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Foreword 

Multistate mathematical demography, much of the development of which took place 
in IIASA, has proven its usefulness in a broad range of applications including the analysis 
of migration, marriage, fertility, working life and household dynamics. Among other 
things the method makes possible the calculation of population projections which are 
disaggregated by region (marital status, parity, occupation, etc.). The following paper 
serves as a user's guide to a new microcomputer program which greatly facilitates the use 
of the multistate projection mathematics. A user with access to the appropriate data and 
modest skills with a computer can explore the future path of a population under a variety 
of assumptions about the direction of change in key variables. Graphical displays of 
results, and interactive updating of assumptions, also contribute to the usefulness of the 
system. The program described here has already been installed and used in a number of 
research institutes in several countries. 

Douglas Wolf 
Deputy Leader 
Population Program 
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'DIAL" - A System for Modeling 
Multidimensional Demographic Processes 

Sergei Scherbov*, Vladimir Grechucha** 

1. INTRODUCTION 

The rapid growth of the availability of microcomputers and user-friendly software 

makes it possible for non-professionals in computer sciences t o  use application programs. 

Contemporary demography has a strong quantitative component and this has inspired the 

development of software for demographic research, both for microcomputers and main- 

frames (Strong 1987). This paper continues the work started by Scherbov and Grechucha 

(1986) and presents a DIALOG software system for multiregion (multistate) population 

projections that resulted from methodological research at IIASA. This system has been 

implemented on a microcomputer and is intended for use by nonspecialists in computers. 

Multistate population models have recently become popular in the study of many as- 

pects of demographic transitions, such as migration, marriage, changes of health status, 

social status, occupation, etc. (Keyfitz 1980; Yashin 1977). 

Computer programs and software packages were developed to  realize such models 

(Willekens and Rogers 1978; Willekens 1979); however, most of these allow analysis of 

systems only when fertility, mortality, or transition coefficients are constant over time. 

Some authors have overcome this drawback (Ramachandran 1980; Scherbov and Usbeck 

1983) by creating the opportunity to  analyze alternative evolutions of the system under 

various scenarios of natural and mechanical reproduction of the population. However, 

these programs are not always appropriate for use by the many demographers and health 

specialists who are not deeply involved in computer modeling. Often the software is not 

flexible enough to  allow choices of and changes in the variables that determine the 

scenarios, the representation of the results, and the control of modeling itself. 

*Population Program, IIASA, A-2361 Laxenburg, Austria 
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The most important disadvantage of these packages is the inability to communicate 

interactively with the model. As experience shows, interactive work with computers con- 

siderably reduces the time spent on model design and debugging. It also creates additional 

opportunities for model analysis. Thus, there existed a necessity to  create a user-friendly 

system allowing a more effective analysis of demographic processes. 

In this paper an interactive system that uses the multistate demographic models is 

described. The system provides the opportunity t o  prepare scenarios, change coefficients 

of the model during the modeling procedure, and present intermediate results. The paper 

uses some results of research conducted a t  VNIISI and a t  IIASA, namely, the design of the 

man-machine modeling system (Gelovani 1980) and the modeling of multistate demo- 

graphic processes (Willekens and Rogers 1978; Willekens 1979; Scherbov and Grechucha 

1984; and Rogers 1975). 

2. S T R U C T U R E  A N D  E L E M E N T S  O F  THE DIALOG S Y S T E M  

2.1. Requirements  for t h e  DIALOG Sys tem of Modeling 

The elaboration of the interactive system was based on the following main require- 

ments. 

1) The DIALOG system should be simple in that the command language should be as 

close to  natural language as possible. Since the system is oriented towards non- 

specialists in computer science, the leading role in the DIALOG should be played by 

the system itself. The user should only answer simple questions or select instructions 

from a menu. 

2) The DIALOG should be organized in a way that the system's reaction is user- 

friendly when users provide wrong answers, and does not stop operating. The "help" 

option should be provided. 

3) The facility to  change DIALOG languages should be provided. 

4) The system should automatically adjust to  different types of initial data. This may 

be a different number of regions or states, a different number of sexes, or flexible age 

group lengths. 

5) A visual display of the modeling results should be provided. One should be able to  

obtain tables and graphs (on a graphic display, or printer) during the modeling. 



6) The system should provide opportunities for flexible scenario setting for different 

controlling variables. For demographic models the opportunity to  set scenarios for 

such variables as total fertility rates, life expectancies, age-specific mortality, age- 

specific fertility, transition or morbidity intensities, etc., should be provided. The 

scenarios should be set either in an interactive mode or from a file prepared in ad- 

v ance. 

7) The opportunity to easily transfer the model from one computer to another should 

be provided. 

The block scheme for the DIALOG system, which satisfies most of the above require- 

ments, is represented in Figure 1. 

