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INTRODUCTION AND ACKNOWLEDGMENTS
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original package, is now configured in Visual Basic, thereby becoming easier and faster to use
in the environment Windows. Some of the basic research necessary for the development of this
version, has been partially financed by the National Research Council (C.N.R) and the Ministry
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The planning of PRODEMOG 3.0 in Visual Basic was realized and revised by a group of five
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The actual complexity of scientific research requires a process of teamwork where
there is the amalgamation of related abilities and yet differing professional
specializations. The cover design, with the work of Mr. J. J. SempeA whom | thank for
his permission for reproduction, is a symbolic rendition of the idea behind this process:
the planning, the execution, the formation and finally, the thanks. All of these are
criterion that we try to respect as we wait for the critique.

The current version of PRODEMOG 3.0 lacks certain characteristics, such as a specific text
editor, which we hope to include in afuture version.

Any questions, notice of bugs discovered and suggestions are welcome.

January, 2000. Luciano Petrioli

(*) Petrioli, L. (1989), “Demographic software. PRODEMOG”, Institute of Statistics, Faculty of
Economic Sciences and Banking, University of Siena, Italy. This version united in an organized form
various programs prepared by the same author for a training course for experts regarding the collection
and elaboration of data, held in 1987 at the Department of Demography, University of Kinshasa,
Democratic Republic of Congo (formerly Zaire).
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1. AIM

PRODEMOG 3.0 isdedicated to the examination of various demographic problems.
The program has the following characteristics:

Main use: education and research applications;
User skill:  subject: intermediate level; computer: medium skill level.
Keywords:  mortality, fertility, projections, models.

2. PROGRAM CONTENT
PRODEMOG computes:

FERTILITY

a) adjusts a distribution of fertility rates for five-year age intervals as a distribution
for an annual age interval, estimating mean, standard deviation, skewness, €etc.;

b) estimates a theoretical distribution of fertility by mean and standard deviation of
an observed distribution;

c) theanalysisof fertility rates by logits,

d) estimates the parameters of theoretical functions adapted to distributions of
annua fertility rates (Beta, Frechet, Gamma, Gompertz, Gumbel, Inverse
Gaussian, Hadwiger, Logistic, Log-normal, Maxwell-Boltzmann, Normal,
Rayleigh, Reduced Resistance, Slackened Reproduction, Vapor Pressure Model,
Weibull).

MORTALITY

a) the construction of mortality models;

b) therelativelifetable for annual age intervalsis estimated from alife table for five-
year age intervals,

c) the estimate of acombined life table for both sexes using two corresponding tables
(one male and one female);

d) theanaysisof lifetables by logits;

e) the parameters of theoretical functions (Gompertz, Petr, Weibull) are estimated
and applied to life tables.

POPULATION AND PROJECTION MODELS
a) theanaysisand projection of population for five-year age intervals,
b) the analysisof the population trend by logistic function.



VARIOUS

a) the evauation of the quality of a census (Whipple and Myers indexes) and
correction of the original data;

b) the estimation of the rateof population growth in conformity with the integral of
Lotka;

c) the computation of life tables, survival rates and stationary population;

d) the construction of population pyramids.

3. INSTALLATION AND GENERAL DIRECTIONS
3.1 MINIMUM SYSTEM REQUIREMENTS

The minimum system requirements necessary for the operation of PRODEMOG are
asfollows:
processor Pentium 100 Mhz or higher;
(D) RAM: 16 MB or higher;
operating systems: Windows 95 or 98

3.2 INSTALLING PRODEMOG

1) Insert the CD labeled “PRODEMOG 3.0” into your CD-ROM drive and wait for the
instructions on the screen, following the standard procedures;
or:
2) - insertthe CD labeled “PRODEMOG 3.0” into your CD-ROM drive;

- click on Start;

- click on Execute;

- digit D:\ SetUpProdemog\SetUp.exe or, instead of D, the indicative

letter of the CD-ROM reader;
- click on OK;

3) double-click on “My Computer’s icon”; open drive C; open the folder
PRODEMOG,; locate the PRODEMOG icon and drag and drop it on the desktop
After finishing these operations, it is advisable to restart the computer.

WARNING !

In some of the tests executed we have observed that the installation was not successful
in the Windows 95 environment where Visua Basic 4 (16 and 32 bit) and respective



system libraries were installed . In this case, we suggest to using Prodemog in an
environment lacking the above-said libraries, or uninstall Visual Basic 4 .
Proceeding beyond the title screen, a window will appear where, in the upper l€eft, it is
necessary to select Program Navigation which displays four program groups:
Fertility - Mortality
Popul ation and projection models - Various
To move from this area to another, or to exit PRODEMOG, click Exit in Program
Navigation.

3.3 OTHER NOTES

Each program in this verson of PRODEMOG contains several sample files for
demonstration purposes.

You can create additional files by organizing data within the layout structure, being
careful to follow the necessary spacing for the heading, labeling, and listing of data.

When you have made modifications or additions to the files furnished on the CD-
ROM, it is advisable to re-name these files so that a new installation of the program will
furnish the original files.

The data must be entered according to the layout and spacing as shown in the file
examples in the manual, indicated in parenthesis on the last line in bold-faced italics.

For example, if the spaces are (1,5), (6,10), ...., the first figures go in the first to the
fifth column formed with five characters, while the next go in the sixth to the tenth
column with five characters each, and so forth. We recommend, however, opening the
directory PRODEM OG and choosing the option EDIT directly from the menu in order
to observe the structure of the various data files that accompany each program, for
example PRODEMOG POPUL PROJECT EDIT MFCON.DOC

In the input phase, PRODEM OG works only with files where decimal numbers
are separ ated with a point.

When new files are created, it is necessary to write complete numbers or decimal
figures of the studied phenomenon, without adding additional punctuation (commas,
colons, semi-colons, etc.).

An indispensable condition is, however, to write the decimal numbers with a period as
separators, which can be indicated by selecting the correct option in “Control Panel>

(*)Examples of corrupted libraries are: WINDOIWS\SYSTEM\COMMCTRL.DLL; WINDOWS\SYSTEM
\ComMmDLG.DLL;  WINDOWS\SysTEM\dciman.dll;  WINDOWS\SYSTEM\DDEML.DLL;  WINDOWS
\SYSTEM; WINDOWS\SY STEM\LZEXPAND.DLL; WINDOWS\SY STEM\msvideo.dll; WINDOWS\
SYSTEM\SHELL\DLL; WINDOWS\SY STEM\TOOLHELP\DLL; WINDOWS\SY STEM\VER.DLL.



International definition>numbers>decimal separator” so that the decimal numbers of the
files computed may also have a period as separator.”)

Moreover, it is necessary to be sure that there no zero values in the files created, or in
the files obtained from the programs, which could interfere with the correct input of the
data used in the program. Instead of zero it is sufficient to write 0.1, or positive values
near the zero. It is necessary aso to enter one or more code numbers carefully because
if entered incorrectly, the program will indicate that an error has been made.

- The data transferred by the software to output files can be used in EXCEL or similar
software, using the normal procedures followed for ASCII or for non-formatted text.

For the estimation of various indexes (coefficient of determination r? or R* , 1SC,
etc), PRODEMOG works on data that has not been rounded. Therefore, the values of
these indexes are less accurate if calculated on data that has been rounded.

In examining the results, you may note that the total of the printed data is dlightly
different from the the totals of certains lines or columns indicated in the tables. Thisis
due to the rounding operation computed automatically by the program.

The codes of almost all the countries of the world are listed on pages 83-88.

If PRODEMOG becomes blocked (for example: when graphics are not shown on
the monitor, or when data are not elaborated in a correct way due to errors in the data
files entered, etc.), it is then advisable to exit Windows and restart the system.

4. PROGRAM DETAILS

FERTILITY 1. Curvesand Beta Log-normal
reproduction parameters Frechet Maxwell-Boltzmann
models Gamma Normal
Gompertz Rayleigh
Gumbel Reduced resistance
Hadwiger Slakened reproduction
Inverse-Gaussian Vapor pressure model
Logistic Weibull
Log-logistic
2. General subjects Progr - Ferpa - Parco

®) Obviously, the separation of decimal numbers in output data files may be adapted as occasion requires
in the Control Panel of Windows or in Edit of MS-DOS.



MORTALITY Logit

. Models

. Survana Ltan - Ltpa

1
2
3. Parameters Gompertz - Petr - Weibull
4
5. Unitab

POPULATION AND PROJECTION MODELS 1) Logpo
2) Projection
3) Svilogis
VARIOUS 1. Censa
2. Lotka
2. Parafuso
5. Pyramid (one-year periods)
6. Pyramid (five-year periods)
7. Forq

The directory OUTPUT permits you to store the files obtained from the programs.
The Input datafilesfor PRODEMOG are in the following directories, where you must
insert the new files created:

FERT Input files for both in “ Curves and parameters’ and “General Subjects’.

MORT  Which has the following sub-directories:

1) Logit

2) Unitab

3) Survana Ltan - Ltpa

4) Param Gompertz - Petr - Weibull
POPUL Logpo - Project - Svilogis

VARIOUS Censa - Lotka - Pyramid

10



USER’'S GUIDE FOR EACH PROGRAM

After clicking on Program Navigation ), you can select one of the previously
groups (Section 4) in order to develop a specific part of the program used for analyzing
the proposed calculus.

5. FERTILITY

Fertility hastwo sections:. a) CURVES AND PARAMETERS
b) GENERAL SUBJECTS

5.1 CURVES AND PARAMETERS

For example, if you choose Fertility ~ Curvesand parameters, clicking on thisitem
with the mouse, a window will appear where the 17 functions used in the research of
parameters for age-specific fertility distributions are listed.

To estimate the parameters of the function proposed by this program for age-specific
fertility rates, follow these steps:

first, click on Program Navigation;
then, in sequence, select:
Fertility = Curvesand parameters  Function to compute;

A window containing all of the seventeen functions dealt with in Prodemog will
appears.

then, click on one of the data files included in PRODEM OG for examples, such as:

TAFEL1.DOC, TAFE2.DOC, ... TAFE10.DOC for annual age-specific fertility rates, or
TAFEQ1.DOC, TAFEQ2.DOC, ..... TAFEQ10.DOC if the rates are for quinquennial
classes of age."™”

(*) For acolor formatted output, check the type of printer defined.
(**) Refer to Section 10, Data Files used, for a complete explaination.

11



Now the following window will appear, after clicking on TAFE1.DOC for example,
then on Select and finally on Italy, year 1932.

In the lower-right window, it is possible to choose one of two options for the
estimation of the parameters:

| terative method or Mean and Variance

clicking on Iterative M ethod, we can seein real time the stages of theimproved
adjustment between observed and theoretical data, multiplied by 1000;

selecting the command View Rates, the results of the adjustment between
cumulated and not-cumulated data appear on the screen;

in the option I ntegration, instructions are given for estimating the integrals of the
functions dealt with in the program, from twelve years of age (lower limit) to age
X (upper limit), after clicking on the respective command.

A greater estimation of the integral may be obtained with a value of y selected by
using smaller and smaller measures (until 1x10 *8);

by clicking on View final graphic output, we obtain the results which include
observed and final theoretic data;

the starting and final parameters, as well as the index of determination r*, are
reported in the lower part of the screen.

To work with files of quinquennial rates or with the Mean and variance method,
additional instructions are not necessary.

The eventua differences between the cumulated values of observed and theoretical age-
specific rates depend on the method used for the calculation. In some cases, cumulated
data results from the sum of the theoretical rates at age 14.5; 15.5; ..... ;49.5, while in
other cases, those are directly computed by the function used, at age 15, 16, 17,
50.

Obviously, working with quinquennial age classes of fertility rates we obtain
unsatisfactory results.

12



Observed and theoretical annual age-specific fertility rates for Italy 1932, computed by
the Beta function, are asfollows:

Not cumulated values Cumulated values
Age(x) Observed Theoretica Age (x)+0.5 Observed Theoretical
145 0.00020 0.00772 15 0.00020 0.00772
155 0.00170 0.01413 16 0.00190 0.02185
16.5 0.00530 0.02288 17 0.00720 0.04473
175 0.01210 0.03387 18 0.01930 0.07860
185 0.02610 0.04687 19 0.04540 0.12547
195 0.04460 0.06147 20 0.09000 0.18694
20.5 0.07160 0.07717 21 0.16160 0.26411
21.5 0.09710 0.09340 22 0.25870 0.35751
22.5 0.12840 0.10954 23 0.38710 0.46705
235 0.14660 0.12500 24 0.53370 0.59205
24.5 0.16450 0.13920 25 0.69820 0.73125
25.5 0.17210 0.15163 26 0.87030 0.88288
26.5 0.17990 0.16184 27 1.05020 1.04472
275 0.17540 0.16951 28 1.22560 1.21422
28.5 0.17420 0.17439 29 1.39880 1.38862
46.5 0.00760 0.01045 47 3.16080 3.14917
475 0.00360 0.00646 48 3.16440 3.15562
485 0.00180 0.00366 49 3.16620 3.15929
495 0.00110 0.00186 50 3.16730 3.16114
RR1 = 0.998 Coefficient of determination for cumulated values.
RR2 = 0.956 Coefficient of determination for not cumulated values.
IAS = 0.0365 Skewness of the non cumulated values.

