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FOREvl0RD

This paper is the first in a series of Working Papers on

the "Multilevel Computer .Model of vJorld Development Systems."

While the assumptions and the methodology of the various

submodels pertaining to the above computer model are described

in the IIASA Symposium Proceedings SP-74-1 to SP-74-6, this

series aims at explaining the use of the models.

The series consists of seven papers, one for each submodel

now available at IIASA. The descriptions relate to the state

of the computer model in May, 1974. Since the research work

under the leadership of ~1. Mesarovic and E. Pestel is still

going on the model descriptions should not be looked upon as

final. Further submodels will be documented as soon as they

become available.

At present the various submodels are kept on a magnetic

tape and partly on punched cards, and thus are easily accessible.

I would like anybody who is interested in running a submodel

from the 11.P. Global Modelling Set to contact Gfinther Fischer

(Ext. 411).



IMPLEMENTATION OF THE M..P. WORLD MODEL

In May 1974 a seminar was held by IIASA in Baden, at
which the "Regionalized Multilevel World Modelling Project"
headed by M. Mesarovic and E. Pestel was presented to
scientists of various disciplines. In January 1975 the
proceedings of this seminar were available at IIASA. In
these reports (6 volumes; SP-74-1 to SP-74-6) the assumptions
used within the models and in part the data are described.

We now have some of the submodels available on our inhouse
computer which is a PDP 11/45. In order to facilitate the use
of the models descriptions of the various submodels have been
elaborated. These papers are not intended to provide a
description of the submodels themselves, but merely of their
use (requests from the model, input, output, data). The
descriptions relate to the model versions implemented on the
PDP 11 under the DOS-System, which is a single job operating
system.

Due to the fact that a new multiprogramming operating
system (UNIX) is used on the PDP 11/45 some of the models
have been implemented under UNIX too, and some of the larger
models may be run as batch jobs on the CYBER 74 at the Technical
University in Vienna.

Models Available at IIASA

PDP 11/45 CYBER 74 MODEL
DOS UNIX (Batch)

* * POPULATION SUBMODEL

* * * FOOD ANALYSIS NODEL

* * ENERGY SUPPLY HODEL

* * ENERGY EMISSION REGISTER

* * WORLD ENERGY CYCLES

* * * WATER MODEL

* * MULTILAYER DECISION MODEL

* LINKED VERSION OF ENERGY
SUPPLY AND ENERGY EMISSION
REGISTER





THE POPULATION SUBMODEL

ABSTRACT

In the M.P. Regionalized World Model, one of

the most important submodels is the population

model. In its present state there are especially

two purposes for which the model serves:

A. The model can be used to investigate

different population policies. The

model calculates an equilibrium

fertility factor that would gradually

lead to population equilibrium. The

user of the model can specify the year

when the equilibrium policy is to start,

and the length of the transition interval

after which the equilibrium fertility

should be reached. Thus it is possible

to investigate the effects of postponing

the application of equilibrium policies;

B. A second feature of the model is that you

may not only investigate a decreasing

fertility, but also an increasing mortality

due to lack of protein. This will be

helpful for analysing the population

growth of South East Asia.

For more details on the theoretical background see [1]

I. MATHEMATICS OF THE POPULATION MODEL

The computations of the model consist of two different

periods. While the computations of the model for the years

1950-1970 are determined by the given data, various alternative

strategies may be applied from 1970 on:
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COMPUTER RUNS

A. Normal Runs

In the standard computer runs the fertility factor

cf t and the mortality factor cmt are kept constant

from 1970 on taking the values of 1970; i.e.
t 1970 t 1970cf = cf ; cm = cm for t > 1970.

B. Equilibrium Runs via Fertility Change

If you choose scenario 01-10 you will get special

equilibrium runs according to the values of KONTR

and INT. Mortality is kept constant, i.e. cmt = cm1970

for t > 1970; but fertility is changed (starting in

year KONTR) until it reaches the value of the computed

equilibrium fertility factor after a transition period

of INT years.

C. Runs with Mortality Changes (Lack of Protein)

Scenario 11-33 provide runs with constant fertility

but an increased mortality. The mortality multiplier

ZM(X,E,a) is computed according to the values of

EO,EU,EA,XO,TL. These runs are to be produced only

for region 09.

D. Change of Mortality Due to Lack of Protein and Change

of Fertility Due to Equilibrium Policies

For region 09 you may also choose scenario 34-53 in order

to get runs that take into consideration a combination

of increased mortality and equilibrium policies.

E. Scenario 99

If you specify scenario 99 you will get a run with

any parameters you specify. Again lack of protein

is considered only for region 09.

NOTATION

In order to simplify the documentation of the mathematics

of the model the following variables will be used (different

from the notation of the FORTRAN-program).
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Number of people alive on 7/1/t who were born

between 7/1/t - a and 7/1/t - a + 1, i.e. people

that are a years of age

Number of people who died between 7/1/t and

7/1/t + 1, as a subset contained in pt
a

Number of women who gave birth to children between

7/1/t and 7/1/t + 1, as a subset of pt
a

Difference between immigrants and emigrants in the

time-interval between 7/1/t and 7/1/t + 1, as a

subset contained in p
t
a

tPop

Babt

Tott

Imi t

tcbr

tcdr

t
ma

Total number of people alive at 7/1/t

Babies born between 7/1/t and 7/1/t + 1

People who died between 7/1/t and 7/1/t + 1

Difference between immigrants and emigrants between

7/1/t and 7/1/t + 1

Crude birth rate of year t

Crude death rate of year t

Age-specific fertility, i.e. the probability that

a person will produce a child between 7/1/t and

7/1/t + 1 at an age between a - ~ and a + ~

Age-specific mortality, i.e. the probability that

a person will die between 7/1/t and 7/1/t + 1 at

an age between a - ~ and a + ~

Time-dependent fertility factor

Age-specific fertility factor (normalization

86
L: af = 1)

a=l a

cmt Time-dependent mortality factor

ama Age-specific mortality factor (normalization

86
L: am =1)

aa=l
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LE Life expectancy at birth

PRt Protein (gramm) for people in region 9 in year t

x t Gramm protein/capita for people in region 9

ZM Age-specific mortality multipliera

KONTR Start of equilibrium birth control

INT Transition period to reach equilibrium fertility

factor

s~abt Accumulated number of babies from 1970 on

STott Accumulated number of deaths from 1970 on.

POPULATION DEVELOPMENT BETWEEN 1950 AND 1970

For each of the ten regions of the M.P. World Model the

following data are used as initial values of the computations

from 1950-1970:

p 1950 a = 1, .•. ,86 (the age-groups were obtained bya
applying a spline interpolation

subroutine to the available data)

tPopD t =

Cbr:}t =

cdr

1950, ... ,1970 Total number of population

1950, ... ,1970 Time series for the birth rates

and death rates of the time-span

1950-1970

afa}a

ama

= ~,1/ ... 86 Age-specific fertility and mortality

taken from the most recent available

data and normalized such that

86 86
r. af = E ama = 1

a=l a a=l
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SET OF BASIC EQUATIONS

t 86
p tPop = L

a=l a

eft ~
t t t+1 PopDt +1 )/= 6 (ebr 6 PopD + ebr .

86
pt

( L . af )
a=l a a

t
J.z

t t + edrt +1 popt+1)/ern = 6 (edr . PopD 6

86
p t( L . am)

a=l a a

Irni t t Popt
= PopD -

It = lImit
/50a

0

p t
= p t + It

a a a

t t .tPop = Pop + Irnl

86
Bab

t
= L pt 6 t
a=l a afa • ef

a = 2, ..... ,51

a = 1,53, .. ,86

Tott 86
pt t Babt t= L . am . ern + ~ . .

am~
. ern

a=l a a

pt+1 t (1 t
am8 5)

t (1 t am
86

)= P85
. - ern . + P86

. - ern .
86

a = 2, ••• ,85

t tBab • (1 - ~ • ern • arn~)
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t+l.:2 Babt /popt+l.:2 t t t Tott) )cbr = = Tot /(Pop + ~ • (Bab -

cdrt +l.:2 Tott/popt+~ Tott/(popt + ~ t t
= = • (Bab - Tot ))

SBabt +l
= 0

STott +l
= 0

The numerical output of year t orovides the computed values for

t, Popt, cf t , cbrt+~, cmt , cdrt+~, SBabt , STott. In case of

normal runs also popDt and Imit are printed on a separate line.

POPULATION DEVELOPMENT FROM 1970 ON

From 1970 on various alternative strategies may be applied,

such as equilibrium policies and the increase of mortality due to

lack of protein.

SET OF BASIC EQUATIONS

t 86
Pop = E pt

a=l a

cf t = { cf
1970

according to equilibrium policy

t 1970cm = cm

tama = {am

ac:ording to lack of protein

86
Babt = L

a=l
p t • af

a a
t

• cf



86
Tott = E

a=l
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t t t t
P • am • cm + ~ • Bab •a a

t
am •~

tcm

p t +l =
86

(1 -
t

cm

t t(1 - cm • am I)a- a = 2, ... ,85

b t+~c r

d t+~c r =
t t t tTot /(Pop + ~ • (Bab - Tot )}

EQUILIBRIUM POLICY

In order to calculate the effects of various equilibrium

policies the user of the population model may specify th~

values KONTR and INT as described before.

KONTR

INT

Start of equilibrium fertility control

Length of transition interval

In order to have stationary population the condition

Babt = Tott

has to be satisfiedi Furthermore, the model assumes that

the age-specific fertility and mortality cfa and ama remain

constant for all times and cm is chosen to be cm = cm1970 .

