokala prognoser
1965, 1970 och 1975 (Estimated future population of Sweden, Pt. 2, Basis for
local projections, 1965, 1970, and 1975), Statistiska Maddelanden B 1963 (4),
Stockholm, p. 5; France, Institut de la statistique et des études économiques,
“Perspectives d'évolution naturelle de la population par department” (Projec-
tions of natural increase of population by department), Erudes Statistiques,
Supplement Trimestriel du Bulletin Mensuel de Statistique (Paris), No. 4,
Oct.~Dec. 1957, pp. 63-64; and J. R. L. Schneider, *Local population projec-
tions in England and Wales,” Population Studies (London), 10(1):98, July 1956.

the local areas to the corresponding figures for the country
as a whole, provided there have been no radical changes in the
age composition of local areas and carefully prepared national
projections of births and deaths are available 67

Because of the possibility of substantial differences between
the fertility of regions, consideration must be given to the ques-
tion whether migrants will be assigned the fertility rates of
their area of origin or the fertility rates of their area of destina-
tion during the period of their arrival and subsequently.

Separate projection of in- and out-migration. — More mean-
ingful and possibly more realistic projections of internal migra-
tion may be derived by projecting in- and out-migration
separately when the appropriate data are available, rather
than net migration. This is because the variation in the relation
of in-migration to out-migration, i.e., net migration, may be
expected to be much greater than the variation in the corre-
sponding gross in- or out-migration. Furthermore, total in-
migration between geographic units in a country is in a sense
dependent upon total out-migration from these units and pro-
Jjections for these totals can be made equal to one another very
simply when in- and out-migration are projected separately. On
the other hand, use of net migration rates often results in
serious imbalances between total net in-migration and net out-
migration. One general approach for projecting in- and out-
migration separately employs age-specific out-migration rates
to derive figures for out-migrants for each area and the distribu-
tion of the resulting total number of out-migrants among the
several areas to derive estimates of in-migrants. This general
approach was used in preparing projections of the population
of States of the United States published in 1967, metropolitan
areas of the United States in 1969, and communes of Sweden
in 1969.68

A description of the methodology used in preparing the
projections for the States of the United States, by age and sex,
from 1965 to 1985, will serve to illustrate a cohort-component
method in which gross in- and out-migration, and net immigra-
tion from abroad, are projected separately. The projections
start, in effect, with estimates of State population by age and
sex, for July 1, 1965. The estimates are then carried forward by
S-year time periods to each projection date on the basis of
separate assumptions concerning future fertility, mortality,
in-migration, out-migration, and net immigration.

A single set of projected survival rates was used for all
States but alternative assumptions were employed for fertility
and interstate migration. Two assumptions regarding future
interstate migration were combined with two levels of fertility
to derive four series of population projections. Two of the four
series of available national fertility projections were adapted for
this purpose.®® State-to-national ratios of the general fertility
rate were projected on the assumption that these ratios would

¢ [llustrations of the various procedures noted here are given in: U.S. Bureau
of the Census, Current Population Reports, Series P-25, No. 375, “Revised
Projections of the Population of States, 1970 to 1985,” October 3, 1967:
Schneider, op. cit.. pp. 105-111; France, Institut national de la statistique et des
études économiques, “Perspectives d’évolution naturelle de la population par
department,” pp. 63-64; Bureau of the Census Current Population Reports,
Series P-25, No. 160, “Hlustrative Projections of the Population, by States:
1960, 1965, and 1970, August 9, 1957; and Sweden, Statistiska Centralbyrén,
Sveriges Beriknade Framtida Folkmdingd, Pt. 2.

% U.S. Bureau of the Census, Current Population Reports, Series P-25, No.
375, “Revised Projections of the Population of States, 1970 to 1985." Oct. 3,
1967; idem, Current Population Reports, Series P-25, No. 415, “Projections of
the Population of Metropolitan Areas: 1975, Jan. 31, 1969; and Sweden,
Statistika Centralbyr&n, Befolkningsprojektion for kommunblocken-till 1970,
1975, 1980 och 1985.

% Series B and D in U.S. Bureau of the Census, Current Population Reports,
Series P25, No. 381.
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reach unity in 50 years; i.e., in approximately 50 years, the
fertility rates for all States would be equal to the national rate.
Ratios for intermediate years were obtained by linear interpola-
tion. These ratios were then applied to the previously computed
national fertility rates to derive the fertility rates for States,
which in turn were applied to projections of female population
15 to 44 years old for each State to derive the projected numbers
of births. The projections of female population of childbearing
age had been derived in a previous calculation by carrying
forward the 1965 population using age-sex-specific survival
rates and gross interstate migration rates. Births projected
for each 5-year period for each State were then adjusted so
that their sum over all States agreed with the total births in
the previously calculated national projections.

The single set of survival rates employed were consistent
with the “high” mortality series developed for and used in the
national projections. The survival rates were applied to the
initial population of each period to arrive at projections of
survivors. The implied deaths for States were then adjusted
to agree with the total number of deaths in the United States
for age groups (by sex) developed in the national projections.
No allowance was made for actual State differences in mortality
since it was believed that they would have very little impact on
the population projections.

For the projections of net migration, out-migration was
first computed for each future period using rates observed in
the census of 1960 for the 1955—60 base period, as adjusted to
allow for observed net migration for the period 1960—65. The
rates for 1955-60 represented the number of out-migrants
from each State as a percent of the population of the State in
1955. (Accordingly, the projected rates were applied to the
initial population of each 5-year projection period.) The pro-
jections of out-migrants for all States in each S-year period
were summed to obtain a national ‘“‘pool” of migrants, which
was then allocated to the States as in-migration, using the
percentage distribution of the absolute number of in-migrants
among the States observed during the 1955-60 base period.
Under Series I, the rates of out-migration from States and the
State in-migration distribution were_held constant over time.
Under Series 11, the rates of out-migration from States were
assumed to converge toward the national average rate, and the
State in-migration distribution was assumed to converge
toward the population distribution of the States. Under these
assumptions, in about 50 years, the number of persons migrat-
ing from a State would be matched by an equal number moving
into the State, resulting in zero net migration for each State.

Other approaches involving the separate projection of in-
and out-migration for projecting regional population are based
on the development of a model of interregional migration or a
national demographic model incorporating regional changes.
The possibility of developing a model of internal migration for
use in projecting population has been reviewed by H. Ter
Heide. He concluded that, although there has been sub-
stantial progress in the development of a model which describes
past migration, the problems of employing this model for pur-
poses of population projections are almost insurmountable, if
only because of the general lack of projections of the several
independent variables on which the model depends. Ter Heide
was concerned with models which incorporate economic,
social, and psychological factors. On the other hand, Rogers
has proceeded to develop *‘descriptive” models of interregional

wH. Ter Heide, “Migration Models and Their Significance for Population
Forecasts,” Milbank Memorial Fund Quarterly, 41(1):56-76, Jan. 1963.

migration for use in projecting population; his models are less
analytic and he has dealt so far only with the situation where
the interregional migration rates are assumed to remain
constant.”

Methods Taking Account of Economic Variables.—It is
generally believed that internal movements are significantly
affected by differential economic opportunities and that any
drastic changes in the economic advantages of one area over
another will have substantial impact on the future size of migra-
tion streams and even on the direction of net movement. Some
research is being directed toward these relationships.”? A
number of methods have been developed which employ
economic variables directly in the context of a ratio, component,
or correlation method, or a combination of these methods.
These methods take account of economic prospects quantita-
tively by basing the projections of population on projections of
employment, per capita income, production, land use, or other
economic variables. We consider the methods in two groups,
those methods involving correlation with economic indicators
and other methods using economic analysis.

Correlation with economic indicators.— Regression analysis
may be employed to project the total population directly or to
project the net migration component only (natural increase
being projected separately in the latter procedure). An example
of the use of this method is given by the projections of the
population of States of the United States made at the Stanford
Research Institute.”™ Projections of net migration for States
were derived from a regression equation relating net migration
and average per capita income. The fitted equation was as
follows:

Y.=38.94255+ .402863 X

in which Y. stands for the net migration rate, 1950-60 (i.e.,
net migration for the decade as a percent of the 1950 popula-
tion) and X stands for the percent change in per capita personal
income for the decade expressed as a percent of the corre-
sponding U.S. figure. Per capita income had been previously
projected to 1970, and 1980 on the basis of the converging
trend in per capita income observed in the 1950-60 decade.
This procedure assumes that net migration for States is more
closely correlated with per capita income than is total popula-
tion change, that labor tends to move toward areas of higher
per capita income, and that the systematic influence of income
on migration flows will continue in the future.

The basic regression shows that a unit change in the per
capita income of a State (in percentage form) causes a change
of 0.4 in the percentage of net migration of that particular State.
This factor was applied to the change in per capita income from
1960 to 1970 to derive “unadjusted” estimates of net migration
in the 1960-70 decade. The estimates were then adjusted on
the basis of the fact that the sum of the unadjusted figures over
all States was far in excess of the expected total interstate
migration for the United States computed separately. The
adjustment procedure assumes different adjustment coefficients

" Andrei Rogers, “A Markovian Policy Model of Interregional Migration,”
Regional Science Association Papers, 17:205-224, 1966; and idem, “The
Muitiregional Matrix Growth Operator and the Stable Interregional Age Struc-
ture,” Demography, 3(2):537-544, 1966.

72 Ira S. Lowry, Migration and Metropolitan Growth: Two Analytical Models,
San Francisco, Calif., Chandler Publishing Company, 1966.

73 Pietro Balestra and W. Koteswara Rao, Basic Economic Projections:
United States Population, 1965-80, Stanford Research Institute, Menlo Park,
Calif., 1964, esp. pp. 37-44.
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for different groups of sim!lar States. An illustration of these
steps is given for two States:

Arkansas Ohio

(1) Migration rate, 1950-60 (percent)...... —22.5 457
(2) Percent change in per capita income,
1960-70 (independently projected).. +7.2 —2.4

(3) Effect of incom= change=(2) X0.4..... +2.88 —.96
(4) Unadjusted migration rate, 1960-70
(percent) =(1)+(3).ceveiiivninnnnnn.. —19.6 +4.7

(5) 1960 population (in thousands)......... 1,786.3 9,706.4
(6) Unadjusted net migration, 1960-70

(in thousands)=(4)X(5)....cvcuvnn.... —350 +456
(7) Adjusted migration rate, 1960—70 (per-

(47311 § RSP —-196 +2.9
(8) Adjusted net migration, 1960-70 (in

thousands)=(5)X(7)...covveiveeerannn, —350 +281

# See source for explanation of adjustment in net migration
rates,

Other methods using economic analysis.— Other methods of
projecting the population of geographic subdivisions using
economic analysis may involve an intensive study of the eco-
nomic prospects for each area. One approach involves separate
consideration of several main branches of the economy, pro-
ceeding from national to local employment in these branches,
then to total employment in the area, and finally to total popula-
tion. The local projections of employment in various branches
of the economy may be made as a proportion of the corre-
sponding national projections.

Another class of methods employs a limited type of compo-
nent procedure which depends on prior projections of employ-
ment or labor force. In the simpler application, the projections
of employment or labor force, and then net migration, are made
directly for the population of all ages; in the more elaborate
application, the projections of employment or labor force, and
then net migration, are made by age groups. The method se-
quentially calculates employment or labor force, net migration
of the labor force, net migration of the total population, and
finally, the total population, combining the net migration with
the expected population allowing for births and deaths. A
‘specific example is provided by the population projections
made by the Oregon State government for the State as a whole
and its state economic areas, by age and sex, 1964.7

Although the method includes a number of adjustments to
take care of special situations, the authors’ “‘best judgement
forecast” of net migration was derived basically as follows:

1. The current population was projected by age and sex
as a closed population, that is, assuming zero net migration.

2. Projected age-sex-specific labor force participation
rates were applied to these interim population “‘projections’
to obtain the future labor force on the assumption of no further
net migration.

3. An independent forecast of future employment by age
was developed on the basis of a detailed analysis by industry
classes.

4. To the forecast in step (3) an allowance for unemploy-
ment was added, to obtain an independent forecast of the
future labor force.

7 Oregon State Board of Census, Population Bulletin, Release No. P-10,
“Population Forecast, State of Oregon and Economic Areas: 1960-85," by
Richard B. Halley and Morton Paglin, Portland, Oreg., April 1964.

5. The difference between the forecasts in step (4) and the
projections in step (2) was taken to represent net in-migration
or net out-migration of workers, depending on which was

‘larger.

6. The net migration of the household population not in
the labor force (including children and retired persons) was
estimated by ratio inflations of the results in step (5), and
special allowances were made for the net migration of such
groups as the armed forces, college students, and inmates of
institutions.

The adequacy of the method depends heavily on the ade-
quacy of the projection of the total labor force, which is
derived wholly by economic analysis. The method takes ac-
count of the mortality and fertility of persons who have
migrated into or out the area only indirectly.

The more intensive procedures are difficult to apply since
they require considerable data and involve the problem of
demographic and economic interdependence. Careful study of
the economy of an area, involving measurement of the future
requirements for workers and of the degree to which these
future requirements can be filled by the available population,
on the one hand, and by net in-migration, on the other, is
needed. This analysis would require some prior assumption as
to the amount of net in-migration and prior projections of the
size of the expected population. Initial assumptions would then
have to be modified on the basis of what the initial projections
imply as to labor deficits or surpluses. Even if the simplest
method involving economic analysis is employed, the calcula-
tions become voluminous when age and sex detail is included
and projections have to be prepared for a large number of
areas. Under these circumstances, it becomes desirable or
even necessary to carry out the work by electronic computer.

EVALUATION OF PROJECTIONS

Design of Evaluation Studies

As in the case of estimates, the evaluation of projections
requires some standard by which to judge their quality. The
possibilities of evaluating a set of projections are limited be-
cause current estimates or census counts for many years
subsequent to the base date are needed. In the practical situa-
tion, this would permit evaluation of projections only after a
long period of time has elapsed; by this date the methodology in
current use may have changed and, hence, would not be en-
compassed by the evaluation. However, there is a broader
issue. The concept of “accuracy” becomes less meaningful
where several series of projections are offered as reasonable
possibilities and, particularly, where none is designated as a
“forecast.”” In this case would we judge the accuracy of the
“medium” series, the one described as “‘most likely,” each
series individually, or some of them, recognizing that the
projections were not offered as predictions?

When a particular projection has been designed as a forecast
or prediction, it seems perfectly appropriate to measure its
accuracy by a subsequent comparison with a census count or
current estimate. We also believe that those projections which
fit our definition of principal series (i.e., which claim to in-
corporate realistic assumptions and which are offered as
reasonable possibilities of future population size) are also
proper candidates for evaluation, especially the medium series
in a set. One may reasonably compare each projection in a set
of such projections with the population actually recorded to
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indicate how it deviates from the current figure. Such compari-
sons, expressed in terms of percent differences, have in fact,
often been made.”™ They are also of value in selecting a series
of projections for later use.

To achieve a limited evaluation of a set of projections, one
may compare them with a revised set of projections made in
subsequent years. Such a comparison suggests the probable
direction of errors of the longer-term projections, as well as the
actual error of the short-term figures which are compared with
current estimates or revised short-term projections.

Attention may profitably be focused on the accuracy of the
projection of net change and its components (births, deaths, and
net migration) rather than on the population projection itself
since these are the elements actually projected and since the
analyst knew the initial population to begin with. The per-
centage error of the projected change will be very much larger
than the percentage error in the projected population. Com-
parison of the actual components of change with the projected
figures is particularly valuable since it provides insight into the
reasonableness of the various assumptions and shows how the
overall population projections may have benefited from com-
pensating errors. A supplementary approach is to consider the
errors in projections by age, identifying separately, if possible,
the age group born since the base date of the projections. This
comparison will not only indicate differences in the relative
accuracy of projections of age groups, but will also indirectly
provide some insight into the relative contribution of births
and the other components to the total error.

Keyfitz has suggested further that, since the analyst ordi-
narily knows the current growth rate or other measures of
current change, such as age-specific birth rates and death
rates, relative success should be measured by the degree to
which the analyst anticipates the deviation from the change
resulting from the current rates of growth.’® By that criterion
the percentage errors will tend to be even larger for a given
series of projections.

If the analyst’s success in making projections for different
dates and areas is being judged comparatively, an important
standardizing factor is the length of the projection period. One
would expect errors to be greater when the projection period
is longer. The size of the area and its rate of growth would also
be factors characterizing the area which might systematically
affect the accuracy of the projections.

