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ABSTRACT
Computer Experiments with Cohort Fertility in Birth Projections

John B, Bidwell

Submitted to the Department of City and Regional Planning on
January 17, 1966 in partial fulfillment of the requirements
for the degree of Master of City Planning.

Reduction of the fertility of women in order to stem the
growth of population 1s considered essential to the continuance
of economic growth in many developing nations. The effective-
ness of programs for reduction of fertility cen be lncreased 1if
especially sensitive sectors of the potential clientele can be
defined by appropriate characteristics. In addition to age,
the parity of women, or number of children they have already
borne, is thought to be such a characteristic. A mathematical
model for projecting births, using cohort fertility by age and
parity, provides a means for experimentation relevant to the
definition of clientele sectors.

The model is a stochastic process which uses an initisal
frequency distribution of a cohort of women by parity, plus
birth probebilities estimated from age-and-parity-specific
birth rates, to project for successive years the frequency dis-
tribution of the cohort, the distribution of cohort annual births
by change of parity of mother, and cohort cumulative birthse.
Graphical smoothing of data from the India-Harvard-Ludhiana field
study of fertility in the rural Punjab, provides the required
computer input. Cohort cumulative births at age forty-five are
used to measure the response of the model to changes in age-and=-
parity-specific birth probabilities.

The birth rate estimators of these probabllities are chosen
for experimentation in highly simplified combinations. The
sbility to synthesize the response of the system to larger realis-
tic combinations is found to be difficult on the basis of the
experiments reported. However, alternative clientele sectors
can be defined by age and parity which will produce relatively
greater impact on cumulative births over a thirty year projec-
tion span than other possible choices. One of these sectors
ranges 1in age from about 25 to about 35,in parity from 2 to L
or 3 to 5. The other one is limited to parities 3 and L but
covers all ages of these parities. These program designs are
qulte sensitlve to loss of potential impact by delay in achiev-
ing decreases in targeted birth rates. Conversely, their sensi-
tivities imply relatively greater impact for given decreases
achieved.,

Thesls Supervisor: James M. Beshers
Title: Associate Professor of Sociology
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I Introduction
Purpose, Scope, Method

A high rate of population growth threatens economic
growth in many developing natioﬁs. This population
growth results from a high fertility, or birth rate,
coupled with a decreasing mortality, or death rate.

To supplement their economic development programs, some
of these nations are 1ncreasing"the resources appliled
to reduction of thelr birth rates in order to reduce
thelir population growthe. This thesis describes a set
of experiments on a mathematical model for birth pro-
jections. A digital computer is thé "laboratory". The
purpose of the experimenfs is to explore the struéture
of the model for implicetions usseful in the design of
research, policies and programs for reduction 6f fer-~
tility in the high fertility populations of developing
nations.

The model uses cohort fertility by age end parity
to project births. A cohort of women is a subset of
all women containing just those born in a given year,
It 1is referenced by the year of birth of the cohorte.
Equivalently, in a given year all members of a cohort
will attain the same agé. The pa;itj of arwoman is the
number of children she has borne to date. With cohort
birth yeab end age and parity as parameters, the model

is distinguished by the addition of parity to the other



two, conventional, parameters of cohort fertlility models.
Parity 1s an essential parameter in studies for the design
of fertility reduction programs. For example, if elderly
| parents are traditionally supported by grown children,
couples may be unlnterested in family limitation until
reasonably assured of the survival of three or four child-
ren.

The model 1is bullt around the notion that to women
of each parity of each childbearing age of each cohort |
can be assigned a unique probabillity of giving birth to
en additional child during the current year. The model
is a stochaestlc process which projects for each age of
any number of childbearing ages remaining to a cohort in
an initisl year, the frequency distribution of the cohort
by parity, the distribution of cohort annual births by
parlty change of mother, and cohort cumulative births.

Two FORTRAN computer programs written for the model
actually project for all cohorts of childbearing age in
the 1nitial year, births to completion of childbearing.
They also project for all younger cohorts which become
of childbearing age after the initial year, births
through the vear in which the youngest initial year
cohort completes childbearing. Since the childbsearing
span 1s taken as ages fifteen through forty-five, the
projection spen of the programs 1s thirty-one years.

Two measures of output or response of the system are



used In the experiments. One 1s cohort cumulative births
at completion of chlldbearing at age forty-five, for in-
dividual cohorts. The other 1s the average of such cohort
cunulative births at forty-five, projected one cohort per
year for thirty-one years, for the thirty-one cohorts of
childbearing age in the initial year.

Model data requirements for each cohort include its
frequency distribution by parity in the initial year, plus
its birth probabilities, one for each parity at each child-
bearing age remaining to the cohort. Age-and-parity-specific
birth rates, which are annual births per one-thousand women
of the specified combinations of age and parity, can serve
to estimate the probabilities. Previously the only source
of such rates was the time serles developed for the United
States by the late P.K. Whelpton. We have been fortunate
to obtaln data from the India-Harverd-Ludhiana field study
of fertility in the rural Punjab, also known as the Khanna
study, from whlch such rates could be calculated, effectively
for a cross-~section point in time.

Graphical smoothing of the Khanna data provides the
required computer input for a high fertility population.
Use of cross-section data implies the assumption that the
birth probabilities are constant in‘time and therefore
the same for successive cohorts. While undoubtedly not
accurate for populations iIn developed economles, the

approximation is probebly closer for the high fertility



populations of the developing nations in which we are
Interested. A

The experiments are limited in scope to observation
of the response of the model to changes in cohort birth
probabilities. These probsbilities, or their birth rate
estimators, are thus treated as "policy™ variables, the
manipulation of which produces changes Iin cohort blirths,
Cohort frequency distributions could alsd'be manipulated
to simulate the effects of mortality.and marriage. This
is not done ss wé are interested, presently at least, in
the effects of age-and-parity-specific fertllity on births
independent of other effectse.

The basic method used in the éxperiments is that of
sensitivity analjsis. A first computer run is made using
the smoothed data without change. This hbase run" gives
a resuit in the mannef of a singular, unconditional pre-
diction, against which are compared the results of other
runs. Each of these other runs is made with a different
change in the birth rate portlon of the input, according
to a systematic schedule of such changes. Differences
within the set of these results reflect the structure of
the model end the form of the data. ”

Results of other runs similarly measured against the
base run are ﬁsed for other specific tests. One is for |
linearity of response of the system to different types
of changes in Input birth rates. Another is for the



possibility of aggregating the response to a compound
change in cohort fertility from responses to simpler
changes. Finally, the effect to time delay in the
achievement of targeted fertility changes 1s examined.
This effect relates to the study of different rates of
diffusion of changed fertility behavior into clientele
targeted by a fertility reduction program.

The simple experiments we have conducted are not
realistic in the sense that the fertility changes whose
effects we have examined could actually occur. Indi-
vidual age-and-parity~specific birth rates are treated
as subject to change, independent even of rates in
ad jacent ages and adjacent parities. Our justification
for this 1s a convietion that a simplification even to
the point of "unrealistic™ distortion can sometimes pro-
vide insight into the nature of a problem.

The overali problem to which these experiments are
related is to find a lever by which to move & socio-
biological process off in a new directlion. We have a
representation of that process in the birth projection
model. Our task is to observe the action of the simplest
components of that process, singly and together, for

characteristics relevant to the construction of a fulcrum.



Summary of Results

1.

lie

5e

Decrease of cohort cumulative births with decrease
of individual esge-and-perity-specific birth rates
over the thirty-one vear projection span, expectedly,

tends to be gresastest for the greatest birth rates.

Not as obvious, 1s the observation that the sensitiv-

ity of cumulative births is nearly uniform for indi-
vidual meximum rates along the "diagonal®™ of a table

of such rates, with the exception of the high age-
high-parity end of this “diagonal'.

Decrease of cumulative births over the projection span
with decrease of age-and~parity-specific birth rates
taken an age at a time, is greatest for the middle of
the range of childbearing years.

Decrease of cumulative births over the projection span
with the birth rates taken a parity at a time, is great-
est for the lower and middle parities and is much more
sensitive than to either individual rates or rates taken
an age at a time.

The joint implication of these results is that a pro-
gram of fertility reduction would tend to have greater
impact by focusing on ages from about 25 to 35 and
parities 2 to Li, or alternatively, by focusing on pari-
ties 3 and I and all ages in those parities, than by
focusing on other birth rates.

Response of cumulative births to decrease of individual



Te

8.

9.

10,

11.

age-and-parity-specifc birth rates, and to decrease of
such rates taken an age at a time, 1s linear.

Response to such rates taken‘a parity at a time, is
non-linear.

Response to rates taken an age at a time can bg syn-
thesized from responses to individual age-and-parity
specific rates.

Response to rates taken several ages at a time, at
least 1f those ages are a few years apart, can be
synthesized moderately closely from responses to rates
taken one age at a time.

Response to rates teken a parity at a time cannot be
synthesized from individual rates.

Response to rates taken several parities at a time
cannot be synthesized from rates taken one parity

at a time.

It might be possible to contradict the last two

results using & table of relations empirically de-

_ rived with further computer experiments.

12.

13.

Sensitivity of cumulative births over the projection
span to individual age-and-parity-specific birth rates
and to such rates taken an age at a time, decreases
linearly with increase of time delay in the achieve-
ment of drops in birth rate.

Sensitivity to rates taken a parity at a time, de-

creases slightly non-linearly but greatly, with

{o



Increase of diffusion time.

1y The implication of thils result 1s that the potential
impact of a program of fertility reduction within a
spen of about thirty years, will be conslderably
lessened by slow diffusion, but the relative advan-
tage of the alternative programs described in L.,
will be retained during the process of diffusion

of the new behavior patterns.

i



II Two Contexts
The Population Problem1

The current rapid growth of population in the develop-
ing nations has attracted much attention in recent years,
High birth rates conjoined with relatively low and falling
death rates contribute ever larger cohorts of children to
populations already burdened with high ratios of dependents
to labor force, Concern has been voiced by national govern-
ments and others that the progress of economic development,
painfully slow at best, may not be able to accelerate and
achieve a "take off" into modernization and industrializa-
tion. This concern arises from the possibility that expand-
ing production may have to be devoted to output for consump-
tion, at cont%nued minimal levels by burgedéning populations,
rather than being devoted to output for capital investment
at increasing levels of capital-to-labor ratio, productivity
and per capita income.

Classical Malthusian social theory held that population
tended naturally to outrun resources. Therefore improvements
in general welfare would soon be caught up, first by expand-
ing population, then by increased deaths as pressure grew
upon resources. Improved welfare would be crusheJTcyclical
recurrence of poverty, and social reform efforts on bshalf
of the poor were futile.

The classical Marxian argument held that a surplus of

poverty stricken industrial labor was & condition of capitalist
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society which would disappear with the advent of socialism,
The socialist change in ownership of the means of production
would result in the redistribution of wealth, the disappesar-
ance of the class system previously supported by property
and wealth, and the disappesarance of the labor surplus pro-
moted by the propertied classes to keep wages low.

In contrast to Malthusian under-estimation of possi-
ble progress Iin technology, a common contemporary view is
that technology will probably continue to advance suffici-
ently rapidly for resource expansion in developing natlons
to keep pace with population growth. Current levels of liv-
ing will probebly be maintained, or perhaps the slow gains
of recent decades mayv continue. In contrast to Marxian
historical inevitsbility, this contemporary view couples
with its expectations for technology, an advocacy of policies
end programs of fertility reduction to enable economic growth
to become more rapid than the slow gains of the past.

A "revolution of rising expectations™ has spawned eco-
nomic development plens and programs in many developing
countries. In this "revolution", fatalism towards poverty
has been widely replaced by the bellef that substantial
improvement in material welfare is possible, largely by in-
dustrialization, and in less time than was reqﬁired for in-
dustrialization in the developed countries. Thus disaster
in the form of massive starvation may not be anticipated

from lack of resources. But social upheaval and major
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violence are distinct possibilitles if these aspirations
for‘accelerated development are thwarted. Thus the "popu-
lation problem™ is not simply population growth, nor out-
running resources, nor Iimproper organization of the mesans
of production or technology, but rather it is to reduce

fertility to the levels of mortality sufflciently rapidly

as to prevent plans for economic development from being
thwarted by rapid population growthe.

Most discussions of population growth in the develop-
ing countries contrast their experience with that of Europe
or the Western countries as summarized In the scheme known
as the "demographic trensition™. The "transition" describes
the passage of vital rates from high to low levels, and 1ts
results are observed in the slze of a population. The
scheme is as follows, European populations for centuries
were small and fluctuating as both birth and death rates
fluctuated at high levels; in the nineteenth century
death rates declined rapldly resulting in rapid popula-
tion growth; then late in the nineteenth century birth
rates declined to the low levels of the death rates re-
sulting in relatively large but stable or slowly growing
national populations.

Many developing nations are thought to be in the second
stage of their own version of the demographié transition.
Thus, while death rates have fallen and are still falling

because of public health measures, birth rates have not
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yet followed. But the resulting current rates of population
growth in these countries of 2.5 and 3.5 or even |} per cent
per year, substantially exceed European second stage growth
rates of somewhat over 1 percent per vear, The safety-valve
of large scale outmigration to other continents, without
which the European rates would have been larger, is not
available to the developing nations. After falling to near
replacement levels, post-transitional European population
growth rates are now somewhat less than 1 percent per year
without large outmigration.

