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ABSTRACT 

Based on the fact that a negative correlation exists between farm 

population and farm size, this work focus on farm population change and 

farmland mobility. 

13 

Since there is a high degree of occupational inheritance in agriculture and 

the age profile of farm outmigration is U-shaped, the first two essays take up 

two important decisions underlying the process of farm population change: 

- fertility decisions; 

- offspring household membership decisions. 

The first decision is formulated as a stochastic programming model with a 

closed form solution for the intensity of birth control, the distribution of the 

birth spacings and the moment generating function of the expected family 

size. These results give an explanation for the "stalled fertility transition" 

and the "rural-urban fertility differentials" and are consistent with the "old 

age security hypothesis" and the "Caldwell's hypothesis". 

The farm offspring household membership decision is viewed as a 

"research project" where the offspring invests in human and non human 

capital to influence the probability of finding an alternative to the life in the 

parental household. The problem is formulated as a differential game 

between a selfish offspring and altruistic parents. The solution is consistent 

with some "stylized facts" such as the "flexibility of inheritance systems" and 

the "generational fragmentation" of the family property when the economic 

opportunities expand outside the parental household. 
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Intrafamilial transfers and land tenancy transactions are, by far, the most 

important processes of farmland mobility. Having dealt with the 

intrafamilial transfers in the second essay, the third one takes up the issue of 

land tenancy. These contracts are modeled as a pairwise bargaining game in 

extensive form, embedded in an idiosyncratic market with exogenous search 

intensities, assortive matching and outside options corresponding to the 

possibility each player has to find an alternative partner. The probability of 

this event depends on the number of agents in the two sides of the market 

and establishes a linkage between farm demography and tenancy choices. 

The surplus sharing rules resulting from the perfect equilibrium strategies 

show how the contracts are tailored to fit the characteristics of the "relative 

bargaining powers" of the parties. 
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"The ultimate difficulties of any arbitrary, artificial, moral, or rational 
reconstruction of society center around the problem of social continuity in a 
world where individuals are born naked, destitute, helpless, ignorant, and 
untrained, and must spend a third of their lives in acquiring the prerequisites 
of a free contractual existence. The distribution of control, o{personal power, 
position, and opportunity, of the burden of labor and of uncertainty, and of 
the material produce of social industry cannot easily be radically altered, 
whatever we may think ideally ought to be done. The fundamental fact about 
society as a going concern is that it is made up of individuals who are born 
and die and give place to others; and the fundamental fact about modern 
civilization is that it is dependent upon the utilization of three great 
accumulation funds of inheritance from the past, material goods and 
appliances, knowledge and skill, and morale. Besides the torch of life itself, 
the material wealth of the world, a technological system of vast and 
increasing intricacy and the habituations which fit men for social life must in 
some manner be carried forward to new individuals born devoid of all these 
things as older individuals pass out. The existing order, with the institutions 
of private family and private property (in self as well as goods), inheritance 
and bequest and parental responsability, affords one way for securing more or 
less tolerable results in grappling with this problem." 

Frank H. Knight (1921, pp. 374-75) 



1 THE ISSUES 

1.1 LINKAGES BETWEEN FARM POPULATION CHANGE AND 

FARMLAND MOBILITY 

1.1.1 THE NEGATIVE CORRELATION BETWEEN FARM POPULATION 

AND FARM SIZE 

The most frequently acknowledged linkage between farm 

population and farm structural change is the fact that where land 

and non-agricultural job opportunities are scarce, farm population 

growth leads to smaller average farm sizes. Such relationship can 

explain a great deal of the variations in average farm sizes across 

countries (Huang, 1973). 
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The converse of that proposition (a farm population decline leads 

to larger farm sizes) is the main argument for "structural policies". 

By directioning attention to the farm population change and its 

impact on the landholding structure, this work is at the heart of 

agricultural policy. For such a fundamental rationale of agricultural 

structural policies, there has been very little research on the details 

of those linkages. Further research is needed on these issues if we 

want to be able to design successful structural policies. 



1.1.2 THE IDGH RATES OF OCCUPATIONAL INHERITANCE 

IN AGRICULTURE 

The main entry to farming is by birth in an agricultural 

household and the two major exit doors are by retirement or 

death of older farmers or by outmigration of farm offspring. 
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According to Gamier and Hazelrigg (1974),92.4% of the farm 

males born in France in 1918 and after and economically active in 

1959 and 1964 had a father with a farm occupation. 93% of the 

married farmers who took over farms in France between 1955 and 

1969 had parents or parents-in-law who were farmers. The 

percentage for those who took over farms between 1970 and 1979 was 

89% (Barthelemy et al., 1984). The situation is similar in other 

industrial countries like the United Kingdom (Nalson, 1968), Italy 

(Lopreato and Hazelrigg, 1972), the United States (Blau and Duncan, 

1967; Laband and Lentz, 1983) and Australia (Broom and Jones, 

1969). In their recent study about succession in farm business in the 

twelve EEC countries Perrier-Comet et al. (1991) report that around 

90% of farmers were born in farm families, except in Spain and 

United Kingdom where that percentage goes down to 80%. 

Since there is a high rate of occupational inheritance in 

agriculture1, a key component in the analysis of farm population 

1 A high rate of occupational inheritance in agriculture means that there is a 
high percentage of farmers whose ascendants are also farmers. This does not 
mean, however, that most of their descendants will be farmers. 



inflows should be the study of farmers' fertility behavior. A formal 

model of this behavior is the first building block of this project. 
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Looking now at the outflows, and leaving aside farmers' mortality 

which is only in a very limited way the product of voluntary behavior, 

French data covering the 1963-1983 period (Blanc, 1987) show a 

U-shaped age profile for farm outmigration. Positive rates of 

outmigration among male farm people occur in the age groups up to 

32 years and over 53 years. The same pattern was found in several 

studies about the American farm sector (Roy, 1961; Guither, 1963). 

So the analysis of farm outmigration behaviors should focus mostly 

on the strategic interactions within farm households between parents 

and offspring about household membership, occupational choices and 

farm takeover. A game-theoretical model dealing with these 

interactions is the second building block of this research project. 

1.1.3 THE PROMINENT ROLE OF INTRAFAMILIAL TRANSI"ERS AND 

LAND TENANCY TRANSACTIONS IN FARMLAND MOBILITY 

Those two models deal with the behavioral causes of farm 

population change: the first one examines the determinants of farm 

population inflows, and the second one examines the determinants of 

farm population outflows. So after looking at the causes of farm 

population change, we turn the attention to the consequences of this 

change. Farm population has multiple effects and a vast research 

program opens up here. One line of research would be to explore the 
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trail taken up by Malthus and reshaped later on by Boserup (1965, 

1981) and her followers (Darity, Jr., 1980; Roumasset and Smith, 

1981; Pryor and Mauer, 1982; Robinson and Schutjer, 1984; 

Salehi-Isfahani, 1988) who studied the impact of farm population 

dynamics on agricultural technological change. We could also go up to 

higher levels of aggregation and work with overlapping generations 

models to study the linkages between population change, interest 

rates, investment and consumption (Becker and Barro, 1988). 

Without denying the relevance of this research, we will explore a 

different trail: the impact of farm population change on the farmland 

mobility. The basic "stylized facts" about farmland mobility are the 

following (Schertz et al., 1979, p. 21; Kelly, 1983; Monke et al., 1993): 

- most of the farmland mobility is accomplished through 

transactions in the land tenancy market, the percentage of 

ownership transfers being relatively low; 

- most of the ownership transfers take the form of intrafamilial 

transfers. 

Having dealt with the issue of the intrafamilial transfers in the 

model of the offspring household membership decision, the third 

building block of this project is a model of tenancy contract choice 

which takes farm demography into account. 

The analysis of the impact of farm population change on land 

tenancy could be an intermediate step in the analysis of the 

technological change induced by farm population change. Malthus, 
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Boserup and their followers view agricultural intensification as a 

result of an increasing physiological density - the ratio of farm 

population to arable land. Hayami and Ruttan (1985) with their 

theory of "induced technological change" explain intensification as a 

response to rising land rental values. Since our analysis relates farm 

demography and land tenancy, it can provide a linkage between 

those two strands of research. 

The importance of the land tenancy market in the adjustment of 

the landholding structure is growing. The 1970 FAO census shows 

that in developed countries, the percentage of land under some kind 

of tenure is larger than in the Rest of the World: in the 14 developed 

countries which reported land tenure data, 33.3% of the holdings 

were fully or partially under some form of tenure. For the 32 

developing countries reporting the same kind of data, the percentage 

was only 19%. Looking at the evolution of US agriculture since 1950, 

Schertz (1979) reports that "part-owners and full tenants have larger 

farms, and the size of their farms has increased faster than the 

average size offull-owners" (Schertz et al., 1979, p. 21). 

Another interesting fact about the role of the land tenancy market 

in farm structure adjustments is that the demand to lease land can 

be very elastic with respect to the quantity of farm family labor and 

other characteristics of the farm, namely the number of livestock and 

the amount of land owned by the farmer (Mendes, 1992a). 
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1.1.4 THE ''LAW OF LEROY-BEAULIEU' 

A basic fact about the linkage between farm demography and land 

tenancy is summarized in the following proposition: 

there is a negative relationship between the landlords' 

income share and the ratio of the number of landlords to the 

number of tenants. 

To honor an unduly neglected French writer, who gathered 

empirical evidence about this issue in 1880, this relationship will be 

called the "Law of Leroy-Beaulieu,,2. This author observed that 

although the absolute value of land rents was higher in the richer 

soils of France, the ratio of rents to total farm income was higher in 

the poor regions, so that the landlord's income share increased with 

the number of potential tenants. Leroy-Beaulieu explained this fact 

by the weaker "bargaining power" of tenants in poor regions where 

there was little competition for tenant's labor. 

Refering to Leroy-Beaulieu's findings, Clark and Haswell (1967) 

pointed out that a systematic empirical testing of his hypothesis is 

difficult because of the lack of data relating rents with the farm 

output. Clark and Haswell, however, gathered data from different 

regions around the world, for different periods of time which show a 

positive correlation between population density and the absolute 

value of rents or the assessed land values. 

2 Alfred Marshall (1920) and the book by Colin Clark and Margaret Haswell 
(1967) provide some references to the work of Leroy-Beaulieu. 
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The same pattern was found by other researchers with a long run 

view of the rural economy (Le Roy Ladurie, 1969; North and Thomas, 

1973). Roumasset and James (1979) give other references of empirical 

work highlighting this positive correlation between the landlord's 

income share and population density. 

To explain this relationship we followed Leroy-Beaulieu's intuition 

by appealing to the concept of "bargaining power". To do so we set up 

a strategic bargaining game "d la Rubinstein" with random outside 

options whose probability depends on the "landlords / tenants ratio". 

In this model it is relevant whether tenants outnumber landlords 

or not and also what are the income earning alternatives of each 

party because these facts have an influence on the type of contract 

choice. The model determines not only the type of contract chosen and 

its surplus sharing rule, but also the economic conditions under 

which each type is likely to be chosen. 

The "landlords / tenants ratio" is an exogenous variable in the 

land tenancy model and the connections between farm population 

change and changes in this ratio are not modeled. That can be done, 

but it would involve a broader research program than this. However, 

later on, section 5.3.2 presents some conjectures about those 

connections. 



1.2 "STYLIZED FACTS" TO BE EXPLAINED BY THE FARM 

FAMILY SIZE DECISION MODELS 

1.2.1 THE PREDOMINANCE OF FAMILY FARMS 

23 

Farm population dynamics cannot be understood without taking 

into account the fact that most farms around the world are organized 

as family firms. In a worldwide census of agriculture referring to 

1970, the FAO (1981) gathered comparable data for 41 countries 

about the status of farm holders. These data show that "civil 

persons", defined as individuals or informal partnerships of two or 

more individuals, represented 98.8% of the number of holdings, and 

75.2% of the area in all reporting holdings. 

The FAO census also provides data referring to 16 countries about 

the number of holdings in which the agricultural work is done only or 

mainly by the holder's household. For those countries this type of 

holdings represented 93.1% of the total number of holdings. 

We will sum up these facts in the following assumption: 

ASSUMPTION A1.1 

Farm firms are assumed to be family firms, that is, firms where 

the supply of managerial labor, most of the regular labor and part or 

all the capital are supplied by the family defined as a set of 

individuals related to one another by kinship or marriage. 



In the large majority of the family farms, the control of family 

labor allocation and family income distribution is mostly under the 

authority of the parents. 
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If for many farms around the world the landholding unit and the 

labor supply unit coincide for the most part, this is not the case for 

landownership. In a fairly large percentage of farms, the landholding 

unit and the landownership unit do not coincide, being connected by 

some form of tenancy contract. 

According to the FAO census, the situation in the beginning of the 

70's in terms of land tenure was the following: 

- in the 46 countries reporting land tenure data, 79.2% of the 

number of holdings and 61.1% of the area were owner operated, 

which leaves out 20.8% of the holdings and 38.9% of the area under 

some form of tenure; 

- the same percentages were the following for the countries 

grouped by continents: 

* Africa: 5.2% of the holdings and 9.2% of the area under owner 

operation (the remaining being mostly under tribal or communal 

tenure forms); 

* North and Central America: 59.8% of the holdings and 37.2% of 

the area under owner operation; 

* South America: 61.8% of the holdings and 80.6% of the area 

under owner operation; 
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* Asia: 85.8% of the holdings and 83.9% of the area under owner 

operation; 

* Europe: 67.6% of the holdings and 58.9% of the area under 

owner operation (respectively 64.% and 58.3% for Portugal in 1968)3; 

* Oceania: 87.1% of the holdings and 83.5% of the area under 

owner operation. 

1.2.2 THE FERTILITY DECLINE AND THE "STALLED FERTILITY 

TRANSITION" 

Behavioral changes in farmers' fertility account for a great deal of 

the long run swings in farm population. This fact has been pointed 

out by many observers of the long run trends of farm population 

around the world. To quote an influential author who has studied the 

case of the USA "Over the long run, the stabilization of American 

farm population growth stems primarily from a long term downtrend 

in farm fertility to replacement levels" (Easterlin, 1976, p. 46). Such 

"decrease in fertility was entirely a matter of private voluntary 

behavior" (Easterlin, 1976, p. 55). 

The analysis of farmers' fertility behavior is even more relevant in 

the agrarian economies of the so called developing countries. The 

central role of population issues in the analysis of poverty and 

3 According to the 1979 Census of Agriculture (INE, 1979),45.1% of the 
agricultural area in the NW Portugal was under some form of tenancy. 



hunger in those countries is very well known. 

To be consistent with empirical evidence, the fertility decision 

model should predict the following "stylized facts": 

- in the long run, economic growth brings about a decline in 

farmers' birth rates; 

- however, in the initial stages of economic growth, birth rates 

might rise to decline later on. 
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This is the "stalled fertility transition" pointed out back in 1945 

in a famous paper written by Notestein. The fertility decision model 

proposed here can account for these phenomena. 

The available empirical evidence shows a great variance about the 

onset of the birth rate decline (Nag, 1980; Romaniuk, 1980; Dyson 

and Murphy, 1985). So an important issue is to examine under what 

conditions of economic development the birth rates begin to fall in a 

significant way. The fertility decision model in chapter 2 proposes a 

set of economic conditions which might help to establish when a fall 

in birth rates can occur. 

Empirical evidence about these phenomena in Portugal is 

provided in the first book of the series on the decline of European 

fertility published by the Office of Population Research of Princeton 

University dedicated precisely to this country (Bacci, 1971). One of 

the major conclusions of the book is the existence of regional 

disparities concerning the onset of fertility decline: 

- the onset of Portuguese fertility decline can be dated to the 
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period after the end of the First World War; 

- the districts of the Tagus Valley and Algarve (Lisboa, Santarem 

and Faro) were the first to experience that decline; 

- the districts of Alentejo, Central Portugal (Guarda, Castelo 

Branco, Coimbra, Leiria and Aveiro) and Porto started later, in the 

20's and 30's; 

- the districts of the North were the last, especially the Central 

Minho, where fertility decline only sets in after 1960. 

1.2.3 THE RURAL-URBAN FERTILITY DIFFERENTIAL 

One of the major "stylized facts" in Population Economics is the 

rural-urban fertility differential. In rural areas birth rates and family 

sizes are usually higher than in urban areas. Empirical evidence for 

the case of Portugal can be found in Bacci (1971). 

1.2.4 PA'ITERNS IN FARM OFFSPRING HOUSEHOLD MEMBERSHIP 

DECISIONS 

The empirical literature on farm offspring household membership 

decisions has pointed out the following facts: 

- peasant families have "two conflicting aims: to keep family 

property intact and to provide for younger children" (Habakkuk, 

1955, p. 1); 

- there is ''flexibility of the inheritance systems" (Hill, 1986, p. 95) 



28 

in the sense that the formal or informal norms regulating the 

intergenerational wealth transfers are the object of manipulation by 

the parents and the offspring (Goody et al., 1976; Gagan, 1976; Silva, 

1976, 1983; Berkner and Mendels, 1978; Brandao, 1988; Perrier

-Cornet et al., 1991); 

- as more income earning opportunities emerge outside the family 

production unit, the tension between the conflicting aims mentioned 

by Habakkuk decreases, so that "generational fragmentation" 

(Hutson, 1987) of the family property is more likely to happen 

(Guither, 1963; Goody et al., 1976, Alston and Schapiro, 1984; Florey 

and Guest, 1988; Tsuya and Martin, 1992); 

- the offspring have more tendency to stay in the parental farm the 

larger the farm size is (Marsden, 1984; Brandao, 1988). 

The second building block of this project is a household 

membership decision model which can account for these facts. It 

takes the social norms as given (they are the sediment of centuries of 

interplay of a complex set of factors which cannot be reduced to a 

simple economic explanation) and predicts under what conditions and 

in what direction those norms are manipulated by the parents and 

the offspring. 
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1.2.5 THE "OLD AGE SECURITY HYPOTHESIS" 

A popular issue in the agenda of Population Economics research is 

the so called "old age security hypothesis" which states that a positive 

incentive for larger family sizes is driven by parents willing to have 

children who can support them when they get old (Leibenstein, 1957; 

Neher, 1971; Southey, 1973; Willis, 1980; Nugent and Gillaspy, 1983; 

M. Vlassoff and C. Vlassoff, 1980; Datta and Nugent, 1984; De Vos, 

1985; Nugent, 1985; Hammer, 1986; Nerlove et al., 1987; Sundstrom 

and David, 1988). 



1.3 "STYLIZED FACTS" TO BE EXPLAINED BY THE 

LAND TENANCY MODEL 

1.3.1 TYPES OF CONTRACTS TO BE CONSIDERED 
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It is common in the land tenancy literature to consider three types 

of contracts: sharetenancy, fixed rent and wage contracts. We have 

no problem with the terminology regarding the first two types of 

contracts. The problem is with the so-called "wage contracts". Instead 

of "wage contracts" we call ''hired management contracts" the ones 

where the landowner is the residual claimant. This is not a minor 

terminological caprice. The aim is to avoid an ambiguity pervasive in 

the land tenancy literature. 

The types of contracts we are talking about are contracts between 

suppliers of two basic inputs: one side supplies essentially land (other 

inputs might also be supplied) and the other side supplies 

managerial skills (day-to-day decisions) and labor monitoring ability! 

(other inputs might also be supplied). So these are basically 

managerial contracts which should be distinguished from labor 

contracts. Each type of tenancy can be combined with different forms 

of labor organization: family labor, permanent hired labor, 

temporary hired labor, permanent and temporary hired labor, family 

and hired (permanent or temporary) labor. 

4 The labor to be monitored includes the labor supplied by the manager's 
household. 
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The empirical and theoretical literature on land tenancy often 

confuses the issues because it does not clearly differentiate the form 

of tenure and the organization of labor. By naming as "wage contract" 

one of the three forms of tenurial contracts, several authors give the 

impression (and sometimes explicitly pretend) to provide a unified 

framework for the analysis of both managerial and labor contracts. A 

unified framework would have to contain not a one-tiered decision 

process with three choice alternatives (sharetenancy, fixed renting 

and hired management), but a two-tiered dedsion process with 

three choice alternatives for the management level and five for the 

labor organization level. This makes up not three, but fifteen 

alternative forms of farm organization. 

