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OLD-AGE PENSIONS Cl HUMAN FERTILITY
 

IN RURAL AREAS OF DUVELOPING COUNTRIES
 

Jeffrey B. Nugent and Robin J. Walther
 

Inmany developing countries, older persons are dependent on their children 

for support. As a consequence, the penalty for not having a surviving child, and 

in many instances a surviving son,when one is no longer able to support oneself 

is severe. These observations have resulted in suggestions that the introduc­

tion of other mechanisms for providing support to the dependent elderly such as 

social insurance, viable savings and land markets, and private pensions would
 

reduce the value .placed on children and lead to a reduction in the population
 

growth rate.
 

The objective of the research project "Old-Age Pensions and Human Fertility
 

in Rural Areas of Developing Countries" is to analyze the role of the old age
 

security motive in the fertility decision and to evaluate the potential influence
 

of introducing social insurance programs in rural areas on fertility and popula­

tion growth. At present, references to the "old age security" motive for fer­

tility in developing countries are common, but evidence documenting the impor­

tance of this motive in the fertility decision is limited. Attitudinal surveys
 

do indicate that parents expect to be supported by their children when they are
 

too old to work and, as a general rule, direct observation in developing coun­

tries indicates that the majority of older parents are dependent on their children
 

for support. However, these studies do not provide much evidence regarding the
 

importance of the old age security motive in the fertility decision nor do they
 

indicate the extent to which a social insurance system or some alternative system
 

for providing support to the dependent elderly could be expected to influence
 

fertility.
 

The purposes of this report are (1)to review the cultural, social , and 

economic institutions and otner circumstances which condition the actions of 
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individuals and families including childbearing, (2)to present an analytical 

framework both for investigating the role of the "old age security" motive in 

fertility and related decisions (such as household formation) and for assessing 

the potential influences, both direct and indirect, of introducing a social 

security system on fertility, and (3)to outline the implications of the analy­

tical framework whichmay be tested with household survey data and specifically 

the panel data from rural India. Inall three sections, the importance of under­

standing the context in which the fertility and related decisions are made is 

emphasized. 

In the first section, we give special attention to the institutions and other 

circumstances which determine the size and structure of households and to the 

role which the household structure plays in such decisions as fertility, alloca­

tion of resources, and household formation. Inthe second section, we accept the 

household as a significant institutional unit but argue that the actions of 

individuals within the household may be more fruitfully examined if we acknowledge 

that different types of decisions are made by distinctly different groups of 

individuals. For example, we give the individual female considerable choice with 

regard to her childbearing decision, but we give the household head responsibility 

for the allocation of time and goods to market and household activities and for 

savings and investment decisions. In the third section, we indicate the possi­

bility of learning more about fertility and related family decisions from indi­

vidual household serveys, a'nd specifically the three year panel survey of rural 

India.
 

A major objective of the research project is to employ data from two 

distinct cultural settings, rural India and Malaysia, in order to test and 

refine the alalytical framework which we are developing. At this time we have 

cleaned, merged, and reorganized the Indian data so that ft is fully 

operational. We anticipate that the final tape of the Malaysian data which 
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we plan to utilize will soon -become available (probably in early May, 1980). 

The Malaysian data are somewhat more comprehensive than the Indian data and will
 

allow us to test specific implications of te analytical framework which cannot 

be tested with the Indian data.
 

Although these data sets are not without their limitations, by general agree­

ment they are among the very best sources of data on rural areas of developing
 

countries capable of testing as complex a modelling framework as ours. While
 

individually neither one of these data sets is sufficiently broad to test more
 

than a small portion of that framework,because of their complementarity, collec­

tively they should allow almost all of the important hypothesized relationships
 

to be tested withdata drawn from large random samples. 

Our presentation begins in Section I with our review of the relevant litera­

ture on.household structure, old-age security,,and fertility. This section is 

divided into several subsections..
 

Section IT presents our modelling framework. In contrast to much of the
 

recent economic modellingof such relationships which tends to emphasize the 

simultaneity of static and dynamic resource allocation decisions including fer­

tility, ourapproach ismodular, thereby allowing for the interdependencies among
 

these various decisions but more realistically recognizing-both that their timing
 

is far from simultaneous and that the influences exerted onsuch decisions by
 

different individuals or groups thereof within the household unit vary quite
 

significantly from one decision to the other. Specifically,, the modelling frame­

work -is divided into five distinct stages, each dealing with a different decision 

or set of .decisions. Stage I deals with fertility. Stage IIdevelops an over'­

lapping generation model with four generations for analyzing how living arrange­

. ments or household structures are determined. Given the structure of the house­

hold, stages III and IVdetermine the optimal allocation of the household's 
 -

resources,incl.uding- those of time, statically and dynamically. Stage V deals with 
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the probability of marriage, and its price. Finally in Section III we indi­

cate which relationships in our multistage analytical framework can be tested
 

with the Indian data and outline the procedures indicating how they can be tested.
 

The sectiop isconcluded with some brief hints of how other relationships can
 

be tested with the Malaysian data.
 

It is to be emphasized that this report is merely a progress report. At
 

present we are nnly a little over half-way through our review of the rather ex­

tensive anthropological and sociological literature relevant to the issues under
 

investigation in this project; this review shall continue and may well call to
 

our attention the need to revise or further generalize the modelling framework
 

outlined in this report. An important purpose of the present report, moreover,
 

is to provoke criticism and to generate additional suggestions from the readers
 

of this report as to additional literature to be.reviewed, additional issues to be
 

considered, and other external conditions which may affect tha various decisions
 

encompassed by our framework. Furthermore, preliminary empirical testing with
 

the-Indian data may suggest the need for other modifications so as to be more
 

consistent with the reality of rural India and perhaps other developing countries.
 

The primary purpose of both this report and the research project from which
 

it emerges is to provide an operational framework linking the various types of
 

behavior--economic, demographic, and social--as we deem appropriate for analyzing
 

the role of the old-age security motive in fertility behavior in the long run.
 

Once that framework is established and tested, appropriate implications for both 

-theory and policy will be derived.
 

IFor India, the data utilized are the three-year panel survey of'4118 rural 
households known as "The Additional Rural Income Survey" collected by the National
 
Council of Applied Economic Research under AID support.
 

2For Malaysia, the data are the multi-year panel surveys that make up the
 
"Malaysian Family Survey" developed jointly by a RAMD team including William Butz
 
and Julie DaVanzo and by Survey Research Malaysia under the auspices of AID.
 

3Note for example the high hopes for this data expressed by Birdsall , et al. (1979). 
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I. Old-Age Security, Household Structure and Fertility: Some Implications
 
for Modelling Drawn from the Literature.
 

This portion of the report is divided into the following sections: Section A,
 

dealing with findings concerning the importance of the old-age security motive for
 

fertility; Section B, concerning the choice of the appropriate decision-making
 

unit,,namely the residential household; Section C,which treats the variations in
 

household types over time and space; Section D, dealing with the determinants of house­

hold affiliation and partition decisions; Section E, concerning the allocation of the
 

household's resources; Section F, concerning marriage; and-finally Section G, focus­

sing on fertility decisions and infant mortality and the interrelationships between the
 

A. The Importance of the Old-Age Security Motive in Fertility Behavior.
 

Although until relatively recently very few-economists (e.g., Leibenstein
 

(1957, 1978), Boserup (1965), Clark (1967), Neher (1971)) have given much atten­

tion either in their theoretical models or empirical studies to the old-age
 

security motive for fertility, it has certainly not gone unnoticed among rural
 

sociologists, anthropologists, and historians who have done much interviewing
 

in developing countries and especially in the rural areas thereof.
 

Children become important sources of old-age security primarily because of
 

the absence of alternative vehicles for obtaining old-age security. Capital
 

markets are often so limited or nonexistent.that there are virtually no assets
 

that one can accumulate and then sell-off to live off of during one's old-age.
 

Even if one could doso, the uncertainties about the terms -on which one could 

sell such assets -may be sufficiently large to discourage such a practice. Many
 

assets that are available in rural areas are incapable of being accumulated
 

beyond low levels, e.g., livestock, foodstuffs. The property rights of other
 

relevant assets,like land, are frequently restricted so that such assets can
 

neither be bought or sold. Indeed, rural land is held communally in many societies,
 

and even where it is not, the value of private accumulations may be rendered highly
 

insecure for a number of different reasons such as the lack of law and order, the
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threat of invasions by landless squatters, uncertainties of nature such as floods, 

volcano erruption, environmental pollution, and droughts that can reduce property
 

values.significantly, especially considering the narrowness of such markets in 

specific rural areas. Moreover, because experience with and intimate knowledge
 

of the land is often essential to making it productive, its value is often 

considerably less to others than it is to the family that has farmed it for 

generations. Financial and other more liquid assets are either not widely avail­

able in rural areas, of if (like money, for example) they are available, their 

value is so vulnerable to inflation as to make such accumulations uneconomic. 

Finally, even if there were means of accumulating and then decunulating assets, 

dependent old persons would not be able to purchase the goods and services they 

need in local markets, and hence all the thrift ih the world would do.them little 

good (Ben-Porath (1976)). On the other hand, children and grandchildren can pro­

duce-the required goods and services and, particularly if one trains them to be 

loyal, can be extremely efficient and reliable sources of such services. This 

is not to say that asset accumulation is irrelevant; indeed as we shall see, it 

can be quite relevant in as much as the promise of inheritance of such assets 

can be an important instrument for inducing the loyalty of one -schildren (Parry 

[1979), Smith (1978).). As Kingsley Davis in reviewing the experience. in a number 

of countries put it: "Young adults can thus provide (through children) security
 

for their old age even when few other means are available, and they are encouraged 

to do so by their elders."
 

Naturally, such conditions are not universal. Some societies may have a
 

well-established communal mechanism for caring for their old and disabled citizens.
 

Extra familial private philanthropy or official government programs could be 

highly developed in certain societies. Indeed, social security and old-age pension
 

systems have now been adopted thro.ughout much of the developed world, and at the 

same time have come significant declines in fertility. Old-age pension systems 

are, however, still a rarity in rural areas of developing countries. 
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Inthe followingparagraphs we demonstrate the apparent pervasiveness of 

the importance of the old-age security motive in rural areas of developing coun­

tries with some examples chosen primarily to show that the motive is not limited 

to narrow geographic areas or special institutional circumstances.
 

Among societies where interviews have turned up the importance of children 

as sources of old-age security are:
 

(1) Java (Nag, White, and Peet (1978))
 

"Itseems that, to a very great extent, parents rely on their own (including
 
-adopted) offspring, etc., at least for their immediate, day-to-day support.
 
A couple with few or no living children is often eager to adopt one or more,
 
preferably from among the children of a sibling or other close relative, 
precisely to ensure this kind of support." (p.299)
 

(2) Nepal (Nag, White, and Peet (1978))
 

this indicates that here, too, most elderly persons depend on their
 
-children, children's spouses, or grandchildren." (p.299)
 

(3) Solomon Islands (Keesing (1970)) 

(4) Japan (Smith (1977))
 

(5) Mexico (Ryder (1976), Van Keep and Rice-Wray (1975), Gillaspy and 
Nugent (1979)) 

Note for example in the Van Keep and Rice-Wray KAP study that almost 40 

percent of the urban women interviewed agreed that "having many .children is 

a.guarantee of being well-looked after when one is old." 

(6) Botswana (Mueller (1979)) 

The desire for large numbers of.children on the part of poor rural women
 

probably is motivated by this striving for security rather than by the value
 

of child labor. (p. 30)
 

(7),. Kgatla, South Africa (Nag (1962))
 

Among the principle factors behind the high level of fertility was the fact
 

that "parents rely upon their children for support in their old age." (p.29)
 

(8) Ceylon (Nag (1962))
 

"Old people depend on heir sons for economic security. Often aged parents
 

especially when widowed, live with the eldest son." (p. 45) 
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(9) India (Nag (1962), Babu (1979), Vatuk (1980))
 

We note that from the rural survey utilized in this study that more females
 

indicated that children were desired for their old-age security benefits
 

than for any other reason. Cassen (1978), although stressing the sensitivity
 

of rate-of-return-to-children calculations to rather arbitrary assumptions
 

about cost, age, and value of first productive work, etc., points out that
 

the rationality of investments in children hinges principally on (1) the fact 

that they are a form of forced savings, which is important when incomes are 

as low as they are throughout India, and (2) their reliability for old age 

relative to other forms of investments or insurance.
 

This brief list of societies in which the old-age security motive has been
 

alleged to be of considerable importance in fertility behavior is certainly in­

complete. Undoubtedly, it can easily be supplemented.
 

It should also be pointed out that other factors such as "survival", "viability", 

the desire for survival of the family line, prestige, etc., that have been identi­

fied in other field studies as motives for fertility may simply be proxies or 

disguises for theold-age security motive., Hence, the relevance and importance 

of the motive may well be widespread. 

One of the barriers to theoretical and empirical analysis of the security
 

motive has been the difficulty of separating out the interdependent determinants 

of fertility and' other closely related forms of behavior, and to distinguish causes 

from effects given the interdependencies between the various motives, circumstances, 

and responses. For this reason any adequate analysis must take into account the 

relevant institutional circumstances, the context within which fertility and
 

other'decisions are made (Carter and Merrill (1979), Birdsall, et al. (1979)).
 

B, The Choice of the Appropriate Decision-Making Unit.
 

Economic studies have often taken the decision-making unit for granted,
 

merely adopting that unit, be it the individual, the household head, the firm, 



fil 

-9­

which is analytically or statistically convenient. Once the decision is made,
 

the tendency in the literature toward more sophisticated general equilibrium models 

(as opposed to the earlier partial equilibrium models) has brought with it the
 

implicit assumption that the unit of analysis, i.e., the decision-making unit, is
 

common to all the decisions made simultaneously. In our opinion, in the context
 

of demographic behavior and household decisions, this assumption is unrealistic,
 

quite possibly invalidating the conclusions derived from such studies.
 

Specifically, on the basis of our reading of the anthropological literature,
 

.we consider it more plausible to argue that different decisions, though inter­

dependent, may be made by different individuals or groups within the household.
 

We adopt the household as the basic unit of analysis. Among anthropologists
 

there is admittedly some controversy on the issue. For example, some (Kessinger
 

(1978)) argue that common property as opposed to common residence ,isa more appro­

priate unit of analysis, while others argue that a higher level, e.g., the cl'an,
 

tribe, or set of persons with common kinship relations,is the app-ropriate unit
 

of analysis.
 

Although there are merits to these alternative perspectives, we find compelling 

the arguments that anthropologists have made for using the residential household 

as the basic unit of analysis. 

First, although broader kinship relations can be important in-various cir­

cumstances, as Shah (1974) has pointed out, interhousehold relationships cannot
 

be.properly understood unless one starts with a satisfactory analysis of intra­

household relationships and the way in which the household functions.
 

Second, as Ben-Porath (1977) has emphasi.zed the. importance of transactions costs 

in poor rural areas of developing countries mitigates against transactions outside, 

of the household. Overall, although there may be more rituals and other exchanges 

among kinfolk beyond the household, much more is done (involving more transactions) 

within the residential household relative to beyond the household than in more 

developed societies.
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Third, the distinction between the -residential unit and property-holding unit 

may not-be very important. Numerous studies have shown that the correspondence 

is in fact quite close, and in those relatively few instances where groups have 

separate residences but common property, such arrangements may be simply temporary, 

representing an interim transition point on the way to complete partition of both
 

property and residence (Parry (19'79)). Given that the scope of interrelations and
 

coordination among members of a common residence is greater-than that of a common 

property group, for any analysis of fertility behavior, such as ours, the appro­

priate choice between them would seem most certainly to be the household unit.
 