Figure 1. Structure of the DIALOG system. 
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2.2. Description of the Model 

A detailed mathematical description of multistate population dynamics is given by 

Rogers (1975, 1980). We will discuss this very briefly. Suppose we have a population di- 

vided by age and state of residence. Let m be the number of age groups, h the length of 

the age group, and n the number of states. Then we could describe the distribution of po- 

pulation for any given time t as a vector K(t): 

where kij(t) is the population of age group i resident in state j at  time t .  The dynamics 

of the population in such a system can be described by the equation: 

where h is the length of a cohort that is equal to  the projection step and G is a growth 

matrix: 

where a and b are the first and last ages of childbearing, respectively, and z is the last 

open-ended age group. The first row of matrix G consists of the matrices B(z) which are 

of dimension n-by-n 

F(z) is the diagonal matrix (n-by-n) of fertility rates of people aged z to z+h-years old in 

different states. The C matrix determines the state in which newborns appear in connec- 



tion with their parents' state. Thus, the rows of the C matrix represent the states of the 

newborns and the columns represent the states of the parents. If, say, C(i,  j) = 1, then the 

parents are in state j and the children will appear in state i. The C matrix satisfies the 

usual probabilistic constraints 

The P matrix contains the survival probabilities from age z until z+h. The entries under 

the main diagonal of the G matrix determine the survival coefficients 

or, allowing multiple transitions (Willekens and Rogers 1978), it may be expressed as 

where I is an indentity matrix. For the last open-ended group z the linear approach (Just 

and Liaw 1983) was used, thus giving 

The transition probabilities are calculated in the same manner as for increment- 

decrement life tables. At first the observed coefficients are grouped into the matrix 

And according to (Rogers and Ledent 1976) P is calculated from 

Just (1983) has shown that to complete the female dominant tw-sex model, a diagonal 

matrix ~f has to be defined. Its elements are the ratios of males to females borne by wom- 

en in each state. Usually these ratios are independent of the status of the mother. Thus 



where vf = 1/(1 + (by/ bf)), and by and bf denote the number of male and female births, 

respectively. 

For the projection of the female population the first row of the growth matrix is 

given by 

The superscript f indicates that the survivorship proportions and probabilities of the fe- 

male population are used. Superscript rn is used for the male population. The projection 

of the male population is performed in two steps: 

1) The total (male and female) population at  exact age 0 (births in period (t,t+h)) is 

calculated by 

2) The male population in the first age group at  time t+h can easily be derived by 

means of 

where the elements v y  of Xm are 1 - e l  Population by states in other age groups is 

calculated by 

where ~L+h( t+h )  is the population distribution by states of female population who 

are in age group z+h at  time t+h. 

2.3. The Structure of the Interactive System 

2.3.1. Control Module 

The DIALOG system is designed using a modular approach. This approach allows 

flexibility in updating the system, changing old modules, or adding new ones to  the sys- 

tem to solve different tasks. Also, the demographic model itself is represented as a 

separate unit. This allows the model to be updated and new variables or subprograms to 

be entered. The controlling module generates main tables of model variables, switches 



control between other modules, and checks the memory distribution. All modules are in- 

terconnected through the control module. This provides for independence and for flexibili- 

ty in updating. Data  flows between different modules and the model pass through a COM- 

MON block, which is saved in a separate file COMSPAT.FOR and is used during compi- 

lation and initialization of the system. 

After starting the DIALOG system the control module reads the file 

COMSPAT.FOR and builds the table with the variable names and their addresses in the 

COMMON block. This table is used later for scenario setting and presentation of the 

results. When the table is completed control can be transferred to  the other modules. 

2.3.2. Initialization Module 

During model initialization the file with the initial da ta  is read. This file should be 

prepared in a particular form, described in Appendix A.l and A.2. 

After reading the initial da ta  the initialization unit calls the demographic model and 

all variables of the model are calculated for the initial year (for the list of variables, see 

Appendix A.3). This allows the user to  analyze demographic indicators for the initial year 

immediately after initialization. 

2.3.3. Scenario Setting Module 

The scenario setting module provides setting of control variables in the form of a 

time-series. In DIALOG, the controlling variables (or scenario variables) are the exo- 

genous parameters for the demographic model used by the model a t  each simulation step. 

The set of controlling variables which is defined for some time interval is called a 

scenario. 

Scenario setting can be performed in the interactive mode or by calling a previously 

stored file. There is also an option t o  store scenarios that  were set in interactive mode in 

the file for future use. Insofar as scenario variables depend on a particular model, a 

scenario is generally set using variable names. In addition, there is an opportunity to  set 

scenarios for the main demographic indicators such as life expectancy, total fertility rate, 

and so on, without using special variable names. After the user has defined all the exo- 

genous variables their values are written to a special table. During simulation, a t  each 

step all scenario variables are assigned the values in accordance with their definition be- 

fore calling the demographic model. 