1.3.2 CONTRACT IDIOSYNCRASY 

All the authors (Bhalla, 1976; Clay, 1976; Bardhan and Rudra, 

1981; Binswanger et al., 1984; Caldas, 1988) who studied the 

empirical patterns of land tenancy acknowledge the fact that 

"contract terms vary among people, across regions, and over time" 

(Binswanger et al., 1984, p. 23). Contract terms are tailored to fit the 

characteristics of the parties and of their environment. 
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1.3.3 EMPffiICAL PATTERNS IN LANDOWNER SHARES 

1. The landowner share is positively correlated with the following 

variables: 

- population density, that is the farm population in a particular 

area divided by the area of arable land (Clark and Haswell, 1967; 

Kikuchi et al., 1974; Regmi, 1976; Roumasset and James, 1979; 

Roumasset, 1984; Hardjono, 1987; Caldas, 1988); 

-land productivity (Cheung, 1969; Rudra, 1975; Cohen and 

Weintraub, 1975; Roumasset and James, 1979; Horii, 1981; Ahmed, 

1984; Roumasset, 1984; Jodha, 1984; Caldas, 1988); 

-landownership concentration (Jodha, 1984). 

2. The landowner share is negatively correlated with the following 

variables: 

- farm wages (Kikuchi et al., 1974; Bhalla, 1976; Clay, 1976; 

Roumasset and James, 1979; Roumasset, 1984); 

- non agricultural job opportunities for tenants (Monke et al., 

1993); 

- land-saving technological change (Roumasset and James, 1979); 

- tenant's entrepreneurial ability (Hanumantha Rao, 1971; 

Hallagan, 1978; Brown and Atkinson, 1981); 

- unforeseen distress in the landowner's household (Jodha, 1984). 
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1.3.4 EMPffiICAL PATTERNS IN CONTRACT CHOICE 

1. The incidence of sharetenancy is often associated with some 

form of bondage between the landowner and the tenant, in the sense 

that they are linked by ties additional to the supply ofland and labor: 

- kinship ties (Bray and Robertson, 1980; Robertson, 1980, 1982; 

Lehmann, 1986; Hardjono, 1987)5; 

- community ties: small to medium sized resident landlords tend to 

prefer sharetenancy whereas large absentee landlords tend to prefer 

fixed rent contracts (Higgs, 1974; Bliss and Stern, 1982); 

- personal dependence ties: Europe in the Middle Ages after the 

freeing of the serfs, the USA in the Post - Bellum South (Reid, Jr., 

1973), the "mezzadria" contracts in Tuscany, in which landlords had 

control over details of the sharecropper's private life (Gill, 1983), the 

"parceria" contracts in Portugal (Caldas, 1988); 

- the supply of land is often interlinked with the supply of other 

inputs by the landlord: managerial skills, plough animals, fertilizers, 

production or consumption loans, a house for the tenant (Braverman 

and Srinivasan, 1981; Braverman and Stiglitz, 1982; Keyder, 1983; 

Caldas, 1988). 

5 Share contracts are sometimes a way of making intergenerational farm 
transfers. 
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2. The incidence of sharetenancy is often associated with 

situations where both the landlords and the tenants get most of their 

income from farming. 

3. A positive correlation exists between the incidence of 

sharetenancy and the lack of alternative occupations for the tenant 

and his family: 

- there is a positive correlation between the incidence of 

sharetenancy and the extent of labor-market distortion and off-farm 

employment uncertainty (Bardhan, 1979); 

- for small farm sizes there is a negative correlation between the 

incidence of sharetenancy and the amount of land owned by the 

tenant; 

- shifts from independent peasantry to sharetenancy are 

associated with downturns in the demand for farm products, in 

agrarian economies with imperfect capital and labor markets and no 

technological change (Keyder, 1983). 

4. The incidence of sharetenancy is higher the more labor 

intensive the farming system is (Bardhan, 1984) and declines with 

labor saving technological change (Day, 1967; Bardhan, 1984). 

5. Fixed rent contracts are more common among landowners who 

have sources of income other than land rents: 
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- in dryland areas of India absentee landlordism is associated with 

fixed rent contracts (Jodha, 1981); 

- the access to landownership in England, after the War of the 

Roses (1445-1485), by a merchant class not directly involved in 

farming in replacement of the feudal lords was accompanied by a 

fixed rent system (the copyhold system); 

- the access to landownership in the Post-Bellum South by local 

merchants, cotton factors and plantation owners on the move to the 

cities in. search of jobs to supplement their incomes was accompanied 

by a change of the tenure form to fixed rent contracts (Brooks, 1914); 

- the ratio of fixed rent to sharetenanted farms increases as we get 

closer to urban areas (Jones, 1982). 

6. Fixed rent contracts are associated with situations where the 

bargaining power of tenants is strong: the landlords are old, or have 

some kind of disability, for example (Jodha, 1981). 

7. In regions where there is competition among potential tenants 

there are variations of tenure form between crops: less risky and low 

yielding crops are sharetenanted, whereas risky and high yielding 

crops have fixed rent contracts (Hanumantha Rao, 1971; Bharadwaj 

and Das, 1975; Amid, 1990). 



8. Shifts toward well paid, long term fixed wage contracts are 

associated with situations where labor scarcity is increasing either 

because of technological change which augments the demand for 

labor (Bhalla, 1976; Bardhan and Rudra, 1981), or because of a 

decline in the farm labor force. 
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To conclude this section we would like to say that we don't follow 

many major authors in the land tenancy literature in considering the 

"demise of the sharecropper" (Day, 1967), that is the decline of this 

form of tenure in modern developed societies, as a necessary trend 

brought about by economic growth. Newbery and Stiglitz (1979) 

joined by other leading authors such as Allen (1985), for example, 

consider this as one of the four major stylized facts of sharecropping 

which theories should explain. However, under some conditions 

which might arise in the process of economic growth, this form of 

tenure can be the best fit to the characteristics and the economic 

context of the parties. An example is the resurgence of sharetenancy 

in the California strawberry industry (Wells, 1984). 
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1.4 TIME FRAME 

The building blocks of this research program are three formal models: 

- a stochastic dynamic fertility model determining the farm family size 

during the expansion period of the agricultural household life cycle and 

showing how it relates with the current and future family income earning 

opportunities; 

- a differential game of the parent-offspring interactions about the 

offspring's household membership decisions determining the family size 

during the fission period of the agricultural household life cycle and its 

relations with the offspring's income earning opportunities and the 

parents' decisions about the family income distribution; 

- a strategic bargaining game of the land tenancy market explaining 

the choice of tenancy contracts, the surplus sharing rules for each type of 

contract, and their relations with the number of farm people in the two 

sides of the market and their income earning opportunities. 

The first two models are framed in continuous time and the third 

one in discrete time. There is a reason for this difference of treatment. 

As far as agricultural production is concerned, it is a mild assumption to 

view it as having a periodic nature, and being fairly well synchronized 

among farmers within a region with homogeneous cropping patterns. 

Therefore, discrete time is appropriate for modeling the negotiation about 

the distribution of income generated by agricultural production. 

As far as demographic events are concerned, discrete time is not an 

appropriate time frame. People are not born at the same time, they don't 
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get married at the same time, they don't change jobs at the same time, 

and they don't die at the same time. Because of this lack of synchronism 

a continuous time frame is more appropriate. 

Another advantage of continuous time models is that most of the 

available demographic data concerns families which have not yet 

completed their childbearing period. Dynamic models are the only ones 

able to predict family size at any point of the family life cycle (Cigno and 

Ermish,1989). 

One more advantage of dynamic fertility models is that they can deal 

with the issue of timing of births. Changes in the timing of cohort fertility 

are responsible for fluctuations in the level of period fertility. At low 

levels of fertility these fluctuations become more relevant than the issue 

oflong term trends in birth rates (Cigno, 1989; Cigno and Ermish, 1989). 

So it is useful to have a framework where we can examine whether the 

timing of births fluctuate more or less erratically or is determined by 

some well defined variables. 



2 STOCHASTIC DYNAMIC FERTILITY MODEL 

2.1 MAIN FEATURES OF THE MODEL 

Farm population dynamics depends on the demographic and 

occupational mobility decisions of farm people. More precisely, it is the 

combined result of the following elements: 

1) the age of farm wives at marriage; 

2) the length of their fertile period; 

3) the birth control decisions (number and timing of births); 

4) the household membership decisions of farm offspring; 

5) the occupational choice decisions of farm family members; 

6) the life expectancies of farm people. 

39 

These elements are not determined only by Nature. Economic factors 

are involved, together with psychological, sociological and physiological 

factors. Attention will be confined to the role played by economic and 

some social factors in the following decisions: 

- birth control (item 3); 

- farm offspring household membership (item 4). 

In many rural areas, departure from the parental household often is 

closely related to marriage. So the outcome of the household membership 

decision model can also be taken as an approximation to the distribution 

of the age at marriage (item 1). 

The economic factors to be considered in this analysis of the birth 

control and household membership decisions include the economic 
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contribution of the farm offspring, that is the difference between the 

real income they generate for the household and the childbearing costs. 

The models set up to represent the birth control and the household 

membership decisions could apply to populations other than rural ones. 

However, because of this emphasis on the role of the economic 

contribution of children, they are probably more appropriate for a setting 

where the income earning role of children is important. 

The birth control model is dynamic and in continuous time, so that 

it determines not only the number of children at the end of the 

childbearing period (completed family size), but also the timing of births 

and the time path of the family size. The model is stochastic, in the 

sense that the number of children is a random function and the timing of 

births is a random variable. This approach to the fertility decision 

problem follows the line initiated by Heckman and Willis (1975) where 

parents are viewed as deciding not directly on the number and timing of 

births, but instead on the intensity of birth control at some level 

between the case of no birth control, all births being determined by 

natural fertility, and the case of total birth control, no birth being the 

random outcome of natural fertility. The intensity of birth control 

combined with the level of natural fertility determines the probability of 

conception. So this model takes into account not only economic factors, 

but also natural supply factors such as natural fertility, risk of infant 

mortality and attainment of natural physiological sterility. 
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The mathematical construct that follows from this view of the problem 

is a continuous time optimal control model of a generalized 

birth-and-death process6 where the control variable is the intensity of 

birth control and the state variable is the discrete number of children. 

Under specifications of functional forms for some ingredients of the 

model, namely preferences, it can be explicitly solved by standard 

stochastic programming techniques to get a closed form solution for the 

optimal birth control function. This outcome of the model is a function 

describing the time path of the intensity of birth control throughout the 

maternity history of the farm wives, dependent on exogenous factors such 

as the age of the female at marriage, the risk of infant mortality, the risk 

of natural physiological sterility and the exogenous time paths of child 

costs and earnings. The probability distribution of the family size over 

time is calculated by deriving the moment generating function of the 

number of live children generated by that optimal birth control function. 

Finally we derive some comparative dynamic results to examine how 

birth rates are likely to respond to exogenous changes in the costs and 

earnings of children. 

6 In this type of processes the birth and death rates depend not only on time 
but also on age. A classical treatment of these stochastic processes is given in 
Kendall (1948). 
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2.2 CRITICAL REVIEW OF THE LITERATURE 

The approach where parents do not choose the number and timing of 

births directly, but instead choose a level of birth control was initiated by 

Heckman and Willis (1975), with later contributions by Rosenzweig and 

Schultz (1985), Hotz and Miller (1988), Newman (1988) and Heckman 

and Walker (1991). The model to be presented in this chapter is closer to 

the one proposed by Newman, but departs from this in several ways: 

- the economic contribution of children is taken into account; 

- the utility of parents does not depend on the number of children, it 

depends only on the consumption of goods and services and on the 

intensity of birth control; 

- parents are risk neutral with respect to the consumption of goods 

and services (Newman's uses an utility function quadratic in 

consumption); 

- birth control is treated as a random horizon problem by considering 

the age of natural physiological sterility as a random variable; 

- prices, costs and incomes are allowed to vary over time; 

- because we allow for a time varying economic environment, the 

random variables are indexed not only with respect to the age of the 

female, but also with respect to the time period; 

- the allocation of mother's time remains exogenous as in Newman's 

model, but is allowed to vary over time without being tied to the number 

of children in some fixed way; 

- the solution of the model does not stop with the derivation of the 
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birth control function, it continues on up to the derivation of the moment 

generating function for the time path of the number of live children. 

Besides this stochastic dynamic approach to the fertility behavior we 

would like to select from the vast literature on fertility decline one theory 

which has wide acceptance among demographers. It is the theory of 

intergenerational wealth flows, formulated mostly by Caldwell (1977, 

1978, 1981, 1982) and his followers (Caldwell et al., 1982). This theory 

can be summarized as follows (Jones, 1990, p. 101): 

- "there are two basic kinds of society - one where high fertility is 

economically advantageous to family leaders, and the other where it is 

not"; 

- "one society changes to the other ... when there is a transition from a 

familial mode of production, where the family is the basic organizational 

unit (as in subsistence farming), to a capitalist mode of production with 

labour markets external to the family"; 

- when this "transition occurs ... there is a change ... in the net 

direction of the two inter generational wealth flows: the one from children 

to parents" is surpassed by "the other from parents to children". 

Caldwell has not provided a formal treatment of his theory. As we will 

show later on, our stochastic fertility model can accomodate the basic 

tenets of the Caldwell's hypothesis. 



2.3 ASSUMPTIONS 

The model is based on the following assumptions. 

ASSUMPTION A2.1 

The parents are viewed as a single agent with respect to the birth 

control decision. 

ASSUMPTION A2.2 

The parents' decision is framed in continuous time. 

ASSUMPTION A2.3 
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The parents' decision horizon is finite, beginning at the time of 

marriage, and ending at the age at which the female reaches the state of 

natural physiological sterility. 

ASSUMPTION A2.4 

The age at marriage denoted by Lois conditional on the individual 

being alive and has a continuous distribution Go ( Y ) ,where y denotes 

the age of the individual. 

ASSUMPTION A2.5 

The age of natural physiological sterility conditional on the individual 

being alive is denoted by L I , and is assumed to be a random fact of 
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nature not controlled by the parents who don't know it for sure. However, 

they know its distribution function G) (y) and its probability density 

function g) (y) defined as follows: 

(2.1) L)E[O,T)J 

(2.2) g)(y)~O , YE[O,T)J 

(2.3) g)(y»O , YE(O,T)) 

(2.4) iT'g)(Y)dt= 1 

where T) denotes the age at which natural physiological sterility is 

certain. 

ASSUMPTION A2.6 

The lifetime of each individual in the population (parents and 

children) is a random variable denoted by L 2 which is independently 

and identically distributed among all individuals, with distribution 

G 2 (y), where y denotes the age of the individual. It is assumed that the 

functional form of the survivor function S 2 (y) corresponding to G 2 ( Y ) 

is exponential with a time invariant hazard rate denoted by ~: 

(2.5) S2(Y) == I - G 2(y) = g-llY 



ASSUMPTION A2.7 

The state variable is J( ( l / L 0 , y) , the number of children alive at 

time t, conditional on the female's age at marriage L 0 and on the 

female's age y at time t. J( ( l) is considered to be discrete. 

ASSUMPTION A2.87 

{J( (l / L 0' y) , l > O} is called the "potential maternity process". This 

process is assumed to be a "female dominant process" in the sense that 
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the only way to stop it is by death of the female. N (l / L 0 , y) will denote 

the actual maternity process, that is the number of live offspring 

contributed to the population during the time interval [0, l] by one 

female born at time l - Y , and married at age L 0 , taking into account 

the possibility that she might have died before time t. The potential and 

the actual maternity processes are related as follows: 

Because the maternity process is female dominant the age parameters 

in this chapter will refer to the age of the female. 

7 The terminology used in this assumption is adapted from Mode (1985), 
with the difference that Mode deals with births only, whereas we deal with 
births and deaths. So we use the term "maternity process" instead of "birth 
process". 
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ASSUMPTION A2.9 

The stochastic process generating the dynamics of the state variable is 

assumed to be a generalized birth-and-death process where the 

conception probability is partially under the control of the progenitors 

who choose a level of birth control z ( l / ,; 0 , y) dependent on the current 

age of the female, on her age at marriage and on some exogenous time 

varying covariates. 

The total number of live births is a non stationary Poisson process8 

denoted by q I with intensity b (y) - z (l /,; 0' y) , where b (y) is the 

biological maximum level of fecundity and z (l /,; 0' y) is the level of 

birth control chosen by the parents. So parents cannot choose the timing 

of birth directly, but by choosing z ( .) between zero and b (y) they 

determine how much that timing deviates from the timing dictated by 

natural fertility. 

Infant mortality is assumed to be a simple death process denoted by 

q 2 with a probability of death denoted by J-l assumed to be a non 

controllable parameter, constant over time, as stated in assumption A2.6. 

Given assumption A2.9, the probabilities of the "events" that can 

possibly occur during an arbitrary small time interval (t, t + 6 t) are: 

8 The use of stochastic dynamic programming in a continuous time frame 
requires the state variable dynamics to be expressed as a Markov process 
defined over arbitrary small time intervals of length 5 t. Such processes are 
called infinitely divisible in time. Poisson processes are those kinds of 
processes since they are continuous in time. Their special characteristic is 
that they allow for discrete changes in the state variable which makes them 
appropriate to take into account the discrete nature of births. 
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(2.7) Pr[6K(t,t+6t1--c o 'Y)= 1]=[b(y)-z(tI--co ,y)]6t+0(6l) 

(2.8) Pr[6K(t, t + 6ll--c o' y) = -1] = K(tI--c o' Y)1l6t + 0(6t) 

(2.9) Pr[6K(t,l+6ll--c o 'Y)=0]= 

= 1-[b(y)-z(lI--c o ,y)+K(lI--co ,Y)Il]6l+0(6l) 

(2.10) Pr[/6K(t,l+BlI--C o'Y)/> 1]=0(6l) 

where 

(2.11) limO(Bl)=O 
btlo 6 t 

ASSUMPTION A2.10 

Parents' preferences are intertemporally separable. 

ASSUMPTION A2.11 

Parents' current utility at time l depends positively on the level of 

family consumption C(ll--c o , y), and negatively on the level of birth 

control z ( l 1 --c 0 , y) . Also the current utility function is assumed to be 

strictly concave in z ( l / --c 0 , y). 9 

ASSUMPTION A2.12 

There are neither savings nor investment. 

9 To get a closed form solution to this model a more specific functional form 
for the current utility function will be assumed later on. 
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ASSUMPTION A2.13 

Family income at time t denoted by Y ( l I -r 0 , y) has two parts: 

1) one component denoted by Y I (l I -r 0' y) represents the economic 

contribution of children assumed to be a function of the total number of 

children alive at time t: 

(2.12) Y I (l) = f(l)K(lI-r o' y) 

2) the other component denoted by Y 2 ( l) represents all other sources 

of income which are independent from the number of children. 

This second component is assumed to evolve deterministically over 

time in some exogenous fashion. 

ASSUMPTION A.14 

Family expenditures at time l are of two types: 

1) purchases of consumer goods and services denoted by 

Pc( l)C (l l-r 0' y) ,where P c( l) is assumed to evolve over time in some 

deterministic and exogenous fashion; 

2) economic costs of children denoted by P 9 (l ) K (I I -r 0 , y) where 

P 9 (I) accounts for the monetary value of goods and services used to 

raise children including the value of time allocated to childbearing by the 

mother or other family members, P 9 (l) being assumed to evolve 

deterministically over time in some exogenous fashion. 

The difference between f ( l ) K ( I I -r 0 , y) and P 9 ( I ) K ( I I or 0 , y) will 
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be called the net economic contribution of children and denoted by 

P d ( t ) K ( t / 1: 0 , y) . The ratio [p d ( l ) / Pc ( l )] will be called the relative 

value of children. 

ASSUMPTION A2.15 

The children are assumed to influence the parents' welfare not only 

during the childbearing period but also beyond. To take account of this 

fact the parents' utility includes a post-childbearing period valuation 

function B[ K (. ,1: 0,1: 1),1: I] representing the utility they continue to 

receive from the children after the age of natural physiological sterility. 

