VI. METHODOLOGY OF THE UNITED NATIONS
POPULATION ESTIMATES AND PROJECTIONS

The preparation of each new Revision of the
official population estimates and projections of
the United Nations is a complex process involving
severa steps.

First, based on new empirical evidence and in-
formed by recent findings in demography, sociol-
ogy, political sciences and economics, specific
guidelines about dominant future trends of fertil-
ity, mortality and migration are formulated. These
guidelines ensure consistency between and com-
parability of the estimated and projected demo-
graphic trends for the world's countries. These
guidelines are flexible and alow for the incorpo-
ration of country-specific trends that deviate from
assumed general trends and they take into account
a countries current position in the demographic
transition from high to low fertility and mortality.
Specific guidelines for fertility, mortality and mi-
gration are described in the main body of this
chapter.

The population estimates and projections of
this Revision cover 100 years, from mid-year 1950
to mid-year 2050. The 100 years covered in this
Revision are subdivided into past estimates
(1950-2005) and projections (2005-2050). Past
estimates of demographic variables are either di-
rectly taken from national statistical sources, or
estimated by the Population Division based on the
best available national or international estimates,
and if needed, adjusted for deficiencies such as
age misreporting, underenumeration of popula-
tions or underreporting of vital events, such as
birth and deaths. Adjustments are also made to
international migration. The year 2005, separating
the past estimates from the projections, is called
the base year of the projections (sometimes the
terms start year or jump-off year can be found).
The projection period of this Revision covers
45 years and ends in 2050. Usually, population
projections prepared by the United Nations Popu-
lation Division are carried out for a number of
variants and scenarios, all based on the medium
variant.

The preparation of each new Revision of the
official estimates and projections of the United
Nations involves two distinct processes: (a) the
incorporation of all new and relevant information
regarding the past dynamics of the population of
each country of the world, and (b) the formulation
of detailed assumptions about the future paths of
fertility, mortality and international migration. In
order to ensure consistency and comparability,
certain steps must be taken. New information is
evaluated to determine recent changes in popula-
tion dynamics that have an impact on the age and
sex structure of the population at the base year
(the year when the projection starts). The methods
used to carry out this evaluation must be techni-
cally appropriate and consistently applied. With
respect to the projection period, general guidelines
are established regarding the paths that fertility,
mortality and international migration are to fol-
lowin the future. However country-specific de-
viations from the general guidelines are common
under two sets of circumstances. (a) when re-
cent trends suggest that the population of a coun-
try is not yet ready to embark on the path deter-
mined by the general guidelines, a transition
period between current dynamics and those for-
mulated in the general guidelines has to be intro-
duced, and (b) when the populations of certain
countries are likely to experience a long-term de-
viation from the paths set by the guidelines, as is
the case for countries where the prevalence of
HIV/AIDS is high.

This chapter first describes the way past esti-
mates were revised during the preparation of the
2004 Revision of the United Nations population
projections. It then examines the assumptions
made and approaches used for projecting fertility,
mortality and international migration up the year
2050. Finally, procedures and assumptions for
population projections are described. This chapter
also provides the technical documentation of
models used for this Revision in an annex.
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A. PAST ESTIMATES OF
POPULATION DYNAMICS

One of the major tasks in revising the estimates
and projections of the population of each country
of the world is to obtain and evaluate the most
recent information available on each of the three
major components of population change: fertility,
mortality and international migration. In addition,
newly available census information or other data
providing information on the age distribution of
the population are also carefully evaluated. The
process of updating and revising past population
estimates usually entails not only the separate
evaluation of the quality of the different estimates
available but also and more importantly the search
for consistency among them. The key task is
therefore to ensure that for each country past
trends of fertility, mortality and international mi-
gration are consistent with changes in the size of
the population and its distribution by age and sex.
In very general terms, for most countries in the
more developed regions, the availability of de-
tailed information on fertility and mortality trends
over time and of periodic censuses of the popula-
tion greatly facilitates the task of producing reli-
able estimates of past population dynamics. Y,
even for those countries, the data on international
migration flows are generally inadequate. Conse-
quently, consistency between population counts
and the components of population change is often
achieved by assigning to net international migra-
tion the residual estimate obtained by comparing
actual intercensal population growth with inde-
pendent estimates of natural increase.

For many countries in the less developed re-
gions, the estimation of past trends is more com-
plex. In these countries, information may be lim-
ited or lacking and the available data may be
unreliable. In numerous cases, therefore, consis-
tency can only be achieved by making use of
models in conjunction with methods of indirect
estimation (United Nations, 1983, 2002). In ex-
treme cases, when countries have no datareferring
to the past decade or two, estimates are derived by
inferring levels and trends from those experienced
by countries in the same region that have a socio-
economic profile similar to the country in ques-
tion. However, since the 1970s the emphasis put
on surveys and census-taking in the developing

countries has considerably improved the availabil-
ity of demographic information.

At the global level, data from censuses or rdli-
able official estimates based on censuses, popula-
tion registers and surveys referring to 1995 or
later were available for 181 countries, 79 per cent
of the 228 countries or areas for which projections
are carried out. For 32 countries, data were avail-
able from the 1985-1994 global censuses round,
for 13 countries, census information or estimates
with comparable quality were available from the
global 1975-1984 census round, and for 2 coun-
tries, data were available only for years before
1975.

Aside from relying on census information con-
cerning the distribution of the population by age
and sex, in order to estimate the population as of 1
July 2005, the base year, trends in fertility, mor-
tality and international migration up to this date
must be established. Idedlly, complete time series
of annual age-specific fertility rates, life tables
and age-specific net international migration rates
by sex would be needed. In practice, the informa-
tion available is considerably less comprehensive,
consisting often of no more than the average age-
specific fertility rates experienced by women over
one or two periods of various lengths, estimates of
infant or child mortality at several points in time
and, less commonly, one or two life tables for dif-
ferent periods. For developing countries, estimates
of recent fertility and child mortality are often
derived from surveys, especially when countries
lack a civil registration system or have one that
does not have sufficient coverage of all vital
events. When countries have ardiable civil regis-
tration system, as is the case in most developed
countries and in some developing countries, data
on both fertility and mortality by age and sex are
theoretically available on a continuous basis.
However, owing to ether delays in processing
thedata or the difficulty of estimating appropri-
ate denominators to calculate age-specific fertility
or mortality rates, fertility schedules and life ta-
bles may only be available for selected years. In
preparing the revised estimates of the base-year
population, such information has to be taken into
account together with trends in other indica-
tors, such as changes in the overall number of
births.
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To provide some assessment of the timeliness of
the information on which the 2004 Revision is
based, tables VI.1a, b and ¢ present the distribu-
tion of countries by region and time period, indi-
cating the most recent information used for esti-
mating fertility, child mortality and adult
mortality. Such information pertains to a total of
192 countries, each of which was estimated to
have a population of 100,000 inhabitants or more
in 2000 and for which projections were prepared
using the cohort-component method. For the other
36 countries considered, whose populations were
below 100,000 in 2000, simplified projections
were made. As a consequence, only total popula-
tion figures and growth rates are available for
these countries.

As table VI.1la indicates, this Revision incorpo-
rates relatively recent information on fertility for
most countries: out of the 192 countries consid-
ered, 178 had information referring to 1995 or
later. Only one country had no information what-
soever on fertility. All countries in Europe, North-
ern America and Oceania had information refer-
ring to 1995 or later, whereas in the developing
regions the percentage of countries with recent
information was lower, varying from a high of
96 per cent in Asia, to 94 per cent in Latin Amer-
ica and the Caribbean, and to a low of 81 per cent
in Africa.

Child mortality, e.g. the probability to survive
from birth to age five, is a lead indicator to asses

TABLE VI.1a DISTRIBUTION OF COUNTRIES AND THE POPULATION ACCORDING TO THE
MOST RECENT DATA USED FOR THE ESTIMATIONS OF FERTILITY

Topic and Europe and Latin America and
reference date Africa Asia Northern America the Caribbean Oceania Total
Number of countries

No Information........ 1 — — — — 1
Before 1985............ 3 — — — — 3
1985-1989............... 2 1 — — — 3
1990-19%4............... 4 1 — 2 — 7
1995-1999............... 18 10 1 12 4 45
2000 or later............ 26 38 40 21 8 133

ToTAL 54 50 41 35 12 192

Population (millions)

No Information........ — — — — — —
Before 1985............ 62 — — — — 62
1985-1989............... 11 29 — — — 40
1990-19%4............... 40 22 — 1 — 63
1995-1999............... 243 1293 — 126 2 1664
2000 or later............ 550 2561 1058 434 31 4635

ToTAL 906 3905 1059 561 33 6463

Percentage of the population

No Information........ 0.0 — — — — 0.0
Before 1985............ 6.9 — — — — 1.0
1985-1989............... 1.2 0.7 — — — 0.6
1990-19%4............... 4.4 0.6 — 0.2 — 1.0
1995-1999............... 26.9 331 0.0 224 5.0 25.7
2000 or later............ 60.7 65.6 100.0 77.4 95.0 717

ToTAL 100.0 100.0 100.0 100.0 100.0 100.0
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the welfare of children. The availability of infor-
mation on it was also high (table VI.1b), with 186
countries having information referring to 1995 or
later, including all of the developed countries. At
the regional level, only one country in Africa and
one in Latin America and the Caribbean had no
information on childhood mortality while three
African countries and one Asian country had data
referring to dates prior to 1995. This implies that
for 99.9 per cent of the world population informa-
tion from 1995 and later was used in the estima-
tion of child mortality.