As Carter .and Merrill (1979), Nag (1962), Shah (1974), and others point out,
 

however, it would seem important to allow for different individuals or subunits
 

of the household (especially in the case of "extended" family households) to play
 

different roles in different decisions. Clearly, different subgroups are relevant
 

in deciding whether or not to live in a joint family or to separate; the head of
 

the household may be the relevant decision maker for many decisions, especially
 

those involving the allocation of resources; wives are of especial importance as
 

far as fertility decisions are concerned. The.re.lative importance of different
 

individuals in some forms of behavior may 'vary from society to society, but
 

within any society certain norms can generally be detected (Nag (1962)).
 

C. Variations in Household Types Over Time and Space.
 

Once one adopts the household as the basic unit of analysis, one has to come
 

to grips with the diversity of household types that characterize rural areas of
 

developing countries. Households vary widely in size and structure in most rural
 

areas. Not only are there marked differences in size and structure from one house­

hold to another, but very conceivably there may be systematic changes in them over
 

time, which may be intimately related to the fertility and other decisions made
 

within the household (Carter and Merrill (1979), Birdsall, et al. (1979)).
 

Of particular interest and importance for fertility behavior are two
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complementary hypotheses: first, the hypothesis of a secular trend in household 

types toward the nuclear type that dominates in "wester-n" developed countries; and 

second; the hypothesis that the institution of the extended family contributes 

to the high fertility ratesprevailing in most rural areas of developing countries. 

For example, Davis (1955) argues that extended families would favor high fertility 

rates by lowering the costs of bearing andraising children,reducing the age at
 

marriage by removing the need to accumulate savings for household formation, and by 

increasing the incentive for a wife to have children early in marriage to induce her 

husband to split off from the parental household thereby protecting her from her 

inlaws. See also Lorimer (1954), Davis and Blake (1956). 

The transition from "traditional" extended family households to nuclear ones 

woUld then be expected to lower fertility rates gradually over time. Despite 

theirseeming plausibility,however, both component hypotheseses are open to challenge. 

first, there does not seem to' be any compelling evidence that there has been 

a general trend toward nuclear households. Indeed, if anything the evidence seems
 

to be that no discernible trends are in evidence, despite substantial economic and 

social change. First, historical studies for developed countries for example by
 

Laslett (1972), Goody (1972), Smith (1978), Goody, Thirsk-, and Thompson (1976) 

have shown little evidence that the developed countries have ever been dominated 

by anything but nuclear households. Second, in so far as the limited data available 

permit, historical studies for developing countries, especially those of Kessinger 

(1974), Orenstein (1961), Gore (1.968), Karve (1963), Avalaskar (1966) for India
 

where secular decline of the extended family hypothesis had been earlier put for­

ward by Bailey (1957) and Epstein (1962), reveal little trend, the nuclear family
 

always having been dominant in terms of numbers of families. Such studies have
 

been supplemented by historical studies in other countries, e.g., Cohen (1976)
 

for China-, Little and Price (1974) for Africa, and Fukutak.i (1967) and Smith 

(1977) for Japan, and by the findings (again for India) by Rao (1968), Gore (1968), 
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Kolenda (1967, 1968) suggesting that urbanization, industrialization and other
 

modernity factors do not reduce the incidence of "extended" or "joint" families. 

On closer scrutiny it turns out that the evidence suggesting that extended house­

holds in developing countries had been more common in earlier times is based 

primarily on legend, myth, and social and religious norms which may not necessarily
 

have been based on historical experience (Shah (1974)).
 

The second hypothesis, that of higher fertility in extended family houscholds 

than in nuclear households is also open to challenge. Stykos (1958), Burch and
 

Gendell (1972), Carter and Merrill (1979) call attention to some weaknesses in
 

the a priori arguments of Davis and others as to the pro-fertility bias of the
 

extended household. While the possibility of living in the extended family may
 

make iteasier as far as the couple is concerned to marry and raise children,
 

the joint household as a whole has to face up to the costs -of financing marriages
 

(which include both brideprice or dowry payments and the costs of often elaborate 

wedding feasts and can thus be major investments as far as the household is con­

cerned) and of feeding and raising the children in that household. It should 

not be surprising, therefore, to find that households make such decisions deliberately 

and rationally and exercise some influence on the fertility decisions of couples
 

living within them.
 

Second, the historical studies in Europe and elsewhere that have shown the
 

long-run constancy of household types have also revealed cyclical movements in
 

household size, hence demonstrating that both nuclear and joint households can be
 

consistent with either high or low fertility (Laslett, ed. (1972), Tilly (1978)).
 

The historical cycling evidence has been supplemented by the cross-sectional 

observations by Nag (3962), Goode (19631, suggesting that both nuclear and
 

joint households in different environments vary considerably as far as 

fertility is concerned. This evidence greatly weakens the case that there is any 

systematic difference between nuclear and joint families especially in the extent 

to which they are rational. 
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Third, the hypothesis has been tested quite extensively in India, the con­

text in which it has been most commonly applied, with at best ambiguous results.
 

Indeed, the majority of the studies, and especially of the more well-designed ones 

such as Nag (1967), Pakrasi and Malaker (1967), Bebarta (1977) and Shah (1974)., yield 

reverse findings suggesting that fertility rates tend to be lower for women 

living injoint or extended households than in nuclear ones. The results for 

other countries such as Freedman, Takeshita, and Sun (1964), and Liu (1967) for 

Taiwan are more mixed. The ambiguity of the results seems to arise both from the 

rather arbitrary distinctions that have frequently been drawn between those house-­

holds that have been classified as "nuclear" and those that are "joint" or 

"extended" (Shah '(1974)) and from shortcomings of the data and research designs ­

employed in these studies (Bebarta (1977), Shah (1974), Burch and Gendell (1972)).
 

As Burch and.Gendell (1972) emphasize, since the household structure tends to vary
 

with the life cycle of the family, it would seemimportant to distinguish the
 

character of the household of current residence of the women from that of residence 

in childhood', upon marriage and all during her fertile years. Most importantly,
 

as Shah (1974), Burch and Gendell (1972), Parry (1979), and Carter and Nerril.1
 

(1979) have all persuasively argued, there may be a self-selectivity bias problem
 

and also interdependencies between fertility and household structure suggesting the 

need for a more complex analytical model and testing procedure in order to separ­

ate out other differences such as wealth, occupation, education, and religion,
 

between nuclear and extended households and to determine the extent to which house­

hold structure causes fertility rather than vice-versa. Parry (1979), in par­

ticular, has stressed the possibility that differences in fertility behavior among
 

the wives of male -siblings hiving within a joint household may be a determinant 

of household partition. Shah (1974),, Vatuk (1980), Keesing (1970), Bebarta (1974), 

and Smith (1977)) stress the relevance of the joint household as far as old-age 

security is concerned. 

The lesson to be drawn from this literature is unmistakable. For any 
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satisfactory treatment of the relation bvtween old-age security and fertility, 

one must not only take household structure and changes therein into consideration,
 

but also account for the interdependencies among wealth, income, household com­

position, inheritance rules, the shares of household subunits in full income
 

and expenditures, marriage costs, mortality, and of course both household structure 

and fertility.
 

D. Determination of Household Affiliation and Formation/Partition Decisions.
 

The fact that households go through a life cycle with respect to Size and
 

structure has been acknowledged in the previous section. Indeed, Fortes (1949),
 

Goody (1958, 1972) and others have suggested that this natural life cycle of the
 

household is its most important feature, suggesting that the position in the
 

life cycle is the most important and perhaps even sole determinant of household
 

size and structure.
 

More detailed investigations,.e.g., by Kolenda (1968), Shah (1974) and others,
 

however,tend to illuminate the rather wide variations that exist in household
 

structure even after taking position in the life cycle into consideration. Although
 

most households will follow the life cycle, in.general, there are certainly
 

variations in degree and timing that would'not appear random (Parry (1979)). Thus,
 

allowing for differences in institutional conditions, region, status or caste, etc.,
 

still leaves one with a great deal of variation in household structure to be
 

explained, and furthermore,begs the question of why such differences should exist. 

(Could it not be that the institutional, caste and region differences exist as
 

rational and systematic responses to other differences, such as in mortality and
 

wealth, that conceivably could be related to old-age security, fertility, and
 

household structure?)
 

At this point, then, it becomes important to give credence to the view that
 

household composition may be the outcome of the rational calculation by the various 

actual or potential members of a household separately or in subunits as to whether 

or not to live together. Much of ths anthropological literature quite naturally 
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focusses on the personalities involved, and in the Indian context pays considerable 

attenti6n to the rivalries and personal conflicts that arise between the adult 

female members in joint families. This rather traditional approach, therefore, 

tends to attribute partition decisions within joint households to such conflicts
 

which would seem to be both random in occurrence and inevitable.
 

Recently, however, an important minority of anthropologists, e.g., Shah 

(1974), Kolenda (1968), Parry (1979), Carter and Merrill (1979), have become 

increasingly skeptical ,of this view, finding variables that seem systematically 

related to the probability that these random conflicts will result in partition. 

-Although personalities undoubtedly come into it, such decisions are not, 
I suggest, a purely random outcome of individual whims or of a man's sudden 
realization that he can no longer face the prospect of living at such close 
quarters with his brothers. The crux of the case I shall argue below is 
that these individual decisions conform to a pattern which can only be 
understood in the light of a set of material constraints imposed by the 
employment and inheritance prospects of men, and by marriage strategies 
of fathers vis-a-vis their children. (Parry (1979), p. 179) 

Household affiliation and compositon are in'this light the outcome of indi­

vidual or group strategies of how to maximize one's situation given the relevant 

resource and other constraints. The outcome is the net resultant of centrifugal 

and centripetal forces. What forces can be identified? Most observers have 

found that the factors involved and their relative importance tend to vary with 

the type of relation--the father-son or intergenerational relations generally 

being stronger and subject to somewhat different pulls and pushes between siblings. 

Certaialy all such relations are subject to societal norms which can be
 

deviated from only when one is willing to pay a price in terms of moral and other
 

sanctions. Both the norms themselves and the sanctions against their violation
 

vary from society to society. In India, for example, the norms and the moral
 

sanctions on those who sever familial relationships prematurely (as for example 

the partition of a household by a son prior to the death of his father) are 

considerably stronger in the case of father-son relations than in other cases. 
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As Parry 1979 points out, it is the combination of these societal norms and ­

environmental constraints which conditions household affil-iation and hence forma­

tion and partition decisions.
 

Inany single instance partition takes place because individuals
 
decide that it should and this decision is made within the context of
 
certain demographic, economic, and moral constraints. It is these
 
constraints on choice which generate regularity or frequency in
 
empirical form. (Parry (1979), p. 155)
 

... individual and group self-interest (i.e., what was economically 
rational) varied widely. As a result, the economic value to an indi­
vidual living within a joint family or of making use of the authority 
structure and role relationships of a joint family.. .also varied
 
widely. (Owens (1971), p. 223)
 

Chief anong the forces of attraction is almost certainly the security motive.
 

Large, complex families provide a mechanism for pooling risks. The advantages of
 

joint or extended households need not be confined to the security motive and the 

risk-sharing advantages of cohesion. Nc: ctheless, the relevance and importance 

of the old-age security motive is a major consideration in favor of cohesion
 

with respect to fathers and sons and their respective wives and children (Shah
 

(1974), p. 50). Even those observers, e.g., (Cassen (1978)), who have failed
 

to se household affiliation as a rational decision, and those who have failed 

to appreciate the other advantages of the joint household, Such as economies of 

scale and specialization, have not, failed to appreciate the risk-sharing advantages 

of the large extended household. For example as Cassen (1978, p. 76), a strong 

critic of the system, expressed it:
 

In a society lacking in communal supportiveness, where the powerful 
use and perpetuate their advantages in every conceivabl6 way, the family 
becomes for most people the only source of security. It is an inefficient 
and in some ways a cruel one; itwill continue so until an alternative 
appears. 

The old-age security benefit to the old of living in joint family arrangements
 

accrues, of course, only if one's children are loyal and provide intrafamilial 

transfers. Loyalty, however, is something that parents can at least partially 

inculcate in their children, and numerous field studies have noted the many some­

times subtle ways in which children are trained to be loyal- Normally, the 
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mother plays an important role in such training, and this may not be entirely 

accidental considering that in many societies wives are younger than their hus­

bands, making it likely that they will become widows, and hence a high propor­

tion of old-age dependents are, in fact, widowed mothers.
 

- The reasons why joint family living arrangements have advantages as far as 

old-age security is concerned are several. Certainly the aforementioned higher 

transactions of extrahousehold activities relative to intrahousehold ones and 

the absence of markets for the goods and services that old-age dependents need 

inrural areas of developing countries have a great deal to do with it.. Also, 

there are the advantages of scale and division of labor given the specific factor 

proportions of supplying those goods and services. A rather neglected advantage 

is the fact that living in an extended family with one's parents may help inculcate 

loyalty, providing an important example or demonstration case to one's children 

of how they, too, should take care of their parents in their old age. -

There are, of course, ways in which such goods and services can be provided 

to old-age dependents without joint living arrangements, such as when the old-age 

dependents live next door and food, clothing, and the like can be brought in. 

This goes back to the choice of the decision-making and statistical unit, dis­

cussed in Section B above, the balance of pros and cons seeming to favor the 

household as the most appropriate unit in most but not all circumstances. 

Although the living-next-door arrangement may be a close substitute for joint 

living arrangements, it is certainly not a perfect substitute, and separate living 

arrangements may considerably reduce the coordination of decision making and 

resource allocation between the households, even though they are within the same 

family, and in close proximity to one another.
 

The recent studies of Bebarta (1977), Shah (1974), and especially Parry (1979)
 

are the source of many additional hypotheses about factors affecting the decision 

to live together or apart. 
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(1) inheritance and Wealth. -

The prospect of inheritance is certainly an important instrument that older
 

persons. have to induce flows of desired goods and services from their potential 

heirs. In.most societies inheritance generally goes from fathers to sons or
 

mothers to daughters in matriarchal societies. Insome societies, such as those
 

in parts of Africa, inheritance goes from brother to brother. Not suprisingly
 

joint households among siblings are more common in the latter societies whereas
 

joint households among parents and their children are more common in countries
 

where the former types of inheritance rules dominate (Goody (1972)). Inmost
 

societies where inheritance goos from father to son, land and other accumulated 

endowments are not transferred until death of at least the male parent and 

sometimes also the death-of the female parent. The threat of non-bequeathal is
 

certainly an important tool in the hands and minds of parents to instill loyalty
 

on the part of their children.
 

Its effectiveness can be constrained by certain institutional rules and 

constraints such as those of primogeniture or equal division rules (which may 

have been established to control fratricidal murders and disruptive fighting). 

Its effectiveness can also be reduced by the absence of competition, as when 

there is only one potential heir. Parents can make this tool more effective
 

by having several children or indeed several male children in patriarchal
 

societies. Notably, however, the rules tend to be defined to fit the circum­

stances and there is often considerable deviation of actual practice from
 

official rules. (Parry (1979) points out, e.g., that the Indian government's
 

effort to guarantee equal inheritance shares to female children as to male children
 

is disregarded in rural areas.) The effectiveness of the inheritance instrument 

is strengthened if the parents can wait until the last possible moment in naming
 

their heir.. When forced to make such a decision in advance of death, other things
 

being equal, there may be advantages to-naming the youngest son as the heir 

since the youngest son offers the greatest security by his higher probability of 
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longevity; and by holding off the decision until the youngest son comes of age 

and is fully productive, the parent maximizes the contributions that he (she) 

is in the meantime able to extract from the older sons as earners and providers 

to the joint family by holding onto them as long as possible during thier prime 

working years. 

Inheritance, of course, is ineffective if there is nothing to inherit. 

Hence, the extent to which parents are likely to be able to hold on to their children 

and indeed their loyalty by the bequeathal promise will be positively related
 

to their wealth.
 

(2) Other Advantages of Wealth and Land.
 