ASSUMPTION A2.16 

Parents take their fertility decisions independently of their own 

probability of death. 

ASSUMPTION A2.17 

Parents have perfect information about all the components they 

perceive as relevant for their fertility decision problem. 

ASSUMPTION A2.18 

Parents behave so as to maximize the present value of their utility 

stream with some given positive discount rate r I • 



2.4 COMMENTS ON THE ASSUMPTIONS AND FURTHER 

REFERENCES TO THE LITERATURE 
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Assumption A2.1 neglects the strategic interactions between parents, 

reducing birth control to a single decision maker problem. 

Assumption A2.5 considers the natural attainment of physiological 

sterility as a random phenomenon, out of the individual's control. This 

should be distinguished from voluntary sterilization which is a form of 

birth control corresponding to the case where z ( . ) = b ( Y ) . 

Assumption A2.5 together with assumption A2.3 define the fertility 

decision problem as a random horizon problem. 

Implicit in assumption A2.9 is the view that, in choosing the level of 

birth control, the parents perceive the relationship between the number 

of children alive and the levels of natural fertility, birth control, and 

infant mortality. Implicit in assumptions A2.11, A2.12, A2.13, A2.14, and 

A2.15 is the view that, in choosing the level of birth control, the parents 

also perceive the relationship between the number of children alive and 

the level of family consumption and welfare. However, there is at least 

one type of jointness that is not perceived by the parents, according to 

these assumptions: the relationship between the level of family 

consumption and the level of child mortality. 

Assumption A2.11 neglects the motivation for conception that might 

come from viewing children as durable consumption goods which is the 

basic tenet of the "Chicago-Columbia" demand oriented approach 

initiated by Becker (1960, 1981). In the "Chicago-Columbia" approach 
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parents have fixed and exogenous preferences for the number and 

quality of children. Assumption A2.11 avoids this type of preferences. 

The emphasis is put on children as earnings-supplying agents and on the 

disutility costs of controlling the fertility supply factors. So children are 

viewed as a produced means of production. The household production 

technology of children is allowed to change and, for positive analysis as it 

is the case here, this can be taken as a change in preferences (Pollak and 

Watkins, 1993). Endogenous preferences for children are a feature of the 

"Pennsylvania approach" (Easterlin, Pollak and Wachter, 1980). 

Assumption A2.12 was made just for simplifying the model. 

The economic contribution of children is introduced in assumption 

A2.13 in a simplified way by neglecting the age structure of children. To 

account for this feature, the state space would have to be extended by 

introducing a state variable for each child. 

With assumptions A2.13 and A2.14 the allocation of the parents' time 

is exogenous. The allocation of time to childbearing activities is 

incorporated into the ratio P d ( t) and the other allocations of time 

independent of the number of children are incorporated into the 

autonomous income Y 2 ( l) . 

Assumptions A2.13 and A2.14 neglect the effects of randomness in the 

parents' economic environment. This environment is changing, but the 

parents are assumed to know it with subjective certainty. So we are 

proceeding as if the parents' decisions are conditional on a given 

realization of a random economic environment. 
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2.5 FORMULATION OF THE MODEL 

The model is formulated conditional on the female getting married at 

time zero. Given the assumptions, the fertility decision problem can be 

set up as a stochastic programming model: 

(2.14) s.l. /((0)=0 

(2.15) 

(2.16) 

(2.17) 

PC(l)C(l/LO' Y) - Pd(l)/((l/LO' y) = Y 2(l) 

o =:;; Z(l/LO' y) =:;; bey) 

where U 1 ( .) is the current utility function 

E ~ is the expectation operator at the time zero conditional on the female 

getting married at time zero. 

By appealing to the distribution G 1 (y) , the utility functional in 

(2.13) can he rewritten as follows: 



where E 0 is the expectation operator at time 0 over all the random 

variables, except L, , conditional on the female getting married at time 

zero. From (2.18) we get10: 

(2. 19) Eo iT 1- -c 0 {<1 C tI L 0) u , [C (t) , z (t / L 0' L 0 + l)] + 

where 

-r t 
(2.20) <1(tI'to)=[l-G,C L o+t)]e I 

10 This corresponds to the "Marshall utility function" in Yaari's seminal 
treatment of the random horizon problem (Yaari, 1965). 
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2.6 SOLUTION OF THE MODEL 

2.6.1 DERIVATION OF THE STOCHASTIC HAMILTON - JACOBI

- BELLMAN OPTIMALITY EQUATION 
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Standard dynamic programming techniques based on Bellman's 

principle of optimality will be followed to derive an optimality 

equation. According to this principle "an optimal policy has the 

property that, whatever the initial state and control are, the 

remaining decisions must constitute an optimal policy with regard to 

the state resulting from the first decision" (Bellman, 1957, p. 83). This 

principle allows the transformation of the dynamic optimization 

problem (2.13)-(2.17) into a succession of static optimization problems 

starting at the end point of the planning horizon and proceeding 

recursively backwards towards the initial time of the planning 

horizon. 

Picking an arbitrary time period t in the interval [0, T I - L 0] 

the value of the state variable K (1/ L 0' L 0 + l) is set equal to a value 

K. According to the optimality principle, for the decision plan over the 

entire planning horizon to be optimal, the decisions starting from 

time I on up to time T I - L 0 should be optimal, given the value of 

the state variable at time t. So let V ( K , l , T I - L 0) denote this 

optimal value of the objective function for the sub-problem starting at 

time l conditional on K (1/ L 0' y) = K. The function 

V ( K , I , T I - L 0) is called the expected optimal value function of the 

sub-problem starting at time t. 
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(2.21) V(K,t,T.-1: o)= Max E,jT I

-t

o
{C1(S)U.[C(S),Z(S)]+ 

z , 

+g. (1: 0 + s)8[KC"c o + 1:+s), s]}ds 

s.t. (2.14)-(2.17) 

where E t is the conditional expectation operator at time t taken 

over all random variables, except L., conditional upon 

K ( tI L 0 , y) = K and L 0 • 

V ( K , l, T • - L 0) is assumed to be continuously differentiable in 

t, but obviously not in K because K is discrete. 

For l = T • - L 0 , (2.21) yields the following boundary condition: 

(2.22) V(J<, T. - LO) = 8(J(, T. - LO) 

Now consider the next time interval [I, 5t] where 0 I can be 

made arbitrarily small. According to the optimality principle, 

V ( K , l , T • - L 0) can be decomposed into a sum of two terms: 

f ,·6' 
(2.23) V(K ,l, T.-LO) = Max E, {a(s)U.[C(s),z(s)]}ds+ 

z , 

f
T1-"t O 

+ Max £"6' {a(s)U.[C(s),z(s)]+ 
z ,. 6' 

+g. (LO + s)8[ K (LO + s), LO + s]}ds 

The value of the first integral can be approximated as follows: 

(2.24) {CJ(l)U .[e(/), z(t)]}OI 

The second integral, given definition (2.21), is equal to 

(2.25) V[K(l+5l),l+5l, T.-LO] 



So using (2.24) and (2.25), (2.23) can be rewritten as follows: 

(2.26) VU<, l, T 1- LO) = Max E t { {a(l)U I[C(l), z(l)]}6l + 
:: 
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+V[K(t+6t),t+6t,T 1-L O]} 

Subtracting V (K , I , T I - L 0) from both sides of (2.26) yields 

(2.27) 0 = Max Et{a(t)U )[C(l), z(t)]}6l + 
:: 

+ Max Et{V[K(t+6t),t+6l, T1-LO]-V(K,t, T)-LO)} 
:: 

Dividing by 0 t and taking limits as ot tends to zero we obtain 

(2.28) 0 = Max E,{a(l)U I[C(l), z(t)]} + 
:: 

. E,{V[K(l+ol),t+ol, T)-'to]-V(K ,l, T)-'c o)} 
+ Max 11m 0 

:: tid 0 t 

Because 0 t is arbitrarily small, z (l) and a (t) U I ( .) can be 

considered constant in the time interval [l, t + 6t], the expectation 

operator in the first term of the RHS of (2.28) can be dropped. 

In the stochastic programming literature, the second term in the 

RHS of (2.28) is called the differential generator of the function V. 

This term is the stochastic equivalent to the time derivative for 

deterministic functions. 

To economize notation let 0 V denote the following difference: 

(2.29) V[K(l,l+ot),t+6l, T1-LO]-V(K,t, T1-LO)= 6V 

To get the "Ito formula" for the differential generator note first 

that, by the law of total probability, we can write: 



(2.30) E,oV=E,[oVloK(t,l+ol)= I]Pr[oK(t,I+ot)= 1]+ 

E,[oV loK(t, I + ot) = -1 ]Pr[oK(t, t + ot) = -1] + 

E ,[ 0 V I oK (t, t + ot) = 0] Pr [0 K (t, t + ot) = 0] + 

E,[oVlloK(I,t+Ol)l> I]Pr[loK(t,t+OI)I> 1] 
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Considering assumption A2.9, equation (2.30) can be rewritten as 

follows: 

(2.31) E,oV=E,[oVloK(l,l+OI)= l][b('to+t)-z(t)]ot+ 

+E,[oVloK(t,l+ot)=-I]K~tot+ 

+ E ,[ 0 V I oK (t ,I + 01) = O]{ 1 - [b ('t 0 + t) - z (t) + K ~] ot} + 

+E,[oVlloK(t,l+ot)l> I]O(ot) 

Dividing (2.31) by fit, taking limits as fit tends to zero, and using 

condition (2.11) yields 

E 5V 
(2.32) lim -' - = lim E,[5V 15K(l, t + 5l) = I ][b("t o + t) - z(t)] + 

0,10 5t otlo 

+lim E,[5VI5K(t,l+5t)=-I]Kll-
0110 

- lim E ,[5V /5K(t, t + 5t) = O][b("to + l) - z(t) + KIl] + 
0,10 

. E,[5VI5K(t,l+5t)=0] 
+ lim --------

6,10 5t 

Using definition (2.21) the expectations in the RHS of (2.32) can 

be written as follows: 

(2.33) limE,[oV/oK(t,t+ot)= l]=V(K+ l,l,T.-LO)-
61 L 0 
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(2.34) Ii mEl [ 0 V / 0 K (t , t + 0 t) = - I ] = V (l( - I , t , T 1 - 't 0) -
/illo 

-V(l(,l,T1-'t O ) 

(2.35) lim E,[oV /oK(l, l + ot) = 0] = V(K, t, T 1 - 't o)-
/illo 

(2.36 ) 
. E,[oV/oK(l,t+ot)=O] 

11m = 
bllo ot 

. V(K,t+ot,T1-'tO)-V(l('t,T1-'t O) 
= hm = 

bllo ot 

Given (2.33)-(2.36), the value of the differential generator is this: 

E,BV 
(2.37) lim -s;,- = [V(K + 1 ,t, T 1- '(;0) - V(K, l, T I - 'co)] X 

bllo ul 

x [b ('c 0 + l) - z (t)] + [V (K - 1 ,l, T I - 1: 0) - V (K ,t, T I - 1: 0)] K Il + 

Substituting (2.37) back into (2.28) yields 

(2.38) 0 = Max {a(i)U I[C(i), z(i)]+ 
% 

+V(K+ 1 ,t, T1-Lo)-V(K,i, TI-Lo)][b(Lo+t)-z(i)]+ 

+[V(K-I ,i, T1-Lo)-V(K,i, T,-Lo)]KIl+V,(K,t, T1-LO)} 

s. t. (2.14) - (2.17) and (2.22) 

This is the Hamilton-Jacobi-Bellman optimality equation for this 

problem. 
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2.6.2 SOLUTION OF THE SYSTEM OF OPTIMALITY CONDITIONS FOR A 

QUASI-LINEAR UTILITY FUNCTION 

The first order condition necessary for a regular interior maximum 

of the RHS of equation (2.38) is 

dU I[C*(I), z*(l)] 
(2.39) a(t).) -[V(K+l,l,T1-'CO)-oz(t) 

-V(K,I,T1-'CO)]=O 

The second order condition sufficient for a regular interior 

maximum of the RHS of equation (2.38) is 

which holds because of assumption A2.11. 

The complete system of optimality conditions for this problem is 

then the following: 

(2.41) d(t)U .[C·(l), z'(t)]+ 

+ [V (K + 1 , I, T. - ,; 0) - V (K , I, T. - ,; 0)][ b (,; 0 + I) - z· (I)] + 

+ [V (K - 1 , I, T. - ,; 0) - V (K , I, T. - ,; o)]K 11 = - V I( K , I, T. - ,; 0) 

together with conditions (2.14) to (2.17), (2.22) and (2.39). 

Before solving this system, attention is given to the intuition 

denoted by the first order condition (2.39). 

1. Suppose that having one more child reduces parents' future 

utility, that is, V (K + 1 ) - V (K) < O. What is intuitive, in this case, 

is that parents will increase their intensity of birth control. This is 
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exactly what is implied by condition (2.39). It says that we should 

have 6. U 1 < 0 which requires 6. z > 0 . The optimal level of birth 

control matches the sacrifice in current utility due to more intensive 

birth control with the sacrifice in future utility, if one more child were 

born because of a less intensive birth control. 

2. Suppose now that having one more child increases parents' 

future utility, that is, V (K + 1) - V ( J() > O. Parents then will 

reduce their intensity of birth control. Again this is in accordance 

with condition (2.39). It says that we should have 6.U 1 > 0 which 

requires 6.z < O. The optimal level of birth control intensity matches 

the improvement in current utility due to less intensive birth control 

with the improvement in future utility, if one more child were born 

because of a weaker birth control. 

We will now proceed to solve the system of optimality equations. 

This system has to be solved for z*(i) and V(K, i, T 1 - '(0), but 

this cannot be done without assuming an explicit functional form for 

the utility function. 

ASSUMPTION A2.19 

The parents' current utility function is quasi-linear of the form: 

(2.42) U 1 [C(l), z(l)] = C(l) + u[z(l)] 
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ASSUMPTION A2.20 

The birth control disutility function is quadratic of the form: 

Assumption A2.19 means that parents are risk neutral with 

respect to variations in the consumption of goods and services. 

Assumption A2.20 means that parents have increasing absolute risk 

aversion with respect to variations in the intensity of birth control. 

These assumptions yield a tractable problem without appealing to 

unrealistic attitudes towards risk as in the Newman's model. 

Assumptions A2.19 and A2.20 together with condition (2.16) imply 

the following expression: 

The optimality conditions (2.41) and (2.39) can then be rewritten 

as follows: 

I , 2 
(2.45) Ct I (t)K-a(t)2[z (t)] +a 2 (t)+ 

+[I/(K+ l,t, T1-T o)- I/(K,t, T, -To)][b(To+t)-Z'(t)]+ 

+[1/ (K - I, t, T I - 'co) - 1/ (K ,t, T I - To)]K~ = - 1/ ,(K ,t, T I - To) 

(2.46) - a (l) z· (l) - [1/ (K + I, l, T 1 - L 0) - V (K , l, T 1 - L 0)] = 0 



where 

From (2.46) we get 

* 1 (2.49) z (l) = - cr (I) [V (K + 1 , I, T 1 - L 0) - V (K , l, T 1 - L 0)] 

Substituting (2.49) back into (2.45) yields 

(2.50) a I (I)K + 2C1
I
(I)[V(K + I, I, T I - "to) - V(K, I, T 1- "t o)]2 + 

a 2 (1)+[f/(K+ I,I,TI-'CO)-V(K,I,TI-"tO)]b("tO+I)+ 

+[ V( K - I ,I, T I - "to) - V(K, I, T I - "to)] K~l = - V ,( K, I, T I - 'co) 
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We now conjecture that the functional form for the unknown value 

function is linear. 

(2.51) VU(, I, T 1 - LO) = m 1 (l)K + m 2 (t) 

where m 1 (I) and m 2 ( I) are unknown coefficients to be 

determined. 

Substituting (2.51) back into (2.50) yields 

1 
(2.52) a 1 (l)K + --)m 1 (l)2 + a 2(l) + m 1 (l)b (l) - m 1 (l)KI.1 = 

20(l 
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Equating the coefficients in the two sides of the equation two 

differential equations are obtained which can be solved for m 1 (t ) 

and m 2 (t) . By substituting these solutions back into equation (2.51) 

the conjectured value function is completely determined11. The 

differential equations are the following: 

I 2 0 

(2.54) 2cr(l) m 1 (0 + a 2 (l) + m 1 (t)b (La + I) = -m 2 (1) 

(2.53) is a non homogeneous first order ordinary differential 

equation with non constant coefficients to be solved for m 1 (t) . The 

solution can then be substituted back into equation (2.54) to yield 

another equation of the same type as (2.53) which has to be solved for 

m 2 (I) . However, for the purpose of calculating the optimal birth 

control function z * (l) we just need to determine m 1 (I) . Therefore 

the solution to equation (2.54) can be skipped. 

The integrating factor for equation (2.53) is 

(' 
II Jr ds 

(2.55) g 0 

Multiplying both sides of equation (2.53) by this integrating factor 

yields 

11 This solution procedure is called the "method of undetermined 
coefficients". 
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or equivalently 

By integration we get 

ILJ,ldS (I ILJ,u ds 

(2.58) m((l)e 0 = Jo a((v)e 0 dv+c 

where c is some constant. So the solution to equation (2.53) is 

or equivalently 

The value of the constant c is determined from the boundary 

condition (2.22), but to calculate it we need to assume a specific 

functional form for the post-childbearing period value function B ( . ) . 

We will suppose that it has the same functional form as the 

conjectured solution for the value function V ( . ) . 

ASSUMPTION A2.21 

The post-childbearing period value function 

B [ K (L ( - L 0 ) , .( ( - L 0] has the following functional form: 

(2.61) B[K(L(-LO),L(-LO]=s(K(L(-LO)+S2 
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Given (2.61), the boundary condition (2.22) is specified as follows: 

From (2.60) and (2.62) we obtain the following expression for c: 

T -"( 
Il( T _"() (I 0 

(2.63) c=sle 10_)0 a1(v)eJlUdv 

Substituting (2.63) back into (2.60) the solution to equation (2.53) 

is completed 

To get the expression for the optimal birth control function this 

result is substituted into the solution conjectured for the value 

function and the result is substituted into equation (2.49) to obtain 

the following expression for the optimal birth control function: 

This function has the following properties: 

a) birth control at a specific point in time is not influenced by the 

total number of live children at that time; 

b) birth control is not influenced by the autonomous income 

c) what has an influence on birth control is the discounted stream 
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of the future relative value of a child, that is, the present value of the 

stream of future child earnings net of child costs, deflated by the 

consumer price index. 

These results are driven by the specification of the parents' 

preferences and the economic value of children. A quasi-linear utility 

function such as in (2.42) implies a "zero income effect" for the 

intensity of birth control: all increase in the parents' current income 

goes entirely to the purchase of consumer goods and services and does 

not affect the intensity of birth control. What should be noticed here, 

however, is that, according to the optimal birth control function 

above, this zero income effect holds only with respect to the 

variations in the current autonomous income, but not with respect to 

the variations in income resulting from the economic contribution of 

children. 

The absence of the number of live children in the optimal birth 

control function is due to the fact that this number enters in the 

parents' decision problem in a linear fashion. So parents care only 

about the earnings and costs per child. 
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2.6.3 DISTRmUTION OF THE nmTH SPACINGS 

Consider a female married at time lo = 0 who has live children at 

times l n , n = 1 , 2 , .. " 

l n is a random variable from which another random variable 

w n , n = 1 , 2 , . .. can be defined representing the time spacing 

between live births. 

(2.66) wn=in-t n- I , n= 1,2,,,. 

Let Iv n denote the distribution of W n 

(2.67) l,v n[wl h n_l , a(i)] = Pr[wn ~ wi h n_l , aCt)] 

where h n-I stands for the individual's past history until the 

(n - 1) II! live birth and a ( t) denotes the vector of the exogenous 

variables. In this model there is a markovian situation where the 

past history is reduced to the age x and the time of occurrence of the 

(n - 1) II! live birth. So (2.67) can be expressed as follows 

(2.68) W n[wlhn_l , aCt)] = Pr[wn ~ wli n_1 = x- -co' a(i)] 

Appealing to some results from the theory of stochastic processes 

(Qinlar, 1975, pp. 97-98), the distribution of the nIl! birth spacing for 

a non stationary Poisson birth process with a time continuous 

expectation b ( y) - z ( i I -c 0 , y) has the following expression 

(2.69) l,vn[wli n_1 =x--co,a(l)]= 

= 1 - e 
-[ b(x+ w)- z(x+ w- 't 0)- b(x)+ z(x- 'to) I 
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This result shows that a higher intensity of birth control is likely 

to lead to a wider spacing of births. 