MED = 30.609 Mean age of childbearing.
DS = 41.402 Empirica variance

In Rayleigh’s function some negative values of the fertility rates may appear expecialy
at the initial ages: 14.5, 15.5, .. The integral of the function is possible when beginning
at 24.5 or 25.5 years of age (See page 67).

It is yet necessary to premise that the Rayleigh function has been included in
PRODEMOG notwhitstanding it gives few satisfactory results.

13



52 GENERAL SUBJECTS
Three programs are included in this section:

PROGR FERPA PARCO

which operate as follows:

521 PROGR

PROGR operates with age-specific fertility rates for quinquennial groups (therefore
on the TAFEQ.DOC © data) to produce:

*  therelative annual age-specific fertility rates;
several indicators relative to quinquennial distributions employed;
*  severa indicatorsrelative to annual distributions obtained.

These indicators, also used in other analysis, are as follows:

TFR = total fertility rates; MED = mean age at childbirth:
STDV = standard deviation of MED; IAS = skewness:
f(x) = agegpecificfertility ratesat agex; F(FXM) = valueof f(x) at age XM ;

FXM = ageof max f(x);

P1, P2, P3and P4 are the average parities " respectively for the age classes 15-19,
20-24, 25-29, 30-34.

PR1, PR2 and PR3 are the ratios P2/P1, P3/P2 and P4/P3 ), respectively.

Operation of the program:
select Progr, that is:

Program navigation Fertility General Subjects Progr

(*) Refer to Section 10, Data File Used.

(**) Ansley J.Coaleand T.James Trussell , "Model Fertility Schedules:Variation in The Age Structure of
Childbearing in Human Population”, in Population Index , Vol.40, n.2 — April 1974, Office of Population
Research, Princeton University and Population Association of America, Inc.

14



Then select one of the files representing quinquennia rates, one country and one year,
clicking on:

File Select Countries Years”? Compute
The following window with three options will appear:
Outgoing one-year period rates file name ?
Outgoing five-year period parameters rates file name ?

Outgoing one-year period parameters rates file name ?

A window will appear on the screen in which you must indicate the name of the file
that should be opened for the output of the results. After clicking on OK in this
window and in the table containing the preceding three options, select the second
option, the third option and so on.

After having assigned names to the three files, go to the window Data Input by
clicking Data I nput and then OK .

Files that have been opened ™) appear in the upper right. Therefore, by typing the
name of afile and clicking on View file, you can see the results on the screen.

To remain in the same program click Refresh. To go back to General Subjects click
Fertility.

(*) All thelines of the file chosen are elaborated. If the quinquennial distributions of fertility rates refer
to asingle Country, click this Country and the first year of the series. If instead, the distributions refer to
more Countries, click the first Country and the first year of the series.

(**) After obtaining the files from OUTPUT, it is necessary to change possible age-specific fertility rates
equal to zero to at least 0.1.

15



522 FERPA

The program FERPA ) works on annual age-specific fertility rates, estimating some
of the characteristic parameters that we have described above in PROGR.
This program offers only one option, that is:

Outgoing one year period parametersratesfile name?

Following, in order, the same steps seen above in PROGR.

523 PARCO

This program permits the estimation of the linking parameters between severa
distributions of annual age-specific fertility rates f; (x), one of which, indicated with fy
(x), is chosen as base-distribution or as a reference.

Between f; (x) and f, (x) the following relation exists: ™

LN[1/ 7, (x)|= A +B, > LN[1/ 7, (x)] [5.1]
where A and B, are the linking-parameters defined between 7,(x) and 7,(x) , which
represent the instantaneous reproduction rate computed as follows:

n(x+Dx/2) = 2[TFT(x + Dx)]/ DX[TFT (x + Dx) + TFT(x)] [5.2]

For general age-classes of amplitude Dx which in this case is Dx=1, while TFT(x) is
the total reproduction of the distribution f(x) until age x.

(*) While PROGR works on quinquennia rates and estimates demographic parameters for the annual
rates obtained by the program, FERPA computes the same parameters directly on observed or theoretical
annual age-specific fertility rate distribution.
(**) Petrioli, L. (1975), "Relazione fra distribuzioni di fertilita mediante la funzione di Gompertz’, Paper
n.19, Istituto di Statistica, Universitadi Siena.
Petrioli, L.(1996), “Relational Methods in Demography”, Paper n.1, Universita degli Studi di Siena,
Dipartimento di Studi Aziendali e Sociali.
Petrioli, L.(1997), “Complete and truncated distributions of fertility rates’, Paper n.4, Universita degli
Studi di Siena, Dipartimento di Studi Aziendali e Sociali.

16



A linear relation between the variables of (5.1) alows us to compute the parameters
Aand B Let uswrite:

M, (x) = [1/ ”i (X)] ;M (%)= [1/ ”b(x)] [5.3]
we have:

LN MM W,

TN T G

where N represents the amount of datain consideration.

The program gives an option for the user to define the year assumed as the “base” with
respect to the remaining rates-distributions.
The linking-parameters are obtained by PARCO, together with relative total fertility
rates. Selecting View final graphic output, we obtain agraphic, setting valuesof A in

abscissa and those of B, in ordinate.

M; X)X_ZMb(X); A =[ Mi(X)' B, Mb(X)]/N [54]

Torun PARCO follow these instructions:

a) click on the data file examined and then on Select, indicating the Country, then the
“base-year (the remaining years are taken asreference).”
The linking-parameters may be computed for data of the same Country, or for data
related to more Countries. Obviously, in thislast case, the base-year isthat of the
Country which has been selected. Other Countries and years are for reference only.

b) clicking Compute, the window: Data input appears where you select:
Outgoing linking parameters file name
At this point, it is useful to name the file, as requested in the window: Savefile as...

and designate the area where the data file should be saved, that isin C: , in Prodemw or
in Output.

©) We suggest selecting the “base-year” somewhere between the second and the last year, using of
course, one year in the remaining data series.

17



Then click OK in the window Data input and in the window Prodemog, where the
program informs you that a data file has been created.

Now you may select one of the following options:

View file (after selecting one of the data-filesin the window on the right side);
View final graphic output;
Print graphic.

If the input of the age-specific fertility rates data file has a large number of
distributions (for example, Tafe8.DOC-Finland has about 200, page 44-Section 10),
there is a possibility that the output data file is computed but not displayed, due perhaps

to an overadequate number of variables.

(*) Some graphic shows also: maximum ane minimum, mean, standard deviation related to values of the
dependent variable (see LOTKA and PARCO programs).

18



6. MORTALITY

Programs regarding mortality are divided into five sections. They are:

1. Logit 2.Models 3.Survana 4. Parameters 5. Unitab

6.1 LOGIT

The program LOGI T determines the functional connection between the survivors of a
table used as the “base” and the survivors of atable used as reference.

In the program, two paths are followed which use the traditional methods of logit
analysis, aready seenin PARCO:

1) for each table, the logits are calculated and their representative straight lines are
then determined. The parameters of the two lines furnish the coefficients of link
between the two tables examined;

2) having calculated the logits of thetwo tables, thelogits of the base-table are taken
as independent variables. The coefficients of link, which are represented by the
parameters of the interpolating line of the observed logits, are determined directly.

Therefore, we have:

a) with thefirst path, the logits are calculated with respect to the probability of dying
Q(X) , from birth until age x:

LOGITS Q(x) = LN [Q(X) / P(X)] [6.1]

Where LN is the natural logarithm and P(x) is the probability of survival from
birth until agex. The logits are calculated for the base-table aswell as for the
reference-table and constitute the dependent variable (age being the independent
variable) of the straight line which is adapted to the values obtained. If we
indicate with the letter “b” and “i”, respectively, the elaborations relative to
the standard base-table and to the i observations, the two straight lineswill be:

LOGITS Qgp= A +B.X [6.2]
LOGITS Q,; = C+D.X

19



From which the linking parameters “ a” and “b* between the two tables are
given by:

a=C-A(D/B); b =D/B [6.3]

and therefore we may aso write:
LOGITS Qxi= aj + by LOGITS Qyp [6.4]

b) By following the second path, we use the relationship, shown in [6.1],
established directly between the logits of the reference table (independent
variable), and the logits of the base-table (dependent variable).

Torun LOGIT it isnecessary to follow these instructions:
- click on the file chosen, and then on Select;
- first type the base-year in the upper window, then the reference-year in the
lower window;
- inwindow Notification, select Compute and OK, if the data have been computed;
- click Print to obtain the results on paper.

6.2 MODELS

MODELS is used to construct mortality models > which consider the sex: female,
male or unisex, and the type of mortality: high, medium or low.

With the programs presented in this section, we intend to offer an instrument which
allows us, not only to obtain the requested mortality models. Each model is completed
with several indicators that permit the estimation of respective explanatory capacities.

The window opened on this subject allows us to see the structure of the operations to
follow for obtaining mortality models.

(*) A synthesis of the theory and characteristics of these modelsis explained in the following works:

Petrioli.L. (1981), “ A new set of models of mortality”, Seminar IUSSP, Dakar, Senegal, July 7-10.

Petrioli.L. (1982), “Nouvelle tables-types de mortalité. Application et population stable”, Séminaire au
Département de Démographie de I’ Université da Kinshasa, Rep.Dem.du Congo (ex-Zaire),15-12
décembre.

Petrioli.L. (1998), “Demografia. Fatti e metodi di studio della popolazione”,F.Angeli Editor Milan, ltaly.
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The main characteristics of thistype of life table model are:

1) the mortality models are based on an analytical function (the resistence function)
which also provides a particular way of describing and interpreting the process of
mortality by age class. In alife-table | x survivors at age x (variable between zero at
birth, and w at the extreme age of life), are inserted in a process which foresees

progressive eliminations until mortality reaches the point wherel ,, =0.

Starting from the initial age zero onwards, the mortality process is contrasted by the
reaction of the survivors at the different ages which contrappose a resistance tending to
reduce the final moment of the process and the elimination of those belonging to the
residual group.

Supposing that the survival function is continuous and derivable, let us propose the
function of resistance as follows:

cx) = xI(x)
) (w- x)[1(0)- 1(x)] [6.5]

The value of r(x) at each age x represents the number of deaths which on average will
occur between x and w, for each death observed between birth and x.
In these models, the maximum age expectancy is fixed at 110 years, which can be
considered asits possible biological limit in our time.
The survival function derived from [6.5], with [(0)=1, is:

1
p(x) = [6.6]
whose force of mortality is:

)= plg] Lot Al 1 67)

x w-x dx r(x)

Having represented the function of resistance as follows:

r(x) =x70 (- x)7? P +Pe)xel) (6.8]

with the parameters P(1), P(2), P(3), P(4) and P(5).
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Therefore, fixed 1(0)=100000 births, the survival function results:

| (X) 100000

- &P (W- X)' [14P(2)] - Pa)- Pa)x- P(5) 4 q [6.9]

The bell trend in the resistance distribution has demonstrated the existence of 5 points
which represent the examined mortality situation, that is: r(1) and r(10), the maximum
value of resistance r(XM) with the corresponding age XM, and r(75).

Using the r(x) values from the 290 survival tables utilized as a technical basis, some
interesting relationships emerge between the above mentioned r(x) points,
demonstrating a high degree of correlation.

These correlation functions serve in setting up the following system, the solution of
which alows us to obtain the values of the parameters P(1), P(2),P(3),P(4) and P(5),
which define both the r(x) function and the survival function I(x):

2) themodels are defined for each sex and both sexes combined, using an identical
methodol ogy;

3) there are no group models describing particular geographical areas or life conditions
of the population considered (for example, developed or underdeveloped countries). The
model tables constitute a single scheme, since the differentiation of the generd
mortality of man is considered to be more due to environmental conditions than to race.

The regularity observed in the correlation between some biometric indicators of the
observed life tables has been expressed by the model patterns at “medium mortality”,
“low mortality” and “high mortality”.

4) the following values are obtained from each model: the survivors; the fraction of the
last interval of age lived; the age specific death rates, the probability of dying, the
stationary and stable population; the resistance function; the expectation of life at
various ages, the age distribution of the population; the deaths distribution by age; death
rates and birth rates; the age-child ratio; the dependency ratio; an estimation of the total
fertility rate.

The values of the various biometrical functions can be determined for each exact age
for different age groups from birth to the extreme age;
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5) agreat variety of models can be produced (within the limits imposed by the formal
conditions guiding the procedure for model construction) from one entry parameter,
which in this program is the infant mortality rate.

M ODEL S operates using the following instructions:

click one of the sexes: male, female or unisex under the title Gender;
click one of the mortality levels: high, medium or low;

select Compute, and the window Quotient appears. We must indicate the value
of the quotient of mortality from zero to one year of age, which hasarange
between 0.0001 and 0.5. Then click on OK.