A possible further basis for evaluating projections is in terms
of the range from the highest to the lowest series in a set of
principal projections. The width of the range from the highest to
the lowest projections depends on the regularity of past demo-
graphic trends, knowledge regarding past trends, ability to
measure them accurately, and finally, the analyst’s judgment
of the likely course of future change. The range is, in a sense, a
reflection of the analyst’s confidence in the medium series of
projections. As the range widens, he is indicating that he
has less and less confidence that the medium figures will
correspond to the actual figures. This suggests that, if the office
producing the projections has successfully designed the range
for several sets of projections made at different dates so as to
reflect an equal, although unspecified, degree of confidence, the

7 For illustrations see references given in footnotes 79 and 83.

18 Nathan Keyfitz, “La proyeccién v la prediccion en demografia: Un revision
.del estado de este arte” (Projegtion and prediction in demography: A review of
the state of the art), Conferencia Regional Latinoamericana de Poblacion,

1970, proceedings of a conference sponsored by the International Union for the
Scientific Study of Population and the Colegio de México, Mexico City, Aug.
17-22, 1970 (in press). :

relative variation in the range is suggestive of the differences in
the relative accuracy of various sets of projections. Certainly,
from the user’s point of view, given an assumption of equal
probability from one set of projections to another that the
“true” figure will fall in the range stated, the narrower the
range the more useful the figures. The range may be measured
as the difference between the highest and the lowest projections
for a given date as a percent of the mean of the highest and
lowest populations.

The real difficulty here is the assumption that one range
covers the same confidence interval as another range. A few
demographers have considered the problem of developing
probabilistic measures of the accuracy of projections analogous
to the sampling error of estimates derived from sample surveys.
The issue has been examined most extensively by Muhsam and
Sykes.”” Muhsam believes that demographers should provide
probability statements for each of their projections and that
those who use forecasts should determine a quantitative loss
function which would indicate the loss incurred when the fore-
casts used err by stated amounts.” Sykes has developed a
model in which the variances of predictions are determined on
the basis of the observed variability of vital rates. The model
yields relatively high prediction variances for population
projections, as confirmed by a numerical example with U.S.
data.

National Projections

Several systematic studies of the accuracy of national
projections have been made but these do not usually distinguish
the method of projection, the components of error, or the length
of the projection period.” The period-fertility variation of the
component method, the method most widely used to project
national population where vital statistics are available, has
often been found to produce unsatisfactory results. Typically,
the greatest source of error has been in the projections of births.
Where several series have been projected, the range has
usually been quite wide and yet has occasionally failed to
encompass the actual population. The prospects for improving
the accuracy of national population forecasts are not great
although they may have considerable value as analytic tools.®®

7H. V. Muhsam, “The Utilization of Alternative Population Forecasts in
Planning,” Bulletin of the Research Council of Israel, 5(2-3):133-146, March-
June 1956; idem, “The Use of Cost Functions in Making Assumptions for
Population Forecasts,” in United Nations, World Population Conference,
1965 (Belgrade), Vol. 111, pp. 23-26; and Z. M. Sykes, “Some Stochastic
Versions of the Matrix Model for Population Dynamics,” Journal of the Ameri-
can Statistical Association, 64(325):111-1 30, March 1969.

7 For example, the accuracy of projections for geographic subdivisions has
been examined by Altouney in the general framework of the sources of un-
certainties in planning water-resources projects. See Edward G. Altouney,
The Role of Uncertainties in the Economic Evaluation of Water-Resource
Projects, lnstitute in Engineering-Economic Systems, Stanford University,
Stanford, Calif., Report EEP-7, August 1963.

™ Joseph S. Davis, The Population Upsurge in the United States, War-Peace
Pamphlets No. 12, Food Research Institute, Stanford University, December
1949: Harold F. Dorn, “Pitfalis in Population Forecasts and Projections,”
Journal of the American Statistical Association, 45(251):311-334, September
1950, Henry S. Shr ock, Jr., “Accuracy of Population Projections for the
Umited States,”™ Estadistica, 12(45):587-598, December 1954; Robert J. Myers,
“Comparison of Population Projections with Actual Data,” in United Nations,
World Population Conference, 1954 (Rome), pp. 101-111; and Cézar A.
Pelaez, “The Degree of Success Achieved in the Population Projections for
Latin America Made since 1950. Sources of Error. Data and Studies Needed
in Order to Improve the Basis for Calculating Projections,” in United Nations,
World Population Conference, 1965 (Belgrade), pp. 27-33. John V. Grauman,
“Success and Failure in Population Forecasts of the 1950's: A General Ap-
praisgl.“ in United Nations, World Population Conference, 1965 (Belgrade),
pp. 10-14. R

80 John Hajnal. “The Prospects for Population Forecasts,” Journal of the
American Statistical Association, 50(270):309-322, June 1955.
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The elaboration of the method has contributed at least to this
function of projections.

The United Nations has systematically compared the projec-
tions for the regions and countries of the world published in
1966 with those published in 1958.8' The differences for
regions reflect reestimation of the present size of the popula-
tion in each area and of current fertility and mortality levels,
and a change in the assumptions used in the projections. The
result of the new calculations for most of the world, in com-
parison with the earlier ones, is an initial acceleration of popu-
lation growth and a subsequent deceleration. J udging the earlier

projections on the basis of the current estimates for 1960 and
the revised projections, the earlier medium projections for
1960 and 2000 were too low in some areas and too high in
others by considerable percentages. The indicated percent
“errors” in the projections for major world regions for various
dates are shown in table 24-21. For example, the earlier
medium projection for Africa in the year 2000 was 33 percent
too low, and the medium projection for East Asia in 2000 was
44 percent too high, according to the revised projections.
The projections of U.S. population made during the 1930’s
and 1940’s by the Scripps Foundation and the U.S. Bureau of

Table 24-21. — Comparison of United Nations Medium Projections for Major World Regions Pub-
lished in 1966 and Corresponding Projections Published in 1957

[Percents represent the deviation of projections published in 1957 from the current estimates or revised projections as a percent
of the current estimates or revised projections] .

P"P::i;i;’:rzsl)%o Percent difference
Country
1957 1966 1960 1970 1980 1990 2000

WOTLd.sseusansonaneraenesannnacnanns 12,910 2,998 ~2.9 -3.1 ~2.5 ~0.9 2.4
East Asia... 796 794 +0.3 +6,2 +15,7 +27.5 +44,0
South Asia, [ 827 865 4.4 ~8.5 =10.4 ~10.3 -7.2
Europe.... ceresseres 424 425 =0.2 +0.,7 +3.3 +5.6 +7.8
U.S.8. . 215 214 +0,5 +3.3 +6,8 +7.3 +7.4
Africa,.. 235 273 ~13.9 -19.7 ~25.8 -30,2 32,7
Northern Americ 197 199 -1.0 -0.9 =3.1 -7.5 -11.9
Latin America 206 212 -2.8 6.4 7.9 -8.4 7.2
Oceanig.sevea., 16.3 15.7 +3.8 +3.7 -0.4 4.8 -8.2.

t Rounded to nearest 10 million.

Source: Adapted from United Nations, World Population Prospects as Assessed in 1963, Series A, Population Studies,

No. 41, 1966, tables 4.3 and 4.4.

Table 24-22.—Comparison of Projections of the Components of Population Change With the

Corresponding Current Estimates,

[Population in thousands]

for the United States: 1966 to 1969

Population Population change, 1966 to 1969
Projection series
July 1, 1969 July 1, 1966 Net change Births Deaths Immigratior
Population and population change:
Current estimates.....vevsenesarvecesnsnsnenss 203,216 1196,907 6,309 10,676 5,697 1,331
SETies Auuvseierensvreanrasssennnssonnncsconas 205,311 196,842 8,469 13,09 5,825 1,200
SET1E8 B.uuvearesientsnsosronnacsassnnnssannns 204,466 296,842 7,62 12,229 5,804 1,200
5eries Covesesnsenonsnrennsnnans 203,635 2196,842 6,7% 11,378 5,785 1,200
Series Duruerrernseorsnnsosacnnornenssnsonanne 202,923 2196,842 6,082 10,649 5,767 1,200
Difference:?

Amount ;

Series A, +2,095 -66 +2,161 +2,419 +127 «131

Series B, +1,250 -66 +1,315 +1,553 +107 ~131

Series C. +#419 -66 +485 +703 +87 =131

Series D.. ~293 -66 ~227 -26 +70 -131
Percent: 4

Series Aiveerreiiiesinriicnsorrernnnconnnns +1.0 (2) +34,3 +22,7 +2.2 -9.8

Series B....... . +0,6 (z) +20.9 +14.,5 +1.9 -9.8

Serles Cuvvvvvevnnnns +0,2 (z) +7.7 +6.6 +1.5 -9.8

Series D..... reseenn -0.1 (z) -3.6 ~0.2 +1.2 -9.8

Z Less than 0.05 percent.
1 Revised estimate. L
* Provisional estimate used as base of projection.

3 Minus sign indicates that the estimate exceeds the projection.

4 Estimate is the base of the percent.

Source: U.S. Bureau of the Census,
July 1, 1967, to July 1, 1969, March 19, 1970, table G.

Current Population Reports, Series P-25, No. 44

# United Nations, World Population Prospects as Assessed in 1963, pp. 15-17.

1, “Estimates of the Population of the United States, by Age, Race, and Sex:
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the Census proved to be consistently too low, primarily be-
cause of understatement of future births. Although the range
of the projections made during the 1950’s and 1960’s still
encompassed the actual figures after several years, the projec-
tions were generally too low or too high, depending on whether
the actual trend of fertility was up or down at the time the
projections were being prepared.

A comparison of the U.S. projections for 1969, based on
current estimates for 1966, with current estimates for 1969
illustrates the latter situation (table 24-22).82 This comparison
shows that the population increase in the 3-year period was

Table 24-23.—Comparison of Projections of the Population
Under 5 Years Old and 5 Years Old and Over With ihe Cor-
responding Current Estimates, for the United States: July 1,
1969

{Population in thousands]

. 3
Projection series and Projectionl Cufrent Difference
age (years) estimate Z
Amount Percent
Under 5 years:
Series Aciveeeecoocaas 20,367 17,960 +2,407 +13.4
Series B..... 19,522 17,960 +1,562 +8,7
Series C..... 18,691 17,960 +731 +4,1
Series Divevsannessns 17,979 17,960 +19 +0.1
All series, 5 years and
OVETyosveosonensssssas 184,944 185,256 =312 -0.2
510 Lhieeseeceananss 41,335 41,345 -10 (z)
15 t0 24uiuieecncrances 35,118 35,054 +65 +0.2
25 10 34iiveeiecnanes 24,629 24,680 =51 -0.2
35 10 4dieiinicennnns 23,246 23,314 -68 -0.3
45 10 64ieerennonnnne 41,325 41,393 -69 -0.2
65 years and over.... 19,291 19,470 =179 -0.9

Z Less than 0.05 percent.

! Projections from U.S. Bureau of the Census, Current Population Reports,
Series P-25, No. 381, “Proiections of the Population of the United States, by
Age, Sex, and Color to 1990, With Extensions of Population by Age and Sex
to 2015,” Dec. 18, 1967.

2 Consistent with U.S. Bureau of the Census, Current Population Reports,
Series P-25, No. 428, “Estimates of the Population of the United States, by Age,
Race, and Sex: July 1, 1969,” Aug. 19, 1969.

3 Minus sign indicates that the estimate is greater than the projection.

4 Estimate is base of percent.

Source: U.S. Bureau of the Census, Current Population Reports, Series P-25,
No. 441, “Estimates of the Population of the United States, by Age, Race, and
Sex: July-1, 1967 to July 1, 1969,” Mar. 19, 1970, table H.

22 S, Bureau of the Census, Current Population Reports, Series P-25,
No. 381, table B.

overstated in Series A, B, and C by 34, 21, and 8 percent,
respectively, and that the overstatement of births accounted
principally for the errors in these series of projections. The
overstatement of births was partly offset by an overstatement
of deaths and an understatement of net immigration. The
concentration of the error in the births is also reflected in the
relatively large difference in the projections for children under
5 in Series A, B, and C, as compared with those for the popula-
tion 5 and over (table 24-23).

Geographic Subdivisions

Projections for states, provinces, localities, etc., are subject
to much greater average error than those for whole countries
(i.e., for a given length of projection period). The greater in-
accuracy results partly from the added uncertainties of internal
migration and partly from the fact that errors (or deviations in
general) tend to vary inversely with population size.

Siegel's review in 1954 of the various U.S. tests of sub-
national projections concluded that no one method uniformly
gave the best results and that in many cases a simple mathe-
matical method was as accurate as a component method using
age-specific rates.’3 The more elaborate methods, such as the
cohort-component methods, would still be preferred for their
analytic value, however.

He concluded further that the ‘“error” rate tends to vary
directly with the rate of population growth and with the length
of the projection period. After 20 years no method any longer
provided accurate forecasts. The longer the projection period
the greater the likelihood of unforseen developments which can
cause the actual population to fall outside the range projected.
Similarly, population trends are less regular for small popula-
tions than large ones. Accordingly, projections for subnational
areas should be carried out for fewer years than projections for
countries as a whole. These findings and the practical need for
consistency with current estimates suggest the need for fre-
quent revision of the projections for geographic areas.

83 Jacob S. Siegel, “Some Aspects of the Methodology of Population Forecasts
for Geographic Subdivisions of Countries,” in United Nations, World Population
Coiference, 1954 (Rome). See also Helen R. White, “Empirical, Study. of the
Accuracy of Selected Methods of Projecting State Populations” Journal of the
American Statistical Association, 49(267):480-498, September 1954; Jacob S.
Siegel, “Forecasting the Population of Small Areas,” Land Economics, 29(1):72-
87, February 1953; and Robert C. Schmitt and Albert H. Crosetti, “*Accuracy of
the Ratio Method for Forecasting City Population,” Land Economics, 27(4):346~
348, November 1951.




of the Census, Illustrative Projections o
Washington: Government Printing Office,

Editor’s note: This material is taken from U.S. Department of Commerce, Bureau
f World Populations to the 21st Century,
1979, pp. 13-15.

PROJECTION METHODS

Base-Year Data

The projections in this report begin from a single estimate
of a populations’'s size and age distribution for a specific
“base year.” The preferred base year in this report is 1975;
a different base year was established only when data were
insufficient for an acceptable single estimate of population
size and age distribution for 1975.

The base year for projections for each of the more de-
veloped regions and countries shown in this report is 1975.
In the case of these countries, either census data were avail-
able for 1975 or an estimate for 1975 was made on the basis
of census data for a recent year and on the availability of
reliable statistics on births, deaths, and net migration. The
base year for the “remainders” of less developed regions is
also 1975, although the quality of the available data and
resulting estimates for these areas is lower than for the more
developed areas. The United Nations medium variant projec-
tions of the population by age and sex for 1975, with some
adjustments where needed, served as the base year popula-
tion for remainders of regions.

Base years for the less developed countries shown in this
report vary according to the year for which the most reliable
data are available. Only for three of the less developed
countries, namely Egypt, Nigeria, and Pakistan, is the base
year 1975. Base years for the other nine less developed
countries for which projections are shown in this report are:
Bangladesh, 1974 ; Brazil, 1970; People’s Republic of China,
1953; India, 1971: Indonesia, 1971; Mexico, 1970;
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Philippines, 1970; South Korea, 1970; and Thailand, 1970.
Population estimates for these countries as of 1975 were
subsequently made based on past trends in fertility, mor-
tality, and net international migration.

Base-year fertility and mortality rates. As part of its con-
tinuing program in the collection and evaluation of inter-
national demographic data, the Census Bureau had previously
prepared estimates of base-year fertility levels for most of the
less developed countries in this report. These estimates con-
sisted of a schedule of age-specific fertility rates and the
corresponding total fertility rate for each country, which
then served as the base-year fertility levels. For areas not
specifically studied, U.N. fertility levels were used, except for
Colombia, Turkey, and Iran, where new data indicated that
the actual 1975 fertility levels were significantly different
from the projected U.N. levels.

Base-year fertility levels for the more developed countries
were adapted from those used by the individual countries
in making national projections, with some adjustment to
bring them up to the base year of 1975.

Levels of base-year mortality were estimated from the
same sources as base-year fertility.

Assumptions About the Future

In order to project the future size and age distribution of
populations using the components method, assumptions
must be made about the future course of each of the com-
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ponents of population growth. Thus, one must specify
whether fertility levels wili rise or fall, and to what extent;
whether or not people will live longer on the average; and,
for projections of individual countries and regions, what
will be the amount of net migration.

The illustrative population projections presented here
are based on the general assumption that there will be no
major catastrophes, widespread epidemics, or social, political,
or economic upheavals in the future. While no component
of demographic change can be predicted exactly, demo-
graphic history in recent decades has shown that changes in
mortality and net international migration are likely to have
less impact than changes in fertility on the size and com-
position of future population. As a result, the larger the
proportion of a projected population born after the base
date, the more uncertainty there is in the projected
population.