Note also that the birth spacings are neither independent nor 

identically distributed: 

- they are not independent because W II depends on l = x - L 0 + w, 

and therefore it also depends on WI' W 2 ' ••• , W n-1 since 

x = L 0 + WI + ... + W 11-1 ; 

- what we can say is that each birth spacing W n is conditionally 

independent from the previous ones W II _ 1 , ••• , W II given 

l n _ 1 = X - L 0 , because as far as the prediction of W II is concerned, 

the extra information provided by W 11-1 , ••• , WI looses all its 

relevance once the value of l 11_ 1 is known; 

- the birth spacings conditionally all have the same type of 

distribution (exponential) but with different mean. 



2.6.4 TIME PATH OF THE EXPECTED FAMILY SIZE 

This section deals with the derivation of the moment generating 

function of the family size K ( l ) , taking into account the optimal 

birth control function (2.65). As before, it is assumed that marriage 

happens at time zero. For a random function with countable range 

such as K ( l) the moment generation function is 

CIO 

\"" OK (2.70) M(0,l)=L e PK(l) 
K-O 

where 0 is a d.ummy variable and P K ( l) is defined as follows 

(2.71) PK(/)=Pr[K(t)=K] , K=0,1,2, ... 
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A standard procedure to establish this moment generating 

function is to derive the forward Kolmogorov differential equations 

for the probabilities P K (t) and from there get a partial equation to 

be solved for M ( 0 , t ) . To derive these differential equations we start 

off by considering the time interval (I, I + 0 t), assuming that 

K (I , 01) is equal to some integer K , and then consider all the 

mutually exclusive events that might happen in that time interval 

leading to the family size K (I , t + ot) = K. The probability P K (t , 5t) 

will then be the sum of the probabilities of these mutually exclusive 

events. The system of differential equations for the probabilities 

P K (l) is obtained by taking limits as 0 l tends to zero. Following 

this argument we start with the following expression: 



(2.72) PK(l+ol)=Pr[K(l)=K and oK(l,l+ol)=O]+ 

+Pr[K(l)=K-1 and oK(l,l+ol)= 1]+ 

+Pr[K(l)=K+1 and oK(l,l+ol)=-1]+ 

+O(ol) 
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Given definition (2.71), this expression can be rewritten as follows 

(2.73) P K(l + ol) = P K(t)Pr[oK(t, l + ol) = 01 K(l) = K] + 

+PK_l(l)Pr[oK(l,l+ol)= 1/K(l)= K-l]+ 

+ P K+ 1 (l)Pr[oK(l, I + 01) = -11 K(l) = K] + 

+O(ol) 

Substituting (2.7)-(2.9) into (2.73) yields 

(2.74) PK(t+ol)= PK(t){1-[l\.(l)+K~L]ol}+ 

where 

+Pk-l(l)l\.(l)ol+ 

+PK+l(l)(K+ 1)~ol+ 

+O(ol) 

From (2.74) we obtain 

PK(l + ol) - PK(l) 
(2.76) 01 = PK-l(t)l\.(l)- PK(t)[l\.(l)+ K~]+ 
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Taking limits as ot tends to zero yields the system of forward 

Kolmogorov differential equations 

dpK(t) 
(2.77) dt = PK_I(t)'A.(t)- PK(t)['A.(t)+ K~L]+ 

K=0,1,2, ... 

To get the initial conditions it is necessary to make an assumption 

about the number of children each female has at the time of 

marriage. 

ASSUMPTION A2.22 

Females have no children at the time of marriage. 

This assumption implies the following initial condition for the 

system of equations (2.77) 

{I if O} 
(2.78) PK(O)=Pr[K(O)=m]= ° if ::0 

We also have 

(2.79) P_I(t)=O 

To get a partial differential equation in M (e , I) from (2.77) we 

multiply both sides by g OK, sum over K from zero to infinity and 

rearrange terms to get 



(2.80) 

.. .. 
-11 L gOK PK(t)K+e-oll L eO(K+l)PK+l(l)(K+ 1) 

K-O K-O 

Given definition (2.70), this can be rewritten as follows 

oM -0 oM 0 
(2 81) --~(e -1)-= (e -1)l\(l)M(9 t) . ot 09 ' 

where the initial condition follows from (2.78): 

(2.82) M(9,O)= I 

(2.81) is a quasi-linear partial differential equation of the first 

order. So the method of characteristics can be used and the 

subsidiary equations. are: 

(2.83) dl = _ d9 = dM 
1 ~(e-o-l) (e o-l)l\(l)M(9,l) 

The first and third expressions yield 

dM 
(2.84) --(eo-l)l\(t)M(9,t)=O 

dl 

The first and second expressions yield 

de 
(2.85) -+(e-o-l)~=O 

dl 

(2.84) is a homogeneous linear ordinary differential equation of 

the first order whose integrating factor is 
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Multiplying both sides of equation (2.83) by g It(/) yields 

or equivalently 

Integrating (2.88) with respect to t gives the following solution for 

equation (2.84) 

(2.89) M(0,l) g lL(l)=C 1 

where C I is an arbitrary constant. 

Turning now to equation (2.85) we make the following change of 

variable 

(2.90) 0=-iogp 

Then equation (2.85) can be rewritten as follows 

dp 2 
(2.91) -=p ~L-p~ 

ell 

This is a scalar Ricatti differential equation which, through the 

Ricatti transformation 

(2.92) pet) = [Y·Cl)J(.!.) 
y(l) ~ 

becomes equivalent to the following second order linear ordinary 

differential equation 



Making the change of variable 

(2.94) y'(t)=w(t) 

equation (2.93) becomes equivalent to the following first order 

ordinary differential equation 

(2.95) w ' (t ) - ~L W (I) = 0 

whose solution is 

( 2 . 96 ) w ( I) = a g 111 

where a is some constant. Integrating (2.96) with respect to l we 

get 

a 
(2.97) y(l)=-glll+b 

~L 

where b is some constant. 

(2.90), (2.92) and (2.97) imply the following solution for equation 

(2.85) 

(2.98) 0 = -lOg( ag
ltl 

) 
ag lll + b~ 

which can be rewritten as follows 

where 

(2.100) 
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Given (2.89) and (2.99) the general form of the solution to 

equation (2.81) is 

[ 

-111-0 III] 
(2.101) M(0,l)=e- U (I)q, -e e_o+e 

where <I> is a function to be determined by the initial condition 
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(2.82). This initial condition and the evaluation of solution (2.101) at 

time zero yield 

(2.102) q,(v)=e-o+v 

where 

(2.103) v=---e - 0 

Substituting (2.102) and (2.103) back into (2.101) yields the 

moment generating function of the family size 

The expected family size at time t is obtained by differentiating 

M ( .) once with respect to 0 and then evaluating the derivative for 

0= O. We obtain 

(2.105) E[K(l)/LO]= ilA.(X)dx+elll-l = 

= il{b(1:o+X)-Z[XILo,a,(X)]}dx+eILl-l 
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Note that the first term in the RHS of(2.105) is the cumulative 

hazard function for births. Equation (2.105) also shows that every 

change in an exogenous variable that leads to an increase (decrease) 

in the level of birth control is expected to result in a lower (higher) 

family size. 

The variance of the family size at time t is obtained by 

differentiating the moment generating function twice with respect to 

o and then evaluating the derivative at 0 = O. We get 

(2.106) Var[K (l )/';0]- [(f.' 1\(x)dx r + f.' 1\(x)dx ] + 

+[fat 'A(x)dx ][-1 + e I1t ]+ 

+ [ fat 'A ( x ) cl x ] [ - 1 + e III ] + [ - 1 + e III ] 



2.7 CONCLUSIONS ABOUT THE EMPffiICAL RELEVANCE OF 

THE MODEL 

2.7.1 ASSUMPTIONS 
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To get comparative dynamic results from the expression derived 

for the optimal birth control function it is necessary to specify the 

time paths of prices P b ( I ) , Pc ( I ) , P d ( I) and the survivor function 

for the age of natural physiological sterility, that is 1 - G ) (I) . 

ASSUMPTION A2.23 

The natural physiological sterility survivor function 

S ) (I) = 1 - G ) (I) is exponential with a time invariant hazard rate. 

-k I 
(2.107) S)(l)=e I 

ASSUMPTION A2.24 

The prices rise over time at constant inflation rates. 

Given these two assumptions, the optimal birth control function is 

specified as follows: 



2.7.2 FERTn..ITY DECLINE, THE "STALLED FERTILITY TRANSITION", 

THE "OLD AGE SECURITY HYPOTHESIS" AND THE 

"CALDWELL'S HYPOTHESIS" 

Before using the model to explain the patterns of fertility 

transition, it is necessary to identify the different determinants of 

fertility behavior and their effects according to this model. 

1) Effects of variations in the value of children during the 

chilbearing period 
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Differentiating z (l /,; 0) with respect to the initial relative value 

of children P d (0) / P c (0) yields the following results: 

(2.110) 

(2.111) 

(2.112) 

oz 
-->0 o _Pd_(O_) 

pc(O) 

oz 
--<0 o _Pd_(O_) 

pc(O) 

oz 
--=0 o Pd(O) 

pc(O) 



2) Effects of variations in the value of children in the 

post-childbearinll period 

Expression (2.65) shows that the intensity of birth control is 

negatively correlated with S I, and therefore with the value of 

children in the post-childbearing period. This result corresponds to 

the "old age security hypothesis". 

3) Effects of variations in the level of child mortality 

Expressions (2.105) and (2.109) imply that the expected family 

size is positively correlated with the level of child mortality ~. 

4) Effects of variations in the biololPcal maximum level 

of fecundity 

Expression (2.105) implies that the expected family size is 

positively correlated with the biological maximum level of fertility 

be·) . 

These results can now be used to give an explanation for the 

empirical patterns of fertility transition. 
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Onset of economic an-owth12 

* Economic growth is likely to lower the economic contribution of 

children during the childbearing period. Education and housing 

costs go up, the opportunity cost of childrearing time also goes up 

with the expansion of job opportunities for women. However, this 

economic contribution of children might still be positive in the early 

stages of economic growth. Also the level of child mortality is still 

relatively high. So the onset of economic growth is likely to 

correspond to the situation represented by expression (2.110) in 

which case there is a decrease in the intensity of birth control and an 

increase in family size. 

* Another effect of economic growth is to increase the value of 

children in the post-chilbearing period. There are more job 

opportunities for young adults, while the Social Security system is 

still weak and the family ties still strong enough to make family 

support the most important form of assistance for the elderly. This is 

another incentive to increase the family size. 

12 Lindert (1980) proposes two alternative definitions for the onset of 
economic growth: "an accelerated rise in literacy rates or a trend toward 
urbanization and industrialization", or the "turning point at which national 
product per capita began a sustained rise". 



* One more effect of economic growth is to improve the health 

conditions of the population which leads to an increase in the 

biological maximum level of fecundity. The result again is an 

increase in family size. 

Later on 
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* As economic growth goes on the decline in the economic 

contribution of children during the childbearing period continues. 

Depending on the characteristics of the household production 

technology and the evolution of its economic environment, there is a 

threshold beyond which this contribution becomes negative. 

Economic growth also lowers the level of child mortality. All of these 

facts are likely to lead to a situation such as the one represented by 

expression (2.111) in which case there is an increase in the intensity 

of birth control and therefore a decrease in family size. 

* Another effect of the continuation of economic growth is to lower 

the economic contribution of children in the post-childbearing 

period. There is an expansion of Social Security systems and an 

erosion in family ties so that parents can count less and less on their 

children for support when they get old. This fact is an incentive to 

reduce the family size. 



2.7.3 THE "RURAL-URBAN FERTILITY DIFFERENTIAL" AND THE 

''NORTH-SOUTH FERTILITY DIFFERENTIAL" IN PORTUGAL 

Using the results above, it is also possible to explain the quasi 

universal "rural-urban fertility differential" and the "North-South 

fertility differential" typical of Portugal 13 . 

1. In rural areas around the world and in Northern Portugal 

(region oflabor intensive agriculture and industry) the earnings 

supplying role of children is more relevant than elsewhere. So rural 

areas and the Northern Portugal are likely to have been under 

conditions described by equation (2.110) whereas urban areas and 

the Southern Portugal might have been under the conditions of 

equation (2.111). 

2. If that is the case, those results show that rising child costs 
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(p d ( 0 ) / P c ( 0) decreases) have different effects in the two areas: 

a) in rural areas and in Northern Portugal birth control is not 

intensified so that birth rates don't go down and instead might even 

be increased; 

b) in urban areas and in Southern Portugal birth control is 

intensified and birth rates go down. 

13 This differential is the main empirical finding of Bacci's book (Bacci, 1971) 
who concluded his work without a satisfying explanation for it. 



3 MODEL OF THE FARM OFFSPRING HOUSEHOLD 

MEMBERSHIP DECISION 

3.1 CRITICAL REVIEW OF THE LITERATURE 
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The available empirical evidence shows that a major turning point in 

the continuity of family farms is the period when parents and children 

interact about offspring occupational choices and household membership 

decisions. Key issues to deal with here include: 

- the tendency for the offspring to leave the home farm as the income 

earning opportunities on the farm get worse and the job opportunities off 

farm get better; 

- the trade off between parents' household economic security and an 

equitable treatment of children; 

- the manipulation of the norms about intergenerational wealth and 

income transfers by parents and offspring. 

Before we proceed it is useful to distinguish four types of 

intergenerational relationships: 

- intergenerational farm decision making transfers (succession); 

- intergenerational wealth transfers (inheritance) inter vivos or 

post mortem; 

- intergenerational income transfers; 

- intergenerational family extension. 

By focusing on the offspring household membership decisions we will 

be dealing mostly with the third and fourth types of intergenerational 
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relationships and the interdependences between these two types of 

issues. This focus on the household structure is justified by the fact that 

in family farming the household is the decision making unit and the 

supplying unit of managerial skills, most of the farm labor and part or all 

of the farm capital. 

With the exception of Becker's work (1974, 1981) and the "strategic 

bequest motive" approach initiated by Bernheim et al. (1985) and pursued 

by Sundstrom and David (1988), the literature on intergenerational 

wealth and income transfers has not explicitely modeled the strategic 

interactions between parents and offspring. So a serious handicap of the 

literature up to Becker and Bernheim et al. is that it cannot account for 

the manipulative behaviors of parents and offspring documented in the 

empirical literature. 

Becker's main contribution is known as the "rotten kid theorem". This 

theorem is based on the following assumptions: 

- the child is selfish and the parent is altruistic; 

- the child's consumption is a normal good for the parent; 

- the utility of the child and the parent depends solely on transferable 

consumer goods; 

- the sequence of the decision process goes as follows: the child takes 

some action that affects both his income and parent's income; after the 

child has made his choices, the parent makes a money transfer to the 

child. 

If these assumptions hold, the selfish child will choose actions which 



maximize the family income. 

The "rotten kid theorem" plays an important role in the 

macrodynamics literature because it provides a basis for the famous 

''Ricardian equivalence theorem" (Barro, 1974) which states that public 

forced intergenerational wealth transfers (e.g. public debt) are 

subsequently undone by the private actions of parents and children so 

that government intergenerational redistribution programs are 

neutralised and have no real effects. 
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In Becker's theory the parents have no need to behave strategically: 

the selfish child maximizes utility by choosing an action that maximizes 

the family income. So the parents cannot do better for the maximization 

of family income than making the "automatic" money transfer needed to 

adjust to the child's best choice. No manipulation of the transfer by the 

parents can improve upon family income. 

A problem with Becker's approach is that it does not hold when the 

parents or the child's utilities do not depend solely on transferable 

commodities. So it fails, for example, in the situation where the parents 

supply money transfers to their children who in turn provide the parents 

with an in-kind service ("attention"). Bernheim et al. (1985) set up a non 

cooperative game showing that, in this case, parents need to engage in 

strategic behavior in order to obtain ''filial attention" from their children. 

To do so they have to establish a bequest rule and precommit to it before 

children choose their actions, threatening them with disinheritance if 

they don't behave according to the parents' wants. This is called the 



"strategic bequest motive". 

This result does not require parents and child to be selfish. The 

parents can be altruistic and the child can derive utility from the 

attention supplied to the parents. What the "strategic bequest motive" 

says is that the parents want more attention than the child would have 

provided in the absence of bequest. 

This non-cooperative game-theoretical approach is a promising one. 
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The econometric and empirical evidence provided in the paper by 

Bernheim et al. strongly suggests that parents behave strategically. This 

approach takes as the unit of analysis the "individual participant in the 

game who is concerned with doing as well for himself as possible subject 

to clearly defined rules and possibilities. If individuals happen to 

undertake behavior that in common parlance would be labelled 

"co-operation", then this is done because such co-operative behavior is in 

the best interests of each individual singly; each fears retaliation from 

others if co-operation breaks down" (Kreps, 1990, p.9). 

There are, however, some critical remarks to make to the non

-cooperative set up in Bernheim et al. (1985). 

1. These authors ignore the existence of exogenous social norms 

regarding intergenerational wealth transfers. They assume complete 

freedom of the parents in terms of establishing the bequest. The reality is 

that parents have to take into account exogenous bequest rules 

established by law or social custom. So an empirically more interesting 

set up than the one in Bernheim et al. (1985) would be to represent the 
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parents' strategic bequest behavior as oscillating around the socially 

established bequest rules. The model could, then, predict under what 

economic conditions private intergenerational wealth transfers would 

conform or would deviate from the social norms. This is the kind of model 

that will be proposed here. 

2. Another problem with the model by Bernheim et al. is that it does 

not account for the trade off between the parents' household economic 

security and an equitable treatment of children. The results of our model 

will reflect this trade off. 

3. The third problem with the model proposed by Bernheim et al. is 

that it is not possible to compute the probability that an offspring of a 

certain age is (or is not) in the parents' household. Bernheim et al. are 

simply interested in "cash bequest for filial attention type of exchanges", 

without caring whether or not the offspring is contributing to the parents' 

production unit. So their approach has to be reframed if one is interested 

in the analysis of the intergenerational continuity of the family farm 

undertaking. The model proposed in this chapter yields that kind of 

random function. 

The work of Sundstrom and David (1988) was preceeded by a formal 

treatment of the problem (David and Sundstrom, 1984) as an n-person 

cooperative bargaining game. The authors proved that an expansion of 

labor market opportunities beyond the parental household increases the 

bargaining power of the children and reduces their economic value for 

the parents. 
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Bernheim et al. and Sundstrom & David do not deal specifically with 

the offspring household membership decision. McElroy (1985) proposed a 

Nash bargaining model for this type of decision, but it is a static model 

which cannot deal with the issue of timing of the offspring's exit. 

The Rural Sociology literature has paid some attention to the issues of 

succession and inheritance in agriculture. A good account of this research 

is given in the recent book by Gasson and Errington (1993). These issues 

have deserved much less interest among agricultural economists. Most of 

their research is normative and has focused on the issue of optimal 

planning and financing of intergenerationalland transfers (Harrison et 

al., 1968; Levi and Allwood, 1969; Boehlje and Eisgruber, 1972; 

Longworth, 1972; Reinders et al., 1980; Tauer, 1985). An interesting 

exception is the work of Rosenzweig and Wolpin (1985) who appeal to the 

gains from farm specific human capital to explain intergenerational 

family extension, cost advantages of family relative to hired labor and the 

scarcity of land sales. This idea of taking into account the accumulation 

of human capital is an important one and will be explored here but with 

a different orientation: 

- we take into account the fact that the offspring may accumulate not 

only farm specific human capital but also off farm capital; 

- we also take into account the fact that the returns to the offspring of 

his farm specific human capital depend on the intrafamilial income 

distribution controlled by the parents, and the strategic interactions 

between parents and offspring about household membership. 
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3.2 MAIN FEATURES OF THE MODEL 

The approach to this problem joins the authors who attempt to capture 

the strategic interactions within the farm households concerning 

intergenerational income transfers. The offspring have the choice to stay 

in the parents' household, contributing to family income and benefiting 

from the home consumption of goods and services, or to leave and be 

sovereign in the generation and allocation of their income. Parents have 

the authority to decide about the intra-household distribution of income, 

but have to take into account the fact that this distribution will influence 

the offspring's household membership decisions. So the problem will be 

modeled in game theoretical terms to account for those strategic 

interactions. 