Therefore, in the previous window the mortality model refers to:

Sex Mortality level  Quotient of mortality, in thefirst year of life.

the lower window contains a series of indicative valuesof XM (maximum
age of resistance) and the corresponding values of EO (life expectancy at birth).
To examine all thevaluesof XM and EO given by MODELS, indicate this
choicein thelower-right corner of the same window, considering that you can
also insert decimal values of XM;

to select avalue of XM, click on the respective line, and write this value on its box.
Although there is an ample selection for the values of XM, caution is necessary
when using values higher than XM.

Especialy for agesover 85-90 years, a stationariness of the values of the
resistance function R(x) may appear, leading to a slowing down of the mortality.
Inthissituation, itis appropriate to choose valuesfor XM which are centrally
positioned within the range of values presented for any model.

the following window: TA asksyou to enter the value of therate of population
growth, within arange from-0.1t0 0.1;

the program returns to the starting window where you can select Print to print
print the results or, if not, click on compute;.
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The window Print opens, whereyou click: OK.
Remember to select Refresh if you want to calcul ate another model and, faced

with a mistake, go back to Menu in order to not compromise the estimation
of the same model and of the following.

6.3 SURVANA

Survana includes two programs using life tables where survivors are presented
(ingeneral) in exact agesof 0, 1, 5, 10, 15, 20, ..... , 80, 85 years.

a) LTPA examines these life tables, for quinquennial age-groups from zero to 85
years, following these instructions:

- to select afile, click on the desired line and then on Select.
- indicate: M, F or MF examined in the file chosen and select Compute;
- theinstructions for creating files of data-results are in the previous window.

In numerical order, click on each of the following options:

1) Calculate parameters output file name,
2) Fiveyear period classes of survivors up to 105 years output file name,
3) One-year period classes of survivors up to 105 years output file name

saving the name given to the file each time.

After completing the steps mentioned above, select OK.

Click on OK after the message Data file created, meaning that the file has been

created and stored, for example, on the hard disk, in unit C or afloppy disk in unit
A, or B;

- The option View file on the left allows you to read the elaborated file. The option on

the right indicates the data file created, after selecting thisfile.
By clicking on Refresh, it ispossible to work with a different file.
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b) LTAN examineslife tablesfor quinquennial classes from age zero to 105 years,
which transforms survivors into annual age classes.

In sequential order, click:

1) onthefileto elaborate and then on Select.
2) onitems:. sex, countries and year.
3) on Compute.
4) One-year period survivors output file name.
Save thefile that has been created, and click OK in the dialogue box;
5) OK inDatafilecreated.
6) OK in Data computed print to view.

To see the results produced by LTAN it is necessary to select the desired file from
those listed on the right side of the window.
By selecting Print, the results will be sent to the printer.

6.4 PARAMETERS

Let us examine the life-tables using the Gompertz, Petr and Weibull © functions. To
use these functions click :

1) onthefile selected,

2) ontheitem Select;

3) onthe Sex, Countriesand Years;

4) on Compute;

5) onYesor Nointheitem “Variable transformation”, when it is requested; pointing
out an appropriate value;

6) enter theiteration limit CO;

7) Print

It is usefull to note that there are different instructions for each function. The Petrioli
function works in two ways (See pages 71-72):
1) fixed points(if you encounter some difficulty with the computation, we suggest
that you go back to Menu;
2) least squares.

(*) The estimation with Weibull demands atime of fifteen seconds about.
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6.5 UNITAB

UNITAB adlows us to obtain a life table for reunited sexes by disposing of two life
tables, a male and a female from the same country, region, zone, etc.; first for
guinguennial then for annual age classes.

The program contains three types of files:

AMF1.DOC, which covers the male and female life table for Italy 1989, from
zero to 109 annual age classes;

AMF2.DOC, which covers the male and female life table for Italy 1989, from
zero to 85 annual age classes,

AMF3.DOC, which covers the male and female life table for Italy 1989, from
zero to 60 annual age classes.

QMF1.DOC; QMF2.DOC and QM F3.DOC have respectively the same characteristics
as AMF*.DOC, but the years are quinquennial,

To estimate the unisex life table we refer to Section 11.2, pages 52-53.
Theinstructions for UNITAB are as follows:

- click on thefile chosen, which may be seen by selecting “View file”;

- click Compute;

- click OK inthewindow “K value’, which asks you to enter the value of the rate
between male births and femae births during the same time period for the
examined population:

- click OK to indicate that the calculations are completed. The results may be printed
by selecting Print.
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1.

POPULATION AND PROJECTION MODELS

This section includes severa programs that examine the movement of the population
and its forecast for a given period of time.

The programs are: L ogpo, Projection and Svilogis. Logpo and Svilogis adapt the
logistic function to historical distributions of the population, verifying the possibility of
executing projections for agreater number of years, if desired.

The following examples are presented only as a demonstration of this software, but
they have no real pretention for projections, which require the appropriate technical
basis.

7.1 LOGPO

LOGPO uses the Logistic function (12.26), and the iterative method for estimating
parameters. For this program, click:

1)
2)

3)
4)
5)
6)

7)
8)
9)

on the file of the population considered;

on Select, then on Countries and then on the type of the population —female

or male, otherwise on total population (males plus females);

on Iterative calculus;

on OK in thewindow Interval, after having chosen the years of projection:

onYes or No inthewindow Graphic output;

on OK inthewindow Upper Limit to point out:

a) thelast value observed in the distribution of the population examined, and

indicated in the same window Upper Limit;

b) the factor K (that is:1.25; 1.5; 1.75....) which increases value (a) for
estimating the maximum of the logistic function.This option conditions the
elaborations, therefore, it is necessary to change them according to the quality of
the resullts,

on OK in the window Iteration limit;

on Print to print the results;

on View final graphic output, to observe the last graphic.
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7.2 SVILOGIS

The second method for estimating the parameters of the logistic function is explained
on page 73. Theinstructions for SVILOGI S are asfollows:

1) click onthe chosen Data-file;

2) click Select, and then choose one of the Countries from the window: Countries;

3) click onthe Sex for the Country desired;

4) click on Compute;

5) click OK in the window “Insert projection year interval (1...150)" after having
chosen the number of the time period (like the spacing of the data file) which will allow
the projection.

The window “Input of four valuesto evaluate the required integrals’ is now open.
Here it is necessary to indicate four time periods for estimating the integrals of the
logistic function. Enter the valuesof K1< K 2<K 3<K 4 ) and then choose Yes or
No, when the values are accepted.

Finally, click on Print, if desired.

7.3 PROJECTION OF POPULATION FOR AGE CLASSES

Program Projection allows us to compute population projections using methods that
may prove to be more appropriate, they are: with variable mortality and fertility, with
constant mortality and variable fertility, and so on, for a period such as 15 quingquennial
blocks of time.

Projection uses four files MFCON.DOC, FECON.DOC, QPFCON.DOC and
QPMCON.DOC, which refer to the Congo, in this case, abbreviated as CON. The first
two or three letters refer to various components of projection, indicated as follows:

MFCON.DOC malesand females MF of the starting popul ation;

FECON.DOC  foresees age-specific female fertility rates FE for each period of the
projection;

QPMCON.DOC perspective probabilities of male survival;

QPFCON.DOC perspective probabilities of female survival.

®) In this case, we compute the first integral from K1 to K2, the second from K1 to K3 and the third from
K1 to K4. In the selection of K1, K2, K3 and K4 you must cover the whole data series. For example, for
the file POP3S.DOC (Democratic Republic of Congo, males and females), good results are obtained by
indicating K1=5; K2=12; K3=19 and K4=23,
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Obvioudly, the above files may be coded in other ways.

To use Projection:

1) select Refresh and then the Country from those shown in the window Countries;

2) click on one of the files in the section File to select, then on Add item so that this
file appears in the section File selected. In the case of error, this file may be
removed by clicking first on this file and then on Removeitem;

3) repeat step 2) to enter the four required data files in the window File selected,
which you can then read by clicking on View filg;

4) click on Compute, the calculations are executed, and the window “Data
computed, print to view!” appears. By clicking on OK you can see the results of
the projection;

5) click on View graphic which shows 15 age-pyramids beginning from the starting
and final population, with five-year periods. Each pyramid represents the
percentage distribution of the population.
It is possible to print each pyramid and see the structura variation of
population during the period of projection as shown in Figure 1.

6) click onPrint, to print all results.

7) you can select Refresh to execute another projection..

Life tables have been computed for each sex and for each year of projection, obtaining
the traditional biometric functions, giving the expectation of life at birth, the stationary
population L x of the nth life table, which represents the number of survivors at age x
to x+h-1, with h=5.

The survival rate from age x to x+h-1is:

L
Ry T [7.1]

L

X,Xx+h-1

for x=0,5,10,15,........
The survival rate SR , x+h-1 represents the transition probability from age class x,x+h-1

to age class x+h,x+2h-1, while SR 9 4 = L 04/ 5 L ¢ is the transition probability from
birth to age class 0-4 years. (Under 8. VARIOUS refer to 8.5 For g, page 36).
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Figure1 Starting and final age pyramids by projections of population for the
Democratic Republic of Congo, ex Zaire. (Percent valuesless than
zero must be multiplied by —1).
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8. VARIOUS

In this section, four types of programs are included. They are: Censa, Lotka,
Parafuso, Pyramid and Survival rates.

8.1 CENSA

The goal of CENSA isto estimate the quality of population censuses and to proceed
toward their correction. Indexes considering the quality of an age-data census are in
Section 15.

To use Censa, follow these steps:

1) click on the data file examined, which is listed in the window File, and then on
Select

2) click on the Sex, on the Country examined and on the Year in the window on the
right section of the screen;

3) click on Compute;

4) insequentia order, click on each of the following options:

starting and final population by annual age-classes file name;
starting and final population by quinquennial age-classesfile name;

cumulated data of starting and final population by quinquennial
age-classesfile name.

saving the name given to the file each time.
5) click Datafilecreated;

6) to see the pyramid for the ages of the observed data and corrected data, click on
View graphic, as shown in Figure 2, for males of Bangladesh, 1974 census.
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Figure2 Observed and corrected distribution by age of population. Bangladesh 1974.
(Vaues of population below zero must be multiplied by -1) .

8.2 LOTKA

Program LOTKA allows us to obtain an approximate solution of A.Lotka's integral
equation:

F(r)= "e™.p(x).f (x)dx =1

a

where:
- a istheupper age of female fecundity;
- b isthelower age of female fecundity
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- r istherate of population growth
p(x) isthe probability of surviving from birth to age x;

f(xX) isthe age-specific fertility rate at age x;

The approximate solution is given by:
b

e xp(x)f (x)dx = (7.2]
=5xp(12.5)f (12.5)e "**° +5xp(17.5)f (17.5)e ™" +..........

which requires the knowledge of the quinquennial age-specific fertility rates related to
; 42.5; 47.5, and stationary

the central ages of every group, such as. 12.5; 17.5;
population (with values divided by 100000) of the life table examined.

+5xp(52.5)f (52.5) %" "°

Figure3 Curveof Lotka sintegral according to the rate of population
growth.(See in footnote p.18)
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Program L otka offers two options:
1) to consider quinquennial rates from 12.5 to 47.5 years of age (8 terms);
2) to consider annual rates from 14.5 to 49.5 years of age (36 terms).

The instructions for running the program L otka are:

1) click the option desired: quinquennial ratesor annual rates; selecting onefile
from those in the window File;

2) click: Compute;

3) in thewindow Input data, you first insert the lower value of the variation field of
the rate of population growth, then the upper value, and then the space between
onevalueand the other. Each time click OK. The smaller the space, the more
accurate the results will be.

4) click Print, to print the results. For the “Fertility table’” and the “Mortality
table”, we insert the same file used in 1 above).

8.3 PARAFUSO

Parafuso operates on the surviving function (13.11, page 71) for which we know the
values of the five parameters P(1), P(2), P(3), P(4) and P(5).

1) The values of parameters must be inserted in the designated areas by pressing the
Enter key each time;

2) click Compute. In the lower window on the right, values of the five parameters are
shown, the value of XM and EO (Section 6.2);

3) indicate in the window: Save file as....., the name of the file desired for saving the
results, and then click OK;;

4) four windows are now open:

File(s), where data files created may be seen. Select afile of interest and then:
- click View file;
- select Print to print the results;

click on View graphic output to see graphics of the life table and of the
resistance function.



84 AGEPYRAMIDS

In this section of PRODEM OG two programs. PYRAMQ and PYRAMA, deal with
population data obtained from censuses, sample surveys, continuous population
registers, and so on.

% -005 -0.04 -003 -002 -0.01 0 0.01 0.02 0.03 0.04 0.05

Figure4 Population pyramid for Bangladesh: 1974.
(Percentage values less than zero must be
multiplied for -1).

Thus we have:

a) PYRAMQ examines data for quinquennial age groups. 0-4; 5-9; 10-14;...;85-89;
90+ years. For this program, simply enter the number of people for each age group.

b) PYRAMA dealswith annual datafrom O to 75 years, with two options:
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The utilization of files such as CENSA*.DOC (p.49 and Section 11.4);
The utilization of othersfiles, for example, structured as CENSA*.DOC.

With PYRAMA and PYRAMQ we can obtain two specular pyramids which, for the
same Country, produce percent values for the distributions of: males and females, males
and malesin different census years, or various combinations for different Countries.