The historical socio-economic processes of industriali-
zation end urbanization are often associated with the West-
ern demographic trensition as causal elements. Industrial
and urban life is suggested to have Initiated and aided the
spread of values supporting smaller famillies and the adoption
of the birth control technology which considerable evidence
aducces was the means to this end. Thus the ideal of smaller
femily size to ensble attainment of economic and soclal as-
pirations, and the corollary use of contraception, spread
from higher class to lower and from urben center to rural
earea, aided by the Increase of economic and soclal mobility
which accompanied industrialization and urbanization.

The longer the developing nations remain in the second
stage of the demographic transition, the greater the magnitude
of their socilel, economic and political problems. Yet efforts

to promote fertility reduction in these countries in advance
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of, or apart from, a more general transformation to Western
industrial and urban technology and values, have so far
proved largely unrewardinge

The results of these efforts indicate that Western ex-
perience cannot elways be exported by simplé communication.
In particular it is not enough merely to make contraceptive
technology, at least current technology, available in these
countries., "----We must view social systems from the per-
spective of their permeability to technological change, and
the selectivity of their permeability to different aspects
of technology. For herein lles the difference between the
rate of effective adoptlion of mortality reducing technelogy
and fertility reducing technology in the non-Western or
'under-developed! nations,.

In considering any particular technological innova-
tion we must raise the classical questions of means and
ends. We ask, what values or purposes do the people
seek through adoption of technology? Mexe\availability
of technology is an insufficient explanation for its use."

Either values and purposes must be identified which
will support an ideal of smaller family size, or values
must be transformed before the technology will be adopted.
It is also possible that some new technological means for
contraception yet to be developed, may prove acceptable to
indigenous values without a prior massive transformation

of those values from traeditional to modern.
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But whatever the extent of value transformation neces-
sary before fertility reduction is generally accepted, it
.is wise to try to discover whether there are some sectors
of the client population which, if they accepted any form
of birth control, old or new, would have an especlally
large or important impact on population growth. These
sectors could then be used as target clientele in the
initial design of a field program. Through other re-
search including field‘testing, it might develop that
sectors other than those with the largest pobential im-
pact would be more receptive to the program in practice.
In this event the more receptive sectors might then be
made the target clientele.

In eny event the importance of achieving as rapid
a reduction of overall fertility as possible, underscores
the importance of the relative sensitivity of population
growth to differential fertility changes. In this context
this thesis explores the relative sensitivity of cohort
births to differential fertility reduction in clientele

sectors characterized by age and peritye.
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Simuleation 3

Socio-economic processes can be represented mathe-
matically and these representations or models may #ary
in type, in qualities of design and in usage. By simu-
lation we mean the construction and use of these models,
By type, models are deterministic or statistical or a
combination of both. In deterministic models certain
events or dependent variables are mechanistically re-
lated to other events or independent variables, and the
laws of dependence express certainty in causal relation-
ship or outcome. In statisticai models dependent events
are probabillstically related to other events, and the
rules of dependence include either probgbilities of
alternative outcomes or stetistically inferred relation-
ships with associated measures of uncertainity. Models
are also typed by the level of aggregation of the phe-
nomena represented by their varisbles, and by whether
they provide descriptions of static states of equilib-
rium, of dynemic paths of change of state, or of system
states at points in time along such paths.

In qualities of design, models vary in size and
realism measured by the number end varilety of varisbles
they include. They also vary in predictive accuracy,
depending partly on the quality of the representation
and partly on the regularity or inherent predictability

of the phenomenon represented. Predictive accuracy of
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statistical models of soclio-economic processes is improved
the grester the aggregaetion of the quantity being predic-
ted, the longer the historical record of data, and the
more frequent the distribution of samples. The accuracy
with which empirical curves are fitted to such data can
be improved by incorporating more independent variables
and assoclisated constants in the fitted equations, but
the scope for such improvement 1s limited. Relatlonships
estimated from data for only one point in time can only
be used on the assumption the relationships do not change
with time. An effort to improve the accuracy of fitted
curves in thils case, actually rilsks lesser predlctive
accuracy as the risk of instabllity with time rises with
more constants to be estimated. The final design quality
of models to be mentioned is the capability of being
menipulated. The larger and more complex a model is,
the more manipulation of 1t may be impeded, especially
manipulation with comprehension. Conversely, manipula-
tion and interpretation may be facilitated by sinpler
models, even though chosen at the expense of realism.
Models, or the Information resulting from their
operation, are used sometimes to verify the accuracy
of their representations of reality or to test hypotheses
embodied in them, and sometimes to study the consequences
of alternative policies. Highly speclfic forecasts of

magnitudes and less specific predictions of general
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directions or ranges of change may both be used for both
these purposes. Unconditional forecasts based on explicit
‘anticipation of particular conditibns may be used for both
verification and operational decision. Conditional pre-
dictions, however, based on experimental assumption of
conceivable conditions without assertion of their rela-
tive likelihood are used for study of policy alternatives
and obviously cannot be used for verification unless the
conditions actually come to pass.

While many socio-economic models strive for realism
through recognizability of detail and use of many compon-
ents in the simulation, a case can be made for greater.
abstraction from reality through idealization and simpli-
ficatione Further, the suggestion has been made that
M w--one might be more interested, at first, in the penalty
that unrealism exacts, and therefore seize upon simulation
as the chance to try the outlandlsh conjecture and the
pathological case. Thg penalty might not be large, and if
it is, the insight gained may compensate."q If al1ll sinmu-
lation is a form of experimentation and as such can be
placed at one end or the other of the cycle of observa-
tion-hypothesis-verification, then the spirit of this
approach to simulation is one of observation rather than
verification. It seems likely that experiment in this
vein, while moving away from a large concern with theorilz-

ing end verification, should still be useful to the design
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of policy. This is the approach we have adopted in ex-

ploration of the cohort fertility birth projection model.
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III The Equipment and Its Use

The Model

The birth projection model is & non-stationary
Markov process and & 8 such, In terms of the character-
istics just described, is a statistical model, having a
considerable degree of dis-aggregation, which produces
cross-sections at points along a time path of system
change. The Markov process is simpler in schema than
meny socio-economic models. It admilts varying degrees
of "realism", especially as pomponent models are added
to it for generation of certain of its variables. It
is moderstely easy to menipulate but a few computer runs
are capable of producing a volume of numerical output
which is best digested by degrees. The proposal of its
use for birth pro jections is descrilbed in detail by
Je M, Besherésand therefore only an outline of the formal
structure is given here.,

That structure consists of the multiplication of a
row vector, m(t), by a square matrix, P(t), to produce a
new row vector, m(t+l). Formally, m(t)P(t) = m(ts+l),
where t and t+41 are successive points in time. :The vec-
tors are the frequency distributions of a given cohort by
parity at some initial time, t, and at one unit of ﬁimé or
year later, t+#1. The matrix contains conditional tfansi~
tion probabilities. Multiplication of the vector m(t+l)

by a new transition matrix, P(t+l), gives another vector,
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m(t+2)s A succession of such matrix multiplications
generates the fertility "history"™ of the given cohort as
a sequence of frequency distributions by parity, from what-
ever year in the span of childbearing e ges it is chosen to
start, through any desired year or corresponding age of the
cohort. Formally, m(t)TTP(1) = n(t+n+l), where 1 = t,
t+4l, t+2, e.e, t+n andIT indicates the product of all
matrices P(1).

The transition matrix for the c ase where the possible
states or paritles considered are zero, one, two, and three-

end-up 1ls as followss

0 1 2 3up
—
0
P13 Py O 0
1 0 0
P(t) = Pop  Pp3
2 0 0
P33 Py
3up 0 0 0
B Pl

Each element in the matrix represents the probability,

pij’ that a member of the cohcrt, given the condltion that

she was in.parity i at time t, will be iﬁ parity j by time

t+l. Each row of the matrix contains all of the transition
probabilities pij for going from a given state or parity i

to each of the other states j. Eliminating multiple births
and two single births within a year admits as possibilities
only no birth and single Eirth per woman per year., There-

fore all probebilities in & row are zero except for Pys
]
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the probebility of staying in the same parity, and pij
(j = i+1), the probability of moving to the next higher
parity during the year between t and t;l. (Note that
Pyy = 1=Py4e) |

As we have defined the possible states In our example,
once state three-asnd-up is entered 1t cannot be left. There-
fore p) = 1. Such a state is called an "absorbing™ state.
Since there is a biological limit to the number of possible
rarities, the parity corresponding to that limit is en ab-
sorbing state, as 1s any lntermediate but upwardly inclusive
terminal parity state defined as in the example. In our
computer programs we have teken perity seven-asnd-up as the
terminal state.

The complete model as elaborated by Professor Beshers
includes not only the stochastlic process projection model
just described, but suggestions for deduction of effects
of mortality and marriage on the frequency distributions,
and for deduction of the transition probabilities for the
successive matrices as well, In effect the stochastic pro=-
cess, the deduction of transition probsesbilities, and the
modification of frequency distributions can be treated as
three component models of the complete models Transition
probabilities could be deduced from a combination of proba-
bilities for non-family planners with those for femily-
planners. The latter could be obtalned using time depend-~

ent social and economic parameters relevant to family planning.
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Appropriate proportions in which to combine the two sets of
probebilities could be deduced from the menner of diffusion
of birth control technology and values through the social
structure. In general the transition matrix at any time
t#l is some function of the metrix et the previous time t,
A basic assumption of the complete model is that
women of each cohort at each childbearing age and of each
perity have a unique probability of having an additional
child during a year. In other words history bears differ-
ently on different cohorts. For the United States much of
the data required to estimate’ parameters for deduction of
accurate transition probsbilities is thought to be avail-
able at some cost. But for the high fertility populations
of the developing nations in which we are interested, most
of the historical record of such data does not exist,
Following the approach of lesser concern for strict
realism, two other avenues to present use of the model are
open. One is to use whatever guidance is easily obtainable
from both non-Western and appropriate Western experience to
develop a set of simple "imaginary" numbers from which at
least equally "imaginary" yet not entirely unreasonable
frequency distributions and probabilities can be deduced.
In this way the fully articulated model could be utilized.
The second avenue is to work not with the complete model
but with only the Markov process component, which has pre-

viously been tested against United States data.éb Direct
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empirical estimates of frequency distributions and proba-
bllities can be made from whatever sources might help
suggest thelr formé, without attempting to deduce them
from another component. These numbers cen then be used
as the basis for exploration of the projection component
of the complete model., The results of such experiments
may In turn have implications for the later design of
experiments with the other components of the complete

model. This second avenue is the one we have adopted.
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The Computer Programs
Two computer programs in the FORTRAN lasnguage have
been used in our experiments. The differences between
them are not great and will be made clear later in this
section. We introduce them with a brief discussion of
the basic algorithm common to them both.
Age-and-parity-specific birth rates, if available,
canrbe treated as transition probebilities pij where
i#j, that is as probebilities of change to higher parity.
Such birth rates therefore are a basic input to the com-
puter programs. Referring to the example of a trensition
matrix given above, this input gives the non-zero off-di-
agonal entries. The zero entrles are fixed, and the di-
agonal entries, or‘probabilities of remaining in the same
perity, are given by p

- 1-p Therefore the input

ii i3°
birth rates determine the matrix.

The new frequency distribution at time t+l may be
computed by a normal matrix multiplication working with
full colums. It mav also be computed by simpler schemes
giving the same results working either with both the di-
agonal and non-zero off-diagonal entries or with just the
latter. We chose to work with just the non-zero off-di-
agonal entries. Eight states are used in the frequency
distributions and transition matrices: parities zero,
one, two, etceters, fhrough gseven-and-upe.

The basic algorithm is as follows. For a given cohort
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at a given age the probability that a woman in the highest
perity state, seven-and-up, will have another child during
the year is multiplied by the number of women in the seven-
plus state. This gives the annual births to women of parity
seven-plus in the year from t to t+l. Next, the birth proba-
bilitj for women in the s econd highest state, parity six, is
multiplied by the number of women of that parity. This
gives the annual births to women of parity six or, equiva-
lently, the number of women changing parity from six to
seven. Then, this number of women changing parity is added
to the number already in parity seven-asnd-up, and is sub-
tracted from the number initia}ly in parity sixe. This gives
the new frequency of women in seven-and-up at time t+1, and
leaves a residual of non-changers in six in preparation for
the next lower parity change. Finélly, this number of women
chenging from six to seven, now ildentified as its equivalent
in annual births, is added to the sannual births to women of
seven-plus.

Cycling through agein, the number of women in parity
five is multiplied by their birth probability, giving the
number changing from five to six. Thls change 1is added to
the previous residual not changing out of six, and is sub-
tracted from those initially in fivé. This gives the new
frequency in parity six, and again prepares for the next
lower chenge. Finally, the change from five to six is added
to the sum of the annual births to women of parity six eand

seven-pluse.
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This cycle continues until women changing parity
from zero to one are added to the residual not changing
out of one, end are subtracted from those initially in
zeroes This glves the new frequencies in parities one
and zero, completing the new frequency distribution at
t+l. Addition of this last parity change to the sum of
annuel births to women of the higher parities, gives total
cohort annual births in the projection year t to t+l.
Addition of these cohort annusel births to cohort cumula-
tive births as of time t, gives cumulative births at time
t+le. This completes the basiec algorithme

The computer progrems actually project to completion,
one at a time, the birth "histories™ of all those cohorts
which are of childbearing age as of somé initial year.
With & childbearing span from age fifteen through forty-
five, there are thirty-one such cohorts. Thus the com-
puter input includes thirty-one initial cohort frequency
distributions, in addition td the birth rates described
above.