From this follows the condition:

P~ = P a (a = 1,2, ... ,86)

Inserting these conditions in the demographic model one gets the

following relationships:
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P1 = Bab • (1 - ~ • ern • arn~ )

a = 1, ... ,84

and therefore

Defining

Prod(l) = 1 - ~ ern • arn~

Prod (a) = Prod(a - 1) • (1 - ern • am )
a-1

a=2, ..• ,85

One gets

Prod(86) = Prod(85) • (1 - ern • am85 )/(ern • arn86 )

Using

Leads to

P
a

= Bab • Prod (a)

86 eBab = L ef • afa
a=l

• P
a

a = 1, ... ,86

86
1 = efe • L afa • Prod (a)

a=l
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The life expectancy at birth and the equilibrium birth rate

and death rate are calculated using the relationships:

LE = Pop
"i3ab

I3ab
Pop

Tot
Pop = 1/LE

SET OF EQUILIBRIUM ~QU~TIONS

p8G = (l/cm - am 85 )1 am S6P85

Prod(l) = (1 - ~ • cm • amI )
"2

Prod(a) = Prod (a - 1) . (1 - cm • am 1)
a- a = 2, ••• 85

Prod (86) = Prod (85) • (1 - cm • am
85

) I (am
86

• cm)

86
11 ( i:

a=l
af a

• Prod(a))

86
LE = L: Prod(a)

a=l

ecbr =- 1/LE

0.1 • 7/INT

FK
t = 0.2' 7/INT

0.1 • 7/INT

KONl'R "t < KONTR + 2 • INT/7

KON'I'R + 2 • INT/7 < t < KONTR + 5 • INT/7

KONTR + 5 . INT17 < t < KONTR + INT

1970 < t < KONTR

(cf1970 _ cfe ) • FK t KONTR < t < KONTR + INT

KON'I'R + INT t
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LACK OF PROTEIN

In order to compute the increase of mortality due to

lack of protein in region 9 of the M.P. World Model, the

user may specify the values EO, EA, EU, XO and TL as described

before.

SET OF INCREASED MORTALITY EQUATIONS

~ {PRt
-
1. 1.005 1971 < t < 2000

PRt

PRt - l 2000 < t

xt PRt/POpt=

• ama

ZM~ = [(44 - XO)/(x
t

-
TL

- XO) - 1J

• [(EO - EU) • exp (- a/EA) + EO ] + 1
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II. TERMINAL INPUT AND DATA BASE

A. R~quests from the 110del

Playing with the model requires the input of some

specific parameters from the keyboard. For this

purpose the model issues some appropriate statements

on the terminal. Following each request there is an

example of the expected input. These examples are

primarily intended to show the user the format

by which the data are to be entered rather than to

give a meaningful set of data. During a session

some or all of the following requests may be issued:

"SPECIFY ULTIMATE YEAR/INTERVAL"

The maximum value for the ultimate year is 2100.

You may, for instance, specify 2100/05 (using format

(14, IX, 12)) to run the model until 2100 getting an

output with time-steps of 5 years. These values

remain set until you finish your session.

"REGION, E.G. 08"

If you enter 01-10 (using format (12)) you will get a

"NORMAL RUN Il for the specified region (see Table 1).

If you enter 00 the model will ask

"GIVE POPULo SCENARIO NUMBER, E.G. 22"

At this you must enter 01-53 or 99 (using format (12));

if you enter anything else the model will write

"SCENARIO NUMBER NON EXISTENT"

The various scenaria are listed in Table 2.

If you choose scenario number 99 the model will ask

"SPECIFY (N) EQUILIBRIUM CONTROL START/SPAN,

E.G. 1975/14"

These equilibrium control parameters are used to

specify a certain equilibrium policy.



-12-

"ENTER REGION"

After having specified scenario 99 you will be

asked again for the region you want to run the

model (since you have entered 00 at the first

request); you may enter 01-10 (using format (12)).

In case you enter 09 the model will ask

"SPECIFY (N) EO,EU,EA,XO,TL

E.G. 1.0/.25/10./0.0/0.0"

These parameters influence the change of mortality

due to lack of protein.

Now the model is run with the specified parameters

for the region you are interested in. When the

model has finished the run for your region it will

ask again for a region, etc.

REMARK

You have to be careful because the parameters remain

set from the last run until you reset them (i.e. by a scepario

01-53 or by means of scenario 99). Therefore, you have at

first to produce the "NORMAL RUN" for the regions you are

interested in, and then enter special scenaria.

The terms appearing in the above requests denote the

following:

ULTIMATE YEAR

INTERVAL

REGION

Last year to run the model ( ~ 2100)

Time steps for the line printer output

In the M.P. World Model, the world has been

regionalized. There are ten regions:-
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Table 1

NR.

01

02

03

04

05

06

07

08

09

10

REGION

North America

Western Europe

Japan

Rest of Developed (i.e. Israel

Australia, New Zealand)

East Europe and USSR

Latin America

Middle East

Main Africa

South East Asia

China

POPULo SCENARIO NUMBER (= NSC)

There are 53 scenaria 01-53 with special sets of parameters

available (Table 2). If you want to specify your own parameters

you must enter 99. In any case lack of protein is only considered

for region 09 (i.e. South East Asia). Therefore, scenario

11-53 ought to be run only for this region.

EQUILIBRIUM CONTROL START (= KONTR)

Start of the equilibrium policy; must be a multiple of

5, e.g. 1975, 1990, 2000, etc.

EQUILIBRIUM CONTROL SPAN (= INT)

Lenth of transition interval; number of years from the

start of the equilibrium policy until the equilibrium

fertility factor is reached; must be a multiple of 7, e.g.

0, 14, 35, etc.

EO : Sensitivity of babies to protein deficiency

EU Sensitivity of older people to protein deficiency
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EA Time constant that indicates the number of years

that pass until E(a) - EU drops to 37% of EO - EU,

where E(a) is defined as:

E(a) = (EO - EU) • exp (- a/EA) + EU

("age-specific sensitivity to protein deficiency")

XO Minimal per capita protein consumption (in gramm)

per day. If protein consumption/day < XO all

people die due to lack of protein

TL Time delay in the effect of protein deficiency

(in years). Using these parameters an age-specific

mortality multiplier is defined:

44 - XO
ZM(X,E,a) = [X( ) -- - IJ • E(a) + 1T - TL - XO

Where X(T) is the computed per capita protein

consumption for year T and E the above defined

sensitivity to protein deficiency

B. DATA BASE

To run the model two data files are needed. From

unit number 4 the following time series and age

distribution are read (Format (19X, 6 FIO.5».

MIDYEAR POP

ANFANGSVERT

Estimates for the aggregate midyear

population of the respective region

are given from 1950 to 1970. Data are

given in millions of inhabitants.

Age distribution in 1950 or for the

earliest available year, the age

distribution is normalized to sum

up to 1 and presented in the following

way:

Babies less than 1 year, 1 to 5 year

olds, •... ,80 to 85 year olds, and·

people older than 85 years.
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AF Age-specific fertility calculated from the

latest available historical data according

to:

B P
a a

AFa = Bab / Pop a = 1, ... ,11

In this context I a I does not denote a single one-

year age group, but five-year age groups. Furthermore,

the first figure given is always 1. 0, so age-specific

fertility rates AF include: 1.0, 10-15 year-olds, ..• ,

45-50 year-olds, older than 50, unknown births.

AM Age-specific mortality calculated from the latest

available data according to:

T P
a a

AMa = Tot / Pop a=1, ... ,21

As before the first figure given is 1.0. Thus AM

include: 1.0, babies less than 1, 1-5 year-olds,

5-10 year olds, ... , 80-85 year-aIds, people older than

85, and unknown deaths

CDR 21 values denoting the crude birth rates from 1951
1971 are given

CBR 17 figures are listed, the first of which is the

average crude birth rate for the years 1950-1954.

The remaining 16 values denote the birth rates from

1955-1969.

All the data dealt with above are listed for each of the

ten regions. A listing of the data is given below. As

for the UNIX-operating-system a file called PDAT.D, which

has to contain all data is associated with unit number 4.

Under DOS the respective file is called PDAT.DAT. A

second file is needed to read the prepared scena~io data using

unit number 9. The corresponding FORMAT is (lX,2(F2.0,lX),

F4.0,lX,F2.0,lX,6(F3.1,lX)). Each line contains the

following values:
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SCENARIO LABEL, SCENARIO NUMBER, KONTR, INT, EO, EU, EA,

XO, and TL

The SCENARIO LABEL is used for classifying the various

scenaria, i.e. all scenaria dealing with population

policies only take a value 01, those investigating lack

of protein take 02, etc.

The remaining 8 variables have been already described in

section A. of this chapter. The actual file names are

SCEDAT.D and SCEDAT.DAT for UNIX and DOS respectively.
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AP~ 21 15:22 seED'T.D P~Gf 1

--- .... I
I

1~.
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~t 01 22t?0
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'1 ,,' i (, .. t.,
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----.- 01C5 -19]5 -llL-.----------------.-------------..-.------_~ ...-~- . _
01 ~t- 19~5 1"
~1 07 1995 1~ -- - - -
01 08 1<115 3~

~1 09198535--
01 1~ 1995 35
02 11 1~~.

~2 12 1~.
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______~ .k12-1-S .--------1.. f2l .. 25 10 __ 12. 10. - -- ----------- -- -- --- - -~---~- - _
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02 19 1.0 .25 1~.