The two programs operate by following these instructions:

click on the File desired;
click: Select;
on the right, two windows are open. Select one sex, one country and the
respective
year from the second window, for example:
- upper: female, Algeria, 1966, and male, Algeria, 1966;
- lower: female, Cameroon, 1976, and female, Ghana, 1970, and so on.

There will be a pause of approximately thirty seconds before the data appear on the
screen.

click: Compute;
click: View graphic, to see the pyramid;
click: Print, to print the results.

85 SURVIVAL RATES-FORQ

Program FORQ alows us to compose the two files used in the projection of
populations (Section 7.3) with the name QPMCON.DOC and QPFCON.DOC,
respectively for males and females, in this case formed with the index CON, since they
refer to the Democratic Republic of Congo.

The two programs FORQ, respectively for females and for males, operate in the
following way:

1) click Compute and after indicate:
2) the Country examined;
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3) thestarting year of the projection;

4) the starting value of QO (mortality quotient from zero to one year of life)
multiplied by 1000;

5) thefinal valueof QO;

6) the startingvalue of XM;

7) the estimated final value of XM;

8) theperiod number (each equal to 5 years);

9) thefilesfor the output of the results, which are:

a) QPMITA.DOC or QPFITA.DOC to indicate the probability of surviving
related respectively to males and to females from age-class x, x+4 to x+5, x+9.
For example here I TA represents Italy;

b) STMITA.DOC or STFITA.DOC to name the stationary population of the
lifetables QPMITA and QPFITA;

10) clicking on Refresh it is possible to work with different data, even though the
previous results remain on the screen.

Information regarding the use of FORQ isin Section 16.
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9. THE ALGORITHMS AND THE INDICATORS

9.1 DETERMINATION OF THE PARAMETERSFOR FUNCTIONSUSED IN
PRODEMOG.

The determination of the parameters for functions generally used in demography is an
important sector in the methodology of statistics.

We now intend to explain the iterative process applied in several sections of
PRODEMOG. The adaptation of a function y=f(x) to a series of data, with therefore,
the determination of the constants ab,c,....of f(x), can be carried out using the method
of least squares. If such constants enter in linear mode as, for example, in the function
y=a+bx+cx?, the equations obtained differentiating the relation:

(y- a- bx- cxz)2 = minimum (9.1)
with respect to a,b,c, furnish the sought-after result.
But if the constants do not enter the process in a linear mode, it is possible to utilize a
procedure which consists of giving a, b, ¢ temporary values ap , bo, Co

so that a=ag +hy; b=bg +hy; Cc=Cy+hs.

Since the final values of parameters a,b,c will be obtained after completing a series of
iterations which will estimate the new values of h; ,h; ,hs, thefirst stageis.

SER RIS (9.2)
Therefore, developing S, in Taylor series, we have

d’s d’s

> +h1><1l

d S
= h h h 2 /21
HESH da0+2db0+3dc0+(h1 )

..... (9.3)

In essence, with the results equaling O in order to give S, a minimum value, the partial
derivatives are found with respect to ay ,bp ,Co :

(*) N.Keyfitz, (1968), “Introduction to the Mathematics of Population”, Addison-Wesley Publishing
Company, Reading, Massachusetts.
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ds d’s d’s d’s _
+h ——+h, +h, =
da, d-a, da,db, da,dc,

2 2 2
dS ,p 7S ,p @°S .y d°S (0.0
db, ‘daydb, 2d%b, °dbydc,

ds d’s d?s d’s _
+h

+ + =
dc, hldaodco ?db,dc, °d%c,

0

from which:
2 2 2
ds,d’s, d’s  d’S || |[ds
da, d’a, da,db, da,dc, da,
2 2 2
ds, d’s _d’s_d’S |Jh_|dS 95)
db, dagdb, db? dbdc, db,
ds  d®s  d®’s d’s||h| |dS
+ + +
dc, da,dc, dhbdc, d°c, dc,

that can be written more simply as:

H.A=-E (9.6)
thatiss. A=-H'.E (9.7)
To insert the results of the matrices and the vectorsin an algorithm, we can write:

DA |DE DH DI ||
DB|+|DH DF DL [%h,|=0 (9.8)
DC| DI DL DG | |h,

Then the algebraic complements of H are found, which are indicated in the algorithm as
Cy, Cy, ....Co.
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The determinant D and the inverse can be calculated from matrix H, obtaining the
valuesof hy,hy,hs, thatis:

C—1DA+EDB+EDC:hl
D D D

gDA+§DB+§DC:h2 (9.9)
D D D

C3pa+Epe+2pc = n,
D D D

As previously stated, the three values of h are added to the initial parameters, giving
place to a new iteration which leads to another three values of h, and so forth.

The process repeats until, according to the adopted criteria, the difference between two
consecutive sums of the difference between theoretic values and observed values,
squared, isinferior to the coefficient CO which, in the programs presented here, can be
given avalue of 10E-N, where N isfixed as desired.

In other words, in looking for parameters which will allow the best adaptation between
observed vaues (OV) and theoretic values (TV), the program follows a series of
iterations which are terminated when [SD(1)-SD(1+1)]<CO, having placed
SD(1)=S[OV-TV] ? or amounting to the final iteration of the difference between
theoretical and observed values, squared.

In the algorithm, the lower the value of CO, the greater the number of iterations are

required in order to arrive at the final parameters.
The evaluation of the parameters for functions utilized for their adaptation to observed
distributions relative either to life-tables or to age-specific fertility rates, was determined
according to the procedure explained under the subtitles: Fertility:functions examined
(Section 12, page 57) and Mortality: function used (Section 13, page 70.

Since, in general, the procedure requires the insertion of the initial values of
parameters, that often represent an operation of some difficulty for the user, these
programs estimate temporary values which will make the operating sequence
easier tofollow.

Due to the fact that this procedure does not always lead to final parameters that
optimize the relationship between observed data and theoretic data, in aternative, such a
correlation is sought by opening an ample field for variation of the parameters, in very
small steps.
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9.2 FORMULATION OF SOME INDICATORS

. The approximated values of ((Z) are calculated by using the formula‘ :
QZ)=+2p1Z.2%.€ 72D (9.10)

which, for example, in determining the value of GA+B)= ((12.74835) in application to
the table for Italy-1960, gives the results of 254319840. Considering, instead, the
relation:

Gn+2) = (n-1+2)(n-2+2)(n-3+2)......(1+2)§1+2) (9.12)

that is, in this case, making:
((12.74835)=(11.74835)(10.74835)(9.74835).....(1.74835)G(1.74835) = 254296856.41

- Asindicators of the fitting-degree between observed distributions O(i) and theoretical
distributions T (i), the following expressions have often been used:

" . \12
[oG)- T(0)
i=1
RR=1- %%%%¥%:%%%Y. Coefficient of determination. (9.12)
[o(i) - om]?

i=1
where OM represents the average val ue between the observed data.

n
ofi) - T(i)
i=1
ISC= %%%%%%% Absoluteaverage difference between observed and (9.13)

n

o(i) theoretical values
i=1
- With relation to programs regarding fertility, given a distribution of age-fertility rates
f(x) with ayearly amplitude h (for example: 10-14; 15-19; ... ; 45-49), fixing the lower

(*) For hibliographic references regarding the described procedures and numeric tables relative to the
Gamma function, see:

a) Keyfitz. N. and Flieger. W. (1971), “ Population. Facts and methods of Demography”, Freeman &
Company, S. Francisco, USA.

b) M. Abramowitz and I. A . Stegun (1972), “Handbook of Mathematical Functions’, New Y ork, Dover.
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limit of fertility with U and the upper limit with V, we have the following indicators:

\%
[x+h/2]xf(x+h/2)
x=U
MED = %% %% % Y% %% Y% % Y% Mean age at childbirth (9.14)

\_/[f(x+h/2)]

x=U
\%

(x+h/2- MED)*xf(x+h/2)
x=U
DS=%%%%YYaYa Y% %% %Y YaYaYa Empirical variance. (9.15)

\Y
f(x+h/2)

x=U

\%

(x+h/2- MED)*xf(x+h/2)

x=U
IAS=%%%%%%% %% %% %Y Y% Ya Skewness of the distribution.  (9.16)
\%
STDV?®  f(x+h/?2)
x=U
\%
TFR=h f(x+h/2) Total fertility rate. (9.17)
x=U
TFR = -0.241716 + 0.146126 xBR x1000 Total fertility rate® (9.18)
¥ ¥
CON= - (X) xog % (X)dx / (X)dx Convexity of thelifetable  (9.19)
[0} [0}

or, approximately, may be written:

con=-[ 7 xog(,) ]/ e (9.20)
where . arethesurvivorsin agei and eo is the expectation of life at birth.

(*) Petrioli.L. (1991),”Modelli di mortalita e popolazione stabile”, Faculty of Economics, University of
Siena-Italy, page 365. The relationship established between birth rate (BR) and tota fertility rate (TFR)
based on 374 projects from approx. 100 Countries.
(**) -Demetrius L. and Ziehe (1984),” The measurement of Darwinian fithess in human population”, Proc.
R.Soc.Lond. B 222, 33-50.

- Demetrius L. (1979),” Démographie. Taux de croissance et entropie”, Population, INED, Paris.
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10. DATA FILES USED

For the development of the programs, we have created some data files which are
presented as follows:

101 FERTILITY

For programs regarding the fertility analysis, the following .DOC files have been
used:

TAFE1 TAFE2 TAFE3 TAFE4 TAFE5
TAFE6 TAFE7 TAFES TAFE9 TAFE10
TAFEQL  TAFEQ2 TAFEQ3 TAFE4 TAFEQ5
TAFEQ6  TAFEQ7 TAFES TAFE9 TAFE110

- Tables of annual age-specific fertility rates from 14.5 to 49.5 years of age:
Each of the following filesis set-up asseen in Table 1.

TAFE1.DOC covers 64 distributions for Italy from 1930 to 1993. )

TAFE2.DOC covers 35 distributions for various countries (Algeria, Benin, China-
Taiwan, Central African Republic, Chad, Colombia, Congo-Brazzaville, Congo
Democratic Rep. ex- Zaire, Costa Rica, Cuba, Egypt, Equador, Eritrea, Gabon,
Guatemala, Jamaica, Kenya, Kuwait, Madagascar, Mali, Mauritius, Namibia, Peru,
Sry Lanka, Togo, Thailand, Tunisia, Zimbabwe).

Table 1. Example of filesTAFE*.DOC (TAFE1.DOC)

ITALY 1930-1990- AGE-SPECIFIC FERTILITY RATES (PER 1000) — FICTITIOUS GENERATIONS.
CODEAGE 145 155 16.5 175 185 o
035930 01 0.6 32 95 234
035931 0.2 14 50 12.7 278 i,

W8 (76 (138 (196) (258  (BLE) oo

(*) Livi Bacci M. and Santini Antonio (1969),” Tavole di fecondita della donna italiana secondo le
generazioni di appartenenza’, Dipartimento statistico-matematico — Universita degli studi di Firenze, for
the fertility distributions from 1936 to 1965.
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TAFE3.DOC
TAFE4.DOC
TAFES5.DOC
TAFEG6.DOC
TAFE7.DOC
TAFE8.DOC
TAFE9.DOC

covers 55 distributions for Denmark from 1936 to 1994,
covers 52 distributions for Sweden from 1920 to 1985.

covers 56 distributions for Norway from 1936 to 1992

covers 40 distributions for the Netherlands from 1935 to 1974 .
covers 61 distributions for France from 1900 to 1991.

covers 215 distributions for Finland from 1776 to 1994;
covers 54 distributions for Israel from 1938 to 1994

TAFE10.DOC covers 32 distributions for various countries (Armenia, Bahrain,

China-Taiwan, Cyprus, Georgia, Iraqg, Japan, Kuwait, Qatar);

As in the following files, the bold-faced numbers in parenthesis indicate the correct
spacing for entering data. These obviously do non appear in thefile.

Tables of quinquennial age-specific fertility rates are reported in the files:

TAFEQL1.DOC, TAFEQ2DOC, ....... , TAFEQ10.DOC

where the same countries considered in the files with annual age intervals are generally

included..

Each of these filesis structured as shown in Table 2.

Table 2.

CODE 125

027936 0.1
027937 0.1
(1,6) (7,6)

Example of files TAFEQ*.DOC (TAFEQ3.DOC)
Denmark 1936 to 1994 Age fertility rates per 1000
175 22.5 27.5 325 475
227 1069 1262 934 .........coiiiiiiienn... 16
243 1099 1269 948 .........cociiiiiieienn... 1.8
(13,6) (19,6) (256) (BL6) .coooveeeeeeeeeee, (49,6)

(*) Festy Patrick, (1979),”La fécondité des pays occidentaux de 1870 a 1970", Travaux et Documents,
Cahier n.85, Presses Universitaires de France, other sources and our estimations.



10.2 MORTALITY

For the programs relating to LOGIT, PARAM, SURVANA (LTAN and LTPA) and
UNITAB variousfiles are used, that we indicate for each sector.

