WORKING PAPER

MODEL: A GENERAL PROGRAM FOR ESTIMATING
PARAMETRIZED MODEL SCHEDULES OF FERTILITY,
MORTALITY, MIGRATION, AND MARITAL AND
LABOR FORCE STATUS TRANSITIONS

Andrei Rogers
Friedrich Planck

October 1983
WP-83-102

HIASA

International Institute
for Applied Systems Analysis



NOT FOR QUOTATION
WITHOUT PERMISSION
OF THE AUTHORS

MODEL: A GENERAL PROGRAM FOR ESTIMATING
PARAMETRIZED MODEL SCHEDULES OF FERTILITY,
MORTALITY, MIGRATION, AND MARITAL AND
LABOR FORCE STATUS TRANSITIONS

Andrei Rogers
Friedrich Planck

October 1983
WP-83-102

Working Papers are interim reports on work of the
International Institute for Applied Systems Analysis
and have received only limited review. Views or
opinions expressed herein do not necessarily repre-
sent those cf the Institute or of its National Member
Organizations.

INTERNATIONAL INSTITUTE FOR APPLIED SYSTEMS ANALYSIS
A-2361 Laxenburg, Austria



FOREWORD

Low fertility levels in IIASA countries are creating aging
populations whose demands for health care and income maintenance
(social security) will increase to unprecedented levels, thereby
calling forth policies that will seek to promote increased family
care and worklife flexibility. The new Population Program will
examine current patterns of population aging and changing life-
styles in IIASA countries, project the needs for health and income
support that such patterns are likely to generate during the next
several decades, and consider alternative family and employment

policies that might reduce the social costs of meeting these needs.

An important feature of the Population Program's research
agenda is the development of computer program packages that will
allow members of its collaborative network to work with comparable
and consistent analytical methods. The program described in this
paper is part of the set of POPNET programs that have been created
for this purpose. It should enable a user to fit observed data
with parametrized model schedules and, in this way, to provide
a means for data smoothing and inference.

Andrei Rogers
Leader
Population Program
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MODEL: A GENERAL PROGRAM FOR ESTIMATING
PARAMETRIZED MODEL SCHEDULES OF FERTILITY,
MORTALITY, MIGRATION, AND MARITAL AND
LABOR FORCE STATUS TRANSITIONS

Demography has been characterized as the guantitative study
of fundamental demographic processes, such as mortality, fertil-
ity, migration, and marriage (Bogue 1968). These processes
may be viewed as transitions that individuals experience during
the course of their life cycle. 1Individuals are born, age with
the passage of time, enroll in school, enter the labor force, get
married, reproduce, migrate from cne region to another, retire,
and ultimately die. These transitions contribute to changes in
various population stocks through simple accounting identities.
For example, the number of married people at the end of each vear
is egual to the number at the beginning of the year plus new
marriages and arrivals of married migrants less divorces, deaths,

widowings, and the outmigration of part of the married population.

The study of transition patterns generally begins with the
collection of data and the estimation ¢f missing observations,
continues with the calculatioén of the appropriate rates and
corresponding probabilities, and often ends with the generation
of simple projections of the future conditions that would arise

were these probabilities to remain unchanged.



I. PARAMETRIZED MODEL SCHEDULES

The use of mathematical functions, expressed in tarms of a
small set of parameters, to smooth and describe parsimoniously
schedules of age-specific rates is a common practice in demo-
graphy. A large number of such functions have been propcsed and
fitted to mortality and fertility data, for example, and the
results have been widely applied to data smoothing, interpola-
tion, comparative analysis, data inference, and forecasting.

The relevant literature i1s vast and entry into it can be made
from such representative publications as Brass (1971), Coale
and Demeny (1966), Coale and Trussell (1974), Heligman and

Pollard (1979), Hoem et al. (1981), and United Nations (1867).

More recently, the range of parametrized schedules has been

expanded to include interstate transfers such as migration (Rogers,

Raquillet, and Castro 1978; Rogers and Castro 1981) and changes

in marital status other than first marriage (Williams 1581). Thus

it is now possible to define a model (hypothetical) multistate

dynamics that describes the evolution of a single-sex population
exposed to parametrized schedules of mortality, fertility, migra-
tion, and several forms of marital status chanrnge (that is, first

marriage, widowhood, divorce, and remarriage).