Aside from its relation to inheritance and hence its ability to induce
 

loyalty in the form of intrahousehold intzrgenerational transfers, the quantity
 

and quality of land and other forms of wealth can also have other cohesive influences.
 

Children and siblings of working age may have outside employment opportunities. 

Their willingness to remain in the joint household under the direction of the­

household head will be affected by the differential benefits relative to costs 

of remaining in the household or of moving out to take advantage of those outside 

employment opportunities. While there may be circumstances wherein one can 

work elsewhere than on the family farm and.yet remain in the household, there are 

certainly limits to such possibilities and hence often a decision to work else­

where is accompanied by a decision to move out. In such circumstances,,given the 

available opportunities for off-farm employment, the more land available within 

the household the higher will be the marginal and average productivity of on-farm 

labor and hence the more likely the extra worker can be induced to stay on the 

farm and in the joint household (or if there are no male children the more likely it is 

that husbands can be induced tomarry-in with their daughtersor that sons can be adopted. 

Fuller (1976), Shah (1974), and Parry (1979)-, among others, provide rather con­

vincing empirical evidence supporting the hypothesis that the propensity to live 
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in a joint family household is positively related to wealth. Indeed, Shah (1974) 

goes on to suggest two additional reasons for the cohesive influence of wealth: 

(1)that wealth or income is a cure for the intrafilial feuds that develop,
 

especially among wives in the joint household, and (2) that wealth and income 

increase survival rates, thereby making old-age dependency more relevant and
 

important for wealthier households.
 

(3) Migration and Occupation.
 

The aforementioned influences apply primarily to farmers and to on-farm 

activities which are of course the primary sources of employment in rural areas. 

Increasingly, however, industries are being established in or near rural areas, 

transportation and communications are improving, and people are migrating from 

the rural areas to cities and towns. Thp effects of such changes on household 

structure are more difficult to predict. 

The advantages of land wealth, inheritance, etc., may be less to those who 

will take up non-agricultural occupations. Hence, these influences may be ex­

pected to lead to fragmentation of the joint or extended household. As Parry 

(1979), Kolenda (1968), Rao (1968), Owens (1971), and Vatuk (1972) have emphasized, 

however, such. expectations have not always been fulfilled suggesting the presence 

of some offsetting influences. 

Even if a son or brother should find it advantageous to go elsewhere, e.g., 

to a city or town, employment, the higher cost of living in that location may 

induce the migrant to keep his wife and children in the joint household back on 

the farm. The cash renmittances that he is able to contribute are also likely to 

be very desirable as far as the other members of the extended household are 

concerned. Hence, out-migration and occupational change may actually be conducive 

to joint family living arrangements (Parry (1979)).
 

Disputes in such circumstances are more likely to arise, and partition of 

the household to take place after an out-mi.grant, who has contributed substantially 

to the household's budget, returns and feels that he is not provided with his 
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fair share of the household's resources. 

Because of the differences in the comparative advantage of household members 

of different age and sex performing the various household tasks, individuals are 

not likely to break off from the joint household. Generally only married couples, 

or couples plus children, will break off (Parry (1979)). This factor is closely 

related to the viability or essentiality characteristic that anthropologists have 

commonly referred to. As a minimum requireent, a household.must have both male 

and female members,given the traditional division of labor that is established 

between the sexes which will be discussed in the next section. 

(4) Fertility Differentials Among Couples Living Within the Joint Household. 

If all male members of the household provide an equal common budget of the 

joint household, the propensity to parti: on will be greater, the greater is the 

differential in fertility between the wives of the married males. To avoid 

friction, fertility differentials would have to be compensated for by differential 

contributions to the household budget. Note, however, that children and wives 

can provide at least part of these differential contributions. 

The timipg of marriages can also be a factor in partition. In India, for
 

example, where marriage costs are of major importance in the overall household
 

budget, and a brother has no responsibility for financing the marriage of his 

brother's daughter after partition, partition is likely to take place prior to 

the marriage of the children of siblipgs. 

Given the interest of wives in providing for their old-age security via
 

offspring and also for wanting to get out from under the domination of her in-laws 

with whom she livcs with initially (which is an especially understandable motive 

in the Indian context), wives may feel that-having children early in marriage 

would be beneficial for them in part because it is likely to induce partition of 

the joint household. On the other hand, once a wife becomes the mother-in-law in 

the joint family household, and assuming that she already has had male children, 

it is in her interest to stop having children in order to induce her sons to 
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remain inthe joint household. This economic explanation would seem to explain
 

the otherwise paradoxical findings of Bobarta (1977) that women injoint house­

holds have children earlier than other woman but also stop having them earlier,
 

making itpossible for their completed fertility to be lower than that of women
 

living innuclear households.
 

While anthropologists have put forward these and other interesting hypotheses 

that have implications of potential importance for both theory and policy with 

regard to fertility, their reliance on essentially inductive techniques wherein 

their data generates their hypotheses implies that these hypotheses have not yet 

been tested in any meaningful sense. 

E. The Allocation of Household Resturces and the Division of Labor. 

Since for the most part there is coincidence between the property-holding 

group and the residential group, the household's resources are generally utilized 

-ollectively and allocated by the household head whose responsibility it is to 

resolve disputes about the fairness of resource allocation within the household. 

Genrcaiely, household heads allocate resources in what would seem a "rational" 

or "efficient" mannar (Parry (1979) ; Carter and Merrill (1979)). 

Given the variety of tasks that have to be performed within a rural household, 

only a' small proportion of which are typi cally marketed, it is not surprising that 

there -is substantial room for variations i n comparative advantage among the dif­

ferent members of the household and that a division of labor and degree of speciali­

zation among tasks is arrived at. Almost all anthropological studies provide 

at least qualitative evidence of the marke d extent to which there is division of 

labor especially between sexes. Recently, the traditional types of studies of 

anthropologists have been supplemented by those of others seeking to achieve 

quantification by studying each individual household member's allocation of time 

across activities. There are, of course, some fundamental problems in arriving 

at such allocations, and some of these problems are especially important in the 
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present context. For example, should grandparents be credited-with time spent
 

in caring for grandchildren or should grandchildren be credited with time caring
 

for grandparents? The authors of such studies have to resolve such questions
 

and ambiguities in one way or another. Unfortunately, the way in which they have
 

been resolved may not be appropriate for all users of such data.
 

As a result, comparisons of such data, collected .as they inevitably are by
 

different authors, are sometimes problematic, differences in findings being attri­

butable in part to differences in arbitrary assumptions. Nevertheless,' the results 

of such studies can be revealing and certain common patterns emerge despite the 

somewhat different methods employed by different practitioners.
 

Even allowing for a considerable margin for error, without exception the 

tihne allocation studies we have seen (Dasgupta (1977), Nag, White, and Peet (1978),
 

Shah (1974), Cain (1977), Bond (1971), Mueller (1979), Bieze ( ), Da Vanzo and 

-Lee (1978)) which are drawn from a wide variety of countries demonstrate a high 

degree of specialization by age and sex. In particular, young girls spend large 

portions of their time on thosc activities, such as fetching water, cooking, 

food preparation, care for the sick and disabled,-sewing and repair work, that are 

in demand by old-age dependents. Young boys spend substantial portions of their 

time on animal husbandry, gathering firewood, and hunting and fishing; middle-aged 

men concentrate on the heavy agricultural tasks and on ci-vic responsibilities 

such as meetings; finally women spend their time on housework, child care, food 

preparation, and in some cases on marketing and agricultural activities. 

If as a result of changes in technology, in market prices, in transport costs, 

or in institutions (such as the introduction cf a social security system of 

old-age pensions), the household's mix of activities changes, thi's change in 

the activity mix can bring about a substantial reallocation of time to activities 

among members of the common household, and can affect the relative value of 

having different types of peonle in the household. In technical terms, the shadow 

prices of the time of different sex and age groups can be affected, thereby also 
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affecting the economic value of children and hence desired fertility.
 

The data on time allocations of old people themselves in rural areas of develop­

ing countries is relatively weak. Some of the aforementioned published studies 

present their statistics on time allocations only for excessively aggregated age 

groups, such as for all those of 50 years of age or older as in Nag, White, and Peet 

(1978). Other studies classify people only .as.to whether or not they are in the 

labor force utilizing often extremely arbitrary assumptions in making their 

distinctions. The resulting statistics on labor force participation maytherefore,
 

exaggerate the real differences. Given the variety of productive activities that
 

take place in- rural househol-ds, only a portion of. which enter the labor market, 

and which are for the most part essential to the household's viability, knowledge 

of labor force participation, even if correctly and unambiguously ipasured, is
 

insufficient. (The allocation of time data for the Malaysian panel survey to be 

used in this study may shed considerable light on how variations in technology, 

old-age pension system participation, etc., may affect the allocation of time of 

older males and females in households of different structure.) 

The impression one gets from the more qualitative studies of aging in rural 

areas of developing countries (e.g., Adams (1972),.Goody (1976), Vatuk (1975, 1930), 

Harlan (1964), Raj and Prasad (1971), Mueller (1976)) is that in contrast to their 

counterparts in urban areas and in mere developed countries,- older persons generally 

continue to actively pursue the specialized activities that they perform within 

the household until very late in their lives, even until severe disability, sick­

ness or-death. Little, however, is known as to how productive they are (Ridker 

(1976)).
 

There would seem, therefore, considerable potential for a'substantial
 

E.g., recent ILO study (1971) shows the labor force participation rate of ­

all persons age 65 and over to vary from a low of 26 percent for Iran to a high 
of 60 percent for Gambia, while that of males to vary from 41 percent for Latin 
America to 71 percent for Africa. 
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reallocation of time across activities of older persons, in particular, but.. 

indirectly of all members of the household, with the introduction ef an old-age
 

pension system. The evidence is quite clear that this has occurred in developed
 

countries (Boskin (1977), Munnell (1974), Pellechio (1979)). But quite conveivably,
 

the honor and prestige associated with continuing productive work and the existing
 

low levels of income, may reduce the "retirement age effect" and other reallocations 

of time that otherwise might result from the introduction of old-age penisons in 

such rural areas of developing countries. Furthermore, the negative effect on 

labor force participation in older persons in developed countries is in part 

attributable to the specific (nigh marginal tax rate) features of these programs 

in such' countries, features that may not be appTied in thefor the most part, 

yet-to-be established old-age security p <:lrams in rural areas of developing coun­

tries. Moreover, even if those features are emulated, given the large distances 

and communications problems in rural areas of developing countries and also the 

smaller portion of rural full incomes that originate in the market sector, it is 

unlikely that disincentive effects on old-age labor could be made effective in 

such areas. 

The dynamic effects of exogenous changes in technology,, old-age pensions, etc., 

such as those on savings, investment allocation, and migration in the rural develop­

ing country context, have been less studied, and are probably more difficult to
 

generalize. Many of these influences can affect the level of wealth of the house­

hold and hence can affect the household's preference of present versus future,
 

and hence its savings and investment rate. For example, increased commercializa­

tion may induce farmers to go into debt lowering their wealth and thereby forcing
 

themselves to save more (partly to pay off their debts). Decreased infant and
 

and child mortality may leave the household- with more surviving children of any 

sex than they had expected, making them feel wealthier, thereby possibly lowering 

their savings and investment rate. Similarly, the introduction of an old-age 

pension system may make people feel wealthier and hence lower savings. In the 
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rural developing country context, however, lower or greater savings may translate 

into a wide variety of reallocations of the time and other resources of all members 

of the household. 

In all-of these reallocation decisions the household head's role is vital. 

The parallel in these allocation functions between the role of the household head 

and that of the entrepreneur or manager of the firm is striking indeed. The 

household head's role is to coordinate and supervise the work of the houschold, 

to allocate people and their time to tasks, to either decide or exert leadership 

in reaching dynamic decisions such as the level of savings and the allocation of 

investment. The household head's most essential function is to guarantee the 

basic viability of the household. The work of the household headand of the 

household as a whole is likely to be most effective wheh his headship is unchallengad, 

and because of close family relations in a common residence,there is both good 

teamork among household members and a considerable amount of mutual trust,thereby 

avoiding the need to set up elaborate and costly Monitoring activities to detect 

shirking and self-indulgence by individual household members. With more distant 

relations or unrelated persons the trust and intimate knowledge of the mewbars of 

the household team are likel" to be weaker and hence less capable of holding 

together. 

The fact that headship is likely to be less open to challenge in father-son 

relations than in relations among brothers or between uncles and nephews, at least 

in many societies, makes it likely that father-son joint households will be more 

successful and be more durable than intragenerational ones or those between uncles 

and sons (Parry (1979), Carter and Merrill (1979)). 

Part of the household head's function is also to train a successor, which
 

cannot easily be accomplished if the head refuses to turn over some of his responsi­

bilities to his successor. Learning-by-doing would seem to contribute greatly to
 

successful headship.
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Household heads play important roles in the management of household assets 

and in determining the.rate of accumulation and the allocation of resources. 

Although the available data is often only anecdotal and qualitative, there is 

every indication that household heads participate in a major way in-education, 

migration, agricultural investment, and marriage decisions. Since the house­

hold head normally has considerable discretion over the allocation of resources, 

he can exert considerable influence over the composition'and structure of the house­

hold in as much as he can offer inducements to stay or to leave. Indeed, the 

household head is also likely to share the power of expulsion over household members, 

although (according to Parry (1979) and Carter and Merrill (1979)) this power is
 

usually thought to be so strong that it is in fact seldom utilized.
 

The household head's (and also the non-head husband's) control over fertility 

and infant mortality of his wife and of his brothers and sons' wives is somewhat 

more ambiguous, and at best more indirect. Undoubtedly also its effectiveness varies 

considerably from one society to another, and perhaps even from one head to another. 

The.head is certainly not without instruments. He can usually divorce his wife; 

he can usually remarry after being a widower or divorced and in some cases can 

take several wives at once. -As for the allocation of resources, the household 

head may be able to encourage or discourage fertility, but he is usually reluctant
 

to interfere very directly in the fertility decisions of other couples within the
 

household.
 

There is., of course, much debate about how rational household heads are,
 

and about whether their rationality is better approximated by the profit-maximizing
 

(or cost-minimizing) criterion or by mini-max, maxi-min, or other satisficing
 

strategies. In practice, however, the distinction between these different kinds
 

of rationality is likely to be more one of semantics than of anything else'. 

-Because of the importance of the unchallenged headship position to the 


integrity and viability of the household, headship succession rules are generally 
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clearly established; challenges thereto generally take the form of household par­

tition rather than revolution and overthrow (Carter and Merrill (1979)). 

Because marriage and adoption, however, can constitute a dominant part of 

overall household expenditures, and the presence of male and-female succession is 

of such importance to the short-run as well as long-run viability of the household 

unit, household heads in many if not most rural societies play a very important 

role in arranging marriagesof daughters and sons--with considerable and sometimes 

even unlimited discretion over the choice of time, place, and partner In-marriage.
 

The goal of the household head like the entrepreneur in the firm is to achieve
 

static and dynamic efficiency of household production and consumption activities.
 

Overall efficiency ismulti-faceted. it requires static efficiency in both pro­

duction and consumption, but also dynamic efficiency--the dynamic efficiency depending 

also on viability, trust, teamwork, etc., the preservation of which requires also
 

"fairness" (but certainly not necessarily equality) in allocation and distribution. 

The efficient solution to household affilia'tion-composition-partition-formation' 

decisons will be such that the advantages of living together be weighed against 

the disadvantages (i.e., the advantagns o living-apart). The advantages include 

not only those of intergenerational complementarity (and hence security) and the 

ability to take advantage of economies of specialization, but also economies of 

scale in both production and consumption. While the sources of economies of 

scale in production are widely recognized, only recently has the potential impor­

tance of economies of scale in consumption been pointed out. in their recent 

paper on the subject Lazear and Michael (1980) find that economies of scale in 

consumption can be quite substantial and identify the following sources of these 

economies: namely "family" goods which are intrahousehold public goods, decreased 

waste, quantity discounts in purchases, and complementarities in the use of goods 

over time. 