The population projections shown in this report are
neorrect” in the sense that they accurately illustrate the
population growth that would result from a given base year
population estimate subjected to varying levels of vital rates.
Of course, population projections will be valid only to the
extent that they are derived both from reliable estimates
of base year populations and from accurate assumptions
-about the future course of those demographic factors which
affect population growth. Recent demographic history in
both more and less developed countries has shown that very
rapid changes in vital rates, especially fertility, can occur in
time periods even shorter than the projection period chosen
in this report.

Migration. In order to simplify the probliem of making
population projections for individual countries and regions,
the assumption has been made that there will be no migration
from one country to another between 1975 and the year
2000. This assumption certainly introduces an element of
error into any population projection. However, it seems
likely that net migration will be the least important factor
influencing population growth, as international migration
within large geographical areas has superseded earlier overseas
migration between Europe and the Americas.!! Insupportof
this contention, the data below show that the overall effect
of net migration on population growth in Europe for the
1950-70 period was negligible (a loss of only 4 percent),
although considerable variation in the importance of net
migration on population growth can be found in the com-
ponent regions.

With respect to individual countries, the assumption of
no further migration can adversely affect the quality of the
population projection, especially where the rate of natural
increase is very low. For example, although the level of net
migration into the United States has been between 300,000
and 400,000 persons a year for the past several decades,
substantial declines in fertility have increased the net mi-
gration component of population growth from 10 to 15

11Gee United Nations, “The World Population Situation in 1970,”
Population Studies, No. 49 (New York: United Nations Department
of Economic and Social Affairs, ST/SOA/Series A/49, 1971).

Estimates of Net Migration in Europe: 1950 to 1970

Ratio of net
. Net migrants migration to
Region (thousands) 'natural
increase
(percent)
EurOpel ............ -3,028 -4
Western Europe... +8,748 +51
Southern Europe.. -7,301 -29
Eastern Europe... -3,777 -21
Northern Europe.. -698 -8

The regional assignment of countries differs
from that shown elsewhere in this report.

Source: United Nations Secretariat, "Inter-
national Migration Trends, 1950-1970," The Popu-
lation Debate: Dimensions and Perspectives, Papers
of the World Population Conference, Bucharest,
1974, Vol. I (United Nations publication, Sales
No. E/F/S.75.XI11.4), p. 247.

percent in the 1950’s to 20 to 25 percent during the
1970's.! 2

Fertility. The general conceptual framework which underlies
the fertility assumptions made in these projections is as
follows:

1. The less developed countries will continue to make
moderate progress in social and economic develop-
ment during the 1975-2000 period.

2. Fertility will decline as less developed countries pro-
gress in social and economic development. In the long
run, the fertility level is expected to decline more or less
continuously, though with some temporary plateaus.

3. Almost all countries, which do not already do so, will
make family-planning services available to-an appreci-
able portion of the population during the 1975-2000
period, and those countries with family-planning
programs now in operation will extend coverage,
particularly in rural areas.

4. Knowledge and methods of family limitation will be-
come better known and will be more widely used
among populations that wish to reduce fertility. Ex-
pansion of family-limitation practices will expedite
the process of fertility decline, and in countries where
rapid social and economic progress and strong desires
for smaller families coincide, fertility decline will be
very rapid.

Three projection series for fertility were made for each
individual country or geographical area. In setting the high,

120 +he official Census Bureau medium projection of the popula-
tion of the United States, some 12 million more people are expected
by the year 2000 if a net migration assumption is included in the
population projection than if no migration is assumed. See U.S.
Bureau of the Census, Current Population Reports, Series P-25,
No. 704, “‘Projections of the Population of the United States: 1977 to
2050" {Washington, D.C.: U.S. Government Printing Office, 1977).
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medium, and fow levels of fertility in the year 2000, some
general guidelines were followed:

1. The higher the level of fertility at the base date, the
wider the range of assumed fertility levels in the year
2000.

2. The greater the uncertainty about the current fertility
levels and current trends, the greater the range of
assumed fertility levels in the year 2000.

The three fertility projection series in this report did not
use any mathematical models of fertility change; instead,
the assumptions were made on a judgmental basis by demo-
graphers who have worked with the demographic and related
socioeconomic data for the individual countries for a number
of years. For the less developed countries for which indi-
vidual projections were made, the demographers set the
target fertility decline by taking into consideration the
following factors:

1. Current levels and recent trends in fertility;

2. current levels and recent trends in social and economic
development;

3. current status and past performance of family planning

and public health programs;

government policy on population related matters;

5. recent fertility trends in countries with similar cultural,
social, and economic conditions and prospects;

6. expressed ‘‘desired family size” in the population;

7. fertility assumptions made by international agencies,
such as the United Nations and the World Bank.

&

In setting the target fertility levels and projection paths,
special consideration was given to fertility assumptions made
in population projections prepared by national agencies and
universities in the countries under consideration. The rationale
was the belief that demographers in the individual countries
may have a unique understanding of what are reasonable
fertility levels to expect in the future for their own country.
Such national projections for less developed countries were
available and were considered in making assumptions for
Brazil, Indonesia, Pakistan, the Philippines, South Korea,
and Thailand. With respect to the more developed countries,
almost every country has made its own official national
projection; with slight modifications in some instances, these
official projections were used in this report.

After the fertility levels for the intermediate years were
determined for each projection series, the age patterns of
fertility were selected for the initial projection year and the
year 2000. Age-specific fertility rates for the intervening
years were then chosen to reflect the level of fertility for
those years.

Mortality. One mortality assumption was used for all three
projection series, except for the People’s Republic of China.!?
Mortality estimates for the base year of the projections and
for the projection period were estimated from a variety of
sources, including registered deaths by age and sex, often
adjusted for underregistration; survey or census data on
deaths by age and sex during the preceding year; or by
analyzing age distributions of the population at one or more
points in time and applying accepted demographic tech-
niques, e.g., stable population analysis or model life tables
to generate an appropriate life table. In a few countries, such
as Nigeria, where no reliable information is available,
"‘guesstimates’’ as to the level of mortality and the appro-
priate model life table pattern were made, with consideration
given to estimates that had been previously made by other
agencies and research centers.

Projections of mortality from the base year were generally
done in one of two ways: Either a target life expectancy at
birth (and a corresponding life table) was chosen for the year
2000 and life expectancies for the years between 1975 and
2000 were graphically interpolated; or the pattern and
degree of change in mortality from year to year was assumed
with the eventual life expectancy in the year 2000 resulting
from the projection process. Whether target life expectancies
were initially chosen or whether the trend was initially
chosen, consideration was always given to the trends and
levels shown in already existing national projections, and
the mortality trends that have occurred in similar countries.
Target life expectancies for the vear 2000 were sometimes
chosen to be the same as those already achieved in "leading”
countries, or previously assumed in projections made by
other agencies and organizations.

!3Since the People’s Republic of China is such a large component
of {1) the World, (2) less developed countries, and (3) Asia and
Oceania, high and low mortality series differ from the medium series
for these three areas as well.




Editor’s note: This material is taken from U.S. Department of Commerce, Bureau
of the Census, Illustrative Projections of World Populations to the 21st Century,
Washington: Government Printing Office, 1979, Appendix B, pp. 95-116.

Sources of Dase-Year Data and
Projection Assumptions

PEOPLE'S REPUBLIC OF CHINA
Base Data

Base date: January 1, 1953

Population. The population estimates and projections for
the People’s Republic of China were made by the staff of the
Foreign Demographic Analysis Division, U.S. Bureau of the
Census {1976). The base population data were derived from
the June 30, 1953 census, and are based on a model age-sex
distribution that was designed to reflect the probable demo-
graphic history of China for the preceding three centuries.

Fertility level. Based on a model reconstruction of the
population of China, the crude birth rate was estimated to
be 45 per 1,000 in 1953. This level of the crude birth rate
corresponds to an estimated total fertility rate of 6.1 children
per woman.

Mortality level. A crude death rate of 22.5 per 1,000 was
estimated for China in 1953. Model life tables were used
to derive an expectation of life at birth of about 40 years
for males and 43 years for females.

Projection Assumptions

Fertility. In all series, the total fertility rate was estimated
to have declined by the year 1975, with the most rapid annual
declines occurring after 1969. The total fertility rate was
assumed to have declined by 1975 to 5.2 in the high series,
4.1 in the medium series, and to 3.1 in the low series.
Further declines are projected to occur between 1975 and
1985 by about 40 percent in each series resulting in a total
fertility rate by 1985 of 3.1 in the high series, 2.6 in the
medium series, and 2.1 in the low series. These rates are
then assumed to remain stable during the remainder of the
projection period.
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FIGURE B-1.
Total Fertility Rates for the People’s
Republic of China: Estimated 1953
TFR and Projected 1953-2000
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Mortality. In all series, life expectancy at birth was assumed
to have fluctuated erratically between 1953 and 1961. In the
high-projection series, life expectancy was assumed to have
increased by 1961 to 42 years for males and 45 years for
females. A steady rise was projected for the remainder of
the projection period, reaching 60 and 64 years, respectively,
for males and females by the year 2000. in the medium-pro-
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jection series, life expectancy at birth was assumed to have
declined by 1961 for both males and females to 38 and 41
yvears, respectively. Between 1961 and 2000, however, an
increase of almost 75 percent has been projected which re-
sults in an expectation of life at birth of 65 years for males
and 69 years for females by the year 2000. In the low-series
projection, life expectancy falls between 1953 and 1961 to
34 and 37 years, respectively, for males and females. Life
expectancy at birth then doubles by the year 2000 to 70
years for males and 74 years for females.

Migration. No international migration was assumed to have
occurred during the projection period.

Major Sources

Foreign Demographic Analysis Division, U.S. Bureau of the
Census. 1976. Population Estimates and Projections for the
People’s Republic of China. Computer printouts, unpub-
lished.

U.S.S.R.
Base Data
Base date: January 1, 1975

Population. The population estimates and projections for
the U.S.S.R. were prepared by the staff of the Foreign
Demographic Analysis Division, U.S. Bureau of the Census
(1977). The base population data were derived from the
age-sex distribution of the January 15, 1970 census and
were subsequently adjusted on the basis of the single year
of age distribution for the U.S.S.R. (U.S. Bureau of the
Census, 1973). Annual data on births, deaths, and net
migration were used to advance the population to the base
date (Central Statistical Administration).

Fertility level. Age-specific fertility rates for 1975 were from
official government sources (Central Statistical Administra-
tion, 1976, No. 11, p. 86). The total fertility rate for 19756
was estimated to be 2.4 children per woman.

Mortality level. Life table values for 1975 were derived
from 1973-74 estimates of mortality rates (Central Statistical
Administration, 1975, No. 12, p. 84). Life expectancy at
birth in 1975 was estimated to be 63.1 years for males and
73.8 years for females.

Projection Assumptions

Fertility. The total fertility rate of 2.4 in 1975 was assumed
to have increased by the year 2000 to 2.7 in the high series,
and to have decreased to 2.3 in the medium series and to 1.9
in the low series.

FIGURE B-2.
Total Fertility Rates for U.S.S.R.:
Estimated 1957-75 and Projected
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Mortality. In ali series, life expectancy is assumed to increase
gradually during the projection period by 2.5 years, resulting
in a life expectancy at birth in the year 2000 of 65.6 years
for males and 76.3 years for females.

Migration. No international migration was assumed to have
occurred during the projection period.

Major Sources

Central Statistical Administration. Various dates. Vestnik
Statistiki. U.S.S.R. Council of Ministers.

Foreign Demographic Analysis Division, U.S. Bureau of the
Census. 1977. Estimates and Projections for the U.S.S.R.
Computer printouts, unpublished.

U.S. Bureau of the Census. 1973. International Population
Reports, “‘Estimates and Projections of the Population of
the U.S.S.R., by Age and Sex, 1950-2000,"" Series P-91,
No. 23.

INDIA
Base Data

Base date: July 1, 1971
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Population. The base population data were derived from the
April 1, 1971 census adjusted for 2.7 percent net under-
enumeration. The 1961 and 1971 population censuses were
adjusted by a cohort analysis, accepting estimated levels of
mortality and fertility during the intercensal period. Assump-
tions were made concerning trends in the sex ratios for each
cohort during the 10-year period, by age and sex, from the
1971 Post Enumeration Check (Registrar General and Census
Commissioner, 1975, pp. 33-36).

Fertility level. The total fertility rate for 1971 is a weighted
average of 1969 urban and rural age-specific fertility rates
derived from the Sample Registration System {Office of the
Registrar General, 1972, pp. 7 and 32). The combined rates
were inflated to achieve an estimated crude birth rate of
39 per 1,000 for 1971. The estimated crude birth rate was
based on a reported All-india rate from the Sample Registra-
tion System (Registrar General, 1976, p. 2) and subsequently
inflated by 5 percent (see Registrar General, 1974, p. 7, and
Registrar General and Census Commissioner, 1974, p. 10).

Mortality level. Empirical life tables for 1969 were derived
from age-sex specific death rates from the Sample Registra-
tion System (Office of the Registrar General, 1972, pp. 58-
62 and 72-77). These rates were graphically smoothed
and adjusted using as a guide data from the National Sample
Survey (Cabinet Secretariat, no date, p. 16). Life expectancies
at birth by sex for 1971 were derived by estimating probable
improvements in the life expectancies since 1969 and by
assuming that the age pattern of mortality was that implied
by the Coale-Demeny south region model life tables at
equivalent levels of life expectancies (Coale and Demeny,
1968).

Projection Assumptions

Fertility. The total fertility rate of 5.7 in 1971 was estimated
to have declined by about 7 percent to 5.3 in 1975 in all
series, after considering the trend in crude birth rates from
1971 to 1975 from the Sample Registration System {Reqgis-
trar General, 1976, p. 2, and Chari, 1977, p. 4). By the year
2000, the rates were assumed to have declined to 4.5 in the
high series, 3.5 in the medium series, and 3.0 in the low
series. In the medium series, the fertility rate for the year
2000 was assumed to approximate the “desired family
size” (between 3 and 4 children) in India as shown by data
from area and national surveys conducted around 1970
(Rao and Mullick, 1974, pp. 325 and 342, and Nair, 1974,
pp. 345-355). The rate for the low series was assumed to be
0.5 below the level of the medium series. Both the medium
and the low series have approximately the same rates in the
year 2000 as those for the period 1995-2000 in the United
Nations medium and low variant projections, respectively
(United Nations, 1975, p. 125). The high series was projected
to reflect a pessimistic view of the future direction of the
Indian family planning program that has prevailed since the'
March 1977 elections and the advent of the new government
in India.

FIGURE B-3.
Total Fertility Rates for India:
Estimated 1956-75 and Projected
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Mortality. In all series, life expectancy at birth was assumed
to increase from 51.5 years to 62.7 years for males and from
50.6 years to 64.5 years for females between 1975 and 2000.
The life expectancies at birth for the year 2000 were esti-
mated considering past trends in mortality, mortality in
other countries of the region, United Nations projections,
and expected improvements in the social, economic, and
health sectors of the country.

Migration. No international migration was assumed to have
occurred during the projection period.

Major Sources

Cabinet Secretariat. no date. The National Sample Survey,
Fourteenth Round, July 1958 — June 1959. Fertility and
Mortality Rates in Rural India. Report No. 89. New Delhi.

Chari, R. B. 1977. “Vital Statistics Systems in India.”" Paper
prepared for Conference on Vital Statistics in Asia, May
9-13, Manila.

Coale, Ansley J. and Paul Demeny. 1966. Regional Model
Life Tables and Stable Populations. Princeton University.
Princeton.

Nair, P. S. 1974. “Desired Family Size: Correlates and Reli-
ability of Responses.”” Demography India. Vol. 111, No. 2.
New Delhi.
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Office of the Registrar General. 1972, Measures of Fertility
and Mortality in India. SRS Analytical Series. No. 2. New
Delhi.

Rao, Kamala Gopal, and Saroj Mullick. 1974. Studies in
Family Planning: India. Abhinov Publications. New Delhi.

Registrar General. 1974, Age and Life Tables (One Percent
Sample). Series 1- India. Miscellaneous Studies. Paper 2.
New Dethi.

. 1976. Sample Registration Bulletin. Vol. X.
No. 1. New Delhi.

Registrar General and Census Commissioner. 1974. The
Population of India. National Population Monograph in
the CICRED Series. New Delhi.

- 1975. Census of India 1971. General Popula-
tion Tables. Series 1 - India. Part |I-A {i). New Delhi.

United Nations. 1975. Selected World Demographic Indi-
cators by Countries, 1960-2000. ESA/P/WP.55. New York.