In contrast with the availability of information on
fertility and on mortality in childhood, informa-
tion on adult mortality was sparse and often out-
dated (table VI.1c). Data on adult mortality refer-
ring to 1995 or later was used in little more than a
third of all countries considered (37 per cent) and
no empirical data on age specific mortality was
available for the estimation of adult mortality in
41 per cent of the countries. Information was es-
pecially lacking or of insufficient quality among
the countries of Africa (91 per cent) and Asia
(36 per cent). However, it is important to under-

TABLE VI.1b. DISTRIBUTION OF COUNTRIES AND THE POPULATION ACCORDING TO THE
MOST RECENT DATA USED FOR THE ESTIMATION OF CHILD MORTALITY

Topic and Europe and Latin America and
reference date Africa Asia Northern America the Caribbean Oceania Total
Number of countries

No Information........ 1 — — — — 1
Before 1965............ 2 — — — — 2
1985-1989............... 1 — — — — 1
1990-19%4 .............. 0 1 — 1 — 2
1995-1999............... 14 14 2 12 5 47
2000 or later ........... 36 35 39 22 7 139

ToTAL 54 50 41 35 12 192

Population (millions)

No Information........ — — — — — —
Before 1965............ 5 — — — — 5
1985-1989............... 3 — — — — 3
1990-199%4 .............. 0 1 — — — 1
1995-1999............... 224 1461 43 98 2 1828
2000 or later ........... 674 2443 1015 463 31 4 626

ToTAL 906 3905 1059 561 33 6463

Percentage of the population

No Information........ 0.0 — — — — 0.0
Before 1965............ 0.5 — — — — 0.1
1985-1989............... 0.4 — — — — 0.1
1990-199%4 .............. 0.0 0.0 — 0.0 — 0.0
1995-1999............... 24.7 374 4.1 175 5.6 28.3
2000 or later ........... 74.4 62.6 95.9 825 94.4 71.6

ToTAL 100.0 100.0 100.0 100.0 100.0 100.0
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line that life expectancy estimates are often de-
rived from more recent information than what is
documented in table VI.1c with respect to adult
mortality. In particular, life expectancy at birth
was often arrived at by using recent information
of infant and child mortality and appropriate
model life tables. In addition, official estimates of
adult mortality were sometimes considered, but
not necessarily used because their quality was not
adequate or due to methodological constraints
(eg. implementation of the AIDS methodology
and actual base year of the projection). Thus, table
VI.1c reflects the data that was used in this Revi-
sion, not the availability of the data.

It is important to consider the implications of
data availability for the quality of the population
estimates and projections made. One way of as-
sessing the probable overall impact of the uncer-
tainty involved in making estimates on the basis
of non-existent or outdated information is to cal-
culate the proportion of the population to which
the less reliable or outdated estimates refer. With
regard to information on child mortality, the total
population of countries lacking recent information
was, with fewer than 10 million people, very
small. As for fertility, the population of countries
that either lacked data entirely or whose most re-
cently used estimates referred to periods before

TABLE VI.1c. DISTRIBUTION OF COUNTRIES AND THE POPULATION ACCORDING TO THE
MOST RECENT DATA USED FOR THE ESTIMATION OF ADULT MORTALITY

Topic and Europe and Latin America and
reference date Africa Asia Northern America the Caribbean Oceania Total
Number of countries

No Information........ 49 18 — 7 4 78
Before 1965............ 1 1 — 3 1 6
1985-1989............... 1 3 2 2 0 8
1990-199%4 .............. 1 12 4 11 1 29
1995-1999............... 1 6 24 2 5 38
2000 or later ........... 1 10 11 10 1 33

ToTAL 54 50 41 35 12 192

Population (millions)

No Information........ 854 537 — 40 1 1432
Before 1965............ 1 30 — 10 — 41
1985-1989............... 33 88 7 7 — 135
1990-199%4 .............. 9 1495 322 212 — 2039
1995-1999............... 1301 558 9 27 1903
2000 or later ........... 1 455 171 282 4 914

ToTAL 906 3905 1059 561 33 6463

Percentage of the population

No Information........ 94.3 13.7 — 7.2 1.9 22.2
Before 1965............ 0.1 0.8 — 1.7 15 0.6
1985-1989............... 3.6 2.3 0.7 1.3 — 2.1
1990-19%4 .............. 1.0 38.3 304 37.8 0.5 315
1995-1999............... 0.8 33.3 52.7 1.6 83.8 294
2000 or later ........... 0.1 11.7 16.2 50.3 12.3 14.1

ToTAL 100.0 100.0 100.0 100.0 100.0 100.0
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1995 amounted to 3 per cent of the world popula-
tion. However, the proportion of the population
lacking equally recent estimates of adult mortality
amounted to 56 per cent. Therefore, the most seri-
ous weakness faced in producing the 2005 base
year estimates of the population of each country
was the lack of recent information on mortality
and especially on adult mortality. Owing to the
wide availability of data from recent census enu-
merations, the lack of recent mortality data would
be less critical if those enumerations were accu-
rate. However, considerable evidence exists that
coverage errors in census enumerations are not
necessarily small. Furthermore, as an increasing
number of countries face sharp rises in mortality
brought about by war, civil strife, major social and
economic changes, or the HIV/AIDS epidemic,
direct information on those trends is necessary to
derive appropriate estimates of their impact on the
population’s age and sex structure. In the absence
of direct and reliable information on the timing
and magnitudes of such ‘shocks to mortality, es-
timations and approximations are necessarily less
accurate.

A final consideration in the Revision of past es-
timates of population dynamics concerns the
sources of information regarding international
migration. In preparing this Revision particular
attention was given to official estimates of net
international migration or its components (immi-
gration and emigration), to information on labour
migration or on international migration flows re-
corded by receiving countries, to estimates of un-
documented or irregular migration by origin, and
to data about refugee flows and stocks prepared
by the Office of the United Nations High Com-
missioner for Refugees. Even by combining these
numerous data sources, it is difficult to produce
comprehensive and consistent data of net migra-
tion over time. In those cases net international
migration was estimated as the residual not ac-
counted for by natural increase between two suc-
cessive enumerations of the population. Clearly,
therefore, the paucity of reliable and comprehen-
sive data on international migration should also be
singled out as one of the limitations in producing
more accurate estimates of the population for the
base year.

B. THE PROJECTION OF FERTILITY

This section provides a detailed account of how
future levels and age patterns of fertility were pro-
jected for countries in different groups of current
fertility levels. In the discussion that follows, as-
sumptions and methodology will be described in
terms of the following groups of countries:

1. High-and medium fertility countries. High
fertility countries are countries that until 2005
had had no fertility reduction or only an in-
cipient decline, and medium-fertility countries
are those where fertility has been declining
but whose level was still above 2.1 children
per woman in 2000-2005;

2. Low-fertility countries: Countries with total
fertility at or below 2.1 children per woman in
2000-2005.

The projection of fertility in this Revision fol-
lows the methodology that was introduced in the
2002 Revision, with only minor changes. In this
Revision, asin the previous one, it is assumed that
countries in the transition from high to low fertil-
ity will ultimately approach a fertility floor of
1.85 children per woman, regardless of their cur-
rent position in the fertility transition. The transi-
tion from the current level of fertility to the fertil-
ity floor is expressed by models of fertility change
over time. These models have been formalized for
this Revision; they are described below and
documented in the annex of this chapter. The as-
sumption for countries currently below replace-
ment level have been dlightly altered, namely it is
now assumed that the fertility recovery will fol-
low a uniform pace. As a consequence, individual
countries will reach the fertility floor at different
years in the future and not, as in the previous Re-
vision, between 2045 and 2050.

1. The high- and medium-fertility countries

The projection of fertility for the high-fertility
and medium-fertility countries is carried out
through a unified model. First introduced in the
2002 Revision (United Nations, 2004a, pp. 183-
184), it isformulated in terms of the pace of fertil-
ity decline. An important feature of the fertility
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model is its assumption that fertility in all coun-
tries will eventually fall below replacement level,
but not necessarily by the end of the projection
period in 2050. In light of evidence that fertility in
a growing number of countries in less-developed
regions has aready dropped below replacement
level, or is rapidly approaching it, this Revision
keeps the assumption of a fertility “floor” of 1.85
children per woman.

a. The pace of fertility decline

For all countries where fertility was above the
replacement level in 2000-2005, fertility was pro-
jected in this Revision using a model based upon
the combined experience of al countries that un-
derwent fertility decline between 1950 and 2000.

The model relates changes in fertility over a
specified period to the level of fertility at the be-
ginning of that period. When examining the em-
pirical evidence, a particular pattern emerges: de-
cline in fertility is relatively slow when the
fertility transition is starting but accelerates until
fertility is between 4 and 5 children per woman.
The pace of decline then decreases near the end of
the transition. Further analysis of empirical path-
ways of fertility decline suggested some variations
of the general pattern, associated with the pace or
speed of fertility decline at the beginning and at
the end of the fertility transition.

Three models have been identified to capture
best the variety of pathways from high to low fer-
tility. One mode represents pathways with a
slower decline at both high and low fertility, la-
belled Slow/Slow. A second mode exhibits faster
decline at both high and low fertility levels and is
labelled Fast/Fast. Empirical evidence suggests a
third model that combines a fast decline at high
levels of fertility and slow decline as lower fertil-
ity levels are approached. The latter modd is la-
belled Fast/Slow. The three modes of fertility
decline have been implemented as logistic func-
tions and are documented in the annex to this
chapter.

The models are expressed as fertility declinein
the current year given a certain level of fertility in
the previous year. For most countries, the new
model was used to project fertility beginning in

2005, based on the estimated levels of total fertil-
ity in 2000-2005. However, in the high-fertility
countries where there has been no evidence of
fertility decline to date, it was assumed that fertil-
ity would remain constant until 2010 and begin to
fall according to the model after that year.

Figures Vl.1a and 1b illustrate the different tra-
jectories of the three models for different base
levels of fertility, here in 2000. A high-fertility
country with a total fertility of 8 children per
woman in 2000 (figure VI.1a) would reach the
fertility floor of 1.85 children per woman with the
Fast/Fast model not before the year 2083. Assum-
ing the Fast/Slow and the Slow/Slow model, the
fertility floor would be reached after 2100, eg.
after a period of more than 100 years. Figure
V1.1a also shows that the Fast/Fast model and the
Fast/Slow model show different trends only after
fertility declined to about 3 children per woman.

