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1. Introduction

1.1  The focus of this paper is on household size variations in rural India
in the post-Independence period. Attention will however be paid to several
related issues such as the age-sex composition of households and, more
importantly, the structural complexities - described by the variation from
simple or nuclear to extended and joint households - that have a direct

bearing on size.

1.2 In this paper we set out the context in brief (section 2), explain the
simulation model designed to answer the questions posed (section 3), and
present some results based on a few experimental runs of the model (section
4). Although these results have a readily seen substantive content, they are

discussed here mainly to indicate the scope of the model ir future work.

2. The Context

2.1 Data on household size variations in rural India are mostly based on
‘sample surveys, with the population Censuses providing some additional
information. These variations are usually presented by classificatory
variables such as the household ownership or operational holding. and per
capita consumer expenditure. However, the reference is always to households
rather than families, households being defined by the extended residence
criterion, conforming thus broadly to units of production and consumption.
The distinction between households and families - howsoever defined - are well
known and indeed of obvious relevance to the study of variations in size.
However, in rural India, it is orly the large landowners who have attached
farm servants residing in, and therefore being counted in surveys as members
of , households. More importantly, these 'unrelated' residents constitute only

a small fraction of househald membership.



2.2 It can be seza frorm Table [ vhat for the pomilation as a whnle in 1971
only about 19 per cent of the houscholds ‘rencrt® having attachad farm

servants, with a wean of 1.86 sevveznts per reperting household.

Table 1: Zverags Rousehold Size wv landholding-All India Rural

1e771-72 1982
Size Class Average Househald 3izs %Hous2hold Average No. Average
of Holding according fo reporting of servants Household
(in Acres)  ——=— = =mm—mmm—oo—e m——- attacaned  per report- Size
Ownership Operational servants ing holding according
holding helding in opera- to
tional Ownership
holdings Holding
0.00 3.73 4.15 - - 4.14
0.00 - 0.05 4.72 4.67 6.81 1.30 4.79
0.05 - 1.00 4.92 4.83 11.15 1.41 5.16
1.00 - 1.25 4.38 4.90 10.71 1.46 5.18
1.25 - 2.5 5.35 5.26 16.17 1.51 5.50
2.50 - .04 5.65 5.78 19.63 1.68 6.01]
5.00 - 7.50 6.27 6.36 20.84 1.83 6.57
7.50 - 10.00  6.58 6£.7% 25.13 2.19 7.00
10.00 ~ 12.50 6.75 6.3 27.63 2.19 6.87
12.50 - 1..00 7.18 7.18 31.86 2.23 7.37
15.¢5 - "7.28 7.5° RN 32.85 2.19 7.46
20.00 - 25.00 -7.77 7.86 38.14 2.36 8.08
25.00 - 30.00 7.60 7.7% 41.59 2.32 8.06
30.60 - s4.7) 8,01 8.08 55.7%6 2.72 8.48
50.00 + 9.07 9.23 62.256 3.42 8.88
All 5.34 5.34 18.¢6 1.86 5.43

Sources: National Sample Survey, India, Report No.215 and Sarvekshana,
India,October 1987.
This means that for the population as a whole the average number of servants
per household is 0.35, whereas the mean hourehold size is 5.34, i.e. attached
servants constitute about 6.5 per cent of the pcpulation. In the largest
landhoiding class, 62 per cent of the householde ruport servants, with a mean
of 3.42 servants per reporting household and, therefore, a mean of 2.13 per
household in this landholding ciass. The -verage size of household in this
class is 9.23. 7Thus the large differences in average household size between
small and big farmers, ranging from 4 to 9 remain even after “unrelated’
members are not counted: the range will still be from 4 to 7. Accordingly,
the concepts household and familv can be usel interchangeably without severely

invalidating conclusions deriveé from empi-ical data analysis.
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2.3 I rural India, wean heouselcld size iz found to systematically increase
with the size of landholdings, and of assets or wealth, more generally. A
large mean size is the characteristic of large landowning families; tte
agricultural labour and small farmer families have a much smaller mean size,
although a considerable variation in family size exists within each
landholding class. It is with explanations for this contrast between, say,
a mean size of 4 or less in the small landholding category and a mean in
excess of 8 in the very large landholding class that we are mainly concerned
(see Table 1).

2.4 It must be mentioned here that the observed positive correlation between
family size and wealth appears to be universal in the sense that it holds
across both space - for the different rural subregions of India - and time -
as readily verified by the different landholding surveys conducted during the
post-Independence period. It bears further generalisation to the extent that
in several contemporary third world countries as well as some in pre-
industrial Europe family size and wealth a-e found to be correlated likewise
(Krishnaji, 1980)!. Because of the apparent universality of this correlation
in countries predominantly agrarian in economic character, it will be tempting
to infer that the explanation must also be universal. The search for an
universal explanation is bounc to fail, howeve, because family size
variations are induced by a number of demographic parameters - sometimes
interrelated in complex ways -and more than one possible configuration of
demographic parameters may produce the same type of correlation. Thus, given
that undivided {joint or extended) families are generally large in size simply
because they contain more than one simple family unit, it is difficult to
interpret the differences in the demographic structures - for example in
fertility and mortality rates - underlying the observed differences in mean

size.

2.5 The difficulty is compounded by the ahsence of survey estimates of
demographic rates such as of fertility, mortality and nuptiality separately
for classes of agricultural labour, small farmer and big fa-mer households.
The published data in sample surveys classified by size of landholding
generally refer to household size and its age-sex composition. In addition,
the composition of the househeld membership according to 'relationship to the
head' of the family have been tabulated in one population census. The latter
data sets, relating to the 1961 census, containing much detail on household

size and composition indeed show that household structure increases in

paarioat



complexity with the size of landho?dir~. Households with .arge landholdings
thus contain a far higher propertion of married relations (of the head) -
indicating a higher incidence of joint families of some kind or another - than
do the families with small landholdings.