INDONESIA
Base Data
Base date: July 1, 1971

Population. The base population data were derived from the
September 24, 1971 census adjusted for 3.8 percent net
underenumeration. The 1961 and 1971 population censuses
were adjusted using a cohort analysis, by age and sex, ac-
cepting estimated levels of mortality and fertility during the
intercensal period and assuming certain trends of the sex
ratios in each age cohort during the 10-year period.

Fertility level. The total fertility rate for 1971 was estimated
by considering final and preliminary fertility estimates from
the 1973 Fertility-Mortality Survey (University of Indonesia
Demographic Institute, 1974-75 and 1975), estimates derived
by the own-children method using data from the 1971 census
(Indonesia Central Bureau of Statistics, 1976, table 1.1,
preliminary data from Phase | of the 1976 Intercensal Popu-
lation Survey (East-West Population Institute, 1977), and
preliminary results from Phase Il (World Fertility Survey)
of the 1976 Intercensal Population Survey for Java and
Bali. An average of the 1965-70 rate from the 1973 survey
and the 1967-70 rate estimated from the 1971 census own-
children data was assumed to apply to 1971. This level was
supported by the preliminary data available from Phase 111
of the 1976 Intercensal Population Survey.

The age pattern of fertility for 1971 was accepted from
the 1965-70 age-specific fertility rates from the 1973
Fertility-Mortality Survey.

Mortality level. Empirical life tables for 1971 were derived
by applying the census survival technique to 1961 and 1971
census data (U.S. Bureau of the Census, 1975, pp. 9 and 10).

Projection Assumptions

Fertility. The total fertility rate of 5.7 in 1971 was assumed
to have declined by 10 percent to 5.1 in 1976, considering
preliminary resuits from Phase 1| of the 1976 Intercensal
Population Survey and the change in the number of new
acceptors in the family-planning program between 1971 and
1976. The rate of 5.1 in 1976 was assumed to have declined
by the year 2000 to 4.0 in the high series, 3.5 in the medium -
series, and 2.5 in the low series. The high and medium levels
were chosen after considering past trends in fertility and
assumptions made by the East-West Population Institute
(1977), the United Nations (1975), and the University of
Indonesia Demographic Institute (1973, p. 69) for their
Population projections. The low level was chosen to vyield a
crude birth rate in 2000 that is approximately 50 percent of
the 1971 crude birth rate which represents the goal of the
Indonesian National Family Planning Coordinating Board.

FIGURE B-4.
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Mortality. In all series, life expectancy at birth was assumed
to increase from 40 years to 56 vears for males and from
43 years to 60 years for females between 1971 and 2001.
After considering past trends in mortality, mortality trends
in other countries of the region, and projections made by
the United Nations (1975), the East-West Population Insti-
tute (1977), and the University of Indonesia Demographic
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Institute (1973, p. 68), the assumptions made by the Uni-
versity of Indonesia for 2001 were accepted and subse-
quently interpolated for the year 2000.

Migration. No international migration was assumed to have
occurred during the projection period.

Major Sources

East-West Population Institute. 1977. Personal communi-
cation.

Indonesia Central Bureau of Statistics. 1976. Estimates of
Fertility and Mortality in Indonesia Based on the 1971
Population Census, by Lee-Jay Cho, Sam Suharto, Geoffrey
McNicoll, and S. G. Made Mamas. SP 76-L02. Jakarta.

United Nations. 1975. Selected World Demographic indi-
cators by Countries, 1950-2000. ESA/P/WP.55. New York.

U.S. Bureau of the Census. 1975. Levels and Trends of Mor-
tality in Indonesia, 1961 to 1971. International Research
Document No. 2. Washington, D.C.

University of Indonesia Demographic Institute. 1973. The
Population of Indonesia. National Population Monograph
in the CICRED Series. Jakarta.

. 1974-75. Indonesian Fertility-Mortality Survey
1973, Preliminary Report (Various provinces). Jakarta.

.1975. Levels and Trends in Fertility and
Childhood Mortality in Indonesia, by Peter F. McDonald,
Mohammed Yasin, and Gavin W. Jones. Monograph Series
No. 1. Jakarta.

BANGLADESH

Base Data
Base date: July 1, 1974

Population. The base population data are from the final
March 1, 1974 census figure, adjusted for the 6.4 percent
net underenumeration found in the Post-Enumeration
Check (Bangladesh and United Kingdom, 1977, p. 3). The
total population figure was then projected forward to
July 1, 1974, at a growth rate of 2.67 percent, and an
appropriate age-sex distribution was derived from the ad-
justed 1974 census (Bangladesh and United Kingdom, 1977,
p. 3).

Fertility level. Age-specific fertility rates for 1973 are based
on data from the 1974 Bangladesh Retrospective Survey of
Fertility and Mortality (BRSFM) for births occurring 12
months prior to the survey (Bangladesh and United Kingdom,
1977, p. 4). The unadjusted age-specific fertility rates were
then used as a guide in selecting a model fertility pattern
rather than using them directly to obtain the age-specific
fertility pattern. (Bangladesh and United Kingdom, 1977,

pp. 160-163). The 1973 rate was then projected to the
base year date of 1974 (see following section on projection
assumptions).

Mortality level. A life table for the b-year period preceding
the 1974 census was derived based on the application of
the Brass and Brass-Hill techniques to data on children ever
born, children surviving, orphanhood, and widowhood as
reported in the 1974 BRSFM (Bangladesh and United
Kingdom, 1977, pp. 88-92). The life-table values were
assumed to apply to 1971, the midpoint of the 5-year period.
The 1971 expectancies were then projected to the base-year
date of 1974 (see following section on projection assump-
tions).

Projection Assumptions

* Fertility. The total fertility rateof7.1in 1973 was assumed to

have declined to 7.0 for all series by 1975. A further decline
was projected for the year 2000 to 5.0 in the high series,
4.3 in the medium series, and 3.5 in the low series. The same
range of projected rates was assumed for both Bangladesh
and Pakistan. Since Bangladesh is currently at a lower devel-
opmental stage than Pakistan, there is a tendency to assume a
slower fertility decline in Bangladesh. However, because of
the immense population pressurel and the emphasis on ster-
ilization as a means of birth control in Bangladesh, it was
assumed that fertility decline would occur at approximately
the same pace for both countries.

! Bangladesh has approximately 8 million more people than Paki-
stan and less than one-fifth the land area.

FIGURE B-5.
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Mortality. In all series, life expectancy at birth was assumed
to increase from 45.8 years to 53.5 years for males and from
46.6 years to 54.5 years for females between 1971 and 2000.
The life expectancies at birth for the year 2000 were esti-
mated considering past trends in mortality, mortality trends
in other countries of the region, United Nations mortality
projections, and expected improvements in the social, eco-
nomic, and health sectors of the country. The life expec-
tancy of both sexes in 2000 is at tive same level as the United
Nations medium variant of 54 years.

Migration. No international migration was assumed to have
occurred during the projection period.

Major Sources

Bangladesh, Census Commission and United Kingdom,
Ministry of Overseas Development. 1977. Report on the
1974 Bangladesh Retrospective Survey of Fertility and
Mortality. London.

United Nations. 1965. Population Bulletin of the United
Nations, No. 7 - 1963: With Special Reference to Condi-
tions and Trends of Fertility in the World. New York.

PAKISTAN
Base Data
Base date: July 1, 1972

Population. The base population data were derived from the
final September 16, 1972 census figures (Census and Regi-
stration Organization) and a July 1, 1972 population was
estimated, assuming an annual growth rate of 3.0 percent. An
age-sex distribution was then derived by applying the per-
centage distribution of an interpolated 1972 United Nations
medium-variant population. Although the reported age-sex
distribution from the 1972 census was available, it was not
used since it appeared to be unrealistic.

Fertility level. Age-specific fertility rates for 1972 were based
on 1974-75 rates from the Pakistan Fertility Survey which
was conducted in 1975 (Population Planning Council of Paki-
stan, 1976, table 3.7 and appendix tables 1.1,1.3, and 2.2.1
(a)). The rates were adjusted using the Brass technique which
resulted in a total fertility rate of 6.93. These rates were
graphically extrapolated back to 1972, the date of the bench-
mark population.

Mortality level. The mortality level was based on a life table
constructed using data from the 1962-65 Population Growth
Estimation (PGE) Experiment (Technical Sub-Committee
for Planning Division, 1968).

Projection Assumptions

Fertility. The total fertility rate of 7.0 in 1972 was assumed
to have declined to 6.9 by 1975. By the year 2000, the rates

were assumed to have declined to 5.0 in the high series,
4.3 in the medium series, and 3.5 in the low series. In the
medium series, the fertility rate for the year 2000 is approxi-
mately at the level of the United Nations medium variant.
The low-series projection for the year 2000 is the same as the
India medium-series projection. The high series projected
rate of 5.0 for the year 2000 was chosen so that the medium
series projected rates would be equidistant between the high
and low series.

FIGURE B-6.
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Mortality. In all series, life expectancy at birth was assumed
to increase from 47.8 years to 62.5 years for males and from
45.1 years to 64.3 years for females between 1964 and 2000.
The life expectancies at birth for the year 2000 were esti-
mated considering mortality trends in other countries of the
region, United Nations mortality projections, and expected
improvements in the social, economic, and health sectors of
the country. The life expectancy of both sexes in 2000 is
approximately at the same level as the United Nations
medium variant, 63.0 years.

Migration.No international migration was assumed to have
occurred during the projection period.

Major Sources

Census and Registration Organization. 1977. Unpublished
computer printouts.
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Population Planning Council of Pakistan. 1976. Pakistan
Fertility Survey, World Fertility Survey, First Report.
Lahore.

Technical Sub-Committee for Planning Division. 1968. '‘Pop-
ulation Projections for Pakistan.”” Karachi.

PHILIPPINES
Base Data
Base date: July 1, 1970

Population. The base population data were derived from
the May 6, 1970 census adjusted for an estimated 1.9 per-
cent net underenumeration, and projected to the midyear by
considering estimated levels of fertility, mortality and
migration, and the 1960-70 and 1970-75 intercensal growth
rates. The 1970 census was adjusted by distributing the total
population figures by age and sex based on a 5-percent
sample of census returns (Bureau of Census and Statistics,
1972). The resulting age-sex distribution was smoothed for
age misreporting and the population under 10 years of age
was estimated based on assumed birth rates and survival
ratios for the 10 years preceding the census.

Fertility level. The age-specific fertility rates for the 1968
72 period are from the 1973 National Demographic Survey
{Concepcion, 1974, table 1) and were accepted as accurately
representing the level and pattern of fertility in 1970.

Mortality level. The 1970 male and female life tables used
were those estimated by Engracia (1974, tabie 1).

Projection Assumptions

Fertility. The total fertility rate of 5.9 in 1970 was assumed
to have declined by the year 1975 to 5.4 in the high series,
5.1 in the medium series, and 4.8 in the low series. In the
high series, the rate for the year 1975 was based on the aver-
age of the 1970-75 and 1975-80 period rates from the Na-
tional Census and Statistics Office (1974a, table 8) medium-
projection series. In the medium series, the rate for the year
1975 was based on a rate necessary to be consistent with the
1975 preliminary census figure (inflated for 1.9 percent
underenumeration), given assumed trends in mortality and
migration between 1970 and 1975. In the low series, the
rate for 1975 was based on an extrapolation of the average
annual trend found in the Philippine Area Fertility Study
between 1968 and 1974 (Flieger, 1977). The total fertility
rates for 1975 were assumed to have declined further by the
year 2000 to 3.8 in the high series, 3.2 in the medium series,
and 2.5 in the low series. in the high and low series, the rates
for the year 2000 were based on an extrapolation of the
1995-2000 period rates from the University of the Philippines
Population Institute medium 11 and low Il series, respectively
(Boulier, 1977). In the medium series, the rate for the year

2000 was based on a graphical extrapolation of the average
1995-2000 period rates from the high and low series. Total
fertility rates for the intermediate years were obtained by
graphical interpolation between the 1975 and 2000 levels.

FIGURE B-7.
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Mortality. In all series, life expectancy at birth was assumed
to increase from 55.2 years to 66.0 years for males and from
60.9 years to 72.8 years for females between 1970 and 2000.
The life expectancies at birth for the year 2000 were esti-
mated by extrapolating the 1970 level for both sexes accord-
ing to the University of the Philippines Population Institute
assumption of an average annual increase of approximately
0.4 years (Boulier, 1977). The resulting life expectancy at
birth for both sexes in 2000 was split by the 1970 ratio of
male and female life expectancies to the 1970 life expec-
tancy for both sexes.

Migration. Estimated net international migration for the
1970-75 period was based primarily on data on immigrants
to the United States and Canada (U.S. Immigration and
Naturalization Service, 1971 and 1972, table 9; and Canada,
Manpower and Immigration, 1970, table 9). It was assumed
that the small amount of immigration to the Philippines, as
exhibited by lifetime migration between 1965 and 1970
{National Census and Statistical Office, 1974b, table IV-11),
was offset by Philippine emigration to other countries.

No international migration was assumed to have occurred
during the 1976-2000 projection period.




48

THE POPULATION SECTOR (BUREAU OF THE CENSUS)

Major Sources

Boulier, Bryan L. (Princeton University). 1977. Personal
communication.

Bureau of Census and Statistics. 1972. National Summary,
Phillippines 1970 Census of Population and Housing. Ad-
vance Report. Manila.

Canada, Manpower and Immigration. 1970. 1970 Immigra-
tion Statistics. Ottawa.

Concepcion, Mercedes B. 1974. Changes in Period Fertility
as Gleaned from the 1973 NDS. Population Institute, Uni-
versity of the Philippines. Research Note No. 13. Manila.

Engracia, Luisa T. 1974. Estimates of the Life Table Func-
tions of the Philippines: 1970. UNFPA-NCSO Population
Research Project. Monograph No. 1. Manila.

Flieger, Wilhelm. (University of San Carlos, Philippines).
1977. Personal communication.

National Census and Statistics Office. 1974a. Age and Sex

Population Projections for the Philippines by Province:
1970-2000. UNFPA-NCSO Population Research Project.
Monograph No. 2. Manila.

. 1974b. Philippines 1970 Census of Population
and Housing. National Summary, Vol. 2. Manila.

U.S. Immigration and Naturalization Service. 1971. 1970
Annual Report. Washington, D.C.

. 1972. 1971 Annual Report. Washington, D.C.

THAILAND

Base Data

Base date: July 1, 1970

Population. The base population data were derived from the
April 1, 1970 census adjusted for 6.6 percent net under-
enumeration as estimated by a cohort analysis of the 1960

and 1970 censuses and accepting intercensal trends in fer-
tility and mortality.

Fertility level. Age-specific fertility rates for 1970 were de-
rived from an average of the 1968-69 and 1971-72 period

. age-specific marital fertility rates, by urban and rural areas

reported in the Thai Longitudinal Study (Knodel and
Pitaktepsombati, 1975, table 10), and were weighted to a na-
tional level by the proportion of females in each age group
who were married and living in urban and rural areas accord-
ing to the 1970 census (National Statistical Office, 1973,
table 5). The resulting pattern of fertility for 1970 was ad-
justed slightly for irregularities.

Mortality level. Life tables were constructed for 1970 based
on levels of life expectancy at birth by sex and were esti-
mated by a graphic stable population technique and age-

sex patterns of mortality based on observed changes in mor-
tality patterns between 1964-65 and 1974-75 as shown in
life tables from the Survey of Population Change (National
Statistical Office, no date, table 7, and 1976b, table 6),
adjusted by the logit technique (Brass and Coale, 1968, pp.
127-135).

Projections Assumptions

Fertility. The total fertility rate of 5.9 in 1970 was assumed
to have declined by the year 1976 to 5.1 in the high series,
4.9 in the medium series, and 4.7 in the low series. In the
high series, the 1976 rate was based on the assumption that
the rate of decline between 1975 and 1976 would be 75
percent of the average annual rate of decline exhibited by the
1970 estimated rate and the 1974-75 rate reported in the
Survey of Population Change (National Statistical Office,
1976b, table 4). In the low series, the rate for 1976 was
derived by taking into consideration the average of the
1970-75 and 1975-80 period total fertility rates (derived from
reported general fertility rates) from the National Statistical
Office (1976a, table 1), and results from the Survey of
Fertility in Thailand (Institute of Population Studies, Chula-
longkorn University, and National Statistical Office, 1977,
table 22). In the medium series, the rate for 1976 assumed an
acceleration of the decline in the rates between 1964-65
(National Statistical Office, no date, table H) and 1970,
taking into consideration the average of the high and low
series for 1975,

FIGURE B-8.
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The rates for 1976 were assumed to have declined further
by the year 2000 to 3.9 in the high series, 3.1 in the medium
series, and 2.4 in the low series. In the high series, the rate
for the year 2000 was based on the assumption that the
1974-75 rate reported in the Survey of Population Change
(National Statistical Office, 1976b, table 4) would decline by
25 percent. The rate for the year 2000 in the medium series
was based on an average of the 1995-2000 and 2000-05
period total fertility rates (derived from reported general
fertility rates) from the National Statistical Office (1976a,
table 1) medium- and low-projection series. The rate for the
year 2000 in the low series was based on the average of the
1995-2000 and 2000-05 period rates (derived from reported
general fertility rates) from the National Statistical Office
(19764, table 1) low projection series.