The role of model schedules in parametrized multistate
population dynamics is two-fold. r<rect, model schedules allow
one to condense an enormous amount oI information apout transi-
tions bestween states of existence or the occurrences of vital
events in each year into a few parametzrs. Szgcond, mudel schad-
ules provide a manageable number of intesrpretable descriptive
statistics, for each demographic transiticn or vital event in
each vear, the time series of which can-be the basis for econo-
metric estimation. The critaria for the selection of appro-
priate model schedules should emphasize the interpretability
of the parameters, their success 1in characterizing the important
features of demographic behavior, arnd the ¢ocdness-oifi-£fit of

the parametrized schedulaes to available data.

mn
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Rates and Schedules of Rates

The pasic initi2l measure for most damogravhic analysis
is a central rate, defined for a vopulaticn in a given state
during a varticular time span. Its numeratonr is a ccunt of

occurren~zes of an event; i1ts denominator describ

(b

S person-years
1

of exposure (number of people times the duration of thei:
o] i

—

to the event in guestion). In the demographic literature sucu
s

rates have been called occurrence/zzposure rate

In mortality studies, for example, occurrence/exposurz rates
associate the number of deaths during a given interval with the

number of person-years of exposure to death experienced by the
pcpulation at risk. In labor force studies they take the form

of accession and separation rates that relate entranczas and exics
to the at-risk inactive and active pecpulations, respechivaly.
Analogous principles apply to the construction of fertility

rates, nuptiality rates, and divcrce rates.

Empirical schedules of age-specific occurrence/exposure

]

rates exhibit remarkably persistent raqularities in age patter

.

1.

Mortality schedules, for example, normally show a moderately kigh

+

death rate immediately after birth, after which the rates drcp

!._l

to a minimum between ages 10 to 15, then increase slowly unti
about age 50, and thereafter rise at an increasing Dace until
the last years of life. Fertility rates generally start to take
on nonzero values at about age 15 and attailn a maximum somewhzere
between ages 20 and 3C; the curve is unimedal and declines to
Zero onc=2 again at some age close to 50. Similar unimedal pro-
files may be found in schedules of first marriage, divorce, and
remarriage. The most prcominent regularity in age-specific sched-
ules of migration is the high concentration of migraticn among
young adults; rates of migration also are high among children,
starting with a peak during the first year of life, dropping to

a low point at about age 16, turning sharply upward to a peak
near acges 20 to 22, and declining regularly thereafter except

for a possible slight hump or upwaird sliope at the onset of the

principal ages of retirement. Although data on rates of labo



force entry and exit are very scarce, the few published studies
that are available indicate that regularities in age pattern also
may be found in such schedules. Figure 1 illustrates a number

of typical age pfofiles exhibited by occurrence/exposure rates

in multistate demography.

The shape or profile of a schedule of age-cspecific occurrence/
exposure rates is a feature that may be ﬁsefully examined inde-
pendently of its intensity or level. This is becausa there are
considerakle empirical data showing that although the latter
tends to vary significantly from place to place, the former

remains remarkably similar.

The level at which occurrences of an event or a flow take
place in a multistate population system may be represented by
the area under the curve of the particular schedule of rates.

In fertility studies, for example, this area is czlled the gross
reproduction rate if the rates rafer to parents and babies of a
single sex. By analogy, therefore, we shall refer to areas under
all schedules of occurrence/exposure rates as gross production
rates, inserting the appropriate modifier when dealing with a
particular event or flow, for example, gross mortality produc-—
tion rate and gross accession production rate. The term
"sroduction" is retained throughout in order to distinguish this
aggregate measure of level from the other more common gross rates
used in demography, such as the directional gross (instead of

net) rate of migration.

Examples
Fertility

Among the relatively large number of different paramectric
functions that have been recently proposed for representing
scnadules of age-specific fertility, the formula put forward by
Coale and Trussell (1874) has assumed a certain pra-eminence.
This formula can be viewed as the product of two component
schedules: a model nuptiality schedule and a model marital
fertility schedule. The former adopts the double-exponential

first marriage function of Coale and Mcheil (71972):
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0.19465 —Q—El—(x-xo -6.06k) —-e K c

G(x) = ———— e (1)

where Xq 13 the age at which a consequential number of £first
marriages begin to c¢ccur, and k is the number of years in the
observed population into which one year of marriage in the

standard population is transformed. Integrating, one finds

X
G(x) = J g(a)da
0

which when multiplied by the proportion who will ever marry,

represents the proportion married at each age.

Coale argues that marital fertility either follows a
pattern that Henry (1961) called natural fertility or deviates
from it in a regular manner that increases with age, such that
the ratio of marital fertility to natural fertility can be

expressed by

where M 1s a scaling factor that sets the ratio .r(x)/n(x) equal
to unity at some fired age, and m indicates the degree of control
of marital fertility. The values of v(x) and n(x) are specified
bv Coale, and they are assumed tc remain invariant across pcpula-

tions and cver time.

Multiplying the two-parameter model schedule of proportions
ever married at each age by ths one-parameter model schedule of
marital fertility, Coale and Trussell (1974) generated an euiten-
sive set of model fertility schedules that have been shown to
describe empirical schedules with surprising accuracy. Their

represantaticn



f(x) = G(x) - r(x) = G(xﬂn(x)emv(x)

(2)
allows one to obtain the age profiles (but not the levels) of
fertility, which depend only on the fixed single-year values of

the functions n(x) and v(x), and on estimates £for Xy k, and m.