Cohort cumulative births are cumulated from the start
of childbearing for only the youngest of these initial
cohorts. For each of the other initial cohorts the cumu-
lative births as of the start of the initial year are com-
puted by summing the products resulting from multiplying
each of the parity state numbers by its respective frequency

in the initial distribution of the cohort. This gives an
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accurate number only for those cohorts which do not yet
have any members In parity seven-and-up.

Cumulative births as of the initial year for all co-
horts with members in seven-plus, are understated by the
numbers of births of order eight and above which have al-
ready occurred prior to the initlal yeer. This under-
statement 1s progressively greater from the youngest co-
hort with members in seven-plus through the initial cohort
aged forty-five. Since this bias is generated by events
prior to the initial year, it 1is identical in all our ex-
periments and thus does not affect any conclusions., If
desired, ad hoc correction factors could be estimated for
any particular data.

At the end of the initiasl vear the oldest cohort,r
having completed childbearing, drops out of the svstem,
all other cohorts increase In age by one year, and a new
cohort rises into the first childbearing age entering the
system for the start of the next year. There are always
thirty-one cohorts in the system. In each successive pro-
jection year after the initial year there is one less
initial vear cohort and one additional younger, replace-
ment cohort. Thus in the second projection year there
are thirty initial cohorts and one replacement cohort,
while in the thirty-first projection year there is one
initial cohort remaining and thirty younger replacement

cohorts which have entered after the initlial year. The
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computer programs do not project the replacement cohorts
to completion of fertility, but only through the year
which ends with the d eparture from the system of the
youngest initial cohort.

The birth projection model is a "non-stationary"
process because the birth probabllities in the transition
matrix change for each successive age of a given cohort.
With the assumption of unigue probabilitles for each cohort,
they can also change for a given age as different cohorts
pass through that age. By this assumption it would be pos-
sible for each cohort to have all age-and-parity-specific
birth probsabilities for its entire history, different from
the corresponding probabilities for every other cohort,
Similarities of social values due to proximities in his-
torical experience, however, are likely to make probabili-
ties for adjacent cohorts only moderately, not radically,
different.

The first of the two computer programs is based on
the simplifying assumption that probabilities, while
differing for different ages and parities for a given
cohort, are ldentical for different cohorts. They are
assumed non-stationary within each cohort but stationary
between cohorts. We refer to this as the "fixed proba-
bility" progranm.

The second program is similar to the first except that

provision is made for changling probebilities between cohorts
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in line with the uniqueness assumption. Thils provision
is necesseary to study the effect of changes, specifically
of fertility reductions, which take place over time., A
single probebility can be changed in a single year after
the initial year. Or probsasbilities for as many as eight
parities per age, for twenty-five ages per projection
year, for fifteen projection years can be changed. We
refer to this as the "variable probability" progrem.:

Printed output from both programs includes two tables
for each initial cohortes The first contains the projected

o% the cohort
sequence of frequency distributions,by parity with corres-
ponding cohort annual and cumulative births. The second
contains the sequence of distributions of cohort annual
births by parity change. In the "fixed" program the in-
put age-and-parity-specific birth rates are printed after
all cohort projection tables have been printed. In the
"yariable™ program they are printed as a third table for
each cohorte. The "variable" program also prints the same
three tables for each replacement cohort entering at the
bottom of the systeme.

A component for adjustment of cohort frequency dis-
tributions for mortalitv, marriage or migration has not
been included in the computer programs. Therefore there
are two alternatives for treatment of total cohort size.
The first is to use the relative distribution of total co-

hort sizes prevailing among the initiesl cohorts, and add
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all replacement cohorts at an estimated total size, all

in parity zero. The second is to use a uniform total co-
hort size for all cohorts, and add all replacements at

thet size. We have done the latter, using a uniform size

of one thousand. With this procedure, cohort cumulative
births at age forty-five produced by the "fixed" program,

is & measure for age-gnd-~-parity-specific projections which
corresponds to the M"total fertilitv rate" used by demog-
raphers in conjunction with simple age-specific pro jections,.
This procedure also produces birth projections for replace-
ment cohorts in the "fixed" program which are identical to
those of the youngest initlal cohort. This 1is not neces-
sarily the case in the "varisble" program, which is why pro-
jection tables for replacement cohorts are printed by the
yvariable™ but not by the "fixed"™ program.

The final output table printed by both programs lists
by projection year the total of annual births for the de-
clining number of initiasl cohorts, for the increasing num-
ber of younger cohorts, and for the constant number of all
childbearing cohorts. It also lists the birth rate per
thousand women of childbearing age, called by demographers
the "general fertility rate™. As computed here it is some-
what different from the usual form in that in any given pro-
jection year, it has an equal number of women contributing
to it from each cohort of childbearing age. The last two

numbers output by both programs are the average of this
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annual rate over the thirty-one projection years, and the
average of the cumulative birth rate at age forty-five over
the thirty-one initial cohorts.

A single computer run with elther program produces a
volume of numerical output which is not indigestible. With
several runs, however, the volume soon mounts to enough for
more than one meal., The different output measures of the
programs may make suitable a variety of experiments with the
programs. Different measures may also be useful to different
aspects of the same general problem. Thus the projected co-
hort frequency distributions and distributions of annual
births resulting from the fertility changes in our experi-
ments may contain information relevant to our concern with
programs of fertility reduction. But study of these dis-
tributions is beyond the scope of this thesis. They must
be left for another sitting.

For the present we are interested in generalized meas-
ures of system response. Therefore we have considered only
two program outputs. The first 1s cohort cumulative births
at age forty-five. This measures the total volume of births
to a cohort on completion of childbearing. This volume is
the ultimate concern of a program of fertility reduction,
regardless of details of spacing within cohorts and overlap
between them. The second output is the average of the cumu-
lative births at forty-five for the thirty-one initial cohorts.

This average provides a single number to summarize the output
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or response of the total system of initial cohorts on =
given run. It is the most general measure by which to

compare results of a set of runs.
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The Data

The computer programs ere w8ll suited to the data
made available to us from the Khanna study:T Though from
a longitudinal study, they are in this instance treated
as cross-sectioﬁ data from & point in time. The data
are from a population of slightly over 2000 women, then
currently married with husband present, drawn from eleven
villages in the rural Punjabe. The Khanna study began in
1953 and ended in 1960. The data were graciously made
avail&blafto us by Dr. J. B. Wyon of the Department of
Demographj and Human Ecology, Harvard School of Publie
Health, who was field director for the studye.

An age-and-parity-specific birth rate is calcukated
by dividing births in a given year to women of the speci-
fied age and parity, by the number of such women In the
population during the year, and then multiplying the re-
sult by 1000 to obtain the usual form as a rate per thous-
and specified women. The data provided to us include live
births by age and parity of mother for women aged fifteen
through forty-five for 1957, 1958 and 1959, There were no
live births in those years to women of the sample population
aged forty-six or more. The data also include frequency
distributions by age and parlty for all women in the sample
population in 1959. Thus we have birth rate numerators for
three vears and denominators fbr one year., Using numera-

tors for 1959 only, corresponding to the denominators, would
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waste too much information from 1957 and 1958. Ways of
estimating denominators for the two earlier years have

been considered and rejected. Finally, we have calcu-

lated birth rates, effectively for 1959, using the aver-
ages of the three numerators with the corresponding single
vear denominators. Frequency distributions of thousand-
member cohorts required by the computer programs have been
obtained by proportioning the distributions in the data
provided to us, and multiplying the results by one thousand.

An earlier set of computer runs, in the nature of
tests of the experimental method, were made using the un-
smoothed results of these calculations. Results from these
runs indicated that it would be easier to work with simpler,
generalized input producing more easily observable resultse.
Therefore the calculated birth rates and frequency distri-
butions have been graphically smoothed. Some reassurance
as to the forms which should be generated in the smoothing
is obtained from the limlted comparislons possible of the
Khanna data with data from other studiese.

An earlier stage of work with the projection model
unearthed several statistical sources on fertility in India.
Of these, two contain data adequate for comparison with the
Khanna data. In both cases the data is not distributed by
single age but by five-yvear groupings of cohorts (ages 15-
19, 20-24, etc.)s Also, birth rates can only be compared

for age-specific rates in which women are grouped solely by

37



age without distinction of parity. These qualifications
required regrouping of the Khanna data and calculation of
new rates and distributions for comparison at & more aggre-
gated level than that being smoothed.

Birth rates are compared first. Estimates of age-
specific birth rates by five-cohort groups for India, based
on both rural and urban surveys, are relatively plentiful
in published sources., However, differences in the charac-
teristics of the respondents and other incomparabilitiles
result in all but one being eliminated from comparison
with Khanna. The Myvsore Population Studyaof 1952 reports
sample slzes and respondent characteristics, especially
women currently married with husband present, such as to
make its date the most comparable to the Khanna data. It
has the advantage, also, of containing data for five sample
areas, including three rural zones, towns and Bangalore City.

Khanna and Mvsore five-cohort age-specific birth rates
are plotted in Figure l. It 1s interesting to note that rates $or
both rural zones and towns in Mysore are genersally consis-
tent with those for Khanna, while the Bangalore City curve
is quite different, being straighter and lower. The Khanna
data give a noticeably smoother curve than the Mysore data,

To use whatever guidance cé&n be obtained from the shape
of these curves, the Khanna single cohort age-and-parity-
specific birth rates have alsob een plotted versus age, giv-
ing eight graphs, one for each parity, for graphical smoothing.

(See Appendix)
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Two constraints for consistency among the curves are intro-
duced in this smoothing. These include that the maximum
value for any parity-curve be lower than, and occur at a
greater age than the maximum value for the preceeding pari-
ty-curve. The latter constraint i1s violated only for pari-
ties six and seven-plus which are both given maximum birth
rates at age thirty-three. The resulting set of smoothed
curves 1s shown in Figure 2. The age-and-parity-specific
birth rates used in the experiments are read from these
curves and are shown in Teble 1., Each smooth curve is a
gravhic display of one column of the table. (Note: The
reader is warned that the ordinate scales are sometimes

not the same for graphs of similar data versus different
abcissae for both birth rate and frequency data in this

section and the Appendix.)
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TABLE 1

BIRTH RATE PFR 1000 WOMEN OF SPFCIFTIFD AGF AND PARITY

AGF PARTTY=0 1 2 3 4 5 6 T+
15 500 C.0 0.0 040 00 00 0e0 00
16 10040 3540 0.0 00 0e0 0«0 00 N0
17 35040 7540 0.0 0.0 040 0e0 0.0 0.0
18 52540 11540 6540 040 0s0 00 0«0 0e0
19 56540 160,0 135,0 0.0 N0 0e0 00 0.0
20 57540 215,0 22540 0.0 060 0.0 0e0 0e0
21 55040 27540 29540 11040 N0 00 0«0 Ne0
22 50040 375,0 3685,n 200,0 Pe0 Ne0 Ne0 NeN
23 40060 46040 4N040 28040 TNG0 0e0 0«0 Nel
24 30060 48040 4300 35060 140.0 10040 0«0 Ne0
25 22540 48540 445,0 395,0 205,0 180,40 0e0 0e¢0
26 17560 47040 45040 42540 28040 24040 10040 10040
27 13060 42540 44540 43540 35060 29040 16040 16040
28 10540 34040 430,0 43040 40040 325,0 21040 2050
29 8540 17540 40040 41040 42060 355,0 24540 23540
30 656N 9540 36540 35540 4254,0 38040 2700 25540
21 4540 TNe0 31560 34540 42N40 39540 2820 26740
32 306N 5060 26060 31060 400,0 40040 29740 27340
33 1560 3540 20040 27060 36540 39040 3000 27540
34 0e0 2540 15060 235,40 3200 35540 29940 27240
35 Oe 1240 1N040 20060 27060 21040 2970 26540
36 0.0 0e0 7040 17040 22540 25540 29240 25060
27 0.0 060 4540 14040 185,0 20040 2820 23540
38 0e0 0e0 2040 11060 14540 15540 27040 21040
39 060 0.0 O 8040 105,00 10540 25040 18540
40 Oe0 040 De0 5540 7040 7040 22540 15540
41 060 0.0 0D 2540 35,0 3040 1900 1300
42 0e0 00 0.0 0e0 0«0 Oe0 14040 10040
43 040 0a0 0e0 D0 0.0 Oe0 B80e0 7540
44 De0 0e0 Ne0 Ne0 N0 0e0 00 4540
45 0.0 N0 060 Ne0 N0 06,0 0.0 2040
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The other data source comparable with Khanna is a
fertility survey taken in 1955 in the industrial city. of
Kanpur in the state of Uttar Pradesth It is the only
published source we found which includes parity as a
characteristic. The data consist of frequency distrie
butions by parity of five-cohort groups. Certain en-
tries in the body of the published teble are incorrect.
Corrections have been made consistent with printed row
end column totals and with information in other tables
in the report. Both the Kenpur and Khenna data have
been proportioned and multiplied by 1000 to obtain dis-
tributions by parity of five-cohort groups of one-thousand
women per grouPe

The Khenna five-cohort distributions are graphed versus
parity in Figures 3 and L. The Kanpur distributions are
shown in Figures 5 and 6. Strong consistency is noted in
the shapes of the two sets of curves as the frequency mexima
for succeeding age groups march across the parities.