Mortality. In all series, life expectancy at birth was assumed
to increase from 56.5 years to 57.3 years for males and from
59.5 years to 60.7 years for females between 1970 and 1976
based on estimated trends between the 1970 and 1974-75
life expectancies at birth, by sex. In all series, life expectancy
at birth was assumed to increase from the 1976 levels to 65.2
years for males and to 69.0 years for females by 2000. The
life expectancies at birth for the year 2000 were estimated
by extrapolating the 1975 estimated level for both sexes by
the National Statistical Office {1976a, p. 2) assuming an
average annual increase of 0.33 years. The resulting levels
were then estimated by sex based on the 1974-75 life ex-
pectancies by sex.

Migration. No international migration was assumed to have
occurred during the projection period.

Major Sources

Brass, William, and Ansley J. Coale. 1968. Chapter 11l in
Wiltiam Brass, et al., The Demography of Tropical Africa.
Princeton.

Institute of Population Studies, Chulalongkorn University,
and National Statistical Office. 1977. The Survey of Fer-
tility in Thailand: Country Report. Vol. |. Bangkok.

Knodel, John, and Pichit Pitaktepsombati. 1975. “‘Fertility
and Family Planningin Thailand: Results from Two Rounds
of a National Study.’”’ Studies in Family Planning. Vol. 6.
No. 11.

National Statistical Office. No date. Report of the Survey of
Population Change, 1964-65. Bangkok.

. 1973. 1970 Population and Housing Census.
Whole Kingdom. Bangkok.

1976a. Population Projection for Thailand,
1970-2000 (Whole Kingdom). Bangkok.

1976b. The Sutvey of Population Change:
1974-75. (Thai Version). Bangkok.

SOUTH KOREA
Base Data

Base date: July 1, 1970 ,
Population. The base population data were from the Octo-
ber 1, 1970 census adjusted for 5.1 percent net underenum-
eration, and estimated at the midyear. The census was ad-
justed based on the results of the 1970 Post-Enumeration
Survey, estimated sex ratios, and estimated births from
1960 to 1970.

Fertility level. Age-specific fertility rates for 1970 were based
on the results of the 1971 Fertility-Abortion Survey (Korean
Institute for Family Planning, 1976, Appendix A).

Mortality level. Life tables were constructed for 1970 based
on estimates of expectation of life at birth and the mortality
pattern in the 1966 life tables. These 1966 life tables were
derived from data from the 1966 Special Demographic Sur-
vey (Republic of Korea Economic Planning Board, 1970).
The estimates of life expectancy for 1970 were derived by
graphic extrapolation of life expectancies from the adjusted
1966 life tables, taking into account estimates of life expec-
tancy for both sexes for 1970.

Projection Assumptions

Fertility. The total fertility rate of 4.5 in 1970 declined to
4.4 in 1972, and was assumed to have declined by 1976 to
3.8 in the high series, 3.6 in the medium series, and 3.2 in

FIGURE B-9.
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the low series. In the medium series the fertility rate for
1976 was based on the assumption that the average annual
decline in fertility between 1972 and 1976 was the same as
the decline observed between 1960 and 1966 (Korean In-
stitute for Family Planning, 1976, Appendix A), a time of
rapidly declining fertility. The change during the 1960-66
period was chosen because there was some indication that
fertility began to decline rather rapidly after 1972. The
1976 rate for the high series was assumed to be § percent
higher than the rate for the medium series and the rate for
the low series was assumed to be 10 percent lower than the
rate for the medium series.

It was assumed that the 1976 rates would decline by the
year 2000 to 3.1 in the high series, 2.5 in the medium series,
and 2.1 in the low series. The high and medium levels were
chosen after considering past trends in fertility, and éssump-
tions made by the East-West Population Institute (1977)
and the United Nations (1975) for their population pro-
jections. The fertility rate for the low series was based on the
assumption that a net reproduction rate of 1.00 would be
reached in the year 2000.

Mortality. In all series, life expectancy at birth was assumed
to increase from 62 years to 70 years for males and from 68
years to 74 years for females between 1970 and 2000. The
life expectancies at birth for the year 2000 were estimated
considering past trends in mortality, and projections made by
the United Nations (1975) and by the East-West Population
Institute (1977).

Migration. Estimated net international migration for the
1970-75 period was based primarily on data on immigrants
to the United States and Canada from the Republic of Korea
between 1970 and 1975 (U.S. Immigration and Naturaliza-
tion Service, various years, and Canada, Manpower and Immi-
gration, various years).

No internation migration was assumed to have occurred
during the projection period.

Major Sources

Canada, Manpower and Immigration. Various years. Immigra-
tion Statistics. Ottawa.

East-West Population Institute. 1977. Personal communica-
tion.

Korean Institute for Family Planning. 1976. The Increasing
Utilization of Induced Abortion in Korea, by Sung-Bong
Hong and Walter B. Watson. Seoul.

Republic of Korea Economic Planning Board. 1970. A Com-
prehensive Study on 1966 Population Census. Seoul.

United Nations. 1975. Selected World Demographic Indica-
tors by Countries, 1950-2000. ESA/P/WP.55. New York.

U.S. Immigration and Naturalization Service. Various years.
Annual Report. Washington, D.C.

EGYPT
Base Data
Base Date: July 1, 1975

Population. The base population data were derived from the-
preliminary count of the November 1976 census, and were
estimated for July 1, 1975, based on registered births and
deaths, adjusted for underregistration (see below). Since only
a preliminary 1976 census total was available, no attempt
was made to adjust for coverage error. Because no age distri-
bution from the 1976 census was available, the age distribu-
tion for 1975 from the United Nations medium variant
projections was accepted (United Nations, 1976) as the base-
year age distribution.

Fertility level. Age-specific fertility rates for 1975 were based
on the registered number of births for 1975, adjusted for a 2-
percent underregistration, and an estimate of the female
population by age. Underregistration of births was estimated
considering the level of underregistration during the period
1956-60 as estimated by Valaoras {1972, p. 22) and the trend
of improvement in registration as estimated by Acsadi and
Issa (1975, p. 23). The age pattern of fertility was assumed
to be that of 1973, the last year for which data on births by
age of mother are available.

Mortality level. A life table was constructed for 1975 based
on preliminary data on registered deaths for that year, ad-
justed for 4-percent underregistration. Underregistration of
deaths was estimated considering the levels and trends of
registration completeness as estimated by Valaoras (1972,
pP. 22) and by Acsadi and Issa (1975, p. 23). The Coale-
Demeny north region model life table (Coale and Demeny,
1966) was found which, when applied to the 1975 estimated
age distribution, gave the correct number of deaths for ages
1 and over. An infant mortality rate was calculated from
an estimate of the number of infant deaths and adjusted reg-
istered births.

Projection Assumptions

Fertility. The total fertility rate of 5.8 in 1975 was assumed
to have declined by the year 2000 to 4.6 in the high series,
3.6 in the medium series, and 2.6 in the low series. In the
medium series, the rate for the year 2000 was based on the
ideal family size in Alexandria in the mid-1960s and in
Cairo in 1970 (Toppozada, 1973, p. 316, and Khalifa, 1973,
p. 431) adjusted downward 10 percent to allow for infer-
tility and for an expected decline in the desired family size
as the actual level of fertility declines. The 3.6 figure is also
the same as that for 1995-2000 in the United Nations
medium-variant projections (United Nations, 1975). The rate
for the year 2000 in the high and low series was assumed
to be * one child from that for the medium series. A large
range between the high and low series was chosen because of
the great uncertainty in future fertility trends in Egypt. The
large fertility decline that had been taking place in Egypt
since the mid-1960’s ended abruptly in 1972, and since then
fertility has been rising sharply. Although all three series
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assume this fertility rise will abate, they differ by how rapidly
it is assumed fertility will return to the 1972 levels.

FIGURE B-10.

Total Fertility Rates for Egypt:

Estimated 1966-75 and Projected
TFR 1975-2000
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Mortality. In all series, life expectancy at birth was assumed
to increase from 53.6 years to 62.5 years for males and from
54.9 years to 65.0 years for females between 1975 and 2000.
The life expectancies at birth for the year 2000 were esti-
mated considering past trends in mortality, mortality trends
in other countries of the region, United Nations projections,
and expected improvements in the social, economic, and
health sectors of the country.

Migration. No international migration was assumed to have
occurred during the projection period.

Major Sources

Acsadi, G. and M.S. Issa. 1975. Considerations on Arabic

Model Life Tables and Egyptian Mortality. Cairo Demo-
graphic Centre Seminar on Mortality Trends and Differ-
entials in Some Arab and African Countries. Cairo.

Coale, Ansley J. and Paul Demeny. 1966. Regional Model
Life Tables and Stable Populations. Princeton University
Press, Princeton.

Khalifa, Atef M. 1973. “’A Proposed Explanation of the Fer-
tility Gap Differentials by Socio-Economic Status and Mod-
ernity: The Case of Egypt.” Population Studies. Vol. 27,
No. 3. London.

Toppozada, H.K. 1973. “Research in Family Planning in
Alexandria.”” In Egypt: Population Problems and Prospects,
edited by Abdel R. Omran. Carolina Population Center,
University of North Carolina at Chape! Hill.

United Nations. 1975. Selected World Demographic Indica-
tors by Countries, 1950-2000. ESA/P/WP.55. New York.

. 1976. Population by Sex and Age for Regions
and Countries, 1950-2000, As Assessed in 1973: Medium
Variant. ESA/P/WP.60. New York.

Valaoras, V.G. 1972. Population Analysis of Egypt (1935
70). Occasional Paper No. 1. Cairo Demographic Centre.
Cairo.

NIGERIA
Base Data

Base date: July 1, 1975

Population. The base population data are from the United
Nations medium-variant projections of the population by age
and sex for 1975 (United Nations, 1976b). The United
Nations states that the total population estimate for 1975
is “based on results of the census of 5-8 November, 1973,
including adjustment for estimated overenumeration’’
{United Nations, 1976a, table 3, note 31). The implied
net overenumeration can be calculated as approximately
19 percent.

Fertility level. The total fertility rate for 1975 is an average
of the 1970-75 and 1975-80 period rates from the United
Nations medium-variant projections (United Nations, 1975,
p. 65). The age pattern of fertility for 1975 was taken from
the United Nations model age pattern of fertility for the
African region at an equivalent fertility level (United Nations,
1977b, pp. 7-11 and United Nations, 1976).

Mortality level. The life expectancy by sex in 1975 is an
average of the 1970-75 and 1975-80 United Nations medium-
projection series (United Nations, 1975). Coale-Demeny
south region model life tables (Coale and Demeny, 1966)
at an equivalent leve! of life expectancy, by sex, were used
to obtain the pattern of mortality.

Projection Assumptions

Fertility. The total fertility rate of 6.7 in 1975 was assumed
to decline by the year 2000 to 6.4 in the high series, 5.9 in
the medium series, and 5.0 in the low series. The trends in
the fertility rates between 1975 and 2000 are approximately
those implied by trends in the total fertility rate between
the 1970-75 and 1995-2000 periods in the United Nations
high, medium, and low projections series, respectively
{United Nations, 1975).
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FIGURE B-11.
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Mortality. In ali series, life expectancy at birth was assumed
to increase from 41 years to 53 years for males and from 44
years to 57 years for females between 1975 and 2000. The
life expectancies in all series are those assumed by the United
Nations in the medium-variant projection (United Nations,
1975).

Migration. No international migration was assumed to have
occurred during the projection period.

Major Sources

Coale, Ansley J. and Paul Demeny. 1966. Regional Model
Life Tables and Stable Populations. Princeton Unive.sity
Press, Princeton.

United Nations. 1975. Selected World Demographic Indica-
tors by Countries, 1950-2000. ESA/P/WP.55. New York.

. 1976. Paper containing model age patterns of
fertility (age-specific fertility rates) for given levels of
gross reproduction rates by regions of the world. Computer
printouts, unpublished.

. United Nations. 1976a. Demographic Yearbook
1975. New York.

. 1976b. Population by Sex and Age for Regions
and Countries, 1950-2000, as Assessed in 1973: Meadium
Variant. ESA/P/WP.60. New York.

. 1977a, United Nations Projections as Assessed
in 1973, Selected Indicators. {Revised) Computer printout
unpublished.

. 1977b. World Population as Assessed in 1973.
Population Studies, No. 60. New York.

BRAZIL
Base Data

Base date: July 1, 1970

Population. The July 1, 1970 population is derived from the
September 1, 1970 census population {Brazil Departmento
de Censos, 1973, table 1). The 1970 census population was
adjusted by a cohort analysis of the 1950, 1960, and 1970
censuses, by age and sex, and by assuming certain trends of
the sex ratios in each age cohort during the intercensal per-
iods. The 1970 adjusted census population was estimated for
July 1, 1970 using an estimated growth rate for 1970, based
on preliminary estimates of crude birth and death rates and
assuming no net migration.

Fertility level. Age-specific fertility rates for 1970 were
derived by applying Arriaga and Anderson’s fertility esti-
mation method (Arriaga and Anderson, 1976) to children
ever born data from the 1940, 1950, and 1960 censuses ad-
justed by Carmen Arretx (1975, table 5), and children ever
born data from the final results of the 1970 census {Brazil
Departamento de Censos, 1973, tables 28 and 31 ).

Mortality level. Life expectancies at birth for 1970 were esti-
mated to be 59.2 years for males and 62.8 years for females
using Irwin and Madeira’s intercensal life tables for the 1960
to 1970 period (1972, p. 709) and past trends in life ex-
pectancies at birth (Arriaga, 1968, p. 42). The 1970 age
patterns of mortality were constructed assuming that the
pattern of change in the age-specific mortality probabilities
between the lrwin and Madeira 1960 to 1970 intercensal
life tables and the 1970 estimated life expectancies were the
same as those implied by the Coale-Demeny south region
model life tables {Coale and Demeny, 1966) at similar levels
of mortality.

Projection Assumptions

Fertility. The total fertility rate of 5.8 in 1970 was assumed
to have declined by the year 2000 to 5.0 in the high series,
4.0 in the medium series, and 3.5 in the low series. The
rates in 2000 for the high, medium, and low series were
estimated after considering official population projections
(Brazil IBGE, 1974, p. 125). The population policy in Brazil
has been essentially pronatalist. There has been, however,
some acknowledgment of the *. .. responsibility to provide
information and means of family planning to all Brazilians
who voluntarily choose to pian their families’” (UNFPA,
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1975, p. 55). Therefore, it has been assumed that fertility
in Brazil will not decline as rapidly as in those Latin American
countries where family planning receives active support.

FIGURE B-12.
Total Fertility Rates for Brazil:
Estimated 1960-70 and Projected
TFR 1970-2000
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Mortality. In all series, life expectancy at birth was assumed
to increase from 59.2 years to 68.2 years for males and from
62.8 years to 71.8 years for females between 1970 and 2000.
The life expectancies at birth for the year 2000 were graph-
ically extrapolated based on past trends in mortality as
evaluated by Arriaga for 1950 and 1960 (1968, p. 42),
and Irwin and Madeira for the 1960 to 1970 period (1972,
p. 709).

Migration. No international migration was assumed to have
occurred during the projection period.

Major Sources

Arretx, Carmen. 1975. Fertility Estimates Derived from In-
formation on Children Ever Born Using Data from Succes-
sive Censusaes. University of North Carolina. Chapel Hill.

Arriaga, Eduardo E. 1968. New Life Tables for Latin Amer-
ican Populations in the Nineteenth and Twentieth Cen-
turies. Population Monograph Series, No. 3. University of
California.

Arriaga, Eduardo E. and Patricia Anderson. 1976. “An
Approach for Estimating Fertility from Census and/or
Survey Information on Children Ever Born by Age of

Mother.” Paper presented at the annual meeting of the Pop-
ulation Association of America, Montreal. Unpublished.

Brazil Departmento de Censos. 1973. Censo Demogréfico
Brasil. V11l Recenseamento General—1970. Série Nacional.
Vol. 1. Rio de Janeiro.

Brazil IBGE. 1974.

Brazil IBGE. 1974. Encontro Brasileiro de Estudos Popula-
cionais Resumas de Communicacoes. Guanabara.

Coale, Ansley J., and Paul Demeny. 1966. Regional Model
Life Tables and Stable Populations. Princeton University.
Princeton.