02 20 1.0 .?S 1~.

~2 21 1.0 .25 1~.

02 22 1.0 .?5 ~.

e? 2 3 __ 1. r{l • 5 ? ~ •
~2 24 1.~ .2~ 1~.

02 25 1.5.5 ,~.

02 2b 2.~ .~S 20,
_______ 02 _21. 2.~ .25 1~ .. _

02 28 2.0 .25 5.
~~ ~ 29__ _ 2. (1 .5 ? 11,
02 30 2. .5 2~_

rtJ (1 31 __ __ 2. • 5 2 e' •
02 32 2. .5 S.
~~ 2 33 2_1- • 5 5. J"'._
~3 34 1975 1t1 ~z,

_____~33'S 1q 8 5 1~_____ __ 210 ._____ _ __ __ _ _
~3 3& 1995 14 2~.

o3 3 7 2 ? 0 '" 1 'I _ _.._ 2 iii •
03 38 1985 14 1~,

___ 0339 22 rJ ('}l 1.4______ 10 , __ _. _ _ ___ _ __ __ _ _ _
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_____ '1~.411q85_1U 5.'1
0~ '12 lQQS 1" ~.0

______ ws "3 2 2 ~ 0J_~ __ __ __ 5.0 < .___ _ _

03 a4 1975 14 1.0 .25 5.
__________o:s 45_ V~ 6514 _.1 , t'_ .25 5.0 _ _

~3 '16 1995 1~ 1.0 .?5 5.0
_________ 1Zl3"722t~ _14_1.0 .25 5.~ _

~3 a8 t9P5 1~ 1.5 .25 10.
_____03 alL 22~0_1~_1"5_,, 2 ~ _10. ~ .. . . _

03 5~ 1q75 14 2.0 .50 20,
________ 0351.1985 1t1 2.0 _.50 20, ~ _

~3 52 t9q5 It1 ~.~ .5~ 20.
___'t3~A.._~~Vl_~l'*___~J~ __.~el_2I:::t .. . ~ .__. . . _
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A ~, ~ AN(. 5 v ~_ f< T • R1 '" • Iii S4 .~ r, • ~ 1" l1 • 1I .3 q 9 vJ • ~ 33iJ
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A~ ~1 1.~ ~.~ 7 ?r7~ ~.7'1 4.boq
AF Ql ~.q&~ ~.? 1 ~.~21 ~.~ 0.~~4

AM R1 1.0 2.3 8 (.0Q2 ~.v.ijb ~.r44 0.113
AM R1 ~ • 1 4 ~ '" • 1 b (II • 1 , I; 0 • 2 f:) 9 (A • 39b 0 • &17 _
AM Rl ~.454 1.4 8 2.216 3.31h 5.~11 7.197

___ A~l Rl 10.97't 2~. 8_'1 ._ - - ------- ---------.--
CU~ 51-71 ~EGION 1 9.bl Q.S q.5~ 9.~q 9.19 9.19
Cl,ll.? :; 1- 7 1 ~ t:r; I l N 1 4. 'Jb_ q • 3 q • 2 f., q • 3 4 9 • 1 4.l q • :53
COR 51-71 ~EGION 1 9.43 Q.2 ~.23 9.5~ 9.21 9.46
C(.J" 5 1- 71 h' FG10 N 1 9. 2qq. 2 __ Q. 11 _
C·>i(5~'-e,4).~~-~9 ~1 2{j.~;" t'''. ~ ?~.~'1

Cb~(~r-5u),54-hq R1 2U.41 ~3. R ?3.5S
Co~(50-~4),~"-b~ ~1 1q.~o 18. 8 17.62
wE.STt::j,;~ EIJRQPE
,11 I) YE AW POP k 2 3 ? 2 • 111 :3 ? 5 £j 5 32B • r~ ?
,~ 1 j I '( EAR P (j P '" 2 :3 .s 9 • d " :~ "3 2q ~ l./ fo, • 0 1
~1 I fJ 'I' f. AP P () P ~ 2 3 6 1 • b 2 .5 b 5 7 ~; 3 f- q • ~ 9
MIOYEA~ POP _R2 383.86 367 5~ 3Q1.48
A~FANGSVE~T. P2 1.Z ~.~ 88 ~.e741

A~F'NGSV~kT. R2 0.~~07 0.~ 8v n.05Q7
A~fA~GSVthT. ~2 v.e~71 0.~ 73 ~.uu1q

ANFANG5VEPT. R2 ~.er~1 t.~ 36 n.~~01

A~ R2 1.~ ~.~ 3 0.9q~

__ A.L ~2-~-. 1.483 0.4 ~ P.~4&

AM ~2 1.0 3.2 7 ~.1~1

AM _ P2--- _ Ql. eJ ~ ~ lZ! • lZ! 9 ID • 11 5
AM ~2 ~.702 ~.9 4 1.7~3

AM_. 1-0: 2 12 • P,. 'i ~ 1~. 2. 1 2 7 • 1-' 19
Co~ 51-71 R2 11.5~ 1~. 9 le.94 1e.Q~ IVJ.84 1~.92

CD I( 5 1- 7 l_R 2. 1~ .7 5 10. 5 H) • 57 1\:) • ~ 2 _ 1~ • 2b __ 10 ! &3 .-
CO~ 51-71 R2 10.74 1~. 8 10.21 10.3~ 10.b7 1~.&1
CLJ ~ 51-71 _R f? 10 • 'ff~ 1 ~. .~ 1'-'1.5q-. ----
Cb~(50-5a),5~-69 R2 20.~7 2e. 1 20.51 lti.~2 18.59 18.51
CtH~ ( 5 ~ - 54),54 - b 9 R2 18. I ij 18. 5 _ 18. q 3 .. _1b • b 8 . 19.05 _ 19 I. 3a__
Cd~(50-54),54-b9 R2 18.19 20. 9 18.~0 11.48 17.03

_J AP _f\N. .. ___ . . -- -. . . -'----.- ------ ---------- ---- - --
i11 !)Y E~ ~ POP R3 82 • 90 84. 4 85 • 50 8 f, • b 9 87 • 98 89 • 02
~lIDn.AR POP. R3_ B9.95 90. _3. .91.55. Q2.43 cn.22 94.0&_
MIDYEAR POP R3 94.93 Q5. 0 ~b.90 91.95 9~.8& 99.92

_ '1 lOY fA R PUP __1{3 Hll. ~J.6 1~2 _32 . te,3. 54------- ---- ----.-
ANFANGSVERT. R3 t.~ ~.0 78 0.1~bB 0.1145 0.104b 0.1~30

. ANFANGSVERT.. __ R3 0.0q ?,9 @.0 43 __ ~.l"625_. ~.0MH PJ.eJ539 "',ld481
ANFANGSVr~T. R3 ~.~401 n.0 30 ~.~r.71 ~.~213 "'.~154 0.0082
AN f" AJ'iGS Vck '[~_jU._ _J~ • @~ 3J 0.~_1 L (~. Q' .... ~ L - ----. -- -- ....
Af R3 1.0 0.0 0.123 2.89~ 5.948 2.492

___Af. R.3 ~.~_li. ~_~.eL9 0.~~':5. ~!0 ~!t0 . . _
AM R3 1.0 ?o.? 9 0.105 0.013 ~.050 0.101
------- ------------ -- ~---~---------- --- ----- -- -_ .._------ ------ --- -----------
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-- I

I

I

0.0783
~,"J&2"._

".':H 46

290.50
31 7 ,22_
339.09

184.-3&
I

--- I

I

0.0862
~~0477_
0.0089

24.~2

1q. ~~ _

30.27
29.48
28.73

9.48
8.01 .
8.3~

179.34

~.~Hq3

~.e.548

('I.e'171

285.99
312.63
336.03

28.«1 2Q.1Q 29.92
:5 2 • 9a . __ :5:3 • 7 ~ _ __ 34. SL _
37.Q2 38.77 39.58

171.0951
V". r'5~2
~1. ':) 2b 4

2tjl.85
3i1J8.!~

33?87

30.23
(19.74
2S.85

?5.19 24.52 ~4.38

? 2 , 18 2 VI .. q", 20. '~8

17,61 17,43 17,70

17iC1,12

2 7 • t 1?7.71
31.. 0 .3 2 • 2" _
30. 1 37.e.7
lIl. R 4?3~

~\ • (,) 2 ~ i,~ • ~) 'H" 2
~11 • rt 3 'I il • ;) t3 /J 2
~.0 43 V1.(]~47

~ •e. :3 9 0 • [\ 2 i13.
~.0 1 1.R10 5.70Q 3.&14 2.~58

el.3 1----. kl.Q13el ".[;I;.;L ~.~02 .__
3.5 b ~.131 ~.051 ~.~39 0.~15

1".18 r.149 (1.?P?, 21.296 ~,445 _
v.q 3 l.~b~ 3.112 5.116 9.3~2

1 8 • 3 _'1 .__ ___~ _
M.0 9,57 9.69
8 • V. 13 • 3q _... B. VI ~

R.3 8.13 8.2b
Po.7 8.69
:H.'.2 3(".26
30. n 30.k~a.