The Khanna single cohort frequency distributions of
1000-women cohorts aged fifteen through forty-five are
graphed versus parity (see Appendix) but have not been
smoothed directly. Instead, in order to examine the pro-
gression of curve shapes, the five-cohort frequencies for
Khanna end Kanpur have been plotted versus sage, holding
parity constant, in Figures 7 through 10.

Finally, to reduce the number of single cohort curves
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to be smoothed, the Khanna single cohort frequencies have
also been plotted versus age, holding paritj constant. It
is these curves which have been directly smoothed. (See
Appendix) Although the computer input extends only through
age forty-five, these curves have been extended through age
forty-nine in order to assist smoothing the tails of the
distributions. A consistency constraint similar to that
for birth rates is maintained, namely a maximum frequency
which declines steadily with parity and with age. The
smoothing process here was considerably more difficult
then for the birth rates, since the sums of ordinates of
the smoothed curves across all parities at each age must
equal 1000, the total cohort size at each age. The re-
sulting set of smoothed curves is shown in Figure 1ll. The
frequency distributions by parity used in the experiments
are read from these curves and are shown in Table 2. Each
smooth curve 1is a graphic display of one column of the table.
The dominant shape of both frequency and birth rate data
is an association of increasing parity with Increasing age
such that data maxima tend to shift from low age-low parity
to high age-high parity. This association is one basis for
the consistency constraints imposed. This form in the fre-
quency distributions is a reflection of the same form in
the birth rates which generate the distributions. This 1s
demonstrated conclusively in the base run with the smoothed

data, in whilch the complete set of thirty-one frequency
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distributions genersted for the inltial cochort aged fifteen,
which starts with 1000 members in parity zero, shows simi-
larity in form to the complete set of smoothed Khanna in-
itial distributions.

The fact that Knanns and Kanpur City frequency dis-
tributions of five-cohort groups by parity are so similar,
indicates that their age-and-parity-specific birth rates
are also similar. This conclusion is reinforced by com=~
parison of Khenna and Kanpur five-cohort age-specific birth
rates. Though not graphed, the Kanpur five-cohort rateslo
are close to those for Khanna. This constrasts with the
considereble difference between Khanna five-cohort rates
and those for Bangalore City, shown sbove. An explana-
tion may lie in the fact that population samples, in the
Mysore study were carefully constructed to represent the
several groups tn the social structure of e ach area, in-
cluding Bangalore City. In the Kanpur study, however,
the fertility survey was added to the household schedule
of a larger study after it was well underway. &s & result
the Kanpur fertility data cover principally lower income
households. These households include large numbers of
relatively recent migrants from rurel villages. Therefore,
the Kenpur study would be expected to be a betfer source
for comparison with Khanna than broadly representative

urban semples such as Bangalore.
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TARLFE 2

FREQUENCY DISTRIBUTION OF 1000 WOMEN PER COHORT BY PARITY IN 1959

COHORT/AGE PARITY= O 1 2 3 4 5 6 T+
194415 100040 D60 040 Ne0 Col 0«0 Ne0 NeD
194316 T780.0 220.0 Ne0 N0 0.0 Ne0 NaeD N0
194217 66540 325,0 Ne0 NGO NeN NeN Ne0 NeD
194118 54040 41040 50,0 00 Ne0 De0 Ne0 Ne0
193920 35Ce0 44040 16560 4540 D40 0e0 De0 Ne0
193821 26540 435,0 210,0 75,0 1540 0.0 OeD De0
193722 18540 28540 25540 12040 55,0 00 0.0 Ne0
193623 14540 26040 310,40 17540 110,40 DefNN 0NaD NeN
192524 11260 17340 32540 2100 155,0 2540 N0 0N
192425 9740 12040 26040 255,0 20040 500 1840 NeN
193326 82,0 9040 17540 275,0 245,0 820 38.0 1240
193227 T1e0 7240 115,0 28N ,0 265,00 115N 5540 2740
193128 634N Bh4eNH 974N 20NN 2704N" 181e0 8NeD  45,N
1923029 5760 A1eN 93,0 150,0 185,00 245,00 135,00 74,0
192930 5060 5760 8860 12540 13040 2500 190eC 11060
192831 4660 BheN 8540 115640 11740 19040 23460 159,40
192732 4340 5240 8040 11040 113,00 15060 24060 21240
192633 4040 5040 7540 10560 1084N 13540 22560 2620
192534 37¢0 500 7540 1010 10560 1250 1770 33040
192435 3440 5060 7540 9740 10240 1150 1550 37240
192336 3240 5060 7560 9340 9740 10560 14240 40640
192237 230 e0 5060 7560 8940 03,0 98e0 1300 435,0
192138 2840 4840 T240 8540 8740 93¢0 12260 465,40
192039 26¢0 4540 680 81e0 83¢N 9NN 11540 492,40
191940 24640 4240 6540 TELD T, 8740 10840 51847
191841 2340 414N 61eN T1e0 TH540 BheN 10260 543 4N
191742 2260 2040 5740 6660 T1eO B1leD 9840 56660
1916473 21400 254N 5240 6240 6840 T9eN 950 588,4N
191544 2060 3140 4540 59,0 6540 T7¢0 930 61040
191445 1960 27e0 3940 5760 6240 T6HeD 9240 62840

55



The Method

As described in the introduction, the basic method
used to map results of the experiments is simple compari-
son with the resvlt of a2 base run which uses the data of
Tables 1 and 2 without change. The structure of cohort
births is more or less sensitive to a given change of co=-
hort fertility from base run values, as cumulative births
at age forty~-five, or the average of this measure for the
Initial cohorts, deviate by a greater or lesser amount
from the base run values of these output measures.

Changes in age-and-parity-specific birth rates are
made 1in one. of three basic modes in any experiment, whether
with "flxed™ or "variable" computer program. The differ-
ence between these programs is that birth rate changes with
the former represent instantaneous diffusion of fertility
behavior different from the base run. Changes with the
latter, however, are not fully in effect in the initial
projection year but instead are achleved graduslly over
varyving numbers of years of time delay.

Since we are concerned with reduction of fertility,
all birth rate changes 1n the experiments are d ecreases
from base run values. The three modes of chenge are re-
ferred to as "point drops", "row drops"™ and "column drops®,
Consider first the "fixed" program. In a "point drop" a
single age~and-parity-specific birth rate 1is decreased.

For example in Table 1 the 1;30.0 rate for age 28 parity 3
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mlght be set at 0,0, and the progrem run on the computer,
generating cohort projections slightly different from those
of the base rmm. In a "row drop" all non-zero birth rates
across a row of Table 1 corresponding to a given age are
decreased simultaneously. For example the parity 0, 1 and
2 rates of 525.0, 115.0 and 65.0 for age 18 might all be
dropped to 0.0 like those of parities 3 through 7+, and

the program run. In a "colum drop" all non-zero rates
across & column of Table 1 for a given parity are decreased
simultaneously. For example the non-zero rates of ages 21
through L1 for parity 3 might all be decreased by twenty
percent, and a run made, again generating cohort projections
different from those of the base run.

With the "variable" progrem such point, row and column
drops are achieved over time., For example with a five year
delay in achieving a row drop to zero rates for all parities
at age 28, the birth rate input changes for five successive
vears. The initial cohort aged 28 runs with the base run
values. The initial cohort aged 27, when being projected
for age 28, runs with eighty percent of the base run values.
The initial cohort aged 26, runs et age 28 with sixty percent
of base run values, and so forth. Finally the initial cohort
aged 23 and all younger cohorts, initial and replacement,
run at age 28 with zero birth rates at all parities. Al-
though non-linear rates are permissable, 1inear rates of

reduction of fertility, such as in this example, are used

in all time delay experiments with the "variable" program.

57



IV Experiments and Results

Sensitivity |

Four types of experiments have been performed:
basic sensitivity to point, row and column drops; linearity
of system response to these three modes of change of birth
rates; aggregation of responses to compound changes of birth
rates from these simple modes; and effect of time delay or
rate of "diffusion" of behavior change on response to these
modes of change. The frequency distributions in the Khanns
data are for 1959. Therefore, in all computer runs, 1959
is recorded as the initial projection year and 1959 through
1989 as the thirty-one year projection span of the programs.
However, the particular years are irrelevant to the nature
of our experiments.

The sensitivity observations cover a systematic set
of birth rate changes., Fifteen point drop runs, each with
one of the following age-and-parity-specific birth rates
set at zero rather than at 1ts base run wvalue, are made for
age 18 parity 1, age 23 parities 1 and 3, ages 28 and 33
parities 1, 3, 5, and 7-plus, age 38 parities 3, 5 and 7-plus,
and age AB parity 7-plus. These effectively cover the non-
zero entries in Table 1. Resulting from these runs are fif-
teen values of the average of cohort eumulative births per
thousand women at age forty-five taken over the thirty-one
initial cohorts., These values are shown by bar-charts in

both Figures 12 and 13. Zero entries occur in Table 1 at
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some of the intersections of the six ages and four parities
which appear in combination in the birth rates chosen for
point drops. For example age 18 parity 7-plus and age 13
parity 1 both have birth rates of zero. Since no drop in
birth rate and therefore no deflection from base run output
is possible with these points, the base run value of average
cumulative births 1s shown at these and similar points in
both Figures 12 and 13. All values in Figure 13 are the same
as in Figure 12, Only the order of presentation is different.
Figure 12 shows values for experimental and zero-deflection
point drops ordered by parity. In Figure 13 the point drops
are ordered by age.

In the bar-charts of these Figures the height of the bar
corresponding to any age-parity intersection point in Table 1
i1s the value of average dumulative births produced by a com-
puter run with the birth rate for that polnt set at zero. Both
sets of bvar-charts reflect the association of inereasing parity
with increasing age in the input table of birth rates. The
higher the parity, the higher the age at which maximum response
to a point drop occurs, and vice versa,

In each bar-chart except that for parity 7-plus in Figure
12, maximum deflection from the base run value of average cumu-
lative births occurs for that experimental point drop in the
bar-chart for which the base run value in Table 1 is a maximun.
However, it is not certain that this matching of maxima in the

bar-charts excepting parity 7-plus, holds for all possible point
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drops in a row or column of Table 1, in addition to the ex-
perimental points.,

The sizes of deflections or of average cumulative births
shown in Figures 12 and 13 are not related in any simple di-
rect fashion to the sizes of the corresponding base run birth
rate values, Thus a iarger birth rate at one age and parity
than at another does not mean a larger deflection will neces-
sarily occur for a point drop run at the first point than for
one at the second. Neither are these deflections simply re-
lated to the initial frequencies at these points, nor to the
products of initial frequencises and base run birth rates.
‘Rather, average cumulative births or its deflection is a
function of the number of cohorts affected by a point drop,
and of the silzes of deflections of the individual cumulative
birth rates for those cohorts which are affected.

Of the initial cohorts, the only ones affected by a
point drop are those which are of the same age as, or younger
than, the age of the point drop. If a birth rate changes it
cannot affect cohorts already older than its specific age.
Thus, as the specific age of a point drop changes, the number
of initial cchorts affected changes. This canbe seen in
Figure 1&, in which the upper curve shows base run values of
cohort cumulative births at forty-five for each of the initial
cohorts., The lower curves show the effects of selected point
drops. For a given point drop run, the curve remains the same

as the base run curve from 1959 up to the year in which
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childbearing is completed by the initial cohort of the same
age as the point drop. For that year and on through 1989,
the curve is lower than the base run curve. Thus setting a
point drop for age li3 parity 7-plus soon has an effect, in
1961, while a drop for age 18 parity 1 is not seen in the
measure of completed childbearing until 1986.

The average of the thirty-one values in the curve for
a selected point drop in Figure 1. gives one bar of a bar-
chart in Figure 12 and in Figure 13, All fifteen point drop
runs are not shown in Figure 1lli, Only the run for the parity
producing the lowest curve for a given age 1s plotted., These
are thereby also the runs which produce maximum deflections
in Figures 12 and 13.