Irwin, Richard and Joao L. Madeira. 1972. "“Deducéo de
Uma Tébua de Vida atraves de Anélise Demografica Brasil,
1960/70.” Revista Brasileira de Estatistica. Ano XXXIII,
No. 132. Rio de Janeiro.

United Nations Fund for Population Activities (UNFPA).
1975. Inventory of Population Projects in Developing
Countries Around the World: 1973/74. New York.

MEXICO
Base Data

Base date: July 1, 1970

Population. The July 1, 1970 population is based on the
January 28, 1970 census population (Mexico Direccion Gen-
eral de Estadistica, 1972, table 5), and was adjusted by a
cohort analysis of the 1950, 1960, and 1970 censuses, by age
and sex, using registered births and deaths adjusted for under-
registration (U.S. Bureau of the Census, 1978, tables 1, 2,
and 3). The 1970 adjusted census population was advanced
to July 1, 1970 using registered births and deaths for 1970
and adjusted for underregistration and estimated net emigra-
tion, based primarily on the reported number of immigrants
from Mexico into the United States and Canada during 1970
{U.S. Immigration and Naturalization Service, 1971, table 9
and Canada Department of Manpower and Immigration,
1971, table 9).

Fertility level. Age-specific fertility rates were calculated
from births registered in 1970 and adjusted for a 3-percent
underregistration and from the 1970 census female popula-
tion adjusted for underenumeration (U.S. Bureau of the
Census, 1979, table 2).

Mortality level. A life table was constructed for the 1969-71
period using age-sex specific death rates derived from weighted
averages of registered deaths for 1969, 1970, and 1971 (ad-
justed for underregistration) and the adjusted census popula-
tion {U.S. Bureau of the Census, 1979, table 2).
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Projection Assumptions

Fertility. The total fertility rate of 6.7 in 1970 was assumed
to have declined by the year 2000 to 4.7 in the high series,
4.0 in the medium series, and 3.0 in the low series. The high
and medium series for 2000 were derived by considering the
United Nations medium- and low-variant projections, respec-
tively (United Nations, 1975, p. 78). The rate in 2000 for
the low series was assumed to be one child smaller than the
rate for the medium series. The rates for the intermediate
years were obtained by graphic interpolation.

Although data for registered births are available through
1876, the quality of the registration system in recent years
is suspect. However, registered data through 1976, adjusted
for underregistration, were considered in making the pro-
jections.

FIGURE B-13. '
Total Fertility Rates for Mexico:
Estimated 1960-70 and Projected
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Mortality. in all series, life expectancy at birth was assumed
to increase from 58.8 years to 69.0 years for males and from
62.8 years to 72.7 years for females between 1969-71 and
2000. The life expectancies at birth for the years 2000 were
estimated considering past trends in mortality and United
Nations mortality projections {United Nations, 1975, p. 78).
Life expectancies at birth for 1971 through 1976 were pro-
jected considering registered deaths adjusted for 3 percent
underregistration.

Migration. Annual estimates of net migration from 1970
to 1975 were based primarily on the reported number of
immigrants into the United States and Canada by age and sex

{(U.S. Immigration and Naturalization Service, various years,
and Canada Department of Manpower and Immigration,
various years),

No international migration was assumed to have occurred
during the period from 1975 to 2000.

Major Sources

Canada Department of Manpower and Immigration. Various
years. Immigration Statistics. Ottawa.

Mexico Direccion General de Estadfstica. 1972. IX Censo
General de Pobalcion, 28 de Enero de 1970: Resumen
General. Mexico City.

United Nations. 1975. Selected World Demographic Indica-
tors by Countries, 1950-2000. ESA/P/WP.55. New York.

U.S. Bureau of the Census. 1979. Country Demographic
Profiles—Mexico, forthcoming.

U.S. Immigration and Naturalization Service. Various years.
Annual Report of the Immigration and Naturalization Ser-
vice. U.S. Government Printing Office. Washington, D.C.

TEMPERATE SOUTH AMERICA

Component projections were prepared for the United Nations
subregion of Temperate South America.? Unlike the rest of
Latin America which was considered less developed by the
United Nations, Temperate South America was classified as
a more developed region at the time this report was prepared
(United Nations, 1977, p. 2) and the projection assumptions
correspondingly reflected its “more developed status.’’

Base Data

Base date: July 1, 1975

Population. The base population data were from the United
Nations medium-variant projections for 1975 (United
Nations, 1976b).

Fertility level. Total fertility rates of 3.2 for the high series,
and 3.1 for the medium and low series in 1975 were suggested
by the United Nations high, medium, and low projections for
the region (United Nations, 1975) and recent fertility data
for the countries of the region.

The age patterns of fertility for 1975 are from the United
Nations model age patterns of fertility for the Latin America
region (United Nations, 1977, pp. 7-11 and United Nations
1976a).

Mortality level. The United Nations estimates from the
medium variant for life expectancies, by sex, for the 1970-75
and 1975-80 periods were averaged and the averages were

2Temperate South America consists of the countries of Argentina,
Chite, Uruguay, and the Falkland Islands {United Nations, 1977,
p. 2).
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used as the life expectancies, by sex, for 1975 (United Na-
tions, 1975). Coale-Demeny west region model life tables
{Coale and Demeny, 1966) at an equivalent level of life
expectancy were assumed to adequately represent the pat-
tern of mortality.

Projection Assumptions

Fertility. The total fertility rate of 3.2 in 1975 was assumed
to have declined by the year 2000 to 3.0 in the high series,
from 3.1 in 1975 to 2.5 by the year 2000 in the medium ser-
ies, and from 3.1 in 1975 to 2.0 by the year 2000 in the low
series. The rates in the medium and low series by the year
2000 are approximately those implied by the trend between
1970-75 and 1995-2000 in the United Nations medium and
low variants (United Nations, 1975). The estimated total
fertility rate of 3.0 in the high series by the year 2000 in
this report is slightly higher than the United Nations high
variant total fertility rate of 2.8 by 2000 {United Nations,
1975).

FIGURE B-14.
Total Fertility Rates for Temperate
South America: Estimated 1960-70
TFR and Projected 1970-2000
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Mortality. In all series, life expectancy at birth was assumed
to increase from 64 years to 68 years for males and from 70
years to 74 years for females between 1975 and 2000. The
life expectancies in all series are those assumed by the
United Nations in the medium-variant projections (United
Nations, 1975). The period values in the United Nations
series for the life expectancies, by sex, for the 1970-75 and
1975-80 periods were averaged and the resulting values

assumed to apply to 1975 and so on to the 1995-2000 per-
iod which was extrapolated to estimate values for the year
2000.

Migration. No international migration was assumed to have
occurred during the projection period.

Major Sources

Coale, Ansley J. and Paul Demeny. 1966, Regional Model
Life Tables and Stable Populations. Princeton University
Press, Princeton.

United Nations. [1976a) . Paper containing model age pat-
terns of fertility (age-specific fertility rates) for given levels
of gross reproduction rates by regions of the world. Com-
puter printout, unpublished.

. 1976b. Population By Sex and Age For Re-
gions and Countries, 1950-2000, As Assessed In 1973:
Medium Variant. ESA/P/WP.60. New York.

. 1977. World Population as Assessed in 1973.
Population Studies, No. 60. New York.

NORTHERN AMERICA

Canada, Bermuda, Greenland, St. Pierre and Miquelon, and
the United States comprise the United Nations region
“Northern America” (United Nations, 1977b, table 28).
Component population projection series were prepared for
both Canada, including the population of Bermuda, Green-
land, and St. Pierre and Miquelon, and the United States.

Fertility and mortality base data for Canada including
Bermuda, Greenland, and St. Pierre and Miquelon were
estimated on the basis of official Canadian data. Since
Canada’s population is over 99 percent of the combined
population of these areas, separate assumptions for the
three smaller areas would not significantly affect the assump-
tion that the combined population could be projected using
Canadian fertility and mortality data.

CANADA

{including Bermuda, Greenland, and St. Pierre and Miquelon)
Base Data

Base date: July 1, 1975

Population. The base population data were from the official
1975 midyear population estimate of Canada {United Nations
Statistical Office, 1977). Total population estimates for
Bermuda, Greenland, and St. Pierre and Miquelon for midyear
1975 (U.S. Bureau of the Census current estimates) were
added to.the 1975 total for Canada.’ The total populations

3“I'otal population estimates, midyear 1975, are as follows:

Country or area Population
Canada 22,799,600
Bermuda 59,719
Greenland 60,047
St. Pierre and Miquelon 5983
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of these three areas were distributed by age and sex in the
same proportions as the age-sex distribution of Canada.

Fertility level. The total fertility rate for 1975 was estimated
by considering the provisional 1975 official Canadian esti-
mate of total births {United Nations, 1977a) and the latest
available official fertility rates for Canada for 1972 through
1974 (1972 and 1973 data from United Nations, 1976,
table 24; 1974 data from United Nations Statistical Office,
1977).

The age pattern of fertility for 19756 was the average
pattern of the 1972 through 1974 reported age-specific fer-
tility rates.

Mortality level. Life tables for 1975 were estimated based on
life expectancies at birth and age-sex patterns of mortality
for 1975 as shown in official Canadian population projec-
tions (Statistics Canada, 1974, tables 3.2 and 3.3).

Projection Assumptions*

Fertility. The total fertility rate in 1975 was assumed to have
increased to 2.5 by the year 1985 and remained constant at

4Fertility and mortality assumptions were prepared for Canada,
Bermuda, Greenland, and St. Pierre and Miquelon on the basis of pro-
jected trends shown in official Canadian projections assuming that
these trends are generally applicable to all areas covered in this pro-
jection set.

FIGURE B-15.
Total Fertility Rates for Canada:
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the 2.5 level to the year 2000 in the high series. In the
medium series, the 1975 TFR was assumed to have increased
to 2.1 by 1984 and remained constant at that level to the
year 2000. In the low series, the 1975 TFR was assumed to
have declined to 1.7 in 1981 and remained constant to 2000.
These fertility rates in the year 2000 are approximately con-
sistent with the high, medium, and low fertility projections
of the official Canadian projections (Statistics Canada, 1974,
table 6.1).

Mortality. In all series, life expectancy at birth was assumed
to increase from 69.6 years to 70.2 years for males between
1975 and 1986 and then held constant at the 1986 level to
the year 2000. In all series, life expectancy at birth was
assumed to increase from 76.7 years to 78.4 years for fe-
males between 1975 and 1986 and then held constant at the
1986 level to the year 2000. The levels of life expectancies
in the year 1986 and the patterns of change in these pro-
jections are the same as the levels and patterns in Canada’s
official projections (Statistics Canada, 1974, table 3.3).

Migration. No international migration was assumed to have
occurred during the projection period.

Major Sources

Statistics Canada. 1974. Population Projections for Canada
and the Provinces, 1972-2001. Ottawa.

United Nations. 1976. Demographic Yearbook 1975. New
York.

. 1977a. Population and Vital Statistics Report.
Quarterly, April 1. New York.

. 1977b. World Population Prospects as Assessed
in 1973. Population Studies, No. 60. New York.

United Nations Statistical Office. 1977. Personal communica-
tion.

UNITED STATES

Component popuiation projections for the United States
were prepared in the Population Division, U.S. Bureau of
the Census. The projection series used in this report assume
no net immigration between 1975 and 2000. The high and
low series are from unpublished computer printouts pre-
pared especially for this report. Population projections for
the medium series (Series 11-X) and a discussion of the
methodology and assumptions used in preparing the pro-
jections are contained in:

U.S. Bureau of the Census, 1977, “Projections of the Popu-
lation of the United States: 1977 to 2050,” Current Popula-
tion Reports, Series P-25, No. 704, Washington, D.C.
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FIGURE B-16.
Total Fertility Rates for the United
States: Estimated 1960-75 and
TFR Projected 1975-2000
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JAPAN
Base Data

Base date: July 1, 1975

Population. The base population data were derived from the
official midyear total population estimate for 1975 (United
Nations Statistical Office, 1977) which is based on the popu-
lation census of October 1, 1975. The 1975 census age-sex
distribution {Bureau of Statistics, 1976, table 1) was assumed
to apply to the midyear total population estimate.

Fertility level. The 1975 total fertility rate and the corre-
sponding age-specific fertility rates are the offical rates as
reported to the United Nations Statistical Office (1977).

Mortality level. Offical life tables for the period April 1, 1974
to March 31, 1975 were used for 1975 (Institute of Popu-
lation Problems, 1976, table 1).

Projection Assumptions

Fertility. The total fertility rate of 1.9 in 1975 was assumed
to have increased to 2.3 by 1985 and to have remained at
that level through the year 2000 in the high series. In the

medium series, the total fertility rate of 1.9 in 1975 was

assumed to have increased to 2.2 in 1985 and then to de-
crease from the 2.2 level to 2.1 in the year 2000. In the
low series, the 1975 rate of 1.9 was assumed to have in-
creased to 2.0 by 1985 and then to decrease to 1.8 by the
year 2000. These fertility assumptions for the years 1985
and 2000 are the assumptions shown in the official popula-
tion projections of Japan {Institute of Population Problems,
1975, table 5).

FIGURE B-17.
Total Fertility Rates for Japan:
Estimated 1960-75 and Projected
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Mortality. In all series, life expectancy at birth for males
was assumed to increase from 71 years to 73 years between
1975 and 1985 and then hold constant at the 1985 level
to the year 2000. In all series, life expectancy at birth for
females was assumed to increase from 76 years to 78 years
between 1975 and 1985 and was then held constant at the
1985 level to the year 2000. The levels of life expectancies in
the year 1985 and the patterns of change in these projections
are the same as the levels and patterns in Japan's official
projections (Institute of Population Problems, 1975, pp. 40
and 48).

Migration. No international migration was assumed to have

occurred during the projection period.

Major Sources
Bureau of Statistics. 1976. 1975 Population Census of Japan:
Prompt Report of the Basic Findings. Tokyo.

Institute of Population Problems. 1975. “Population Pro-
jections for Japan, 1970-2050, Estimated in February
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1975, by Tatsuya Itoh and Chizuko Yamamoto. The
Journal of Population Problems. No. 135, pp. 3948. Tokyo.

. 1976. The 28th Abridged Life Tables (April 1,
1974 - March 31, 1975). Research Series, No. 212. Tokyo.

United Nations Statistical Office. 1977. Personal communi-
cation.

AUSTRALIA
Base Data
Base date: July 1, 1975

Population. The base population data were derived from the
1975 total population estimate from official projections ex-
clusive of net migration after June 30, 1970 (Australian
Bureau of Statistics, 1973, p. 145). The base of the official
projections was the 1966 census and preliminary results of
the 1971 census.’

Fertility level. The 1970 total fertility rate of 2.85 used in
the official Australian projections for the period 1972
through 2000 (medium projection) was used in this report
as the rate for 1975 for the medium projection {Australian
Bureau of Statistics, 1973, pp. 144 and 168).

The estimated rates for 1975 in the high and low series
are 0.02 points higher and lower than the medium series
1975 rate.

The age pattern of fertility for 1975 in all series is repre-
sented by the official age-specific fertility rates which corre-
spond to the 1970 total fertility rate (Australian Bureau of
Statistics, 1973, p. 168).

Mortality level. Official empirical life tables, based on the
average age-specific mortality rates in the 3 years from 1965
through 1967, were assumed to apply to 1975 in the high,
medium, and low projections in this report. (Australian
Bureau of Statistics, 1973, pp. 144 and 181).

Projection Assumptions

Fertility. The total fertility rate of 2.87 in 1975 was assumed
to have increased to 3.31 in the year 2000 in the high series.
In the medium series, the 1975 rate of 2.85 was assumed to
remain constant throughout the projection period 1975
through 2000 at the 1975 level, while in the low series, the
1975 rate of 2.83 was assumed to decline to 2.39 by the

5Figures from official Australian population projections for the
year 1975 including and excluding estimated net international migra-
tion are as follows:

Assumptions 1975 Population
Excluding estimates of net

international migration 13,262,600
Including estimates of net

international migration at

1966-70 levels 13,734,000

year 2000. The medium series constant fertility assumption
is the projection of fertility shown in the Australian official
projections for the period 1972-2000 (Australian Bureau of
Statistics, 1973, p. 144). The low series follows the trend of
fertility in the United Nations medium-projection series
throughout the projection period, 1970-75 through 1995-
2000 (United Nations, 1977). The high series shows a trend
in the fertility rate which is the same distance above the con-
stant fertility line as the distance which the low series fer-
tility rates are below the constant fertility line.

FIGURE B-18.
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Mortality. In all series, life expectancy at birth was assumed
to remain constant at the level assumed for 1975, 68 years
for males and 74 years for females (Australian Bureau of
Statistics, 1973, pp. 144 and 181). This is the'same assump-
tion made in the official projections.