The second feature of this approach is to look at this decision problem 

as a "research project" (Reinganum, 1981, 1982). The offspring 

accumulates knowledge relevant to the "project" (investment in formal 

education or other forms of ''human capital", search for a partner to 

marry with, a job alternative to the parents' farm activity and a new 

place to live, etc.). The "timing of completion of the project" (age at which 

the offspring leaves the parents' home) is a random variable dependent 

on the amount of resources invested in the "project". 

The model will be formulated at a level of generality encompassing 

either the cases of an exit towards a full time or a part time independent 

farming occupation or the case of a complete exit from the farm sector. 

We don't elaborate on this multiple choice problem, leaving it for future 
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research. 

For the reasons presented in section 1.4, the model should be dynamic 

in the sense that its outcome should be a hazard function giving the 

probability that a offspring of a certain age still belongs to the parental 

household production/consumption unit. 

The mathematical construct representing this view of the household 

membership decision is a differential game. With specifications of 

functional forms for some ingredients of the model, namely preferences, it 

can be explicitly solved to characterize the equilibrium strategies of 

offspring and parents and the probability distribution of the age at which 

the offspring quits the parents' home. 

This distribution can also be interpreted as describing the timing of 

two other events relevant for farm population dynamics: 

1) if the decision to leave the parents' household and the event of 

marriage are almost coincident, which is true in many rural families 

around the world, then that probability distribution can also be 

interpreted as an approximation to the probability distribution of the age 

at marriage which is an exogenous component of the fertility model in the 

previous chapter; 

2) if an offspring leaves the parents' farm household and moves to the 

non farm sector, then that probability distribution also can be interpreted 

as the probability distribution of the timing of outmigration. 

This model can also be reinterpreted to deal with the membership 

decision in organizational settings other than the family farm, as long as 



the decision making process has a hierarchical structure such as in the 

family farm, with parental authority over the intra-household income 

distribution. 

The structure of the model articulates the following elements: 

- decision making structure within the household with respect to the 

family income distribution; 

- legal and other social norms about intergenerational income 

transfers and their manipulation by the parents; 

- offspring behavior with respect to human and non human capital 

accumulation on farm and off farm; 

- differential returns to farm specific capital and to off farm capital; 

- interdependence between intergenerational income transfers, 

offspring's capital accumulation and living arrangements; 

- randomness in the timing of living arrangement transitions. 
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3.3 ASSUMPTIONS 

The model is based on the following assumptions. 

ASSUMPTION A3.1 

At a random time a farm offspring may decide to leave the parents' 

household. 

ASSUMPTION A3.2 

The offspring's decision is influenced by the parents' decisions about 

the share of family income he receives in case of staying in the parental 

household. 

ASSUMPTION A3.3 

The offspring's household membership decision is viewed as a 

"research project"14: 

- the offspring accumulates knowledge and other forms of capital 

relevant to the "project" (to leave the parents' household) through the 

expenditure of resources measurable in monetary units, denoted by 

U 2 (l); 
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- the timing of completion of the "project" is a random variable with a 

distribution influenced by the offspring's accumulation of off farm 

14 This view of the problem was inspired by applications of differential 
games to the analysis of Research and Development with rivalry 
(Reinganum, 1981, 1982). 



capital; 

- if the "project" is successfully completed, the offspring earns an 

income Y 22 (I) and the rest of the family earns an income Y 21 (I); 

- Y 21 (I) is exogenous; 
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- Y 22 (t) is related to the off farm stock of capital in the following way 

Y 22(t) = mK 2(t), where K 2(t) is that stock and m is exogenous and 

constant over time. 

ASSUMPTION A3.4 

As long as the offspring stays in the parental household, total family 

income follows some exogenous path Y 1 (t) out of which the offspring 

receives an amount u 1 (t) decided by the parents. 

Part of this income is used for the offspring's consumption which 

cannot be smaller than some minimum level denoted by c 1 (I), exogenous 

to this model. 

ASSUMPTION A3.5 

Parents are viewed as a single agent. 

ASSUMPTION A3.6 

There are neither savings nor investment, besides the offspring's 

investment in off farm capital. 
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ASSUMPTION A3.7 

Parents' and offsprings' preferences are intertemporally separable. 

ASSUMPTION A3.8 

The offspring behaves so as to maximize expected income, discounted 

at some non-negative rate r. 

ASSUMPTION A3.9 

Parents behave so as to maximize family utility, discounted at some 

non-negative rate r. 

ASSUMPTION A3.10 

The family preference aggregation procedure is exogenous to the 

model and is assumed to yield the following current utility function: 

(3.1) U(l)=[U 1(1)](I-a)[U 2 (I)t I O<a<1 

where U 2 (I) denotes the expected income of the offspring at time l, 

U I ( I) denotes the expected income of the rest of the family at time l 

and a denotes the weight attached to the offspring's welfare by the 

family preference aggregation procedure. 

ASSUMPTION A3.11 

Parents' and offspring's decisions are framed in continuous time. 
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ASSUMPTION A3.12 

Parents' and offspring's decision horizons are finite, beginning at the 

age the offspring becomes strategically active and ending at an age when 

this decision problem becomes irrelevant. The starting age will be 

denoted as time zero and the terminal age as time T 2 • 

ASSUMPTION A3.13 

Parents and offspring have perfect information about all the elements 

relevant to decision making. 
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3.4 COMMENTS ON THE ASSUMPTIONS 

3.4.1 INTRAHOUSEHOLD STRATEGIC INTERACTIONS 

This set of assumptions captures the role of economic factors 

(income earning oportunities within and outside the parental 

household, investment in human and non human capital) and some 

sociological factors (parental authority over family income 

distribution, family preference aggregation procedures, social norms 

about intergenerational transfers) in the offspring's household 

membership decision. 

Assumptions A3.1-A3.5, A3.9 and A3.10 attempt to capture at 

least some of the strategic interactions within the family. This is done 

in a simplified way by collapsing interdependences to the interaction 

between one offspring and the rest of the family, represented by the 

parents. 

The structure of decision making within the family unit is 

assumed to be such that the offspring has freedom of choice in the 

allocation of income between consumption and investment in off farm 

capital. This investment influences positively the probability of 

finding more attractive earning alternatives outside the parental 

household. Finally, the offspring has freedom of choice about staying 

or leaving the parental household when such alternatives arise. 
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3.4.2 PREFERENCES 

According to assumptions A3.8 and A3.10, the utility of parents 

and offspring depend solely on transferable consumer goods. These 

assumptions also postulate that offspring are selfish and parents are 

altruistic. The type of altruism implicit in function (3.1) takes the 

form of a generalized Nash bargaining social welfare function 

with zero disagreement payoffs. The family income distribution 

chosen by the parents then has the following properties (Myerson, 

1991): 

1. Pareto efficiency 

Changing the chosen income distribution to benefit one family 

member cannot be done without making at least another member 

worse off. 

2. Individual rationality 

No family member gets a zero income. 

3. Scale independence 

Affine transformations of the utility function of the form U~ = aU. 
I I 

don't change the chosen income distribution, that is, the chosen 

income distribution is independent of the money units in which 

income is measured. 
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4. Independence of irrelevant alternatives 

Eliminating feasible alternative income distributions that would 

have not been chosen does not affect the distribution chosen by the 

parents. This property means that the relevant income distributions 

are only those close to the one chosen by the parents15. 

This way of representing the family decision process supposes that 

there is some bargaining within the household about income 

distribution, but this process is not modeled explicitly. An agreement 

is reached among the family members and then the parents act as the 

enforcers of that outcome. The "bargaining power" of the offspring in 

this process is represented by the parameter u. 

3.4.3 TIME FRAME 

Because there are no periodic dates at which the exit decision can 

occur, the model is framed in continuous time. 

15 This assumption has been the object of many criticisms and several 
authors have proposed "more reasonable" alternative assumptions which lead 
to the same Nash bargaining solution. A good discussion of these issues is 
contained in the set of papers edited by Binmore and Dasgupta (1987). 
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3.5 FORMULATION OF THE MODEL 

Because of the strategic interactions among family members, the 

household membership decision will be formulated as a game. Since the 

time frame is continuous and the solution concept is perfect equilibrium, 

the model will be a differential game16. 

To specify the objective functions of parents and offspring, consider 

first the offspring's expected income U 2 (l ) 0 l , that is, the utility over the 

time interval [i, l + 0 t ] • 

1) At the beginning of the time interval, if the offspring is still in the 

parents' home, he receives an income U I (l ) , out of which he might make 

some investment in off farm capital. 

2) The offspring has freedom to leave at any time later if more 

attractive alternatives come up. According to assumption A3.3., the 

probability distribution of the timing of offspring's exit from the parents' 

household is related to the offspring's stock of off farm capital. This 

distribution will be denoted S 12 (t ) 

(3.2) SI2(l)=P(T5:l)=1-SII(t) 

where S II (t) is the survivor function denoting the probability the 

offspring is still in the parents' household by time l. 

16 A useful presentation of differential games is given in Case (1979). 



ASSUMPTION AS.14 

Each future increment in off farm capital is equally likely to be the 

one that allows the offspring to leave if that has not yet happened by 

time t. So the survivor function has an exponential distribution as 

follows: 

(3.3) S II (t) = peT > t) = Q-x(t) 

where x (t) is the stock of off farm capital at time t. 
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According to assumption AS.S, U2(t) denotes the value of the 

resources invested in off farm capital at time t. The cost function of this 

investment is described by the following assumption. 

ASSUMPTION AS.15 

The investment cost in off farm capital u 2 ( t) is equal to k 2 ( t )17. 

We have then the following relationship: 

(3.5) K 2(t) = it k2(S)ds = it u 2(s)ds = x(t) 

17 This means that the marginal cost of investing in off farm capital is 
constant and equal to 1. 



(3.6) u 2 (t) = lim .!:...Pr(t < T ~ l + otlT > l) 
61 ~ 0 0 l 
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U 2 (l) is then the probability of leaving during the arbitrarily small 

time interval (t, t + ot] conditional on the fact that the offspring has not 

left by time t. u 2 (t) is always non negative but can be greater than one 

and therefore is not exactly a (conditional) probability. However, for an 

arbitrarily small time interval (t, t + ot ], u 2 (l ) 0 l is a good 

approximation to the conditional probability P (t < T ~ l + otl T > l) . 

The offspring's expected income at time t denoted by U 2 ( I ) can then be 

written as follows: 

By similar arguments, the expression for the current family utility is 

the following: 

(3.8) U(l)dl = {u 2 (/)mx(l) + e-X(t)[u I (I) - u 2 (l)]} a X 

X {U 2 (l ) Y 21 (I) + e - x( I) [Y I (l ) - u I (l )]} I - a dl 

With these elements the household membership decision problem can 

be formulated as follows: 

T 

(3.9) Max fa Z e- rl {u 2 (l)mx(l) + e-X(I)[u I (l) - u 2 (l)]}dl 

(3.10) Max i Tz 

e- rl {u 2 (l)mx(l) + e-X(I)[u I (I) - u 2 (l)]} a X 

X {u 2 (l)Y 21 (I) + e-X(I)[y I (l) - u I (l)]} I-a dl 



(3.11) s.t. dx(t)/dl=u 2 (t) 

(3.12) 

(3.13) 

(3.14) 

X(t)E[O,OO] 

(3.9)-(3.14) define a differential game with the following features: 

1) there is only one state variable x ( t )18; 

2) the control variables appear linearly in the offspring's utility 

function and non linearly in the parents' utility function; 

3) the kinematic equation involves only the control variable u 2 (t ) 

and in a linear fashion. 
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18 Differential games with more than one state variable are harder to treat 
mathematically. 



104 

3.6 SOLUTION OF THE MODEL 

To characterize the (not necessarily unique) perfect equilibria of the 

game defined by expressions (3.9)-(3.14), begin with the two current 

value Hamiltonian functions: 

where v 1 and V2 are the current value Lagrange multipliers. 

We now look for the strategy choices u ~ [ x , V 1 (x) , V 2 ( X )] and 

u;[x, v 1 (x), v 2 (x)] which are Nash equilibria for the Hamiltonian 

game: 

(3.17) Max H i (x,U I ,U 2 ,V i ) , i= 1,2. 
u/ 

The equilibrium strategies do not depend on v I' This means that the 

choice of optimal strategies by both players depends on the effects of 

changes in the state variable in so far as they affect the offspring's utility 

but not the parents' utility. This is due to the fact that the kinematic 

equation (3.11) depends on U 2 but not on U I' 



3.6.1 CHARACTERIZATION OF THE OFFSPRING'S EQUILmRIUM 

STRATEGIES 
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As is typical in differential games for an action variable which 

appears linearly, there is a situation of , 'bang-bang" equilibrium 

strategies: 

Case 1.1 

(3.20) u;(x) = 0 

Case 1.2 

(3.21) u;(x) = constant 

In case 1.1, given the parents' optimal strategy choice u;, the 

Hamiltonian H 2 is a straight line with negative slope equal to 

(3.22) v 2 - e- x + mx 

So it reaches its maximum for the minimum value that u 2 can 

take which is zero. 

In case 1.2, the Hamiltonian function H 2 is still a straight line, 

given the parents' strategy choice, but its slope is now positive. 

Therefore, the Hamiltonian reaches its maximum for the maximum 

value that U 2 can take. This maximum value is constrained by the 

amount of income u 1 the parents choose to allocate to the offspring. 

It is constrained also by the minimum income the offspring has to 

spend to meet consumption needs. So, in case 1.2, the optimal 

strategy choice for the offspring is 
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(3.23) u;(x) = u~ (x) - C I 

Calculation of the time path of the costate variable V 2 (t) can be 

done by starting from the following equation of motion: 

oV 2 oH 2 -.'I( 

(3.24) -=---=-mu +e (u -u ) ot oX 2 I 2 

The general solution of this equation is 

The value of the constant of integration C can be determined by 

appealing to the transversality condition: 

to get 

Substituting this result in expression (3.25) yields 

(3.28) v
2
(l) = -mx(t)+ e-x(t)+ it e-X(S)ul(s)ds+ 

-x(T) -xs i
T2 

mx(T 2 )-e 2 - 0 e' ( )ul(s)ds 

Using these results, the condition for case 1.1 is 

and for case 1.2 
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T 
-x(T) ( 2 _ ( ) 

(3.30) mx(T 2 )-e 2»0 e X S u,(s)ds 

Since the value of the term e - x (T 2) is likely to be very small and 

T 2 is the end point of this decision problem, the LHS in expressions 

(3.29) and (3.30) is approximately equal to the wealth the offspring 

can get outside the parental household at time T 2 • It will be called 

the outside wealth at time T 2 • 

The RHS in expressions (3.29) and (3.30) represents the sum of 

the income the offspring will get from the parents up to time T 2 , if he 

stays in the parental household. So it is a measure of his expected 

stock of farm capital at that time. 

The results given by expressions (3.20), (3.21), (3.29) and (3.30) 

can then be interpreted as follows: 

- to decide about whether or not it is worth to invest in off farm 

capital, the offspring compares the outside wealth at time T 2 (the 

time by which the offspring is bound to have taken a decision about 

staying or leaving the home farm) with his expected stock of farm 

capital at that time; 

- the offspring will make no effort to leave the parental household 

if the outside wealth at time T 2 is less valuable than his expected 

stock of farm capital at that time and will invest to leave the parental 

household if it is not so. 



3.6.2 CHARACTERIZATION OF THE PARENTS' EQUILmRIUM 

STRATEGIES 
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The first order condition for the parents' decision problem is the 

following: 

From (3.31) we get 

(3.32) u~ (x) = aY 1 + aeXu;Y 21 + (a - 1 )eXu;mx + (1 - a)u; 

For the two cases discussed in the previous section the equilibrium 

strategies are the following: 

u*(x)=u*(x)-c if v>e-x-mx 2 I' 1 2 

where 

(3.35) A = aY 21 - ( 1 - a)mx 
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Case 2.1: "Generational consolidation" case19 

This corresponds to equation (3.33). In this case it is not worth for 

the offspring to invest in off farm capital. The share of the family 

income he gets is equal to the weight a ascribed to him in the family 

welfare function. Hereafter, this level of income will be referred to as 

the "offspring's entitlement". This is what Peyton Young (1994) 

calls the case of "transparent equity". 

Case 2.2: "Generational fragmentation" case20 

This corresponds to equation (3.34). In this case it is worth for the 

offspring to invest in off farm capital and U ~ deviates from the 

offspring's entitlement aY I (case of "transparent inequity"). To 

determine the direction of this deviation, the parents compare the 

income m x ( l) the offspring can get off the farm, in case of leaving 

at time I, with the income per capita of the family members staying 

with them. 

To see this, consider the term A in the RHS of expression (3.34). 

To interpret its economic meaning it is easier to work with the case of 

an "egalitarian" entitlement structure, that is, one where a = 1 / n. In 

this case we have: 

19 This expression is taken from Hutson (1987). 
20 This expression is taken from Hutson (1987). 



n - 1 ( Y 21 ) (3.36) A=-- ---mx 
n n-I 

There are three possible cases to consider for the value of A. 

Case 2.2.1 

Y 21 
mx=-

n-I 
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In this case, the offspring's off farm income at time t is equal to 

the income per capita the other family members would have if the 

offspring leaves at that time. In this case, the optimal strategy choice 

for the parents is to allocate to the offspring an income greater than 

his entitlement. Rearranging (3.37) as follows 

. (I-a.) (3.38) U 1 =Y 1 - ~ c) 

and considering the entitlement structure a. = 1 / n , we can see that 

the parents' optimal strategy choice is such as to allocate to the 

offspring the portion of family income remaining from giving to the 

other (n - 1 ) family members a total income equal to (n - 1 ) C h 

that is, an income allowing them to reach the same level of 

consumption as the offspring. 



Case 2.2.2 

Y21 
mx<-

n-l 
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In this case, the offspring's off farm income at time t is lower than 

the income per capita the other family members would have if the 

offspring leaves at that time. The parents' optimal strategy choice is 

to allocate to the offspring an income greater than his entitlement. 

By investing in order to leave the parents' home, the offspring 

expects to accumulate a greater wealth than by staying with the 

parents forever and his departure will not make the other family 

members poorer than him. The parents help to prepare this 

departure by giving the offspring an allowance greater than his 

entitlement which reduces the gap between his income outside the 

farm and the income of the remaining family members. 

Case 2.2.3 

Y 21 
mx>-

n-l 

The offspring invests in the departure from the parents' home, but 

if this happens the other family members will become poorer than 

him. In this case, the parents' optimal strategy choice is to give him 

an income smaller than his entitlement. This reduces his possibilities 

for investing in off farm capital and the chances of leaving the home 

farm. 
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3.7 CONCLUSIONS ABOUT THE EMPIRICAL RELEVANCE OF 

THE MODEL 

1. These results are consistent with the "flexibility of inheritance 

systems" noticed by many researchers in this field: even though there 

are social norms (formal or informal) about intergenerational wealth and 

income transfers (represented in the model by the parameter a), they 

are manipulated by the parents to influence the behavior of the offspring. 

2. The results yield a testable hypothesis about the orientation of 

those manipulative behaviors. 

a) "Transparently equitable" intergenerational income 

transfers - the offspring gets an income exactly equal to his entitlement 

if he can accumulate a greater wealth by staying with the parents than 

by leaving; 

b) "Transparently inequitable" intergenerational income 

transfers favorable to the offspring - he gets more income than his 

entitlement if he can accumulate a greater wealth by leaving and if the 

family members remaining in the parental household will not become 

poorer than him after his departure; 

c) "Transparently inequitable" intergenerational income 

transfers unfavorable to the offspring - he gets less income than his 

entitlement if he can accumulate a greater wealth by leaving and if the 

family members remaining in the parental household will become poorer 

than him after his departure. 
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So it is through mechanisms of "transparently equitable or 

inequitable" intergenerational income transfers towards the offspring 

that parents try protect their household wealth and respond to the 

Habakkuk's dilemma. 