Each new initialization of the model overrides the previously set scenario. 

2.3.4. Simulation Module 

The simulation module provides the following functions at  each step of simulation: 

for the current time t it assigns values for scenario variables, calls the demographic 

model, and controls simulation. 

A single simulation step h coincides with the length of the age cohort. The simula- 

tion interval may consist of one or more simulation steps. Simulation can be performed 

for several time intervals. After finishing the simulation of one time interval the user may 

define the final time for the next time interval. 

2.3.5. Data Representation Module 

The data representation module presents data either at each simulation step (by 

writing data to  the results file), or for the current time after finishing (output is to  the 

terminal's screen). Information is presented in tables and graphics. 

3. USING THE DIALOG SYSTEM 

3.1. How to Begin Work 

To start working with the DIALOG system the user should first have some 

knowledge about multistate demographic models (a short description was presented 

above), and second, he should prepare an ASCII file with initial data according to  the 

rules described in Appendix A.l and A.2. 

The current version of the DIALOG system is oriented to use on microcomputers 

compatible with an IBM PC XT/AT. Computers should have at  least 512K RAM 

memory, a hard disk and coprocessor i80871i80287, and DOS version 2.1 or above. 

The CONFIG.SYS file should include the following line 

DEVICE = <path>ANSI.SYS 

where ANSI.SYS is a device driver provided with DOS, and <path> specifies the full 

pathname of the file ANSI.SYS. 



T o  use graphic representation the user should have a graphical terminal and an IBM 

Color Graphics Adapter (CGA) or Enhanced Graphics Adapter (EGA). To print pictures 

from the computer screen, the user should enter GRAPHICS (using the original DOS 

diskette) before beginning t o  work with the DIALOG system. 

The user can restore files from the floppy disks using the DOS command RESTORE 

(to make a backup DOS 3.1 was used): 

RESTORE a :  c:\DIALOG\ *. * /s 

After execution of this command the new directory DIALOG will contain the following 

files: 

1) DIAL.EXE - executable file 

2) COMSPAT.FOR - common block with models variables 

3) DIALOGE.DIA - file used for DIALOG in English 

4) COUNTRY.DAT - example of initial data  file. 

The user starts the program by typing DIAL at  the DOS prompt. The rest of the DI- 

ALOG with the system is continued in the request and answer mode. The system may re- 

quire the user to  enter some information (file name, variable name), or t o  choose some o p  

tion from the MENU list. T o  return to the previous state of the DIALOG the user should 

enter Ctrl-Z by simultaneously pressing the CONTROL key and Z (with some keyboards 

the same result may be achieved by pressing <F6> key) and then <ENTER>).  In most 

cases, to  return to  the previous state of the DIALOG the user can also choose option 0 

from the MENU. At any time the user can exit from the system by entering STOP. 

After typing DIAL the following MENU appears: 

0 - exit 
1 - model initialization 
2 - modelling 
3 - scenario setting 
4 - results presentation 

The user specifies which of the modules is to  have control by entering the subsequent 

number and the respective module controls into the system. 



3.2. Sys tems  Initialization 

The initialization procedure is necessary in the following cases: 

1) Before starting work with a model. 

2) Before a new start of the modeling procedure (starting a new scenario, for example). 

3) When choosing a new type of model (medical demographic or demographic) or a new 

model (another country or region) without exiting the system. 

During model initialization the growth matrix G(to) for the first simulation step is 

calculated using the annual rates from the initialization input file. The initial values of 

gross rates are calculated according to initial patterns of fertility, mortality, and rnigra- 

tion. 

3.3. Scenario Se t t ing  

One of the most important features of the system is the flexible and convenient o p  

tions for setting the control (scenario) variables. 

The scenario variables can be set as a table in the interactive mode in which case the 

values of the scenario variables correspond to fixed time points, or they can be set in a 

previously prepared file. 

Any model parameter or any exogenous variable can be chosen as a scenario vari- 

able, since the scenario determines the number of given variables. During the modeling 

procedure the values of the scenario variables are calculated in the scenario module, for 

each time period based on information determined by the user. If for some time point the 

variable values are missing, then linear interpolation is performed using neighboring 

values. If a time point is outside the interval for which the scenario variable was deter- 

mined, then the variable value will stay constant and equal to the closest determined 

value. 

If the scenario is not set for a variable, its value is specified as a default value (calcu- 

lated from initial data). It remains constant during the process of modeling. 

Variables defined as exogenous are assigned values from a scenario table at each 

simulation step starting from the second one. At the first step the growth matrix G(to) is 

calculated during the model's initialization. 

To set the scenario the user enters a number from the following menu: 

0 - exit 
1 - fertility (grr) 
2 - life expectancy (exlnl) 



3 - transitions and morbidity (gmr) 
4 - variable by name 
5 - save scenario to the file 
6 - read scenario from the file 

3.3.1. Interactive Scenario Setting 

Choosing options 1, 2, 3, or 4 allows the user to set a scenario interactively. 