25. 3 25.71

165 78

t. ~ _ H:3 _ (' • 14 6 <, • 1 5 f • ? ? 9 Pi • 29 ~ ~ • u '-" 5 l~ • 594
- ;']1 v.gL1~ ,.t; 1 ?~~3 ~.(-~'1 7 •. ,73 1C'.~~26

f..,'" . k3 __ ~____1 '1. 71~___ _ ~': •. _f',9 ~_._ .__ ._... ~ . _
C~R 51-71 R3 10.~ 8.8 8.89 8.19 7.79 8.09
CDR 51-71 __ Fo:] 8. 30_. ~7. S 7• 5~ 7.. 5<1 7 .. ~ 7• ~1Zl__
C84 51-7\ ~3 7.~~ 6.9 7.e9 6.79 &.79 0,79
LlJii_~1-1.1_~3 _ h. 7Q_ ~_________ __ .. _. ~

c~~ R3 23.~'1 27. 0 tQ.3Q 18.50 17.29
Cb R ..... __ R:3 17 • 6 ~ 17. q 1fl • ~ q 1 7 • 1" 1 7 • 2 9
C~~ k3 10.6~ 18. 9 19.39 1~.6

~tST UF DeYElOPED
MlrJYEAR POP R4 ('h.l7

____ MILHI::.A~ POP __ R../L 3(j.bt, __ ~__
MIOYE~w POP R4 3~.41

_MIQVE.taR POP IHL 1.I~.'4~

t.t;FA~GSvE~T. ~tl 1.0
A~FANGSVEwT. ~~ 0.09~3

A~fAN&SVERT. Ra ~.053~

ANf~N&SVEHT. R4 ~.00u6

A~ R~ t.~

AF ..____ __ ___ Ra __ 1 .l(J 12
AM RI.I 1.0
ftM. ~Ll (~.111

A.M ~~ '.100
___ Ar1 __. R~___ __ 1 c! .7 ~L'L _

CDR R4 7.7~

COR R4 8.45
cu~ ~a ~.?~

____ CDR _ R4 _ 8 • 43
CbR R4 3~.~J

CbR ~4 30.~~

CtlR R4 ?b.13
~AST ~uwOP~ AND USSN
~lUY~A~ ~uP R5 269.19 ~73 72 277.8~

HI0YEAR pup . ~5 ?94. 9 2 2~q 1] ~~3.5"

M!Dvr.A~ PUP 10/5 3e:1. 4" 325 59 32Q.35
MII)YEAR PUP ~5 342. 4 3 34~ ~8 348,53 .
ANFANG5VE~T. ~s 1,~ 0.~ Q2 0.11~4 0.1202 0.1~1'"

_ A1'lFANGSVEFo<T..__ R5 ~.0i1 ... 1 (:11.0 qs . fj.~b87_ QJ,~64t~ CII.0565
ANFANGSVERT. RS 0.~~?b ~.~ tq ~.0~b~ 0.019b 0,014~

ANF,ANGSYEkT.~5__ .. ~.0~53 _ 0.~ 35 ~,~006_____ .. ._ _ _
Af R~ 1.~ 0,0 9 1.141 5.070 5.001 2.154
AF .~ 10( 5 __ 1, 12 fl._ 0, 3 0 v. •"3 1 ~ • 0 0 1 0 • e'H _
AM R5 1.0 2,2 5 ~.131 0.049 0.043 0.122

____ AM RS e,!45 0.1 2 l7J,l~5 0.21 4 .__ °.338 0.554
AM ~5 ~.q1q 1.4 5 2.370 3.854 5.759 9.248

___ A4 R5 j4.JU& 25J_IJ~__. 33q47_t--,_~__ .__________ _ _
CuR ~5 1~,39 10, 1 9.b3 9.qa 8,70 8,31
CDR~5__~ €I. 5J ~_7 .. a 8 J 3~ 7.'1 7/L_~_ If! 82 _. tilt 15 _
CDR R5 7,78 7.5 7.93 7.87 8.22 8.36
COR ~5 B.5ti! _
CdR ~S 25.13 25. 0
CtiR Ii 5 ._ 2:5, S5 ?3 •. 4
CBR R5 17.7& 17, 8
LATIN AMERICA __. _
MIDY~A~ POP Rb 161,55
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le.Q5
11.56
U1.45

15.53
12.17
1&.20

~.el999

3.0~18

0,,0~5T

?1~,87

2b~.62

38.8&
38.&7

Qi!.27
H i 7.&/4
125.81

0.172
0 .. 834
7. 713---

0.~)829

0. ~1j 9~_

rl.0V'60

38 • .3~

41.13

0,4&5
(1,8 a2 _
/4.492

0,21
~). 785
6.254

3,1£15

179.&2
20~ R 85 __
235,71

0.0857
~!0338

0.~049

~.115B

1-.~'~87

0.e'098

4.144
0.0
~.360

~.8Cil0

3.~41

-

0.1~37

0.~a8a

1ll.l-H175

175.53
19Q,2VJ
23~.31

4.726
0.413r,. 1b 8
0.55Q
4.7'13

38.b4
Ul.13
4r.53

811.75
1''''1.1;0
122.28

~.113~

e.~~5S

0.011 4

12.09
15,Q5
13.46

37.41
..J Q.88

a. 3 3~1

;).:i3b
'i.114

_0!b05
5.488

11. q3
.. II, 5b

9.28

P'.1~3

~~ • ~ 1 b
~.12l48

" 7.71
~4~,ob

~.1326

~~ ._ r16 11
~'("13b

h7,69
\i.:i2 .. 1i:!
l1Q.46

('1. 1~ 7 5
vl.c',:)79
0.0149

3.001
(~. 071
0.233
VJ,a':i9.
3.3~~

3.318
0.064
0.3b2
~.564

2.1.&41

37.81
39.29
37.19

3b.98
41.1:5
4\-.1.11

11.70
11.56_
9.42

~.1510

0.0555
~.~~Ad

l"Il.Q2
_1~5.46
c2~.VJ~

55.45
~~.i.l9

11';.&8
13S.S1.~

I' • 11.l2 8
~1.:jt>:;t?

t't.(II238
;'. r ;':C}7
~.A(n

~,tJ23

0.894
~.3F.7

2.'5.s~

15bi.lS.0
12.13
1;' •.H"
10.85
11.89
39.29
3b.a3
3h.43

1h~.11
1Q l.11
21Q.67
252.85
0.13QV1
~.~740

CI!.(lI1S6
~.0\1it'6.

1.694
0,508
1.~32

~.55~

2,134

;) ='.,'1
rJ~i~.7':J

2~i.I •.75
1:'.1181

. . Ii'. (' b .~ S
". lJi':: 2?
;;,.r,r~'8

1.1.Ir.7
(" , 1.. Fl.

,•• '" 44
r.~I.,?

?5a~

1109.1?3
1?, 'H
1<j,1i.1
11.5&
7.'10
~9.17

1.11.13
3~.1.I4

B')
35
2i.1
7q

4?
~7

1
1
1
~

8
88
q

1
b

lb4 A8
186 Kl
~t4 71
~4 7 1b

VI.'" 3~
l?.!t1 16
0.~ 6e?
~,. 0 50

".2
@.8 5
~,q 6
~. a :3
1.4 1

~~ -~. .~

~ 7. [11

113 09
_ 133 3~'

;~ • (' 2. 3
? • li 3 7
~.~~ b~

C~ .~, IJ 1
~1. 0 3
1,3 1
7.6 f,
:J.3 -,
1 • '5
1q. 1n
11. 7
16. 4
1~. 0
li.1. 7
31. 5
a1. 5
37. a

1~1.73

152. 0 1
209.7~

"41.34
1.0
"I.PllH6
~.i7J287

~.~0~9

1.0
.2.0~.

1 • ~,

(('1.534
1.22h

, Y i_ t t"- , ." ...~ ',i

1J.IJTt~" ;JIJIo' "'b 2r:".~4 .Ul
M1\) YEll R PDJ:) _ ~Fi l:l_ ___ _ 2b ~ .3,_____ ? 7 b
6~FANGSvE~T. Pb 1.0 e.0
A~FANGSVf~T._ R6 ~,0~~~ 0.~

ANFA~~SVERT. Rb 0.~3a5 r.~

AN FAN GSVEFI T • j;1 ~ __ __ ~ • ~w 35 :? , e
/If R& 1.0 e.~

A~ Pb ~.~~~ 1.~

AM R6 1.0 7.1
AM Pb 0.2~R r.3
AM Rb 1.11 5 1.~
AM ~_ Rb _~ ._ 12, Rb5 2~,

CUR k& 13,~~ 12.
CL'~ R6 11 • s,~ 1l.
CuR R& 1,.~b 11.
CUk P 6 __ _ _ 1(" • D~ q • 9
ChR R6 34.94 58. q
C~J.? .. _._ Rb 30.91 lll. 1.1
C~R Rb a0.~2 36. 1
,., 11) (J Lf. t AS T
MIovtAR PUP R7 ~\,h~

f<1InVE"R prJP_ P7 94.~d

MIUYEAW POP R7 11~.10

_~tlIDYEAR POP __H1 12q.4~

ANFANGSVEkT. R7 I.J
Ar ... FANGSVE ...·T. 1<7 C1.;"i~$

ANFANGSVERT. R7 0.~~~q

A~FANGSVERT, RL 0.0J 4 1
AF R7 1.0
AFP7 3.q~VJ

AM R7 1.~

Af1 R7 ~ .2 t3 7
AM R1 1.~~7

AM R7 1~.9Jl

CO~ ~7 12. ad
Cl)~ ._. .. rH .16.'1 0
CP~ ~7 10.41
COH _ R7 _ 13.o~

C~R R7 43.&1
C~R R7 4~.31

C~R ~7 38.2 q

r1Arr~ AFRICA_.
,'1IOVE.AR POP R8
111 DYE !o R POP _ R8
MIDYEAR POP F(8
r1IOYE~R POP _-"~8

Ar~FI1NGSVE~T. ~8

ANFANGSVERT •. R~

ANF-"ANr.SVERT. Q8
Ar>.j[AN('SV_E~T. liB _
AF R8
AF .R 6_.
AM R8
At1_ R8 _
AM R8
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15.97

796.18
qli).9R
1~b8.14

38.b5

::S9.7~

39.77

0.0945
0.0420
(i'J. ~H,'52

0.i-!25
0.7;,)1
6.239

br.:5.a~

675.bl
754.1~

0.225
;~. 7, j 1
b.23q

':'l.1te,1
V1 • ,,) 4 ub
~). ,1wc;~

13.90
2 [,1 • vH1

'1.11(jC~

~. V'I ~ 2"
C·). QHHd

779.'HI
897.5_~

1~41.98

594.75
~b3.5i?