3. In spite of this pattern in parents behavior, either the case of 

generational consolidation or the case of generational 

fragmentation can happen to the parents' household and property, 

depending on the economic opportunities for the offspring inside and 

outside the parental household. The offspring invests in his departure if 

he expects to accumulate outside a greater wealth than by staying with 

the parents forever. Therefore, all other things being equal, the pattern of 

generational fragmentation is more likely to be found: 

- among poor households than among rich households; 

- in a context of growing economic opportunities, than in a stagnant 

economy. 

4. The equilibrium strategies reflect the parental authority found in 

many farm households: 

a) at each stage of the game, parents observe the "state" of the system, 

that is, the offspring's stock of off farm capital and the related probability 

of finding an alternative to the parental household; 

b) with this information and knowing the effect on the offspring's 

welfare of a marginal change in his stock of off farm capital, they can 
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anticipate whether or not the offspring will make such an investment; 

c) the parents know that the offspring chooses "bang-bang" 

equilibrium strategies and know the effect the offspring's investment in 

off farm capital has on his probability of finding an attractive alternative 

to the parental household; 

d) the parents also know the offspring's outside income and the 

income of the remaining family members in the event of offspring's exit; 

e) taking this information into account, they decide about the family 

income distribution; 

f) given his income allowance, the offspring decides about its 

allocation between consumption and investment in off farm capital 

depending on the effects of this investment in his future income; 

g) because the parents know about the "bang-bang" nature of the 

offspring's choices, they can have a close control over the off farm 

investment decisions that come out of that, and therefore over the 

offspring's probability to leave home. 



4 MODEL OF THE LAND TENANCY MARKET 

4.1 CRITICAL REVIEW OF THE LITERATURE 

4.1.1 THE THEORY OF ECONOMIC RENT 
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One concept of land rent often found in the literature refers to 

"rent" as the return to the fixed factor, or the payment in excess of 

the minimum necessary to have that factor supplied. Since the total 

amount of land is fixed, there would be as much land supplied at zero 

dollars an acre as at $1000 an acre. The payments to land thus 

constitute economic rent (Varian, 1990). 

This concept of land rent is a theoretical construct which is not 

observable. What is observable is the "contract rent" or the 

"agricultural rent", that is the level of rent actually negotiated 

between the landlord and the tenant. The "agricultural rent" does not 

have to coincide with the "economic rent". All depends on the 

market structure and the relative bargaining powers of the landlord 

and the tenant (Barlowe, 1978). The model set up in this chapter is a 

theory of the "agricultural rent" or, more exactly, a theory of the 

surplus sharing rules in land tenancy contracts. 

Since the theory of economic rent does not care about the actual 

negotiation, it does not specify the bargaining process between 

landlords and tenants. In our model, the structure of this process is 

relevant for the determination of the level of the rent and the type of 

contract. 
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Besides being unable to predict the actual level of land rents, the 

theory of economic rent also does not explain the contractual 

arrangements through which income is shared between landlords 

and tenants (sharetenancy, fixed rent, or hired management 

contracts). The model to be set up here explains contract type choices. 

4.1.2 THE TAX·EQUIV ALENT APPROACH 

Most of the literature on land tenancy has focused on the 

relationship between resource allocation and the type of contract. 

This orientation goes back to Adam Smith's comparative analysis of 

the efficiency of fixed rent contracts and sharetenancy and was 

developed further by Alfred Marshall (1920). Its basic claim is that 

sharetenancy is inefficient. The share rent is viewed as an ad 

valorem tax for the tenant shifting his marginal revenue curve 

downwards, reducing his incentive to work and leading to an output 

level lower than with a fixed rent. 

There are several problems with this approach: 

• it assumes that the renter has no power over determination of 

the rent and, but has all the power over the resource allocation 

decisions; 

· the rental share is an exogenous variable; 

· the contract choice alternatives for the tenant are only two -

sharetenancy or wage labor; 
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- finally, with constant returns to scale (a reasonable assumption 

in agricultural production), in the "Marshallian" setting, wage 

contracts are strictly more profitable than sharetenancy, and 

therefore they should always be the ones chosen by rational 

landowners (Bell and Braverman, 1980). 

So, the approach which regards sharetenancy as inefficient cannot 

explain the remarkable persistence of this form of tenure under a 

wide range of historical conditions, or its coexistence in the same 

region with other forms of tenure. 

4.1.3 THE CHEUNGIAN APPROACH 

Reacting against the tax-equivalent approach and its claim about 

the inefficiency of share tenancy, D. G. Johnson (1950) and Cheung 

(1969) advanced the following proposition: 

if the tenant's labor input can be costlessly observed and enforced 

by the landowner and the output share is exogenous for the parties 

(contract-term taking behavior), sharetenancy and fixed rent are 

equally efficient. 

"The implied resource allocation under private property rights is 

the same whether the landowner cultivates land himself, hires farm 

hands to do the tilling, leases his holdings on a fixed rent basis, or 
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shares the actual yield with his tenant . ... The allocation of resources 

will differ, however, if property rights are attenuated or denied as 

private, or if the government overrules the market process of 

allocation." (Cheung, 1969, p. 4). 

Roumasset (1979) restated this proposition as follows: 

"Ifproperty rights are well-defined and contracting costs are zero, 

then as the number of agents of each type becomes large, all viable 

contractual arrangements approximate the Walrasian equilibrium 

with universal markets, regardless of whether markets exist or not. " 

As Roumasset points out, this result is simply a corollary of the 

Debreu-Scarftheorem on the core of an economy. The intuition here 

is that if bargaining and recontracting are possible, the equilibrium 

set of contracts has to contain only equally efficient contracts, any 

eventual inefficiency being explored and eliminated by recontracting. 

Cheung was reasoning under the assumption of contract-term 

taking behavior which is "inappropriate in a one-to-one contractual 

arrangement such as sharecropping" (Roumasset, 1979) and was 

unable to provide a rigorous formal proof of his proposition. If the 

assumption about contract-term taking behavior is dropped and 

bargaining over the terms of the contracts is possible, the core 

shrinks to the Walrasian equilibrium as the number of players 

increases (Roumasset, 1979). Furthermore, the shrinking is "fast", 
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that is, to get close enough to the Walrasian equilibrium the number 

of landowners and tenants does not have to be high. 

Cheung views the tenant as choosing between sharetenancy and 

working for wages, and the landowner as choosing the tenant's labor 

input which maximizes the landowner's income subject to the 

constraint that the tenant's income is greater or equal to the 

reservation income he could have earned as a wage worker. In this 

case, the equal efficiency result holds. Either one of the following 

income sharing rules maximizes the landowner's income: the optimal 

target output is set by the landowner and the tenant is paid his 

reservation income or the tenant pays a lump-sum fee to the 

landowner and becomes the residual claimant. 

So, under the assumption of perfect observability of the renter's 

work, the problem of contract choice has an indeterminate solution: 

all three types of contract are equally efficient and the theory cannot 

predict which one will be chosen by rational contracting parties. 

Cheung then appealed to the risk-sharing features of sharetenancy to 

explain the choice of this form of tenure. However, under constant 

returns to scale (a realistic assumption in many agrarian settings), 

the risk sharing properties of sharetenancy also can be attained with 

mixtures of fixed rent and wage contracts (Stiglitz, 1974; Newbery, 

1977; Allen, 1984). So the appeal to risk sharing (without moral 

hazard) does not solve the indeterminacy problem. 

In spite of this, Cheung's work laid out the circunstances where 



120 

that kind of choice cannot be explained. That makes easier the task of 

looking for alternative sets of assumptions capable of founding a 

theory of contractual choice. 

4.1.4 THE RISK SHARING APPROACH WITH MORAL HAZARD 

One way to explain contract choice is to drop Cheung's perfect 

information assumption and take into account the "moral hazard 

problem", that is the incentive problem due to the fact that output 

depends on a random variable - the tenant's work effort - which the 

"principal" (landowner) cannot observe perfectly. The principal can 

observe only the level of output. Because of the unobservability of 

tenant's effort, the principal cannot distinguish in the variations of 

the output what is due to exogenous production uncertainty (e.g. 

weather fluctuations) and what is due to variations in the quality 

and quantity of the tenant's work. Since the principal cannot make 

this distinction, the tenant has an incentive to shirk, if working 

harder involves a cost for him (e.g. disutility of effort). 

When this type of asymmetric information arises it is possible to 

explain contract choice based on the risk attitudes of the contracting 

parties (Ross, 1973; Stiglitz, 1974; Hurwicz and Shapiro, 1978; 

Harris and Raviv, 1979; Shavell, 1979; Holmstrom, 1979; Grossman 

and Hart, 1983; Milgrom and Roberts, 1992): 

- fixed wage contracts are dominated by share or fixed rent 
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contracts when the landowner cannot monitor costlessly the tenant's 

effort; 

- when both the landowner and the tenant are risk neutral, the 

optimal income sharing rule is the fixed rent contract where the 

tenant bears all the risks; 

- when the landowner is risk neutral and the tenant is risk averse, 

the optimal income sharing rule is a fixed payment to the agent 

giving him some minimum level of insurance plus a variable payment 

depending on the amount of the observed output, so that the tenant is 

stimulated to put in a larger amount of effort than in the situation 

where he would be provided full insurance. 

Compared with the previous appoaches, the agency theory makes 

a more realistic assumption by taking into account the lack of 

information by the principal about the tenant's labor input. In a rural 

setting where landownership is spatially dispersed and landowners 

and tenants live apart, that asymmetry of information is bound to 

happen. In spite of this analytical improvement, the agency theory 

still assumes that the principal knows more than what is reasonable 

to admit. With the exception ofHurwicz and Shapiro (1978)21, the 

agency theory assumes that the principal knows the agent utility 

function as well as the reaction function of the tenant's effort to the 

21 Hurwicz and Shapiro assume that the landlord knows the functional form 
of the renter's utility function (quadratic in renter's effort) but doesn't know 
the values of the parameters of that function. 
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contract parameters. 

Agency models usually yield complicated income sharing rules, far 

from the simple ones found in real life. One such rule is the 50:50 

share contract. Hurwicz and Shapiro provide an explanation for this 

type of contract. Their result, however, is obtained at the price of very 

specific functional forms for the production and utility functions and 

by excluding fixed rent as a contractual option (Allen, 1982). 

Another problem with agency models is that they assume 

monopolistic power for the principal over the terms of the income 

sharing rules. If this assumption is dropped, the models may not 

have an equilibrium. 

According to the agency theory of land contracts, the fixed wage 

contract can be chosen only when labor inputs are perfectly 

enforceable. If enforceability is not assured, the choice of rational 

landowners and tenants will be fixed rent or sharetenancy, 

depending on their risk attitudes. Since work effort is costly to 

monitor, this theory cannot explain the existence of wage contracts 

without resorting to some exogenous constraint which prevents the 

contracting parties from choosing share tenancy or fixed rent 

contracts (e.g., laws prohibiting sharetenancy or fixed rent contracts). 

Since fixed wage contracts exist out of voluntary behavior of the 

contracting parties, without institutional constraints and perfect 

work effort observability, this theory cannot predict this type of 

situations. 
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4.1.5 THE SCREENING APPROACH 

Another approach which drops the perfect information assumption 

and takes into account the existence of asymmetric information is the 

screening approach (Allen, 1982, 1985; Hallagan, 1978; Newbery and 

Stiglitz, 1979). The idea here is to consider that tenants know their 

own ability, but landowners don't. These models predict that fixed 

rent contracts will be held by tenants with high managerial ability, 

sharetenancy contracts by tenants with less ability, and wage 

contracts by individuals with no managerial ability. According to this 

approach, under sharetenancy output is lower than under fixed rent 

due to the lower ability of the tenants who pick share contracts. This 

is a modern way to get the marshallian result about the inefficiency 

of sharetenancy. 

This claim is not supported by the empirical evidence. Reflecting 

on the US situation, Bernat, Jr. (1987) points out that the same 

farmer can have land operated under various types of tenure forms. 

The same situation occurs in many other parts of the world. 

4.1.6 THE AXIOMATIC BARGAINING APPROACH 

Bell and Zusman (1976) set up a Nash bargaining model of 

sharetenancy to explain the dominance of the 50:50 share contract. 

Their model deals only with a specific market structure (monopoly): 

there is one landlord and several tenants competing to get the land. 
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They showed that, under plausible values for production elasticities, 

the share is indeed around one half. 

One problem with their approach is that they arrive at this result 

by restricting the contract choice alternatives: the tenant's 

alternatives are to sharecrop or to work at a fixed wage, the fixed 

rent option being excluded. If the fixed rent option is open and built 

in their model, this option will dominate share tenancy or wage 

contracts. 

Another drawback of this model is that it is based on axiomatic 

bargaining theory. So it leaves out the process by which the 

contracting parties get matched and bargain. 

Also, these authors consider bilateral bargaining, abstracting from 

the market context where it takes place. Aware of this drawback, Bell 

and Zusman (1989) proposed in a subsequent paper a model with 

idiosyncratic players, where each contracting party has the 

possibility to trade simultaneously with several partners. The 

bargaining positions of the players become dependent on the other 

negotiations in the market, so that intercontractual externalities 

exist and the contracts become interdependent. The main result 

proved by Bell and Zusman is that, when these externalities exist, 

even though individual contracts are (constrained) Pareto efficient, 

the equilibrium vector of contracts is not necessarily so. Like in their 



previous model, Bell and Zusman do not detail the structure of the 

bargaining process. They simply postulate a symmetric Nash 

bargaining solution. 

4.1.7 THE MODEL OF ROUMASSET AND JAMES 
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Roumasset and James (1979) proposed a simple model to explain 

the positive correlation between the landlord's income share and the 

population density. The authors consider this as a preliminary 

"hypotheses generation" exercise that should be pursued to include 

other aspects such as risk sharing, enforcement costs, imperfect 

information and differences in bargaining power. 

They assume a CES production function: 

where Q is the output, 1-1 is the quantity of land and L is the 

quantity oflabor. 

Based on available empirical evidence, they postulate that the 

elasticity of substitution is less than one. 

They also postulate that factors are paid their marginal products. 

So the landlord's share is: 

(4.2) 
HOQ_6(Q)I+P ---- -
Q oH AP H 
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A higher population density induces (via factor prices) a higher 

labor intensity per hectare which implies a higher output per hectare 

and therefore a higher landowner's share. 

This model has the advantage of being simple, but has some 

drawbacks: 

- it assumes that factors are paid acording to their marginal 

product which may not allways be appropriate (with moral hazard, 

for example, the agent will have to bear some risk to have an 

incentive not to shirk); 

- its generality is limited by the assumption of a specific functional 

form for the production function. 
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4.2 MAIN FEATURES OF THE MODEL 

The models surveyed deal with special cases of land tenancy market 

structures. None of them provides a framework encompassing the entire 

spectrum of market structures. So it would be useful to have a framework 

where we could fit all the spectrum of landlords and tenants' relative 

market powers and make the contract choices endogenous and 

dependent on the relative ''bargaining powers" of the parties. 

Bernat, Jr. (1987), in conclusion to his survey of the land tenancy 

literature, points out that "one of the most obvious deficiencies of the 

above theories is the absence of explicit consideration of the bargaining 

process. Bargaining plays a major role in only one study. Bell and 

Zusman (1976) modeled the landlord-tenant bargaining process as a 

Nash cooperative game under the assumption that renters outnumber 

landlords. The situation in the United States is the reverse: landlords 

outnumber renters roughly two to one. Hence, if either party has a 

bargaining advantage, it is likely to be the renter. Recent work on 

noncooperative bargaining may provide some useful insights. " 

Roumasset (1979) agrees that "many of the rich variations of real 

world contracts will require a theory which incorporates transaction costs 

and bargaining power into the explanatory framework". 

This is exactly the approach that will be taken here to deal with the 

issue of tenancy contract choice. We will appeal to noncooperative 

bargaining theory (Rubinstein, 1982; Sutton, 1986; Osborne and 

Rubinstein, 1990) to set up a simple extension of Rubinstein's original 
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model describing the structure of the bargaining process. The 

specification of this structure enables to show, in detail, the contents of 

the "relative bargaining powers" of the parties and how they determine 

the contract choices and the surplus sharing rules in each type of 

contract. 

Pairwise bargaining is embedded into a market context by putting 

"competitive pressure" on the players through the opportunity they have 

to break up bargaining and look for alternative partners. Because of this 

threat of opting out, the outcome of any pairwise bargaining process 

may depend not only on the characteristics of the two players in the 

bargaining, but also on events outside their match and the information 

they have about those events (intercontractual externalities). 

This opportunity to opt out establishes the connection between the 

land tenancy market and farm demography. The connection comes 

from the fact that the probability of finding alternative partners, as well 

as the value of alternative tenancy arrangements, is influenced by the 

number and characteristics of the agents on each side of the market. 

The outcome of the bargaining model yields the sharing rules 

regulating the distribution of the surplus between landlords and tenants. 

These rules are relevant for the performance of the farm sector: 

- they have an influence on the resource allocation decisions of 

landlords and tenants; 

- they have an influence on farm investment because they determine 

the distribution of income between landlords and tenants who have 
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different propensities to reinvest in farming; 

- they also have an influence on the duration of the tenancy contracts. 

Contract duration is another factor shaping the investment strategies 

of the players, since it affects the planning horizon and the income 

stream from the investment each player might make in the tenured land. 

Activities based on land farmed under insecure tenancy are likely to be 

temporary crops (e.g. com and beans), or simple maintenance of 

permanent crops (e.g. vineyards). In this way, the terms of the tenancy 

agreements also shape the composition of farm output22. 

If the parties in a tenancy agreement are given the freedom to take up 

other income earning opportunities breaking up the existing agreement, 

an agent will stay in a match as long as the realized income from the 

match is higher than the reservation income. Viewing the dynamics of 

these two types of incomes as a stochastic process, the issue of contract 

duration becomes a "first time passage problem": the duration of the 

agreement is the time it takes for the stochastic ratio of the realized 

income and the reservation income to hit the value 1. So by appealing to 

the theory of stochastic processes it is possible to characterize of the 

probability distribution of the duration of the tenancy contracts. 

22 In NW Portugal, the farm activity with best export potential is wine ifit 
meets good quality standards. To meet these standards requires investment 
in the relocation and upgrading of the vineyards. So the type of tenure on the 
land with good wine potential has an influence on the extent to which this 
market opportunity is actually developed. 
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4.3 FORMULATION OF THE MARKET MODEL 

4.3.1 THE "SEARCH", "MATCIDNG" AND ''BARGAINING'' PROBLEMS 

The model is based on the following set of assumptions. 

ASSUMPTION A4.1 

There are two types of agents in the market: the farmland 

suppliers labeled as "landlords" and the farmland demanders labeled 

as "tenants". 

ASSUMPTION A4.2 

Agents from opposite sides of the market may join to form two 

person coalitions with some common goal that none can completely 

attain alone. 

ASSUMPTION A4.3 

The value of each two-person coalition in the land tenancy market 

depends on the "identities" of its members (e.g. location and quality of 

the land, professional qualification and trustworthiness of the 

players). 



ASSUMPTION A4.4 

The partners in a coalition have conflicting interests about the 

division of the value of the coalition and no agreement may be 

imposed on any partner without his approval. 

ASSUMPTION A4.523 

The value of a coalition can be divided among its members in 

infinitely many ways (the set of alternatives is a continuum). 

ASSUMPTION A4.6 
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Each player has to incur costs to gather information about the 

identities of the other players. However, once a partner is located, the 

two parties in the match become immediately and perfectly informed 

about the characteristics of each other including their reservation 

incomes and the surplus that can be generated by their partnership. 

ASSUMPTION A4.7 

Partner substituability is possible, that is, no party in a coalition 

is an essential member of that coalition. So there is a possibility to 

switch partners, under some minimal constraints to be specified later 

on. 