To set the scenario for life expectancy using option 2, the user should, in advance, 

define the mode of calculating the age-specific mortality as a function of life expectancy. 

This mode is determined by a controlling parameter which is defined in the file with ini- 

tial data (see Appendix A.l). In the system there are two modes to  change age-specific 

mortality rates: 

a) equal change of mortality rates in all age groups 

b) proportional change of rates in all age groups 

where mo(z) are age-specific mortality rates corresponding to life expectancy eo; ml(z) 

are mortality rates that correspond to new life expectancy el determined by the scenario; 

and w is estimated numerically in a special module as a function of difference el - eo. 

(The value of el - eo should not exceed 4-5 years on one simulation step.) 

Scenarios on fertility and mortality are determined for one or several states (re- 

gions). For setting transition scenarios the system asks for the state of origin and the 

state of destination. 

The gross fertility (GRRN), and migration (GMRN) rates are taken as scenario vari- 

ables. In modes 1 and 3 when GRRN and GMRN are set to non-negative values, only the 

area under the age-specific rates of fertility and migration (RATF and RATM) is change- 

able; the shape of the age-specific rates is unchangeable. When GRRN and GMRN are set 

to negative values, they act as switches, which is discussed below. 

Using option 4 the system provides an opportunity for scenario setting according to  

the variable name. For this purpose, the user should have a list of the variable names 

(identifiers) (see Appendix A.3). For instance, suppose the user wants to  change the 

values of the gross fertility rate for the first region. In Appendix A.3 he will find that the 



scenario variable for the gross fertility rate for region one is GRRN(1). Then, being in 

mode 4, he should type the name GRRN(1) and, following the DIALOG, type the desired 

values. 

In option 4 there is also the opportunity to set age-specific fertility and transition 

rates. After specifying the respective identifier the user can determine the  scenario value 

of the coefficient for given states and age groups. If a t  the same time a scenario variable 

for a gross rate, say, fertility GRRN for the same state, is set positive (GRRN > 0), then 

two changes occur: first, the form of the curve will change t o  accommodate the new age- 

specific rates, and second, the rates will be changed in a way that  the area under the age- 

specific fertility curve will equal the new value of GRRN. If GRRN is negative, then it 

will no longer be a gross reproduction rate, but act as a switch, tha t  is, the age-specific 

rates will determine the  shape of the curve and the area under the curve. 

The scenario variable can have up to 10 values. The time and the values are 

specified as follows: 

time value 

T o  finish entering da ta  the user should enter Ctrl-Z (simultaneously pressing the CON- 

TROL key and Z (on some keyboards the same result may be achieved by pressing the 

<F6> key) and then <ENTER>.  See also Appendix A.5 for an example of a scenario set- 

ting. 

Each new setting of a scenario for a particular variable overrides the previously set 

scenario for the same variable. 

3.3.2. Saving the Scenario 

Creation of a scenario can be time-consuming, especially if the number of control 

variables is high. Since one sometimes needs to  work with the same scenario again, the 

scenario can be saved using option 5 from the scenario menu. The user should provide the 

scenario with a name and the information about the scenario will be written to  a disk file. 



3.3.3. Reading the Scenario from the File 

To work with a scenario that has already been created by the user or has been saved 

from the DIALOG system, there is the opportunity to  read the scenario from a file. For 

this purpose the user chooses option 6 from the scenario menu and types the name of the 

file where the scenario is stored. The file with the scenario is prepared according to  the 

following rules: 

1) the string starting with character 'C' is read as a comment; 

2) the scenario variable is defined as the following string: 

<variablename> = TABLE (tl,yl,t2,y2, ..., tn,yn) 

where tl,tt,  ..., tn are time points, yl,y2, ...,yn are values of the scenario variable. It is 

important that specified values should be real numbers (contain a decimal point). 

3) the string can be transferred to  any place; 

4) multiple scenario variables can be defined in one file; 

5 )  only one scenario can be defined in the file. 

After the scenario has been read, the user can deal with it as if it had just been 

created: he can add the new variable values, change the values of the old variables, etc. 

3.4. Modeling 

The simulation is performed in the modeling block. Modeling can be done in several 

time intervals. When the system asks "ENTER TIME SPAN", the last year of modeling 

should be specified by the user. If the modeling procedure is started after the model ini- 

tialization, then the time from the file used for initialization is taken as the initial time for 

the modeling interval. The modeling step coincides with the width of the age group. The 

modeling interval can consist of one or several steps. 

During the modeling procedure the user has the following opportunities: 

1) After completing the modeling process for the first time interval, one can continue 

modeling. For this purpose one should specify the end point of the new time interval. 