Figure VI1.1b shows trgjectories of fertility de-
cline for a country with a total fertility of 4 chil-
dren per woman in 2000. It will reach the fertility
floor after 39 year (Fast/Fast model), 61 years
(Fast/Slow model) and 62 years (Slow/Slow
model). The figure also shows that for countries
with medium and low levels of fertility, the
Fast/Slow and the Slow/Slow model converge.

b. Age pattern of fertility

For both the high-fertility and medium fertility
countries the age pattern of fertility was projected
by interpolating linearly between a starting pro-
portionate age pattern of fertility and a target
model pattern. The target pattern is usualy at-
tained in either 2045-2050 or in the period when
the country reaches its lowest fertility level. Sev-
eral modd patterns of fertility, shown in the annex
to this chapter, are available (table V1.3, VI.4,
VI1.5). In certain cases, the proportionate age pat-
tern of fertility was held constant for the projec-
tion period.

2. Low-fertility countries
a. The pace of fertility recovery

Low-fertility countries are those where the total
fertility was 2.1 or below in 2000-2005. For those
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Figure VI.1la High fertility: Models of fertility decline
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Figure VI.1b. Medium fertility: Models of fertility decline
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countries, a much simpler model of fertility
change was adopted. In general, it is assumed, as
in the previous Revision, that fertility now below
replacement level will also converge to the fertil-
ity floor of 1.85 children per woman, just as the
high and medium fertility countries.

While al low-fertility countries were projected
to have fertility of 1.85 in the long term in the
2002 Revision, the short-term projection of total
fertility for each country was accomplished taking
into account the most recent trends in annual total
fertility. For those countries where total fertility
was beow 1.85 and declining in the 1990s, the
annual trend between 1990 and the most recent
estimate was generally extrapolated to 2005 or
2010. Then, for most countries a pause period was
projected until 2010 or 2015, at which time fertil-
ity would begin to rise at a pace of 0.07 children
per woman per quinguennium Several low-
fertility countries experienced a levelling-off of
fertility decline or a slight increase in fertility in
the late 1990s. For these countries, total fertility
was generally projected to stay constant near its
most recent level until 2005 or 2010.

For countries where total fertility in the 2000-
2005 was above 1.85 but below 2.1, fertility was
projected to decline to 1.85 during the projection
period.

b. Age patterns of fertility

The projected total fertility levels were con-
verted into age-specific fertility rates by using age
patterns of fertility derived by interpolating be-
tween the most recent age pattern of fertility avail-
able and a model age-specific pattern. For the
countries of Europe, model patterns were to be
reached by 2025 in the market economy countries
and by 2035 in the countries with economies in
transition. Linear interpolation was used to move
from the current fertility pattern to a modd pat-
tern. Once the model pattern was reached, it was
assumed to remain constant until the end of the
projection period. The model age patterns of fer-
tility used are shown in annex table V1.4 for the
market economies of Europe and in annex table
V1.5 for the countries with economies in transi-
tion. They were derived from the experience of
low-fertility countries by fitting a simple Beta dis-

tribution to the age-specific fertility patterns typi-
cal of market-economy countries (e.g., the Nether-
lands) and of countries with economies in
transition (e.g., Slovenia). By varying the parame-
ters of the Beta distribution in a manner similar to
that implied by past trends, a set of model age-
specific fertility patterns was generated with dif-
ferent mean ages of childbearing.

The model age patterns of fertility developed for
Europe were aso used for several of the low-
fertility countries outside of Europe. In certain
other low-fertility countries, the proportionate age
pattern of fertility was assumed to remain constant
over the projection period.

C. THE PROJECTION OF MORTALITY

In contrast with the assumptions made about
future fertility trends, only one variant of future
mortality trends was used for each country for the
standard variants (high, medium and low vari-
ants). It must be noted, however, that the estima-
tion and projection of HIV/AIDS related mortal-
ity, documented below, made it necessary to
prepare an additional mortality variant with No-
AIDS mortality for all countries with significant
HIV prevalence (see chapter V).

Assumptions are made in terms of life expec-
tancy at birth by sex and, in most cases, an under-
lying modd life table. As in previous Revisions,
life expectancy was generally assumed to rise
over the projection period for most countries. The
major exceptions are the countries affected by the
HIV/AIDS epidemic (explained below), and coun-
tries with economies in transition.

1. General approach

The often dramatic decline of mortality was -
and is - a driving force behind the profound
changes to population trends observed during the
past two centuries. While first limited to a small
number of countries in the world, the decline of
mortality and rise in life expectancy has now be-
come a global phenomenon.

For countries where mortality was assumed to
follow a declining trend starting in 2005, the pace
of change of life expectancy was set according to
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a chosen model. This Revision added two new
models of gains in life expectancy to the existing
three that were available in previous Revisions,
namely a very slow and a very fast model of mor-
tality improvement. Altogether, a total of five
mortality models are now available: the new very
fast model, the established fast, medium and slow
models, and a hew very slow model. The addition
of the two additional models was necessary be-
cause some countries have experienced smaller
gains in life expectancy than the traditional slow
model suggested, while other countries have ex-
perienced consistently faster increases in life ex-
pectancy than the fast improvement model envi-
sioned.

All five models are based on a broad empirical
basis of increasing life expectancy during the pe-
riod 1950 to 2005, covering life expectancies be-
tween 50 and about 85 years. The models repre-
sent the average experience of this historical
period grouped according to the 90th percentile
(very fast, modelled on Japan), the 75th percentile
(fast model) the arithmetic mean (medium modd!),
the lowest 25th percentile (slow model), and the
lowest 10th percentile (the very slow model).

In order to be useful for the projection of life
expectancy for advanced countries such as Japan,
the models needed to be extended to cover levels
of life expectancy not yet achieved. Such an ex-
tension was carried out to levels of life expectancy
of 92.5 years by extrapolating the trends in the
given models using the Lee-Carter model (United
Nations 2004b). Because an unconstrained ex-
trapolation of declining gains in life expectancy
would ultimately yield zero and even negative
increments, it was assumed that after the gains in
life expectancy reached a certain low level, future
gains would stay constant at this lowest incre-
ment. While there is no strong empirical basis for
such an assumption, there is also no evidence to-
day of a particular upper limit to life expectancy
(Oeppen, Vaupd 2002). Indeed, as Tuljapurkar
and Li (2004) have shown, under certain condi-
tions, a linear trend in life expectancy, and thus a
constant increment, is possible.

The models are expressed as annual increments
of life expectancy for a given level of life expec-
tancy, but are presented in the annex for the ease

of use as quinquennial increments (table V1.6).
Although all models differ regarding the amount
of change or increments of life expectancy during
a given period of time, they all share a genera
feature of the evolution of life expectancy: very
low life expectancy is associated with small gains
in life expectancy, as was the case before the on-
st of the demographic transition. Increments in
life expectancy increased during the early stages
of the demographic transition and reached a peak
when life expectancy was between 50 and 60
years. As mortality is further reduced, annual
gainsin life expectancy tend to become smaller.

For any given country, the appropriate model
was chosen by taking into account the observed
pace of mortality decline in the recent to medium-
term past. The selected model of improvement in
life expectancy was generally followed until 2025
and, if deemed appropriate, a switch was made as
of that date to the medium-pace mode.

In countries with economies in transition that
experienced a long period of stagnating or even
increasing mortality, life expectancy was assumed
to increase only very little until 2010; it was then
assumed to follow one of the models just de-
scribed.

Once the path of future expectation of life was
determined, survival ratios by five-year age group
and sex consistent with the expectation of life at
birth for each quinquennium were calculated. For
countries with recent empirical information on the
age patterns of mortality, survival ratios for the
projection period were obtained by extrapolating
the most recent set of survival ratios by the rates
of change of an underlying model life table. In
other words, under such a procedure the empirical
or estimated age pattern of mortality converges
towards the underlying model pattern as life ex-
pectancy changes over time. For countries lacking
recent or reliable information on age patterns of
mortality, survival ratios were directly obtained
from an underlying model life table. A choice
could be made among nine model life table sys-
tems, four proposed by Coale and Demeny (1966;
Coale, Demeny, Vaughn 1983; Coale, Guo 1989)
and five model systems for developing countries
produced by the United Nations (1982). These
nine modd life tables have been updated and ex-
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tended by the Population Division in order to
cover the whole age range up 100 years, and a
range of life expectancies from 20 to 92.5 years
(for more details, see Buettner, 2002). It must be
noted that the last available entry in the revised
system of model life tables of 92.5 year of life
expectancy, for both males and females, are not
meant to represent a ceiling for human longevity.

The general approach to the projection of mor-
tality just described is not appropriate for coun-
tries significantly affected by the HIV/AIDS epi-
demic. A detailed description of assumptions
made and models used to estimate and project the
demographic impact of HIV/AIDS is given in the
next section.

2. Modédlling HIV/IAIDS mortality

This Revision incorporates explicitly the impact
of the HIV/AIDS epidemic for 60 countries, most
of which had an adult HIV prevalence of at least
one per cent in 2003. Brazil, China, India and the
United States of America, countries where HIV
prevalenceis still low but which had a large num-
ber of infected persons, were also included.
Among the 60 countries considered, 40 countries
arein Africa, 5arein Asiaand 12 in Latin Amer-
ica and the Caribbean (see chapter IV, table 5).
For those countries, a different approach for the
estimation and projection of mortality must be
used. Unlike other infectious diseases, HIV/AIDS
has a very long incubation period in which an in-
fected person is mostly symptom-free and infec-
tious. Also unlike many other infectious diseases,
individuals do not develop immunity, but, in the
absence of treatment, almost always die as a con-
sequence of their compromised immune system.
Another reason for an explicit modelling of the
HIV/AIDS is the avalanche-like process of the
infection spreading through a population and the
particular age pattern exhibited by HIV/AIDS.
The additional deaths due to HIV/AIDS, pre-
dominantly adults in their reproductive age, are
consequently distorting the usual U-shaped age-
specific age profile of mortality, a feature which
cannot be found in the model life tables that are
available to demographers (Heuveling, 2003).
Thus the particular dynamic of this disease and
the severity of its outcome require an explicit
modelling of the epidemic.