One such data set is presented in Table 2. These data relate to Kerala, one
of the major states of Indian Union. DNata for other states reflect a similar
pattern. It can be seen that married sons (of heads) constitute 2,2 per cent
and other married relations {(presumably, brothers of heads, because married
women live with their husbands' families) 6.7 per cent of the household
population in the smallest landholding class of less than one acre. These
percentages systematically increase as the landholding size increases: in the
largest size class they are 4.2 and 10.7 per cent respectively. These data
suggest, therefore, that at least one factor underlying the observed family
size-wealth positive correlation is the tendency for families with substantial
vealth to remain undivided for a longer time than for poor families. Thus the
rate at which new househclds are set up from old ones - we call this the

splitting or partitioning rate in this study - also contributes to family size

variations, apart from birth and death rates. Accordingly, one of the
objectives of the study is to examine the sensitivity of family size to
variations in perametric configurations 'onsisting of fertility and mortality

schedules, rates and rules of marriage and partitioning of families.

Table 2: Composition of Sample Households by Relationship
to Head of Family Classified by Size of Land
Cultivated: Karala, 1961.

Yever
Karried,
Reads of  Narried Viduuad,
Size of Average  Household Relatiens Divorces/
folding | Size of apg  meemmmmmmee- Separated Unrelated
{acres) Rousenaléd  Scouses Sons Athers Persons  FParsons  Tetal
lLess than 1.0 §.76 30.7 1.2 6.7 R 13 160.0
1.0 - 2.4 6.42 1.3 31 7.9 50.2 2.9 100.0
2.5 - 4.9 1.16 25.3 1.7 g.2 55.6 1. 100.0
5.6 -7.4 7,48 24.0 .1 5.9 8.4 1.3 100.0
7.5 - 8.9 §8.30 29 .80 109 54.2 {.3 100.0
10,9 or more §.13 21.9 4.2 10.3 57.¢ 3.1 100.0

Source: Social and Cultural Tables, Census of Iadia, 1961.



2.6 We must refer in this context to the studies initijated by Laslett
(1972)2 on the size and structure of households in pre-industrial Europe.
These showed, among other things, that in several rural communities the mean
size varied within a very narrow range {typically between 4 and 6). A
computer simulation study done in that context has established that generally
the mean size is more sensitive to rules of household formation than to
demographic variation embodied in fertility and mortality {(Burch, 1972)3.
While our simulation mcdel extends the results of earlier work, it is designed

with somewhat different aims.

Firstly, we are interested in the demographic picture in rural India roughly
depicting the period 1950-80, different from that of pre-industrial Europe.
Secondly, the studies of Laslett et al. {Wachter, 1978)4 focus on a particular
hypothesis, viz the stem family hypothesis, for explaining variaticns in the
household structure rather than in household size whereas our concern here is
more with family size, its distribution and the extent to which it is
influenced by rates of household formation captured in a fairly general manner

without reference to family structures in an explicit manner.

3. The Simulation Model

3.1 OQOverview of the Model: The simulation model computes the annual

transition of a given population with characteristics such as age, sex and
marital status, according to a specified set of demographic parameters. This
makes it possible to take a given population through a pre-specified
demographic regime over a certain period of time and record its consequences
at the end of the period. Further, by repeating the exercise on the same
initial population with different demographic experiences it is possible to

examine how different demographic configurations influence the outcomes.

A population is initially specified. This population corresponds, in our
experiments, to the beginning of the time point of the period over which the
dynamics is to be studied. The population is specified by a list of
households, and a list of individuals within each household with the following

characteristics -



Identitv ~f the housahold

Identity of the individual

Generation of the individual

Age of the individnal

Sex of the individual

Marital Status of the individual

Identity of the parent/guardian

Identity of the marital partper

Year when the last child was horn (for ever-married females)
Number of children ever born {in case the individual is an ever-married
fermale)

W o0 ~10 O Dk
e

o

The identities listed in items 1,2,7 and 8 are specified by serial numbers in
the relevant list. The generation number is meaningful only in the relative
sense i.e. children will have this number set to one plus that of the parents.
The identity number of the parent or guardian (seventh characteristic listed
above) needs some explanation. It 1s zero for the eldest member of the
household. It is the identity number of the husband in the case of wife.
When a child is born, this code for the child is the same as that of the
mother of the child. Subsequently, this code changes due to deaths in the
household over time. We shall refer to this number as the ‘dependency
code'. TFor example, if the mother dies, the dependency code will change to

the identity mumber of the father, if the latter is alive. More on this when

we discuss the death module.

The unit of time is a year. Every year demographic events (like marriage,
birth, death) occur to each individual according to pre-specified
probabilities; new houscsholds are formed out of the initial (at the beginning
of the year) set of households according to a given household formation rule
and probability. These events are recorded and the new list of population and

households corresponding to the beginning of the next year is constructed.

The model actually works oit the annual transition household by household.

Each individual in a houszehold is subjected to the probabilities of
demographic events in the folluwing sequence - marriage, birth, death. (Note
that an event may be inappropriave for a given individual. For example, birth
of a child is impossible to a mala, but this only means that the probability
will be set to zero in this case. By subjecting an individual to the
probability of an event we meaun that the event will occur to the individual
#ith the given probability. For erample, if the probability of an unmarried
female at age 16 to get married is 0.032 then an arbitrary unmarried female

at age 16 will get married in the curvent year with the same probability).



After subjecting each individual to the probabilities of different vital
events, the resultant changes in the household are then recorded, or in other
words, a new list of the individuals is prepared (with the particulars as
stated before) excluding those who die during the year and females who marry
and move out, and including those whe move into the household after marriage
to a male within the household. The resultant household is now subjected to
the probability of breaking up (partitioning) forming new household(s)
according to certain pre-specified rules. Schematically, the steps involved

in computing the annual transition can be presented as follows.