A double-exponential function [similar to that used by Coale
and McNeil (1972) for first marriages] also may be used to
describe fertility rates at age x:

-A(x=u)

£(x) = gae @ (x-u) -e (3)

where the shape of the curve is defined by the three parameters,
o, u, and X, and the level of the curve is defined by the scaling
parameter a, and g, the gross fertility rate, which is the sum

of all the age-specific fertility rates. Although these param-
eters (apart from g) are not easily interpretable, it is possible
to derive the propensity, mean, variance, and mode of the double-
exponential function in terms of them (Coale and McNeil 1972;
Rogers and Castro 1981; and Sams 1931}.

Marital Status

Coale and McNeil's (1972) double-exponential model schedule
of first marriages, discussed above, was introduced a decade ago.
Parametrized schedules of other changes in marital status,
however, seem to have been first used only recently, in a study
carried out by the IMPACT Project in Australia (Powell 1977).
Working with a detailed demographic data bank produced by 3Brown
and Hall (1978), Williams (1981) fitted gamma distributions to
Australian rates of first marriage, divorce, remarriage of
divorcees, and remarriage of widows, for each year'from 1921 to
1976. These model schedules provided adegquate descriptions of
Australian marital status changas, although some difficulties
arose with age distributions that exhibited steep rises in early
ages; 1in particular, the age distributions of first marriages.
This difficulty was cvercome by the addition of a second time-

invariant gamma distribution.



Functions based on the Coale-McNeil double-exponential
distribution, given in Eqguation 3, seem better able to cope
with the problem of steeply rising age distributions than the
gamma distribution. Although the parameters of both functions can
be expressed in terms of a propensity, mean age and variance in
age, the double=-exponential function requires a further parameter
—the modal age—whose movements over time may be more difficult

to model and projeét.

Mortality

Three principal approaches have been advanced for summarizing
age patterns of mortality: fumnetzonal descriptions in the form
of mathematical expressions with a few parameters (Benjamin and
Pollard 1980), numerical tabulations generated'from statistical
summaries of large data sets (Coale and Demeny 1966), and rela-
tronal procedures associating observed patterns with those found

in a standard schedule (Brass 1971).

The search for a "mathematical law" of mortality, has, until
very recently, produced mathematical functions that were success-
ful in capturing empirical regularities in only parts of the
age range, and numerical tabulaticns have proven to be somewhat
cumbersome and inflexible for applied analysis. Consequently,
the relaticnal methods first proposed by William Brass have
become widely adopted. With two parameters and a standard life
table, it has become possible to describe and analyze a large

variety of mortality regimes parsimoniously.

In 1979 Heligman and Pollard published a paper setting ocut
several mathematical functions that appear to provide éatisfactory
representations of a wide range of age patterns.of mortality.
Their function describes the variable g(x), the probability of
dying within one year for an individual at age x. We have found
it more useful to focus instead on d(x), the annual death rate
at age x. Thus we adopt the slightly modified Heligman and
Pollard formula suggested by Brooks et al. (1980) of the IMPACT
Project:



d(x) = dI(X) + dA(X) + ds(\) for x = 0,1,...,100+ (4)
where
QO for x = 0
dI(x) =
XY
Q1 for x > 0
2
) ln X - 1ln XA
Y = g for x 2 0
dA(“) QA e
and
ex/Xs
. = >
dg (%) = Qg 7 for x = 0
1+ QsKe

Heligman and Pollard interpreted the three terms in their formula
as representing infant and childhood mortality (I), mortality due
to accidents (A), and a senescent mortality (S) component which

reflects mortality due to aging.

Migratton

A recent study of age patterns in migration schedules
(Rogers and Castro 1981) has shown that such patterns exhibit
an age profile that can be adegquately described by the mathe-
matical expression:

—Xz(x-uz)

-G X —a, (X=jy) ~e
m(x) = aqe + aje : + R + cC (5)

where
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if the curve has a retirement peak,

if the curve has an upward retirement slope, and
R =0

1f the curve has neither and is approximately horizontal at the
post-labor force ages. The migration rate, m(x), therefore,

depends on values taken on by 11, 9, or 7 parameters, respectively.

The shape of the second term, the labor force component of
the curve, is the double exponential formula put forward by
Coale and McNeil (1972). The first term, a simple negative
exponential curve, describes the migration age profile of child-
ren and adolescents. Finally, the post-labor force compcnent
is a constant, another double-exponential, or an upward sloping

positive exponential.

In addition to the parameters and derived variables defined
previously in the discussion of model double-exponential fertil-
ity schedules, we now introduce three additional measures useful
for the study of migration age profiles: the index of child

dependency

v

9
812 = a7

fu
N

the index of parental-shift regular<ity

o]

Big =

2

and the low point x The first measures the pace at which

o
children migrate with their parents, the second indicates the
degr=ze to which the pattern of the migration rates of children
mirrors that of their parents, and the third identifies the age

at which the lowest migration rate occurs among teenagers.
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Other Transitions

The notion of model schedules may be used to describe a
wide range of demographic transitions. We have considered
mortality, fertility, migration, marriage, divorce, and remar-
riage. We could as easily have focused on flows between dif-
ferent states of, for example, income, education, health, and
labor force activity.