On the other hand, at some point the transactions costs per household member 
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should start to rise, economies of scale-may diminish, crowded conditions, con­

gestion,and headship rivalries arise, and most importantly the diminishing returns
 

to the-fixed factor endowments will set in. Whenthe former set of factors dominate, 

the household head may be successful in maintaining the integrity of the joint 

household; when the latter circumstances dominate,one may expect that the house­

hold head will be unsuccessful and the joint household will partition into two or 

more units,each with its own household head. 

Since entrepreneurial talent on the part of the household heads is certainly 

not a constant, one may expect that more talented household heads will tend to 

be heads of larger and more complex households. 

F. Marriage.
 

As has already been pointed out, the bulk of the anthropological evidence
 

on rural areas of developing countries suggests that marriages are more likely
 

to be "arranged" or at least approved than are marriages in more developed countries.
 

(Gore (1968)., Jahan (1973), Goode (1963), Dixon (1976)). Marriage also tends 

to be more essential in such countries,in as much as the long-run viability of house­

holds require that it have both male and female members, and preferably thore 

of more than one generation so as to ensure complementarity in production and 

consumption both statically and dynamically. 

The interest of the household head and therefore his involvement in arranging 

or at least approving marriages may well vary with household structure. In the 

joint household, the-household head generally plays an important role in arranging
 

marriages. The reason why the household head may invest very considerably in
 

search activities is to be sure to obtain a person who is simultaneously a satis­

factory, reliable marriage partner for his son or daughter, a productive, hard­

working member of the household, a "loyal" person not likely to want to induce 

partition of the son or daughter from the joint household, thereby lowering the 

expected value of transfers from children in old age, and also a person who can 

be ti'usted and is easy to get along with so as to facilitate good teanwork among 
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all members of the household. 

In those societies where widowed or divorced males can remarry, the household 

head may enhance his own old-age security in his own marriage by choosing for
 

himself a healthy wife of a younger generation. This mechanism might well lower
 

the male parent's security-induced demand for children. Seldom, however, are
 

wives able to remarry as easily, and still more seldom are wives able to remarry 

younger males. Hence, old-age dependence is likely to be a particular problem
 

for women CVatuk (1980)1. Their own children are likely to be their best and
 

most reliable source of old-age support.
 

Since age of marriage Ts an important determinant of completed fertility, 

factors that can influence age of marriage can have important consequences for 

fertility. We have already noted the i; ::dependencies between old-age security 

considerations and household structure. We have also noted the possibility of 

different influences on marriage of households of different structure, wealth, and 

other characteristics. Therefore, it should be obvious that such characterist 4 cs 

and influences can have indirect influence: on fertility. The moral cF the story 

is once again that to adequately understand the magnitude and even the direction 

of these effects, one must have a model capable of sorting out these various 

interdependencies. 

Admittedly, however, there are other influences which may tend to reduce 

the influence of parents and the household head in arranging or even approving 

marriages of their children or other relatives in their households. Education, for 

example, may tend to make children more independent, both by keeping the children 

away from the household and perhaps by changing their tastes, aspirations, and 

goals. Also, better communications, commercialization, and other factors that 

are certainly of growing importance may tend to reduce the role of parents in 

educating their children about the world, and in making marriage decisions for 

them (Hull (1978)). It would som important, therefore, to account for the 

education of children, non-agricultural employment, and other factors that might 
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tend to reduce the extent to which marriages are arranged, and which also, of 

course, are likely to have direct influences on age of marriage and hence on
 

fertility.
 

G. Fertility and Infant and Child Mortality.
 

Traditional demographic transition theory has depicted the relation between 

mortality and fertilityto be a close but simple one: namely, itwas argued that 

population growth is attributable to the rather long realization and adjustment 

lag between decreases inmortality and subsequent decreases in fertility. It does 

not deny that variations in mortality eventually bring about variations in 

fertility but suggests that the effect takes a long time to be felt. Traditional 

theory is,however, both altogether naive and probably wrong as well. 

First, recent historical studies have increasingly challengad the view that 

fertility rate declines lagged substantially behind mortality rate declines in 

Europe, Japan, and elsewhere, and anthropological studies have tended to reject 

the notion of a long adjustment lag in contQmporary developing countries 

(Carter and Merrill (1979)). This is not to say that the rapid populaticn growth 

tha; has characterized most developing countrics in the last two or three decades 

cannot be attributed at least in part to the decline in mortality rates that 

these countries have experienced over this period. It should be realized, however, 

that the sharpness of the decline in mortality rates that developing countries 

have experienced during these years has been without historical precedent and 

that fertility rates have been falling quite significantly, at least during the 

last decade (Birdsall, et al. (1979)), 

Second, as mathematical modellers of demographic conditions have pointed out, 

stability or equilibrium in the relation between mortality and fertility does not
 

necessarily imply a fertility rate consistent with zero population growth (Heer
 

and Smith (1969), Burch (1970)).
 

Third, the relation between mortality and marital fertility need not be 

a very direct qne for the overall relationship betweenmortality and fertilityto hold. 
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This is because much of the adjustment t? variations in mortality may well take
 

the form of variations in age at marriage, rather than within marriage fertility
 

rates (Wrigley (1978)).
 

Fourth, changes in mortality can affect several other variables with possible 

indirect effects on fertility. For example, as Ram and Schultz (1979) have argued,
 

the decline in mortality rates can affect the rate of return to investments in
 

human capital, especially education. This, in turn, can influence household
 

savings, income growth, sex-specific labor force participation, the entire allocation
 

of resources within the household, and in the long run even the structure of the
 

household, Any such changes can influence fertility, and can also have consequences 

for the direction of the intergenerational transfers within the household 

(Goode (19631, Caldwell (19761, Aries 1965), Goubert (1970), Laslett (1965), 

Laslett and Wall (19721, Stone (19771, Thadani (1971)). As Birdsall, et al., 

emphasize, the overall effect of mortality on fertility can be captured only if 

one considers both the biological effects. (such as the shock and disruption to 

household activities that sickness and death'of one's child may bring about) and 

the economic effects including both the wealth and relative price effects and. 

both the statit and dynamic effects of each. Notably both the relative price and 

the income or wealth effects of mortality declines may vary significantly from 

one household to another dependipg -on the size and structure of the household. 

Fifth, the direction of causation in the relationship may not beas unidirec­

tional as it had been assumed to be. Much recent work on nutrition and infant
 

mortality has revealed that fertility and birth spacing can have important effects
 

on .infant nutrition and hence the probability of survival. As evidence for the
 

hypothesis that infant mortality is at least partially endogenous in rural areas
 

of poor, overpopulated developing countries, Scrimshaw (1978) cites examples
 

of extreme child neglect and even infanticide, the relation of the female work 

load to infant mortality, the rather marked sex differentials in infant mortality,
 

the positive relation of infant mortality to the accumulated number of preceding 
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births, and the negative relation to the time elapsed from-the immediately preceding 

birth. Again as the above mentioned new historians of the family point out,
 

expectations with respect to infant mortality can be self-fulfilling and reinforcing. 

If one expectsthere to be a good chance.that one's child will not survive, one 

invests little in the child in terms of time and emotional attention; as a result
 

the probability of survival is reduced. Smith (1977) rather convincingly documents
 

with birth registration and census statistics the importance of systematic infanti­

cide over long periods of time historically in rural Japan. Cassen (1978), Parry
 

(1979) and Mitra C1a79) suggest that infanticide is not unheard of in contemporary
 

India, especially with.respect to female children.
 

Some of these effects on infant mortality'may thus be intended. Others may 

well be inadvertent. For example, the re tionship between close spacing of births 

and infant mortality, especially of the earlier birth,is attributable to premature 

weaning of the infant from the mother's breast to make room for the newborn. 

In the absence of sanitary and nutritionally sound alternatives, there is a relatively 

high probability that the weaned child will not survive into adulthood (Khan, 

Hammer, and Lynch (1977), Wray (1971)). For additional evidence of this and other 

economic and social effects on infant mortality see Heller and Drake (1979) 

Interdependence between fertility and infant mortality can also be attributed 

to the practice of breastfeeding and its effect on postponing ovulation (post 

partum amenorrhea). The strength of this effectis also affected by health and 

the nutritional status of the mother (Butz and Habicht (1976)). 

Additional evidence for the endogeneity of infant mortality comes from 

(1) demonstrations that public health improvements such as malaria and other 

disease eradication programs and programs to supply potable water and provide sewage 

systems explain only a fraction of the mortality decline in specific countries and 

(2) studies showing that infant mortality has tended to decline more rapidly 

in those societies that have achieved reductions in the degree of incone 
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inequality, such as Sri Lanka (Birdsall, et al. (1979)).
 

With respect to the important issue of the appropriate decision-maker(s)
 

within the household with respect to fertility and infant mortality decisions,
 

as has been mentioned above the role of the household head especially in extended
 

or joint households would seem to be much smaller and more indirect than that 

in-theother decisions which have been reviewed. Most studies (e.g., Dixon (1976), 

Salaff (1972)) concede to the wife an important, if not dominant, role in fertility 

behavior, especially in relation to how constrained she is in virtually all other 

respects. Also on infant mortality, the wife-mother plays a dominant role, 

although, of course, circumstances can be much affected by the household struc­

ture and the static and dynamic allocation of resources. Within the household 

not only are fertility and mortality varlsbles over which married women are 

likely to have more control but in view Af the likelihood of long widowhood, 

they also are likely to have the incentive to exercise-that control. As Ridker 

(1976) puts it, "children, especially sons, may appear to be all that will save 

them fron destitution after their husbands are dead...." (Ridker (1976), pp. 9-10) 

- From the preceding review of the literature we conclude that time and resource 

allocation including savings and investment allocation decisions of all indivi­

duals in the household generally are closely coordinated by the household,head. 

There is a great deal of interdependence among all the decisions made within 

the household including those of education, migration, marriage, fertility, and 

infant survival. There is considerable evidence; however, that some of these 

decisions,,especially infant mortality and fertility, are less centrally directed 

by the household head than others, and more influenced by the wife-mother. This 

suggests that in modelling these relationships it is important to recognize inter­

dependence between these decisions but not to model them as strictly simultaneously
 

in several recent economic modelling efforts.
determined as has been the case 


Furthermore, it is obvious that many of these relationships may be affected by 
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the size and structure of the household, which tends to vary quite considerably 

from one household to another. In the long run, however, the size and structure 

of the household depends in part on the household's position in the life cycle, but 

also on its wealth, and the fertility-mortality decisions made by the individual 

members of the household. 

Any satisfactory analysis of the effects on fertility of any fundamental 

exogenous changes such as those in market prices, technology,and institutions 

such as inheritance rules or old-age pension systems, must recognize all of these 

interdependencies in what goes on within the household and the feedbacks back­

and-forth from within the household to the household as a whole, which in the 

long run affect its size and its composition.
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II. A Multistage Model Linking Old-Age Security with Household Structure, 
Resource Allocation, Marriage, and Fertility. 

The purpose of this section is to specify a formal model of the relation­

ships between old-age security that includes indirect as well as direct effects 

and yet which fits the findings reported in the survey presented in the previous 

section as closely as possible. 

The model is one of household decision making and postulates that all house­

hold decisions are made rationally, in the sense that they are motivated by a 

desire to achieve given objectives, subject to environmental, economic, and 

institutional constraints and a set of initial conditions. The model recognizes 

that all decisions are made by the household as a whole or by individual members 

of.the household, implying that the decisions may well be affected by the size and 

structure of the household which apparently varies from one household to another. 

Because of the finding that different household decisions seem to 'be made primarily 

by different individuals in the household, and generally at quite different points 

in time, the overall model is composed of a series of separate but interdependent 

models which we refer to as stages. In using the term stages, however, we do not 

mean to imply that any one stage necessarily comes prior to any other stage in
 

time sequence.
 

We begin with fertility and infant mortality in Stage I. Household structure 

and the household affiliation decisions are presented in Stage II. The model also 

determines the expected value of intergenerational transfers. Stages III and
 

IV are devoted to the static and dynamic aspects of resource allocation within
 

the household. Stage V is concerned with marriage. The interdependencies
 

between the stages are reflected in the fact that decisions made in one stage
 

can affect decisions made at other stages.
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A. Stage 1: Fertility and Infant Mortality. 

In Section I it was found that in contrast to the many other household 

decisions which are determined, executed, and policed primarily by the house­

hold head,.fertility and infant mortality decisions are strongly influenced by 

the wife-mother (of whom there may be several in the case of the joint family 

house-hold). Moreover, the wife-motheralso has a considerably greater role in 

the execution of such decisions. The degree of the wife-mother's degree of in­

dependence and autonomy in such, behavior may well vary from culture to culture, 

and also according to the size and structure of the household. 

In any case, it is the relatively greater role.of the woman in this behavior 

that prompts us to treat fertility and infant mortality in a separate stage, 

rather than lumping them together with all the other static and dynamic resource 

allocation issues as in several of the better knowneconomicmodels of fertility 

behavior (_Rosenzweig and Evenson (1977) , Becker and Michael (1976)). Moreover, 

given the closeness of the relationship between fertility and infant mortality 

that was revealed in our survey as well as in those of others (e.g., Schultz 

(1976), Butz and Habicht (1976), Birdsall, et al. (1979)), we have deemed it 

appropriate to put the two together, i.e., determining the number of surviving 

chi dren. 

Following Heckman C1976) we postulate utility of the wife in any period to 

be a function of her consumption of goods and services, C, her leisure, L, the latter 

being weighted by her human capital, H, in that same period, and the number of 

surviving male and female children she has, Pim and P , respectively. 

w w w 1m iUfU U 
(1) Ut = U(C%, L Pt, pm P ) ' 0 

t t t aCD'L-H' pl 

The fact that the wife's leisure is weighted by her stock of human capital 

is meant to reflect the view that effective leisure time is enhanced by human 

capital and allows human capital to enter the utility function directly. The 
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fact that the number of surviving childrn is also included in the utility function 

is intended to reflect the direct consumption utility-benefits, satisfaction, 

or prestige that the presence of children provide according to most attitudinal 

surveys of rural women in developing countries. 

The productionfunction for children (net of the endogenous component of infant 

mortality) of each sex j is assumed to depend on the time and care of the mother 

(weighted again by her human capital stock) on the mother's allocation of goods and 

services and on environmental factors specific to household Z , and to the 

community 2. 

(2) pli = P(L3 H"' C'VI At., Z20) for j =m,f' 

P /L 3 H, Z&P9/C', and 4P3/v>Z are all positive, but the second 

derivatives are negative. 

For example, the size and structure of the household, including the presence of 

grandnathers. and other providers of childcake, the quality of the house, and 

above Q11 the age of marriage could all be relevart components of Z, and the 

distance from clinics or other public health facilities, the'presence of sewage and 

potable water systems and so on could all be compoients of Z2, which is intended 

to capture the exogsnous component of infant mortality and hence of the cost of 

raising infants that survive into childhood.
 

We assume that the woman considers two periods--motherhood and widowhood. 

During motherhood--period 1--her husband is alive .and she is given aggregate 

allocations of goods and services C and leisure L by the household head (from 

Stage III of the model). These are endowments beyond her control. During 

widowhood, however, she will be dependent on her sons. Her overall objective 

is to maximize her utility over her entire life span.
 

(3) U = U(0, L HW, Pl1plf, C2, L' 1P) 

(1+d) (1+d) 
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whered is a subjective discount rate conditional on the relative importance of
 

widowhood in her overall time horizon, which would depend among other things on
 

the number of years she would expect to outlive her husband which, in turn, would
 

depend on their relative ages and the sex-specific mortality rates, and the
 

probability of remarriage, etc.
 