HOUSEHOLD l
[l
!
INDIVIDUAL —_—
H Repeat Repeat for all
! for all Households
MARRIAGE Individuals
! of the
! Household
BIRTH
]
1
d
DEATH |
i
',
RESULTANT HOUSEHOLD
1
'
FORMATION OF NEW HOUSEHOLD(s)

3.2 Perhaps the best known and a very elaberate microsimulation model of
this kind is SOCSIM developed by Hammel et al.(1976)3. In comparison, our
model is simple in its construction, has minimal computer requirements and
easy to implement for applications of a certain type. The program was written
in BASIC language and implemented on an IBM PC/AT compatible machine. We have
christened the program FAMSIM and henceforth it will be referred to by this
pame. The major simplifications in FAMSIM as compared to SOCSIM will be

pointed out while we describe the model in detail in the Appendix.

Vhat follows is a brief description of the different sections (modules) of the
model. HMore detailed descriptions of each section (module} of the model are
presented in the Appendix. The sinulation model specification is completely
empirical. The probabilities are specified, as described in the appendix,

either directly or through mathematical functions producing reasonable



distribut.uiis of events, obtained by trial and error.

3.3 Marriage Module: Marriage probabilities are applied to males of age

between 15 and 49 and to females of age between 10 to 44 years (inclusive of
the limits). The difference between the ages of the husband and the wife has
been kevt constant at 5 vears. The simulation model is an open one so far as
marriage i1s concerned. When a female marries, she drops out of the household
membership list, whereas when a male marries, the wife is added to the list.
This conforms to actual practice in India, with rare exceptions.

No divorce or separation is allowed hut re-marriages are allowed.

3.4 Birth Module: Child birth probability depends on the woman's age,

marital status and parity i.e. total number of children she has already borne.
There is no explicit specification for birth spacing except for a very simple
assumption that a mwarried woman cannot bear more than one child in two

successive years.

3.5 Death Modula: Age-specific death probabilities are based on Life

Tables. When a death occurs the dependents, if any, of the deceased will have
to be assigned a new guardian. The following conventions are specified in the
model for this purpose.

a. If the deceased is a married ile there is no ¢ ange required since

dependents are linked to the wife of the married male.

b. Tf the deceased is a married fermale then all her dependents will be
transferred to the husband.

c. If the deceased is not currently married (i.e. unmarried or widow or
widower) then all the dependents will be

(1) transferred to the wife of the eldest member of the
household if the eldest member is a married male,
or {ii) transferred to the eldest member if the eldest member is not
currently married but is aged above 15 years,
or (1iii) dropped out of the population if there be no one aged abave

15 years left in the household i.e. we assume that the

children will join some other household.
Notice that a given individual in the household may be identified with several
individuals of the household through the dependency code 1i.e. several
individuals may have the same dependency code which identifies this particular
individual. All these ‘'dependents' are not necessarily this particular
individual's own children. The dependency code has been used to keep track
of relationship between individuals within the household in a simplified way,
which is essential for determining the membership of new households formed out

of the parent household over time.



3.6 Formati n of New Households: T is sactian of the model is based on a

specification in which the piuwebiiity of splitting or partitioning of a
household is a function of the size of the parent household, apart from a
convention explained below. The pnrobability is set to zero for households with
less than two living couples. The probability increases as the size of the
household increases reaching unity at or before size 20. 1In other words, a
household is not allowed to grow beyond size 20. This limit is arbitrary but

* adequate for our purpose.

Let us define 'Critical Size' as the size of a household when it brzaks up or
partitions. Given the probability specification (of partitioning) one can
compute the mean critical size. It is the average size of the households at
the time of their partitioning. We shall, in the subsequent discussion, use
the mean critical size corresponding to a given specification of partitioning

probability as a measure of the proneness of households to partition.

¥hen a household breaks up, it has to be partitioned (forming new households)

according to a certain given rule.

The eldest member of the househocld has been designated as the head of the
household. Each new household for.s with a couple, their children and
dependents. Thus, the household formation rule specifies which are the
couples in the parent household who form as many new households. Further

details on the rule are presented in Appendix.

3.7 Generating the Initial Population: The first problem is to specify the

initial population embodying characteristics of the past demographic regimes.
It is not possible te do this by listing out a population off hand. We take
the help of the model itself. We proceed as follows: Start with a population
of what we wight call a certain number of 'Adam-Eve' couples. We specified
200 couples - each pair of age 20 (male) and 15 (female) years, each without
any children. In other words, we specify a list of 200 households each
consisting of a husband and a wife only of age 20 and 15 years respectively.
We then specify a demographic regime which corresponds to the fertility,
mortality and nuptiality patterns of India during the decade of 1930s and take
this population with this same set of demographic parameters over 150 years
under an arbitrarily specified probability for new household formation. The

choice of the population of 200 couples is not of any consequence in the

[—\(0 . 1n



subsequent ar.lysis because the evol ion of this pcpul-tion under constant
vital rates becomes rapidly independent of the initial composition. The
terminal population (at the end of 150 vears) is taken as one which should
roughly match with the population of India in 1941. Notice that we started
with an arbitrary probability specification for formation of new households.
This specification affects only the distribution of size and compnsition of
the resultant households and not the structure of population which depends on
the vital rates only. By trying out the above exercise with a feaw
specifications we could arrive at one that produces an average househcld size
of 4.73, reasonably close to that cf rural India in 1941. Ve must stress at
this point that the attempt to correspond the demographic rates and other
characteristics of the population with that of specific periods in Tndia 1s
only for ensuring that we work with a reasonable range of the parameters and

characteristics of population; it is not crucial to the analysis we set

forth with the simulation results; viz, that of the sensitivity of mean size

to variations in demographic parameters within a plausible range.