23 Van Damme et al. (1990) showed that this assumption is needed to obtain 
uniqueness of the perfect equilibrium for the bargaining game. 



The assumptions made so far characterize the farm tenancy 

market as involving three types of problems: 

- a search problem; 

- a bargaining problem; 

- a matching problem. 
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The search problem results from the fact that each agent in the 

market is not completely informed about the "identity" of potential 

partners. Therefore "search costs" are needed to locate them. The 

number of contacts made in a given time interval depends on the 

resources spent on search. So there is an economic decision problem 

involved in determining the optimal level of search intensity. 

The matchinlf problem results from the fact that the formation 

of a coalition depends on whether it can generate a surplus relative to 

the players' reservation incomes. The amount of the surplus depends 

on the "identities" of the partners. Therefore not all the contacts 

resulting from an agent's search activity need to result in a match. To 

be so, the match has to be "admissible", that is, it has to generate a 

positive surplus. 

The barlfaininl{ problem results from the fact that there is, a 

priori, no unique way to distribute the surplus. That has to be 

determined by negotiation between the partners. Assumption A4.2 
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limits this model to the case of bilateral bargaining, leaving out 

multilateral arrangements. Bargaining theory can cover these types 

of arrangements, but the simple bilateral case is the natural way to 

start and we will remain there at this stage, leaving the multilateral 

case for future research. 

4.3.2 TIME FRAME OF THE MARKET TRANSACTIONS 

ASSUMPTION A4.B 

Due to the periodic nature of agricultural production, the land 

tenancy market is not open continuously. Instead it opens, say once a 

year, for a period of time which will be called the "market period". 

ASSUMPTION A4.9 

The market period starts at the end of a production period (e.g. 

harvest time), and this event is assumed to occur at the same time for 

all potential participants in the market24. 

A new production period starts right after a market period is over. 

24 This is a reasonable assumption for a region with relatively homogeneous 
crop patterns. In NW Portugal this event happens in the Fall around the 
festival of St. Michael. Farm tenancies are renegotiated and new tenants 
come in to replace the ones who end their contracts. 
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ASSUMPTION A4.10 

The market period is divided in two time intervals: 

- a pre-negotiation period of same length for all participants in the 

market, during which search and initial matches take place; 

- a negotiation period for bargaining about the distribution of the 

expected surpluses of the matches. 

The negotiation period is assumed to be divided into discrete time 

periods of equal length. 

ASSUMPTION A4.11 

There is no end point time constraint for the negotiation period, 

that is, two agents can keep on negotiating as long as it is in their 

interest to do so. However, extension of the negotiation period will 

make the production period shrink. 

ASSUMPTION A4.12 

The value of the expected surplus shrinks as the negotiation 

process goes on. It is assumed that it shrinks at a constant positive 

rate O. To simplify things further, we consider that both players 

estimate this rate at the same value and we will denote the 

corresponding discount factor by r t = [ 1 / ( 1 + 0) t ]25. 

25 This shrinkage can be interpreted as denoting the fact that an extension 
of the negotiation reduces the production period with a consequent decline in 
expected output. 
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ASSUMPTION A4.13 

All the participants in the market are present during the 

pre-negotiation period. During the negotiation period, as traders 

reach an agreement and leave the market, the number of remaining 

traders shrinks. When all the negotiations have been completed, the 

market period ends. 

ASSUMPTION A4.14 

Whatever matches might be carried over from past periods, all are 

up for renegotiation when a new market period starts, so that, not 

only newly entrants in the market, but also previously matched 

agents are assumed to be unmatched at the beginning of a new 

market period. 

4.3.3 STRUCTURE OF THE SEARCH AND MATCmNG PROCESSES 

4.3.3.1 Search and matching technologies 

The search and matching processes are not modeled in detail. 

The moves made by the participants in the market to find 

profitable partners are skipped. We will just state the conditions 

met by the pairs of landlords and tenants formed by the end of 

the search and matching processes. These conditions can be 

summarized by a characteristic function describing the 



maximum joint payoff that any coalition of participants in the 

market can achieve. 

The division of the joint payoff between the members of a 

coalition ("imputation") is the outcome of a bargaining process 

which will be modeled in extensive form in the next section. 

This is a hybrid approach in the sense that search and 

matching processes are a cooperative game (in coalitional or 

characteristic form) and the bargaining process is a non

-cooperative game in extensive form. 

ASSUMPTION A4.15 
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During the pre-negotiation period both landlords and tenants 

are assumed to be searching for one another with the total 

number of matches being equal to the sum of those coming from 

contacts initiated by landlords and those initiated by tenants. 

ASSUMPTION A4.16 

Search intensities are exogenous. It is assumed that the 

probability of an unmatched pair to form a match during some 

given time interval is proportional to the ratio of agents of either 

type that are engaged in search. 

Let M i be the number of searching agents of type i (1 for 

landlords, 2 for tenants). It is assumed that the following holds: 
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where A i is the search intensity for an agent of type i, a i is a 

constant between 0 and 1, and M i is the total number of agents 

of type j that a type i agent can contact. 

ASSUMPTION A4.17 

Not every contact resulting from search ends up in a match. 

The match has to be admissible, that is, it has to generate a 

surplus with respect to the incomes the parties would get if they 

stayed out of the market. These incomes will be called 

"reservation incomes" and denoted by a 1 and a 2 respectively 

for the landlords and the tenants. 

Before we proceed, note that the reservation income includes 

farm income under owner cultivation plus non farm income 

earned in this situation. 

It is assumed that admissibility is described by an conditional 

probability density function PC aJ a i) defined as the probability 

that a contact made by an agent earning a reservation income a j 

with an agent earning a reservation income a i is admissible. 

Denoting the joint income of th~ match by y, admissibility 

requires the following strict super-additivity condition: 



(4·.4) y>ai+a j 

Let e be the surplus generated by the match: 

(4.5) e=y-ai-a j 

Three types of matching technologies can be distinguished: 

- random matching; 

- assortive matching; 

- deterministic matching. 
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Random matching is the case where the reservation incomes 

a i and a J of the two players in an admissible match are 

independent random variables. In this case we have: 

(4.6) P(aJa j ) = P(a i ) == ~(ai) 

where ~L ( a i) denotes the probability density function of the 

reservation incomes of type i agents. 

Assortive matching is the case where there is correlation 

between the reservation incomes of the two players in an 

admissible match but the correlation is less than one. 

Deterministic matching is the case where knowledge of the 

reservation income of a player in an admissible match fully 

determines the reservation income of the partner. This is not a 

realistic situation and will be ignored. Random matching also will 

not be considered because, given condition (4.4), the reservation 
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incomes of the two players in an admissible match cannot be 

completely arbitrary. So we will proceed under the assumption of 

assortive matching26, that is 

Players who meet in admissible matches do not have to start 

bargaining right away. By assumption A4.6, after they meet they 

become immediately and perfectly informed about the surplus 

that can be generated by their match. After matching they may 

find that this surplus is smaller than what they could expect by 

resuming the search process to locate a more profitable partner. 

ASSUMPTION A4.18 

The pre-negotiation period will end when the search and 

matching processes stabilize, that is, when no member of an 

admissible match expects a higher surplus by resuming the 

search process for an alternative partner. 

4.3.3.2 Number of matches at the end of the 

pre-negotiation period 

The participants in the market start searching for each other 

at the beginning of the pre-negotiation period, and match up for 

26 If P ( ex i / ex i) is assumed to be normal, then the corresponding statistical 
generating mechanism is a linear regression model. 
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negotiation whenever an admissible partner is found. Denote by 

m 3 the total number of matches accomplished by the end of the 

pre-negotiation period and by m) and m 2 the number of 

matches coming from meetings initiated by landlords and tenants 

respectively. Then according to assumption A4.15 we have 

(4.8) m3=m)+m2 

Obviously m) and m 2 are subject to the following 

constraints: 

Consider the number of matches coming from contacts 

initiated by tenants, that is m 2' The probability b 2 ( U 2) that a 

contact made by a tenant with reservation income u 2 is 

admissible is 

(4.10) b 2 (U 2 )= J P(u)/u 2 )du) 
(a I ) 

So the probability C2 (u 2 ) that this tenant makes an 

admissible contact is 

Therefore the probability f 2 that a tenant with an arbitrary 

reservation income makes an admissible contact is 



(4.12) .f2= jc 2(a 2)da2 

From this it follows that 

(4.13) m2=.f2M2 

Likewise we have: 

(4.14) m,=.f,M, 

and 

(4.15) m3=.f,M,+.f2M2 
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From (4.15) we can calculate the total number of unmatched 

agents by the end of the pre-negotiation period. Let this number 

be n, and n 2 respectively for the landlords and the tenants. 

Then we have 

(4.16) n, = M, - m3 = M, - i, M, - i 2M 2 = (1 - i,)M , - i 2M 2 

(4.17) n2=M2-m3=M2-i2M2-i,M, =(I-i2)M 2-i,M, 

A consistency requirement should be met by the "matching 

technology" described by the probability density function 

P(aJa j ). Let ~(ail a j ) be the joint probability density 

function of the reservation incomes of landlords and tenants, and 

~ ( a i) and ~ ( a j) its marginals. So we must have 

(4.18) f P(aJal)~(al)da/::; ~l(aJ 
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If that were not so, the matching technology would require 

more type i agents in the range (a i , a i + 6 a i) than those 

available. However, the matching technology may require fewer 

type i agents27. 

4.3.3.3 Probability for a matched arent to find 

an outside option 

Unmatched agents stop searching after the pre-negotiation 

period. However, during the negotiation period they can be 

contacted by matched agents attempting to assert their 

bargaining power with current partners by threatening to switch 

to an alternative partner. The probability that a matched 

landlord contacts an outsider is denoted by P 1 and similar 

probability for a matched tenant is denoted by P 2. Consistently 

with assumptions A4.16, A4.18, and A4.19 we have 

where nl and n j are calculated according to (4.16) and (4.17). 

Using the equations introduced in the previous section, we will 

derive the expression for P I in terms of the ratio M j / M i and 

27 A condition of similar nature as (4.18) is invoked by Blinder (1973) for the 
mating function used in his inheritance model. 



the search intensities. This will allow us to examine how Pi 

varies with the number of participants in the market which is 

important for establishing the connection between farm 

demography and the tenancy surplus sharing rules. 

Equations (4.13), (4.14), (4.16) and (4.17) yield: 

(4.20) -' = ., , I 1= . , _, - 1 n· (l-f·)M·-1·M· (l- f .)(M.) 
ml 11M/ 11 M/ 

To economize notation, write .f j and 1 I as follows: 

(4.21) 1 1= AI f bl(al)da l == AIEl 
(a I) 

(4.22) 11 = AI f bl(aJda l == AIEl 
(a ,) 

Given equations (4.4), (4.19) and (4.20) there are three 

different cases for Pi' 

Case I 

Case II 
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I M I::::; M I I nl l > n I 

Case III 
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From equations (4.23) and (4.25) it follows 

dpi 
(4.26) d( ::) = 0 

and from equation (4.24) it follows 

dpi 1 
(4.27) (M )=->0 

d -.!. aiEL 
M, 

Both results follow intuitive thinking about the connection 

between farm population and the tenancy surplus sharing rules. 

They show that variations in P I (the probability for agent i to 

find an alternative partner) are independent from variations in 

the number of participants in the market in the two following 

situations: 

- when player i is not on the short side of the market; 

- when player i is on the short side of the market but the 

number of type j unmatched agents is greater than the number of 

type i matched agents. 

In these two situations, P I depends only on the search and 

matching technologies. 

The case where P I varies with the search and matching 

technologies and also with the number of participants in the 

market is when player i is on the short side of the market and the 

number of matched agents of type i exceeds the number of 

unmatched agents of type j. This is the case where matched 
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agents of type i have to compete among themselves to contact an 

unmatched agent of type j if they want to break up bargaining 

with their current partners and take up an outside option. In this 

case, we have the intuitive result that P I varies positively with 

the ratio M j / Mi' 

4.3.3.4 Expected value of an outside option 

A problem arising when bilateral bargaining is embedded in a 

market context is the determination of the disagreement payoffs. 

If a party threatens to break a bargain, he can at least get his 

reservation income. However, he may get more than this amount 

if he can locate another partner with whom he can make an 

admissible and more profitable match. The probability of such an 

event has been calculated in the the previous section, but it 

remains to calculate the expected value of the outside options 

which we will denote by 13 i and f3 J • 

Intuitively, this expected value would have to be determined 

by bargaining as in the original match. But again, in the 

alternative match, the possibility of taking an outside option 

arises anew, and the problem is pushed one step further. An 

indeterminacy arises that has to be solved by introducing 

additional assumptions. Rochford (1984), who pointed out this 

problem, made the following assumptions: 
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- each agent knows the surplus generated by every match that 

he can form; 

- each agent knows all the outstanding offers in the market. 

Given these assumptions, the agent calculates his 

disagreement payoff as being equal to the following value: Max 

(reservation income; maximum amount he could get in every 

possible match if every possible alternative partner is paid 

according to the currently outstanding offer). 

This model will use an assumption which is less demanding in 

terms of information availability and processing. 

ASSUMPTION A4.19 

Each agent knows the distribution of the surpluses that can be 

generated by his match with every possible alternative partner 

from the pool of the unmatched agents in the opposite side of the 

market. The probability density function of these surpluses is 

denoted by Q( e/ ail a f)' 

ASSUMPTION A4.20 

Each agent cannot compute, in a reasonable period of time, the 

income he can actually bargain in every possible alternative 

match. Given this computational limitation, he assumes that he 

can get a 50%/50% share of the surplus in every possible match 

with unmatched agents. 
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Assumption A4.19 postulates imperfect information, and 

assumption A4.20 postulates "bounded rationality". Given these 

assumptions, the expected value of the outside option can be 

calculated by taking 1/2 of the expected surplus of the matches 

with unmatched alternative partners. To compute this value, first 

establish the probability density function of the reservation 

incomes of the unmatched agents. Denote this function by u ( a i ). 

From (4.15) we get: 

(4.28) u(aJ = ~(al)- AIJ P(aJa,)'rl(a,)da, 

So according to assumptions A4.19 and A4.20, the expected 

value f3 ( a j) of an outside option for a matched agent of type j 

with reservation income a J is given by the following expression: 

(4.29) f3(a j ) = ~J Q(e/ai' aj)u(aJdeda i 

To simplify the notation, ~ j will be used instead of f3 ( a j ) • 

4.3.3.5 Comparative statics of the expected value 

of an outside option 

An implication of assumptions A4.19 and A4.20 is that the 

surplus sharing rule negotiated by any pair of matched players 

will be independent from specific surplus sharing rules 

negotiated by other pairs of players in the market. However, it is 



148 

influenced by their probability distribution, so that some degree 

of intercontractual externalities exists. 

f3 J can be defined so as to include "switching costs". One type 

of switching costs arises in the renegotiation of contracts between 

agents who were partners during the previous production period: 

breach of the contract might involve the payment of some 

indemnity by the breacher to his partner. 

Assumption A4.18 implies the following condition: 

(4·.30) e~f3i and e~f3j 

Considering the hypothetical connection between farm 

population change and the tenancy surplus sharing rules, it is 

important to examine how f3 J varies with M jl Mi' 

Differentiating (4.29) with respect to M jl M i yields: 

OU J dA t 

(4.31) o(:;)=cr d (:;) 

where cr is some negative expression. There are two cases: 

Case I 

0[3. 
(4.32) o(:;fOU'<O , 

Case II 
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Equation (4.32) shows that when player j is on the short side 

of the market the expected value of his outside option increases 

as the number of type j decreases with respect to the number of 

type i agents. Equation (4.33) shows that when player j is not on 

the short side of the market or when the best alternative is 

owner-operated cultivation, the expected value of the outside 

option is not affected by changes in the number of participants in 

the market. 

4.3.3.6 Characteristic function of the search and 

matchini{ processes 

The conditions stated about the outcome of the search and 

matching processes can be summarized by a characteristic 

function. Let M denote the set of all potential participants in 

the market. This set is partitioned into two subsets: the set L of 

all potential landlords and the set T of all potential tenants. Let 

M I. denote the set of landlords matched with tenants, M T the 

set of tenants matched with landlords, N I. the set of unmatched 

landlords and N T the set of unmatched tenants. Let v ( S) be a 

scalar valued function from the set M into the set of real 

numbers, where S is any subset of M. The function v(S) is 

called the characteristic function. It assigns to every coalition of 

players the maximum joint payoff they can achieve. 
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From the assumptions made so far, the characteristic function 

of the game played by the participants in the market during the 

search and matching processes has some specific properties. 

1. Any player, by staying out of the market, achieves the 

reservation income. 

(4.34) v(i)=ai~O ViEM 

2. Super. additivity 

(4.35) V(~Sk)~ LV(Sk) 
k 

Coalitions can achieve at least as much as the sum of the 

payoffs their members can get by acting separately. 

3. Coalitions of landlords only or tenants only do not 

generate any surplus. 

(4.36) u(SUW)=u(S)+u(W) if S~L and W~L or S~T 

and 11' ~ T 

4. Pairwise matching 

(4.37) u({i,j})~u({i})+u({j}) if iEL and JET 

u(SUW):5u(S)+u(W) iflsl>2, Iwl>2, S~L and W~T 

Only pairwise coalitions made up of a landlord and a tenant 

can achieve a surplus. 



5. External stability 

(4.38) u({i,j}»E[u({i,k})] 

u( {i, j}) > E[u( {l, j})] 

where iEM L, jEM T, kENT' lENL 
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The maximum joint payoff of a landlord-tenant match 

dominates the expected maximum joint payoff of coalitions of any 

member of the match with unmatched players in the opposite side 

of the market (assumption A4.18). 

The outcome of the search and matching processes is a 

coalition structure, that is, a partition of the set of participants in 

the market into coalitions (admissible matches of previously 

unmatched players) whose maximum joint payoff configuration 

satisfies the five conditions above. There might be more than one 

coalition structure meeting those five conditions. The probability 

density function of such structures is described by the function 

P ( a i / a i) introduced in section 4.3.3.1. 
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4.4 FORMULATION OF THE BARGAINING MODEL 

The search and matching processes determine some coalition structure 

made up of admissible matches, but the actual division of the surplus 

between the members in a match ("imputation") has yet to be established. 

This is done through pairwise bargaining between them, taking into 

account the payoffs they expect in case of breaking up the coalition 

structure and searching for alternative partners among the players 

currently unmatched. It will be shown later on that pairwise bargaining 

leads to a stable division of the surpluses of a coalition structure whose 

maximum joint payoff configuration meets the five conditions stated in 

the previous section. This means that when such a coalition structure is 

formed, pairwise bargaining will yield a division of the surpluses such 

that the participants in the market will not be motivated to break it up. 

ASSUMPTION A4.21 

Agents who are matched at the end of the pre-negotiation period start 

bargaining over the distribution of the expected surplus at the beginning 

of the negotiation period. The two parties in the negotiation have 

common expectations about the value of the forthcoming surplus. 

ASSUMPTION A4.22 

This negotiation is assumed to evolve as a bargaining game with 

alternating offers: the bargaining process is divided into discrete 
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bargaining time periods, in each time period no agent can make an offer 

at the same time as the other agent and the offers are ephemeral28, so 

that an agent does not have to commit to an offer for more than one 

bargaining period. 

ASSUMPTION A4.23 

It is assumed that the agent who makes the first offer comes from the 

short side of the market. 

ASSUMPTION A4.2429 

The bargaining process terminates when an offer is accepted and the 

accepted offer is the one that will actually be implemented. 

ASSUMPTION A4.25 

The players can take outside options, that is, a player facing an 

outstanding offer can reject it, quit the current partner and look for an 

alternative partner. 

ASSUMPTION A4.26 

The players' strategies are semi-stationary in the following sense: 

there is no recall between market periods so that a player's strategy in 

28 Stahl II (1990) showed that this assumption is needed to obtain 
uniqueness of the perfect equilibrium for the bargaining game. 
29 Muthoo (1990) showed that this assumption is needed to obtain 
uniqueness of the perfect equilibrium for the bargaining game. 
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the current negotiation is not conditional on the history of previous 

matches where the player was involved. However, within the same 

market period and within the same match there is perfect recall, that is, 

the actions prescribed by a player's strategy at each stage of the current 

bargaining process depend on what has happened in the previous stages 

of the process. 