- LOGIT

- TF1L.DOC, which contains 24 female mortality tables for various countries
(Botswana, Congo ex-Zaire, Canada, Egypt, France, Guyana, Mexico, United States),
for ages 0,1,5,10..., up to 85 years,

- TF2L.DOC, which covers 10 femae mortality tables for Italy from 1902 to 1979, for
ages 0,1,5,10,....,up to 85 years of age;.

- TF3L.DOC, which covers 37 female mortality tables for Sweden from 1782 to 1984,
for ages 0,1,5,10,.....,up to 85 years of age (see Section LOGIT);

- TM1L.DOC, TM2L.DOC and TM3L.DOC, which refer to the same countries
included in TF1L, TF2L and TF3L, wherethelast letter L refersto LOGIT.

All the above files are organized in the same way, that is, like TM3L.DOC which is
shown as an examplein Table 3.

Table 3 Example for files on life-tables. (TM3.DOC)
MALE LIFE TABLES—SWEDEN
COD/AGES 0 1 10 15 20

MO0411782 100000 80265 67177 62546 60463 ..........cccoviiiiiiiiiiiinnnnnnn.
MO0411787 100000 78663 65629 60702 58199 ..........cocooviiiiiiiiiiinninnnnn.

@) (97)  (67) (2B7) (30,7) (B1,7) oo

- PARAM

In PARAM are included the programs. Gompertz, Petr and Weibull. Each program
may use the same files proposed for LOGIT.

We have also some files which include life tables by sex, continent and regions
reported in ARCHIVES.
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SURVANA
SURVANA includes two programs LTAN and L TPA. Thefiles used are:

LTAN - LSWEF1.DOC, which covers 37 female mortality tables for Sweden from

1782 t0 1984 for agesof 0, 1, 5, 10, ...... , 100, 105 years,
LSWEM1.DOC, which covers 37 male mortality tables for Sweden from
1782 t0 1984 for ages of O, 1, 5, 10, ....... , 100, 105 years.

LTPA - TM1LT.DOC, TM2LT.DOC; TM3LT.DOC; TFI1LT.DOC, TF2LT.
DOC and TF3LT.DOC, wherethe last two letter LT refer to L TPA.
(seen in the Section LOGIT).

UNITAB

Program UNITAB uses files containing the mortality tables for both sexes, for Italy
year 1989, with the difference that AMF1, AMF2.DOC and AMF3.DOC consider
annual male and female rates, up to 109, 85 and 60 years, whereas QMF1.DOC,
QMF2.DOC and QMF3.DOC © are tables for quinquennia rates respectively up to
105, 85 and 60 years of age. Filessuchas AMF*.DOC are set up asseenin Table 4.

Table4 Example for files on life-tables. (ATMF1.DOC)
LI FE- TABLE - MALES AND FEMALES - | TALY 1989.

AGE FEMALES MALES

000 100000 100000

001 99226 99071

002 99187 99027

003 99159 98994

(1,3) (4,10) (14,10)

Files such as QM F*.DOC are also set up as seen in Table 4, with the exception that
theages (0, 1, 5, 10, 15, ...... years) are written: 000, 001, 005, 010, 015, ....... , with the
number of survivors corresponding to the respective ages.

)" See page 26.
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10.3 POPULATION AND PROJECTION MODELS
The programs dealt with in this section are: LOGPO, PROJECT and SVILOGIS.

For the programs L OGPO and SVIL OGI S the following files are used:

- POP1.DOC, which refers to thetotal (malest+females) population of the United
States from 1800 to 1910.

- POP2.DOC, which covers the population of Italy from 1861 to 1991 for males,
females and for the total population;

- POP3.DOC, which covers the population of Congo Dem.Rep. from 1970 to 1995.
The internal code of the file, for example POM 035 in POP2.DOC, means:

POM = male population; POF = female population;  POT = total population
and the Country code 035 for Italy; CODTIM = code of the Country + Time(year).

For SVILOGIS the files are POP1S, POP2S and POP3S, where the last |etter
Srefersto SVILOGIS.

The three files are organized as shown in Table5, where the file POP2.DOC is
reported.

Table 5 Example for population data surveyed over several years. POP2.DOC

ITALY —POPULATION (Divided by 1,000,000) Malesand females.
CODTIM 1861 1871 1881 1891 1901
POMO035 1340 1432 1513 16.06 16.99 ..........ccooviviinnnnnns
POF035 1293 13.83 14.66 1572 16.79 ......ccovvviiiiininnnnnnn.
POTO035  26.33 2815 29.79 3178 33.78 ...ccvviviiviiiniiinnnnnn,

For the population projection program PROJECT, four files are used for an
example, which refer to the Congo (ex-Zaire), namely:

MFCON.DOC, where MF represents mae and female, while the last three
letters CON refer to the Congo. In this file we find males and femalesfrom
the beginning year of the projection, listed as shown in Table 6:
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Table 6 Example for files on population data according to
the calendar year and with quinquennial age classes. MFCON.DOC
MALE AND FEMALE POPULATION —CONGO DEMOCRATIC REPUBLIC 1985
AGE M 1985 F 1985
0-4 3009222 2900915
59 2364650 2310542
10-14 1939657 1909388

(1,5) (6,10) (16,10)

Two similar files aree QPM CON.DOC (where QPM indicates the forecast male
quotients of surviving), and QPFCON.DOC (where QPF indicates the forecast female
quotients of surviving); the values of the two files are multiplied by 100,000.

For example, the forecast female quotients of surviving are shown in Table 7.

Table 7 Examplefor file on forecast quotient of surviving (QPF),

according to guinquennial age-classes. QPFCON.DOC
FORECAST SURVIVING FIVE PERIOD CLASSESPROBABILITIES-FEMALE —CONGO DEM.REPUBL PROBF
YEAR QO 004 04 59 1014 1519 ... 95-99
1985 1000 88881 96184 96723 96880 97056 .........coccocoriiriiriieiraaannns 1897
1990 955 89398 96483 96939 97069 97069 ...........cccciiiiiiieiiaaannnn, 1860

1991 91.0 89912 96767 97255 97386 97496 .......coiiiiiiiiiiii s

2070 235 97433 99529 99802 99798 99734

(14)  (56) (1L6) (17.6) (236) (296)  (35,6) «veveeereeoeeeeeeeeeeeeeeeeeee e

Where, for quinquennia age-groups, we have:

QO represents the probability of dying from birth to age 1 (per 1000);
QPF indicates the forecast female quotient of surviving from birth to age-group 0-4,
that is. qp,..., =L, ,/500000. For the following age-groups, generally is:

qpx,x+h—l = (Lx+h,x+2h—l / Lx,x+h—l) )100000 .
Being h=5and L, , thesurvivorsof theexact agesx and x+h, the quotients
are gpy.4 = Lso/ Loy OPse = Lygss/ Lsg, ....and soon.
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The other file used in the projections is FECON.DOC (where FE indicates
quinquennial fertility rates and CON, as always, represents the initials of the Congo
(ex-Zaire). Thefile FECON.DOC isshownin Table 8.

Table 8 Example for files on female age-specific fertility rates. FECON.DOC

FEMALE FIVE YEAR PERIOD FERTILITY RATES - CONGO DEMOCRATIC REPUBLIC

YEAR 10-14 1519 2024 2529 .....cccccieiiieeeeinnn, 45-49
1985 0.03299 0.42588 1.24358 158146 0.24794
1990 0.03168 0.40898 1.19421 151870 .........coccocovivveerieeeennnn, 0.23811
2070  0.01073 013856 040460 051453 ........occoocooveorsrseernn.. 0.08067
(14  (510)  (1510) (2510) (3520) evriririiiiireeeneee, (75,10)

104 VARIOUS

The programs examined in this section are: CENSA, LOTKA, PARAFUSO (which
do not need working data-files) and PYRAMID.

CENSA

The files suggested are:
- CENSAA.DOC, which covers 54 population census (see Archives).
- CENSAB.DOC, which covers 57 population census (see Archives).

both for annual age classes from zero up to 74 years of age. Each file CENSA*.DOC
may be extended until to 60 census to work with CENSA program.

LOTKA

Two datafiles are used:
- ANITA71.DOC, which covers annual age specific fertility rates and stationary
population from 14.5 to 49.5 years of agein 1971.(AN represents annual rates,
.ITA referstoITALY, and 71 isthe reference date of table);
- ANFIN12.DOC, which covers annual age specific fertility rates and stationary
population from 14.5 to 49.5 years of agein 1912.(AN represents annual rates,
. FIN refersto FINLAND, and 12 is the reference date of table);
- ANFIN80.DOC, which covers annual age specific fertility rates and stationary
population from 14.5 to 49.5 years of agein 1971.(AN represents annual rates,
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. FIN refersto FINLAND, and 80 is the reference date of table);

- QUITA71.DOC. which covers quinquennial age specific fertility rates and
stationary population from 12.5t0 47.5 years of age in 1971 (QU represents
quinquennial rates. ITA and 71 asin ANITAL1.DOC)..

As al file models shown in this manual, each file used with LOTKA must be
organized as ANITA71.DOC, seenin Table.9.

Table 9 Example for files on annual female fertility rates and
on stationary population. (ANITA1971.DOC)

ITALY 1971 - AGE SPECIFIC FERTILITY RATESAND STATIONARY POPULATION
AGE FERT.RATES STAT.POP.

14.5  0.0004 0.96913
15.5  0.0016 0. 96880
16.5  0.0067 0. 96845
47.5  0.0002 0. 93201
(1,4)  (5,10) (15, 10)

If the fertility rates are for quinquennial age-classes, the file is set up as
QUITA71.DOC in Table.10.

Table 10 Example for files on quinquennial female fertility
rates and on stationary population. (QUITA1971.DOC)

ITALY 1971 - QUINQUENNIAL AGE SPECIFIC FERTILITY RATESAND STATIONARY POPULATION
AGE FERT.RATES STAT.POP.

12.5 0. 00028 4.84853

17.5 0.02753 4. 84021

47.5  0.00115 4. 68809

(1,4) (5, 10) (15, 13)
PYRAMID

Program PYRAM D uses the file CENSAAP.DOC and CENSABP.DOC (where the
last |etter P refersto PYRAMID) in the same way as program CENSA (See page 49).
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11. ARCHIVES

The Archives (included in the CD labeled “Prodemog 3.0”) contain a set of files,
some of which represent a broad collection of demographic data, such as life-tables and
fertility rates, while others demonstrate the methods used for writing files used by the
program. You can refer to this section and to Section 10 when creating personalized
files.

11.1 CODIFICATION OF THE COUNTRIES

This section contains the following:
- TABLE A lists the codes of various countries of the world, used for mortality,
fertility and population census data or other uses. The countries are listed in a phabetical

order, followed by the code number and related abbreviation. There are code for a total
of 225 countries or particular distributions.

To increase the number of countries, further 30 fictitious countries have been added

- TABLE B presents the codes contained in TABLE A , but in numerical order of
country codes, listed on page 83.

11.2 MORTALITY

With reference to the studies on mortality, three files are presented in the Archives,
that isTVSF.DOC, TVSM.DOC and TVSU.DOC, which contain 611 life-tables each,
for females, males and unisex, respectively. Each fileis set up as shown in Table 11.

Table1ll  FileTVSF.DOC. Female survivors by countries, years and exact age.

FEMALE LIFE-TABLE
CODE 0 1 5 10 15 20 . 85
FO013638 100000 84236 64652 63385 62600 61317 ............ 6013
FO014649 100000 86730 71873 69630 68378 67237

(18 (97 (167 (37 (307) (317) (A47) oo

While female and male data are derived from various sources, the unisex tables may be
obtained by the relation:
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LF(x+h)+K>LM(x+h)
LF(x)+ K x_M (x)

Ja =1- [11.1]

where:  LM(x) and LM (x+h) are the male survivors of ages x and x+h;
LF(x) and LF(x+h) arethe female survivors of ages x and x+h;
LMF(x) and LMF(x+h) are the female and male survivors together of ages
x and x+h;
k represents the ratio between the number of male births and female births,
observed in the same historical period of the male and female life tables
utilized in the valuation of (11.1).

O" gives the probability for a population at age x (without the distinction of
sex) of dying before reaching age x+h.

Obviously, LMF(x) are obtained by (11.1), using the probability of dying in their
various ages. The codes of the countries and of the tables are interpreted as follows:

F = femde
001 = country code (The complete codification isin Section 13). For example,
in this case 001 is the code for Egypt;
3638 = the last four numbers indicate the time period of the table, which in this
case is 1936-1938.

If we consider all the female tables categorized by continent and historical period , we
have Table 12:

Table 12 Life-tables according to continent, region and historical period.