Table 3: Specification for Generation of the Initial Population
and Some of the Statistics Obtained in the Process

INPUT SPECIFTCATION Simulation Years
1-150 151-160
1. Nuptiality 1931-41 India 1941-51 India
2. Mortality Coale-Demeney Coale-Demeney
Life Table with Life Table with
20(my= 32 ed(m)= 33
e0t{})= 32 e0(f)= 32
3. Marital Fertility (THFR) 7.5 7.5
4. Mean Critical 10.0 10.0
Household Size
OUTPUT Years 141-150 Years 151-160
(1931-40)* {1941-50)*
1. Average Crude Birth Rate 45 43
2. Average Crude Death Rate 33 31
3. Average Household Size 4.73 4.83

* Roughly corresponding to the period.

The computed population is further evolved over another 10 vears with the
specification of vital rates corresponding to the 1941-51 period in India to

produce what should be our initial population for simulation experiments.



This populati-.n should roughly corres »nd to that of India in 1951.
The input specifications for the model and some of the rates obtained in the

simulation exercise while producing the initial population are given in
Table 3.

3.8 Subseguent Evolution: VWe study how this initial population evolves

under different demographic regimes over a period of thirty vears. The choice
of a period of thirty years of evolution needs clarification. The common
practice is to deriva the stable distribution corresponding to a given set of
demographic parameters te analyze the results. (We have followed this
procedure tc generate the initial population). The derivation of stable
distribution is feasible when the given parameters remain constant over time.
The period over which the convergence to the stable distribution takes place
is not of interest for substantive analysis of the results derived. Stakle
distribution theory is merely an analytical tool. What is of substantive
interest in the present context is the impact of different demographic
parameters and household formation rules on the household size and its
distribution over a certain period. For this purpose it is enough to choose
a period over which the iwpact of the specified factors (demographic etc.) is
discernible. It is not possible to analytically derive such an impact over
a specifiel firite peried. A computer picro-simmlation model has precisely
this advantage. We have chosen 30 years (or three decades) by which time the
impact of the specified regime is ezpected to be adequately discernible in the
household characteristics. At the same time, it will also be possible to
crosscheck the simulaticn results with the 1981 Indian Census data (recall
that our initial population is generated roughly approximating that of 1951
India).

It should be obvious by now that the model essentially works with three sets
of specificaticns related to fertility, mortality and partitioning. Pertility
has two components - nuptiality and marital fertility. To begin with, we
consider two types of trend in both fertility and mortality - (i) static over
the period of thirty years; and (ii) a decline over the period. This gives
us four possible combinations of fertility and mortality trends and thereby
four different demographic regimes. The parameter specifications are given
in Table 4. |

The regime corresponding to the decline in bnth fertility and mortality
specified above should roughly approximate the demographic experience of rural
India during the period 1951-81.



ach of *h» four demographic regimes was tried with two different

specifications of partitioning probabilities. The corresponding mean critical
household sizes were 10.0 and 13.5 respectively. Thus, we had eight sets of
parametric specifications.

Two identicaltinitial populations will not remain identical after a pericd of
evolution under identical parametric regimes. A range of random variation
occurs for a single fixed set of parameters. This point is particularly
important when the size of the population is not large. In fact, the choice
of parameters within a band of plausible values is not at all critical for
this study but the variaticn that can occur for a given set of parameters

needs to be taken care of.

Table 4: Specifications for Different Evolutions of the
Tnitial Population

Period  —mmmmmmmmmmmmmommmn mmememmemeeemeeeen cemeceeoon oo
{Years)  Huptiality  TXFR  MNuptiality THPR  ellml eClf* e0im) ellf)

1 - 5 India 1991-81 7.5 1Indiz 1951-3 5360 350 36,0 35.0
6 - 10 India 1957-61 7.5 India 1951-61 7.0 36.0 350 40.¢ 38.0
11 - 15 India 19%1-81 7.5 India 1961-70 7.0 36.0 35.0 42.0 42..
16 - 20  India 1951-61 7.5 Irdia 1961-71 6.5 36.0 35.0 46.0 45.5
21 - 25 india 1951-61 7.5  [ndiafR}1S71-81 6.8  J36.0 35.0 5G.0 45.5
% - 30 India 1951-61 7.5  India(RI1§71-81 5.5 36.0 35.6 53,0 E3.0

For this purpose, evolution of the initial population over thirty years under
each set of specifications was repeated four times to generate four
independent samples. These four samples corresponding to each set of
specifications will provide information about the nature of variations. We
have taken averages of every relevant statistic (average household size etc.)
across the these four samples while examining the results. The analysis of

the results are presented and discussed in the next section.

4. Analvsis of the Simulation Qutput

4.1 For the sake of brevity we shall refer to the two types of fertility and
mortality specifications simply as 'static' and decline'. Similarly, we shall
refer to the mean critical size specifications of 13.5 and 10.0 as 'low' and

‘high' respectively {(a low partitioning rate being associated with a 1onge§

13



period before splitting).

4.2 The average crude birth and death rates obtained in the simulation runs
with high rate of partitioning are presented in Table 5 below. Columns (6)
and (7) in the above table corresponds to the specification which is expected
to simulate rural India for the period 1950-80. The CBR, CDR series resemble
fairly closely that of the corresponding population estimates. The table of
CBR, CDR corresponding to the high rate of partitioning look very similar,
which is expected as the fertility and mortalitv paramaters are the same in

both the cases. It seems unnecessary to present the latter table here.