As a consequence, instead of an overall mortal-
ity process that can be captured by standard age
patterns of mortality and smooth trends of chang-
ing life expectancy, for countries highly affected
by HIV/AIDS, two separate mortality processes
must be modelled: the mortality due to the
HIV/AIDS epidemic itself and the mortality that
prevails among the non-infected population. The
latter is often called “background mortality”. The
estimation of it is described in the next section.

a. Egablishing background mortality

For countries severely affected by HIV/AIDS,
hypothetical mortality paths for what is often
caled “background” or “No-AIDS mortality”
needed to be constructed first. The background
mortality is the mortality experienced by those not
infected with HIV in a given country and at a
given period of time. It is not the mortality that
would have been observed in the complete ab-
sence of HIV/AIDS in that country, however. The
distinction between background mortality and
mortality in the absence of HIV/AIDS is of little
importance during the first years the epidemic
develops in a given country. But once a sizeable
number of people is infected and ultimately dies
of AIDS, the consequences of the epidemic are
likely to affect severely the capacity of a country
to provide health care services to its population,
including the uninfected people. It is for this rea-
son that the assumed trends in background mortal-
ity are generally less optimistic than in a similar
country that is not affected by HIV/AIDS.

The background mortality can be estimated
from data on causes of death (deaths caused by
HIV and deaths due to other causes). Such de-
tailed account of deaths by causes of deaths and
by age and sex, however, is rardy available in
countries in less developed regions that are se-
verely affected by the epidemic. Therefore, back-
ground mortality needs to be estimated by assum-
ing plausible levels and trends based on other
information or assumptions. Often the process is
one of iterative refinement: beginning with an as-
sumed trend of the background mortality, the
HIV/AIDS epidemic is modelled and the results
are then compared with overall mortality esti-
mates, if they are available (see, for example,
Feeney, 2001), or with results provided by a cen-
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sus or survey. If necessary, background mortality
is adjusted, and the procedure is repeated until a
reasonable agreement between the model output
and available evidence is achieved.

b. Modelling the overall dynamic of the epidemic

The approach of the Population Division to
model the dynamics of the HIV/AIDS epidemic
follows that suggested by the UNAIDS Reference
Group on Estimates, Modelling and Projections
(2002). UNAIDS has implemented this model in a
software package called Epidemiological Program
Package or EPP, described in Ghys et al (2004).
In the following, both the epidemiological model
and its software implementation are called EPP
for short.

The first stage in modelling the epidemic is to
derive estimates of the yearly probability of being
infected by HIV (annual incidence) from available
estimates of HIV prevalence. In countries of sub-
Saharan Africa these prevalence estimates are de-
rived mainly from data on the proportion of sero-
positive females among pregnant women attend-
ing antenatal clinics that belong to the system of
sentinel surveillance sites in each country. Conse-
quently, available estimates of prevalence refer to
the HIV prevalence among pregnant women only.
It has been shown, however, that prevalence lev-
els among pregnant women aged 15-49 provide
reasonable estimates of prevalence levels among
al women in the same age group (Gregson and
Zaba, 1998; Glynn et a, 2001; Gregson, Zaba and
Hunger, 2002). Thereis scant information on how
well prevalence levels among pregnant women
represent those among men. Only recently have
nationally representative surveys of HIV sero-
prevalence begun to be taken in countries of sub-
Saharan Africa; their results will inform model-
ling specification in future Revisions. In the ab-
sence of more information, the models presented
here assume that available estimates of prevalence
among pregnant women aged 15-49 are adequate
proxies of HIV prevaence among both women
and men.

The EPP modd divides the total population of
persons over 15, denoted by N, into three groups:

e Pesons who, at time t, are not at risk of
being infected by HIV, denoted by X(t).

e Persons already infected by HIV at timet,
denoted by Y(t);

e Persons at risk of being infected by HIV
at timet, denoted by Z(t),

The modd of the HIV/AIDS epidemic is de-
scribed by a system of three differential equations
(see annex), with the following four parameters to
be estimated:

e The parameter f, is the fraction of indi-
viduals who entered the at-risk population
at age 15 at the time the HIV epidemic
started. This parameter determines the en-
demic leve of the epidemic.

e Theparameter r represents theforce of in-
fection or reproductive potential of the
epidemic. It is the probability that interac-
tions between an infected and a non-
infected individual results in the infection
of the latter. This parameter governs to a
large extend how the epidemic grows: If r
is larger than one, the epidemic grows, if
it is smaller than one, the epidemic will
disappear over time.

e @ (Phi) captures the recruitment of people
into the at-risk population and is therefore
also called the behavioural or response
parameter. If @ is positive, more people
are entering the at-risk population than die
of the epidemic. As a conseguence, the
epidemic is sustained at a higher levd. If
@ is negative, less people are entering the
at-risk population than die of the epi-
demic. With @ negative, the epidemic de-
clines.

e The parameter to, the year the epidemic
started in a particular country

In order to keep the number of parametersto be
estimated to a minimum, other information neces-
sary to formulate the epidemiological model are
set to predetermined values, such as the rate of
Mother-To-Child Transmission (MTCT), the in-
cubation period (time from infection to death
caused by HIV/AIDS), and the fertility reduction
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Figure VI1.2. Structure of the EPP model
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associated with a HIV positive status of women.
Demographic parameters such as the crude birth
and death rates as well as the probability of sur-
vival from birth to age 15, the age of entry into the
adult population, are taken the No-AIDS scenario.

In the original implementation of the model, the
parameters r, fo, @ and ty are kept constant over
time, assuming that they will not change signifi-
cantly during the relatively short period of 20 to
30 years covered by the model. However, over
longer periods, as in this Revision, the impact of
the epidemic itsdf on the demographic variables
needs to be explicitly taken into account. In addi-
tion, behavioural change as well as medical treat-
ment of infected people is poised to alter the dy-
namics of the epidemic. For those reasons, the
implementation of the epidemiological model by
the Population Division allows for changes over
time for most parameters.

In addition, because of the inclusion of treat-
ment with Anti-Retroviral Treatment (ART) in
this Revision, two new parameters - the coverage
rate of ART treatment and annual survival for
people under treatment - were included. These
additional parameters are currently set outside the
model and not obtained from fitting the model to
empirical data.

The system of differential equations of the EPP
model can be solved numerically by using, for
instance, the Runge-Kutta method, provided val-
ues of all relevant parameters are known. Popula-
tion-based estimates of population size at the start
of the epidemic, births and mortality risks over
time are available. In addition, assumptions are
made about the probabilities of dying of AIDS
among those infected, about the probability of

mother-to-child transmission and about the extent
to which the fertility of HIV-positive women is
reduced. Then it is possible to estimate, via nu-
merical approximation methods, the values of r, f,
and @ that minimize the distance between the
HIV prevalence generated by the model and the
HIV prevalence estimated on the basis of data
from antenatal clinics at various points in time.
More specifically, a hon-linear iterative optimiza-
tion procedure is used to obtain estimates of the
parametersr, fo @ and to.

This simple epidemiological model is capable of
producing a large number of different epidemics
and thus can be applied to countries with varying
levels of severity of the epidemic (see figure
V.10 in the chapter about mortality).

This versatility is illustrated below by compar-
ing epidemiological curves produced by varying
one parameter while keeping all others constant.
Each of the four parameters shapes the epidemiol-
ogical curve in a particular way, allowing to at-
tribute certain characteristics of the epidemic to
one particular parameter.

The fraction of new entrants to the at-risk popu-
lation, fo, largely determines the endemic level of
the epidemic (figure VI.3). If, at the beginning of
the epidemic, a large fraction of people is already
in the at-risk category, the epidemic will level off
at higher level than in cases where initially the
fraction of the at-risk population is smaller.

The force of infection (parameter r) determines
the growth of the epidemic (figure VI1.4). A higher
force of infection results in a faster growth of the
epidemic, with a higher endemic level after the
peak prevalence. A lower force of infection, on
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Figure VI1.3. Initial fraction of peoplein at-risk population
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the other hand, produces an epidemic curve that
grows slower, reaches its peak prevalence later
and also has alower endemic level.

The parameter ® models the recruitment of
people into the at-risk population (figure V1.5). If
@ is zero, then the at-risk population maintains its
initial fraction of the population, that is fo. A posi-
tive ® means that more people are recruited into
the at-risk population, resulting in an epidemic
with higher endemic level. If @ is negative, the
prevalence of the epidemic declines more rapidly
because the number of people dying of AIDS is
larger than the number of people entering the at-
risk population.

The parameter t, determines when the epidemic
started in a given country. This parameter simply
shifts a given epidemic curve horizontally on the
time axis. It is not shown as a chart.

Once the values of all parameters are obtained,
the mathematical modd is used to calculate the
number of adult persons living with HIV, the
number in the at-risk group and the number who
are not susceptible, as well as the number of

newly infected individuals for each year t ranging
from the start of the epidemic to 2003, the most
recent year with data on prevalence available at
the time of this Revision. Also calculated is the
incidencerate for the total population at risk.

However, in order to estimate the effect of the
HIV/AIDS epidemic on mortality and population
dynamics, it is necessary to derive estimates of the
infected population by age and sex. The proce-
dures followed in such derivation are described in
the next sections.

c. Estimating the demographic
impact of HIV/AIDS

The simple epidemiological model EPP just out-
lined captures the overall dynamics of the epi-
demic for three sub-population groups. It does
not, however, allow for a detailed account of the
demographic impact of the epidemic. As men-
tioned, no provision is made for a disaggregation
by age or sex, two key elements of a demo-
graphic analysis of the epidemic. Moddling only
adult populations, it does not include explicitly the
paediatric dimension of the epidemic. In order to

Figure VI.5. Recruitment into at risk population
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generate a full account of the demographic im-
pact of HIV/AIDS, the Population Division de-
veloped abcDIM?, a software package that com-
bines the EPP mode with a full multistate
demographic projection modd. In it, the epidemi-
ological dynamics captured in EPP are trans-
lated into age-and sex specific values, thus provid-
ing a full demographic account. Figure VI.6
shows the schematic structure of the model used
in abcDIM.

The estimation of the demographic impact of
HIV/AIDS is carried out in several steps. First, the
EPP epidemiological model needs to be extended
until 2050, the final projection year in this Revi-
sion. While the simple epidemiological model
used by UNAIDS makes the implicit assumption
of constant parameters for the last 25 years, for
long range projections such a simplification can
not be maintained. In particular the parameters of
the model that capture behavioural elements, such
as @ and r, cannot be assumed to be constant
throughout this period. Instead, in order to incor-
porate the effects of intervention, such as treat-
ment, or prevention, such as increased condoms
use, reasonabl e assumptions about future trends of
these parameters are needed.