The end point of the previous time interval is considered as the initial point for a 

new interval of modeling. 

2) One can review the results of modeling at  the screen after each specified modeling in- 

terval (dumping). 



3) One can write results to  the specified file after each step of the modeling process. 

4) One can change the values of the scenario variables and introduce new scenario vari- 

ables. 

5) One can stop modeling and start  modeling again with a new model without exiting 

the DIALOG system. 

3.5. Representation of Modeling Results 

The data  representation module presents the following menu: 

0 - exit 
1 - printing data during run 
2 - current data presentation 

A representation module realizes the output of the results produced during the process of 

modeling (printing data during the run), as well as after completion of the modeling inter- 

val (current data  presentation). 

If option 1 is chosen, information represented in the form of tables is written into the 

file RESULTS after each step (not the modeling interval) during modeling process. T o  

present information for the initial year as well, option 1 should be specified before model 

initialization. It is possible to choose which tables should be written to RESULTS. The 

list of tables is given in the following menu: 

exit 
age-specific rates 
growth matrix 
gross rates 
expectancies 
births, deaths 
transition flows 
indices of labor activity 
summary table 
population distribution 
percentage population distribution 

The growth matrix (option 2) could be printed for a one-sex model. Ln case of a two-sex 

model only i t  will be correctly printed only for the second sex. The other options are self- 

explanatory. When using option 2 in the data representation menu, the results will appear 

on the screen. The results will only show the current period data. In this case the choice 

could be made from the following menu: 

0 - exit 
1 - age-specific rates 
2 - gross rates 



expectancies 
births, deaths 
transition flows 
indices of labor activity 
summary table 
population distribution 
percentage population distribution 
graphics 
variable by name 

When working with the model it is sometimes necessary to  look a t  the current value 

of variables, the representation of which is not provided with tables. Option 11 is used to  

display the current value of each variable used in the model. To  use this mode one chooses 

identifiers of the variables, which are given in Appendix A.3. 

For each request information appears a t  the user's terminal for the current year of 

simulation and could be printed simply using the PrtSc (Print Screen) button. The same 

is valid for option 10 in the last menu which defines graphical presentation of information 

from the following menu: 

0 - exit 
1 - population histogram % 
2 - age-specific fertility per 1000 
3 - age-specific mortality per 1000 
4 - pie chart by state 
5 - population pyramid 

In order to  achieve more independence from the available hardware environment 

(the size of the terminal screen or the width of the printer paper), a special table genera- 

tor was developed. This helps to  easily adapt the representation form for the results of 

modeling t o  the particular type and configuration of the computer. It also allows deletion 

of constraints related to  the number of states and age groups in the model, which usually 

produce problems in representation of the results. 

4. REALIZATION 

The DIALOG system was created for use on a P C  XT/AT or compatible. It was 

written in FORTRAN 77 and an RM Fortran compiler was used. T o  create graphics the 

NOLIMIT library was used. However, a t  each stage of its design, efforts were developed 

to  make the system as machine independent as possible. The same system was also used 

on the mainframe VAX 111780. 



Forthcoming versions of the system will allow the graphical setting of scenarios and 

exogenous variables, including age-specific rates. There will be an option to use model life 

tables and model fertility schedules for scenario setting. Results presentation options will 

also be increased. A new version will allow use of the system on PCs without coproces- 

sors. 



APPENDICES 

A. l  Input Data File 

Before using the system the user should prepare the initial data file. The data are 

read in free format. The name of the input file is requested by the system at  the beginning 

of the DIALOG. This file contains the following information (each paragraph should start 

with a new line): 

1. The title of the data file - one record containing any user defined information about 

this data file (the form of the note is arbitrary). 

2. The model's parameters. 

NA - the number of the age groups, NA 5 20 in this version of the model. 

NSEXES - the number of sexes (1 or 2) .  

NR - the number of regions or states, NR 5 15 in this version. 

NY - the size of the age cohort, usually NY = 1 or NY = 5. 

NU - the number of strings in the title of the system. 

INIT - the initial year of modeling. 

NG - switch of the model type. NG = 0 corresponds to the model type in which a 

newborn appears in the same state as the parents. In this case the C matrix is ident- 

ical. When the switch NG = 1 this corresponds to the model where all newborns a p  

pear in the same state. 

SEXRAT - the ratio of female to male newborns. (In case of one sex user should set 

SEXRAT = 1.) 

NEXL - parameter which defines the mode of change of age-specific mortality as a 

function of life expectancy during scenario setting. NEXL = 1 corresponds to  the 

case when ml(z) = mo(z) + w; NEXL = 2 corresponds to ml(z) = mo(z)(l. + w); 

where mo(z) is the age-specific mortality rates corresponding to life expectancy eo; 



ml(z) is the mortality rates that correspond to  new life expectancy el determined by 

scenario; w is estimated numerically in a special module as a function of difference 

el - eo. (The value of el - eo should not exceed 4-5 years on one simulating step.) 