74 v'. 59

2.473
~.15n

~. 19~"

0.527
4.237

0.1?~1

0.':i'l493

" , t~ i-J 'HI
------ ----" - ----- ---

2.5b0 4.2~q

01 • ~37

0.1 q~

0.5?7
4.237

76'1.21
P,77.w~

11116.56

V'l.l'llg
C.V'ln17
0.~129

1.~29

~ • ,,' 11
~.327

V'l.45Q
? 7'H

0.132v)
".nSltl
;'~.VllBa

0.327
';J. 4 3 g
2.797

583.e.6
~ 51 • ~ ~J

7~7.r-0

'l1.1S
U1.':ik

3b.2S3
,3.Q3
1t>.60

573.~q

",~q.~~

713.Q'"
7 '. c;;;, (~IO,. . .. -
~.t;?~1

~."~'.l7
i~. ~ 21 B
\.3. ~,

~.3b3

It.'l77

1.4';3
/' .~ ,:~ q

2.373
\.~

17.0"

7l!q.2q
8~7.37

q~~.6~

t1C:;~~.11

(~. 115<."
~~ • C) b 9 7
~1.V\201

~. (Ii (~(~2

~.3~2

e.118
t.4'B
0,3H9
2.373
1 • v~

21.~\cl

1~. 7S

'l3.Y.l8
3'1.f-'i

~b

59
q~

.37
3S
'H
5$
46
8
R
?
3
7

735
~31

c;J64
lP

5~3 '1<3
u~

q~

95
11.1
71
"12
~H

82
';

l!
'S
7

43. 5
i.1"'. 3
42. :~

v' • ,~

1 • Ij

1?-.
18. 0

q.~L

tl,. f\

.1 b,- 1

In • ,~

- ~~.~
~."
0.0
111.0
O.LJ
h.q
i.''i • 3
t. a
12.
fl 3. 3
10. 5

7?5.12
- 813.~;'

Q'll.'T?
U"q~.2h

1 • J
o• ~3 ~ 14 ~

0.[(13')6
e ',11,) IJ h- _. - . ., - .

1• .{l

____ t • ~2 ~

1 • ~
~. 2 7'~

1.020
~ • .?t4
2 -~ • ~.~

t ,1 • l.l 7
~1 • iJ

~.'1

43.41
~q.7n

/J ril • .'-~ :J

. 0..0_
1h.q~

1b.65
0.~

0.0
35.ob
40.2'1
0.0

AM R8
COR r<B
CDij R8
COR R8

___CPR ~8_

C~R R8
_____ CB~ R8

CbR R8
______ SOUTH ,f A5 1_1.,5 1 A _

MIDYEAR POP k'q
____ r110YEAR POP __ R9

MII)YfAR POP Rq
___ MIDYEAR POP Rq

ANFHIGSVEPT. ~9

___ ANF"AII.j(~SVfRT. ~y

ANF"ANGSVfIO'T. ~9

______ ANfANGSY~FT. R'L
AF Rq
Ar .,_ R9
AM R9
AM __ __ _ R9
AM R9
AM R9
C0Jool I(q
CDR ~q

COR Rq
__ CtJ R R9, ,__

caR R9
CfjR R9
Ctj~ I\q

__ CHI I\j A_
MI~VEAR POP R1~ 554.~d

_ __ MI I) YE tl Q POP ..~ 1 ',~ 6 17 • ,,, 1

MII)Y~A~ PUP Hlr bM8.06
____ MlnyEAR POP P1C,) 7~7.~:.t

ANF"A~~SV~RT. ~10 1.~

____ AI\jF At-.lGSVEIH. _ Q 10 c_~. 0"~ 1 a
ANFANGSVEijT. gl~ ~.~~22

_____~ N f_A_~G_S \! ~ RT• _ R.l~. ~ • e~.18 ._t~ • (l

AF R10 1.~ J.~

Af ~lC 2.1~Q 0.~

AM R9 1.0 ~.q

AM R9 0.?7 g

AM R9 1.02~

AM R9 ~.~14

COR ~10 lq.~

COR R10 ~.0

CD~ R10 0.~
___ CIJ~ . _~j 0 , ~. ~_ _ ,, . .- .______ _ _'- '

C~R q\0 37.12 38. 0 3~.99 31.98 3a.22 33.50
C,:c~ ;;1,' "l." •.

C"'\f( r?l~ 5!t.5"
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III. OUTPUT

The head of the printout contains the name of the chosen

region, the scenario number (or NORMAL RUN) and the values of

the various parameters (i.e. KONTR,INT,EO,EU,EA,XO,TL). Then

you get a table consisting of eight columns:

YEAR

TOTAL POP

FERTILITY

BAB/POP

MORTALITY

TOT (N)/POP

Year t of consideration, 1950 < t <

ULTIMATE YEAR

Total number of people living in year

t as computed by the model for the

specified region

Computed fertility factor cft for 1950

< t < 1970. For t > 1970 the fertility
. t 1970factor is either constant (l.e. cf = cf )

or determined by the chosen equilibrium

policy

Ratio of babies born in year t to total

end-year population in t, i.e. crude

birth rate cbrt+~

Computed mortality factor cmt for 1950

< t < 1970. For t > 1970 the mortality

factor is kept constant (i.e. cmt = cm1970 )

Ratio of people that died in year t to

total (end-year) population in year t,

i.e. crude death rate cdrt+~

SUMME BAB(N) 70: Accumulative sum of all babies from

1970 on

SUMME TOT(N) 70: Accumulative sum of all deaths from

1970 on.

Subsequent to the line printed for 1970 you find a few data

concerning the equilibrium state:

LE

CFSTAT

Life expectancy at birth

Fertility factor cfe leading to equilibrium



TOT/BAB

P86/P8S

-23-

Ratio of babies to deaths for equilibrium

(= 1.0)

Ratio of people that are older than 85 years

to number of people that are 85 years old.

If you have performed a NORMAL RUN you will also get

the actual population (from data), and the calculated

number of immigrants (both in millions); i.e. the calculated

difference between the computed population number and the

actual value.



1

bb

5
------ - &--- ._-

7
lS~

99

1

- -- --- - -- - ~-- - 24~--- --- -- --------- -------------- - ----

________ DI ~H: ~JS I Q:.J ;>P 1 (l) , ,.;l,rl (1) , DCri OJoI ~r ~s r D:-.; SCf (, P,:;~) --------------------------------- ----------------------

'.' J ,-' ._\, .... L' "; f r .; ( ~'1 , 1 ) , ~ . !..... ( ~ 1 .1 )
'.J j ,'. t- 7,,~, 1 L.'; r t~' 1 (,. 1 ) , M' ,,-,.-I i (,: 1 ) , ~ r (~ 1 ) , l M (2.:') , l:' ( ~ 1 )

-------C(.Hl}jON- _SC£,ftl't, At~C~, Ft~T ,It/'JilH.T ,tf .,t.M4 .uG---
CALL SfTFIL(Q,"PDAT.O ")

CALL S~TfJL(q,"SCEDAT.D~)

IVT = 1QS0
ISTAT ~ 197'"
ISS c 195Vl
ldd T~ (r. t h )
~FAD(~,7) ~A~lY~tI~Tt~

NCO :: ~

\.'l~dTE (6, 154)
----..-----~.t. AD {S,5' 1- - - -----__ -- ----__ _ _

CALL POPUL(·I,IYT,I,PP1(1),GL~(1),OCH(I),NCO,PROV,NALL)

Rt~J!"JD_9

~EII/IND 4
__ . 2.. DO 1 __ J =1,151

IYR = J+19.:lQ
IF(IY~.GT. M6XIY~) ~nTU ~~

CALL ALLP~(lY~,lS~,rA.IY~,I~TtR,NALL)

____________ CALL POPUL (l STAT, IV w11, PP 1 ( 1 ) , GL'::\ (U, OCrI(O_I_NCO l_fR_O\'LNALLJ
CO~JTrNUt-- -----------

_____ (,uiD to
FOI-'MAT(I2)
FO~MAT(//I,'SPEClFt u~TIHAT~ tEAR I INTERVA~ ',1)
F(; j.( ~. ~ T ( I IJ , 1 ll' , I ? )
~O~MAT(· R~GION ,~.G. i8',/)

5TO~

Er~D

SU~~OUTINt POPIJL(I~T~T,IYR,!t,GT,GH~~,TOT~,NFO,PROV,NALL)

___ _~ 0 I 1" ENS I Q "J APi? ( Af, , 1 ) , AI" ;? ( Bb , 1 ) , A'·12 ( Bb , 1 Y.1) ,S Cl:. ( 1121 , ~ t1 )
oI ~11: N~ I () r~ F E:: ~ ( 2 1 , 1 ) , AIi 0"'1 (2 1 , 1 )

_ __ DIM f t>J S I ON G') \f\ ( ? 1 ) I C; P ( jJ 1 ) , r; F ( ? 1 ) , G'1 ( 2 1, , P(1 P ('2 1 ) , G ( 21)
Dl~EN&IO~ ~~ijT(21),AMO~T(21),CF(?O,1),CM(20,1)

_ __ _ 0 J " t NS I ON II P ( eo b , 1 ) , Ai13 ( Ab , 1) , AF ( A~ , 1 ) , API ( 8 n) , AF 1 (8") , AMI (8 &)
D1 t1 t NS ION N A,"'Ii:. C1 ?, I) , ); P (11) J) , Ai1 (8/;1 , 1) , POP 2 (c 1 , 1) . . .