Table 5: Period-wise Average CBR and CDR Obtained in the
Simulation Runs with High Rate of Partitioning

Declining Static Declining Static
Fertility Fertility Fertility Fertility

Period CBR CDR CBR CDR CBR CDR CBR CDR
w0 @ e @ s 6 () (9
Ist S-Year 42 27 42 21 42 21 42 21
2nd 5-Year 38 27 42 28 40 23 42 24
Ird 5-Year 40 27 43 28 40 21 42 22
4th 5-Year 39 27 42 27 39 19 42 19
5th 5-Year 38 26 43 27 35 16 42 17
6th 5-Year 35 25 43 27 33 13 41 14

4.3 The annual rates of growth (compound) of the number of households as
well as that of the population are presented in Table 6 helow.

A comparison of rows 1 and 2 with 3 and 4 (similarly, 5 & 6 with 7 & 8) seenm
to indicate that mortality differentials have a greater impact than that of
fertility on the growth of the number of households. This observation should
of course be qualified the range of parawetric variation for the simulation
runs.

‘A8 stated earlier, the third and the seventh rows corresponds to the
simulation of rural India for the period 1950-80. The annual growth rates of

rural population in India during corresponding decades (as given by the census

14



data) were - 1.88, 1.97, 1.75 respect.vely.

Table 6: Period-wise Average Compound Rate of Growth
of Number of Households and Population
Obtained in the Simulation Runs

Rate of e
Partitic- Heuseholds 2cpulaticn
ning o mmmmmmeoemeeeemmmeeon oo
Households Wortality  Ferriliry  First Serend  Tird  First Second  Third

1 i 53 ¢] 1 ') L) 19)
1. High Static Dacline 6.96  1.02 s L1 1.1
2. Bigh Static Static 1.8 1.10 1.38 1.38 1.1
3. ¥igh Decline Jecline 1,21 1.5 . 181 1.§3 i
§. Righ Jacline Static .41 .71 2,00 1.8 2.18 5
5. Low Static Decline 018 0. 0.80 .28 1.16
6. Low Statie Statie I A B R 1.9 1.49
7, Low Decline Decline 0.26 1.09 1.54 1.4 1.9%
8. Low Dacline Static 6,37 1.1% .77 187 2.06

4.4 TFinally, let us examine the distribition of household size obtained
under different parametric regimes specified. Table 7 presents the average
household size and the tails of its distribu‘ion respectively.

Let us now consider columns (5) and (6) above which give the lower and upper
tails cf the distribution of household size. Cclumn (5) gives the proportion
of households of size less than or equal to 3. This proportion, for a given
rate of partitioning, increases by about 2% if ferzjility declines without any
decline in mortality, and falls by about 7% if mor:ality declines without any
decline in fertility. Partitioning rate makes a di*ference within a range of
3 to 5% if fertility and mortality remain the same. However, partitioning
rate makes a difference of 10% or more in the proporticn of households of size
8 or above (column (6)). In summary, what seems to emerge is that differences
in the rate of formation of new househclds create higier differentials in the
average household size than differences in the Zfertility or mortality
parameters. In other words, fertility and mortality lifferences make marginal
differences, in a comparative sense, to the lower ané upper tails of household
size distribution and consequently to the average size whereas a lower rate
of partitioning elongates the upper tail consids:rably leading to higher
average size. As a result, differences in average household size are much

narrower due to differences 1in demographic differentials than due to

differentials in the rate of partitioning.

15
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Table 7: Distiibution of Household Si Obtained in the ~“imulation Runs

Rate of

Partitio- Average %Househald  %Household
ning of Household of Size of Size
Households Mortaliiy  Fertility Size <3 > 2

(1) (2) (3) (4) {5} {h)

1. High Static Decline 5.02 27.0 14.0
2. High Static Static 5.21 25.2 16.9
3. HRigh Decline Decline 5.37 21.5 17.3
4. Righ Decline Static 5.56 20.8 20.6
5. Low Static Decline 5.77 23.5 24.5
6. Low Static Static 6.01 21.6 28.5
7. Low Decline Decline .11 18.7 26.9
8. Low Decline Static 6.47 17.7 33.3

Note: All the figures above are rompnted averages across the four samples.

Column (4) in Table 7 above seems to indicate that fertility and mortality
differentials do not creatz as much differences in the average househnld size
as the rate of partitioning does. Further, given a rate of partitioning,

decline in mortality leads to larger differences in the average household size
than decline in fertility.

Needless to say this observation is valid for rural India to the extent that
the specifications for the simulation experiments cover the range actual

variations in the concerned parameters.

4.5 One way of quantifying these relationships with the average household
size discussed above is to obtain the relevant elasticities. With this
purpose in mind we have attemptad another set of simulation exzperiments.
Instead of considering trends in the demographic rates we chose to study the
dynanics of the initial populatirn (over the 30 year period) with rates
invariant over time. Rates were varied only from one simulation to another.
Keeping the marriage probability fixad at India 1951-60 level, we considered
three levels of TMFR - 7.5, 6.0 and 4.5. Similarly, we considered three

levels of mortality as follows.

Specified Level ep {m) eo (m,
1 53 53.9
2 46 45.%
3 36 35.0
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These giv- - ~ina ceonhirations fertality and mortality levels. Simulated
pornlations were evolved separately with each of these nine sets of parameters
at two levers of mean critical household size (as before) - 10.0 and 13.5.
The number of replications for each set of specifications was limited to two
this time. Thus, we designed the experiment to produce 36 (9 x 2 x 2)

absarvations for estimating the concerned relationshins in terms of relevant

elasticities.

4.6 It shonld be casy to s2e that as a resunlt of the ahove simulation
experiments we obtained 36 independent sample observations - 2 corresponding
to each set of given parameters en{n}, <5 (f), THFR and mean critical household
size. There were 18 such sets of parameters. Now, the relevant elasticities
could be estimated by regressing average household siza chtained on the

corresponding pre-specified set of parameter values. The regression results

are presented in Table 8 below.