From Figure 14 it is seen that, although cohort cumulative
births vary over a considerable range for a given run, the
range of variation of deflectlons for point drops, within and
even between runs, is not large., The size of deflection of
cumulative births for a single cohort for a given point drop,
is a function gf most of the s everal age-and-parity-specific
birth probabilities remaining to the cohort which are of the
age of the poiné drop and older, and of the parity of the point
drop and higher. It 13 also a function of the number of mem-
bers of the cohort of the age and parity of the point drop,
that is of the first frequency affected by the drop. In these
sensitivity experiments with the "fixed probability" computer

program, probabilities are the same for successive cohorts

ol



FIGURE |2

AvERAcE OF CumuLaTIvE BirRTHS AT Ase 45 For 3] CoHoRTS <
SENsITIVITY To INDIVIDUAL AcE-AND-PaRiTY - SPECIFIC BIRTH RATES

SR SET ATt Zero Births Per YEAR

6800
PARITY | AGE 1B 23 28 33 38 43

6800
PARITY 3 ABE 1B 23 2 33 38 143

BIRTHS

6800
PARITY 5 AGE 18 23 2% 33 38 43

PARITY 7+ ABE | 1B | 23 28 | 3% 3B 48 | | |
] R EE M R I fiEsdi S
l ; ........ | SRdEE HEE diRas e mus St l‘ | | ;;




FIGURE I
Averace OF CumuLATIVE BIRTHS AT AceH5 For 3] Conors !
SENsITVvITY To INpiviDuaL. Ace -ANp- PaRITY-SPECIFIC BIRTH RATES
SET AT ZERO BIRTHs PER YEAR '

BIRTHS
BASE 6100

RUN

850
AGE I8 PARITY | 3 5 7+

BIRTHS
BASE 6700

RVN

6850

€800
AGE 23 PARITY | 3 5 7+

£900
BAsE 670
A

RUN

6850

6800
AGE 28 PARITY | 3 5 T+

BIRTHS

6800 -
AGE 33 PARITY | 3 5 7+

o 203
BASE
RUN iHieein:

6850

6800

. ._._i 6750 : |
AGE 3BPARITY | 3 5 7+
| H zg;g»_f geset it cases seemt fozes boass Soo ncesasen:
BASE sezeqgnds seaet R
B ackiias SRt wntaant 18 sise s eea e ERESEESRRESSR SRS ERRICHHRLAHIER HERH CHEEEHEE

5550 mfmm;”;u;‘  R mmm;.{jf”.l E';Eé

L REESB PARITY. I | 3




T hgr

~ . CumuLpTive Birhs AT Aee H5 For 3| ConoRTs:
_______ SeNSITIVITY T0 INDIVIDUAL

. AcGE-AND- PaRITY-SPECIFIC BIRTH RATES

~ BeT At ZEeRo BirTHS PER YEAR

AGE 3B Tamity 7+
cRooneS Ace 23 PARITY |

ASE 4 PARITY 74
¢ Ro>$5S AGE 33 PARITY 5

o

PROJECTION YEAR FOR BISUCCESSIVE COHORTS AGED 45

Basg RuN
ZARPl
— A33 P5
T A28 P>
N ALE P

\“\#

Al 3¥nard



within a run., Since the range within each cohort of the
first frequency affected by the drop is not likely to be
large over the affected cohorts, the range of deflection
sizes within a point drop run is not likely to be large.

We have no simple formula for determining cumulative
births or their deflections, although a complex one can be
derived. Therefore we resort to the simple graphics of re-
sponse generated by the computer runs, to observe the pattern
of interaction of the data with the structure of the model.

We are interested in whether thils pattern has implications
for the design of programs of fertility reduction.

A program may be measured by its utility or results
alone, and also by its efficiency, which relates results or
output to input and thereby introduces consideration of costs.
A measure of efficiency for different d ecreases of birth rate
could be devised for the cohort birth projection model., It
would probably best be of the form "cumulative births not
occuring per targeted client". However, a preliminary attempt
to sketch out a definition of such a measure proved unsatis-
factory. Therefore, although it is perhaps a less definitive
procedure, we discuss the outcome of the experiments without
an added assessment in terms of efficiency or cost of possible
program design cholices.

With the given data, the relative deflections of the point
drop responses are not surprising., They indicate that the birth

rates having the most effect on cumulative births are those that
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lie generally near the diagonal of maximum values in the
table of age-and-parity-specific birth rates., What is per-
haps not as predictable is that they would be as uniform as
they are for the first three parities in Figure 12, or that
deflection would deepen at parity 7-plus.

If a program of fertility reduction for a population
with the characteristics of our data, and concerned only
with the thirty-one year projection span, were to be re-
stricted in its design to the attack of a single age-and-
parity-specific birth rate, the rate chosen should be that
for age 38 parity 7-plus. If the design were expanded, it
would be an essentially indifferent matter with respect to
deflection produced, which of the "maximum diagonal™ birth
rates were added, except for age 18 parity 1 which has 1ittle
effect.

If, however, the program were concerned with a shorter
or longer span from 1959 than the thirty-one projected years,
the choice would not be indifferent. For a shorter span the
rates for older ages and higher'parities must be chosen.,
Rates at younger ages may not evenbegin to affect cumulative
births within the shorter span. For a span extending beyond
1959, a program initiated in 1959 should favor the middle
of the range of ages and parities. If the "fixed" computer
program were extended to project beyond 1989, projected cumu-
lative births in Figure 1y would remaln at their 1989 levels,

and average cumulative births from 1959 would tend to those
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levels in the limit. Since the middle of the age and parity
ranges, still on the "maximum diagonal", provide the largest
constant deflection beyond 1989, they would be favored as birth
rates were added to the program design.

In addlition to the fifteen point drop computer runs,
the sensitivity experiments also include six row drop runs
and four column drop runs. In the former, each run is made
setting the non-zero birth rates at all parities of a given
age, that is, across a row of Table 1, egqual to zero. 1In
the latter, each run has rates at all ages of a given pari-
ty, down a column of Table 1, equal to zero. The ages for
which row drops are made include 18, 23, 28, 33, 38 and 43.
The parities of column drops are 1, 3, 5 and 7-plus. These
are the same ages and parities that are combined to define
the point drop runs., Average cumulative births for both
row and column drops are shown in Figure 15. Since one
of the two birth rate parameters 1s held constant in each
of the two series, the results are both single bar-charts
rather than sets of bar-charts as in Figures 12 and 13.
Cumulstive births for the initial cohorts are plotted in

Figures 16 and 17.
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It is readily avparent that the effect of a colum
drop is much grester than that of a row drop. With a row
drop, births to women of & given age are suspended, but
once & cohort has passed through the given age, births
to its women are resumed in all parities to the end of
the childbearing span. The cohort resumes childbearing
with the same frequency distribution for which it was
suspended one year earlier. The size of deflection of
cumulative births for a single cohort for & glven row
drop, is a function of all of the several age-and-pari-
ty-specific birth probabilities remaining to the cohort.
It 1s also & function of the frequencies in the distri-
bution of the cohort at the age of the row drope. |

With a column drop, births to women with a given
number of chilldren are suspended, and the only women
permitted to have children of higher bilrth order than
the suspended parity are those in each initial cohort
who are already of a higher parity in the frequency dis-
tributions of the initial year. If they are not already
of a higher parity they cannot pass through the suspended
parity of the columm drop the way they cen pass through the
row drop, merely by waiting for another year. In the lan-
guage of the model, the parity for which births are sus-
pended becomes an "absorbing" state for all ages. Parities
greater than the one of the row drop continue to have co-

hort members initially in those higher parities pass through
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them at successive ages. The size of cohort deflection
for a column drop, is a function of most of the probabili-
ties remaining to the cohort at its initial age which are
of the parity of the column drop and higher. It is also

a function of the first frequency of the cohort to which
zero probabilitv of the column drop applies.

The results of the row and column drop experiments are
quite straightforward. If a program of fertility reduction
aimed &t the 1959 to 1989 span were limited to choosing a
single age for which all parity-specific birth rates could
be decreased to zero, from Figure 15, age 33 would be the
age to choose. If the d eslgn were expanded, other ages
would be chosen with the first two or three younger and the
next one or two older than 33, then alternating one or more
at & time. If the choices were limited to the experimental
row drops, the succession would be 33, 28, 38, 23, L3 and 18,
If the span of interest stonped well short of 1989, the old-
er ages would be favored rather than this succession. If the
span extended well beyond 1989, from Figure 16, the middle
of the range of ages, from 23 to 33, would prove the most
effective cholces to start work on in 1959,

If the program design cholce were limited to a single
column drop, parity 3 would be the most effective over the
thirty-one yvear projection span. BExpansion of the design
would be made, from Figure 15, in the sequence of parities

1, 5 and 7-plus. For a span of nearly twenty years or less,
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parity 7-plus is the most eifective single cholce, from
Figure 17. With a2 shitt in span of concern from nearly
twenty years from 1959 to vhe full thirvy-one year pro-
jection span, the single most effective parity drop shifts
from parity 7-plus towards parity 3. Beyond 1ly3y, succes-
sively lLower parities come to dominate the average of cumu-
lative births.

If we attempt to piece together the resuivs of all
three modes of change of birth rates to form a more realis-
tic picuure, they seem jointiy to imply that the design of
a fertility reduction program, intended to nave its greatest
impact over a period of thirty or more years, should focus
initially on a set of age-and-parity-specific birth rates
near the center of a table of such reotes 1like Table 1. With
the data of our experiments, such an area in Table 1 might
include rates in a short range of sges in each of three pari-
ties., These ranges might best include ages 23 through 29 in
parity 2, ages 25 through 31 in parity 3, and ages 27 throusgh
33 in parity L. An alternative might favor inclusion of a
range of ages, say 29 through 35, in parity 5 instead of those
in parity 2. This alternative might be prefe:red in the initial
stages of the program or if greater resistance were anticipated
from women in the lower parity. Another program alternative,
inferred from the column drop results, would focus on just

parities 3 and It but over the full range of ages with non-zero

birth rates.
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Introducing another note of realism, we can perhsaps
guess at the effect of introducing death probabilities into
the model instead of using a uniform cohort size of one-thou-
sand. Naturally, total cohort sizes would steadily diminish
from youngest to oldest, both among cohorts within a given
year, and within a given cochort through the years. If we
assume, as for birth probabilities, that death probabili-
ties are stable for successive cohorts, though varying with
age within a cohort, énd if we further assume death proba-
bilities are identical for all parities of a given se, then
it is probably safe to aSsume that the s hapes of the bar-
charts and curves generated in our experiments are not radi-
cally altered by use of realistic cohort sizes.k The decrease
of cohort size with age would result in relatively smaller
deflections from base run values than those shown here, with
increasing age and parity. The maximum deflections in Figures
12 and 13 would likely tend to lessen with increasing age and
parity, rather than being nearly uniform. With increasing age
and increasing parity in the respective portions of Figure 15,
the bars would be increasingly higher. These shifts would
probably not radically affect the description of alternative
program dtsigns suggested by joint implication of the three
modes of sensitivity experiment.

The next set of experiments examines the effects of
point, row and column drops made with birth rate values inter-

mediate between the base run values and the zero values of the

sensitivity experiments.
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Linearity

The nature of the mathematics in the model plus a
faint indication from the first computer runs with the un-
smoothed Khanna data, mentioned earlier as in the nature
of trial runs, suggested that the system response to some
changes of birth rates might be linear. Totest this pos-
sibility, a set of runs is made for one sample of each
mode of change. The samples used areage 28 parity 3 for
point drop, age 28 for row drop, and parity 3 for column
drop. For each sample the set of runs is made with birth
rates decreased by 20, o, 60 and 80 percent from base run
values. Together with the b ase run itself, or no decrease,
and the appropriate run from the preceecding section, at zero
birth rates’or 100 percent decrease, these four runs give
adequate coverage to the full range of response to possible
values of birth rates in the samples,

The results in terms ofaverage cumulative births for
the initial cohorts are plotted in Figure 18, The response
to the point and row drops is obviously linear and to the
column drop 1s not. A sample of individual initlal cohorts
yvoung enough to be affected in cumulative births, not sur-
prisingly shows the same results in Figures 19, 20 and 21.

These results mean that average cumulative births for
point or row drops, in Figures 12 and 13 and in Figure 15,
will rise by the same proportion of the total deflection

that the corresponding birth rates might be raised in any
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new camputer runs., The portions of the corresponding curves
of cumulative births, as in Figures 1l and 16, which are be-
low the base run curve, will be raised in the s ame proportion.
Bars in the bar-chart for column drops in Figure 15 will not
move in proportion to changes in column drop settings. As
'column drop settings are moved towards zero, the responses

are increasingly, not proportionately, greater.
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Aggregation

The sensitivity and linearity experiments are designed
to explore the response of the cohort birth system to changes
in the simplest components which govern that system. How-
ever, in the more realistic alternatives for design of a pro--
gram of fertility reduction, inferred from that response,
these components are necessarily treated in larger combi-
nations. It would be extremely difficult in practice to
focus a program on the sorts of cholces of birth rate re-
duction with which we have experimented. Nor would it be
desirable to do so since the system response, &t least to
individual point and row drops, is so small.

Both to simplify administration and to produce decreases
of worth while magnitude in cumulative births, & practical
program must focus on larger combinations of birth rates.

But rather than experiment with realistic combinations di-
rectly, we are interested to observe whether system response
to larger combinations can be synthesized from responses to
the simpler components. To test this possibility the aggre-
gation experiments were performed.

Six aggregations are examined. The first two are from
point drops to a row drop for only part of a row, and from
point drops to a column drop for only part of a column.

The second two are from point drops to full row and colum
drops. The third pair are from row drops to & multi-row

drop and from column drops to a multi-columm drop. In all
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runs the chosen birth rates were set at zero.

In the first aggregation, deflections from average
cumulative births for point drops at age 28 parities l,

5, 6 and 7-plus, are summed. This sum 1s compared with
the deflection resulting from a partial row drop over the
same age end parities. The sum of deflections from cunu-
lative births for a single cohort is also compared with
the corresponding partial row deflection for the cohort.
In both cases the sums differ from the aggregated deflec-
tions only by amounts attributable to computer round-off
procedure.