Consider, for example, the flows between active and inactive
statuses in studies of labor force partiéipation. Rates of entry
into the labor force, called accession rates, exhibit an age
profile that can be described as the sum of three double exponen-
tial distributions. Rates of exit from the labor force, called

separation rates, may'be described by a U-shaped curve defined as:

—'Ot.]x (13X
h(g) = a1e + aze + C 6)

A Computer Program: Model

The rest of this paper describes a computer program that
may be used to fit model schedules to observed data. The heart
of this program is a nonlinear algorithm that iterates to the
data until it in some sense (e.g., in the least-squares sense)
produces an optimal fit of model to data. Two such algirithms
are embedded in the program. The first is a routine based on the
Levenberg-Marquand algorithm that is available from IMSL (Inter-
national Mathematics and Statistics Library). This routine is
copyrighted; consequently, it is not reproduced here. It is,

however, available at many university computing centers.

An alternative, and in many respects a better, routine is
one based on a Gauss—-Newton type of algorithm developed in the
Soviet Union at VNIISI, the All Union Research Institute of Systems
Studies. This routine, written by Drs. V. Golubkov and S.
Scherbov, was brought to IIASA by Dr. Scherbov and was added to
the program as an alternative parameter estimation procedure.

Since the algorithm is not copyrighted we are able to include

it in the program listing contained in this paper.
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Intrcduction

This manual describes the BLasic steps Tor using IIA5A‘s ge-
neral modgdel schedul2 parameter estinmation pregrame. As the
Uuser Bbecomes hetter acguaintzc wi*tn 1%, he will finag it

Relpful to examine the Aavanced User’s anual, presented in

ssctions Z1II and IV, uwhich offers more je2nerzl ways ¢f using
the grosram and additional fecilitias, and whkich alsc con-
talns more detailed descriptions.

Wwhat the program coes

Tre model schedule grogram has bulilt 1n to 1t several matnae-
matical functions that may be usea *to describte the age pat-
terns of varicus cemograpnic variables such &¢s mortality.,
fertilaity, marrliaze, divorca, migraticn, etc. The parameters
of these mathematical functicns are estimatec by an itara-
tive grocedure 1n wnich the grogram tries to fit .tn2 model
as closely as possxcle to 3 set of obLserved cz*ta. The usaer
nas to provice *the obkservations {(c¢3alled “1nput dazta’} and o
select tne mathamstical function (called “moecel scheaule”)
Ae wisnes to 2PP Ly

How to s2lect & nedel scheduls

Zach mogel schecule 1s rdentitiza by & cowe. Fijurae 2/1 lists
Tne avaliable Mmodel schedulas and their assoclated cccas. The
selectior of a ﬂodwl schedula 13 daone on. 3 segaratz 1nout filz
(“ingut cara2ctives’ ). If, for 2xample, a user w1snas to fit 2
model schadule *to observed (age-specific) fartility rates., he
miyht <¢hoose th2 doudnle expornan%ial funcition (zode=23), giving
the 1nput directives:

15t agirec=ive (at card/line 1)Y: ¥z

Ind directive (a%t zara/line Z): mcg=2:

Wrltlng, s%ar<s a3t *th2 first c:zlumn., Tre Lnput directives ara
reac from file unit S (37Tanaarc 1nput).
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How to provide the 1input data (observations)

Suppose the user has a data file containing zage-specific
fertility rates. Provided that this file is written “normal-
ly’, i.es it is not unformatted (binary) or free formatted
(*=fcrmat), it can be used as an input file with only a feuw
modifications. The user has to add twe cards/lines at the
beginning of the data file: the first is a title card which
may be empty; the second has to contain the age range and
the zge interval of the input data, and the format with
which they are to be read. If the fertility rates were
single-year-of-age data ranging from, say, 15 to 50 and
were written in format (5f10.6) the first two lines of the
input data file would be:

1st card/line: fertility rates by age of mother
2nd card/line: 15 50 1(5f1C.%)

The first card/line is read in format (aéQ), the seccnd is
read in format (3i3,a20). The 1input data file is read from
file unit 1.

The output produced by the example input file is written on
file unit 6 (standard output) and consists of three parts:

1st gart: General program information telling the user what
the program did, step by step.

2nd part: A teble of the estimated model schecule parameters.,
along with additional information, of which the
most important is the “goodness of fit’, small
values (esgs < 10) indicate a good fit, big numbers
(eege > 25) reflect a poor fit.

3rd part: A table of observed versus estimated rates.