Table 8: Regression of Average Household Size on Mean Critical
Household Size, Female Life Expectancy at Birth and
Total Marital Fertility Rate

Note: All var ables considered under ~atural logarithmic
transfaormation

Dependent Variable: Average Household Size

Ragression Standardised
Independent Variables Co-efficient Co-efficient T-Statistics

1. Mean Critica?l 0.44418 0.66209 9.547
Household Size

2. Female Life 0.25692 0.43736 6.306
Expectancy
at Birth

3. Total Marital 0.22398 0.46524 £.708
Fertility

R-Square 0.8 Standard Error 0.04189 F-Statistics 58.64

Note: All test statistics were significant at 1% level

The SPSS/PC programme was used for the purpose of estimating the regression
with Method=Enter. The programme excluded the variable Male Life Expectancy

for which the relevant F-value was found to be insignificant. This is



understandabl. since by our specifics’ “on the two life expectancy variables
vere nearly collinear and so one ot them would have to be excluded naturally.
Since the variables in the regression were used after natural logarithmic
transformation the estimated regression ro-efficients are the corresponding
estimated elasticities. It seems quite obvious (see Table 8) that the impact
of partitioning rate (measured by the mean critiral houséhold size) on averaga
household size is considerably higher than that of fertility or mortality.

Further, it is inieresting te note that the sensitivity of average household
size to mortality is a little higher than that to fertility - the elasticities

are 0.26 and 0.22 respectively {which could of course be in part due to
sampling variation).

5. Relevance to L.andholdings Data

5.1 We have referred in the introduction to¢ data on household size
variations in rural India as the point of departure for these simulations.
These data exhibi%t a considerable variation in the mean size corresponding to
the different landholding classes - ranging from 4 or bdelow in the lowest

class to 8 or above in the largest class.

Now, for any given specification of demographic rates, a distribution of
housenolle L7 3170 emerges out of random variation with small and big families
occurring with certain frequencies depending on the parameters. However, the
occurrence of large differences in the mean size in fairly large ({and
possibly, relatively homogenous) population groups such as those of large
landowners and agricultural labourers, would still require an analysis and
explanation, for, variations in the mean size have to be considerably narrower
than in distributions of individual families.

5.2 t 1s in this context that we have set up the simulation model discussed
in this paper. What the results show convincingly is that given demographic
variation in the range actually observed in rural India over the past 4 or &
decades, the mean household size of any large subgroup of the population is
likely to be in range of 4 to 6 unless the partitioning rate for the sub group
is either too low (leading to a high mean size such as 8) or too high (leading
to a low mean size below 4). 1In particular the simulations suggest that the

large mean size associated with the class of big landowners - a consistent
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feature over the entire period 19"°'-81, as revealed by the different
landholding surveys covering this period - must have clearly arisen as a
consequence of low splitting rate, i.e., a ¢reater propensity for large
landowning households to remain 'joinft' in some form or the other, in
comparison to small landowners and agricultural labourers among whom the

proportion of 'nuclear' households tends to be very high.

5.3 0f course, the differences in demographic parameters in between the
different landowning classes may alsc contributa in some wmeasure to the
observed variation in mean household size: thus, for example, among the poorer
classes mortality rates conld be higher apnd fertility rates lower. 1In the
absence of the relevant data the elasticities we have derived here through
simulation would be of some help in assessing the relative contributions of

demographic parameters on the one hand and the patterns of household formation

on the other.
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Design of tne Moduaules

Descriptions of all the moduleg in the computer simulation model are presented

here along with the nature »f inputs and zowme of the outputs for validation.

A Marriage Module

A.1  First marriage probakilities zre avplied to males of age between 10 and
54 and to females of age between 5 to 49 (inclusive cf the limits). We have
used the nuptiality rates (proportion single) as estimated from decade
synthetic cohorts based on the Indian Census data for specifying the marriage
probabilities of never-married persc =. The annual probabilities of marriage
are computed from the proportion cf never married in each five-year age group
under the assumption of a geometric distribution. It should be noted here
that the marrizge probabilities are being specified on the basis of macra
level data on nuptiality rates for microsimulation. Since our primary concern
is to generate an appropriate distribution of age at marriage this procedure
for specifiration) shouid be accentable. The difference between the age of
the huskend end that of the wife hes naen FPent constant at 5 years. Only the
wale wmarriage probahilitv has heen used for the occurrence of marriage. In
other wzsls, Lthe annual probability of a female getting married has been taken
to be tihe same as that of a male 5 vears older than her. The simulation model
is an open one so far as marriage is concerned. Females marry someone outside
the population and thus drop cut of the population list, and males marry from
outside the population and the wife gets included into the list {(which is
realistic at the household level). The marriage probability, the way it is
applizd here, thus tends to keep the balance between females dropping out and

coming in through marriage.

2.2 No divorce or separation is allowed. It was found rather difficuvlt to
empirically specify the remarriage probabilities. The necessary data (Indian)
for this purprose are nok readily available. Wz have introduced certain
probakilities of remarriages based on the estivates provided by Bhat (1984)s.
According to Bhat's estimate 62.44% of the widowers are found to have
remarried in the 1981 census, and the figure is 33.68 % for females. What has

been specified in the madel is as follows -
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A widower r¢ carries with probabil’ ; 0.6244xp(a) here pfa) 1is the
probability cof marriage of a never-married male at age 'a'. A widow with
children doas not remarry. A widow without children remarrias with 50% of the

probability of the corresronding never-married female.

A.3 AR few of the averaje ages ar marr.sqe obtained in the course nf various

simulation runs are presented Table 7.