For this Revision, @, r and the Mother-to Child
Transmission (MTCT) are assumed, after 2005, to
decline over time, reflecting the impact of inter-
ventions and behavioural change. The declining
trend in these parameters can be specified in ab-
cDIM by assuming a halving period, that is the

number of years it take to reduce the value of the
parameter to half the value it had at the beginning
of the projection period (see table VI.10). The
default values for the halving times are 10 years
for MTCT, 30 yearsfor r, and 20 years for ®@.

The parameters just described influence the
number of people that are being newly infected,
but they do not alter the chances of survival once
a person is infected. Anti-retroviral treatment, on
the other hand, results in longer survival of in-
fected people. In this Revision, the effects of ART
have been included into the abcDIM mode by
adding a new stage (labelled ART in figure VI.6)
to the demographic projection model, and by pro-
longing the survival times in EPP accordingly.
Consequently, depending on the proportion of
HIV positive people receiving treatment and the
percentage of people under treatment surviving
annually, the overall survival time in EPP is dy-
namically adjusted in order to reflect theimpact of
treatment on survival of infected people.

Then, the estimates of annual HIV incidence
derived from the epidemiological model with all
sexes and ages combined are converted into age
and sex-specific estimates of newly infected indi-
viduals and the population that was initially free
from the epidemic is projected using a multi-state
approach that tracks the transitions of people from
at-risk to AIDS and finally deaths. Note that the
abcDIM model also estimates the number of chil-
dren by infection status and follows them simi-
larly.

Figure VI1.6. Structure of the abcDIM model
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All sub-populations are projected by single
years of age while the infected population is fur-
ther classified by duration since infection in single
years. The exact steps followed and the assump-
tions made in recreating the dynamics of a popula-
tion affected by the HIV/AIDS epidemic are de-
scribed in detail below.

Step 1: Derivation of the number of new infections
by sex.

As noted above the model used to derive the
parameters r, fo and @ does not take into account
the age or sex of the population infected. To de-
rive estimates of the impact of HIV/AIDS by age
and sex, it is first necessary to distribute by sex
the yearly number of newly infected individuals,
as yielded by the general epidemiological model
EPP. Although data on the distribution by sex of
newly infected individuals are rare, there is some
evidence suggesting that when HIV/AIDS is
spread mainly by heterosexual transmission, the
proportion of males among the newly infected is
high at first but declines rapidly in the years fol-
lowing the start of the epidemic to proportions
closer to those of women.

On the basis of this observation, the proportion
of males among the newly infected is assumed to
decline from 80 per cent or so at the start of the
epidemic to 45 per cent after a few years and to
remain constant at that level for an extended pe-
riod. However, in regions or countries where
HIV/AIDS is not spread primarily by heterosexual
contact (e.g. homosexual contact, intravenous
drug use, etc.) sex patterns of newly infected indi-
viduals differ, with higher proportions being at-
tributed to men. Under these assumptions, the an-
nual number of newly infected individuals per
year is distributed by sex.

Step 2: Derivation of the number of nemMy infected
men and women by age.

Once estimates of the newly infected people by
sex are available, they are distributed by single-
years of age according to model age distributions
derived from empirical data that were fitted to a
Weibull distribution (figure V1.7, table V1.7, an-
nex), with a mean age at infection of 29.1 years
for males and 26.1 years for females. Figure V1.7
shows the density functions by age for males and
females.

Figure VI1.7. Age specific HIV infection probabilities by sex
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Step 3: Estimation of the number of deaths caused
by AIDS among HIV positive persons.

As in the previous Revision, infected people are
passing first through a stage equivalent to stages 1
through 3 of the WHO staging system (WHO,
2004) in which they are infected but, at least in
stages 1 and 2, asymptomatic. Deaths that occur
during those stages are not caused by HIV/AIDS.
In figure V1.6, these three clinical stages are ag-
gregated into the stage labelled “Infected’. In-
fected people can enter two possible final stages,
associated with full-blown AIDS (stage 4 by
WHO classification). In the stage labelled
AIDS/NoART, people do not receive ART, and it
is therefore assumed that they have a further aver-
age life expectancy of just one year. In the stage
labelled AIDS/ART, new in this Revision, they
receive life-prolonging treatment, and their aver-
age remaining life time will be increased well be-
yond the one year associated to the stage without
treatment.

To estimate the number of deaths due to AIDS
by age and sex, the infected population is pro-

jected over time using a multi-state approach that
takes account of the competing risks of moving
from being uninfected to being infected (HIV-
positive) and from being HIV-positive to develop-
ing full blown AIDS versus the probability of dy-
ing of a cause other than AIDS. The probability
schedules used to reflect the chances of develop-
ing full blown AIDS after x years of infection (the
incubation period) are assumed to follow a
Weibull distribution (see table VI.8). Different
schedules were used for each sex, with a mean
incubation period of about 9.3 years for both
sexes combined, a slightly longer mean incubation
period for females (9.6 years) and a shorter one
for males (9 years). The schedules are shown in
figure VI.2.

These survival functions originally suggested to
cover the whole period from infection with HIV to
deaths of AIDS were based on cohort studies that
included background mortality. Removing the
background component of mortality results in a
net survival time of approximately 10 years (see
Porter and Zaba, 2004). The procedure used for
this Revision therefore increased the originally

Figure VI1.8. Annual probability of transition from HIV infection to AIDS
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recommended mean survival time of about 9.3
years since infection by one year. This extension
was achieved by adding the one year survival in
the additional AIDS stage (without treatment) to
the model.

The probability of progressing from HIV infec-
tion to full-blown AIDS was assumed to be age-
neutral, that is no allowance was made for sys-
tematic differences in the incubation period re-
lated to age at infection.

Competing mortality risks for causes other than
AIDS were estimated on the basis of mortality
estimates for the whole population. It was as-
sumed that among HIV positive persons, the risk
of dying of a cause other than AIDS was inde-
pendent from therisk of dying of AIDS.

Once an infected person reaches stage 4, or full
blown AIDS, he or she is in need for treatment
with ART. In resource-poor settings such as in
most developing countries, treatment is not avail-
able for the whole group of infected people reach-
ing stage 4. The abcDIM program therefore al-
lows setting a time varying parameter, the
coverage rate, to reflect this situation. Table VI1.10
lists country specific values of assumed current
and future coverage rates for al the countries con-
cerned.

It was mentioned earlier that the default mean
survival time of people entering stage 4 or full-
blown AIDS is approximately one year. With
treatment, survival of infected peopleis extended.
An exponential function is used to modd the sur-
vival with or without treatment in abcDIM; it is
parameterized as constant annual per cent sur-
vival. Based on early evidence on the efficiency
of ART treatment in resource-poor countries, two
different setting have been used, one with 80 per
cent annual survival, corresponding to a mean
survival time of 4.5 years after starting treatment,
and another with 90 per cent annual survival, cor-
responding to 9.5 years mean survival time.

Step 4: Calculation of the number of children in-
fected by HIV/AIDS

Although HIV is primarily transmitted by sex-
ual contact, which places adolescents and adults at

risk, it also exerts a heavy toll on children. Chil-
dren are infected by their HIV positive mothers
passing the virus to their children in utero, at par-
turition or during breastfeeding. To estimate the
number of children that can potentially become
infected by their mothers, first the number of chil-
dren born by HIV-positive women is calculated,
allowing for a reduced fertility that takes into ac-
count the lower probability of conception among
HIV-positive women. In this Revision, it was uni-
formly assumed that HIV positive women have a
20 per cent lower age-specific fertility than those
not infected. Because most HIV-pasitive children
acquire the disease from their infected mothers at
or near the time of birth, the number of HIV-
positive children is obtained by assuming a fixed
rate of transmission of HIV from mother to child
of 35 per cent and multiplying it by the number of
children born to HIV-positive women. Such an
approach produces the number of children who
become HIV positive at birth or soon thereafter
during each year. In addition, the age-specific fer-
tility rates applied to non-infected women are in-
creased in such a way that the overall fertility
rates of the population as a whole (both infected
and not infected women) match those estimated
from available data.

Step 5: Calculation of the number of AIDS deaths
among children.

In children, the length of infection is the same
as ther age. The number of surviving HIV-
positive children is calculated by modelling the
probability that infected children have of surviv-
ing HIV infection up to a certain age as the sum of
two Welbull functions representing two sub-
groups of infected children: Fast progressors and
slow progressors (figure VI.9). Fast progressors
are those children infected in utero, while slow
progressors are children infected at parturition or
during breast feeding. In the current model, about
58 per cent of all infected children follow the fast
progression schedule and will die early, on aver-
age just 1.1 years after birth. Children that follow
the slow progression schedule (about 42 per cent
of all infected children) have a longer incubation
period and will on average die about 8.8 years
after birth. Together, the life expectancy of all
children infected with HIV is less than 5 years
(table VI1.11). The current survival model for chil-
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Figure VI1.9. Survival digtributionsfor children
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dren implies that none of theinfected children will
survive past age 15; it also assumes that the sur-
vival probabilities are the same for the male and
female child.

Step 6: Projecting the population that is not in-
fected by HIV.

The previous steps describe how the HIV-
positive population is projected from the start of
the epidemic onward. In fact, the full multi-state
projection procedure projects also the non-
infected population allowing for two possible and
independent ways of leaving that group: (a) by
dying from non-AIDS causes, or (b) by becoming
infected with HIV (i.e., the yearly incidence).

Step 7: Calculation of revised life-tables that re-
flect the impact of HIV/AIDS.

The results of the multi-state projections permit
the calculation of life tables that reflect both the
effect of general mortality and the added impact
of HIV/AIDS in a manner consistent with what is
known about HIV prevalence in each country. The

life tables representing average mortality for five-
year periods are then used to carry out the “nor-
mal” population projections over five-year periods
prepared by the Population Division for countries
affected by the epidemic. That is, the mortality
projection procedure ultimately used is the same
for countries that are not yet affected significantly
HIV/AIDS and those severdy affected by the epi-
demic. This approach allows it to easily “splice”
population projections for periods before the start
of the epidemic with those after its start. It also
allowsto create “No-AIDS’ versions of the popu-
lation projections that represent estimated popula-
tion dynamics in the absence of HIV/AIDS.