__________ DIME NS I O~ Sfi AE (1) I 51LJ T( 1) , TOT (U ,0 IdH 1),GJ (1) ,A Met U)
oI ~ t ~~ oS I O'! A~, I r; ( 1 ) , Ci; ( 1) , ClJ ( 1 ) . - - ._- ---_. _.

___ DIM f. "'5 I n',I S1 C1 ) , Si? ( 1) , F V( 1) , F l( ( 1) , P(; C1) , F ( 1], FA ( 1) , G~P4 ( 1)
DIMENSION C~~(1),Cu~(1),TOTK(1) .,. . --

______~ Rt 4L *8 C!':I J CF, CO I AM ,AMe., P,S 1-,S2, 53, A_85, FY, FX,f, F A
Rf:AL INT,INTV .,,' . - --

-----~------- - -- - --- - -~-- ----------- -- -------------- --- -- --- --- ._- - -

NOATA.0
_ __ I F ( 1ST AT) 1 , 2 , 3

IF(~OATA.tQ.l)GOTO 2
___ If (11 .~GI.._0)_GO.Tg_ ~bj . _

NDATAl:l
_________.__ I< R~ G=L ___.. .. _ __ __.______ . _. . ._. . _

D[I ? ~ ~ I PT t :I 1 , I 1
___ .c ~ ~ __~ .~ ~ _

C REA~ PQIHARY DATA
C__

REA 0 (4,-1 VI 4) (tV-AMe (L , KRt G) , L: 1 , 1i,----------·----------· -~--.------------.-----.-----~ . I

I
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~F-A[)e~,1?q)P0P

;tf:. AD (,",1 v'g) (;58
,! 1"', l=~,2~'

1'12
143

1

---------

1'1~' (;r ell • o.~

_______________ R~AD{ /J, 1 [j9, P, tGf (IJ , 1=Sd 31_~ . _
REA ~, ( 'l , 1" q ) G~

~'Uolj (~, H'9) (H~(I~T (1), I=?,?l) ,P

R~AD('l,1~9) (FE~T(I),1:4,21)

2~H~ en.;T I NUE
C
C AUJU5T AMOHT,FE~T UATA
C

00 1 4 1 L=1,3
1~1 FtRT(L): FE~T(4)

_.-- -- ~ __ AI' 0 ~ T ( 1) r; A~1 (,l ~ T (2L ----------. - --- --.----------...-------
DO 143 L=?,?l

__ I F (Jl. M(j r.< 1 (I-.) ) It.l b , 1 /J 6, 1" 7 I
1Ub ~~n~T[l'=-~O~T(~·l)

1 'I 7 7 CCtH p.: Ue-
IF (Ft'F.lT (L)' 11.13,142,145
rt~rCL) = Fl~TCL-1)

C[) NTI ~JUE
DO 145 L-1,21
AM~~T(L) = A~O~T(L) * .~el

_FERTeL) = F~RT(LJ*.~0111.15
C

_______ C CALC,UL.A TE SE CON[.t4R Y DAT ,4 AP1, Af1., AMl . . _
C

Ct,lL ~PLHF_ (G~H~,:d·'1,1,22)

GM(2) • GM(2,*.2
Gil U) :: Gi'1 U) 111.8
(;:~ ( 2;7, , = G"" ( 20 ) *•2
eALL SPLIN E _(G 11 , A~11 , 2 , 20 )
N • 4

__ _ 1~ 2 N:: N+1.
IF (GrO(N) 152,152,153

________153_ '.J 1 c N- L
N = 14

_____ l5tl ~N=r_.j-l __ __
IF (GF(N) 15~,15~,15S

_____~.t5S~ N2 = N_
GF(l) • e1.1

______________CA, L. L_ 5_~ L.. t NE ( G~ JA F~ , !'J 1, N2 L___ __ ___ __ __ _ . _
C

__ C__~A.'lL.QAJ:k_F QR __A. LL._~I~.ri1 Oll S _
C

_________DO 16a L =11 BEl _. . .... . _
AP2(L,KREG): AP 1(l)-POP(1)*1.Eb

____1M~ ,tM2( L dtHEG'- =AM1 CL..L _
DO 190 l:1,85

______ 19~ AF 2 (L, KRE: G': (AF 1 (I.. )+.AFUL+ 1)1~. 5_____________ __ __
no 734 L=1,?1

_________Fe_~(l/l(~~r.'=Ft~r ell .. . I

AMOR(L,KREG'=AHO~TCL)

______7:t4 POP? Cl, KRE:.G) =POP (L) ._. --
IF(~ONTR .EQ. ~) ~ONTR 1Il 2200

----- -------- -- -- ---j:
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POFULATION-~O~ PAGE 3

-- ----------------------

------------------

S4

________J~1__ 00 2Cj t _I 81, ~_3 _ _ ~_

~tAn(q,149) (SCE(J,I),J C1,10)
IF (~U: (1 , I) );?!?1 , ~, r'.'1 1

2((11 rc,f\;T I \Illt
______---.i______ C0 "I! T_1 ~uE _ _

IF(11 .EQ. 0) GOTO 3
________________ Rt TI.)RN _

IF(IV~-1~50) lb7,167,1~83
_____C . __ __ __ __ _ _

C I~ITIALI5ATIQN FO~ 195~

___ C __
167 I~Cll.fQ.0'GnTO 187

___________ 1= 1 .___ ___ _____ _ . _
N1:1

__________ N231_ _ _
00 5 /J N=~1,N2

___ _ _ Cb ~ (N) =kJ • 0
COR (N) 8 ~l • ~

_________ C i:' eN) I: 0 .0 -___ _
C()(N)z~.0

~ M0 (~) =A~12 (1 J NL _
tlD lob LZ:l,8b

_AP eL. N) =.A.P2 (L.!'O------------------------------------------------ _
AFCL,N)=H2(L,N)
II H rL , N) ~ ( ~.~ 2 (L , r-l) + to~: 2 (L + 1, N) ) "* • 5
AM(Rb,~)=AM?(bh,N'

___ __ ___ _ 0 0 7 0 4 L. =1 , 8"_
7 0 4 At, 3 ( l , ~) I: AK 2 (L , N)

S~Ar',(N)=_ ti'.
STOT (N) = 0.

LA~IS=l

C
____C I NTt:~ AC TI VE _MOOJJL.f~ ._ _ __ __ . _

C
_____1~7 __ IF(Il.GE.1.AN~.Il.LE.1Z}~OTO 1~85

I\JPI=e
____________ IF (J 1.GT. IV')NPl c l

w"'ITt:(b,1h9)
_____ _ R£ AD( 5 , 170) NSC _

RSC=NSC
___________ KONT~=220~ _

INTs14~H)012l.

______._ E[) =0.0____ _ _
EU=0.0

_______ EA: ~. 0._________ -------- _
XeJ=0.0

_~__~ TL I: 0 • ~ _ . _
IF(~~C-9q)1q7,17~,17&

_____197__ IF- P< SC) 2, 1a1, 172 _ __
172 no 113 12=1,00

___________ IF (SeE (2, J ~) .. _~s_c )1.7~ d_I'h113
173 CONTINUE

_________ \oj ~ I TE ( f, , 17 5 ) _._ ..
GOTO 187

___.l.7.4. _ I< ON TR=5CE (3, I2l .__ . .__
INT=SCf:(4,I2l
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MA Y 27 kJ 9: 2;' PUPlJL to 11 O,~-F u" PAGE ~ ----------------.------ ----------.