The wife-mother allocates both her given allocation of goods and services C 

and her leisure E between herself C and LW, respectively, and the male and 

female children that she almost exclusively bears, nurtures, and cares for espec­

ially during the critical period immediately after birth, Cm and L. Her 

own consumption and leisure in period I are thus subjcct to the following constraints: 

(4) CW C - C - cf 

- L - Lif(5) L L 
L7=1 1 1
 

Her consumption of goods and leisure in widowhood, i.e., period 2, hovever, 

depend on the allocations of goods and leisure that she can expect to receive in 

the household s) of her son(s) and daughter(s) which will dcpond on the number 

of children of each sex, their survival rates, their lhuman capital stocks, which 

will depend in part on the human capital investments made in them (from Stage IV 

of the model) and also on their loyalty, which may depend in part on the care 

she provides them and on the living arrangements in period 1, E1 (from Stage II 

of the model: 

(6) Cw = C(sij P1AJHiJ, Clj Lj HIj E1)1 1 1 

(7) L = L(si P jH, C,1 LI Hlj,1 EI)211 1 

where the partial derivates of both C and L with respect to each of the 

specified arguments are positive but the second derivatives are negative. 
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The objective of the wife is to maximize (3)subject to the production 

function (2), and the current and future budget constraints on goods and services 

and tim6 given by (4), (5) , (6), and (7). 

Without going into the details of the solution, the reader should be able 

to see that at the optimum the wife allocates her total allocation of goods and 

services and leisure between herself and her male and female children so as to 

equate the direct marginal utility of her own consumption of goods and services 

and leisure CW and L with the indirect utility that allocations of these same 

goods and services and time to childbearing and childcare activities generate 

by way of the production function for the two types of children, which feed back 

into her utility function directly in the form of Plm and PFm and indirectly 

through the expected transfers she would receive in widowhood, which according 

to [61 and @7) depend in part on the number of such children of each sex but 

also on their loyalty whici is again dependent on the wif3-mother's resource and 

tim- allocations to the children. 

Out of this solution comas, of course, the demand for surviving children of 

1Meach sex, Pm and pH, respectively. Nzte ftrst of all that for several reasons 

the demands for surviving children wsy vary by sex. rrst, they may very because 

of different preferences for male and female children directly in the wife-mother's 

utility function Cl and hence in (3). Second, they may vary because of differing 

survival rates from childhood into adulthood, S Third, and perhaps most ipor­

tantly, they inay vary because of the differing amounts of human capital invest­

ments that can be expected to be invested in them by the household head (in 

Stage IV) and the differing probabilities of receiving transfers in widowhood 

from male and female children. 

Normally, mothers may be expected to want children of each sex, and hence 

birth-order'effects are likely to be important in fertility decisions. Althongh 

the probability of a male birth presumably never varies much-from .5,the probability 

of having a surviving male child can be raised relative to that.of a surviving 
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female by the allocation of extra time aid goods on the part of the mother to 

assure survival. Given the considerations of the previous paragraph, such sex­

discriminatory allocations can be perfectly rational , and as was mentioned in 

Section 1,this result is consistent with the empirical evidence. 

The effect of education of the wife-mother on fertility might well be ambiguous, 

given that her human capital enters the demand for children in several ways--i.e., 

directly byincreasing the efficiency of leisure in (1) and (3), via its efficiency 

enhancing effect in the production function for surviving children (2); and again 

by its efficiency-enhancing effect on loyalty training and hence on the probability 

of transfers frontequations (6) and (7). Furthermore, the higher the human capital 

of the wift, the larger her total allocation of goods C by the household head 

is-likely to be. The effect cf her human capital stock on her total allocation of 

leisure, however, could well be negative given the higher opportunity cost of such 

leisure from the point of view of the extra wage income and home goods production 

foregone implicit in the higher level of human capital. 

Although this formulation of the fertility-infant mortality "decision" may 

be unorthodox and extreme in speci Fying the decisfon to be that of the wife-nother, 

the model does allow for considerable influence of the husband and/or the household 

head. For example, any household head (or husband) could favorably afFect the fer­

tility decision by giving the wife-mother a larger allocation of the household's 

consumable goods and services and/or by decreasing her work responsibilities 

(and hence increasing her total leisure allocation) thereby increasing her demand 

for childiun quite unambiguously. In the case of the non-head husband such a 

reallocation of leisure and goods and services to the wife would have to be done 

by decreasing his own. If a husband wanted his wife to have more children than 

he thought she wdnted to, given her allocation, it would, of course, be rational 

fo him to give her some of his own allocation. The household head could also 

influence the wife--mother's dennd for children by promising to invest more in 

the children's human capital or by adopting living arrangements favorable to the -
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receipt of transfers in widowhood. Indeed, in certain situations the effects of 

such allocational decisions by the household head could well be dominating, 

e.g., by leaving the wife with such a small-allocation of goods and services and 

leisure that it would be very difficult for her to bear children who'could 

survive into childhood. 

Besides the effects of the-wife's human capital stock and the allocations of 

time and goods to wives by husbands and household heads on fertility, incollaboration 

withthe models of other stages, the model also incorporates the effects of many 

other variables that have been shown to influence fertility in other studies. 

For example, as has already been mentionnd, age of marriage and probability of 

marriage are major determinants of completed fertility and other measures of overall 

fertility. These factors, determined in Stage V, would have a direct influence 

on fertility, since the age of marriage would be one of the more -important house­

hold-specific influences included in the Z vector which enters the production function 

for children in equation (2). In addition to the effect of the total allocation 

of leisure and goods to the wife which would presumably reflect, in part, her 

productivity in non-leisure activities (possibly including wage labor), itwould 

be possible to amend the leisure variable to index the various other activities 

in which the wife is involved (as determined in Stage II) by their degree of com­

patibility with pregnancy and infant care to get a more precise index of the cost
 

to the wife-mother of bearing children that can survive. The effect of house­

hold wealth, land tenure status, etc., on fertility could be realized both through
 

the allocations of consumption and leisure to the wife which would presumably
 

be related to household wealth and permanent income and also indirectly through 

the effect of the latter on household size and structure which affects fertility 

through equations (2), (6), and (7). Technological changes and changes in market 

prices for non-agricultural or agricultural goods or wage labor including that of 

children and/or women could exert their influence on fertility through reallocations 

of goods, services, and leisure in Stage III or of investments such as those in 
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human capital in Stage IV,all of which could result in changing allocations to
 

wives or in changing expectations of the human capital investments in children,
 

and hence in the value of the expected transfers to be received from any given
 

number of surviving children, or more indirectly through the changes in 1 iving 

arrangements (household structure) brought about by such changes. 

According to our model the effectiveness of-the introduction of an old-age 

pension system on fertility behavior would depend to a large extent on whether 

or not married women and in particular widows would be covered by the scheme. 

If they were covered, expected consumption during widowhood could be generated 

independent of one's children in general and one's sons in particular. Any such 

exogenous increase in expected future consumption and leisure streams might 

well lead to a substitution at the margin of current utility for future utility. 

This substitution of present for future .Ald take several forms, such as greater 

own consumption by wives of the total allocations of goods and leisure they 

receive from household heads (which would presumably lower fertility net of 

infant mortality) or increases in allocations of time and goods toward one's children, 

because of the direct inclusion of children in the utility functions (1) and (3) 

(which would have the effect of raising the number of surviving childron). On 

the other hand, if such a change would have the effect of lowering existing children's 

propensity to provide transfers, it could encourage particular kinds of allocations 

of the mother's time to children such as those allocations which would increase 

the loyalty coefficient in spite of the social security. 
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Household Structure and Intergenerational Transfers 

Virtually all societies provide some mechanism by which children and older 

adults are provided for by the productive population. The mechanisms, of 

course, vary and rely on a variety of institutions. In all cases, the feasi­

bility of the mechanisms depends on the presence of a productive population. In 

addition, in all cases, there is some uncertainty which the dependent population 

faces with regard to the receipt of consumption goods. There are also various 

mechanisms by which persons when they are part of the productive population may 

decrease this uncertainty but not eliminate it. 

Examples of institutions which provide the mechanismsbywhich resources are 

transferred from the productive to the dependent populations include the nuclear 

and extended family, non- profit benevolent organizations, private money markets, 

and governments with tha power to tax. The mechnisms include the intrafamily 

trafer, including bequests at dsabh, from adults to their parents and to 

their children, private philanthropy througF the intermediation of non-profit 

benevolent organizations, the use of savings and of private pension systems 

both based on private money markets, and governmental programs including social 

security and welfare systems. The mechanisms by which the uncertainty of re­

ceipt of the payment may be reduced include the maintenance of close and possibly 

joint living arrangements with children, the provision of contributions to 

charitable organizations when not in need and exhibiting behavior consistent 

with the charitable organization, the giving up of consumption in favor of 

savings when one is part of the productive population, and the support of 

measures to increase current taxes to allow for higher current benefits. At 

least initially, the various mechanisms seem similar. 
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However, it should be noted that these mechanisms are distinct and they are 

not perfect substitutes for one another. Nor is one mechanism superior to all 

other mechanisms. Thus, the introduction of either money markets or of social 

insurance systems will not necessarily eliminate the need to solidify relation­

ships with children so as to ensure the receipt of transfers from adult children 

when one is old. However, it is suggested that the introduction of social 

insurance and money markets, by providing alternative mechanisms for old age 

support, is likely to influence household structures. A number of examples illus­

trating the interrelationships of intergenerational transfers and family structures 

have been documented by others (See Section I of this repirt Ben-Porath, 1977) 

and will not be reviewed at this point. 

The objective of this section is to develop a model which recognizes that 

one of the functions of children is to provide support to dependent older persons 

and that parents, by maintaining close relationships with children through 

joint living arrangements and other means, may influence the probability that 

they will be supported by their children in their old age, The model or models, 

depending on one's point of view, are founded on the overlapping generations 

model introduced by Samuelson (1958) and more recently combined with neoclassical 

growth models for purposes of examining demographic issues such as optimal 

populations and fertility rates (Samuelson, 1975a, 1975b; Willis, 1979). 

The first section considers a two sector life cycle growth model where
 

family structure is recognizes to influence production, utility, and the level
 

of transfers one expects to receive in the future. The model presented is, with
 

the exception of the introduction of family structure, the same model considered 

by Samuelson (1975a, 1975b). Acknowledging the short comings of this model, the 

second section introduces a four-period model . In contrast to the previous 

model, differences in survival rates and marriage rates, both distinguished 

by sex, are incorporated. The additional complexities provide a means of dis­
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cussing the influence of various cultural and institutional conditions in specific 

developing countries. Both the more complex model as well as the trimmed down 

versions differ from previously developed models in that vital rates including 

birth rates are taken as given initially, transfers received in old age are 

specified as functions of both living arrangements and the number of children, 

and 	total output is dependent on household structures. 

I. 	Family Structure and Social Security in a Two-Period Life Cycle 
Growth Model 

The starting point for the model considered in this section is a two-period 

life cycle growth model considered by Samuelson (1975a, 1975b). The major change 

is the introduction of intrafamily transfies and the explicit recognition that 

family structure influences output, individual utility derived from consumption 

goods, and current and future transfer income. Willis (1979) has focused on 

intrafamily transfers but was concerned only with adjustments in the number of 

births as a means of altering the level of transfmrs received in old age. The 

:iscussion proceeds with a review of the basic model and the general equilibrium 

solution as presented by Samuelson (1975a) and with an examination of the basic 

model augmented with the introduction of a family transfer and a social security 

system. 

Two-Period Life Cycle Growth Model 

As noted above, the Samuelson model (1975a) is a two-generation, asexual 

model. An individual is assumed to live for two periods, the first period as an 

adult who both consumes and produces output and the second period as a dependent 

elderly person who consumes output only. The well-being of a representative 

individual is given by a quasi-concave ordinal utility function, u(c 1 , c 2), where 
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c and c2 are per capita real consumptions for adult and dependent elderly (or 

young and old) persons, respectively. At time t, there are L. adults and L 

dependent elderly persons (survival rates are ignored). The consumption totals 

1 2
for these two populations are Ltct and LtN c . Recognizing that total consump­

tion plus total investment must equal total output and assuming that production 

may be characterized by a constant returns production function, Samuelson (1975a)
 

obtains:
 

Lc1 + 2 +K 
t t t+1 - Kt = Lt 

1 2 
ut = u(ct, cs,,) 

Assiming balanced exponential growth, with 

t Kt+1 Y 
g == 

LLt+ 1 -ILt K -~ 't1 ' 

Lt 
 Kt
 

and with substitution for c, the problem may be stated as:-' 

max u(f(k) 
C2 k 

- gk 
2 

- T 
2 

-C) -

2 

The optimal values, and c 
g9 

with c = (k) - gk 
g 

- L, 
1+g. 

must satisfy: 

f'(k ) g 

1 2' 
u1 (c , c ) 

, 1 -2 1 + g 
u (c c ), 

The two relationships constitute a two-part golden rule.
 

The optimum gt is obtained by the maximization of u over g The problem
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may be slated as; 

2c max u (f(k ) - gk 
9 g9 1+g 

The solution g* must satisfy:
 

2
 
C 

O = k + -- _ 

o 9 (1+g*)2 

or 21
 

'1 +g* =
 
k 

This optimal value of g* relationship is similar to the relationship derived for 

the efficient level of fertility by Willis (1979, p. 9) for a three generation 

model with no capital stock but with explicit survival rates. 

At this point, the individual laissez-faire savings problem is considered.
 

As noted by Samuelson (1975b), the laissez-faire savings problem is to maximize
 

utility, u(c1 ,c2), subject to the budget constraint, c + = - rk, 

evolves to:
 

C Orc f(k) -rk 

1r 
f'(k) = r 

(au/ac )/(u/ac2) +r
 

I c2 "' 
(f(k) - rk) - c - = k(l+g) 

1+r
 

The first equation is the steady state budget constraint, the second and third 

equations are the first order conditions, and the fourth equation is a result
 

-of the steady-state assumption and states that output which is neither consumed 

by the productive generation or invested, f(k) - rk - c1 , is reserved for con­
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sumption in the following period. As noted by Samuelson (1975b), the solution 

to this problem will not be optinial unless g = g* 
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Life Cycle Growth Model with Social Security and Family Structure 

At.this point, the model is augmented to explicitly allow for household 

structure and a public social security system. Household structure is recognized 

to influence the level of output due to scale economies in production and to 

influence the utility obtained from a given set of goods due to scale economics in 

consumption and to preferences for either a large or small household. In addition, 

household structures and family growth rates are assumed to influence the level 

of transfers between.generations. 

Following Samuelson (1975b), social security is introduced by imposing a per 

worker tax of z and by providing a per capita benefit of J1 to each dependent 

elderly person. 
 The growth rate for the society is spec~fied such that L t
 

= Lt (1+g,). An intrafamily transfer systeh is introduced by assuming that family 

members in the first pariod contribute a transfer, T2, to the support of the 

dependent elderly aid that family members in the second period receive a benefit, 

52, for their support. The transfer, T2Y is assumed to be a positiv function 

dF the size and structure of the household, Eand a negacive function of the 

family's growth rate, g2. In other words, the commitment to one's parsnts is 

positively influenced by a close or joint living abrangement and negatively 

influenced by the number of siblings one has. For similar reasons, the benefit±
 

a positive function of E and a negative function of g2 . The growth rate
82, is 

of the society, gl, and as a consequence, the growth rate of contributors to 

the social security system is not necessarily equal to the growth rate of the 

individual family, gl. 

The budget identities for the steady state transfer system, including both 

the social security and family transfer systems, are now considered. (Note that
 

there are no assurances at this point that the steady state is stable, unique, 

or even exists. The problem of insuring a stable steady state situation is 
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much more difficult than is implied by Samuelson (Gale, 1973). This discussion 

will continue assuming that a steady state exists and has been reached. For
 

comparative statics, this approach is not unusual .) Since the growth rates for 

the family and for the society may differ, two distinct budget identities are 

required.
 