Cont i nent from1750 from 1801 from 1901 from 1921 from 1941 after Tot al
to 1800 to 1900 to 1920 to 1940 to 1960 1960

Africa - - - 5 21 27 53

Anerica and Cceani a - 9 17 39 91 156

Asi a and URSS - 1 4 8 25 51 89

Eur ope 3 17 28 46 76 143 313

Tot al 3 18 41 76 161 312 611

Fileswhich include life-tables by sex, continent and region, are (*):

(*) See Section 10.2, Logit, page 45 : TF1, TF2, TF3, TM1,TM2 and TM3.
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- femalelife-tables

TF4.DOC covers 153 distributions related to North Europe (Belgium, Denmark,
Finland, Iceland, Ireland, Netherlands, Northern Ireland, Norway, Sweden, United
Kingdom);

TF5.D0C covers 58 distributions related to Central Europe (Austria, France,
Germany, German Dem.Rep., German Fed.Rep., Luxembourg, Switzerland);

TF6.DOC covers 102 distributions related to South-East Europe (Bulgaria,
Czechoslovakia, Greece, Hungary, Italy, Poland, Spain, Albania, Malta, Portugal,
Romania, Scotland, Yugoslavia);

TF7.DOC covers 89 distributions related to Asia and URSS (Bahrein, Bangladesh,
Burma, China-Taiwan, Cyprus, Hong Kong, India, Iran, Israel, Japan, Jordan, Korea,
Kuwait, Malaysia, Nepal, Pakistan, Philippines, Sarawak, Singapore, Sry Lanka, Syrian
Arab Republic, Thailand, Turkey, URSS);

TF8.DOC covers 156 distributions related to America and Oceania (Anguilla,
Antigua, Argentina, Australia, Bahamas, Barbados, Belize, Bermuda, Brazil, Canada,
Chile, Colombia, Costa Rica, Cuba, Dominica, Dominican Rep., Ecuador, El Salvador,
French Guiana, Greenland, Grenada, Guadalupe, Guatemala, Honduras, Jamaica,
Martinique, Mexico, New Zealand, Panama, Peru, Puerto Rico, Samoa, Trinidad and
Tobago, Uruguay, United States, Venezuela);

TF9.DOC covers 53 distributions related to Africa (Algeria, Botswana, Burundi,
Cameroon, Cape Verde, Congo (Democratic Rep.) -ex Zaire, Egypt, Kenya, Liberia,
Madagascar, Malawi, Mali, Mauritius, Nigeria, Reunion, Rwanda, Seychelles, Southern
Rhodesia, South Africa, Swaziland, Togo).

- malelife-tables

TM4.DOC covers 153 distributions related to North Europe;
TM5.DOC covers 58 distributions related to Central Europe;
TM6.DOC covers 102 distributions related to South-East Europe;
TM7.DOC covers 89 distributions related to Asiaand URSS;
TM8.DOC covers 156 distributions related to America and Oceania;
TM9.DOC covers 53 distributions related to Africa;

where the same countries considered for female life-tables are included.
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11.3 FERTILITY

The fertility data file, FXQ.DOC, contains 2513 distributions of quinquennial age-
specific fertility rates (multiplied by 1000) for almost all the countries of the world. This

file, which represents the principal data bank of female fertility, is shown in Table 13.

Table 13 File FXQ.DOC. Quinquennial female age specific fertility rates for
various countries and years.

AGE- SPECI FI C FERTI LI TY RATES FOR VARI OUS COUNTRI ES AND YEARS
CODE 12.5 17.5 22.5 27.5 32.5 37.5 42.5 47.5
001988 0.2 46.3 148.9 133.1 81.2 38.1 11.1 1.0
002936 0.1 32.2 143.0 163.1 128.1 84.5 36.3 6.3
002937 0.1 34.9 150.2 166.0 127.6 82.7 36.1 6.2
(1,6) (7,6)..(13,6).(19, 6) (49, 6)

In the file FXQ.DOC the codes are indicated in the same way as seen in Table 11. For
example, in the third line of Table 13, the code 001988 represents the rates for Egypt
(code 001) observed in the year 1988 (code 988).

All the files with data on fertility have been inserted in the directory c:\Prodemog\
FERT.

Table.14 Distributions of quinquennial age-specific fertility rates by continent and
historical periods.

Cont i nent from1750 from 1800 from 1900 from 1920 from 1940 after Tot al
to 1799 to 1899 to 1919 to 1939 to 1959 1960
Africa - - - 4 35 89 128
Aneri ca - - 1 14 98 378 491
Asi a - - - 2 71 283 356
Eur ope 24 100 23 74 324 839 1384
Cceani a - - - 12 49 93 154
Tot al 24 100 24 106 577 1682 2513

We have aso (See Section 10.1, page 43) some files which cover age-specific fertility
rates distributed by continent and regions, these are:

TAFEQ11.DOC covers 580 distributions related to North Europe (Denmark, Estonia,
Finland, Iceland, Ireland, Latvia, Lithuania, Northern Ireland, Norway, Scotland,
Sweden, United Kingdom);



TAFEQ12.DOC covers 361 distributions related to West Europe (Austria, Belgium,
France, German - Dem.Republic, German - Fed. Republic, Germany, Liechtenstein,
L uxembourg, Netherland, Switzerland);

TAFEQ13.DOC covers 199 distributions related to East Europe (Belarus, Bulgaria,
Czechoslovakia, Hungary, Poland, Republic of Moldova, Romania, Slovakia, Ukraine,
Russian Federation);

TAFEQ14.DOC covers 243 distributions related to South Europe (Andorra, Bosnia
Herzegovina, Croatia, Greece, Italy, Malta, Portugal, Slovenia, Spain, Y ugoslavia);
TAFEQ15.DOC covers 128 distributions related to Africa (Algeria, Benin, Cape
Verde, Central African Rep., Chad, Congo-Brazzaville, Congo-Democratic.Rep.ex-
Zaire, Egypt, Eritrea, Gabon, Kenya, Madagascar, Mauritius, Morocco, Namibia,
Reunion, Seychelles, South Africa, Southern Rhodesia, Togo, Tunisia, Zimbabwe);
TAFE16.D0OC covers 139 distributions related to North America (Canada,
Greenland, United States);

TAFE17.DOC covers 243 distributions related to Central America and

Caribbeans (Bahamas, Barbados, Belize, Bermuda, Costa Rica, Cuba,
Dominican Rep., El Salvador, Grenada, Guadaloupe, Guatemala, Honduras,
Jamaica, Martinique, Mexico, Nicaragua, Panama, Puerto Rico, SKitts, S.Lucia,
Trinidad and Tobago);

TAFE18.DOC covers 109 distributions related to South America (Argentina, Brazil,
Chile, Colombia, Ecuador, French Guiana, Paraguay, Peru, Uruguay, Venezuela);
TAFE19.DOC covers 132 distributions related to West Asia (Armenia, Azerbaijan,
Bahrain, Cyprus, Georgia, Irag, Israel, Jordan, Kuwait, Qatar);

TAFE20.DOC covers 81 distributions related to East Asia (China-Taiwan, Hong
Kong, Japan, Korea, Macau);

TAFE21.DOC covers 144 distributions related to Central and South-East Asia
(Bangladesh, Brunei Durassalam, Kazakhstan, Kyrgyzstan, Malaysia, Philippines,
Singapore, Sri Lanka, Tgjikistan, Thailand, Turkmenistan, Uzbekistan);

TAFE22.DOC covers 154 distributions related to Oceania (Australia, Fiji, Marshall
Islands, New Caledonia, New Zealand);

When using the programs PROGR, FERPA and PARCO, it is necessary to use files
having no more than 60-70 lines (or distributions) in order to avoid blocking the
program.

We may reduce the files proposed which refer to a single Country as in TAFEL,
TAFE4; TAFES and TAFEG (page 11), which may be more related to the research.
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11.4 POPULATION

For the operation of the programs regarding population movement, let us consider the
files CENSA.DOC (CENSAA.DOC + CENSAB.DOC, p.49) which contain several
population censuses for annual age classes from zero to 74 years of age, in which 111
surveys deal with males, females and both sexes together, realized for various countries
of the world during different time periods.

Table 15 File CENSA.DOC. Census of population by country, sex, year and annual
age classes.

Al geria - 4/1996 - MALES (GENERAL TOTAL= 6073000) 1
MD1466

Al geria - 4/1966 — FEMALE (GENERAL TOTAL = 6023000) 2
F01466

249000 238000 263000 230000 209000 197000 206000 174000 184000
149000 188888 161000 177000 146000 149000 128000 122000 104000

13514 12492 10554 81109 (PARTIAL TOTAL = 6063000) .

240000 228000 254000 226000 209000 192000 199000 167000 182000
143000 178000 148000 159000 132000 132000 112000 119000 102000

10896 9420 9736 107384 (PARTI AL TOTAL = 6012000) .

(1,8) (9,8) (17,8) (25,8 (33,8 (41,8) (49,8) (57,8) (65,8)

The first line of each census provides information relative to the country, the date of
the census, the sex, and the general total, which is often different from the partial total,
because there are censuses of unknown ages included in the general total which we have
not taken into account in the various ages.

The codes in the second line repeat the information of the first line. For example,
M01466 signifies: males, country code 14, year 1966.

Each figure of every line corresponds to a specific age, beginning with zero, one,
...and so forth, up to 74 years of age, according to the following order:

[(eNe)
=
N
w
N
(&3]
o
~
00}
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12. FERTILITY : FUNCTIONS EXAMINED

In this section we examine the functions used in fertility research.
121 BETA

The density function for Betais:
f(X)=C( .GA +B')[GA)xGB)]x )X** (1- X)® [12.1]

with the parameters A* ,B* >0 e O£CE1.

In order to use the independent age variable, which in the fertility distributions can be
set between 10 and 50 years (or other limits), anew variablet is set considering that it is
the real and observed age X, from the extreme ages in the field of variation chosen, that
is t=(X-U)/(V-U). It followsthat t assumes a zero value for X=U, and avalue of one
for X =V , having determined:

U = lower limit of fertility period:
V = upper limit of fertility period;
X = one of the values included between U and V.

Also keeping in mind that the value of the total fertility rate TFT (indicated from now
on as C) which we develop in the interval U,V and not between zero and one, the
function elaborated by program BETA iswritten:

A-1 B-1
c _dA+B) X-U «1. X-U (12,2

f(X):(v-u) G(A)><G(B)XV-U V-U

It is aso necessary to consider that as a result of the transformation of variables
performed, we have the value of the mean (MEDT) and of the empirical variance (DST)
with respect to x (MED, DS) for which we obtain the following relations:

_ MEDT?(1- MEDT)
DST

A - MEDT,;

[12.3]
5= (1- MEDT)” \MEDT
DST

- (1- MEDT)
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where A and B are the parameters which are substituted in (12.1).

The application of the Beta function to the distribution of female fertility rates for Italy-
1960, gives the following results:

datafileused: TAFE1.DOC

Space of variation into the fertile period: minimum age 10 years; maximum age 55
years.

Initial parameters: A=5.34200 B=7.102765 C=2.304900

Final parameters:. A=5.29113 B=7.457225 C=2.304900

GA) V= 3(5.291126) = 37.552029; G(B)= ((7.457225) = 1721.979370

GA+B) = ((12.74835) =254319840.00

RR= 0.97297 for not-cumulated values, RR=0.99721 for cumulated values.

| SC=11.67859 for not-cumulated values; ISC=2.76817 for cumulated values.

IAS= 0.06586 skewness for observed data .

MED= 29.31656 mean age at childbearing for the observed data.

DS= 36.90028 empirical variance.

Table 16 Adaptation of the Betafunction to the fertility rate of the
female population. Italy — 1960.

Age Observed Theoretic Age Observed Theoretic
Val ues Val ues Val ues Val ues
14.5 0.00020 0. 00522 32.5 0.10700 0.11711
15.5 0.00090 0. 01051 33.5 0.09750 0.10523
16.5 0.00390 0.01823 34.5 0.08790 0. 09252
17.5 0.01750 0. 02843 35.5 0.07840 0. 07953
18.5 0.02860 0. 04085 36.5 0.06910 0. 06677
19.5 0.04360 0. 05502 37.5 0.06010 0. 05467
20.5 0.06220 0. 07030 38.5 0.05310 0. 04359
21.5 0.08330 0. 08590 39.5 0.04530 0. 03375
22.5 0.10520 0.10102 40.5 0.03720 0. 02532
23.5 0.12540 0.11486 41.5  0.02930 0.01833
24.5 0.14160 0.12673 42.5 0.02200 0. 01275
25.5 0.14890 0. 13605 43.5 0.01570 0. 00848
26.5 0.15370 0. 14239 44.5  0.01050 0. 00534
27.5 0.14760 0. 14554 45.5 0.00650 0. 00317
28.5 0.14120 0. 14543 46.5 0.00370 0.00174
29.5 0.13350 0. 14220 47.5  0.00190 0. 00087
30.5 0.12510 0.13612 48.5 0. 00080 0. 00039
31.5 0.11620 0.12759 49.5  0.00030 0. 00015
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Together with the cumulated, observed and theoretic values, the program BETA permits
the direct calculation of the total fertility rate, obtained by setting the integral of the
function used within two limits, chosen as desired. For example, in this case, we have:

30 50
f(x)dx=1371  or f (x)dx = 2.305 [12.4]

10 10

which, in the above Table, are respectively 1.337 (observed) and 1.368 (theoretic) from
10 to 30 years of age, while the results from 10 to 50 years of age are 2.302 (observed)
and 2.305 (theoretic).