- -----.- I

- --~------ -- ---- - -~~~------------------____ E.n:sc~ (5./ 12). _
Eu:SCE.(t'::,12)
~:~::';Ci' (7, I·')
\ . =,~, I. r. ( "" , t c)

---..-.-~--J i I: S Cf:. {9 , 1.2) ~~ __. .. . .__. ..
IF(SCfU ,12) .EQ.2) I(QII/TR c 220~

.~. WRITE (til 913) ~ .__ - . _
RtA!J(5,91 4 ) 112
11 = 112 __
GOTD 1~1

wJ.<ITt. (6, 177)
~tAi)(5, 17B)i(n'\JTf.(,I N Tlt

Wf-<lITE (6,9\3)
913 FU~MAT(1X,·tNltR HtbIQN·,/)

______R~AD (5, 914J __ Ili
11 = 112

F (l ~ ru T (! 2)
tNT =H'T 11

1] ~L._ CCh T I \J Ij F.: ._.. _. .__ . _
IF{Il.~t.q)~OTO 17b~

wRIT€:. (6, 11'J)
R~AU(~,18r)EO,EU,fA,X~,TL

__ 17 62 ~ CONT INUt.. _
181 ICTOT:TL

L"U~: (j(ONTl.(-l \.f7.~) /5
IF- (l.A1.JS-r;'317,317,3t3

__._313._ LA IJ S1:1 ~-

317 IF{I~T-100)t681,1b8S,31b

31h lAlJS=1
1bH1 "'AI3:1NT/1

GOTQ 1 ..
C

__---C. .__WHITLJiEADL1NL~ ~ ... -.-.---- ._... ~.___ - - .. . _
c

___ 10 8 5_ I NTV=I NT
IF (INT-H'I?) 118.71Q.l1Q

_ 71 9_ ~ .. IN TV. 0 ._
718 IF ('Hl-U If,B.q~l, 166

__ 90L IF(NSC)9f,1,962,961 _ _ _ _ .. __~ _
9b1 WHIT~(6,b~b)CNAME(~,1),L.l,12),NSr.,KONTR,INTV,EO,fU,EA,X0,T~

__ . _~__ GOT () 9&3 _ __
962 WRITE(b,65a)(~.ME(~,1),~.1,12),KO~TR,INTY

_9b3 W,!olJ l~_tb.,l~_~L .__.. " _._ ~... __._~

C
___C MO.Q f._L.__________ __ ___ . _

C
lb8 I F (I 1DE [J • ~) RET UR N

KI<=IYR-1Q,,9
_______ ~ =I YR_ _ _ __ _ .~. ~ ~_

DO 55 N:Nl,t-J~

_~______ GT (~) __= 0.~ .__. ... _ ______. __ ~ ...._ .... __... ~ . _. ~

TOT{N) z fj.

____. b AB ([II) = ~. __ _ _ __~ .. __ .. _
. DO 5 ~.1,S6

______ TOleN). = TOTe N ) + AP(L,Nl*AI1(L,NJ _
5 BASeN): BABCN)+AP(L,N)*AFCL,N)
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MIGRATION

7

8

q

5~

C
C

_ C _

________~j)O 7 L. =l,JJ~ _
Gel.) : 0,
0u ~ l.=1,P-6
Li:? = (l.. +t4)/~

__ G t l.. ? L= G (L ~l_'!A~ (L.1&
DCI q L.=l,lB
GT(N) c GT_{N)+G(L)
CONTINUt

-·-----l
I

MORTALITY,F£RTIl-IT1- TILL 19b9_

95

1515
C
t - ---
C

----10- --

IF (K-191~) 9?,90,97
DO ~b ~s:Nl,~'?

AMIG(N) = PDP2(kK,N)*10~,·GT(N)*0.0001

____ __ I F (t,,~ J r; ( N ) ) 9 1 , 9? , '1 2 __~___ _ _
ql Ar'1!b en =A~1H~ PJ1 "1.~ ---- ------------------------------------

q2 Mq[; un = AnlC~ (1\) +.~

MIG I: Ar1IG(N)

lJ(l 4S L=2,51
AP (L , i\: ) = AP ( l. , rJ ) .1'11 G*~ \<1 0 •
Ii ~, J (~ (N) = '1 I Glit • V' 1
GTU·;) = GT(\J) + MlLi*l.t~

XP(i<K) • '14.
H u~ ALL) 1, ') 1s , 15.' , 15 15
XTOT:STOT(I)/1.F6
XBAB=5~A~(I)/1.tb

_______J (, T I: l'T cr )11 , E~ _ _ _ _ _ _ _
IAi R1TF ('" , 1~ 1) K , XGT, Cr; ( 1) , CPo R (I ) , CO (l) , CD I-( (1) , XdAB, )( TOT
lr (K-1970) 1~,3~,5~

00 57 NcNl,N2 _
B~ : (FER(~K,N)*P~P2(KK,N)+ft~(KK·l,N).POP2(K~+1,N))*.5~b

_______________ TT = .( M1QR {Kl(, N) 111 puP 2 (I( '" I CIl) .!lMOR CJ( K... 1, 1'4.) *POP2 (J<K +1,N) ) *.5E~ _
1F ( A t~ DR (l( K+ 1 , N» 11 , 11 , 12

_____ 11 TT = (P[)P.:!(I(K,~).POP2(KK+l,N))*1.E6+- bB _
12 TOT(N) ~ TOT(~)+B8*.5.AM0(N)

________. CB (hJ) ~ B~ I t' ~ t; (N) . _,,_ .._. _. . _
COrN) I: TT/TOT(N)

_____________ Cf (K~lN) = CB (NJ .__"_.. ._____ _ _
57 CM(~<,N). COrN)

___. IF (NALL+NSC) 80,801,e0_. _
801 WRITf.(b,112)POP2(~~,1),A~IG(1)

___________ G(L_ TO_B 0 -- ._' -- . -- . ._. . . _
c

__ C- CALCULATION.OF EQUII.I~RIUM STATE AND MORT. MUL.TIPL. CPROTEHD
C

____30 IF (NALL+NSC)30e,3~1,300 _
301 .Wlo/lTE(t'l,112)POP2CK~,1),AHIGC1)

----_100- DO 58 N:lN 1 ,.N2-- --------------- ---- --- ------- .._-----------~---_· I'

CB(N) • 0.
_____ .. CD (N).;: ~. --- --- - - ----- .-------------.- ~ --. ------- .---- _

DO 35 Llll,LAUS
_~_____ __ - L 1 I: KK- L

eB(N) I: C8(N)+CFCL1,N)
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35

58

CDC t-' ) : r D( "J ) • C~~ (L t , N)
r~,(~) : C~('~'/l.~US

I,' , ' ( '.) ; \ ~ .: ( , ) Ii:" I "-

I-' (, ( ~ ) I: (1. I r: L) (r~ ) - Ar~ ( t; 5 , t~ ) ) I A'1 ( 8 b , N)
_'__' P_&, 1.·.5 *CO 1!"J*AM~ (NL. __~, , " .' ._, ~~~

Sl(tII) • P
S2 (N) = A'" ( 1 , N) *CD (N) *P + 1. -P._ __. __,. _
53 & 0.
DO u0 L=2,a~

p I: P*(1.-6~qL... l,N).Ci)(r.))
~ 1 (i,!) I: .c; 1 (',J) +t:

53 = 53 + AFCL,N).P
S2(~J) I: S2(rJ)+AI-,L,:J)*UJ C-l)*P
AB5 I: (1.-(1.-S2(N)J/P)/CD(N)

__. __,._ . P : P", ( 1 ... ,Hl ( Eo 5 , I\J) * r: () (N) )
S1(N) I: S1C'\:)+~/4;~(~",N)/C()(N)

____, __ ,__ 52 ( i") = S~ ( rJ ) +P
FYcr" , : 1. 1 5 1 (N)
F-X(I\I) = 1./53
F (N ) I: r: B U: )
~ A n') I: r pn .. F )( (!I.i)
IF(NALL)7~r,101,7~0

WJ..' IT" (h , ~ 1) S1 ( 1) , F 'I. l t ) , FV ( 1) , S~ ( 1) , p r, ( 1)
PI-< : !,jC.j.*r:T(l)

Pl-lD = PK,*V: • .il.i'~

C;U TO B~

31~,.52~,3?0 ,
311,318,316
316,315,315

c-- - -----
C MQPTALITV,ftRTILIT1 L~TE~ THAN 1q7~

C
50 IF(E0+fA+~U+XC.TL.EG.J)GOTO3~&5

1F (I 1 - ')) ~:' ~ ~ , ~~. ':: , ~ r,! b .,
IF (I<. - 2 n.;H"') 2 .H' , ? 3 ~.J , .: 3 :;
p~ :: P~+PIo\i)

IF(f\F'O-1)235,1b77,~35

_ 1077 Ph'=~f.fOV

235 XP(~K) = PQ/GT(l)
DO za~ 1..=1,85.

EKE\,)
, , . l F (f. 0 • ErJ • EIJ • 0101 • r: A• UJ • V• ) r; 0 TO 23 q

E = (Eo-tJ)*EXP(-L/EA' • ~U
1M = «aQ.-XW)/CX~(~~-~TOT)"~O' -1.) * E + 1.
1 F ( I 1 • E r;J • 9) Ar-1 (L , 1) = (A li:~ (L , 1) +AM 3 (L + 1 , 1) ) *Z ,..1 ..·• '5 ----------~---

. . __ , lM:: ((lJq.-xe)/P~(~t<·i<TOT)"XD) -1,)*,1:0+ J.!
1~(Il.EQ.9)AM~(1' :: AM1(1)*lM

_______~_. Zt1 = .(( t.J Il •• )( '" ) I ( lC P (KK- KTJ T) - X~) • 1!) *. EU~ 1.
IF ( I '- • f \J • 9) AM ( b b , 1) • At" 3 ( 8b , 1) *ZM

_, ~~65 __ ()Q ~ 2 N=N 1, N?
IF(K-KO~TR)320,3~7,3~7

_____301 _., IF (I<A8) 308,3~,A,3fc'~

306 F(N):fX(N)
GO TO 32~

3~q FK = ~.l/i<AB

__ If (K.~O~JT~-7*KA~)

31e IF (K-I<ON1~..5*~A8)
. ,,311 ,, __ IF (I( - K() NTR- 2* IC. A 8 )

315 FK = fK*2.
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8b

85

3 18 _ F U4) I: F OJ) .. r A. (t~) *F K. ~~ . _
3 2~! Ct" U,) : F- ("II)

S 2 C ~n, TT ' l Jl
c;, iJj) '::>'1 \.:' 1 ,~.?