Table 9: Averace Ace at Marriag. ohtained in some Simulation Runs

Estimated Obtained in
Specification Age at Marriage Simulation
""""""""" Wale Female Male Fenale
(ndis 1941-51 1099 15.43  21.06 16.37
India 1951-61 22.32 16.10 21.39 16.93
Tndia 1961-71 22.72 17.12 23.11 18.35
Indiz{(Rural) 23.66 18.50 24.36 19.14

1971-°1
{-v:- The estivated averape smes At marriage were based on

decade synthetic cohort and reported in the ESCAP
Yonograph (1932)7 for three decades beginning 1941. The
figures for 1971-81 ware estimated by the authors following
th= same procedure.
The avorage age obtained in the simulation runs are higher than those
estimated for the corresponding decades by about one year in most cases. This
is due to the fact that census estimates are based on nuptiality rates for the
population in the age group 0 to 50 vears whereas in the simulation model
males marry betwzen age 10 to 54 and the brides age is set to be 5 years

below the grcom's age.

B Birth Module

B.1 Child birth probabilitv denends on the wrman's age, marital status and
parity i.e. tntal number of children she has already borne. The marital
fertility curve 1is specified by a functien b(x,y,z) as given below. Notice
that there is no explicit specification for birth spacing except a very simple
assumption that a marrizd woman can not bear more than one child during a

period two of successive years.
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Marital Fertility Function

b(age, lage, prt) = 0 if age=lage+l
)
= axplaa + bb.age + cc.age“+ (1-prt).pf) otharwise
Where age= current age of the female

lage= age at which the last child was born
prt= total no. of children born to the female so far (current
parity)
aa, bb, cc, pf are given constants.

B.2 The parameters aa, bb, cc and pf have been empirically specified with
some trial runs to reproduce the marital fertility profile more cr Jess
similar to what is observed in the Indian case. Initially, aa through cc were
estimated by regressing proportion of married females giving birth to the
first child in different age intervals as recorded by Census of India (19331).
A semi-log quadratic function was used for the purpose. In the next step, the
constant aa was adjusted through a few trial simulation runs to obtain Total
Marital Fertility Rate (TMFR) about 8.5, keeping pf set to zern. The TMFR
specification can now be adjusted by choosing suitable values for pf. These

values were determined by simnlation runs again.

Figure 1

Figure 1 shows the marital
fertility curves for the second and
third child birth described by the
chosen function when TMFR is set to

\ 5.0.

il \\‘@ The gender of the child born was
\ deternined by a binomial event with

- \S j ' probability for the child to be
el AN i ' male set to produce the sex ratio
‘“\L~_ﬁj | (male/femalex100) at birth to be

LR R A R .\ 106 {roughly corresponding to the

R . oy 197:i all-India figure).

Age-specific average parities of current.; married women who married between
age 15-19 years as obtained in the cimuls-ion year 161 while generating the
initial population with TMFP specified at .5 are presented below. Note that
simulation vear 161 corresponds year 1951 in our design. For comparison we
have taken estimates of average parities of currently married women whose age

at first child birth was between age 15-1% years, see Table 10. These

22



sstimates are based on a i0% sampl in the Travance -Cochin region {at
nresent part of thz state of Kerala, India} during 1951 Census.8For cemparison
we have taken astimates of avarage parities of currently married women whose
zae at first child birth was between age 15-19 years, see Table 10. These
astinates are based on a 10% sarple in the Travancore-Cochin region {at

nraseat part of the state of Kerala, Tudia) during 1951 Census.?

2.24
25 - 29 3.3 4.25
30 - 34 4.2 5.31
35 - 3% 6.0 5.60
40 - 44 6.8 6.94
45 + 7.6 7.34

* Gradnated Bstimate based on 10% sample, currently married

wowen »ith age at first childbirth betwzen age 15-19 years

C Death Vodule

.1 Coale~T=2nenvy Regional Life Tabhles were used to specify the death

[

probobiliil L 2f%er le~idive nmron tho TIFC zxpectancy at birth for a given
year. Single age-specific annual death probabilities were cowputed on the
basis of ui wozunption of geometric distribution of the event over the 5 year

age interval.

C.2 Vhen a death oaccurs there is a follow up action which relates to changes
in the 'dependency code'. As stated in section 2 of the text the dependency
code essentiallv keeps track of relationships among the individuals within a
household in a simplified form.

This is used for the purpose of partitioning the household as and when a
household breaks up. The chart above explains the rule for change of the code
in the event of a death. Notice that if there be no one aged above 15 years
left in the household after the death of an individual the household is
dropned out of the list i.e. we assume that the children will join some other

household.
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Consnder the Individval who died

L T
r:;;rled ? Hao rIs the eldest member cof r—No_——-
‘ tha househeld aged > 15 7
Yes -
[ Yes
] 1
‘NMale ? TIs the eldest No
: member married ?
Ho :
44J Yes
]
- All dependents are identified All dependents cf the |
“with the male spouse deceased Lo be identified |
with the spouse of the |
[ eldest member ‘

Chapge of Code
Complete ¢ rAll ¢ependents of the
decezsed to he identified

with the eldest member

Bousehold drops out
of the list <

C.3 Ve have not computed any statistics on life expectancy from the
simulation output. However, the crude death and birth rates obtained in the

simulation runs have been presented later in this Appendix.

) | Formation of New Households

9.1 This section of the model is based on a specification of the probability
of splitting, which is z function of the size of the parent household and a
convention for partitioning the household to form new households. The
probability is set to zero for households with less than two living couples.
The probability that a given household (with at least two living couples) will

dreak up is given by a function p(x) described below.

p(s) = 0 if number of couples.in the household ¢ 2
= min [apt.exp(bpt.ss+cp-.s57) , 1]
where = household size
ss = s-4
apt = 0.01
bpt = -~ {In(apt)+256.cpt)/ifk

24



cpt 1s a given coustant rthe value of which is adjusted to obtain
slow or fast rate of forwation of new households.