D. THE PROJECTION OF
INTERNATIONAL MIGRATION

International migration is the component of
population change most difficult to project. Thisis
primarily due to the fact that data on past trends
are often sparse or incomplete, and because the
movement of people across international borders,
which is often a response to rapidly changing eco-
nomic, social, political and environmental factors,
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is a very volatile process. Not only has interna-
tional migration shown drastic changes in absolute
numbers, but the direction of the flows has
changed as well. As discussed in more detail in
chapter 5, immigration countries have in the past
often become emigration countries or vice versa.
Therefore, formulating assumptions of future
trends must focus on dominant past trends that are
then kept constant throughout the projection pe-
riod.

When a person moves from one country to an-
other, that person is an emigrant when leaving the
country of origin and becomes an immigrant when
entering the country of destination. Because im-
migration and emigration flows affect countries
differently, international migration is ideally stud-
ied as the flow of people moving between coun-
tries. In practice, data on international migration
flows do exist only for a small number of coun-
tries. Therefore, international migration in this
Revision, as in previous ones, has been captured
as net migration. Net migration - the difference
between the number of immigrants and the num-
ber of emigrants for a particular country and pe-
riod of time - shows the net effect of international
migration on the respective population. It does not
provide an indication about the number of immi-
grants and emigrants involved. In an extreme
case, immigration and emigration for a country
could be significant, but if the number of immi-
grants was equal to the number of emigrants, net
migration would amount to zero.

In preparing assumptions about future trends in
international migration, several pieces of informa-
tion were taken into account: (1) information on
net international migration or its components
(immigration and emigration) as recorded by
countries; (2) data on labour migration flows;
(3) estimates of undocumented or irregular migra-
tion; (4) and data on refugee movements in recent
periods.

The basic approach for formulating future inter-
national migration assumptions is straightforward.
For any given country, a distinction is made be-
tween international migration flows and move-
ment of refugees. For international migration, it is
assumed that recent levels, if stable, continue
throughout the projection period. Government's

views on international migration as well as esti-
mates of undocumented and irregular migration
flows affecting a country are also considered (see,
for example United Nations, 2003). Regarding the
movements of refugees, it is assumed in general
that refuges return to their country of origin within
the next one or two projection periods, or within 5
to 10 years. If a country experiences both interna-
tional migration and refugee movements, the two
processes are added in order to capture to overall
net migration during a particular period in the fu-
ture.

Usually, migration assumptions are expressed in
terms of net number of international migrants.
Their distribution by sex is established on the ba-
sis of what is known about the participation of
men and women in different types of flows for
any given country (e.g. labour migration, family
reunification, etc.). Given the lack of suitable in-
formation on the age distribution of migrant
flows, models are generally used to distribute the
overal net number of male and female migrants
by age group according to the dominant type of
migration flow assumed (i.e., labour migration,
family migration). These age and sex profiles of
the net migration flows are then used as input for
the cohort-component projection model (United
Nations 1988, pp 65-70). For few countries with a
known age and sex distribution of international
migrants, those distributions were used to deter-
mine which model is most suitable or, in some
cases, they were used directly as input. The distri-
bution of net migrants by age and sex was gener-
aly kept constant over the projection period.
However, if a country was known to attract tem-
porary labour migrants, an effort was made to
model the return flow of those labour migrants
accounting for aging of the migrants involved.
The sameidea was applied to refugee flows.

International migration has become a universal
phenomenon affecting countries all over the
world. For countries known not to admit interna-
tional migrants and known not to be the source of
a sizeable number of migrants, net migration was
set to zero during 2005-2050. In fact, 15 of 192
countries were assumed to have zero net migra-
tion over the projection period. For an additional
10 countries migration was assumed to become
zero some time during 2005-2025. Most countries
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in this category were countries affected by refugee
flows. In general, refugees who had found asylum
in less developed countries were assumed to re-
turn to their countries of origin by 2010-2015.
Hence, net migration for host countries of refu-
gees was assumed to differ from zero in 2010-
2015 but was set to zero after 2015.

The remaining 167 countries were projected to
experience non-zero net international migration
during the entire projection period. Among these
167 countries 58 were projected to be receiving
countries with positive net flows, while 109 coun-
tries were projected to be sending countries with
negative net flows.

E. THE PREPARATION OF
POPULATION PROJECTIONS

1. Projection methods

The Population Division has employed the co-
hort-component projection method for individual
country projections since the 1963 Revision. This
method, the most commonly projection method
used by demographers, provides an accounting
framework for the three demographic components
of change: births, deaths and international migra-
tion and relates them to the population affected.
Technically, it is not a projections method, as it
requires the components of change - births,
deaths, migration - to be projected in advance.
Rather, it is a calculation device that describes
how to combine the demographic components
arithmetically such that correct results are ob-
tained. At its core, the cohort component method
follows people in a certain age group at a certain
point in time as they survive n years and are n
years older. During a projection interval of n
years, deaths occurring to that group of people are
subtracted and international migration is added or
subtracted, depending on the direction of the mi-
gration. Births that occur during a projection pe-
riod are also exposed to therisk of deaths and then
added as the youngest age group. A formal de-
scription of the mathematics of the cohort-
component method can be found in Preston, Heu-
veline and Guillot (2001); it is not repeated here.

The cohort component method is applied for
192 countries with populations of 100,000 or

more inhabitants in 2000. The 36 countries that
fell below that threshold are projected assuming
growth rates of their total populations. As a con-
sequence, only total population and growth rates
are available for these countries with relatively
small population sizes.

2. Variants and scenarios

This Revision includes six projection variants in
addition to the medium variant, plus three scenar-
ios related to the HIV/AIDS epidemic. Three vari-
ants—high, low and constant-fertility—differ
from the medium variant only in the projected
level of total fertility. In the high variant, total
fertility is projected to approach a fertility level
that is 0.5 children above the total fertility in the
medium variant For example, countries reaching a
total fertility of 1.85 in the medium variant reach a
total fertility of 2.35 in the high variant. In the low
variant, total fertility is projected to remain 0.5
children below the total fertility in the medium
variant. In the constant-fertility variant, total fer-
tility remains constant at the level estimated for
2000-2005.

Three additional variants with constant-
mortality, zero-migration and instant-replacement
fertility have been prepared. The constant-
mortality and zero migration variants have the
same fertility assumption as the medium variant.
Furthermore, the constant-mortality variant has
the same international migration assumption as
the medium variant. Consequently, the results of
the constant-mortality variant can be compared
with those of the medium variant to assess the
effect that changing mortality has on other demo-
graphic parameters. Similarly, the zero-migration
variant differs from the medium variant only with
respect to the underlying assumption regarding
international migration. Therefore, the zero-
migration variant allows an assessment of the ef-
fect that non-zero migration has on other demo-
graphic parameters. The instant-replacement vari-
ant shares mortality and migration settings with
the medium variant, but sets, beginning in 2005-
2010, fertility to levels that would assure replace-
ment of future generations.

For illustrative purposes, three scenarios related
to the HIV/AIDS epidemic have been prepared: a
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No-AIDS mortality scenario, a high-AIDS mortal-
ity scenario and an AIDS-vaccine scenario. The
No-AIDS mortality scenario serves as the basis
for the estimation of the demographic impact of
the epidemic and assumes that only the back-
ground mortality applies (see VI.C.2.a). In the
high-AIDS mortality scenario, all epidemiological
parameters are kept constant over time. This sce-
nario can therefore be used to gauge the impact of
the assumed and projected treatment and behav-
ioural changes contained in the medium variant.
Finally, the AIDS-vaccine scenario assumes that,
beginning in 2006, all additional infections can be
averted by a perfect and universally available vac-
cine.

The various projections variants and scenarios
are made available, in varying degree of com-
pleteness, on three CD-ROMSs (see order form).

3. Interpolation procedures

The cohort-component method requires a uni-
form age format for the population and the vital
events, usualy singleyear or fiveyear age
groups. For the purpose of global population esti-
mates and projections, most data are only avail-
able in five-year age groups. As a consequence,
al results produced by the cohort-component
method also in five year age groups and, for vital
events, represent five year periods. Life expec-
tancy, for instance, is given as the average over
the five-year period from mid- 2000 to mid-2005.
However, users of the estimates and projections
often need to have demographic information for
single calendar years or for single year-age-
groups. In those cases, it is customary to apply
special interpolation routines to produce such in-
dicators. It must be noted, however, that interpola-
tion procedures cannot recover the true series of
events or the true composition of an aggregated
age group. All these procedures can do is to pro-
vide the user with a smooth, reasonable and inter-
nally consistent annualized estimate of the indica-
tor under consideration.

a. Interpolation of populations by age and sex
The basis for the calculation of interpolated

population figures by single years of age and for
each calendar year are estimated and projected

quinguennial population figures by five-year age
groups and sex. Interpolation into annual popula-
tion figures is carried out by applying Beers ordi-
nary formula (Siegel and Swanson, 2004, p.728).
This interpolation procedure generates a smooth
interpolated series of figures while maintaining
the original values. The interpolation of five-year
age groups into single year age groups is carried
out by applying Sprague' s fifth-difference oscula-
tory formula (Siegel and Swanson, 2004, p. 727)
for subdivision of groups into fifths. It should be
noted that for ages above 80 and for age under
five, the stability and rdiability of the interpola-
tion procedureis not always satisfactory.

b. Interpolation of vital events and
summary statistics

For the interpolation of vital events, their rates
and other measures into annualized times series,
the modified Beers formula was used (Siegel and
Swanson, 2004, p. 729). This formula combines
interpolation with some smoothing. Beers modi-
fied methods is to be preferred over Beers “ordi-
nary” formula as it avoids fluctuations at the be-
ginning and the end of the series that are not
typical for the variables concerned.