________---.1f 0.-CD_ eN) ~ A1'1 ( bb l\i] ) 3 ~ 5-135 e-l 355
c

___C CALCUU TION_Of __POPULAT IQt-LJI __T~J+1- .~ ._. .~_. _
C
355 ~AB(N) = ~A5(N)*CB(N)

TUT(N) = !,Ati(,'\i) •• ~*A~v.l(I'I'''CO(''l)

- -- 0 0 75 L: 1 , 8 b
7~ T(1 r (N) :: TOT ('J) + AiJ (L , ,~ ) • A r~ (L , ,\)) *r: U ( N)

__________~ .AP eEb l t'J) =tiP (BS l N)* (1. -CU (N). A'''I (H5 J!\i) ) +AP_ (8El I N) *0. -CD (N) ~AM (6~-,N})__
DO AS a.=t>,d5

~--~--l;87.. IL-----------------------------------
Ll Ir L-'
Al-' (L J N) I: AP (L 1 , N) • ( 1 , .. t Ii ( '" ) • A~ (L 1 , N' )
AP(l,N) I: ij~G(N)*(1.-.5.CO(N)*AM~(~»).

___ l~ ("'-l'J]U) 87,13~,)\b ~ _
S~A~(N) : 5~A~(N)+0~~(~)

ST(1 T (jI.) : f; TOT (~J) +Ti) 'T (N)
87 (, T ( "i) I: r; T (~J) +• :, * r, fA '-i (r.. ) ... l;) .. TOT ( r~ )

_~__~ CMR UJ) :: HAo (r~) IGT eN) ~ ~----------- _~ _
CLJ R ( 1'-; ) = Tr; T ( !\: ) I GT (~I'

TOT/POP',

, , 3 XI F5,2 t_

MORTA~.RAH/PQP

1)0 1/.1~ 1I=15,blJ
____ 1'16 r; ~ p a (~ ) =r. RP 4 (I\i) +AP ( I I I [J) '. ~__ __ ~ ~ _

TOTK(N)=8Ad(~) ... 5*AM~(N)*CD(N)
I)r} 1 a a I!: 1,18
TUT~(N)=TGT~(N)+A~(II,~)*A~(II,N)*CO(N)

Cn'\ITI~IJr:

GOTO 2.
______35.v.:L__ CONT t NUE

GOrD 2
~ 1 _', FOR ~1 AT (. l. to , CF ST 4. T , C" RSTAT, TOT /8 Aa I P8 b I P8 5
& 3(2X,F6.~),2X,F~.2)

1~" F' r,} ~ H 4 1 (1 2 A2 )
108 FORMAT('V~A~ TOTAL poP. FERTIL.
~ . _ ' ~ RAB 70STOr. ./ ~ 'J__ _ _
109 FOR~AT (,qX,6F~~.5) ,

_ 112 FORHAT (IX,F11.2,' = 4CTUAL PQP·,Fl1.2,' • CALCULATED IMMIGR.']
149 FO~MAT(lX,2(F2.~,'X),~4.0,1X,F2.~,IX,~(F3.1,1X»

_____ 151 _ FU~ ~1A T ( 14,2 X, FY• 1, '£ (3 x, F7 .4) ,2. C2 ~ , F7 • 1) L__ __ _. . _
169 FO~MAT('r,IVE POpul.~ctNARIO NUM~ER, E.G. 22',/)

_~__ 17~ FURMAT [12)_ -- --.. ,--------------------------1

175 FO~MAT(' SCENARIO NUMBER NOT ~XISTENT')

___ 177 __ FlJ~~l~T(' SPEClfV(N) tl~UL1~RIUr1CONTRQL._Si~RT/SPAN,E.G.1915/14',1)_
17~ FORMATCIQ,lX,I2)

_____ 179 __ fORMAT (' 5 PEe I f Y(~) EO lEU lEA l XL ,TL E. (j. __ 1. C11 • 25/10./0.0/0.0__ ,_, JJ _
18~ FORMAT(4(F3.1,1X)lF3.1)

___ _ b 5 4 'FOR MA 1 (1 2 A2 , 5X, , NOR H ~ l. kl UN' 111 5 ~ , # ST~ R1. 0 f_C 0NTRQL. __ ~ _' ,______ __ _ ~_

& 14,# TRANSITION PEHIon = ',F7.0,/~

____ b ~ b f' 0 R1') AT (1 24 2 1 ~ X, '''i Ct. !\l A~ I 0 ~ UN' , I III 11 ') X, , START UF CO"l TR0 I.._~ _
& ',1",' TRA~~ITION PERIGO : ',F7.~,1,5X,'EU =',F4.1,5X,

_---' ' Eo U_;:' l F4 .2, 5X, ' EA a ' , F5 • 1 , 5X,_'X~ =' ,F 5 • 1, 5 X" Tb_·~, F5. 1_ -' /l 
END
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20

22

21

55

-,

-I

23
24

25
3~~

35
40
50

60
65

66

___ _ S 1I Al.( 0 II T UJ ESP LHd: ( G• A!; , tJ 1 , ~, ? )
oI "1 ~_ ~j S 1 n :\l ~ ( 2 C) , r. (~ ;" , n ( ?~\) , X 'I.. (;J (~) , VV (2 r,) , G ( 2 1 ) , At; ( to 6 )
1l'X(1) = r~.

V1 = ~(1)

_YV ( 1 ,_== Yt _ __
DO 20 Lc 2,20
),X(1.)c5*L-l~ _
VYCL) = GC~)+Y'((L-l)

_ _ __. X)( C 2. ) : 1 • ~
Gt = VY(20)-VY(l)
If 2 = •5 * (~1 + V1
(;(21) :: (;(1) - Gl
IF (Nl-2) 24,?-1,22
YY ( 2 Vl ) I: Y'( ( 2 ~j ) + 4. *G( 20 )
GtJ TO 24
DC 23 L:Nl,N2

___________ E AG : YV CL ) I If ~ -1 •
'(veL) =-(t::Al~+l.) I (E.AG-l.)
VV(L) :: ALDG(YVCL,)
CAL L 5P L I ri. 0 ( ~ , c • :) , X, x, vy, i~ 1, N 2. )
L2 :: 2
L3 :I 86
IF (Nl-2) 3iJ1,3V'i,25
L2 :: Nl*" - q
I F ( "J ? - 2 ~ ) 35, t.l i1 , lJ ~~

L3 :: 1\12*5 - 9
00 S0 L=L3,Bb
AGel) :: Gl+Yl-G(2~)

un ~, L::l,L2
AGeL) :I: '(Y(1)

L3L~:L3-1

DO 70 L:rL~,L3L3

Ll R L+q
If-' CL-S) 60,Hi,oS
Ll = Ll-l
I=ll/S
Q II ll-I*5

---,- ---- - --- EA(j : (( r) ( I ) *Q+C( I ) ) • {J +H( 1 ) ) *Q+Yv( I )
If (~l-?' 70,7~tb~

EAG :: EXP(EAG)
_______ EAG I: (f AG-l.) I (E ~~"'l._L _

EAG = (EAG+l.)*Y2
.__?0_____",G (L) :I: F. AG .. _

DO e0 l=1,85
__________ AG(L) : (AGCL+1)-AG(l.))(Gl . _

I f (A!; (l ) ) ~ 1 , 8 ~ , 8 ~

____81 __ AG(l.) :: 0.0____
80 CO~TINUE

_________ AG( 8 b L II G( 2 ~ ) / GL _ __
RtTURN

---~------ENO -
SU~PJUTIN~ S~LIKO (B,C.O,~,F,N1,N2)

____ nIMt~SlON B(2~), C (2_0) I () (20) I X(20), F (20L__
toil = "l1 + 1

________ M2 liN2 !"'_1 _
SliP)
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1-1 A't' 2 7 ~ '; : 25
-- --- -~--------

-- --l
I

40

1
2
3

--- -- -------- - no H1 I: "'J!-f 112
D(l) = ~(l+1) - X(I)
.. : r~(l+')-~(T)) / roll)
e(l) = K-~

---_ 1£1-- S - -- -1\-- ------- --- --- -_ ------ - --- -~ _
S • 0
R : 0
CCNt) = 0 
C(N2) : 11
OU l'~~ !:M1,~12

CO) = C(I) + t:.*C(1-ll
6(1) = O'(I-U-x(l+l» • ? - phS
S 1; 0(1)

20 P:I S/tHIl
__ ---DO 30 1L. M1-1 t12 -----___ ----- _

J :I /11 +M2 - I L
3ft.' __ CCl) = (0 (!) • C(1 + 1l - C(I)) / iH 1 L-------- __ _ . _

o0 I.i 0 I: N1 , '1 2
5= D(1)_
~ = C(I+\) - C(l)
Dcr) ~ R/S

CO) = eeI) * 3.
_B(!) ~ (F.(1tl1-fO)) I ~ - (C(I)+R) * 5

CONT I ,.,IU~

>Jt. TUR~~ _
END

_______________ SUBF> our INE.__ ALlPR(l v~, 1SS ,~1 AXl, I NTE. R, N_ALL)
NALL=5
1~ (I v;.' - ~1 A Y; ) ) 1 , 2 , 3
1~ nSS-IYf.l)c,2,3
N~ LL =~\ (1 U( 1 V'r< , 1 t>J Tt:ro
RETURN

_END

-- - ------------- --- --------- --------- ---------------11

------------------------
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