The same is not true in the second aggregation. De-
flections from cumulative births, both average and for a
single cohort sample, are summed for point drops at parity
3 in each of ages 32 through 4l. These two sums are com-
pared with the corresponding single deflectlions from a
partial columm drop over the same parity and ages. Both
for the average and for the sample cohort,the single de-
flection in the aggregate run 1s considersbly greater than
the sum of the corresponding point drop deflections.

The same results occur in the third and fourth aggre-
gations. Both in the & verage and for a sample cohort, de-
flections for point drops at all parities in age 28 sum to
the two corresponding single deflections resulting from a
fell row drop at age 28. In contrast, the single deflec-

tions for the average and for a sample cohort for an
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aggregate run with a full column drop at parity 3, are
several times larger than the sums of deflections for all
possible point drops in the parity.

In the fifth aggregation, the deflections of average
cumulative births and of cumulative births for a sample
cohort, which result from the six row drops of the sensi-
tivity experiments, are summed. The two sums are found
to be less than the single deflections, which result from
a multi-row drop in which all birth rates at all six ages
are set at zero. The deflections from the aggregate, multi-
row drop are not much g reater than the sums of deflections
from the single row drops. But the differences are not
attributeble to round-off procedure and may be significant.
The differences are nearly the same for both average cumu-
lative births end for the sample cohort. Why this is so,
and why the differences arise in the first place, cannot
be determined without more detailed comparison of the co-
hort frequency distributions, and the distributions of an-
nual births by parity change, between the base and other
runs involved, than is wilthin the scope of the present effort.

In the sixth aggregation, the average and sample cohort
deflections for the column drop runs of the sensitivity ex-
periments are summed. The two sums are nearly double the
single deflections resulting from an aggregate run in which
all birth rates in parities 1, 3, 5 and 7-plus are set at

ZeI'Ooe
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In summary, we can synthesize system response to a
partial or a full row drop from the results of correspond-
ing point drops. If the component rows are not ad jacent,
thus avoiding possible small column drop effects, we can
synthesize system response to a multi-row drop fairly close-
ly from corresponding row drops, and therefore from corres-
ponding point drops.

Our six experimental ages ere spaced five years apart.
It is uncertain whether column drop effects would be more
noticeable as rows are chosen closer together, or only when
they are actually adjacent. If such column drop effects do
increase with proximity of age-row, then svnthesis will be-
come more difficult.

Apparently we cannot synthesize either partial or full
columm drops from component point drops. On the basis of
these experiments at least, neither can multi-column drops
be syntheslzed from component column or point drops.

The verious types of row drops can be synthesized for
birth rates set in between zero and base values, by using
the linearity property of point and row drops. The non-
linearity of column drops is what makes 1t difficult at
best, to synthesize the various types of colum drops.

Such synthesis might be possible using a table of empirical
relations of column drops to components, which might be es-
tablished with a larger systematic set of computer experi-

ments directed to that end. Most larger, more realistic
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combinations of birth rates are properly viewed as sets
of adjacent column or partial column drops in birth rste.
Thus the non-linearities can be expected to prevail,
Therefore to svntheaize target drops in such programs,
other than in quite crude fashion, will require the

development of such an empirical table,
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Diffusion

Decrease of birth rate in the real world, whether
by spontaneous adoption of birth limitation practices as
in Western nistory or under the aegls of a government pro-
gram as in some of the developing nations, takes place
over time. It does not haupen instantaneously, as is
represented in the preceeding experiments using the "fixed
probability" computer program. Yet those experiments give
us some insight into the relations htetween certain of the
output of the model and the parameters of its principal data.

The purpose of the final set of experiments is to ob-
serve the effect of various rates of diffusion of fertility
control, using the "variable probability" program. The same
samples for the three modes of change of birth rate are used
here as in the tests for linearity. Average cumulative births
resulting from point drops at age 28 parity 3, from row drops
at age 28, and from column drops at parity 3, are plotted in
Figure 22, The results of five runs are plotted for each
mode., The first run for each mode is the fixed program run,
that is zero years of time delay in achievement of a drop in
the selected birth rates to zero values. The other runs are
for time delays of one, two, five and ten years in reaching
zero birth rates.

No matter how birth rates are combined, whether in one

of our three modes or not, the longer the delay in attaining
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a given decline in those birth rates, the higher will be
the average cumulative birth rate over & veriod covering
the decline., Thus the average rises with time delay for
2ll three curves in Figure 22. The rise is linear with
time for the point drop and row drop starting from one

vear of delay. It 1s slightly non-linear for the column
drop from the one veér point. Just as the deflection for
colum drops In thesensitivity experiments is much greater
then for the other modes of change, the deflectlion decreases
or the average of cumulative births rises much more rapidly
with time delay for the column drope.

We have not examined the effect of time delay on in-
dividual cohorts and theilr cumulative births. We can des-
cribe what it might bbb by an example. Réferring to the
row drop for age 28 in Figure 16, the full effect is seen
in 1976 with zero delay. With one vear delay, we would
expect a partial deflection in 1976 and full deflection in
1977. With two vears delay, 1976 and 1977 should show
partial deflections, with full deflection in 1978. With
ten years delay, full deflection should ocecur in 1986 and
partial deflections from 1976 through 1985,

The slight non-linearity at the start of each of the
three curves in Figure 22 1s probably due to the way the
birth rate decreases are scheduled with,"variable" program.
In each run the initial year, 1959, is given the full base

run birth rate. The Tirst fraction of a decrease is given

€



to 1960, the second, if any, to 1961 and so forth until
the zero birth rate is reached. If the first fraction

of a decrease, rather than the full ' base run rate, were
given to the initial year, 1959, the slight non-linearity
would probably not appear.

The effects of time delay on the response patterns
of the sensitivity experiments can be estimated fairly
easily., Bars in the bar-charts of average cumulative births
for point drops and for row drops will rise linearly with
time delay in achievement of the respective drops in birth
rate, Bars in the chart for column drops will rise nearly
linearly, but much more rapidly. This latter rise is such
that average cumulative births are about the same with a
ten year delay using a column drop at parity 3, as they are
with an instantaneous drop at parity 7-plus.

The implications of time delay in achievement of birth
rate targets are not reassuring for a program of fertility
reduction. Realistic combinations of birth rates will gen-
erate response in the manner of a multi-column drop. That
is, the sensitive column drop effects can be expected to
predominate over the Less sensitive row drop effects. Thus
such combinations can be expected to show the disadvantage
of rapid loss of potential deflection with time delay. Coun-
tering this, when a gilven drop in birth rates is finally
achieved, a program designed around large portions of adjacent

parities or entire parities will show the sensitivities
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inherent in this design, by producing relatively greater
results than designs aimed at women of particular ages,

irrespective of parity, as target clienteles.
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FOOTNOTES

This section 1ls drawn from several sources in the
Bibliography. Much of the material is presented in
more then one source. Therefore, rather than dis-
tinzuishing among them with repeated references,
they are cited here as a group by item munber in the
Bibliography: 2, 6. 7, 12, 1, 17.

J. M. Beshers, Population Processes in Social Systems,
manuscript, reproduced, to be published 1966, Chapter 1,
pe 10-11

This sectlon is also drawn from several sources with

some of the material being presented in more than one
source. The relevant Bibliography item numbers are:

2’ 5’ 8’ 9’ lo, ll, 15', 16‘

A Fleisher, "The Uses of Simulation", in J. M. Beshers,
ed., Computer Methods in the Analysis of Large-Scale

Social Systems, 1965, pe. 45
See Bibliography items 1, 2, 3, L

See J. M. Beshers, "Birth Projections with Cohort
Models™, in Demography, Vol. 2, 1965, p. 59, footnote 2

See Bibliographv items 19, 20

United Nations, Department of Economic and Social Affairs,
The Mysore Population Study, 1961, p. 84, Table 8.9

D. N. Majundar, Social Contours of an Industrial City,
1960, pe. 167, Table XIV

ibid, pe 171, Table IV

9/



BIBLIOGRAPHY

1. J. M, Beshers, "Substantive Issues in Models of Large-
Scale Social Systems", in J. M. Beshers, ed. Computer
Methods in the Analvsis of Large-Scale Social Systems,
Joint Center for Urban Studies of M.I.T. and Harvard, 1965

2. =---, Population Processes in Social Systems, Chapters
1-3, manuscript, reproduced, to be published 1966

.

3¢ =---, "Birth Projections with Cohort Models", in
Demography, Vole. 2, 1965

ljo ===, "Pertility Models with Social Parameters", paper
delivered at the American Statistical Association
meeting, December 28, 1964

5¢ =-=~, "Models and Theory Construction", in American
Sociological Review, Vol. 22, February 1957 -

6. A. J. Coale and E. M. Hoover, Population Growth and
BEconomic Development in Low-Income Countries, Princeton
University Press, Princeton, 1958

7. K. Davis, "The Urbanization of the Human Population",
in Scientific American, September, 1965

8, A. Fleisher, review article of I. S. Lowry "A Model of
Metropolis™ in Journal of the American Institute of
Planners, May, 1965

9, =---, review article of T. G. Donnelly, F. S. Chapin,
S. Fo. Weiss, "A Probabilistic Model for Residential
Growth"™, manuscript, reproduced

10, ===, "On Prediction and Urban Traffic", in Papers and
Proceedings of the Regional Science Association,
Volume 7, 191

11, =--, "The Uses of Simulation", in J. M. Beshers, ed.,
OEo cit,.

12. P. M., Hauser, ed. The Population Dilemma, The American
Assembly, Columbia University, 1963

13. D. N. Majumndar, Social Contours of an Industrial City,
Asia, Bombay, 1960

1. D. L. Nortman, "The Population Problem", National Educa-
tional Television, 1965 (text accompanying TV series)

92



15.

16,

17.

18.

19.

20.

G. H. Orcutt, M. Greenberger, J. Korbel, A. M. Rivlin,
Microanalysis of Socioeconomic Systems: A Simulation
Study, Harper and Row, Yew York, 1961

I. deS. Pool, "Simulating Social Systems" in Inter-
national Science and Technology, March, 196l

W. 8. Thompson and D. T. Lewis, Population Problems,
5th edition, McGraw-H11ll, New York, 1965

United Nations, Department of Economic and Social
Affairs, The Mysore Population Study, New York, 1961

J. B, Wyon and J. E. Gordon, "A Long Term Prospective-.
type Field Study of Population Dynamics in the Punjab,
India", in C. V. Kiser, ed. Research in Family Planning,
Princeton, 1962

J. B. Wyon, "Field Studies on Fertility of Human
Populations", in R. O. Greep, ed. Human Fertility and
Population Problems, Schenkman, Cambridge, 1963

93



APPENDIX



inw i i mEEE T EEEE R
44 5 HE 38 wA_ H i a
q O HHHHHHHH T
a r T T -
i ] I HEAE am
uE
EEE o VRE T
- - : e i .N_.._.W_UW
9 NENE SR £ = ! !
{ ] 1| 1 —t 1
11 EEERE " “
- s
H = B E ]
g mus Enmaz SEEEE i :
fEEREEEEREEE’ i s : it i :
u i IRl 11 I
R im smEEE EEmEs puw
T o 1T ] |
= I el H TH
1 - - B 0 3 ]
~ - -
mm T T o e N ENEEE SN o
iy INNEEEN S |
1] EES BN T I uE N 1]
" EEE T EEEEEE AN
NS ENEEE N ] EEEES EREEE
RS SRR A T i L P nEE 1
R e i T
T [ =T T 1 11T T
i
B muE s
1
1T T T A
1 HHH H !
1 Snm=sms r
@ mEE) T o EEEEaE 2 T
i Sasesaseans :
HHH i T NN AR i
" T mEEE !
. f .