NAGE(NA+l) - integer array of age intervals of ages for which initial values are 

given (on a separate line). 

NDAT - indicates the initial data type. NDAT = 1 corresponds to  the case when 

fertility, mortality, and migration are given in absolute numbers. If NDAT = 2 the 

coefficients of fertility, mortality, and migration are given. 

3. The title of the system. These are the records that will be seen on the display after 

all data  from the file have been read. The number of records is defined by parameter 

NU. 

4. The name of the country or the system of the states (groups). 

5 .  Data. For each state (group): 

the data for state 1, 
the data for state 2, 
the data for state NR should be given. 

The data  for each state includes the following information: 

a)  The name of the region or state. This may contain up to  eight symbols. 

b) If NSEXES = 1: 

- The population's age structure a t  time INIT. 

- Fertility. The age-specific pattern is specified. When NDAT = 1 the births 

are given in absolute numbers. When NDAT = 2 the birth rates are specified. 

(In this case rates should be defined as the ratio of the number of newborns for 

women in a specific age cohort to  the total population of the same age cohort.) 

- Mortality. The age-specific mortality is specified. When NDAT = 1 it is given 

in absolute numbers. If NDAT = 2 the mortality rates are specified. 

- Transitions, or migrations, from one given state to another. When birth and 

death are specified in absolute numbers, the age structure of transitions should 

also be specified in terms of absolute numbers. If birth and death are specified 

by rates, then age-dependent transition rates should also be specified. 

c) If NSEXES = 2: 

- Data for female population is the same as in b) except that  fertility rates 

should be defined as the ratio of the number of newborns for women in a 

specific age cohort to the female population of the same age cohort. 



- Data for male population are the same as for female population except that 

fertility rates are excluded. 



A.2. Example of the Initial Data File 

Lines which start with the symbol * are comments given to facilitate understanding 

of the structure of the initial data file. In real initial data files, all such comments are 

prohibited. Numbers should be separated by one or more spaces. 

* 1. The tltle of the data flle. 

country 1 : - 2 regions - two sexes: male. female 

* 2. Model's parameters. 
* NA NSEXES NR NY NU INIT NG NDAT SEXRAT NEXL 

* 3. Age intervals for whlch data are glven 

* 4. Tltle In the system. 

MULTIREGIONAL POPULATION SIMULATION 
for 

hrpothetlcsl country 
startlng rear 1975 

* 5. Name of the country or the stnates of the system. 

COUNTRY 

* 6. Data for the flrst state. 

*a) Name of the state. 

NORTH 

* Dgta for female. 

*b)Populatlon age structure. 



*e)Transltlons from 1 to 1. 

*f)Transltlons from 1 to 2. 

I Data for male. 

*g)Populatlon age structure. 

*h) Mortal l t ~ .  

*l)Transltlon from 1 to 1. 

0 . - u . 0 . 0. 
0. 

- - 
1-1 0 1-1 . 0 . 

*J)Transltlon from 1 to 2. 

* 7. Data for the second state, 



A.3. List of Variables for the Multistate Demographic Model 

In the following, indices in brackets denote: 

X - age. 
1.J - s t a t e s  
IS - index of sex (1 - female. 2 - male. 3 - t o t a l )  

Popula t ion  

POPR(X,I.IS) - population b y  age, s t a t e .  and sex 
PDTOT(X.IS) - ~ o p u l a t i o n  by age and sex 
PTOTR(1,IS) - Population by  s t a t e  and sex 
PRCPDR(1,IS) - Percent of Population d i s t r i b u t i o n  by  s t a t e  and 
sex 
POPTOT(IS) - Dopula t ion  by sex 

Fer t i l i ty  

RATF(X.1) - f e r t i l i t y  r a t e  by age of mother and s t a t e  
BIRTH(X.1) - number of newborn by age of mother and by s t a t e  
BR(1,IS) - f e r t i l i t y  r a t e  by s t a t e  and sex of newborn 
B(I.IS) - number of newborn by s t a t e  and sex 
BRTOT(1S) - t o t a l  fertility r a t e  by  sex of newborn 
BTOT(1S) - to ta l  number of newborn by sex 
GRR(1) - gross f e r t i l i t y  r a t e  by  s t a t e  f o r  one sex model and 
to t a l  f e r t i l i t y  r a t e  by  s t a t e  f o r  two sex model 
GRRN(1)  - scenar io  gross f e r t l l i t r  r a t e  by s t a t e  f o r  one sex 
model and t o t a l  f e r t i l i t y  r a t e  by s t a t e  f o r  two sex model i f  > O 

o r  a switch i f  <O 

Mortality 

RATD(X,I.IS) - mortality r a t e  by age. s t a t e ,  and sex 
DR(I,IS) - mortali ty r a t e  by  s t a t e  and sex 
D(1,IS) - number of dead by s t a t e  and sex 
DRTOT(1S) - mortali ty r a t e  by sex 
DEATH(X.I,IS) - number of dead by age, s t a t e .  and sex 