For the family, the budget identity for the steady state transfer system is: 

(Ol+ 12 (Et, g2) LtK + 2(Et, 92))Lt + rtktLt 

- (kt+1 Lt+i - ktLt) + A 

where A represents the difference in benefits and transfers fran the sociai 

security system. If the family grows such that L. Lt-1 l+9 2 ) and trans for 

system is in a steady state, the above equ:ticn may be uritten as: 

(81 + 2 92))/+92 1 2(, +ks 2 _ 

where k is social cap:tal and k - k is private capital. For the society, the 

budget identity in tha assumed steady state will differ in that g will replace 

g and the term A/L. will disappEar. This *suggests th!.t the tera -L is a 
2 
 Lt 

function of g, and g, at the faoiily level.
 

For the individual who lives for two time periods and faces an interest 

rate r, the budget constraint in the steady state situation is: 

c1 +c 2 /(l+r) = f(kE) - rk - T 2(Eg2) + ' 2(Eg2))/(i+r)+A 

t 

The problem facing the individual is to maximize utility, u(c1 ,c2,E) subject to 

the above constraint. The result of this optimization is a set of five equations 

for determining the five unknowns. In all cases, the value of the unknowns will 

be dependent on , k , and the parameters of the production function, utility 

function, and family transfer functions. By substitution of the budget identity 

into the budg3t constraint and by maximization of utility given the budget con-­
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straint, one obtains7
 

(i 1 /- 1 + r 
Dc Oc 

(ii) 3f/k= r 
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SE 1 DE 1+r E
 

(iv) 1 + r- = f(k,E) - rk - - r2(E,g2 )+ (l+r) 1 ( 2[ 1 2(E,g2
 

+ ds (r-g2 ).+ 
t
 

(v) 	 r + (1+r)f (1+g2)t + '2(E g2)+ (r-g 2 ) + (k- ks)(1 +g2)
t 

Samuelson (1975b) in the equivalent situation suggested that the incidence of a 

change in T or ks could be examined by "straightforward total differentiation" 

of the set of five equations. However, to derive *an explicit relationship 

between E, the indicator of household structure, and the other 

exogenous variables, assumptions of specific functional forms 

is required. Equation (iii) does provide evidence that the change in utility 

due to a change in family structure is related to the change in output and to 

the changes in transfers and benefits resulting from the change in E. Equation 

(iv) and (v) indicate that the optimal E will depend on the interest rate, the, 

growth rate of the family and parameters describing the social security program. 

II. A Detailed Four-period Life Cycle Growth Model 

The two period model presented in Section I introduced household structure 

into a life cycle growth model. The optimal household structure was recognized 

to depend on economies of scale in production on economies of scale in con­

sumption and cultural preferences regarding household size, and on the extent 

to which maintenance of specific household structures influences the level of 
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transfers. By including both Faily and society level transfer programs, the 

model also suggested the potential 'influence of the introduction of a meaningful 

social security program on household structures. The simplicity of the model 

allowed attention to be focused on the basic relationship between household 

structure, production, and various intergenerational transfer mechanisms. 

However, the simplicity of the model also limits its usefulness. As noted 

by Arthur and McNicol1 (1978), the restriction to.two periods effectively means
 

that the costs of children both to private individuals and to society at large
 

are ignored. In addition, the exclusion of sex diffecences means that sex
 

differences in survival rates as well as the ccnplex process of marriage are 

not dealt with explicitly. When attention has been focused on the first problem, 

t.a solution appeared to be the adoption v, either an n+l period or a continuous 

time model (Gale, 1973; Arthur and McNicol1, 1978). With attention to be 

focuscd on househcld structure and the accompanying, importance of distinguishing 

nuclear families from Qxtended familie'. the adoption of n+1 period or continuous 

tme framoier: is not a satisfactory solution. 

The model to be pcrscited in this section, while simple in comparison to the 

so-called "real world", is considerably more compl x than the majority of the 

overlapping generations model on which it is bused. Four generations in con­

trast to to or three generations are introduced; birth rates, or mor: aptly 

the probabilities of survival to age one, are sexuspecific: remaining survival 

probabilities are sex specific; marriage rates have the effect of adding a person 

of one sex to the family when an outsider "marries-in" to the family and sub­

tracting a personof a particular sex when a family member "marries out". In 

most societies, and in particular in India the first country to which the model 

is to be applied, it is more common for female members of the.family to "marry­

.out" and for male members to remain in the household upon marriage, bringing 
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their wives into the family. Thurefore, we shall assume that, when a female
 

family member marries, the size of the family is reduced by one female member 

and that when a male marries, family size is increased by one female member. 

Production in each period is assumed to be dependent on household structure 

in the -current period and transfers are dependent on current and previous 

household structures. Despite these additional complexities, the model is simi­

lar to previously developed models and specifically to the model presented in 

the previous section. A unique role is given to the "family" defined as the 

set of individuals composing the four generations.- Other similarities include
 

the assumption of one non-storeable good which can be used either for consumption 

or investment purposes and the characterization of the production process by a 

constant returns to scale production func. on given household structure. 

Before the four period, two sex model is considered, it should be noted 

that it is unlikely that an analytical solution to the model will be obtained. 

Theoretical issues regarding the existence of stable steady states are currently 

a subject of serious research by certain economists, and similar issues fcr a 

model approaching the complexity of the model to be described have not been 

considered. Nevertheless, the unrealistic nature of the two-period model has 

led to the development of the four-period model . Potentially, the four-period 

model may be used in a simulation model . In addition, the model as presented 

suggests many of the complexities which are relevant in a developing country 

context. 
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In the complex model to be considered, each individual is assumed to live 

for four equal Lime periods subject to survival rates. The four time periods or 

generations represent children, young adults, mature adults, and elderly. As 

will be made more precise, children and elderly are not productive, relying on 

transfers from young adults and mature adults, the two productive generations. 

In addition to the distinction between produtive and non-productive generations, 

children differ from young adults in that children are permanently attached to 

their respective parents while young adults are able to disassociate themselves 

from their parents and to establish new households if they so choose to. There 

is, of course, a cost associated with disrssociation due to economies of scale 

in production and consumption and to the negative relationship between dis­

association and receipt of inheritance. The benefits of disassociation result 

from disaconomies of scale in production and consumption and from reduced claims 

or output from other generations such as elderly parents. 

At this point, we proceed to a formal specification of the problem. This 

includes specification of populations by generation given survival probabilittes. 

specification of the household production functions, specification of individual 

consumption by sex and generation, and specification of individual utility 

functions. Given the population, output, and consumption, the feasibility ­

condition for general equilibrium in which output is required to be equal or 

greater than consumption in each time period would then be considered. The spe­

cification of the individual maximization problem would then follow.
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a. Population 

The. number of males and the number of females in any one generation for 

a representative mature couple depends on sex-specific births by generation, 

sex-specific survival rates, sex-specific constants representing the probability 

that children born to mature couples are young adults and potential family heads, 

sex-specific marriage rates, and sex-specific rates indicating separation from 

family. This last rate allows for the possibility that young adults do not 

remain attached to their own family but are adopted by the family of their mate. 

In most of India the custom is for females to marry-in although there are 

examples where a male has been adopted by the family of his wife at the time of 

the- marriage. Sex-specific births by time pariod are represented by B(t, 1) 

with z representing time and i reptesenting sex with i = m for males and i = f 

for females. B(t,i) may be interpreted as the average number of children implying 

that adjustments for infant and child mortality hava been made. Survival rates 

are presented as conditional survival rates and are specific by time, sex, and gener­

ation, s(t,1,j), with j rep esenting generation, s.(t, i, 1) represeots the 

probability the male child suivives to youig adulthood. The marriage or 

nuptial rdtes apply only to young adults and are specified as n(t,i). The
 

nuptial rate n(t,1) is interpreted as the proportion of young adult males who 

are married. The case of marrying-in or addition to family is handled by the 

rate, a(t,i), which is interpreted as the proportion of the ith sex who remain 

in the family following marriage. As a consequence, the rate, 1 - a(ti), is 

the proportion of the ith sex who separate from family. (The rate refers to 

separation from family and not from household or households.) Two final con­

stants, d(ti), are needed to determine the proportion of children born to 

mature adults who have yet to come of age. 
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Given the various constants described above, the population by sex,genera­

tion, and moarital status of the family attached to the mature couple may be 

described. With P(t,x,i,j,k) representing population, the population sizes are 

specified in Table 1. 

Table 1
 

Population by generation, sex, generation of parents, and marital status
 

I. 	Children 

A. 	 Males
 

.Nature adult parent:
 

P(t,1,m,3,1) a(t,m) * B(t-l,m)
 

Young adult parents:
 

P(t,lm,2,I) =-[P(t,2,m,3,2) + P(t,2,f,3,2)* fit-Tm)
 

B. 	 Females 

Mature adult parents:
 

P(t,l1,f,3,1 ) =d(t,f) * B(t-1 ,f)
 

Young adult parents:
 

P(t,1,f,2,1) [P(r,2,m,3,2) + P(t,2,f,3,2)] * B(t-1,f)
 

II. 	Young Adults 

A. 	 Males 

Single sons: 

P(t,2,m,3,1) (1-n(t,m)) * s(t,l,m) * (1-d(t,m)) * B(t-1,m) 

Married sons: 

P(t,2,m,3,2) =a(t,m) * n(t,mn) rs(t,1 ,m)*k (1-d(t,hl) B~(t-1,mn) 
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Son-in-laws: 

P(t,2,m,3,3) = a (t,f) * n(t,f) *s(t,1,f) *((-d(t,f)) * B(t-1 ,m) 

B. Females 

Single daughters: 

P(t,2,f,3,1) = (1-n(t,f))* s(t,1,f (1-d(t,f))*B(t-lf) 

Married daughters: 

P(t,2,f,3,2) = a(t,f)*n(t,f)*s(t,1,f)*(1-d(t,f)* B(t-1,f) 

Daughter-in-laws: 

P(:t,,2,f,-3,3) = ai(t,m) *n(tL im)* -s 'lm * 1dt,f))*Bt1 f 

III. Mature adults 

Mal es: 

P(t,3,m,4,2) 

Females: 

P(t,3,f,4,2) 

= 

= 

1 

1 

IV. Dependent elderly 

Father of mature adult male: 

P(t,4,m,5,2) = s(t,3,m)* s(t-1,2,m)*1 

Mother of mature adult females 

P(t,4,f,5,2) = s(t,3,f) *s(t-l,2,f)* 1 
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b. Production 

The basic production unit is the household. The family described previously
 

may be distributed across several households or may comprise only one household.
 

In either case, production is limited to one non-storeable good which is used 

either for consumption or investment. Labor and capital, L and K, are used to 

produce output through a constant returns production function given household 

structure, E. Output is also divided between consumption goods and investment 

goods. This statement is expressed as 

Q = F[K(t), L(t), E(t)] C(t) + K(t) 

As suggested, a production function is associatad with each household or house­

hold head, 

c. Consumption 

Individual consumption for a given time period is determined by births, by 

survival and marriage rates, by current lewcls of output and levels of capital 

stock, and by transfer policies, both within th family anm within te Trrer 

society. The level of intrafamily transfers is dependeit on current and previous 

household structures and on survival and marriage rates. In other words, one's 

obligation to one's parents depends in part on the extent to which a close 

household relationship has been maintained and on the number of brotners and 

sisters available for sharing the burden. Positive family transfers or benefits 

per person are 02 and negative family transfers or taxes are T2. The level of 

transfers from the larger society are characterized by a social insurance system 

similar to the system considered by Samuelson. The level of per person benefits, 

11, are financed by a tax, T1, on the productive generations. Only the dependent 

elderly are eligible for the benefits 6 . At the societal level, an identity 

insuring benefits equal taxes plus a decrease in capital stock is required. At 
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iicro-le-el, the per person benefits, c ,and the proportional tax rate, T1 I 

are taken as given and need not balance. individual consumption streams are 

specified in Table 2. Cote that output, Q, is associated with a household head. 

If the individual is not a household head, output equals zero. 

Table 2 

Consumption streams by generation, sex, parents and 
marital status. 

I. 	Children
 

A. 	 Males 

Young adult paren-ts: 

c(t,1,m,2,1)1 = 2lt,1m,2) 

Mature 	 acult parents:
 

c(L,1 ,m,3,1) = 8(t,1 ,Im,3)
 

B. - Fcamis 

Y(ou1g adult par&nts: 

(ti f,2,1) =2(t1
 

Mature adult parents
 

c(t,1,f,3,1) = (,1f3
 

IT. 	Young Adults
 

Single son
 

c(t,2,m,3,1) = Q(t,2,m,3,1,E) - + B2 (t,2,m,3,1,E)
 

Married son and daughter-in-law
 

c(t,2m,3,2) = Q(t,2,m,3,2,E) - 2 + 02(t,2,m,3,2,E)
 

* B(t,m,l)- )2i(tjm,2,1,E) 

- f B(t,f,l)2 (t,1,f,2,1,E) 
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Single daughters
 

c(t,2,f,3,1) = Q(t,2,f,3,1,E) - 1 q 2(t,2,f,3,1,E)
 

Married daughter and son-in-law ­

c(t,2,f,3,2) = 
Q(t,2,f,3,2,E) ­ 2T,
 
+ q2 (t,2,f,3,2,E)­

- A2(t,1m,2,1,E) * B(t,m,2) 

- 02 (t,l,f,2,1,E)* B(t,f,2) 

III. 	 Mature Adult Couple 

c(t,3,m,4,2) = Q(t,3,m,4,2,E) - 2T 

+ 	 E E E E 2(ti,j,k,i) * 1,*t I) 

i1,2,4 j=m,f k=3,5 1=1,2 

I'. Dependent Elderly
 

Father of mature male
 

c(t,4,m,5,2) 
 = 	82(t,4,m,5.2)-+ a1
 

Mother of 	mature male 

c(G,4,f,5,2) = 2 (t,4,f,5,2) + 11
 

d. Individual Tastes 

Individuals are assumed to have ordinal utility functions with consumption 

and household structures in the various periods of life as arguments. These 

utility functions may be represented as 

= 	 u(c(t-1,1), c(t,2), c(t+1,3), c(t+2,4), E(t), E(t+l), E(t+2)) 

Children do not make decisions determining their household structure and 

their consumption is determined by their parents. The consumption of children 
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this 	period does influence their transfers in the future and thus is explicitly 

included.
 

Some of the difficulties of introducing sex and allowing for marriage be­

come apparent at this point. (Note a much more detailed discussion of this
 

problem is possible.) One possibility is to ignore the utilities of women and
 

to only consider the utilities of males. The consumption in the second period
 

depends on the marriage rate but as long as these are given this does not pre­

sent a problem.
 

For the remainder of the discussion, males are assumed to be the only
 

decision makers and thcir preferences are specified by the utility function. 

e. 	 Directions for Solutions 

As suggested by the treatment of the two period model in the previous 

section, one may expect an optimal household structure to result'from the model. 

The optimal household structure will depend on the demographic variables intro­

duced including births, survival rates, and marriage rates. In addition, the 

influence of household structure on productivity, transfers, and utility as 

well as parameters of the social security system will also contribute to the 

optimal 	 structure. 

Some potential results with regard to the determinants of family structure 

may be suggested. First, increases in the benefits derived from the social 

security are likely to decrease the gains from the family transfer, 82, and 

thus discourage extended family households. Second, when the optimal household 

size is reached in terms of production criteria, additions to extended family 

household are likely to encourage split offs of yojng married adults and their 

children. Third, when cultural preferences are such to reward extended family 

households by prestige, the extended family household may be found in higher 

income families despite potential losses in production which are incurred. 
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The reverse situation in which preferences call for smaller households (common
 

in U.S. possibly) also results in production losses. As well as these results,
 

a variety of other explanations of the determinants of household structure 

could be considered. 