Simple extensions

There are several basic input variations that may be used to
modify the parameter estimates and the output to be produced:

(a) The iterative estimation of the model scredule parame-
ters may be started with the initial parameter vzlues
explicitly named by the user. Depending on the specific
spplication, the built=in defaults may not be appropriate
to reach a solution. In such a case th2 user should try
different initial parameter estimates,
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(b) The user may want to modify an available model schedule
by excluding certain parts of the mathematical function.
This can be done by setting the agproprizte parameters
equal to zero. It is also possible to fix parameters at
values other than zero.

(¢c) The estimated model schedules usually are normalized, so
that the area under the curve will be unity. It is pos-
sible, houwever, to delete the normalization.

(a) The output may be supressed (output parts 2 and/or 3
mentioned above) or it may be extended by a graptrical
outpute.

(a) How to enter initial parameter values explicitly

Initial parameter estimates arz appended after the code of the
model schedule on the input directive ‘mod‘. The order of pa-
rameters .can be seen from an output of the program run withou<t
parameter specificaticens, for example. It is important to note
that either no initial parameter values should he given or all
parameters of the model schedule should be initialized. The
input format is frees i.e. the values are separated Ly blanks
or commas. A sample input directive is:

mod=23,e1,20/3, 41

if the double exponential function (code 23) is to have ini-
tial parameters values a, mu, alpha, and lamkbda of 0.1, 20.0/,
0.3, and Ce1, respectively.

(b) How to keep parameter values fixed

Forcing a parameter to egqual a certain value means that the
parameter will keep 1ts initial value throughout the estima-
tion procedure. Therefore the fixing of parameter values re-
gquires that initial values be set by the “mod’ input directive
as described above. Which parameter(s) will remain fixed 1is
defined by the input directive “fix’ which contains ¢ ‘0’ or
“1° for each parameter, uwhere ‘1’ stands for “fix“. Thus if
the user wishes to keep parameter mu fixed at 20 the sbove
input directive would need to be enlarged to state:

mod=23,,11201.31.1
fix=C,1,0,0
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(c) How to avolid normalizaticn

Surpressing the ncrmalizatior of the model scha2dule mey te
achieved by specifying the 1nput directive:

nor=_

(d) How to gJa2t more or less cutput

To supress as much output as gossible the ingput directive
out=C

should be used, Tc et only tre table of estimated perameter
values but nct the tatle cf cbserved and estimated rates the
user should enter:

out=¢£

If the user wishss tc extend the output by a craphicel plot
of estimateud versus observed rates he should use the input
directive “jra’:

gra



Figure 2/1:
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Codes

Name

11

12

21

41

f(x)

f(x)

f(x)

fix)

fix)

f(x)

fix?

f(x)

f(x)

f(x)

The Availlable Mcdel Schedules ancg Their
C
obs (x)
p9 x=0
p1*(x*x*xp2) x>0

+ pS*exp(~(Iln{x)=1n(g6))/p7)%x2)
pg*axp(x/pa)/(1+D3*cxp(x/p4))
+ 23

pl*exp(=p2*x)
+ pSkexp(=-p7*(x=pél=exn(~ p8*(x pél))
+ pS*exp(pb*x)
+ po

c1=nx)*xexp(p2xvix))

*integral frem (p4=11,36%p5) to
infinity of:

(1.2213/p3)
*xexp(=(1e145/33*(x=£4=,805*3)
~exp(=(1.8%286/p3)*(x=~Fp4=.805+*p3)))

pl*xn(x)*xexp(od*xv(x))

xintegral frcecm p4 to infinity of:

(o 1°46/p))

*exp( (. 174/p’)*(x-p4 5,06%*p3).
exp(=(.2E3/3)x(x~p4=6,06*pI)))

plxexp(=n3*(x=p2)=exp (~pid*x(x-g2)))

pl*exp(=p3*x(x=p2l=exp(-pbt*(x~p23)))

+ pSi*xexp(rp?x(x=pél=zxp(~p8*(x=ps)))
4+ p9*rexp(=p11x(x=g10)=exp(=p12*x(x=p1()))

+ 12

pl*exp(~pl*x)
+ plrexp{=pS5*(x=gb4)=exp(=psx(x=pi)))

+ p?*exp(‘p?*(x-pE)-exp(-p10*(x-p$)))

+ pl1

pl*exp(=p2*x) _
+ po*exp(=pS*(x=p4l=ecxp(~pdé*x{(x=p&)))
+ pTPxexpl{pldxx)
+ p?9

cl1*exp(=pI*(x-p2)=exp (~pb&*(x=p2)))

zero schedule
observed schedule

Helicran=Pollard model
mortzlity schedule

Rogeres model
mortality schedule

Coale=Trussell model
fertility schadule
witt parameters
S and x-~bar

Coalz~Trussell model
fertility schedule.
witr parameters
k ard xQ

double exponential

double exponentials

Rogers=Castrc modal
migration schedule
witk retirement peak

Rogers=Castrc model
migrzticn schedule
with retiremrent slope

double exponential
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The Basic Input Directives and Their Meaning

Input Oirective

Effect/Action

T e e e S G S T G e S D MR S R TR T WS SR G M NS D A SN am W S A e P A A MR e AR e P WP AN S Ae Om G SN P NS e e N e w4 A me R e et

cr:

optional:

optional:

optional:

optional:

mod=icode

rod=icode,p(1),n(2)rasapln)

Fix=1fix(1),ifix(2),eadifix(n)

nor=0

cut=0/0ut=6

sra

A model schedule will be fit-
ted to observed data.