Al




AL



NEE. . 4 - A 441 EE-. = & (. e -- F . - .
5 o H 1 HH T HHHHHH

EEE 1 =H] BEE O .m_l. H FEE AR 1 ] d i B N ] ]
TamDoNEEE IEE D o = - e T = uE B T !
[l e | I | EEEEEEEEE SRR HEENE SN NI NESE RN E SEEEE INENENEEEE AN A REEE I
ETE i N A = !
HIWE 0 5 11 u E EmR |

[1 wt: n. 1
L] I 1
|
o B 1 1 wEE 1 W MEE A 1 § N CNENEENE NN DNOEE
4 o o o u EEEN E % N Ll
t : : saauysazsimszosianees Saamss =
11 ] ] NN B t +
1 W I EEE 1 EEEN O B I | BBP- 1 T

T
T
T
I}
]
1
1
i
I
|
|
i
I
T
I
1
I
T
1

IS EE §
1
1
T
it
1
1
]
]
t

N B
I |

u
I
E
p J
1
]

'
T
T
1

o T 11 EREEE SR " ~ | -
. I EEE EEEEEEE SN SEEEE N
- Swsm . I 5 . R

AD

| i

ATHRATE

HHH HHHHH mamE 1 T HH EEEERE t - - 1
T TEEEE 5 dit e A B @ EEEE DEE 1] Ina ..Wr..w‘ !
11 111 - T NS A RN L 11 N

1 t e t . i — SEERSE o8
HH _ o F —
H H HHH ! EREEE S ;
' - | TH = e T | 1
11 _w L 1 IEEEEEE! 1
HHAH i HHHHHHHHHH

" ! T
T T EEEENNENEE NN R D }
e R A T
mOEE ] T NSNS SRS TIT
EESENEEENEEEENEES EEEEE FEENE 8 i NN AN
™ TITE mmEmmEm T
t mum r
EEmaEsmmEssmEEaun HHHHHH - H FHH
] amG pEEEENDE T a
EEEE B [ T 1 1 I =8
: b e e |




BIRTHS

650

150

job

50

ANNUAL BirTHRATE PER 1000 WoMmEN
- OF SpeciFiep Ace Anp PARITY THREE
KHANNA, 1959

o ?. i

9o







HHH HHHT T T
oEEmE; 1 1 EEE EEREE
11 ! - 3E + EEEER . L
o amy | . . naEEEN u
‘ i i ‘ HHE i k
EEmEEA L 1 B 5N T
H Y : T B H T mm
P M = a
Es I I I
E - ]
B
5 e
: =
H T s
-
= aniRENE 1
HHHHH f

AG



1T
Il
T

)

INn
T

:R—<
11

T

T

T
i

mEN

NN N

11

[ RS

A5

T

e

T
I EEE

HH

A7



11

T

A |

|

A%

| B Y

B —




‘.IA. 4
Eus H L T
an 3 38 i I
H EEN I E
= I |_r 11
Ml [._HT .
I
1] ! u
: :
iy A= T iak
_ | 1

LEL

| i

T

r

L1

Al

!
1
T

| DY

-

HHHH

h Vil




I EREN

T

A 10

=

HHH

é

|

mnmm




Al

[ NS Y
s. - - ,. 41 44 -4 . ] ]
RS i 1
H - u| T {H
by
111 1T [ 13 i
e gy
. .l H H +
A mai
| a +
T .|
8. r 5
ATEEE ams o
L I T
- 4 —+ - - + 1
III I e 1
8 u T . T
=
=E NS EEEES HEM I I i TH e =
T e =B 11
1 . 1
1 = 1 y o 1
T EmmEm a i
B EEEE I T
o AR — i -
sSEEEE o {1 t++ 1
T H 1 I
T T
1 o T A
T T :
5 NN
1




] HHHHHH HHHHH H HH H-HH
g 2 us T
o | ] r
HHHH H T Edds H S w : HHHHH HHW
s ! T T g CH T s
: BRI i tH ; :
IEN an Ll “ L 11
e ag e EEEEEN . o
i | TR il 1 iceeci iEd
mmzEEm r m THT r o ! amEn T a
THHT 1 ENEEN EE NS EEEEE RN 1 m t
HEEEDE N B T 215 b B 5 W A O a8 : & in. . EEEEEEREE
. . 1 mEEE ammEnE ]
4 I .. i - E= . ._ﬁ‘l‘wrﬂr H - as —
] E T ] B g NN AN N~y Gy 4 ]
T n T I 1 TP
|-+ - . = = . 4+ ... + 'l' I ..
IEEEE 1 .-..-.l
B : 5 1 ] ~ g 1 amg
HH H A £ H HHHHHH )i H
H HH A HHH HH
NS EENEE INENESEEENSREEEE THH L T + o,
] I r 1 H 2 HEEREN .
B mE ENENEE I HEE D & N i
H L THH b
- T . M mws - -
EEEEEEEEE H REEEE | i HH HH o FEEEHH 3
2 HHHH H a Bas dnasanas. HHHHH
B I s o 4+ u 1 - _ D & -1 S
BEE ] : ¥ I ] ] ! H SSEEREEaaimmsass
T e 2 | INENEEEE | ] ] INEEEE ] : T N B D E
r mng M AEESEEREEE sREEE) I . i SEERE EE SR H
ma B TH EEEENE _ B S SmEEEEREEE EEE EmEEE u
L P e an HHHHHHHH EEEEEEEEEEEE mu
mmm: r EEES HEE SN o e : HEE gasaas
amE 1 BEE SNEEEE snEEn
S T EmEEEES T EESEEESS SESEEEE SEDIFE B QR ER
- B B suER D i & I 14 = i
L i
- - EEEEmEN i N EEEEE Ay L . [ *_ B EmEEn as
; +H 2 S H i T
T B EEEEE I ENEE A T BEbsl HEEEENEREN EEEE am
I R

Al



J ¥

AlD

[
i
1 I
1 !
T o 11 |
_ |
! I
] 1 W
N M T I |
I
T = I
2 g H W 2 1 .
Z I ! z T T
oy 1 T i EEEEE
o u E
o 1] B
nE o HEEEE AN N
L mRE -
- t 0 A
t u I
: ‘% |
1 ] T
| - H
I
44 - - 1 O G R




1T

| I8

§

i

]

am t w
mEmEEE
i
By [ - N
1 - -
R r
1 I 1 H i -
T 1 1
] ] . 1]
4 m
| ==y | ) = T

- Inun
. 1 T G -
=h HHH i !
] | E A Y
] T Al
I i
T
1 |
2t i :
W e §

A



£ T
anL_ : ———
.mv L .
. HH T z
o g siiiie HEHE L \
us 1 R
s T A\
- I=]
] mum - i i H Z
3 1
o
am T - , i
. : w : Eldt
i H ! 3 | + .|.1 -
3 - f Smaas :
e i ; e aiaas 5 1 1 B

AIS



22 ! : ! T T
1 | l 1 } Il
L L .
I - 1
T
T 1 :
m 1 1
| 1 1
1} 1
m H !
1 T T T I
{6 1T I
1 T T I
T T T I i
1 T 1 T naas
. ! - 3 .
] 1 1 | | 1
T I T 1 T
¥ 1 I 1 T 1
: .
| I I
T
| i l
I T B I T ER ERENE DR NA
1 5 1 | 1 bk 1
- N . - e - -~
f HHHH I T 1 ] T 1
I I im [ T I T I T T T
11 { I 1 T T T T T 1
T 11 i } I T T m
I T T 1 1
1 T I I 1 1 I 1 [ ] 1 1
1 T T T T I I | EIFH o 1 I
! I I ] ! I
: 1 ) -
1 | 1 I 1 T 1
e H ! :
1 +
. T ! N i ]
1 1 TT1
T TT11 T 1 | ! 1
TTITT I 1 1 L1 il 1
T T i 1 T
T 1 1 T T I
T 1 1 T 1 1N T
) T 1 T 1 T T 1 1 T
T t 1 1 1 1 t
1 1 1
T T T f
Emmmwazam: I , I : HH | i
] ELEErT I ! o - -
- : .. T T T 1
I | Il 1 1 [ 1
I ! A 1 1 I
il " T I N
: + | T T = = 1
1 t t 1 T 1 T Mt 1 T
1 N N T AmE) T I
T 1 T ! T T 1 T 1
1 T I
T Ll L L - ¥ 1
i ! Tt i HHH
I 1 T
+ 1 i 1
1 1 T T
1 1 1 I [ I
T TT i T T | T I TT
TR R o _ o : H
8 i I I T I il T
T 1
T T T T
1 T T I I 1 4
1 T 1 1 IE I
ms i I , T
T I 1
I 1 1 T
1 1 1 1 1 1
i 1T | T T 1 1 5
IHE L l mEE N L
I 1 T 1 1 1! I
1 1 T I 8 W] -
T u 1 1 E 1 I T ~ T !
- 1 1 T T 1 1
e _w” : i HH _ T
- IHE — ! 1 1T BN 1 T 1 1
T T | m T 1 1 T T |
T I u m i 1 I 1
t 1 i L 1 1 T 1
1 I {
T 1 -, 1 -
._ i . | T ,, 1
111 1 13 1 I
T + t ]
= TT1 I 11 13 t § m T - -
I I 1 1 o B, ] I 1 1 1
L NN BE I - L L 1 “ ! i L]
- - ymm; t - -
, | H T 1 , mm mu Saum Ea
1 I I
B - . { T T mEE w
1 T T T IR INE EE 1 !
1 111 11 1 | Il ye !
I N W I8 N . B I T | I ] T i
I 1 - 1 !
T f - H T i - I I
T EEa ! T 1 - - o -
T T T 1 T 1 )
! H cHH i
NN S EEEE RN b i I I T I
mmm — - - . Yy SSa.
! ] ms : T !
T T 1 1 H 1
I I I (o T
1 ﬂ 1T T 1
— : I T
I ” ] | 1 I 1
T m 1 I ! 1
-+ 1
1 t 1 HH 1 i 1 1 F
- 1 11 T I | 1T I
u T I 1 T T
- m T 15
= - - 1 4
= L u =am - —HH-
u . 1 1T + 1
= = - - o -
. am et am - :
[ i - - -
8 Sl =
] el - T
[ ‘e [
Iy a - -
L5 T
sl EEERESEEEE § T + I
[ | N T I T
4 = [ +
snm” = I I
I
B 1 |
i S T
T L L
1
: :
I
1
!
I
T T
I
1
]
i
T
W ]
mum ,
EEE !
T
I
1
T
1
!
I
1
!
I
I
1
1

AlG




11
1T

IR NN

Ny
7
V4 T
!
T
T
1
I
I EEEEEE
”mu
i

S

i __ _ ﬂgl.,
ND

Al7




™
HH
i
I 1 |
Tt 1
—
: : 1
N N 1
1 1
1
1 1 T i N |
I . u ] | | 1
1 1 T T 1 1
I 1 T | | IH|
! 1 1 1 I I
T 1 1 1 i 1 e
1t T T B EEE] I
= 1 i T
| ) TT
I FERLT
T 1 11
e H !
e T
- 4 T 1 T
T 1 ] 1 T
T 1 i T
I T N T 1 I T e
T T 1 T i i
T i T i 1 T T T W T
i 1 T 1 : ' -
I ] I T 1 S o
1 1 L i I i B e N
1 T 1 1 1 I 1 ! 1
T 1 1 ot 1 | I
I 1
i i 1 I | ] I .
1 I 1 1 1 1 1
|N B ! 11 s 1 ! | ] nm J +
1 1 T TT Ean T
‘e . 1 1 t T T )
I | 1 | I I I
i ] i [ L | ] I
1 1 T T T
11T 1 i T i i
- 1 1 I T
T T 1 TTT 1 !
T 1 1 _, 1 ” I
i 1 11Tt 11 | i I
1 T I 1 1 1 “mma
1 T T n N B I
1 1 -
™ ™ 1 | & 1
(B | 1 | & R
1 AEE i ] T [ § I
; T I - - S
H EEEE RONES N 1 :
T | NN N T ! " I 1
I 1 i -
‘ ~ : 1 T
1 H - I
m 7 1 1 - T T
1 I 1 1 I } ] 4
1 1 11T I T
1 I mED: 1 I I
1 1 1 1 1
T T | T T T T
1 1 1 1
] ST {
I 1 1 1 T
tt T 1=
T EODES B 5 1
T T ]
i E T t :
I 1 n n i 1 1
. : f H I 1 f
T 1 T T - T I
1 - 1 ] 1 HJ f 1
- - t t T 1
11 T 1 1 1
TT T 1 ] ;Ln I I
I ] m T
T m I T I T
1 T T 1 T 1 T
T | 1
- - = f 1 r f 1 HH
T 1) I 1! ] L 1
1 T T 1 1 1 1 1 I
. . - T T T T
et T i T
i | 1 1 :
EEEENEEEES SNmEn jmt o
T | 1 Iuui T
[ I 1 i T
i A THITT T 1 i
HHH T mnm, I
b B uda i R t W 1
I | o 1T 11 I T 1
1 T i Yo 1 T 1 1 I 1
HEHABEED i " | 7
S a ] ! I8! T 1
T T T T i T 1
m t i i ! 1 i
T T I i T 1 J
11 ] 1 1 | LIl if 1l 1
1 1 T T It L
IT f T -
T i 1 tH - 1 T T
sEEE ] - 1 - - :
EEEEEE 1 g !
I i ] | I
HH - 1 |
T 1
. -
T I TS - - -
: : T i
1 1
| -
1
!
1 1 1
| 1 1 i 1
] I T 1
] T
- 1 i
1
1
: t T
1 1 ]
i
T T
I 1 1
1 }
1 1
T
1 N
I
1
1
— 11 "
|