DTOT(1S) - to ta l  number of dead by sex 

GDR(1,IS) - g r o s s  mor ta l i ty  r a t e  by s t a t e  and  sex 
EXL(I.J.IS) - average t ime spent  i n  s t a t e  I  f o r  t hose  who were 

born i n  s t a t e  J by sex 

EXLT(1,IS) - t ime t h a t  an  a r b i t r a r y  i nd iv idua l  spen t  i n  s t a t e  I  

by sex 

EXLl(I.IS) - average l i f e  expectancy i n  s t a t e  I  i n  absence of 

i n t e r n a l  m i g r a t i o n .  
EXLNl(I.IS) - scenar io  va r i ab l e  f o r  average l i f e  expectancy i n  
s t a t e  I  i n  absence of i n t e r n a l  migration. 

T rans i t i ons  between S t a t e s  

RATM(X.I.J.IS) - t r a n s i t i o n  r a t e  from s t a t e  J t o  s t a t e  I  by age 
and sex 
GMR(I.J.IS) - eross t r a n s i t i o n  r a t e  from J t o  I  by sex 

GMRN(I.J.IS) - scenar io  eross t r a n s i t i o n  r a t e  from J t o  I  by sex 

o r  a switch i f  <O 

FMGR(I.IS) - number of t r ans i t i ons  from J t o  I  by sex 
FMGRA(I.IS) - number of a r r i v a l s  by state and sex 
FMGRD(1,IS) - number of depa r tu re s  by s tate  and sex 

FMGRR(I.J.IS) - t r a n s i t i o n  r a t e  from s t a t e  J t o  s t a t e  I  by sex 
FMGRDR(1,IS) - r a t e  of d e p a r t u r e s  by s tate  and sex 
FMGRAR(1,IS) - r a t e  of a r r i v a l s  by s t a t e  and sex 

DFMGR(1,IS) - saldo of t r a n s i t i o n s  by s t a t e  and  sex 
FMGRT(IS1 - t o t a l  number of t rans i t ions  by sex 

Indices of Labor Force Pa r t i c ipa t i on  

ACT(I.IS) - number of i nd iv idua l s  of ac t i ve  age (from 15 t o  64) 

by s ta te  and sex 
RETM(I.IS) - number of e lder ly  by s t a t e  (65 Years and  over)  and  

sex 
CHLD(1,IS) - number of chi ldren UP t o  15 by s ta te  and sex 

PASS(1,IS) - number of ch i ld r en  U P  t o  15 and  e lder ly  of 65 Years 
and  over by state and sex 
ACTR(1,IS) - propor t ion  of i nd iv idua l s  of a c t i v e  age by s t a t e  and 

sex 



PRPA(I.IS) - dependency r a t i o  ( U P  t o  15 a n d  65+)/(15-65) by 

s t a t e  and sex 
CHLDR(I.IS) - proport ion of ch i ld ren  by s t a t e  and sex 
RETMR(I.IS1 - P r o P o r t i o n  of elderly by s t a t e  and  sex 
ACTTOT(1S) - t o t a l  number of individuals of act ive  age by sex 
CHLT(IS1 - t o t a l  number of children by sex 
RETMT(1S) - t o t a l  number of elderly by sex 
PASST(1S) - t o t a l  number of dependents by sex 
ACTTR(1S) - propor t ion  of i nd iv idua l s  of act ive  age by sex 
CHLDTR(IS) - proport ion of chi ldren by sex 
RETMTR(1S) - propor t ion  of elderly by sex 
PRPTOT(1S) - dependency ra t io  by sex 

Other  Indices 

AGEM(I.IS) - average age by s t a t e  and sex 
AGEMT(1S) - average age by sex 
RNINC(I.IS) - n a t u r a l  growth r a t e  by s t a t e  and sex 
RMINC(I.IS) - growth r a t e  due  t o  t ransi t ions by s t a te  and sex 
RNINCT(IS) - t o t a l  growth r a t e  by sex 



A.4. Examples of Results Presentation 

Euf i rary  t a b l e  
v a r i a c t :  * e n z l e  year: !?75 

I I D O @ .  r a t e s  of n a t u r a l  n a t u r a l  t r a n s i t .  t r a n s i t ,  t r a n s i t .  1 
; thous.  5 t o t  nean aae b i r t h  death or .  r a t .  o u t  i n  n e t  r a t e l  