Conclusion 

This discussion of multiple generation models has been designed to explore 

thedeterminants of household structures which are tied'to the intergenerational 

support system. The two period model was presented to emphasize the basic 

structure of the multiple generation model and to consider some of the potential 

influences offamily structure. The four-period model which followed emphasized 

the complexities intnlved in altering these models to incorporate some of the 

--	 complexities relevant to the developing country situation. An analytical solu­

tion was not explored with the explanationthat the framework is suggestive of 

a household structure relationship and is possibly more appropriate for a 

simulation exercise. 

Stage 	 III. Household Resource Allocation - Static Analysis 

This stage of the analytical framework being presented is concerned with 

the allocation of the household's basic resources - time, assets and transfer 

income - across a set of activities. The decision maker is the household or 

household head and the objective is the maximization of household utility, a 

function of the agricultural , non-agricultural, household, and leisure goods 

consumed. The set of activities include agricultural production, household 

production, leisure, and purchase of both consumption goods and production 

goods. The resource allocation decisions in this stage are constrained by
 

human capital and physical investment decisions considered in Stage IV.
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Some of the other relationships between this and other stages are noted 

below. First, the structure of the household is given having been determined 

in Stage II,the intergenerational life cycle model, The human capital em­

bodied in the household members and the physical capital available for produc­

tion are both determined in Stage IV. A result of the model is a shadow wage 

for children, a variable which is exogenous to the fertility model of Stage I. 

In addition, estimates of the household output conditioned by family structure 

also result.
 

The basic approach used draws heavily on the household production model 

formalized by Becker (1965) and others. Of particular relevance are two studies 

in which the household production model was adapted for the study of fertility 

in the contexts of developing countries ';*senzweig and Evanson, 1977; Makhija 

no date). The model presented in this section contrasts with these previously 

presented models in that fertility is taken as exogenous. 

Presentstion of fodel 

As noted previously, the decision maker is the household or household head 

and the objective is to maximize household utility, u. The paraniers o? the 

utility function include agricultural goods, CA' non-agricultural goods, CN, 

household goods, CH' and effective leisure time of all family mewbers, P H TL 

where P is a vector of the number of persons by specific charicteristic, H is 

a vector of embodied human capital or equivalent-Iabor units, and TL is a vector 

of time inputs to leisure. The household's preference function may be repre­

sented by: 

u = u(CA, CN, CH' P H TL
 

Since all agricultural and non-agricultural goods are purchased inputs, XA and 

XN, and all household goods produced, QH' are consumed, the above relationship 

is equivalent 

u = XN, QH, PH LA,TL 
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The production of agricultural goods, QA, is characterized by one aggregate 

production function, 

QA fA' XAN' WA(1 P)'TA 

where RA represents land and capital inprovements, XAN represents purchased 

inputs from non-agricultural sector, W represents units of labor, and (P H)'TA 

represents total of unpaid equivalent units. The land and and other physical assets, 

RA' the number of persons, P, and their human capital , H,are given for this model 

The production of household goods, Q,, is also characterized by one aggre­

gate production function, 

QH = g(RH, XHN, (H *P T)I*TH 

with terms defined as before. Similarly, the characteristics of the household 

capital, RH, the number of persons, P, and the corresponding units of human 

capital, H, are given. The exogenous investments in agricultural anI household 

capital and human capital require inputs of market gods (X X and Xp) and 

oF time (TRA. TR and T 

The money income constraint requires that the market value of purchased 

inputs equal the money income earned or received plus any clange in the house­

hold's money asset-position. Money income is the result of unearned income 

from assets and from transfers by vay of the government and family, agricul­

tural income, and wage income. With the notation noted below, the money 

income constraint is: 

RACA + ?XNCN + QHXH + RA XRA+ RHXRH REXRE 

= V + TRE + TR QA - XA - w + Q(HP)' T 

where
 

q = market prices for corresponding inputs or outputs 

v = assets 
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TR G = net transfers from government 

TR = net transfers from others not included in household
0 

Tw = vector of time inputs to paid labor. 

Agricultural income is represented by QAA - RAXA - or vA and wage 

income of family members is represented by (H-P)'T where [ is market wage 

per unit of human capital and, as a result, q H is interpreted as a vector of 

individual wage rates. The remaining terms on the right hand side represent 

unearned income while the terms on the left hand side represent the cost of 

purchased inputs plus the cost of investment in agricultural 'and household 

investment as determined in Stage IV of the model-

The time constraint for the models using vector notation is: 

T = T + T + Tw +.T + T + T + T
A N W1 L .RE PA RH 

where TRE represent a vector oF time allocated to hwuan capital investm2nts by 

type of individual and TRA and TRI represents time inputs to agricultural and 

household investments. The amouat of time allocated by the household to edu­

cation, agricultural and household investment is determined also in Stage IV. 

For purposes of simplication of notation, exogenous inputs of goods and time 

are represented by 

AK qRA XRA RHXRH RE RE 

TK TRA + TRH rRE+ 

A V + TRG + TR0 

Combining the money income and time constraints, one obtains the follow­

ing full income constraint: 



-68­

qXACA + XNC XN++ 6K + qv(HP)'(TA+TN+TL+TK) 

A + ifA qw(H*P)'T + (q - q )(H*P)' T 

The problem of the household decision maker is to maximize utility subject 

to the full income constraint, the agricultural production function, and the 

household production function. The result is a set of demand equations both
 

for inputs to the utility function and for inputs to the production functions for
 

agricultural and household goods.
 

The Optimum Allocation of Resources 

By using traditional Lagrangian opt izaticn techniques, the optimum allo­

cation of the household's resources in the one period model ma'y be determined. 

Stated formally, theproblem is to 

max u (CA, CN, Cu, P H.TL)
 

subject t
 

A = f (RA' XAr' W' (PH)' TA) 

QH =fRH' XHN, (PHi) ' Tq) 

CA C + ( + X N) + OK + q,(H-P) (TA+THT+T K 

= A +7rA + qw(H-P)' T+ C - q)(H*P)' T 

Since household production is consumed, it is also recognized that Q = CH' 

The Lagrangian and first order conditions for this optimization problem are: 

h u(C , C , 	 Q , P H TL) 

++ CCT [WAC AK + +TH +TL )1EOCACA + ANC +~KQNHA 	 L 
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- A - irA wP* T - .( - qw)(P*H)'T ] 

2 2A f(RA' XAN' IN (PH)'T A] 

- A3[QH - g(R, xH N, (P*H)' THl 

ah su 
- Al

BC 8C - < 0 A A 

Dh u 
N-

< 0 a CN BC 1 2 qC 

ah _ au 
x3

8QH K H 

ah 3u 
IiL ~1w i)iL -0 

_ ah A q I < 0 
HN "PHN 

h + A P.11 < 0M1A 2 1 1 

= -Aa (H*P)' + 3P.H. -< 0 
3iH 

1 (qWA. - qWT~) P.H.11< 0 

= -la., + O < 0 2 311 ­

oh -~ 3f 
= -Al q + 1 f < 0

1 XYA 2 'AXax AN1- ­
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In addition, the budget and production constraints or the partials of h with 

respect to shadow prices are also included. This set of first order conditions 

will result in demand equations both for inputs to the utility function and for 

inputs to the agricultural and household production functions. If production 

functions are assumed to be characterized by constant returns to scale, shadow 

prices for inputs to utility function may also be presented. 

Stage IV. Household Resource Allocation - Dynamic Analysis 

In the previous stage of the mcdal, the allocation of the household's 

resources were considered for one perio:. Resources allocated to inve:,nments 

in agricultural and household capital abc to investments in human capital were 

assumed given. In this section, the allocation decisions for these investment 

decisions are corsidered. A life cycle model with inputs of time sugnented by 

human capital is presentrd and of markot goods is presentsd. The modal is a 

Heckman type model (1976) with an aricultural prodOction function ad06. At 

this point, the basic relaticnhips are described but no solution is con;idered. 

As in Stage III, the household or household head is the decision mant:. The 

separation of the static and dynamic sectors may be justified by placing spe­

cific requirement on utility or preference functions. The separation also allows 

attention to be focused on relatively distinct problems, allocation of resources 

among alternative activities in a given time period and allocation over tine. 

Household preferences are described by a time indexed utility function with 

three types of parameters: purchased agricultural inputs, CA(t), household 

produced inputs, CAIt), and leisure time augmented by human capital for each 

household member, H(t)*P(t)*TL(t). Note that human capital enters directly
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into the utility function as in Stage III. However, the set of inputs included
 

in Stage III have been simplified to the three inputs, with non-agricultural
 

inputs excluded. The time dependent preference or utility function is:
 

u(C (t), CH(t); P(t) H(t) TL't))
 

Following the Heckman (1976) model, the production of human capital is 

described by: 

H(t) = f[H(t) TEt). XRE(t)] - aH(t) 

H(0) 
= HO 

where TE is time devoted to human capital production, X is bundle oF goods 

de'oted to human capital productionjand a is a depreciation parameter. 

The production of agricultural and household capital are cherpcterized in 

a parallel fashion by: 

IRA(t)
R~(t) = f[H(t) T Pt) XRA(t)] --

RA(O) = RA0 

R(t) = f[H(t) T (t), XR (t)] R(t) 

RH (0) HO 

A convenient assumption and generally reasonable is that the production functions 

are strongly concave. Additional factors influencing the production processes 

such as'distance from market areas and schools may be readily incorporated into 

the above production functions for the various capital goods. 

The budget constraint facing the individual household incorporates the 

incentives for human capital by the assumed positive relationship between human 

capital and potential earnings and for agriculLural and household investment 
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by the assumed positive relationship between increases in capital stock and 

output. Introducing the time constraint, the relationships presented in the 

previous section for earnings, agricultural output, and household output may 

be rewritten as: 

Earnings(t) = T (t)'(H(t) P(t))'-T (t) 

QA(t) = f(RA(t), XAlI(t), W(z), (H(t)*P(t))'*TA(t))
 

QH(t) = g(RH(t), XHN(t), (H(t) P(t))'*TH(t)).
 

The income from agricultural production is as in the previous stage of modael: 

'QA(t)*QA{Y) - (t)tXA - w(t)'W(t). 

The budget constraint, a constraint requiring that expenditures in given time 

period equal output plus any changc in the asset position of the household, may 

be expressed as: 

A(t) = Mk(t) + TE:G(t) + TR ON) 

+ (t) * ( Qt) (t) * (tw (Y 

+ a t Ht*~)L*Tit) 

-9ARE(t) tRE (t) - RA(t) * XRA(t) -HA(t) * XHA(t). 

The change in capital stock position or savings is required to equal income 

from assets plus transfer, income from agricultural output, wage income, and 

expenditures on agricultural inputs in utility function and on agricultural 

and non-agricultural inputs to production of agricul tural, household and -human 
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capital. Parallel to the model presented is Stage II,time is also constrained
 

in that T = T + T + T + T + T + T + T.
A H W L RA RH E' 

The household in this model is assumed to maximize the time-preferance­

discounted stock of total utility over the horizon T or lifetime of household:
 

Allowing p to be the rate of time preference and B( to be the bequest function,
 

the household's life cycle utility function is: 

T 
e UPAc (t) CH(t), (H(t)*P(t))'] +LCA(T)3.

0 

The problem facing the consumer is to maximize 1i-Ce time utility subject to 

constraints n the production of agricultural goods, on the production of house­

hold goods, on the production of agr..-!tural and household capital inputs, oi
 

the-production of human capital, and on the budget constraint.
 

While dynamic optimization techniques are avail-able For obtaining explicit 

optimal time paths for the endorenous variables, the following discussion will 

only suggest some of the time paths which are likely to iesult. The emphasis 

will be explicitly on thise endogencus variables ihich are of particular impor­

.tance in other stages of the model. These include human capital of household 

members, consumption of household geods, and consumption of agricultural goods. 

In all cases, since the return to investments in agricultural and non-agricultural 

capital and in human capital are greater the earlier the investment, the 

stocks of agricultural, household, and human capital are expccted to increase 

more rapidly in the earlier stages of the household than in later stages. 

However, this traditional pattern of human capital investments will be revised 

in the direction of greater stocks in later time periods to the extent that
 

bequests are of major importance, to the extent that human capital enters
 

utility function and to the extent that the production functions are charac­
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terized by increasing returns to scale. The actual level of agricultural and 

household capital stocks and of human capital stocks are also expected to 

be positively related to the marginal products of capital goods in the produc­

tion functions. The actual levels will also depend on the gain in utility
 

obtained from agricultural goods consumption as opposed to leisure time aug­

mented by human capital.
 

The suggestion of this model is that investment decisions are the result 

of choices on the part of the household. These choices are influenced oy a 

variety of demographic and economic variables. The levels of ivestment will 

both directly and indirectly influence fertility, household structure, and a 

variety of oMter variables. Increases in social -security will undoubtedly 

decrease investmanzs at later points in the life cycle and investyants in 

children by household head. This aspect of the model can be examiqed by focus­

ing on changes in asset positions. 
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E. Stage V: Marriage 

The purpose of this stage is admittedly rather unambitious. It is primarily 

to close the model by explaining the age-specific probabilities of marriage for 

each sex. These probabilities are required in several of the previous stages. 

First, the age of marriage of the prospective wife is likely to be an important 

determinant of completed fertility as ad element in the vector Z, of household 

characteristics that was included in the production function of children, equation 

(2) of Stage I. Second, the difference in age of marriage between husbands and 

wives is an important determinant of the discount rate d used in equations (6)
 

and (7)of Stage I to weignt the relative importancn of widouhood and hence of
 

dependence on one's children in the lifetime planning horizon. Third, the sex­

specific Probabilities of marriage are required in Stage II in order to determine 

household structure in any period of time. Although not specifically introduced 

into our formal model of Stage II (for purposes of simplicity only), our review 

of the literature in Section I of this report indicated That the anticipation of
 

the marriage of the child of one of one's siblings can be of consequence to the 

household affiliation decision, especially when the cosn of marriage, i.e., 

either the do:wry or alternatively the bride price payable at marriage, is high. 

Similarly, an exogenous demand on the household budget such as a dowry or bride 

price payment could conceivably be of importance in the static and dynamic alloca­

tions of the household's resources in Stages III and IV, respectively. 

The requirements of Stage V, therefore, are only to explain the probability 

of marriage for each age and sex and the bride price or dowry required upon marriage
 

of a son or daughter, respectively. 

The probability of being married before the age of puberty and young adulthood 

or generation'2 in terms of the nomenclature of Stage II, although certainly 

greater than zero, is disregarded. Although formally marriages can be arranged 

and consumatod prior to this age,seldom are sucn marriages effective in the sense 

that either the structure of the household (by a shift in residence of at least 
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one marriage partner) or the nuwber of children that such a marriage produces are 

affected. 

The probability of being married at any particular chronological age q after the 

age which is desicnated as the end of childhood and beginning of young adulthood 

fo alsanemlsc2m 2f2for males and females, and pectively, can be expressed as follows: 

- +r- + + - + 

C21n K K 
(V-l ) 2m = I I -, - Kp, ; E) 

q q c2n apt. Vpl ' p
q't .Pp. .ii 

2f 
VFk


2f 2f "A R KH
(V-2) q q qC ij IP pj
 
ij ij ii
 

there H and H2f are the stocks of humn. capital at age q of young adult mains 
q q 

C 2m
 
and females, respectively, 2rn represents the male's current allocation of 

q+t 
 ,
S. goodR KA ' H 

-consumtio^ goods relative to his expected futur- allocation, .-7pij , ~i and SE 

1i 13~ 

represent thepercapita stocks of agricultural capitsl, land, and hore goods 

(which includes housing) and E represents tha structure of the household, including, 

for example, the number of siblings in thE household. The signs above the variables 

indicate the anticipated signs of the partial derivatives of the variables specified 

in the equations. 