12.2 FRECHET

The density function for Frechet is:

f(X)=CxAxBxX B xg & [12.5]

while the distribution function is:;

F(X)=Cxe ™" [12.6]

12.3 GAMMA

The density function for Gammais:

C

GB)

The parameters are A, B, and C, where C represents the total fertility rate.

The approximate value of G(B) is calculated by using the formulaindicated in the note
on page 41.

Moreover, we have:

f(x)= AP xX Bt xgr A [12.7]
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MED=B/A; DS=B/A? [12.8]

fromwhichwehave: A=MED/DS,  B=MED %DS

Also for the Gamma function we can calcul ate the values of the reproduction rate from
the beginning of the fertile period until age x by cumulating the theoretic fertility rates,
verifying how these may be very close to the values obtained by looking for the integral
of the density function (12.7), setting that limit under 12 years of age.

124 INVERSE GAUSSIAN

The density function for this distribution is:

- A(x-B)Z/zxs2
f(X)=CJAI2x%p xX "2 x € [12.9]

with the parameters A, B and C (which equals the total fertility rate).
In the Inverse-Gaussian, the relationship between mean, variance and the parameters
of the functioniis:

MED=B; DSB®/A
fromwhich follows.  B= MED ; A= (MED)®/ DS [12.10]
125 GOMPERTZ

The distribution of the Gompertz function is:

F(X)=cxa®" " [12.11]
while the density function is defined by:
9= C.In(A).In(B).BX ™) A8 [12.12]

where A, B, and C represent the parameters of the distribution. In particular, the value
of C should be equa to the total theoretic reproduction; but in the program it is
indicated, in general, by the total observed reproduction rate.
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Mean and variance (indicated by its numeric value equivalent to 0.577215, the
constant of Eulero) are:

MED=TV - [In(In(1/ A))+0.577215|/In(B)

[12.13]
ps=|- p/inBVef
from which the values of parameters A and B are:
- (MED- TV ).InB- 0577215
— e . /
A-l/[e ]; B=g”/Vebs [12.14]

having indicated TV as the transformation variable which, in the applications for the
fertility distributions (at least for those observed), it is convenient to make it equal to 24.

126 GUMBEL

The Gumbel distributionis:

e loxN)m]

F)=C e [12.15]
While the density functionis:
- e' [(X' N)/ M]
f(x)=(C/M)xe [N [12.16]

In the Gumbel function, the mean and variance are:
MED=N+M0.577215; DS=(M?x?)/6 [12.17]

From which the values of the parametersM and N are:

6xDS
Jo,

M= ; N=MED-Mx0.577215 [12.18]
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Regarding the functions of Gompertz and Gumbel, let us observe trlat, although
formally they are different, in substance, they arrive at the same result ) as we can
demonstrate, indicating the two functionsin the following way:

} ce [ N)1m]
Gompertz F(x)= CxA® " Gumbel F)=C > ® [12.19]
Indeed, we see that by substituting in the function of Gompertz the relations:
(wMm) _e(N—TV)/M
B=€ . A=€ [12.20]

We obtain the function of Gumbel in the form indicated above. This permits the
extraction of the parameters of Gompertz, by knowing the value of the parameters of
Gumbel and vice versa.

The parameters M and N can be, hence, determined by means of the relations:

M= - 1/(InB) ; N=- (In(- InA))/(InB) +TV [12.21]

This is useful in determining the parameters of Gumbel when you know the
parameters of Gompertz.

12.7 HADWIGER

This function was proposed by Hadwiger in 1940 with the scope of determining the
probability of a girl, born at a given moment, to give birth to a daughter in the interval
of age x, x+dx and then to have (always following the female line of descent) a grand-
daughter, a great grand-daughter, and so on. Hadwiger represents this probability by
means of the density function:

2.2
+bx

f (X)dX =—x § xdx [12.22]

where the parameters are a,b,c while n represents the numerosity of the descendants,
that is, if n=1 only one daughter, n=2 with a grand-daughter, n=3 with a great grand-
daughter, etc.
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Here let us only consider the case in which n=1 and, therefore, that the function of
Hadwiger is useful to represent the distribution of the probability (or fertility rates) that
a women may have a number of children f(x)dx for age x, x+dx. Keyfitz (1968)
demonstrates that generaly it is:

In z f (x)dx=na(c-2.b) [12.23]

In this case, namely for n=1, and considering not only female fertility rates, but total
rates (rt;:*lative to children of both sexes, indicating the parameters with A, B and C, we
have ©;

In TFT = A(C-2V/B) [12.24]

and hence: C=(InTFT)/A + 2//B [12.25]

(*) Inplace of TFT (Total fertility rate), we can fix atotal female fertility rate or the net reproduction rate
R, . Keeping in mind that: MED = A/r/B  ; DS= A/2+/ B

wehave A=+/MED?®/,/2xDS:; B =MED/2xDS

From these relations we obtain the value of C as seenin (12.24) that is:

C=InTFT v2DS/ MED?® ++/2MED / DS

It is easy to demonstrate that the Inverse-Gaussian (Gl) and the Hadwiger (HW) give, in substance, the
same results. In fact, by equaling the variance of Gl and HW, see (12.9) and the values of MED and DS
respectively, indicated above, we have:

M=A//B : N=2A?

From these relations it is seen that if the parameters A and B of the studied distribution are noted,
calculated by means of HW, we can continue with the determination of the corresponding parameters of
Gl, considering the case in which the variable of transformation is zero.

The relation between the two functionsis valid, nonetheless, even when for each of these we would have
introduced severa variables of transformation (TV or V) which in the table, for example, are set at zero,
five, ten years. In this case, with TV for the Hadwiger function and V for the Inverse-Gaussian, from
which let uswrite D=TV.V, we have:

M=(A/vB)+D; nN=[ 2A+DVB) ]/ A

The note continues on the next page.
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12.8 LOGISTIC
The Logistic distribution is:

C
F(X)=— [12.26]
1+e
and the density functioniis:
- Ax- B 2 _Ax+B
f(x)= AC/ [(e +1) e J X [12.27]
continued note from previous page.
Mean and variance are, respectively:
Table 17 Paraneters of the functions of Hadw ger and of the |nverse-Gaussian
applied to the distribution of fertility rates for Togo-1961.
HADWI GER

Transfor -
mat i on Initial paraneters Fi nal paraneters Mean Enpiri cal
of the vari ance
vari abl e A B A B C

TV

0 14. 49892 0. 24264 12. 68749 0. 17975 1. 00233 29.434 60. 652
5 10. 96610 0. 20143 9. 53190 0. 14124 0. 95700 “ “
I NVERSE-GAUSSI AN
N M N M C Mean Enpi ri cal
variance

\Y

0 420. 4371 29.434 322. 4291 30. 0847 7.2994 29.434 60. 652

5 240. 5119 24. 434 179. 1312 25.5175 7.3139 “ “
10 121.0149 19. 434 86. 0956 21.4834 7.3690

Theinitial parameters of the two functions, asit is easy to prove, maintain the relationships established in

this note, demonstrating the equality between the Gl and the HW, as previously seen. But if we use those
initial values in the iterative process, we see that the final parameters of the two functions lose, in part,
this relation and the adjustment to the observed data occurs in a differentiated manner. The same
observation isalso true for the relation seen between Gompertz and Gumbel.



Mean and variance are respectively:

MED= - (BV3DS)/p ; DS=p?/3A° [12.28]
fromwhichresults. A=p /3 DS ; B:-(p.MED/\/S.DS). [12.29]

129 LOG-LOGISTIC

The distribution Log-logisticis:

Fy=C{1+[x/A® }* [12.30]

While the density function is:

2

t00=(C* B/ A)*[x/ AV *{1+[x/ A "}’ [12.31]

1210 LOG-NORMAL

The density function for Log-normal is:

C -05[(Inx- A)/b]*
f(X)=%%%%% e [12.32]
Bx-2p

The parameters are A, B and C, where C indicates the TFT.
Mean and variance are: respectively:

A+0 5B
MED= e . DS=e%(e” - 1)x [12.33]
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hence the values of the parameters are:

A= MED?/VMED? +DS| ; B=/In( MED? + DS)/ MED?] x [12.34]

12.11 MAXWELL-BOLTZMANN
The function of Maxwell-Boltzmann uses the following expression for the distribution
of density:
-0.5[(X-B)/A] *
f(x) =(CIA)-2 Ip [(X-B)/IA] 2 e [12.35]
where -¥ < B < +¥ isthe parameter of transfer, moreover A>0 ; C=TFT>0.

Mean and variance are respectively:

MED=B+A.8/p ; DS =[A? (3p-8)]/p [12.36]

from which we have: A=,/pDS/(30 - 8); B= MED - /8.DS/(3p - 8) [12.37]

which are taken as provisional values for proceeding with the development of the
program.

12.12 NORMAL

The distribution of density for Normal is:

_ _ 2 2
f(X)=(C/ B-«/Zp)xe [ aPrze] [12.38]
while mean and variance are respectively:
MED=A; DS=B? [12.39]

from which the values of parameters A and B are: A=MED ; B=+/DS
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12.13 RAYLEIGH
The density function and the distribution of Rayleigh are respectively:

f09=[C x(x - B/ 2] osllelar for x>B [12.40]

2 2
Fo=- C ><{e‘ (- B)* /24 +1]>< [12.41]
the values of mean and variance are:
MED=B+A+p/2; DS=A2[(4- p)I2]> [12.42)]

Hence, we obtain an estimate of the parameters of the function, such that:

A=./2.DS/(4- p) ; B= MED- /p.DS/(4- p) [12.43]

Values of age-specific fertility rates are negative until B> X.

12.14 REDUCED RESISTANCE
This function presents the following distribution of density:
f(x)=C . x* »V - x)° [12.44]
where A, B and C represent the parameters of the function, while V indicates the

variable transformation. This function, originally used for the representation of the
function of survival ) is expressed by the relation:

f(X)= XA(V- X)®.gMXnxeP [12.45]

which, in reduced form, can be adapted to the distribution of fertility rates.

(*) PETRIOLI L. (1981), “A new set of ....."”, see footnote on page 20.
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12.15 SLAKENED REPRODUCTION

For this function, recently proposed by the author, ) the distribution of density is such
that:

f(X)=41- (X-U)*/(V-U) [1- g (v xPoxeur)a | [12.46]

where U and V represent, respectively, the extreme ages of the studied distribution.
Thisfunction is equal to zero for X=U and for X=V.

12.16 VAPOR PRESSURE MODEL

We have taken this function from a computer-program available on the Internet,
regarding the adaptation of several data curves of various types
The density function is presented as:

A+B/x+C.In X
f(x)=e for x>0 [12.47]

The parameters are A, B and C, where C, contrary to what is generally seen in the
previous functions, does not represent the total fertility rate.

12.17 WEIBULL

Weibull’ s distribution (where V isthe variable of transformation) is:

F= C xe AV-X)’ [12.48]
while for the density function we have:
f(x)= C xAxB ><(V - X)B' Lg AV X [12.49]

(*) Petrioli L. “A new female fertility function”, Paper n.2, Department of Economics, University of
Siena, December 1996.

(**) CURVEXPERT 1.2: A comprehensive curve fitting system for Windows. Copyright © 1995-1996
Daniel Hyams.
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Mean and variance are respectively:

MED= V- AYE.q(1+1/ B):
[12.50]
DS= A??d1+2/ B)- G(1+1/ B)| x

We could initially try to determine a provisional value for B, and then vary it in away
to optimize the estimate of A and of B, using:

A=[d1+1/B)/(V - MED)]® [12.51]

but the problem is not easy to resolve.

For further research concerning the parameters of the functions studied, the software
included with this manual provides specific programs based on the iterative method as
well as programs based on data regarding the mean age at childbearing and the
empirical variance.

In the determination of the parameters of each function studied, and therefore the
adaptation of the theoretic data to the observed data, making use of the mean age at
childbirth and the empirical variance of the observed distribution only, the procedure is
simple but generally gives less-satisfactory results than the method based on iterative
processes.
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13. MORTALITY: FUNCTIONSUSED

For mortality research, the following functions are used:

13.1 GOMPERTZ
The surviving function according to Gompertz is:

= C.AB" [13.1]

while thefirst derivative is given by the relation:

()= C.In(A).In(B).B* ™) A" [13.2]

where A, B and C, represent the parameters of distribution. The eventual value of the
variable of transformation isindicated by TV.
The force of mortality determined by means of (14.3.1), may be written as :

mx)=- InAlnB.B* ™ [13.3]

Bearing in mind (13.3.1), we have observed that a variable of transformation from 30
to 50 years gives good results.

134 PETR

It is easy to suppose that by using functions with three parameters the quality of the
fitting between theoretical and observed data is not entirely satisfactory, especialy in
the age-group from birth to 5-10 years.