Figure 2

0.9 -1

o& 4
0.2 4
b.8
rs o
o4 4

5.3

—
/
/)

The function has been arbitrarily
decided upon after some trial and
error. The specification is such
that the probability is unity for
s=20 1i.e. household size is not
alloved to exceed 20. This
function implies that the chance of
a household breaking np increases
with it's size and it reaches unity

" /’/ . at or Dbefore the size 1s 20,

> P Figure 2 provides an example of

R probability specification using
this function. The marked curve
corresponds to c¢cpt=-0.015 and the
nther one for cpt=0.00.

D.2 Let us define 'Critical Size' as the size of a household when it breaks

up or partitions. Given the above probability specification one can compute
It is the

A specified

the Mean Critical Size for a given ~ lue of the parameier cpt.
average size of the households at the time of their partiticning.
value of cpt does not give one any impression of the

We shall,

implied rate of

partitioning. in our discussion, use the mean critical size

corresponding to a given cpt as a measure of specified nature of partitioning.
D.3 When a household breaks up according to the above probability
specification, it is partitioned (i.e. forming new households) according to

a rule as described below.

The rule for splitting the household is basad on the village study reported
by Shah(1974}t°?. According to this report - most cften households partition
only after sons get married and have children. It was also found that it is
the youngest married son who stays back with the parent household in almost
every case of partitioning. Althougl these obhservations are based on only a
single village study in Gujarat and tue partitioning conventions are likely
to vary from region to region, we have bhased our convention of partitioning

a househcld in the model on these broad findings.
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D.4 Ve refer to existence of two o1 more couples of t.: same generation in
a household as 'jointness', and two or more couples of different generations
as 'extension'. lotice that it is possible, at least theoretically, to have
jointness in more than one generation within a household. For example,
married brothers and their married children may live in the same household.

This housahold, in our terms, is both joint and extended.

D.5 The principle that we follow is to partition a household to break the
jointness of the eldest generation, if it exists. If there be no jointness
in any of the generations within the Lousehold then the youngest couple forms
a new household. In the case of partitioning the joint household, the
youngest couple of the generation remains in the parent household, other
couples of the generation forms as many new households, each along with their
dependents (according to the dependency code). The following chart

illustrates the principle.

Parent Household

I
I |

More than one couple No two couples
of same generation. of same generation
Notice that there may

be more than one such

generation.
I
Oldest generation with more than The youngest couple
one couple will form new household(s). forms a new household
The youngest couple of this generation

remains with the parent household. Rest
of the couples form as many new household.

E Overall Performance of the Model

E.1 Ve have shown above that the marriage and the birth module perform
reasonably well to produce acceptable average age at first marriage and
rarital fertility profile. Overall performance of the model in terms of
mortality, fertility and nuptiality, however, can be assessed only by
exapining the resultant age and mari.al status distributions. For this

purpose, we consider the initial population generated. Recall that this
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population ic generated to aunreximatelv resemble that c: Rural India 1951.

E.2 A comparison of the age-sex distribution of the initial population
generated by the wmodel and what was obtained in the 1951 Census c¢f India
(Rural) is presented Table 11. The Census distribution is estimated from a
10% sample of the peopulation. One should also note that the unit of time in
the simulation is one vear i.e. age is recorded in integral years. Thus, the
two age distributions are not strictly comparable. However, the closeness
between the two distributions is quite satisfactory in terms of the fertility-

mortaiity performance of the model.

Table 11 : Comparison of Sex-wise Age Distribution of the Simulated
Population and Census of India (Rural) 1951

Male Female
Age Group =  mommommmemm e e o e e — e
{in years) Simulation Census 1951 Simulation Census 1951
0 - 4 14.7 13.5 13.8 13.9
5 - 14 24.6 25.4 23.4 24.7
15 - 24 17.7 16.5 17.9 17.3
25 - 34 14.6 15.2 14.3 15.7
35 - 44 12.8 12.2 11.7 11.6
45 -~ 54 7.6 ©.8 8.8 8.2
55 - 64 4.7 5.2 6.5 5.1
65 & above 3.2 3.2 3.6 3.5
All 100.0 100.0 100.0 100.0

E.3 Table 12 compares the distribution of marital status of the simulated
initial population with the Indian census figures of 1951. Praoportions of
unmarried and widowed ponulation obtained in the simulation are higher than

the corresponding census figures.

Table 12: Comparison of Distributions of Marital Status of the
Simulated Population and Census of India 1951

Marital Male Female

Status Simulation Census 1951 Simulatien Census 1951
Unmarried 52.8 48.8 42.0 38.2
Married 38.7 46.0 41.4 49.0
Widowed 8.5 5.2 16.6 12.8

All 100.0 100.0 100.0 100.0
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Higher proporticn f{about 1% [n ~zocse) of vamarried persons is due to the
same reason which causes higher average age at first marriage noted in section
A.3 above. Higher proportion of widowed population is most probably due to
the specification of remarriage probabilities. Specification of high death
probabilities could have lad to the higher incidence of widow/widowerhood but
the crude death rate obtained in the simulation (presented in section 4.2,
Tablethe 5) seems to be quite satisfactory. Hence we rule out this

possibility.

F FAMSIM as Crompared to SOCSIM

F.1 The major simplification in FAMSIM begins with the unit of time being
an year instead of a month, as it is in the case of SOCSIM. Apart from
reducing the model run time on the computer this implies simplification of
several features of the model. For example, in SOCSIM, infant mortality is
specified in two phases - the first month of life and the next 11 months,

whereas in FAMSIM it is only an annual event.

F.2 The Birth module of our model is probably the most siwplified one
compared to SOCSIM. A random birth spacing routine in SOCSIM adjusts a
Wwoman's probability of giving birth - on after bearing . child depending on
whether the child survives or dies. Childbirth probabilities are modified by
a fertility multiplier assigned at random to the woman at birth and carried
vith her through life, making some women consistently subfertile and some
superfertile. The latter provision is important as this heterogeneity in
fertility ensures the variation in completed family size observed in reality.
However, some of these features can be easily incorporated into FAMSIM at a

later date.
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