The model schedule with the
code “icode” will bhe selected.

The model schedule with the

code ‘icode’ will Ye selected

and tne initial parameter val=-
ues for tha fitting procedure

w1ll Ce p(1), p(2), seapin).

Parameter 1 will remszin con-
stant if ifix(i) 1is 1.

Mo normalization of the model
schedule will be done.

Qutput will Le supirassed/
/partly suprassed.

A grzphical cutput will be
producaed,
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II. ACVANCED U S ER S M ANULUAL:

GENERAL REMARKS

Program facilities

The proyram has several executable facilities., Most of them
will only be executed if the user tells the program to do so
(by means of ‘program directives’). The available facilities
are (in the order of their executional sequence):

Read program directives. Program directives are aluways read
from file unit 5.

Read input data (obsvervations) (see directive “dat’). Mis-
sing input data do not cause an error. No input data are
required if only a model schedule has to bhe computed.

Interpolate input data (optional - see directive ‘cub’).
Model schedule values (results) are always given in one-
year age intervals. Observed data, however, often have 5-
year intervals. In such a case it is possible to replace
the input bty interpolated observations by zpplying cubic
splines (IMSL=algorithm).,

Normalize observed data / adjust observed data in level
(optional - see directive “nor’), For reasons of ccmpari-
son i1t 1s often desirable to normalize schedules. This
means that the area under the curve, i.e. the gross rate
in case of rates, will be one., Similarly the obhserved data
can be adjusted to meet any other gross rate.

Calculate model schedule (cptional - see directive “mod’).
Definition of a model schedule (selection of a mathemati-
cal function ana 1ts parameter values) causes the compu-
tation of functional values for ages x=0,1,...100.

Fit model schedule to oktserved data (optiorzl - see direc-
tive “fit‘). The main task c¢f the program is the perameter
estimation, 1.2.2+ the fittirg ¢f a model scrhredule tc ob-
served data. It 1s done by & finite~difference analcg of
the Gauss=Newton alcorithm (VMNIISI-routine) or a mcdifiesd
Levenberz=-Marquardt algerittm (IM4SL=routine). Both zlgo-
rithms use the residuals between okservaticns and estama-
ticns in ar iterative process for estimatirg the functional
parameters. The model schecdule defined Ly input directive
‘mca’ is used zs an initial estimate (starting poirt).

The VNIISI routine tends to stop too early when a satisfy-
ing solution is not yet reached. The IMSL routine on the
other hand often does not stop within a rezsonable number
of iterations, moreover, the guality of fit may decrease
when the number of iterations increases when the INSL
routine is applied.
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- Cut model schedule (optional = see directive “cut’). For
some purposes it is preferatle to have a model schedule
covering only a part of the full age range 0 to 10C having
zero values outside of the chosen range. Mcreover the last
age group {w) can be made ‘open-ended’ comprising zges w
and over,

- Normalize model schedule / adjust model schedule in level
(optional = see directive “nor‘). In generzl a fitted mo-
del schedule will not have exactly the same gross rate as
the observed schedule. To enforce it a normalizaticn can
be applied to the model schedule in the same way as for
the observed schedule (see above). In addition also the
“level parameters’ of the model schedule will be adjusted
to maintain the link between function parameters and func-
tion values., Houever this is only possible if level para-
meters exist (e.ge not (not exact) for the Heligman=Pol-
lard model mortality schedule’s senescent part).

- Print table of parameters, table of observed and estimated
schedules, and internal summary information (optional = see
directive ‘out’).

= Print observed and estimated schedule and components of
model schedule as well as logarithms of observed and esti-
mated schedules (optional - see directive ‘“out’).

= Print goodness=of=fit table (optional - see directive ‘out’).

- Plot observed versus estimated schedule (optional - sece
directive “zra‘)d.

= Store results for summary table / print summary table (op-
tional = see directive ‘out’).

= Store results for table of summary statistics / print table
of summary statistics (optional = see directive “out” ). -
This facility is only valid for the standard Rogers-Castro
model migration schedule with retirement peak {(code 32).

General format of program directives

The program directives tell the program what to do. They are
read from unit 5 and have thes general format:
key=kpl,/kp2rs/ees kun

where
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= key: keyword (columns 1-=3)

= kpl1/kp2sessa: keyword parameters (columns 5-130), separa-
ted by commas or blanks (read in *=format)

Lines starting with “#° or “*° in column 1 are treated as
comments,

Column 4 may contain a “=°, a blank, or any other character
except an “x° in which case the keyword is treated as it would
have-never appeared before (this may be necessary if more than

one run is pursued (see below)).