Migration. No international migration was assumed to have
occurred during the projection period.
Major Sources

Australian Bureau of Statistics. 1973. Official Year Book of
Australia. No. 59. Canberra.

United Nations. 1975. Selected World Demographic Indica-
tors by Countries, 1950-2000. ESA/P/WP.55. New York
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NEW ZEALAND

Base Data

Base date: July 1, 1975

Population. The base population data were derived from
the March 31, 1975 total population estimate (Department
of Statistics, 1977, p. 6). The age-sex distribution of the esti-
mated March 23, 1976 population (Department of Statistics,
1977, p. 8) was assumed to apply to the 1975 total popula-
tion estimate.

Fertility level. The 1975 total fertility rate is based on an
extrapolation of the 1962 through 1974 trend of the offi-
cially estimated fertility. The age pattern of fertility for
1975 is represented by the official age-specific fertility rates
which correspond to the reported 1974 rate {United Nations,
1976, table 24).

Mortality level. Empirical life tables were derived based on
the average age-specific mortality rates in the years 1970-72
(United Nations, 1974, table 6 and 1975, table 25).

Projection Assumptions

Fertility. The assumptions for the low series followed
generally the assumptions in the New Zealand official pro-
jections for 1975-2006 (Department of Statistics, 1977,
p. 6). In the low series, the trend of rates for 1962 through
1974 was extended to 1980 with the 1975 rate of 2.5 de-

FIGURE B-19.
Total Fertility Rates for New
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clining to 2.0 by the year 2000. The medium and high
series rates were then derived relative to the low projection
using less extreme declines in the medium series and a slight
increase in the high series. The rate in the medium series
shows a decline from the 19765 level of 2.5 to 2.2 in the year
2000. The high series shows a slight increase in the 1975
level of 2.5 to a rate of 2.6 by the year 2000.

Mortality. In all series, life expectancy at birth was assumed
to remain constant at the level assumed for 1975, 68 years
for males and 75 years for females (Department of Statistics,
1977, p. 6 and United Nations, 1974, table 6 and 1975,
table 25). The same assumption of constant mortality at
these levels was made in the official projections.

Migration. No international migration was assumed to have
occurred during the projection period.

Major Sources

Department of Statistics. 1977. Monthly Abstract of Stas-
tistics. June. Wellington.

United Nations. 1974. Demographic Yearbook 1973. New
York.

. 1975. Demographic Yearbook 1974. New York.

. 1976. Demographic Yearbook 1975. New York.

EASTERN AND WESTERN EUROPE
Base Data

Base date: July 1, 1975

Population. The regions of Eastern and Western Europe in
this report comprise 8 countries and 27 countries, respec-
tively. The 1975 base total population estimates for these
projections were the 1975 official population estimates of
the individual countries of Europe (United Nations, various
dates) aggregated to totals for Eastern and Western Europe.
The 1975 age-sex distributions from the United Nations
medium-variant projections for European regions (United
Nations, 1976b) were redefined to correspond to the regions
Eastern and Western Europe as designated in these pro-
jections.® The resulting 1975 age-sex distributions were
adjusted considering recent trends in vital statistics in these
countries.

¢The United Nations allocated countries to regions on a geo-
graphical basis. The allocation in these projections of European
countries to the regions of Eastern and Western Europe followed
generally the United Nations pattern except as noted below:

1. Albania and Yugoslavia were added to the United Nations
Eastern European region and designated ‘‘Eastern Europe’” for
these projections. .

2. The following aggregation was designated ‘‘Western Europe’
in these projections: (a) United Nations regions of Southern Europe
excluding Albania and Yugoslavia and including Andorra, Gibraltar,
and San Marino; (b) United Nations region Northern Europe in-
cluding the Channel and Faeroe Islands and the Isle of Man; and
(¢c) the United Nations region Western Europe including Liechtenstein
and Monaco.
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Fertility. The 1975 total fertility rates for Eastern and
Western Europe were weighted averages of the most recent
officially reported fertility rates (Princeton University,
1977). The age patterns of fertility for 1975 are from the
United Nations model age patterns of fertility for appro-
priate regions at equivalent levels of fertility (United Nations,
1977, pp. 7-11 and United Nations, 1976a).

Mortality levels. The United Nations life expectancies for
the 1970-75 and 1975-80 periods for the countries of Europe
from the medium variant were averaged and the averages,
weighted by the populations of the appropriate countries of
Eastern and Western Europe, were used as the life expec-
tancies for 1976 (United Nations, 1975). Coale-Demeny
west region model life tables (Coale and Demeny, 1966) at
an equivalent level of life expectancy, by sex, were used to
represent the pattern of mortality.

Projection Assumptions

Fertility. The total fertility rate in Eastern Europe of 2.3
in 1976 was assumed to have increased by the year 2000
to 2.7 in the high series, was held constant to the year
2000 at the 1975 level in the medium series, and was as-
sumed to have declined by the year 2000 to 1.9 in the low
series. The rates in the year 2000 are those assumed by
the Foreign Demographic Analysis Division, U.S. Bureau
of the Census (U.S. Department of Commerce, 1976) and
are generally based on official projections of the countries
of Eastern Europe.

FIGURE B-20.
Total Fertility Rates for Eastern
Europe: Estimated 1960-75 and
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The total fertility rate in Western Europe of 2.0 in 1975
was assumed to have increased to 2.4 by the year 2000 in the
high series, 2.2 in the medium series, and to have decreased
slightly below 2.0 in the low series. The rates in the year
2000 and for the intervening years generally follow the trend
of the fertility rate in the countries of Western Europe in the
U.N. projections {(United Nations, 1975). The United Nations
fertility assumptions were based generally on official pro-
jections of the individual countries of Europe.

FIGURE B-21. ,

Total Fertility Rates for Western

Europe: Estimated 1960- 75 and
TFR Projected 1975-2000
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Mortality. In all series, life expectancy at birth for Eastern
Europe was assumed to increase from 67 years to 71 years
for males and from 72 years to 75 years for females between
1975 and 2000. In Western Europe, the increase in the same
time period was assumed to be from 69 years to 72 years for
males and from 75 years to 77 years for females. The life
expectancies in all series are those assumed for European
countries by the United Nations in the medium-variant
projections (United Nations, 1975).

Migration. No international migration was assumed to have
occurred during the projection period.

Major Sources

Coale, Ansley J. and Paul Demeny. 1966. Regional Model
Life Tables and Stable Populations. Princeton University
Press, Princeton.

Princeton University, Office of Population Research. Popu-
lation Index. 1977. Vol. 43, No. 2. Princeton.
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United Nations. Various dates. Population and Vital Statis-
tics Report. Quarterly. New York.

. 1975. Selected World Demographic Indicators
By Countries, 1950-2000. ESA/P/WP/.55. New York.

. 1976a. Paper containing model age patterns of
fertility (age-specific fertility rates) for given levels of gross
reproduction rates by regions of the world. Computer
printout, unpublished.

. 1976b. Population By Sex and Age For Regions
and Countries, 1950-2000, As Assessed In 1973: Medium
Variant. ESA/P/WP.60. New York.

. 18977. World Population Prospects as Assessed
in 1973. Population Studies, No. 60. New York.

U.S. Department of Commerce, Foreign Demographic
Analysis Division. 1976. Projections of the Populations of
the Communist Countries of Eastern Europe, by Age and
Sex: 1975 to 2000, by Godfrey Baldwin. P-91, No. 25.
Washington, D.C.

REMAINDER OF CONTINENTS

Component projections were prepared for the “remainder”
of continents, excluding the countries for which individual
projections were made. Therefore, projections were made
for the remainder of Africa (excluding Egypt and Nigeria),
of Latin America (exciuding Brazil, Mexico, and Temperate
South America), and for the remainder of Asia and Oceania
combined (excluding the developed countries of Oceania
and the selected Asian countries studied in this report).

Base Data

Base date: July 1, 1975

Population. Estimates of base-year populations for the
three remainders of continents were made as follows: (1)
medium-variant U.N. projections for 1975 (United Nations,
1976b) were used to determine an age-sex distribution for
a particular ‘‘remainder’” by subtracting from the conti-
nental population the populations of countries in that con-
tinent for which separate projections are provided in this
report, and {2} the agesex distribution pattern of the U.N.
remainder population was applied to a more recent Census
Bureau estimate of the aggregate remainder population
{U.S. Bureau of the Census, 1976).

Fertility level. Three levels of the 1975 total fertility rates
for each of the three remainders of continents were derived
from the estimated fertility rates for appropriate countries
in the United Nations high, medium, and low variants,
respectively (United Nations, 1975) weighted by 1975
United Nations population estimates.”

Age-specific rates for 1975 were derived from U.N. model
age patterns for appropriate regions at equivalent levels of

7 Adjustments were made for the ‘“Remainder of Latin America’’
on the basis of recent fertility data for Colombia.

fertility (United Nations, 1977, pp. 7-11 and United Nations,
1976a).

Mortality levels. For the base-year life expectancy, the
United Nations medium-variant projections of life expec-
tancies for the 1970-75 and 1975-80 periods, for individual
countries appropriate to each remainder of continent, were
averaged and weighted by the populations as shown in the
United Nations medium variant (United Nations, 1975).
Coale-Demeny south region model life tables (Coale and
Demeny, 1966) at an equivalent level of life expectancy,
by sex, were assumed to represent the pattern of mortality.

Projection Assumptions

Fertility. The assumed total vfertility rates for the three
remainders of continents for the years 1975 and 2000 are
as follows:

Total fertility rate

Area Series (per woman)
1975 2000
Remainder of Africa . . . High 6.4 56
Medium 6.3 5.0
Low 6.3 40
Remainder of Asia High 5.6 4.2
and Oceania . ....... Medium 54 36
Low 5.3 3.2
Remainder of Latin High 5.2 43
America. . ......... Medium 5.1 34
Low 5.0 25
FIGURE B-22.
Total Fertility Rates for Remainder
of Africa: Estimated 1970 and
TFR Projected 1970-2000
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The fertility rates in the year 2000 and for intervening
years between 1975 and 2000 are approximately those im-
plied by trends in the total fertility rate for the appropriate
countries between the 1970-756 and 1995-2000 periods in
the United Nations high-, medium-, and low-projection
series (United Nations, 1975).

Mortality. The assumed life expectancies at birth for the
three remainders of continents for the years 1975 and 2000

are as follows:
Life expectancy at

Area Sex birth (in years)

1975 2000
Remainder of Africa ... . Male 44 56
Female 48 59
Remainder of Asia . Male 47 59
and Oceania . .. ..... Female 49 62
Remainder of Latin Male 58 69
America. . ... ...... Female 61 72

The mortality assumption is the same for the high,
medium, and low series for all three remainders.

The life expectancies used in this report are those assumed
for the appropriate countries by the United Nations in the
medium-variant projections {United Nations, 1975). The
period values for the intervening years are approximately
those implied by trends in the life expectancy between the
1970-75 and 1995-2000.

FIGURE B-23.
Total Fertility Rates for Remainder
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Migration. No international migration was assumed to have
occurred during the projection period.

Major Sources

Coale, Ansley J. and Paul Demeny. 1966. Regional Model
Life Tables and Stable Populations. Princeton University
Press, Princeton.

United Nations. 1975. Selected World Demographic Indi-
cators By Countries, 1950-2000. ESA/P/WP.55. New
York.

. 1976a. Paper containing model age patterns of
fertility (age-specific fertility rates) for given levels of gross
reproduction rates by regions of the world. Computer
printout, unpublished.

. 1976b. Population By Sex and Age For Regions
and Countries, 1950-2000, As Assessed In 1973: Medium
Variant. ESA/P/WP.60. New York.

. 1977. World Population Prospects as Assessed
in 1973. Population Studies, No. 60. New York.

U.S. Bureau of the Census, International Statistical Programs
Center. 1976. World Population: 1975-Recent Demographic
Estimates for the Countries and Regions of the World.
ISP-WP-75. Washington, D.C.

FIGURE B-24.
Total Fertility Rates for Remainder
of Latin America: Estimated 1970
TFR and Projected 1970-2000
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the beginning of the projection period in the #wo regions (46 years in
Africa and 63 years in Latin America), and the different levels and
mixes of mortality-reducing factors in the two regions (as mentioned
in the previous paragraph), the different pace of projected mortality
decline in the two regions, even in the face of equal expansion of food
consumption, is not surprising and certainly not inconsistent.

In summary, we can not find anything inconsistent between the food
projections and the mortality assumptions in the population projection.
In fact, given the large number of factors in addition to food con—
sumption which determine levels and trends in mortality, it would be
difficult to argue that any reasonable set of food projections are
inconsistent with the mortality assumptions.
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December 15, 1977

Editor’s note: This memorandum was provided to the Global 2000 Study Director
by the Bureau of the Census in response to questions about consistency between
mortality assumptions in the population projections and the food projections.

MEMORANDUM FOR Dr. Gerald Barney
Study Director, Global 2000 Project

From: Larry Heligman and Samuel Baum
Population Division, Bureau of the Census

Subject: Consistency between mortality assumptions in population
projections and food projections

Levels and trends in mortality over time are related to many factors,
including for example, quantity and quality of food and housing, degree
of economic pressures, availability of medical knowledge, personnel and
supplies, and the extent of public health programse. The mortality
assumptions built into the population projections implicitly assume
moderate technological progress in our ability to make these mortality-
reducing factors available and various degrees of progress in the
diffusion of these factors among all segments of the populations of

the developing world.

Countries, such as many of those in Africa, which are at relatively
low levels of food, housing, economic development, medicine and public
health, and so forth (especially at low levels of factors such as
public health programs which are relatively cheap and easy to apply)
are assumed in the population projections to show the most progress
in reducing mortality, as the diffusion of the existing and easily
transferable technologies takes places Other countries, such as many
in Latin America, where the inexpensive and easy to apply methods of
death control have already been implanted among large segments of the
population, and where future improvements in mortality will depend
largely upon factors much more expensive and difficult to implement
(such as the raising of nutrition levels among the large poorly-fed
segment of the population), smaller progress in reducing mortality

is expected to be made.

None of this is inconsistent with the food projections, as food is only
one component of the many which determine levels and trends in mortality.
For example, Africa and Latin America are both projected to have rela-
tively small progress in food consumption per capita (about 0.4% annually)
but Africa is assumed to have a much more rapid improvement in mortality.
Life expectancy in Africa is assumed to increase by 0.9% per year;
whereas, life expectancy in Latin America is assumed to increase by only
OeL percent per year. Given the different levels of life expectancy at
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UNITED STATES DEPARTMENT OF COMMERCE
Bureau of the Census
Washington, D.C. 20233

Editor’s note: This material was provided by the Bureau of the Census in response to
February 26, 1980 a request for projections to the year 2100 with age-specific fertility and mortality
rates kept constant at the levels reached in the year 2000 in the Global 2000 projec-
tions, middle series.

Dr. Jerry Barney

Council on Environmental Quality
722 Jackson Place, N.W.
Washington, D.C. 20006

Dear Jerry:

Caclosed is a summary table showing the results of projecticns to
the year 2100, with fertility (age-specific fertility rates) and
mortality (age-specific mortality rates) kept constant at the level
reached in the year 2000 in the Global 2000 projections middle
series. The more developed and the less developed areas (as
defined for the I1lustrative Projections report) were projected
separately, with a TFR of 2.2 children per woman for more developed
areas, male 1ife expectancy of 69.8 years, and female 1ife expect-
ancy of 77.0 years; and with a TFR of 3.6 children per woman for
less developed areas, male life expectancy of 61.9 years, and female
life expectancy of 65.1 years.

You will note that the changes in age composition result in a reduction
in the growth rates for both more and less developed regions until the
period 2030-2035, but that after 2070, the increasing weight of the
less developed regions causes the World growth rate to increase even
though the more developed and less developed regions' growth rates
remain constant.

Looking forwdrd to seeing the final version of Global 2000, as I am
sure you are also. Best regards,

Sincerely,
Rrd
SAMUEL BAUM
Chief, International
Demographic Data Center
Bureau of the Census

Enclosure
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M 15. 1978 Editor’s note: This material was provided by the Bureau of the Census following
ay ’ some ongoing updating of data on selected countries.

Dr. Jerry Barney
Council on Environmental

Quality
722 Jackson Place, N.W.
Washington, D.C. 20006
Dear Jerry:
As we discussed on the phone, we strongly recommend that some
mention of the new figures for Chine be made in the Global 2000
report. The attached paragraph is a suggested footnote to the
section discussing the Census Bureau population projections.
Sincerely,
~——f'/ 3L 4(:, /’J" e e .-,.»‘
SAMUEL BAUM -
Assistant Chief for International

Demographic Statistics

Population Division
Bureau of the Census

Enclosure
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Since the preparation of the Global 2000 projections, the Census
Bureau has revised their estimates for some countries (see U.S. Bureau

of the Census, World Population: 1977, forthcoming). The magnitude

of these changes has generally been small. However, substantial
revision of the estimates have been made for the People's Republic of
China. For a full discussion of the new China figures, see John S.
Aird, "Population Growth in the People's Republic of China", in Joint

Economic Committee, Congress of the United States, Chinese Economy

Post Mao, Volume 1, forthcoming, U.S. Government Printing Office,
Washington, D.C., 1978. The following table shows the effect of these
changes on the world population totals.