(*) If inthe interval of age X - DX, X + DX it is possible to represent the survivors of alife-table with a
function of second degree, such as f(x)=ax*+bx+c, the approximate value of the force of mortality

described by - d I (x)/[ax>1(x)] s
”(X) = (Ix-Dx - Ix+Dx) / 2DXIX
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You can obtain better results by using functions with more parameters ), as the
analysis of thelife tabl&s demonstrates, using the function with 5 parameters gives:

1= X"® * (110~ x)7@ gPEX+Pla)xPls) [13.4]
In fact we have:
1(x) =100000/ [ x* PV (110~ %) =FP. g PO PExPE 4] [13.5]

which has the following force of mortality:
) =[1- p(x)][(1- P(D))/ x+(1- P(2))/(110- X) - 2P(2)x- P(4)]. [13.6]

The fitting of (13.10) is successively presented by two different methods, which are
in the program PETR. These are:

a) thefirst, on the passage of theoretic function between five characteristic points of
the life table, fixed at ages of one, ten, xm (age of maximun of resistance), 75. The fifth
point is represented by the elasticity of the resistance function r(x) at age xm, that is at
the point where the first derivativeis zero ©*;

b) the second, on the application of the least squares method.

With the first method, the results are not always acceptable since, being too restricted
by the crossing between the fixed points, there is some difficulty in the fitting of the
more recent life tables which are characterized by low mortality and the respective
distributions of resistance do not have a clear bell-shape trend
Regarding the examined functions used for the life tables, it is necessary to consider
that for the curves now examined with three parameters, if age x increases, the force
of mortality and the probability of dyi ng at age x also increase, while the probability of
surviving at the same age decreases

Examining the life-tables, we observe that, generally, this does not occur because the
trend of the gy decreases from the first year of life to the age of about 10-15 years, and
then it increases in the following ages.

We consider it appropriate, therefore, to apply the examined functions without
including the first 10 or 15 years of age where, as we have seen, the probability of
dying are decidedly decreasing.

(*) Subject aready explained on pages 21-23.
(**) Petrioli, L. (1998), “Demografia. fatti e metodi di studio della popolazione”, F.Angeli Ed. Milano.
(***) Petrioli, L. (1991), footnote page 42.
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13.3 WEIBULL
The surviving functioniis:
I(x)=C e [13.7]
Calculating itsfirst derivative we find that:

| (x)= CxAxBXX)>" e AX) [13.8]

and the force of mortality:

mx) = AB(x)** [13.9]
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14. LOGISTIC FUNCTION APPLIED TO POPULATION
DEVELOPMENT.

The program Svilogisisincluded between programs regarding population projections.
Let us write the logistic function as follows:

- (t) MAS

T1+Cet e

where MAS, C and H are parameters of the function studied; in particular MAS
represents the superior asymptote.

Once we have selected data for examination, we establish the following pair of
variables:

T, R T, R, e , Tn F(Tn) [14.2]

where Tj (with i=1,2,....,n) are times and F(Tj) represent the respective values of

population. After having shown the starting point of the independent variable and the
following points in which the distribution is divided, respectively with T1 ,T2,T3 and

Ty, the computing of parameters results with the following conditions:

Ts

Ftldt=L ; C°F(t)dt=M ; ‘F{t)dt=Q [14.3]

Let us replace L, M and Q with the rough value of the relative area computed on
observed data, considering the trapetiums, the height of which is correspondent with
thevaluesof abscissa (T, - Tj), that are intermediate of each interval.

If the following condition is satisfied :

F(T,) > |F (1)< (1) [14.4]
having placed: = % B= E E [14.5]



we proceed in the computation of parameters of the logistic © function, that is:

- sLn )/ ,)]- (L- >Ln )] )
S = O ) bl (e () 149

MAS > Ln[F (T,)/F (T,)]

H = 14,
(L- Q)+ (T, - T,)xMAS [14.7
MAS - L- MAS*T,

C= x@  MAS -1
F(T) [14.8]

(*)To find further information on this method, refer to: Petrioli. L. (1962): "La interpolazione della curva
logistica con il metodo delle aree”, Acts of XVIII Scientific Meeting of the Societa Italiana di
Economia Demografia e Statistica, (Palermo, 13-15 December 1962) in the Rivista Italiana di
Economia, Demografia, Statistica, Vol.XVIl, n.3-4,1964.
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15. WHIPPLE INDEX AND MYERSMETHOD

Program CENSA adlows us to attempt a correction of the census data of the
population for ages in which an abnormal concentration of individuals exists, asis seen
in many of the underdevel oped countries.

To estimate the quality of the original census and of its corrections we use the methods
proposed by Whipple and by Myers.

Let us consider the population P(x) for annual age groups, W (the Whippleindex) is
given by theratio:

55 62

IW= 5x P(x+5/ P(x) X100 [15.1]

20=x 23=x

where the first sum is for quinquennial age-classes, while the second sum is for annual
age-classes. Then we have:

5.[P(25)+P(30)+P(35)+....+P(60)]
W =%%%%%%%%%%% %% % %% Y%%%% . 100 [15.2]
[P(23)+P(24)+P(25)+....+P(60)+P(61)+P(62)]

Further indexes, which aim to show the degree of concentration of the declarations
also towards ages different from those that finish with zero and 5 (as in the Whipple
index), have been proposed by Myers (1940) and others ")

(*) Various indexes on the preference toward certain numerals in the census data have been proposed by

Bachi, Carrier, Ramachandran and Onu, for example. These indexes, as acknowledged also by Shryok

and Siegel, show some theoretic advantage above those of Whipple and of Myers, but they require very

laborious calculations, resulting in little significant difference with respect to the two above-mentioned

methods. .

- Bachi Roberto (1951),” The Tendency to Round Off Age Returns:Measurement and Corrections’, in
Bulletin of the International Institute , 33(4):195-222, Calcutta. Carrier N.H. (1959) , " A Note on the
Measurement of Digital Preference in Age Recordings’, Journal of the Institute of Actuaries,
Cambridge-England, 85:71-85

- Ramachandran (1965), “An Index To Measure Digit Preference Error in Age Data”, Summary in
United Nations, Proceedings of the World Population Conference, Vol.lll, New York 1967.
Shryock H.S.,(1976),” The Method and Materials of Demography”, Academic Press, Inc., New Y ork
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By Myers method, we estimate either the preference or the aversion for the
declarations of age which finish with numerals between 0 and 9.
Let us indicate the age census data with Pg y in which, relative to the corresponding

age, "d" represents the ten and "u" the units (for example, the value P5 6 refers 56 years

of age). .

To compute the Myersindex it is necessary to separate the population : above 10 years
of age, and above 20 years of age, which are respectively assigned S1 yand S2,u (that
is, beyond the first ten and beyond the second ten), separately for each level of the units
(u=0,12,..,9) .Vauesof S 1y and Spy aregivenby :

9 9

S.I.,u = Pd,u - PO,U = Pd,u
4= = [15.3]
S2,u = Pd,u - I:)O,u - Pl,u = I:)d

Vauesof Spyandof Spy aremultiplied by each unit u=0,1,2,...,9, thatis:

TO :1>Sl,0 + 9>S2,0
T,=25,+85,

XK XK XK [15.4]
T =98, +185,,
T,=105,+05,,

By [15.4] we obtain values which allow usto determinethetotal T :

9 9

T= T,= [(u+1)s,+(9- u)s,,| [15.5]

The Myersindex is represented by the relation :
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9

[15.6]

L

100x=-10
T

:
u=0
The more the declarations of age are correct, the more index [\ iscloser to zero

sincevauesof Ty are nearly the same..

If, on the contrary, the preferences of the declarations of age are concentrated on only
one age, then the value of the Myersindex reaches its maximum, which is 180.
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16. SURVIVAL RATES

Computation of the survival rates used in program PROJECT may be executed by the
program FORQ, seen on page 36.

The selection of the options for this program must be made considering some
theoretical requirements regarding the value to assign to XM (maximum age of
resistance to mortality in the life table), which has a prominent importance in the
operations for obtaining mortality-models (Section 6.2).

Generadly, going from high mortality (with elevated values of QO = quotient or
probability of dying from zero to one year of age) to low mortality and low QO, the
corresponding value of XM decreases.

FORQ requires the indication of the starting and final values of XM and QO, which
will be graduated from the same program, whether in ascent or in descent.

The indication of QO does non present any problem.

If we wish to estimate survival rates, starting from one condition of mortality to the
next (better or worse), then values of XM must fall within a range between the relative
upper and lower limits, from which we may obtain correct medium level mortality
models.
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Table.18 Space of variations of XM relative to given values of QO (quotient of mortality of the
first year of age) from 5 to 400 multiplied by 1000. Mortality models (page 20),
medium level for females, males and unisex (f+m).

FEMALES MALES UNI SEX

QO XM fromito XM fromito XM fromito
5 Y 44 33 39 32, 37
10 37 i 46 34.......... 42 34.......... 40
20 38....c...s 47 35, 44 35, 44
30 38..unn.s 49 36.......... 46 37 . 47
40 39 50 36.......... 48 37 . 49
50 39.......... 52 36.......... 50 38.......... 51
60 39 54 36.......... 52 39.......... 53
70 40.......... 55 37, 54 39, 54
80 40.......... 57 37, 62 40.......... 57
90 40.......... 57 37 e 62 40.......... 60
100 40.......... 59 37, 61 41.......... 66
110 41.......... 60 38.......... 61 41.......... 65
120 41.......... 67 38.......... 61 42.......... 65
130 41.......... 68 38.......... 61 42.......... 64
140 42.......... 67 38.......... 60 43.......... 64
150 42.......... 67 39......... 60 43.......... 63
160 42.......... 67 39.......... 60 44.......... 62
170 42.......... 67 39.......... 60 44.......... 62
180 42.......... 67 39.......... 59 45.......... 62
190 42.......... 65 40.......... 59 45.......... 61
200 42.......... 65 40.......... 59 45.......... 61
210 42.......... 65 40.......... 59 45.......... 61
220 43.......... 66 40.......... 59 45.......... 61
230 43.......... 66 40.......... 59 46.......... 60
240 43.......... 66 40.......... 58 46.......... 60
250 43.......... 64 40.......... 58 46.......... 60
260 43.......... 64 40.......... 58 46.......... 60
270 43.......... 64 41.......... 58 46.......... 59
280 43.......... 64 41.......... 58 47 ... 59
290 43.......... 64 41.......... 58 47.......... 59
300 43.......... 64 41.......... 58 47 ... 59
310 43.......... 64 41.......... 58 47.......... 59
320 43.......... 64 41.......... 58 47 ... 58
330 43.......... 64 41.......... 57 47 .......... 58
340 43.......... 64 41.......... 57 48.......... 58
350 43.......... 64 41.......... 57 48.......... 58
360 43.......... 64 41.......... 57 48.......... 58
370 43.......... 64 42.......... 57 48.......... 57
380 44.......... 63 42.......... 57 48.......... 57
390 44.......... 63 42.......... 57 49.......... 57
400 44.......... 63 42.......... 57 49.......... 57
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These limits for each value of QO (Table 18) are shown in the Figures 5, 6 and 7, for
males, femal es and both sexes together (unisex).
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Figure 8 refers to some examples of the alignment which may be established for the
values of XM, each corresponding to a respective value of QO.

So, for example, if we wish to have female survival rates (multiplied by 1000) going
from Q01=150 to Q02=10, we may fix XM2=37 in the first case and XM1=62 in the
second case.

If quinquennial periods of time for the population projection are N, then step PA,
(which XM must to do for each time interval) is given by:

PA = (XM1-XM2)/N

which, in the case considered, if N=20, then PA = (62-37)/20=1.25, indicated in the
program with anegative sign, since the processis decreasing.

81



In substance, without considering the options as: “Country examined”, “File for the

forecast quotients..”and “File for the stationary ....."”, we have:
Starting year of the projections .........cooevveiiiiiiiie i 1975
Starting value of QO (Per 1000) .......cuvrviieiieiie e 150
Final value of QO (per 1000) .......coieniniinieeie e e e eeen 10
Starting value of XM ..o 62
Estimated final valueof XM ... 37
Quinquennial periods of the projection ..o, 10

To use the file QPF(country code).DOC produced by FORQ and included in
PROJECT, the quinquennial periods of time are 15, equal to 75 years from the starting
year of the projection. However, it is better to add two quinquennial periods the real
quinquennial projection periods (in this case 15+2). )

This example alows us to obtain the following values for year, Q0, XM and EO
(expectation of life at birth):

Year Q XM EO Year Q XM EO
1975 150 62. 00 42. 31 2030 73 48. 25 59.93
1980 143 60. 75 44,04 2035 66 47. 00 61. 45
1985 136 59. 50 45. 77 2040 59 45. 75 63. 00
1990 129 58. 25 47. 46 2045 52 44,50 64. 61
1995 122 57.00 49.12 2050 45 43. 25 66. 31
2000 115 55.75 50. 74 2055 38 42.00 68. 16
2005 108 54.50 52.33 2060 31 40. 75 70. 23
2010 94 53.25 53. 88 2065 24 39.50 72.68
2015 87 52.00 55.41 2070 17 38.25 75. 84
2020 80 50. 75 56. 93 2075 10 37.00 80. 48
2025 73 49. 50 58.43

Program Pr oj ect works with survival rates computed as follows:

_ I-x+h,x+2h-1
S?x,x+h— 1=

I—x,x+h-1
In substance, we assume that in the quinquennial period of time considered, for
example from 1975 to 1980, the life table remains stationary.

(*) However it is possible to work with a different number of quinquennia periods, up to a maximum of
20.
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