The time periods in the estimates and projec-
tions of this Revision are anchored to mid-year.
Each observation or projections period starts at 1
July of a particular year and ends at mid-year five
years later. Therefore, the annualized interpolated
indicators refer to the period between the mid-
year points of two consecutive calendar years. In
order to provide annualized variables that refer to
calendar years, an adjustment is made that simply
assumes that the arithmetic average between two
such periods will be a good representation of the
calendar year based indicator.

4. Tabulations

Once the individual country projections are pre-
pared, the results are aggregated into the world,
regions, major areas, development groups and
other aggregates. For a list of the aggregation
units see the explanatory notes.

The aggregation of populations by age and sex
and vital events by age and sex is performed by
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simply adding the variables according to lists that
assign individual countries to the aggregates. For
synthetic variables, like life expectancy, total fer-
tility, median age or net reproduction rates, proper
population weighted averages are calculated.

Finaly, after estimates and projections for all
countries are performed and aggregated, it is nec-
essary to ensure that the sum of all international
migration adds to zero at the global level. Thisis
achieved by an iterative process in which individ-
ual country projections are re-visited and altered
accordingly.

F. ANNEX

This appendix contains the detailed information
about the various models used for estimating and
projecting demographic components, namely the
models of fertility decline, of mortality improve-
ment, and especially the mathematical model of
the HIV/AIDS epidemic.

1. Fertility
a. Models of fertility decline

The decline of fertility in this Revision is mod-
elled using logistic functions.

A logistic function exhibits an s-shape and de-
scribes a diffusion process growing from an initial
level to an upper or lower asymptote.

The general form of a logistic can be expressed
as

For modelling purposes, a re-parameterised lo-
gistic function is sometimes used (Meyer, Young
Ausubel, 1999), with easier to interpret parame-
ters:

K

Ln(81)
At

P() = @

1+exp[—

(t-t,)]

tm Midpoint of the growth/diffusion process

At Duration for the growth process to pro-
ceed from 10 per cent to 90 per cent of the

asymptote (k).

This function relates to the general form by substi-
tuting

B=t,
At = In(81) .
o

As discussed in VI.B.1.a, the process of fertility
decline consists of two phases. a first phase of
accelerating rates of decline that is followed by a
second phase of slowing rates of decline. Such a
two-phase process can be modelled by two logis-
tic functions, one approaching an upper limit and
a second one that approaches alower limit.

K, K,

Pt) =

1+ exp[—Jﬁ)LnAt81 (t-t 44“181 (t-t
1 2

)] 1+ exp[- A
€)

Table VI.2 presents the parameters of the three
models used in this Revision for projecting fertil-
ity decline. Figure VI.10 shows the composite

P() k curves of fertility declinefor all three models.
= ()
1iexp[—a(t —
+expl—a( ﬁ)] TABLE VI.2. PARAMETERS OF THREE FERTILITY MODELS
k Saturation level or asymptote of the diffu- Parameter Saw/Sow Fast/Sow Fast/East
sion process Kevorrorernnnn, -0.11 -0.16 -0.25
Ay, 5.03 4.34 4,01
o Growth rate of the s-curve P 5.77 5.06 5.17
Kaeoererrernnn, 0.15 0.22 0.31
B Length of time the curve takes to reach Ay oo, 2.75 3.02 432
the midpoint of the growth trajectory. tng e, 321 3.52 3.94
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Figure VI1.10. M odels of fertility decline
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b. Models of age patterns of fertility

Model age patterns of fertility are presented as
proportionate age-specific mortality, indexed by
the mean age at childbirth.

2. Models of general mortality improvement

Trends of mortality improvement are modelled
asgainsin life expectancy over afive-year period
for a given range of life expectancy at the previ-
ous five-year period, and are shown in table V1.6
(see chapter VI.C.1).

3. Modds of HIV/AIDS
a. Epidemiological model
The model used to derive annual estimates of
incidence from observed prevalence levels is

based on three differential equations representing
the dynamics of the epidemic over time (UNAIDS

adult population of persons over 15, denoted by N,
into three groups:

1. Personswho, at timet, are not at risk of
being infected by HIV, denoted by X(t).

2. Persons already infected by HIV at timet,
denoted by Y(t);

3. Personsat risk of being infected by HIV
at timet (the susceptible population), de-
noted by Z(t),

The first differential equation indicates how the
susceptible or at-risk population changes over
time:

aZO) _ [ X0 ) g | 4+ YO
T_F[N(t)jE(t) {” ’ N(t)w(t)}z(t) 0

The second equation shows how the non-
susceptible population (not at-risk population)
changes over time:

Reference Group on Estimates, Modelling and dX(t) X(t)
Prajections, 2002). The model divides the total @ ~ |~ ' | Ng J)E0 4% @
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TABLE VI.3. MODEL FERTILITY SCHEDULES FOR HIGH AND MEDIUM-FERTILITY COUNTRIES

Percentage of total fertility by age group Mean age
Model 1519 20-24 25-29 30-34 30-39 40-45 4549  Total at childbirth
Early child-bearing..........cccccuvennee.. 20 40 25 10 4 1 — 100 28.3
Intermediate child-bearing.............. 12 31 31 16 8 2 — 100 26.5
Late child-bearing..........cccccvevverinnne 4 22 40 22 10 2 — 100 24.3
TABLE VI.4. MODEL AGE PATTERNS OF FERTILITY USED FOR THE
MARKET ECONOMY COUNTRIES OF EUROPE
Percentage of total fertility by age group Mean age at
Model 1519 2024 2529  30-34 3539  40-45 45-49  Total childbirth
i 2.2 22.9 43.2 26.2 5.2 0.2 0.0 100 28.0
2 e 15 175 40.4 314 8.7 0.6 0.0 100 29.0
1 UTRR 1.0 13.2 36.3 35.3 13.0 13 0.0 100 30.0
Lo 0.6 9.8 316 37.6 17.9 25 0.0 100 31.0
B e 0.4 7.2 26.7 38.1 23.0 45 0.1 100 32.0
TABLE VI.5. MODEL AGE PATTERNS OF FERTILITY USED FOR THE
COUNTRIESWITH ECONOMIESIN TRANSITION
Percentage of total fertility by age group Mean age at
Model 1519 2024 2529 30-34  30-39 4045 4549 Total childbirth
i 7.9 35.3 38.4 15.9 24 0.1 0.0 100 26.0
2, 5.6 29.5 39.3 21.0 4.4 0.2 0.0 100 27.0
K JUR 4.0 24.1 38.4 25.6 7.3 0.6 0.0 100 28.0
Ao, 2.8 194 36.2 29.5 10.8 13 0.0 100 29.0
B 2.0 15.4 331 32.1 14.8 25 0.1 100 30.0
The third differential equation captures how the
number of infected persons (Y) changes over
time:
dy(t ry(t ¢ ry(s
;O YO L gy zo)-| © o9 |Z(M (t—9ds A3)
dt N(t) oL N(9)

In order to start the epidemic in this model, an
external pulse is required, implemented here as
parameter 4(t). It is set to a positive value when
the epidemic starts, and becomes zero thereafter.

The three sub-populations in this model are
adult populations (age 15 and over), so they need

to be connected to births to allow for the renewal
of the population. E(t) in formula 1 represents the
number of individuals entering the population
aged 15 or over at time t. E(t) is therefore the
number of persons reaching exact age 15 at timet.
E(t) can be estimated as:

E(t) =1(15,t-15)b(t—15)[ X (t—15) + Z(t —15) + (1-v) £ Y(t —15)] 4
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where 1(15, t-15) is the probability of surviving
from birth to age 15 among persons born at time t-
15, b(t-15) is the birth rate at time t-15, v is the
probability of HIV transmission from mother to
child, and ¢ is a factor reflecting the reduction of
fertility among HIV positive women. The infected
population Y at time t-15 is reduced by the trans-
mission rate from mother to child and the fertility
reduction factor, which is equivalent to assuming
that no child born with HIV will survive to age
15.

Not all persons reaching age 15 are susceptible
to being infected with HIV. The fraction that be-
comes part of the susceptible population is a func-
tion of the proportion of the population that is not
susceptible and is defined as:

it
F(X(t)} _ N(t) )
NE {exp{d)(x(t)—H foﬂ—l+lJ

N(t) fo

In formula 5, fy is the fraction of individuals
who entered the susceptible group at age 15 just
asthe HIV epidemic started:

X(0)
o= N0 ©)

The parameter @ (Phi) captures the recruitment
of persons into the susceptible group. In addition,
1 represents the mortality rate among the popula-
tion not infected with HIV (the background mor-
tality) and the rest of the expression in parenthesis
represents the decrement of Z(t) caused by the
transfer of persons from the susceptible group to
the group of those infected with HIV.

The parameter r represents the force of infec-
tion, that is, the probability that an interaction be-
tween an infected individual and a susceptible one
resultsin theinfection of the latter.