Trailing keyword parameters which are to have values equal to
2ero may be omitted. (Note that zero values may be replaced by
default values.)

Crder of program directives

Whercas the order of executicr steps is fixec¢ the orcer of pro-
sram directives 1is arbitrery. If a keyuword agpgpears mcre than
once without teing separated bty an “end’=directive (cee belouw)
only the last directive is recognized and the previous onefs)
is (zr2) igncred. .

Repeated runs

Passing all executional steps (see Program facilities) is called
a ‘run’. To have several runs within the same program run (i.e.,
without reaching the “stop’~statement of the program) the “end’-
directive has to be used to separate the acccrding sets of pro-

gram directives and to indicate that a new run has to be pursuede.

When a new run i1s started the program airectives of the previous
run{s) remain in use as long as they are not replaced by new
onese. Thereby it is sufficient to define features that apply *to
all runs only oncee. Thus if the user wants tc¢c have, =ssy, the same
kind of output in each run he has to enter the according “out’-
and/or ‘gra‘=directive only for the first run.

If the user wants to have a single input file only ccntaining pro-
gram directives plus input data (see directive “dat’) the “end’-
directive has to be inserted before the input data for that run.
Figure 3/1 shows the structure of the input files in case of re-
peated runse.
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Figure 3/1: Structure of Input Files in Case of n Runs

Case 1: Tuwo Input Files (1 ana 5) Case 2: One Input File (5)

File S File 1 File 5

directives (1)
end
directives (2)

end

directives (n)

end-of~file

input data (1)

input data (2)

input data (n)

end=of=file

directives (1)
;nd
;nput data (1)
Airectives (2)
;nd
input data (2)

directives (n)
end
input data (n)

end=cf=file
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Input data

The input data for one run ccnsist of 1 or 2 ‘data sets’. If
2 sets are input, rates will be computed from the 2 sets: the
first set i1is assumed to contain population datar the second

set is assumea to contain event or move/transition dsta. Thus
1f age~-specific female population data (set 1) and birth data
(by age of mother; set 2) are input birth rates will be com-

puted and used as ‘observed data’.

Whether the input datz comsist of 1 ¢cr 2 datz sets mzy b2 ex-~
plicitly ga2fined (see directive ‘dat’). Implicitly it is as-
sumea that input gata should Le rates. Therefore one data set
is eaxpected if none of its velues is greater than 1,C (checked
by the prozram if no explicit definition 15 ¢iven), ctherwise a
second data set 1is expected.
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directive “fix

fiX=fiX1lfiX21. ve fixn

Required to keep model schedule parameters fixed (constant) during
the estimation process.

= fixi=0: model schedule parameter 1 will be free (will not remain
fixed during the estimation process)
=1: model schedule parameter i will be kept fixed during the
estimation process

Reference procedure: subroutine SCHFIT
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PARAMETER ESTIMATION

(CURVE FITTING)

I

I

I example progyram directives file

I ———————————————————————————————

I

I

I Imesmmmmss mo—cmcmem mmecmsems smefec—se SSwsese o mecosaao- mm———— I
I Imod=32 I
I Ifit I
I I--- I
I ImoC=’f1/|1'SIZDI-1QI.33— I
I Inor=1 - I
I Iout=6,6,0,0,0,0,6 I
I Igra - I
] Iv——=—mems mcrcsacen mmssmosEmacs SCmesGaeosme SSESsmeeocs SSosocees Seem-- I
I

I

I Zxplanation:

I

I Two runs of parameter estimation will be performed (because there

1 are two sets of program directives, serzarated by a "—-="=directive

I (eguivalent to an “end’-directive)), '

I

I Run 1: (1) Input data are read (default) .

I (2) Input data are normalized (zross rate = 1.,0) (default)

I (3) A standzrd Regers—Castrs model migration schedule is

I calculated (cirective “mod’ with icode=32) using standard
I (default) paraneters

I (4) The parameters of the model schedule are estimated, i.e,.
I the model schedule 1is fitted *to the innut data (airective
I ‘fit“), The VNIISI parameter estimation procedure is used
I (detault) :

I {(S5) The estimated model scheaqule is normalizza (gross rate

I = 1.0) (default)

I (8) Tha estimated model schedule parameters and rates are

I writtan on unit & {default)

I

I Run 2: (1) Input data are read (default)

I (2) Input data are normalized (gross rate = 1.0) (directive

I ‘nor’ with xnorm=1)

I (3) A single double exponential model schadul2 is czlculated
I using model schoadule parameters a=0.15, mu=20.0, alpha=

I 0.14, lambda=0.,33 (darective “mou’ with icode=41 and

I parameter values .15,20,.14,433)