I WORT6 I 2065.3b3 65. 51115 34.560 0.01 1 0.012 -0.601 0.001 0. 000 -I:!, 01) 1 -- ) 
i SO:iTH i 1098.174 34.495 37.122 0.011 0.015 -0.005 6.001 0. 003 0.002 --) 

I  COUNTRY : 311j.3.557 100.(1[10 35.444 0.illl 0.013 -i1.002 6.0!11 0.001 1j.(100 --, 
................................................................................................................................ 

summary t a b i e  
v a r i a n t :  f e e a l e  year: 1975 

I ext.mio. t o t .  g r . l  
I 
I n e t  r a t e  : 

N O R T h  I 0.000 -0.002 I 
SOUik CI , Q [I (:I - l ) , ~ : l ( l ~  ; 
COUN!RY I:,. 000 - 0 . ~ 0 2  I 

.------------------------------------------ 

summary t a b l e  
v a r i a n t :  i e f i a i e  year: 1990 

t - 
I 1 P O P .  r a t e s  of  n a t u r a l  n a t u r a l  t r a n s i t .  t r a n s i t .  t r a n s i t .  i 
I 
I 1 tncjus. X t o t  rean  doe b i r t h  death or .  r a t .  ou t  i n  n e t  r a t e l  
I NCiR!k I ?ObCl. 495 65.608 :a. 434 0.012 0 . !I 1 2 (1, 0<10 0. ~ 0 1  I ~ . ~ o ( I  -(I. (i(11 - ->  
I  SOil!Y I 1078.26.C 34.554 37.637 0.012 0.013 -0,001 0.001 6.00:! 0.002 --i 
I C O U N T R Y  1 3138,781 160.000 36.848 0.012 0.012 0. 001:) 0.001 0 ,  001 i1,9()() --)  

................................................................................................................................ 

summary t a b l e  
v a r i a n t :  i e r a l e  year: 1990 

I 
I f ext.mig. t o t .  g r . I  
I I 
I I n e t  r a t e  I 
I NORTH I , ir.000 -0.001 : 
I SOLlTH L 1:). 060 0.0i1c1 : 
I COLiN!HY I 

I 0.000 0.000 1 



PoPulat,lon dlstrlbutlons a g e  and r e ~ l ~ n s  
varlant: female year: 1975 

I 
I NORTH S O U T H  COUNTRY : 

I I I 
I I I 

I , 0 :  130449. 62653. 193102. : 
I 
I 5 : 164503. 79009. 243512. : 
I 1 0 :  204645. 92259. 296904. : 
I 
I 1 5 :  189898. 73156. 263054. : 
I 
I 20 : 188590. 72651. 261241. : 
I , 2 5 :  116643. 66688. 183331. : 
I 
a 3 0 :  124046. 90215. 214261. : 
I 
I 35 :  168270. 1001 96. 268466. 
I , 40  : 140364. 76735. 2 17099. : 
I 
I 4 5 :  117915. 62934. 180849. : 
I 
I 50 :  96209. 48528. 144737. : 
I , 5 5 :  66299. 38995. 105294. : 
I 
I 6 0 :  95490. 56860. 152350. : 
I 6 5 :  100051. 64747. 164798. : 
I 
I 70 : 841 13. 52249. 136362. : 
I 
, 7 5 :  97898. 60299. 158197. : 
: total 2085383. 1098 174. 3183557. : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

life expectancies 
variant: female year: 1975 

I , : NORTH S O U T H  : 
I , I 
I I 

NORTH : 67 .010  3 .068  : 
S O U T H  : 4. 180 67. 780 ; 

I 
I total : 71 .189  7 0 . 8 4 8 :  

The column denotes the state of birth and the row the average time spent by an in- 

dividual in a particular state. Thus a woman born in the state NORTH will spend, on 

average, 67.01 years in the state NORTH, and 4.18 years in the state SOUTH. Her total 

life expectancy will constitute 71.189 years. 



RGE PYRRtqID in  1975 
S8ate - MUR"$:H 

RGE FEMRLE 

T ? @ T  



- 28 - 

A.5. Example of Scenario Setting 

M A I N  M E N U  

0 - exit 
1 - model Initialization 
2 - modelling 
3 - scenarlo setting 
4 - results presentation 

S C E N A R I O  S E T T I N G  

0 - exit 
1 - fertility (grr) 
2 - life expectancy (exlnli 
3 - transitions and morbidity ( g m r )  
4 - varible by name 
5 - save scenario to the file 
6 - read scenario from the f i l e  

SCENARlO SETTING FOR LIFE EXPECTANCY 

1- NORTH 2- SOUTH 

Enter state number : 1 
Enter number (1  - female; 2 - male) : 1 

the default value is 71.2456 
1 - do not change default value 
2 - set new scenario 

enter number: 2 

enter new scenario in format: 
time value (to end press ^ Z  and then <return>) 

1975 71.2456 
1980 73 .  
1985 73 .5  
- z  
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