Effect of Revised Estimates of the Population of the

People's Republic of China on the Census Bureau
Global 2000 Population Projections

(Population figures in millions)

World Less Developed People's Republic

Countries of China
MEDIUM SERIES
1975
Using 01d China Estimates 4,090 2,959 935
Using Revised China Estimates 4,098 2,967 943
2000
Using 01d China Estimates 6,350 5,027 1,329
Using Revised China Estimates 6,401 5,078 1,380
HIGH SERIES
1975
Using 01d China Estimates 4,134 3,003 978
Using Revised China Estimates 4,124 2,993 968
2000 ’
Using 01d China Estimates 6,797 5,419 1,468
Using Revised China Estimates 6,817 5,439 1,488
LOW SERIES
1975
Using 01d China Estimates 4,043 2,912 889
Using Revised China Estimates 4,069 2,938 915
2000
Using 01d China Estimates 5,921 4,647 1,176

Using Revised China Estimates 6,000 4,726 1,255
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Editor’s note: Following are several tables and charts prepared by the Bureau of the
Census. They compare the assumptions made by the Bureau of the Census and the
Community and Family Study Center (University of Chicago) in developing the
Global 2000 projections. In general, the Community and Family Study Center’s
assumptions reflect a conviction that public policy around the world will soon shift
in the direction of much stronger family planning programs and that family plan-
ning programs will be effective in reducing fertility rates quickly.
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TFR Projected Total Fertility Rates for People's Republic of China
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Projected Total Fertility Rates for Africa, 1975-2000
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THE POPULATION SECTOR (BUREAU OF THE CENSUS)

TFR Projected Total Fertility Rates for India, 1975-2000
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TFR Projected Total Fertility Rates for Indonesia, 1975-2000
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THE POPULATION SECTOR (BUREAU OF THE CENSUS)

TFR Projected Total Fertility Rates for Asia and Oceania, 1975-2000
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2 The Population Sector
(Agency for International Development/Community and Family Study Center)

Introduction

As was noted in the introduction to Chapter 1, the
Population Office of the U.S. Agency for International
Development (AID) requested that the Global 2000 Study
include not only projections by the U.S. Bureau of the
Census, but also projections by the Community and Fam-
ily Study Center (CFSC) at the University of Chicago.
AID was interested in including the CFSC projections
because they are based on a model that assumes the rapid
introduction of family planning programs throughout the
world and assumes that family planning programs will
be highly effective in reducing fertility rates. While the
CFSC projections thus strongly violate the basic policy
assumption of the Global 2000 Study—continuation of
present policies*—they were included as an indication of
what might be expected from policy changes that strongly
favored family planning programs around the world.

Only a limited amount of methodological material was
available from CFSC at the time the Global 2000 anal-
ysis was in progress. The first material available was a
paper presented at a meeting in the CFSC offices on Sep-
tember 28, 1977. This paper, which is reproduced here,
provides a general statement of the CFSC methodology.
Later, the CFSC provided a further, more specific
methodological statement, which also is presented here.

*The projections by the Bureau of the Census also violate this assump-
tion by anticipating policy shifts favoring more family planning. The
Census projections, however, assume a less pronounced increased
family planning.

79

After the Global 2000 methodological analysis was
completed, Paul Demeny, editor of the Population and
Development Review, wrote and published a commen-
tary on the CFSC methodology and projections in the
March 1979 issue of his journal. A reply by Donald J.
Bogue and Amy O. Tsui, the developers of the CFSC
methodology, was published later in the same journal,
along with a rejoinder by Paul Demeny. These materials
are not reprinted here, but readers wanting further in-
formation on the CFSC methodology and projections
will be interested in this exchange.'

Finally, the CFSC prepared a few comparisons be-
tween their own projections and those of Census. Dr.
Amy O. Tsui provided these comparisons in her letter of
October 31, 1977, to Dr. Baum, which is reproduced
here. The Census and CFSC methodologies are general-
ly similar, except on the critically important matter of
projecting fertility rates. The differences are seen clearly
in the CFSC comparisons.

References
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Editor’s note: This paper was distributed at a meeting in the CFSC offices in Chicago
on September 28, 1977.

A PREDICTION OF WORLD FERTILITY TRENDS DURING
THE NEXT ONE HUNDRED YEARS

Donald J. Bogue and Amy Tsui
Community and Family Study Center

University of Chicago
I

The Importance of Objectivity in Fertility Prediction

There is no longer much doubt that world fertility trends have taken a sudden
and significant turn during the decade 1965 to 1975. Wherever it has become possible
to make a factual measurement of fertility change, almost without exception, it has
been found that birth rates have fallen during this period. (A few exceptions appear
to have occurred in Africa, where declines in mortality and medical corrections for
infertility have permitted rises in a fertility that was inexplicably low before.)
The full prevalence of these fertility declines, and their magnitude, will be much
more measurable as the cycle of census-taking about 1980 to 1981 begins to yield new
data. Meanwhile, the results of the World Fertility Survey, occasional censuses,
and other surveys are providing an increasingly impressive body of evidence that
world birth rates are declining much more rapidly than demographers have dared to
expect. This decline appears to be worldwide. The less developed countries are
showing dramatic fertility declines, while many developed countries are possibly
below replacement levels of fertility with almost unanimous impunity.

It is now quite firmly established by research that the rate of fertility decline
in less developed countries is influenced, by more than any other single factor, by
the amount and quality of organized family planning programs in the country. Countries
which have well-funded programs with nationwide coverage have tended to experience a
significantly more rapid decline than nations which have smaller programs or only
limited coverage. The full extent of this relationship between family planning efforts
and fertility decline is still in the process of study. However, pioneering studies
by K.C. Zachariah of the World Bank! and Parker Mauldin of the Population Council?
leave little doubt that the effect is statistically signifant and substantial. Inas-
much as most specialists who are working in the area of family planning programs
believe that there are very few, truly well organized programs with full coverage,
there are good prospects that the potential effects of family planning programs are
substantially greater than those that can be measured with current data.

This discovery, that high fertility is responsive to direct intervention programs,
is most heartening to a world that is accustomed to bad news concerning the future of

1

2Mauldin, W. Parker and Berelson, Bernard. Cross-Cultural Review of the Effec-
tiveness of Family Planning Programs. IUSSP Proceedings, Mexico City, 1977.
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the human race. It would be possible to accept this information in crude form, to
dismiss the population explosion as a nightmare that faded with the dawm of modern
communication and contraception. To do so would, of course, run the risk of a serious
miscalculation of the problems that lie ahead. There is still an urgent need to com-
pute, as carefully as possible, population projections for each individual country

and to compare the projected growth trends in that country with its program for social
and economic development.

Demographers who had long been accustomed to the doctrine of ultimate demographic
catastrophe via the Malthusian route have been especially resistant to over-optimism
at the revelation of the news concerning fertility decline. They have tended to see
each instance as a unique event, caused by a combination of factors that may not
occur frequently throughout the world. Even when they admit the influence of family

planning programs, they tend to assert that these programs are effective only under
certain special circumstances. Following are some examples of hypotheses they have used:

1. The "island or peninsula'" hypothesis. According to this hypothesis, fer-
tility declines rapidly only in countries which are comprised of small islands or are
peninsulas. Examples are Taiwan, Mauritius, Japan, Indonesia, Singapore, Hong Kong,
Malaysia, Costa Rica, etc. Implicit in this hypothesis is the theory that the finite
nature of their habitat is much more observable and salient to the residents of such
landforms.

2. The racial origins hypothesis. This hypothesis asserts that fertility
declines are much more consistent with the culture and philosophy of people with par-
ticular racial origins than for other racial groups. For example, populations with
oriental origins or influence are supposed to be more responsive to family planning
programs. This explains the declines in Japan, Korea, Taiwan, Hong Kong, Singapore,
Indonesia, and the comparative slow progress of family planning in Pakistan, Bangla-
desh, India, and other '"brown-skinned" less developed countries. In contrast, the
African cultures are supposed to be highly pronatalistic and comparatively impervious
to family planning efforts.

3. The economic development hypothesis. It is asserted that fertility decline
cannot take place among a population that is at the very bottom of the heap with
respect to living standards. Where conditions of life are at the starvation or near-
starvation level, it is practically impossible, it is claimed, for family planning
programs to have much of an impact. Under such conditions, infant mortality rates
tend to be high, traditionalism tends to be rampant, and an atmosphere of fatalistic
despair pervades the culture, making it insensitive and unresponsive to the life-
saving solution of contraception that is within its grasp. The list of preconditions
that are claimed to be necessary before fertility decline can take place is large:
maternal and child health care, reduction of infant mortality, improved status for
women, improved nutrition, a national social security and retirement system, and others.

4, The education/literacy hypothesis. The segment of the population that
practices family planning most faithfully and successfully is that segment which is
literate. Especially important is literacy of the wife. Where there is massive
illiteracy, family planning programs make small headway because the public cannot get
the family planning messages, cannot comprehend them if they do arrive, and lacks the
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mental sophistication to carry out the instructions if they are comprehended. At
least four years of formal education, and preferably more, are said to be needed to
foster rapid fertility decline.

To an objective bystander, this long list of explanations for the recent examples
of fertility decline resembles the long list of rationalizations that scientists were
making about the behavior of fire until the discovery of oxygen, or about infectious
diseases before the discovery of microbes and germs. One begins to suspect that
those who present these explanations are so wedded to one particular theory, the
Malthusian theory, that they are unable to look dispassionately and objectively at
the new body of data that is accumulating about fertility declines.

It would appear that the science of demography has arrived at a critical point
in its history. It is confronted with new and unexpected fertility behavior. In-
stead of clinging desperately to the old Malthusian doctrine which has dominated the
discipline for two centuries, rationalizing it with modifications of increasing number
and increasing elaborateness, special exceptions and mysterious variables, there is
need for a willingness to accept new and simplifying theories.

I1

A Theory of Fertility: Post-1965

A theory which explains the recent declines in fertility may be stated as follows:

When a person becomes convinced that his life conditions can
be improved, or saved from becoming worse, by curtailing child-bearing,
that person will tend to do so, provided that he achieves:

A, Cognitive preparation
1. has the necessary knowledge,
2. believes it to be socially acceptable to do so,
3. believes that the methods to be used are effective and
that the risks of using them are low,
4. believes that he is competent to carry out the procedures
or that they will work for him.

B. Service
The devices or materials required for contraception are
accessible to him, through channels which he trusts and upon
which he can rely.

When such a conviction becomes even moderately prevalent among a population and comes
to be shared with friends and neighbors, it begins to take on the character of a
social movement which then becomes a cultural adaptation.

Stated in aggregate, rather than individual terms, this proposition becomes a
sociological theory of demographic regulation which states that every society tends
to keep its vital processes in a state of balance such that population will replen-
ish losses from death and grow to an extent deemed desirable by collective norms.
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These norms are flexible and readjust rather promptly to changes in the ability of
the economy to support a population.

The process described above occurs in the manner of all social changes, and is
gradual or rapid depending upon cultural and other characteristics of the group.
Although the process may be slower in societies where illiteracy is high, where pre-
vious norms have been pronatalist, where there is a fatalistic outlook, where death
rates are high, and where economic conditions are low, this demographic regulation
can and will eventually take place.

In the absence of external help, the population will gradually evolve its own
rationale and procedures. Where conditions are difficult through underdevelopment,
the process may be greatly accelerated by providing communications which heighten the
saliency of the issue (motivation) and provide cognitive preparation (component A)

and service (component B). This theory has significant derivatives or corollaries,
as follows:

(a) Where other services are not available, but cognitive preparation is present,
a substantial fraction of the population will make use of abortion, infan-
ticide, withdrawal, rhythm or other methods, even though the effectiveness
and reliability may not be high.

(b) Where services are provided but where cognitive preparation is low, little
change in fertility will take place.

(¢) Any program which stimulates cognitive preparation will result in greater
demand for the services.

(d) Any program which substitutes highly accessible, reliable, and easy-to-use
methods of contraception for unreliable, dangerous, or unpleasant methods
will more quickly translate cognitive preparation into actual fertility
decline.

(e) Appropriately planned special family planning programs which simultaneously
strive to provide the twin components of cognitive preparation and family
planning services that are reliable, convenient, and easy-to-use can greatly
shorten the length of time required to reduce birth rates.

(f) The pace of fertility decline in the future will depend, in large part, upon
the presence or absence of fertility programs, their 'quality" (relevance

for the existing culture and logistic coverage), and the skill with which
they are administered.

III

Assumptions Upon Which to Predict Future Fertility Trends

If the above theory is accepted, the entire process of predicting the future
course of human fertility becomes different from that utilized in the past. A sim-
ple extrapolation of current fertility rates or recent declines in fertility may
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result in a great overestimation of future fertility. For the past decade, demograph-
ers have consistently underestimated the rate of fertility decline, both in developed
and developing countries, with the result that their population projections are quick-
ly shown by the course of events to be too high. Instead of making use of simple
extrapolative methods, projections must involve anticipated changes in the quantity
and quality of family planning programs and in the expected effectiveness of their
efforts. This is the variable which will determine, far more than any other, the
course of fertility in the developing nations.

The downward trend in fertility rates in the less developed countries is too
recent, and the assessment of the part which family planning programs can play in the
future is too crude and inaccurate to permit precise statements of these assumptions.
Nevertheless, the need to make population projections is mandatory, and the utiliza-
tion of such information as is available will yield projections which are an improve-
ment over those made previously.

A proposed set of assumptions for making population projections is as follows:

(a) The process of cognitive preparation is now underway all over the world.
it is prevalent implicitly if not explicitly in normal communication, and
is being diffused, to some extent, through both the interpersonal and the
mass media.

(b) Irrespective of how negative or pronatalistic a nation's position may be
today, the fact that high birth rates are highly dysfunctional and contra-
dictory to the achievement of the goals of national development will pro-
duce a more permissive if not supportive attitude toward organized family
planning programs in the near future. Hence, within a decade, substantial
private if not public family planning systems may be expected to be oper-
ating everywhere in the world, if they have not already made their appear-
ance,

(c) As the efficacy of family planning in promoting social and economic devel-
opment becomes more widely appreciated, inputs into this form of inter-
national assistance will increase, so that generous aid to any nation
permitting it will be available.

(d) Because a large number of professional persons, from many disciplines, are
working in the family planning area, and because the volume of research
and verified knowledge is now rapidly accumulating, the effectiveness of
family planning programs in promoting cognitive preparation will improve
greatly. Their ability to work rapidly in low-literacy, low-income, rural,
and "backward" situations will improve.

(e) Steady improvement in family planning services (the methods available for
use and the quantity and quality of outlets) will be made. This process
is already underway in urban centers throughout the world, and may be
expected to diffuse rapidly into most rural areas.
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y

Thus, the most realistic assumptions that can be made about the future course of
fertility is that in the future birth rates will fall even more rapidly than they
have in the recent past in all countries which have high birth rates. 1In countries
where birth rates have not yet begun to decline, this process will begin very shortly.
In countries where birth rate declines have already gained momentum, this trend will
continue or accelerate. This decline will continue until it reaches levels where
population growth and economic well-being have been brought into a socially desir-
able balance. This may include negative growth.

v

The Shape of the Fertility Decline Curve

The trend of fertility decline in Europe and the United States tended to be a
gentle, almost linear, downward drift over two centuries, with vicissitudes intro-
duced by wars, economic booms, depressions, and internal political upheavals. Although
demographers have not discussed this problem yet, most of their population projections
assume that the fertility decline curve will be linear; they assume that the trend
of fertility in developing countries, once a decline sets in, will also follow a
linear path. The usual assumption is that a specified rate of decline will begin at
the base date or some future, designated, date and continue at a fixed rate until
the terminal date. Both the theory of social change and the empirical evidence
from the countries where such declines have taken place suggest that this is an impro-
per assumption.

It is proposed here that the shape of the fertility decline curve during the
next century will follow that of a "reverse S" (see Figure 1). This curve has four

phases:

(a) Slow takeoff/acceleration,

(b) Rapid mid-period descent toward replacement levels,

(c) Rapid deceleration with a decline to below replacement levels,

(d) Return to replacement levels after a period of below-replacement fertility.

The factors that determine the shape of this curve are not demographic, but sociologi-
cal. Based on research on the diffusion of many innovations, the process of change
can be divided