I (4) The model schedule parameters are sstimeted, 1.2, the

I model schedule is fitted to the input dzta (directive

I “fit’ is 3111l active) with the YNIISI grocedure

I (5) The estimated model schedule parameters and rates and a

I goodness—of-fit table are written on unit 6 (directive

I ‘out’ with ifilel1=6,ifile2=6 and 1fil27=6)

I (8) A graph of observed versus estimated rates is printed on
I unit 6 {(directive “gra’)

I Note that the mocel schedule is not normalized (directive

I ‘nor” with ynora=0)

I

I

I
-1
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Ve PROGRAMMER""S M A N UAL

Program language

The program is written for FCRTRANS (FORTRAN77) compilers,

The IIASA compiler enables one to read from internal files
(ises character variables) in x-format. This is not standard
FORTRAN77. Thus using the program outside IIASA may make it
necessary to have formatted input of keyword parameters. In
that case the free (*x=)format read commands in the reference
procedures (named in section IV) have to be changed to format-
ted input read commands. To keep the advantages of the *=format
remove the comment=“C’s from the lines just tefore thte read-
statement and replace the file name in the recad statement by
the variable name “iofile’. E.g. in subroutine IND3S

change

c call i1opar(iofile,datin)
read(datinsx)yes,mi,marsets,file

to

call iopar(iofile,datin)
read(iofile,*)yes,mi,marsets,file

Note that subroutine INPAR does not need to te changed.

Library programs (IMSL)

The program may need the IMSL program library (*). However.,
if IMSL is not available the program can still be used if

~ some modifications are made:

n

*) IMSL: International Mathematical & Statistical Litraries, Inc.
Address: IMSL
Customer Relations
Sixth Floor, NBC Building
7500 Bellaire Boulevard
Houston, Texas 77036=5085
LSA
Telephone: (713) 722=1927
Telex: 79=1923 IMSL INC HCOU
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(1) Without IMSL no cubic spline interpolation is possible.
Ignore program directive “cub’. Remove statement ‘call

obscub® in main program ‘fit°, Subroutine ‘“ohscut’ is not

needed then., = Alternatively one may write a dummy sub-
routine named ‘i1csscu’ replacing the IMSL subroutine.

(2) without IMSL one cannot choose between twuo parameter
estimation algorithms. Do not set parameter ‘prog¢’ to
2 in program directive “fit’ (see section IV). Remove

the program section called °“IMSL part’ in subroutine

‘schfit’, = Alternatively one can write & dummy sub-

routine named “zxssq’ replacing the IMSL subroutine.

Program structure

The program consists of four categories of rcutines:

(1) Main program; its only purpose is to call in various sub-
routiness

(2) Special purpose subroutines; they are called directly by
the main program and are especially desig¢ned for the para-
meter estimation and related tasks.

(3) General purpose subroutines; they also may serve as sub-
routines for other than the parameter estimation (main-)
program.

(4) Library programs; they are comparable to the general pur-
pose subroutine but they come from ‘outside’, i.e. they
are more or less “black boxes”’.

Figure 5/1 will help to understand the structuring of the
program.

Hints for installing new model schedules

Model schedules are computed in subrcutine “func’. S¢ “func’
is the right place to install new model schedules. Scme ad-=

ditional information is to be stored in the function subpro-
grams MSNAM (name of model scheaule), NOP (number of rparame-
ters), PARNAM (names of parameters), DEFPAR (default parame-
ter values), and MK (definition of “level’-pzrameters). Note
that the actual program versions may include adationzl model
schedules not mentioned in figure 2/1 that should be consi-

dered as test versions.



Figure 5/1:

*) routines marked with a

special purp.

=obscub
-obsnor

-schcal
-schfit

=-schcut
-schnor
=-schpro

-mmsSpro

=out
-outplo
-outgra

-outgof
=outsum
~outsta

Program Structure

l*l

-39~

general

-inpar

=cubic
-err

-funcal
-2XssqQ¥*
-ident
-resid
=func
-gof

=-func
-“mimax

-minim

-maxim

-plodat

=-graph

-gof

~stat

come from

purpe & library

=-icsscux

-func

“resid -=func
“ese -resid -=func
-func

-mimsx2 =func
-mimeax
=mimax2 -func
-mimax

-graini
=-gradra
-gragri

the IMSL library
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Figure 5/1: continued
“e =ident =funct -resid =func
-functa '
-mxout =loc
-err
-dir -matr
-mxout <=loc
-array
-dir1 “matr
“mxout =loc
=array
-minv -err
-sergo =-matr
-array
-minv -err
~ort -matr
-stegp =funct =resid =func
=constr
-err
~detreq =-matr
=-minv =err

-subgpg =array
-minv =err
-matr



APPENDIX A: COMPUTER PROGRAMS: MAIN PROGRAM
AND SPECIAL PURPOSE SUBROUTINES
(BY ORDER OF EXECUTION)

-4 1=
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APPENDIX B: COMPUTER PROGRAMS: GENERAL
PURPOSE SUBROUTINES
(BY ALPHABETICAL ORDER)
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