Al







I T i ] i 1
1 T I I 1 .
1 T T T
T
T I
1 T
T T
i | + I i i
) 1
1 1 1 I 1
1 m 1 ! INNEE N | § AR
" I ! - - ] .
- — —_—
| T L R
l I | T T 1 u
1 1 1 I I T
I 1 ! 1 I
1 ! 1 1 I I
SEaEa ! W ] ! _
1 7 I T T 1 1
1 1 1 I I I 1 1 I i
T 1T T
T 1 T 1 T
I I | 1 T t
T E! T 1 t 1
1 T I I ] 1 I
T 1 I 1 T . 1 Il
1 I T 1 1 I 1
1 [ 1 1
1 L 1 s )
I T ] ” ! : — !
i I | T T ~
1 | 1 T T T | T I
EE 5 ,ﬁ 1 W, H [ I I B h
1 T
T t 1 1 T 1T - T T
. : 1 1 1 1
1 T I 1 ] 1 - i
I 16 | I L L L | | T 1 t
T T + = - 1 T - - .
EEEEEE I I8 W I L ! -
1 T T i 1 N RN N,
1 1 1 T ] K 1 T Jjul ] 1 1 {uf 1T |
1 ! T ] ) I B T 1T T T1 1T el
| | T I 1! 5| ! i 1 1 1 !
| ] ] 1 I [ I | ] I 1 i
t 1 T I T El 1 T Em I L
EEEEE N I IEEE S RN ! 1H | - -
' I L I L I 1
o T ' I ] ! 1
1 T ] [ 1
- - 1 t 1
1 I I T T 1 1 t
I 1 8 1 1 1 t
1 1 RN 11 1 1
T T T T i I I [ 1T I 5
1 T | i 1 11 1 T i
HH i t t ] t t
T T H I
| i 1 1 T s i T
T 1 1 ~ T T
I I 1 T i
1 1 B t
T I ' -
| T I T 0| I T T
t 1 t . - . I L 1 T | i
+ 1 I DEREE T m| 1 T T
, , - e mue: n nmmmm o
e HH | T 1 T T
+HH T - +
: I H I H T ] !
I T T 1 1 I I I |
mEE aw + - t
T T 1 i v \n WA T 1 1 1 I
I I 1 ] 1 I T I
i 1 t 1
1
T T I I ] mn
| EEm o sxm, i = ]
1 T T - I 1 T T T I
1 1 1 T T T I T
EEE I ! T i
I T T I I 1 T 1
, o 7 rmus a| ! ! ] !
1 N T T T 1 I 1 T T
t T T T T T 1
1 1 1 I I T I A3 B
1 = T me T ~. 1 1
=i i I i
I I T i T H 5 - I
1 Ea | T N W ﬁl I 1
Lk ] 1T 1 1§ H| T 1 1 i B
i 1 L ] L (EEEE {m T
1 . ] Ll 1
3 1 Ll T I I
} - 4= - }
! I S Ry T - I ]
1 IH - T T T T |
- I | i - - I T
! I [ T
mmm T W I I 1
T { 1 1 H l LIl
) T 1 T " ! T
E ml — I .
s H | | ] I | | I I
1 | T T T - T
! ! Nl ! | T +
1 1 11 ERE ! | T I !
1 1 I I . Il = “ T 1
H O e I ] 1 ] !
q , : e : :
BB 11 1 1 1 - ~ I -
! i I ] 1 I T
1 T T 1] 1 T T T T 1 I it
- Il 1 1 z | L 1 1
— I T i I : 1 T
wmm I T T I I : - + T 1
111 1 | | 1 1 1 | 'l I ! I
t 1 i 1 I 1 i L I I L1
I 1 m 1 ] 1 iE) T 1 1 1 1
1 1 I 1 T T L H
T 1 | 1 Inu 1 1 ]
i 1 1T 1 I i +
1 i 1 I : o i L 1 !
T | 5| T T t t -
T I [l M| 1 ] ! l LT I L I
T 1 T TT 1
Il i 1 1
- - ¢
- - - T T T
L g - : I
A ! , i "
T T | I [
t t t T
T I ] 1 !
| Il ! { -
1 T T I 1 1
{ I I I T
T T T
1 T
T . I !
HH _ _
m e :
- - T
I
1
|
1
I
|
T
{ T
I i 1 I
T T
T
T T
1 1 w
T
)

A do




111 1
} 1 | !
: ! HH |
1
-
I
T
! S — ,
™, 1
1
T T m
I ] nEEE
I nmEE
T 1 nEEE
- - T
1 T 1
1 ma
T 1 1
: -
H _ : :
[ I 1
| . :
! T 1
1
1
H 1
1 1l
{ - A -
f t i f n
1 T -
N 1 Il - H
1 & 1 3 T
i I T -
T I 1 T -
1 + 1
m, H 1 1
I | | TTT
1 1
t T
} 1
1 -
1 T 1 T
Y | 1
T 1 I
= 1 i u 1
i i is :
T =8 |
= -
| 1 ! — T
1 17 a8 T T
| I -
1 1 L1 }
t 1 H i
HH i H i ms 28
T . . + T
o m HH - 1 1
" I T T T
i H
m i
1 i I
1 1
! g A :
1
] ] [ T 1
1 o u } 1
- T T
I 1 1
: 1 T
] 1 2i -
T f
i
1
= 2 _ m
- 1 i = V
f 1
I 1
i 11
e m) u
T I
1
I
—
H 1
1
1
1
1 1
1
1
1
1
1

A Ll




E B ™ T1 T TT T 1 T T am T
1 i I mEE N {5 A ) 1 ENSE ) ] i) T
] ! 1 I I I 1 T 1 1 + I !
T T 1 T T T L T
1 1 1 T1 1 L i
T T T I T 1 1 i T 1
1 T _ ._ T T W 1 !
I I NN i 1 T 1 1 1 1 [ SN N
_ T HH NN ymE g e ! — =
T i - m ot
IS HE W i EEEEEET
Ll T T 1 T T T T -
I 1 I T | I I ] 1 1 | ] !
H 1 1 T 1 I 1 1
2 I T NS AN 1 ] i = ! T
| 1 I [ I I 1 I HE AW EEEE
I I I s ! T mEEE
oo i ] 1
T t t 1 - 1 T T
+ T t T - - - s 1
T . 1 I I T - as ,
T r 1 HH ’ -
T I T 1 1 Il T
- T | I ] = mu
aass _ : ! | - g
mma T 1 ? i "
T I 1 i i i
FHHH SHEa aaR AR : ! ” i 3
i ! _ H aEaEas 2577 maas amam: ]
1 I 1 I T
T 1 T 1 T | T I 1 » (EEEE B T
1 1 1 1 1 i 8 S i 1 T 18 3
1 1 [ I uE Y & | T I
1 i | 1 i 7 1 I T
1 ] ! I ] Z ] i i i
T 1 1 T I I ! 1
I T T TT ! 1 i ! i m 1 1 t
T I {EI ) % ARG I 1 1 1 1 i I
I IN W 1 1 1 I 1 . I : ] 1 i . .
T EEE 1 mEEE mm) T
T T T T il N} - I I T
] I : ! " T I I
+ + ; 1 | | T T I I
] = i ! 1 1 = N = X ] ! .-
T 1 H i I I ] rH T -
1 EEE S E! T 1 T I ) T
__ t, ” T 1 1 T T ]
) ] — |- I 1 } 1 T e ; ]
T Il | Pl 1 1 T = 1 L 1
{ + t 1 i
T1 1 1 14 111 1] 1
I =8 am ! i I
i 1 i Il T T
e m I I TTTT
I 1 1 L ] | 4 1
1 H | 1 | | I | 1 ! : 1
1 T 11 T I B I T T T
i ! Em I T ] T T
i ! T 1 INER B T T T T
L LT Il bk N ek - B -
1 - | m, - ! = 1
T I gt 1 T
1 1 T 1 T
i I I T 1
Tt 1 1 T I T
o I 1 H : . —~ 1 T 1
1 Tt i i i 1 1 | 7
. . e L] + 1 11 T 11 : H
1 I » 1
] ' I ! ! - ! O T . :
1 1 1 11 [ 1] I 1 1 {
| T | .5 T
1 | 1 I ! 1 I
! : ! t ] 1 ] 1
T T I - - - 1 1
T AREESEENL b o 1 10 i ! a; I !
. i
T ! HE O = i Il 5 1 1
! ] i ! 11 3 1
% i 11 1 T 8 E 1 - !
B 1 T 1 I SHEEE EEEER I — I I
! T I s + H - | T | i
1T T 1 ] T ; T |
mn an-aunal o8 HE SEEEEE S — mt ]
I ! 2 ] e L 1 T t
i ; t - : — 1 1 -
H RS S = A HH L L n m i I I
ym| T ! T 1 Tt T ! ! T T 1 1
T i = m T 1 ! L.. ! ! I 1
= 1] £ i , T I i ]
T 1 — t
| i [ 1 i | 1 1
T T + ] 17 T - f H T T
1 111 L i.LI: - 7E — T2 - 18} O
. T ' ' ' ' + ' 1 T !
ssasiis e N T : | $3EEEaEE ,
EEEEEENENE BN T i I [ 1 I | ! T
Il 1 1 1 1 1 1 I I
(1111 I 1 - 1 1 1 . T I . T
T i RN EERER AREY T ! ! H , .
| Il EEEEE W E 1 1 1 1 - .
- : } -
. - - 1 -
T R I T T
1 B I — i — I
1t T T T 1 R 1 1 1 I I
T B I 1 | 1 i
HT ] i 1 I T , I
! 31 & 5 :
i - L ] 1 L T 4t -t
Smma 1 H 1 T | T
EaEm; i w ] : T =
T I s I .
| 1 1 Il I
R : T 7
- I 1
SEmEin HHH ﬁ " :
1 T 1 1
I 1 1 il
T I 1 j I 1
. : : : . H
I ] !
I I I T
1 I 1
1 1 -
] ] | - : ]
1 -
1 I I 1 1 I
i i T i j T
- t T T
1 T i T 1
1 | 11 1 11 H
i ,, ! R
HH 1 I
1 1 T T I
1= T 1
1T 1 1 4
1 1 _ ,ﬁ
[ 1
1 T ]
H |
1
H ]
T
1 I
1 1
1

AL




1 i & | "_ﬁ ” 11 “, _— _“. HEE 1! “ L1 i « : T
! I ) T T 1 T T
T 1 Wu o 11 T 1 T I T 1
! _ : sgass , 7 tH
T : . — I I r
G B 1 { )
I + I T
T T T T - aug
. 1 T ™
N ! I I I T ]
N T T i - ! i ann
um T ! : i -
TN f I :
1 1 1 1
= I .
1! 1 1 ! 1
1 ! I t 1
T T :
1 T T 1 1 1 1
I T - {
11T 1 T
1 T 1 T 1
- : - i ]
t 1 - - s
1 t t - . ===
1 - ! mm
e — mEN
- — L I I T
— 1 1
- 1 11
1 15 B 1 T
T T ~ T 1
: Baancntt . _
EEEEE R T | W | -
13 1 T t T +
TTIT T -
T i i T s :
T T
BE 8| r 1 - b
W, H“, “_ ” I m 1 T 1T
- 1 1 T ! I TTTT
—— 1 1 H ! -
I S— I T T f f T -
1 I T T I T 1 +
o “ | 1 o (| I I T 1 2
t H T T |
T Lk 1 T 1 1 I 1 HH T
T 1 I I I ] : ] L
I ] ] 1 TTTTT I 11
EEEEE I 1 i 1 u { - . s I nm
T T T T H u - - ! mE " B_uil
M 1 1 ] () 11 T T T T i 1T t
- - : H 11 T T BEEE) 1
I T = T tt 1 +—+
o) L } ! | I B
E@m : I - 1 T T 1 T I I
e 1 | o - - } ) { 1
T I i 1 T 1 T T T
i " 1 I T T I
1 m m g Tt 1 I I
T T T ] 1 L1l
I 1 - 1 T T
_ , a , Lt i : : nas o
1 - L T I I T
T T T ; T T
T 1 I ] | 1 I
i = i : 1 -
! I T 1 T T
+ 1 T 1 w
L R im I ] 1 1 i
T | 1 1 - L i - -
- - H
} 4 T T 11
1 | T i - — 1
1 I + -
I 1 T - 1 i e
} 1 1 H 1 TT ' T
I 1 | T T T T 1 1 nmm
T 1 =Y | 1 1 1T
mi INEE 1 1 W NENE N I 8 s T
ol ] 1 1 1 1 1 1 2
T 1 et | ] ! !
1 1 T t -
ImuE W - (] 1 T
- : - ! 1T T TT T
1 (1 T 1 T 1 t o
| T I T 1 I 1
. + = T i 1 T I I 1 L 1
i1 EE 1 | T 5 * T '
i m i 1 8 T 1 - im
| T = 1 EEEEEEE L ]
T f . 8 m I ! : ]
i T £ T T 1
, T - i HH H t -
EEE i EEuF BEE 1 - i I
r . =t r ! t
BEN mi I 1] T T I I T (B
ml 1 Y » 13 1 ! 1 T I ) T
T T EE. - 1 T . - -
T FH ! - - 1 -
11 1 N T I T T m. 1
S ek ! _ : H HH
HHHHH = 1 I T H h s
EEE 1 ] !} I T T + '
1 T I I ' T T TT T
Emwm I ! 1 1 I 1 I
T S EmEn i . T T 1 T T
ma ! B BE HH ! _ ] i i BN IR
T i N T I - EREE T
1 1 I (B I 1 1 i H mu[
T T i - T T T = -1
: i sEEEE SEs ,ﬁ T
EEEEE T I T T | 1
— 1 I 1 T 1
- T - T
| 1 T
HT 1
| I i § : ! h
- |
T —
1 I i 12 1
i - ! 1 !
1 T 1 } +
1 T T I I T
- - t 1 1
+- . — T -
1 } i i |
1 1 1 H
T s I ! [
I I I u! .
T i ! 1 e
T HH
| o it
1 4 -
1 1 1
,ﬁ 1 I
H T T
,.i T
1 T
H 1
1 -
T
1 1
1 I
- 1
I un
i - ]
1
=
FH

Al>