TABLEVI.6. MODELSFOR MORTALITY IMPROVEMENT. QUINQUENNIAL GAINS IN LIFE EXPECTANCY
AT BIRTH ACCORDING TOINITIAL LEVEL OF LIFE EXPECTANCY

Initial life

expectancy level Very fast pace Fast pace Medium pace Slow pace Very slow pace
(years) Male Female Male  Female Male  Female Male  Female Male Female
40.0-425........... 25 2.6 2.1 2.3 1.9 2.0 13 14 11 11
42.5-450........... 2.8 3.0 2.4 25 2.0 2.1 14 15 11 1.2
45.0-475........... 3.0 3.1 25 2.6 2.1 2.2 18 1.9 1.2 13
47.5-50.0........... 3.0 3.2 2.6 2.7 2.2 2.3 18 1.9 13 14
50.0-525........... 3.2 3.4 2.7 2.9 2.3 2.4 1.9 2.0 14 15
52.0.5-55........... 3.6 3.7 2.7 3.0 2.4 2.6 2.0 2.0 15 1.7
55.0-57.5........... 3.7 3.7 2.6 3.0 2.4 2.6 2.0 2.0 15 1.8
57.5-60.0........... 3.8 4.0 2.6 3.0 2.4 2.6 2.0 2.0 15 1.8
60.0-62.5........... 3.4 3.8 25 3.0 2.2 2.6 1.7 2.0 1.0 1.7
62.5-65.0........... 3.2 3.6 2.3 2.8 1.9 2.4 15 2.0 0.9 15
65.0-67.5........... 3.2 35 2.0 2.6 1.6 2.3 1.0 18 0.7 1.0
67.5-70.0........... 2.0 3.3 15 2.6 1.2 2.1 1.0 15 0.6 1.0
70.0-725........... 15 3.0 1.2 2.0 1.0 18 0.8 1.2 0.5 0.8
72.5-75.0........... 13 2.0 1.0 15 0.9 1.2 0.8 0.9 0.5 0.8
75.0-775........... 11 18 0.8 1.2 0.6 1.0 0.5 0.8 0.5 0.7
77.5-80.0........... 1.0 1.6 0.5 1.0 0.5 0.9 0.4 0.7 0.4 0.5
80.0-825........... 0.9 14 0.5 0.8 0.5 0.6 0.4 0.5 0.4 0.5
82.5-85.0........... 0.8 1.3 0.5 0.5 0.5 0.5 0.4 0.4 0.3 0.4
85.0-87.5........... 0.7 1.3 0.5 0.5 0.4 0.4 0.3 0.3 0.2 0.2
87.5-90.0........... 0.6 1.2 0.5 0.5 0.4 0.4 0.3 0.3 0.2 0.2
90.0-925........... 0.6 0.8 0.5 0.5 0.4 0.4 0.3 0.3 0.2 0.2
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The integral in equation (3) represents the cu-
mulative number of deaths among individuals in-
fected by HIV since the start of the epidemic. The
function M(t) is the instantaneous probability of
dying at time t by al causes (AIDS or other
causes) and is given by:

M (t) = [ﬂ+%z_1)exp{—ﬂt —(%Y] (7)

That is, the probability of dying is modelled as a
Weibull density function with shape parameter o
and position parameter 5. In equation (7), | repre-
sents the force of mortality due to causes other
than AIDS (background mortality).

With the model just specified, four essential
parametersr, fo, @, to (the time of the start of the
gpidemic) are then estimated from the empirical
prevalence data. All other information captured in
the model is assumed to be known or is set to
plausible values.

b. Models of adult HIV/AIDS
The age-specific infection pattern for the adult
population has been parameterized as a Weibull

function with the following parameters

TABLE VI.7. PARAMETERS FOR ADULT HIV
INFECTION PATTERNSBY SEX

Parameter Males Females
Alpha......cccccveenn. 1.51 1.45
Beta.......oovvvveveenns 17.91 14.34
Median.................. 31.2 28.0
Mean.......cccceevveeeee. 29.1 26.1

The net adult survival patterns describes the
survival of an infected person from infection to
the onset of full blown AIDS, that is from clinical
stage 1 to clinical stage 3. It was modelled by a

Weibull function, for each sex separatey and for
both sexes combined.

TABLE VI.8. PARAMETERS FOR ADULT INCUBATION
PERIOD BY SEX

Both sexes
Parameter Males Females combined
Alpha........... 2.17 2.66 2.42
Beta............. 10.18 10.81 10.48
Median......... 8.6 9.4 9.0
Mean........... 9.0 9.6 9.3

The net survival in clinical stage 4, that is from
the onset of full blown AIDS to death, is modelled
by a Weibull function with parameters alpha and
beta as shown in table VI.9.

TABLE VI.9. PARAMETERS FOR SURVIVAL FROM FULL-BLOWN
AIDSTODEATHS, BY TREATMENT STATUS

Annual survival with ART

treatment
Parameter No treatment 80 per cent 90 per cent
Alpha.......... 1.00 1.00 1.00
Beta............ 1.00 4.50 9.50
Median....... 0.7 45 9.5
Mean.......... 1 31 6.6

It should be noted that the above function is
equivalent to a simple exponential function, since
the Weibull function becomes an exponential
function when alpha is set to 1.0. In the practical
implementation of the model in abcDIM, Weibull
functions are used throughout abcDIM.

¢. Modédls of paediatric HIV/AIDS
Survival of children infected at birth with HIV

is modelled with a double Weibull function (Mar-
ston et al. 2005):

S(x) = 1—[ p(L—exp(—(5, %)) + (AL p) (L—exp(~(, 02 ))} ©)
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In (8), subscript 1 denotes the fast progressor
group and subscript 2 the slow progressor group
(see VI.C.2.c, step 5). Infected children that fol-
low the fast progression schedule have a median
survival time of just 0.8 years, while children that
follow the slow progression schedule have a me-
dian survival time of 8.8 years. Together, this
function implies a median survival time for all
infected children of about 2 years; that is, about

half of all infected children will not survive to
their second birthday. The current survival model
for children also implies that none of the infected
children will survive past age 15, and that thereis
no significant difference between the male and
female child. Table VI.11 shows the parameters of
the two Weibull function for child mortality,
adapted from the model fitted to all data in (Mar-
ston et al, 200, p. 225).

TABLE VI.10. PARAMETERS FOR MODELLING THE EFFECTS OF TREATMENT AND BEHAVIOURAL CHANGE

Antiretroviral People on
treatment coverage Halving of ART

MTCT surviving

2004 2015 level annually

Major area, country or area Per cent Years Per cent

Africa
1 ANQOla..iiiiiiie 10 70 6 80
2 BENINe e 17 70 6 80
3 BOSWana .......ccccocevviiiiiieniee e 50 80 4 80
4 BurkinaFaso.........cccceeevivieiiiieeeesieeeene 7 70 6 80
5 BUrundi ...ocooovvveiiiieeeceee e 9 70 6 80
6 Cameroon ......ccccceeeeeiciniiee e e 14 70 6 80
7 Centrd African Republic............ccce.ee 1 40 10 80
8 Chad.....ccoooe e, 40 10 80
O CONGO...eiiiiieirieireenire e 40 10 80
10 COtedIVOITE...cveecvvee e s 5 40 10 80
11 Dem. Republic of the Congo ................. 2 40 10 80
12 Djibouti....ccveeeeveieciee e 15 70 6 80
13 Equatoria GUINEa.........cccovrveneeiienieene 40 10 80
14 ENtrea...ccooecccceee e evvee s e 40 10 80
15 Ethiopia.....ccocieiceieniiecie e 5 40 10 80
16 29 80 4 80
17 14 70 6 80
18 4 40 10 80
19 4 40 10 80
20 GUINEEBISSALL......ccvvveeirie e e 40 10 80
21 KENYA.iiiiiiiiieieeee e 13 70 6 80
22 LeSOthO.....cccveciieiieeie e 5 40 10 80
23 LibEra ... 40 10 80
24 MadagasCar......ccccocueereeiiresieiesneeseeanes 0 40 10 80
25 Ma@Wi..cooiiieicieeeccee e 8 40 10 80
26 M. . 40 10 80
27 Mozambique........cccoeeierieiiiienieene 4 40 10 80
28 Namibia......ccccoooveviiiiieieceeceee 28 80 4 80
P22 I\ o = USSR 40 10 80
30 NIQEMA..ccoiiieiireie e 2 40 10 80
31 Rwanda........cccceoevviieeiiiie e 18 70 6 80
32 Sieraleone........ceiiiieiiiiieeeniieees 40 10 80
33 South Africa....cccceceeevieeiecie e 7 40 10 80
34 SUdAN ..o 40 10 80
35 Swaziland.......ccoceeeviveeeiiiiee e 16 70 6 80
36 TOQO...iiieieiiieieeeieeeiee e 12 70 6 80
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TaBLE V1.10 (continued)

Antiretroviral People on
treatment coverage Halving of ART
MTCT surviving
2004" 2015 level annually
Major area, country or area Per cent Years Per cent
37  Uganda.......cccoevveiiniiieiiie e 52 80 4 80
38 United Republic of Tanzania................. 1 40 10 80
39 Zambia.....ccccceriiiiiie e 13 70 6 80
40 ZimbabWe........cccccvevveieiieeee e 3 40 10 80
Asia
1 Cambodia.....cccccovivieiiiieniienineiin e 23 80 4 80
2 ChiNaiciecieceecc e 7 50 10 80
3 INdi@ e 4 50 10 80
4 MYANME ......coovieieiieeeeee e 3 50 10 80
5 Thaland.....ccccoovviiviiininiieiiesiceeee 44 80 4 90
Latin America and the Caribbean
1 Bahamas......ccccccvievieiecesiece e 25 80 6 90
2 BarbadoS......cccooiiiiiiiiineie e 64 85 4 85
3 Bzl 39 85 4 80
4 Brazil oo 88 85 4 90
5 Dominican RepubliC..........ccevverveienienns 7 70 10 80
6 Guatemaa.......cccoeveviiieniniie e 30 80 6 80
T GUYBNA. ... 28 80 6 80
8 Haiti oo 8 70 10 80
9 HONAUIaS.......cveviieie e 30 80 6 80
10 JAMAICA....ccieiiieiiiesee e 18 80 6 80
11 SUMNEME....oeiiieceeecee e 25 80 6 80
12 Trinidad and Tobago........ccccovevvvriveninne 16 80 6 80
More devel oped countries
1 RussanFederation..........ccoceeevivveeiiinenen. 3 50 10 90
2 UKrane......ccccevieeeeiinnneennnen. 2 50 10 90
3 United States of America’ ..................... 98 98 - 95

As of December 2004. Source: WHO (2005).
2 Mother-to-child transmission declined drastically in the 1990s due to administration of zidovudine. It was set to
level off at 2 per cent in 2010 and to stay constant thereafter.

TABLE VI.11. PARAMETERS FOR CHILD SURVIVAL FUNCTION

Parameter Fast progressors  Sow progressors Combined
Shape parameter o’........... 1.13 3.75 -
Position parameter §°........ 1.15 9.59 -
Proportion p°........c.evee.e. 0.58 0.42 1.00
Median (years) ........ccccueee 0.8 8.7 21
Mean (Years) ......ccceevereenns 11 8.7 4.3

! The shape parameter is denoted % in Marston et al, 2005. Note that a=1/x.

2 The position parameter is denoted with u in Marston et al, 2005.

% The proportion of children in the rapid progression group is denoted with & in Marston et
al 2005.
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