The higher the level of educational attainment the lower would be the probability 

of being married for both sexcs at any age q, although possibly only up to some 

threshold age level beyond which the level of education might actually have a 

positive effect on the probability of being married. The negativity of this effect 

could be derived from a number of sources such as the delaying effect of being in 

school since marriage requires time, the potential interest of the household 

head ii ning additional investmnts of human capital in the individual male or 

female undcr consideration, and of any indirect detric.ental influence on interest 
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in xarrioae that the educatedyoungudult might be able to exercise on the decision 

of the household head. 

The direction of tho influence of the second term in the young adult male's 

probability-of-being-iarried function is attributable to the common empirical 

finding that males will tend to marry early if they are in occupations with 

flat age-earnings profiles but late in occupations with rising age-earnings profiles. 

The effect of the per capita wealth variable on the marriage probabilities of 

ycung adult males would be expected to be positive because of the positive influence 

that these variables would have on the marginal productivities of labor and all 

types, and hence on the profitability of investments in childrenwhich arean important 

bi-product o? marriage. On the other hand, these same variables might well have 

a-negative infltence on the marriage pro' ilities of female young adults because 

in societies in which daughters "marry out" the higher marginal productivity of 

labor of all types in such households would be expected to induce household heads 

to want to hold onto their daughters 1onger than would those with less wealth. 

The negativs influence of C' in (V-2) is attributable to the same phenomenon.
q 

All of thn above influences would be conditional on the household structure 

including in particular the number of siblings of similar sex. For example, the 

larger the number of female siblings, th higher would be the probability of 

marriage for young adult females C2f, because of their diminishing marginal 

productivity in household activities. Also, the influences of some of the other 

variables milh well be expected to shift according to the size and structure of 

the househcld as indexed by E. For example,the importance of loyalty to parents 

living in extended households arranging marriages for their children might lead 

to some delay due to extra search time to detect loyalty and compatibility in a 

future wife for a son and way diminish both the negative influence of the first 

variable and the positive influence of the second 'ariable in'such households. 

Finally, Lhe value of the bride price (or its negative dowry price) is 
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specified as follows:
 

. + + + 

2f W Wmb2F=-f 
b(bH 

pijI pi 2f 

The bride price would be higher, the higher the human capital of the bride, the 

higher the wealth of her family's household relative to that of the household 

of her husband and the higher the age-specific probability of the male being 

married relative to that of the female. The latter variable is inversely rMated 

to the age differential between male and female at marriage, the idea being that 

a larger differential will imply a longer period of widowhood for the wife and 

hence a higher bride price or lcouer dowry price.­
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Ill. An Emp3rical rornulation of the Model 

In the rovinus s;ction, an analytical frnot:ork for investigating the role 

of the "old agu ..ccurity" notove on fortility and for evaluaLing the influence 

on fertility of introducing a social insurance program has been presented. The 

objective of this section is to identify implicazions of the analytical fLame­

w)ork which may be examined with household survey data. The underlying moivation 

for this study is the belief that much can be learned about the role of the "old 

age security" motive in fertility and the influence of introducing a social in­

surance program on fertility from household survey data. 

In the analytical framework presented, Lhe hcusehold constitutes The basic 

unit of analysis. However, all decisions are not made by the household or house­

hold head, bum instead distinct sets of subgxoups or individuals are responsible 

for distinct decisions. This approach not only allows for indivrduals within the 

househc'ld to have different preference orderings buz- it also requires that speci­

fic decisions such as fertility, marriage, household formation, and labor force 

par=icipation be govecned by the preferences of the same subgroup or individual 

in all households. To implement this approach, the analytical framework has been 

divided into five distinct sets of staces -ith each stage focused on a given set 

of household decisions. 

B'efore proceeding v-ich the empirical formulation, the fact that all variables 

specified in the model are not observable is considered. This discussion is in al­

rect response to criticisms which have been previously raised and which un doubtedly 

will be raised again. There is no disagreement with statemenst that a number of 

conceptual variables are introduced in the analytical framework which ire nor ob­

servable under any circumstances. These conceptual variablcs include utility, rate 

of tr. prutorenue, continuous variable for family structure, and the shadow price 

of an tiLnl's Ltnie are just a few examples. ihere is also no disagrement 
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iUZt.n t nf ac for o0. :ncrn vtkh -, ch. as lhe value of non­

mioine~t-nd asst or output:, thu cxpendicures of houscho] do on .p:ci Eic ite, and 

the allocation of Line by specific actltvity will genral.y be of questionable re­

liabi y.Lvin hontv;holj surveys alLhouzh the in-formation is or at least conceivably 

is available. However, there are certain variables such as the number of curviving 

childcn and the sex ratio of surviving children, the composition oF the house­

hold given a cencistent dcfinition of the houzhold, the income from agricultur­

al goods sold mn the market and the nrnnber of persons in the household who worked 

as wade earners, and the age of marriage and age differential between mates which 

are reported in a number of c:i.sting hog-sehold surveys and which. are considered to 

be reasnably re-liable. This last tyos of variable is, of course, the focus of 

the empirical formulations considered. 

Wfac is the justificaricn or purpose of presenting an analytical franework 

based on a number of unobserved variables? At the more oractical level, the pro­

cEdura leads to some emp.Lrically testable hypotheses and indicaces the appropriate 

econometric procedures. The procedure dlso. assists in the giy-st to understand the 

underlying processes nctivating observable results of the prsesses. However, the 

actual rest of the analytical frzanework presented is the extett to which it assists 

in furthoring an understandLng of the "old-age security" motive and the influence 

the introduction of social security will have on fertility. 

Suaqestions of Empirical Formulation-

The discussion of the emirical formulation will proceed by stage and will in­

cludo a broof sumnary of the stage under consideration and a descriotion of the 

rypes Of q.ct.ations which may be estimated wizh household survey data. The speci fic 

ostim2t0on procedures will not :Ie dtocussed except to note that tne interdononden­

Ci-.s bc th en the stages will call for to use of two st3ae lcnt squares as woll as 

n.0 e*;.h ttu,8urocedur.s U t.;Ad LMto1 antle tne cas:es: ot selecat)avty Ibla: ani 



-01 ­

anmmy ntgenous vrtiables. BEST 
AVAILABLE 

'he first staoe of the model is concerned with modeling the number of births 

and the probability of infant mortality for individual women. The representative 

women in a given housenold is reviewed as determining the number of children and 

the number who survive subject to the constraints on the woman's resources. The 

model presented is focused on modeling the demand for children and thus leads to 

demand equations for the number of births and for the number of children surviving. 

As suggasted by the analyrical framework, a number of factors are expected to 

influence the demand Lor births and surviving children. These factors include 

the educaLion level of the women and thus the preferences of the women for chil­

dren, the knowledge of and acceptance of birth control practices, ,nd the shadow 

price of tine allocated to the various activities. Additional factors include 

the structure of the household, the type of agriculture and other determinants of 

the shadn price of children's and adults' time, and the age diffarential beLeoen 

husband Pnd wife as an indicator of the need for children to provide old age sup­

port. 

Staqe TI: Household Structures and lateraenerational Transfers -

The second stage of the model is concerned with modeling the structure of 

housholis with special emphasis on the relationship between intergenerational 

transfers and household structures. The model is developed under the supposition 

that an o}'tinal household structure exists. The analytical framework suggests 

that this ouptimal houijehold structure is depndent on cultural preferences, the 

Influenca of housihold 9tructure on production and on the extent to which adults 

rp ab4 Iv dH lop a n c of ohlgation wihin their childcn by maintaining 
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a clone houschold structure. 

rfhe- basic voriable of the analytical framework, "intensity of hour.hold 

structur" is not ouservable. However, households may be classified by type 

of structure and individuals may be characterized by this type of household struc­

ture and by their relacionship to the head of the household. Observable variables 

hypothouized to influence family structure include the types of agricultural crops 

grown and agrtcultural techniques used to culturate crops, the age, sex, marital 

status, and education of the individual, and the characteristics of the village 

such as the availability of credit and distance from markets and transportaion 

netwo±ks. 

Stage III. Allocation of the Household's Fesoarces: Static 

The third and fourth stages of the analytical framework are closely related 

and concerned with modeling the resource allocation problem for the household. 

In both stages, the household or household head is the decision naKer, the objec­

tive is to maximize household utility, and the constraints are the result of li­

mits on the households basic resources, time and assets, and of given technologqes 

for agricultural and household production and for production of physical and hu­

man capital. In stage III, attention is focused on intratemporal allocation de­

cisions with investment decisions and capital stocks taken as given. In stage IV, 

empnasis is given to intertemporal decisions and specifically to investment deci­

sions and to determinants of the profile of physical and capital stocks over the 

life cycle of the household. 

The model presented as stage III result 5 in derived demands for inputs to the 

agricultural and household production processes and in demands for inputs to the 

preforcac On utility functin for the household. Given the demands for time al-

LcaNti tc agticultural and housuhold production and for leisure time and the p h y­
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sical co:<;tuint on thU, the demand for time to the various activities also leads 

to a demano for c in1 paid work or labor supply. For persons not engaged in 

tid wa.:. heu model a21o sucests tnc determinants of the shadow wane. In ad­

dition to the demands for time, the model also results in derived demands for 

outside workcrs for agricultural production, for market goods as inputs to agri­

cultural and household production, and for agricultural and non-agricultural con­

sumption goods. For all of the inputs to utility, shadow prices are also results 

of the model. The model is also useeul in allowing some consideration of the 

differences in the output of households classified by family structure. 

in contrast to previous stages, a number of implications are derivable from 

this model. Of specific interest are estimates of the probability of working for 

specific types of individuals particularly women, estimates of the shadow wage for 

persons and specifically children not employed in paid labor, and estimates of 

demand based family equivalence scales. All of these relationships will be depen­

dent on indicators of the demand for labor in the local area, on indicators of 

household rcsponsibilities such as number of children and dependent adults, on 

indicators of human capital such as education and of physical capital such as 

availibility of irrigation systems, tractors, and improved land. 

Stage -IV. Allocation of the Household's Resources: Dvnamics 

As notcd above, this stage of the model is closely related to the previous 

scage and is concerned with investment and savings decisions including invest­

mnts-in phys Lcal assets to be used as inputs in agricultural and household produc­

cLon, invcstment in human capital, and private savings. The oitical factors in 

these duci-nons include the anticipaLed rate of return, the cost of the investmnt, 

and tbo raztL of time preference on th part of the housahold. The anticipated 

rate of retura dLpnds on the expecoed marginal producusol: ihysical assets in 
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cag:i~Ju urnl and IoL'.Lhold pro.3Iction, on the mar oonal prodiutLs of a workc': Wi Lh a 

sync'CI nd level of numan capyn:al (or matginal projuct of unit of human capital, and 

on thnge [aid a unLt of human capital by employers) and on the rate of tiue pzcf­

erence. The cost of the invcstment depends on the shadow prices of inputs in­

cluding the value placed on time end on goods used as inputs. In some instances, 

the cost may b.? prohibitive given the location of the village or the need for la­

bor to produce consumption goods (i.e., food). The availability of close substa­

tutos for investment goods such as children and social insurance also influences 

the benefits of the investment. 

In many instances, invoesments in human capital as well as agriculcural and 

household capital are difficult to observe. Education is one generally available 

indicanor for human capital bat this in,- otor does ignore quality considerations 

in most instances, Some aspects of agricultural and household capital are aobserv­

able such as the number of tractors, the availabilacy of irrigation, or the amount 

of land used to product vegetables for hre consumption, however, many are not. 

Specification of equations deLermining the level of invcstment will draw heavily 

on the dcuerminans of shadow prices for capital goods and iman capital dcvelojed 

in previous section. Indicators of the cost of financing investments, of the ex­

pected return based on cropping patterns and wage pattorns, and en the availability 

of substitutes such as credit markets (money lenders), children, and social insurance 

are of particular importance. 

Staqe V. The Marriaqo Decision 

This stge of the model is concerned with the modeling of the marriage deci­

sion. noth WuO aq& distribution of first 4pd subsequent marriages, and the compa­

rison of the charan:tt:stics of the two mates are of incerest. The model develop' 

1.i the v-ivtlacjl fr melork recounizes that marriage implies that two deciitLon raker; 
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decle to join toqther as a team for at least some purposes such as child raising 

in scm -.oneti i. In the dcvelopin' :ountrics, t-he question as to who is the 

relesvat docicton maker - the household head, the parents of the prospective-matx, 

or the individuals themselves. 

Tn the nodel presented, the marriagce is assumed to occur when both parties 

expect to gain from the transaction. The gains forthcoming to the individuals 

depends on initial lovels of physical and human capital. These initial levels 

will influence the age at marriage and the correlations of ths characteristics of 

the two mates. 
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As 5U fmjacyof the abIov( 'discu SIon, the dependent variables to be consicered 

are i A- by scng. 

S',-Je 1- Fortilit zodel
 

unuber of live births
 
Number of curviving cnildren
 

Stage II. Household Structure and Intergenerational Transfers
 

Househo'ld ­
lousehoka 1 AdShIp
 

Stage ill. Allocataon of Household Resources: Static Analysis 

Value of goods consumedtSy type of-good.
 
Ex~pendi.ros for purchased goods
 
Participption in labor force
 
Numer of uariods worked
 
Tyne of :..orker (Earner or Family)
 

Stage IV. Allo2;vtaon of Household Resources: Dynamic Analysis 

Gross invwstrent in phvsical assets by type of asset
 
Rob chalse in financial ussets
 
Value of farm equipmant
 
VsJoe of tor"1 livestock
 
Eacational cu- lifications of individuals
 
Humber of children who attend school
 

Stage V. Marriage Model 

Age at marriage 
Differences in age of mates 

As a gonocal rule, determinanrs of those variables include characteristics of vil­

lage such an avaalability of credit and distance from transportation natworks, in­

dicaLow: of nype of alriculture based on crops produced, use of traccors, ownership 

or live-zcock, and us:e o? irrigation, and demographic characteristics of family. 
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- Footnotes 
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7/ 
The problem is to: 

1 2 ma x u = u (c ,c , E)J 

subject to 

1 +1 
2 

= f(k,E) - rk - - - T 2(E,g2) + 

A 

t 

2(Eg2)) * T 

The Lagrangian and first order conditions are: 

1+ 
2 

-f('k,E) +rk + ­ + 2( 2 

- [31 2( ' 2 1 
iTT-, 

A 

DL 

aCl 

3u 
11 
;C1 

X= 0 

9L 
c 

c 

3u 
2 

c 

1 
14r 

=-- 0 

= x[ - r] = 0 

u af +' 2 I2 1-]1 = 0E 1E aE aE 1+r 

1+ r - f(k,E) +rk +ti + t (E, 2 
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The first order condi tions may be written as: 

au/ac 1 ­ 1 + r 

af 
Ik = r 

au 1 _ 2 
- 1 1+r DE ac 

+ ccl ~1+uw = f(k,E) - rk - r 2T 2 

A
+ - r 2 '2 I1+r '-i I'9 t 

A fifth relationship which states the equality of saving with groy.n of system's 

private capital is: 

2 FBI + (E, )!
f(k,E) ­- Ak - T1 T2(E g2 - C' +,--- Ir + L 

t 

= (k -k) (I + Q 

From the budget identity: 

n) + t[I1 2(E'92)]/(1g2) 1 2( 2 )+ (r 
9 Lt 

and the fourth and fifth equations may be rewritten as: 

cl+ = f(k,E) - rk-rl -2 (Eg 9 )+ (1+r- 1 ( +g2 )1t1 + r2 (Eg 2 ) 

+ k (r-g 2) 
+ A3 + 

t 6 
and 

2 
2+ (1+r) (1L 2 1 2 (Evg2 ) + ksr-g 2 ) + ] = (k --ks) 2At 
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8/ 
There are, of course, difficulties in the identification of family members 

steming in large part from the arbitrary line that must be drawn as to 

who is and who is not included in the family. 
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