ASSUMPTION A4.27 

The players have perfect information about the structure of the game. 

Given these assumptions, player i's strategy is the function that 

assigns to every possible stage of the bargaining process one of the four 

possible actions: 

- an offer to make to his partner; 

- an acceptance of an outstanding offer made by his partner; 

- a rejection of an outstanding offer made by his partner, without 

threatening to opt out; 

- a rejection of an outstanding offer made by his partner along with 

the threat to opt out. 

The bargaining process starts with an agent, say agentj, making an 

offer to the partner, say agent i, about the distribution of the expected 

surplus. The bargaining process then evolves as follows: 

- agent i can either accept or rejectj's offer; 

- if i accepts, the game is over, the surplus being distributed according 
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to j's offer; 

- if i rejects, j can search among the pool of unmatched agents in the 

opposite side of the market and eventually find a more profitable partner; 

- if i does not take an outside option, j can make a counter offer to j 

and then the process repeats itself with i and j switching roles. 

Agents i and j can keep the negotiation going, but they have two 

economic motivations not to go on forever: one is the shrinkage in the 

value of the expected surplus as the negotiation goes on; the other is the 

possibility that the partner may quit the negotiation and take an outside 

option. 

Both agents have perfect information about the structure of the game, 

that is, their information sets are singletons, as indicated in the game 

tree ( Table 1) by the dotted lines. 

Since it has been assumed that there is no recall between market 

periods, the analysis can be limited to a single market period without 

having to take into account the histories and outcomes of previous 

market periods or the expectations about future market periods. 



Period 0 

Period J 

TABLE 1 

BARGAINING GAME TREE 

i accepts 

, ", 
:,81 j offers e j (0) l i rejects 

a a Nature 

[e j (O),ej (0)] 

':~) i offers ej (1) 

j accepts j rejects 

a Nature 

[e j (l),ej(l)] 

------------------ ------------------------ ---------------------- -- ---------------,. , . 
~ ,: j offers e j (2) 

1 i rejects i accepts 

____ I Nawre o 
[ej (2),ej (2)] Period 2 
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4.5 SOLUTION OF THE TENANCY MARKET MODEL 

4.5.1 CHARACTERIZATION OF THE MARKET EQUILmRIUM 

DEFINITION 

A market equilibrium is a profile of semi-stationary strategies 

( C1 ~ , ();) that is a subgame perfect equilibrium of the bargaining 

h * * d * * game r ( g I , g 2) were g I = g I ( () I , g 2) an g 2 = g 2 ( () I , () 2 ). 

PROPOSITION 

There is a unique market equilibrium characterized as follows: 

1) all agents unmatched at the end of the pre-negotiation period 

and willing to match during the negotiation period are unable to find 

admissible partners and remain unmatched afterwards30; 

2) all agents matched at the end of the pre-negotiation period 

reach an agreement at the beginning of the negotiation period. 

Let j denote the agent who makes the first offer and i the agent 

who moves after. Their equilibrium strategies are characterized as 

follows: 

30 The probability of unmatching for an agent with reservation income a i is 
given by Ui defined by equation (4.28). This probability depends on the 
relative number of agents in the two sides of the market and also on the 
search and matching technologies defined respectively by assumptions A4.15 
andA4.16. 



Case I 

(4.39) If P J = 0 and PI = 0 

j offers at the beginning of the negotiation period the following 

division of the surplus 

e 
(4.40) e· = -- and 

J 1 + r 

and i immediately accepts the offer. 

Case II 

(4.41) If PJ:f:O and PI=O 

j offers at the beginning of the negotiation period the following 

division of the surplus 

(4.42) a) if e>(l-Pj)re j +Pjf3j 

(l-r) rpjf3j 
e·= e+ and e·=e-e· 

J l-r2(1- Pj) I-r2(1- Pj) t J 

b) if e~(l-Pj)rej+Pjf3j: ej=e and ej=O 

and i immediately accepts the offer. 

Case III 

( 4.43) If P j = 0 and PI:f: 0 

j offers at the beginning of the negotiation period the following 

division of the surplus 
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(4.44) a) if e>Pif3i+(l-Pi)r(e-re j ) 

l-r(I-pi) Pif3i 
e·= e- and ei=e-e j 

J I-r 2(I-pi) l-r2(I-pa 

and i immediately accepts the offer. 

Case IV 

( 4·.45) If P j :f 0 and P t :f 0 

j offers at the beginning of the negotiation period the following 

division of the surplus 

( 4- .46 ) a) if e > PI f3 I + ( 1 - PI) r [ e - P I f3 I - ( I - PI) rei] 

1 - r( I - PI) Plf31 - P I( I - PI)f3 I r 
e = e-------~------~ 

I l-r 2 (I-PI)(I-PI) l-r2(I-PI)(I-PI) 

and el=e-e l 

and i immediately accepts the offer. 
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PROOF 

We will follow the method of proof proposed by Shaked and Sutton 

(1984). Let S J be the supremum of the income that player i can 

obtain in any perfect equilibrium of the game. Consider the subgame 

beginning with an offer made by player j in period 2. This subgame 

has the same structure as the original game apart from a rescaling of 

the payoffs. So the supremum of the income that player j can obtain 

in any perfect equilibrium of this subgame is again S J • There are 

four different cases to be considered. 

Case I: Both players prefer to continue bara-ainina

rather than threateninK to take up 

their outside options 

This corresponds to the following situation: 

(4.47) PI=O 

(4.48) P j = 0 

This is a case where tenants are not willing to lease in more land 

and landlords are not willing to lease out more land, so that all the 

land put up for tenancy is taken. 

Consider an offer made by player i in period 1. Any offer which 

gives j an income greater than 



(4.49) rS j 

will certainly be accepted. So the income that i can obtain in any 

perfect equilibrium of the game cannot be less than 

(4.50) e-rS j 

In fact (4.50) is the infimum ofi's income in this subgame. Now 

consider j's offer in period O. Any offer by j which gives i an income 

less than 

(4.51) r(e-rS j ) 

will be rejected. Hence j will obtain at most an income equal to 

(4.52) e-r(e-rS j ) 
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In fact (4.52) is the supremum of what j can receive in any perfect 

equilibrium of the game and, therefore, it is equal to S J' SO we have 

e 
( 4.53) S· = e - r ( e - r S .) = --

I I 1 + r 

This reasoning can be repeated changing the words "supremum" 

into "infimum", "no less" into "no more", and "accepted" into 

"rejected". So S j is also the infimum ofwhatj can obtain in any 

perfect equilibrium of the game. Therefore the perfect equilibrium is 

unique. If e I and e j denote the agreed incomes respectively of agent 

i and agent j we have 

e 
(4.54) e· = -- and 

I 1 + r 



Case II: Player j threatens to take up his 

outside option but player i doesn't 

This corresponds to the following situation: 

(4.55) PI=O 

(4.56) Pj"'O 
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Suppose the subscript j denotes the landlord. This is the situation 

where all the land put up for tenancy is taken, but there are some 

tenants willing to lease in more land who are unable to find it. 

In period 1 any offer which gives player j an income of more than 

(4.57) (I - P j)r S j + P j~ j 

will be accepted. So player i's income cannot be less than 

( 4.58) M a x { 0 ; e - [ ( 1 - P j) r S j + P j ~ j ]} 

In period 0 any offer by j which gives i an income less than 

(4.59) rMax{O;e-[(I- Pj)rS j + Pj~j]} 

will be rejected. Hence player j will obtain at most an income equal to 

(4.60) e-rMax{O;e-[(I- Pj)rS j + Pj~j]} 

We have then 

(4.61) S j = e - r Max {O; e - [(1 - P j)r S j + P j~ j]) 

By the same previous argument, the perfect equilibrium is unique 

and we have 



(4.62) a) if e>(l-Pj)e j +Pjf3j: 

(l-r) rp j f3 j 
e j = e+ and e·=e-e· 

l-r 2(1-pj) l-r2(1-pj) I J 

Case III: Player j does not threaten to take up 

his outside option but player i does 

This corresponds to the following situation: 

(4·.63) Pi '1= 0 

163 

This is the case where there are some landlords willing to lease 

out more land but are unable to find tenants willing to lease in more 

land. 

In period 1 any offer which gives player j an income of more than 

(4.65) rS j 

will be accepted. So player i's income cannot be less than 

In period 0 any offer by player j which gives player i an income 

less than 

will be rejected. Hence player j will obtain at most an income equal to 
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We have then 

(4.69) S j = Max{O;e - [pJ3 i + (1 - pJr(e - rS j)]} 

By the same previous argument, the perfect equilibrium is unique 

and we have 

(4.70) a) if e>pJ3;+(1-pJr(e-re j ): 

1 - r( 1 - p;) p;[3; 
e·= e- and e -e-e 
'l-(1-p;)r 2 1-(1-p;)r 2 ;- j 

Case N: Both players threaten to take up 

their outside options 

This corresponds to the following situation: 

(4.71) p1t:O 

This is the situation where it is very unlikely to find someone who 

wishes to lease in more land but is unable to find a landlord willing 

to lease out land. Also it is very unlikely to find a landlord who 

wishes to lease out more land but is unable to find a potential tenant. 

In period 1 any offer which gives player j an income of more than 

will be accepted. So player i's income cannot be less than 
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In period 0 any offer which gives player i an income of less than 

will be rejected. Hence player j will obtain at most an income equal to 

(4.76) Max {O; e - {p,f3, + (1 - p,)r Max[O; e - p Jf3 J - ( 1 - p J)r S J])} 

We have then 

By the same previous argument, the perfect equilibrium is unique 

and we have 

(4.78) a) if e>Pi~,+(I-p;)r[e-Pjf3j-(I-Pj)rej] 

1 - (I - Pi)r Pi~i- Pj( 1 - Pi)~jr 
e j = 2 e - 2 

l-(l-pi)(l-pj)r l-(l-pi)(l-pj)r 
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TABLE 2 

CHARACTERISTICS OF THE BARGAINING PROCESS 
AND TYPES OF CONTRACT CHOICES . 

Landlord is the first mover Tenetnt is the first mover 

High surplus Low surplus High surplus Low surplus 

r<l r=l r<1 r=l r<1 r=l r<1 r=l 

PT=O, PL=O Sl S(50:50) - - S2 S(50:50) - -
PT =0, O<PL <1 S3 FRI HM3 HM3 S3 FRI HM3 HM3 

p,.=O,PL=1 S3 FRI HM3 HM3 S3 FRI HM3 HM3 

O<PT<l, PL =0 S4 HMI FR3 FR3 S4 HMI FR3 FR3 

PT=I, PL=O HMI HMI FR3 FR3 S4 HMI FR3 FR3 

kPT<I,O<PL <1 S3,S4 S3,S4 HM2 HM2 S3,S4 S3,S4 FR2 FR2 

O<PT<I, PL=1 S4 S3,S4 HM2 HM2 S3 FRI FRI FRI 

PT=I, O<PL <1 S4 HMI HMI HMI S3 S3,S4 FR2 FR2 

p,.=I,PL=l S4 HMI HMI HMI S3 FRI FRI FRI 



4.5.2 CONTRACT CHOICES: TYPES OF CONTRACTS AND SURPLUS 

SHARING RULES 
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From the results in the previous section it is possible to typify 68 

possible contract choices, depending on the combinations of the 

following elements which are the ingredients of the players' 

''bargaining powers": 

1. Probabilities of getting outside options (p i , P j ) 

2. Player (landlord or tenant) who is the first to make an offer 

in the bargaining process 

3. Surplus of the match ("high surplus" match or "low surplus" 

match31) 

4. Players' impatience 

4.5.2.1 Share contracts without fixed payments 

The model predicts that a share contract without fixed 

payments (type 50:50, 81 or S2) will be chosen in situations 

meeting the following conditions simultaneously: 

31 "High surplus" matches are those whose surplus is such that it is possible 
for a player to make an acceptable offer to his partner and still capture part 
of the surplus. When this is not the case it is a "low surplus" match. 
"High surplus" matches correspond to equations (4.40), (4.42.a), (4.44.a) and 
(4.46.a). "Low surplus" matches correspond to equations (4.42.b), (4.44.b) and 
(4.46.b). 
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1. the match has a "high surplus"; 

2. all land put up for tenancy is taken and there are no 

tenants willing to take more land (p L = 0) nor landlords willing 

to lease out more land (p T = 0). 

The surplus earned by each player is a linear function of the 

joint surplus with no fixed payment component. 

There are three different situations to distinguish: 

1. The players are "patient" (r=l) 

This is the case of the 50:50 sharetenancy contract32. 

2. The players are "impatient" (r<l) and the 

landlord is the first mover (contract type SI) 

In this case, the landlord gets a better share than the tenant. 

The surplus earned by the landlord is: 

1 
(4.79) QL=(l+r)Q 

and the tenant earns: 

32 With a different model Allen (1985) gets the same kind of contract for 
r = 1. 



( 4.80) 
r 

e =--e 
T 1 + r 

3. The players are "impatient" (r<l) and the 

tenant is the first mover (contract type 82) 
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In this case, the tenant gets a better share than the landlord. 

The surplus earned by the landlord is 

r 
(4.81) eL=--e 

1 + r 

and the tenant earns 

1 
(4.82) eT = --e 

1 + r 

This type of contracts corresponds to the situations where the 

bargaining powers of tenants and landlords are balanced: none 

of them has a credible threat to opt out and joining efforts yields 

a higher income than operating independently. Both parties 

share the risks of production uncertainty equally (50:50 contract) 

if they are not "time impatient", or with some advantage for the 

first mover if they discount the future incomes. 

Since none of the parties has a credible threat to opt out, 

intercontractual externalities have no role to play. The 

surplus shares are determined only by the specific characteristics 

of the parties, without interference from their outside options. 
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4.5.2.2 Share contracts with fixed payments 

In this type of contract (type 83 or 84) the parties receive a 

variable payment proportional to the joint surplus of the match 

and a fixed fee paid by one party to the other. The model predicts 

that this type of sharetenancy will be chosen in situations which 

meet simultaneously the following conditions: 

a) the match has a "high surplus"; 

b) at least one of the parties has a probability to get an outside 

option; 

c1) the players are "impatient" and if the landlord is the "first 

mover" and the tenant can get an outside option for sure the 

landlord should also have some probability to get an outside 

option or, 

c2) the players are "patient", both have some probability to get 

an outside option, but the "second mover" cannot get it for sure. 

There are 19 possible contract choices of this kind listed in 

table 2 corresponding to two types of contracts: 

1. Type S3 contracts: the fixed fee is paid by the tenant to 

the landlord 

2. Type S4 contracts: the fixed fee is paid by the landlord to 

the tenant. 



171 

Table 2 defines conditions on the values of the rate of time 

impatience, the values of the probabilities of getting an outside 

option and the identity of the "first mover" determining which of 

those 19 possible contract choices will arise. The corresponding 

surplus sharing rules can be obtained by evaluating equations 

(4.42.a), (4.44.a) and (4.46.a) for those sets of conditions. 

These share contracts differ from the previous ones (without 

fixed payments) by the fact that the bargaining powers of the 

parties are less balanced: partnership still yields more income 

than independent operation, but one or both parties have a 

credible threat to opt out. So intercontractual externalities 

are bound to playa role. More precisely, they are taken into 

account in the determination of the fixed payment received by the 

player who has a credible threat to opt out. 

4.5.2.3 Fixed rent contracts 

The model predicts that a fixed rent contract will be chosen in 

the following situations: 

1. tenants have stronger bargaining power than landlords (the 

match has a "low surplus", matched tenants can find alternative 

partners, either tenants or landlords can make the first offer, but 

when the landlord moves first he has no chance to find 
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alternative partners); 

2. landlords have stronger bargaining power than tenants (the 

match has a "high surplus", the parties are "patient", matched 

landlords can find alternative partners, but matched tenants 

can't); 

3. the match has a "high surplus", the parties are "patient", 

tenants make the first offer and have some chance to find 

alternative partners, but matched landlords can get alternative 

partners for sure. 

In the "high surplus" matches, the rent is equal to the full 

expected value of the landlord's outside option (contract type 

FRl): 

(4.83) gL=f3L 

In "low surplus" matches the rent is equal to the following 

values: 

i) the landlord's reservation income, when the landlord does 

not have any chance to get an alternative partner (contract type 

FR3) 

(4.84) gL=a L 

ii) a fraction of the expected value of the landlord's outside 

option, when the landlord has some chances to find an alternative 

partner but doesn't get it for sure (contract type FR2) 



(4.85) eL=PL[3L 

iii) the full expected value of the landlord's outside option, 

when the landlord is sure to find an alternative partner 

(contract type FRl) 

(4.86) e L=[3L 

When the tenant has a very strong bargaining power, the 

landlord's rent is such that all the surplus of the match goes to 

the tenant (contract type FR3). 
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If the landlord's bargaining power is not so weak (he owns a 

high quality holding, or has a credible threat to opt out), 

intercontractual externalities playa role and the landlord 

gets a better share which takes into account the expected value of 

outside options (contract type FR1 or FR2). 

4.5.2.4 Hired management contracts 

The model predicts that a hired management contract will be 

chosen in the following situations: 

1. the match has a "low surplus", matched landlords can find 

alternative partners, either landlords or tenants can make the 

first offer, but when the tenant moves first he has no chances to 

find alternative partners; 

2. the match has a "high surplus", the parties are "patient", 



matched tenants can find alternative partners, but matched 

landlords can't; 

3. the match has a "high surplus", the parties are "patient", 

landlords make the first offer and have some chances to find 

alternative partners, but matched tenants can get alternative 

partners for sure; 
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4. the match has a "high surplus", the parties are "impatient", 

matched tenants can find alternative partners for sure, landlords 

make the first offer and have no chance to find alternative 

partners. 

In "high surplus" matches the tenant earns the full expected 

value of his outside options (contract type HMl): 

(4.87) e T =f3T 

In "low surplus" matches the surplus earned by the tenant has 

the following values: 

i) the tenant's reservation income, when there is no chance to 

find an alternative partner (contract type HM3) 

(4.88) eT=a T 

ii) a fraction of the expected value of the tenant's outside 

options, when there is some chance to find an alternative partner 

but the tenant cannot get it for sure (contract type HM2) 

(4.89) e T =PTf3T 



iii) the full expected value of the tenant's outside options, 

when he is sure to find an alternative partner (contract type 

HMl). 

(4.90) eT = i3 T 

When the landlord has a very strong bargaining power, no 

surplus goes to the tenant and so all the surplus goes to the 

landlord (contract type HM3). 
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If the bargaining power of the tenant is not so weak (he has a 

good entrepreneurial ability, or a credible threat to opt out), 

intercontractual externalities playa role and the tenant gets 

a better surplus share which takes into account the expected 

value of outside 'options (contract type HM1 or HM2). 

4.5.3 COMPARATIVE STATICS OF THE SURPLUS SHARING RULES 

Differentiating the surplus sharing rules given by equations 

(4.40), (4.42), (4.44) and (4.46) with respect to the probabilities of 

opting out, the expected values of the outside options, and the 

landlords/tenants ratio yields the following results. 
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Cases I, II b, III b) 

In these cases, e i and e j are independent from Pi' P j , f3 i and 

Case II a) 

In this case we have the following results: 

(4 .. 92) de J =r(l-r)[f3/(l+r)-er] 

dpJ [1-r 2(1-pj)]2 

From equation (4.92) we get: 

de· r 
(4.93) -' <0 if f3.<--e 

dpJ ' l+r 

de· r 
(4.94) -' >0 if f3.>--e 

dpj , l+r 

de· r 
(4.95) -' = 0 if f3. = --e 

dpj , l+r 

We now tum to the derivative of e j with respect to the relative 

numbers of agents in the two sides of the market. 
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Equations (4.26), (4.27), (4.32), (4.33), (4.91), (4.93), (4.94), (4.95) 

and (4.96) together imply 

In the other cases this derivative cannot be signed without 

knowing the values ofterrns in the RHS of (4.96). 

Case III a) 

From equation (4.99) we get the following results: 

ae· r 
(4·.100) _'>0 if [3. < --e 

api I 1 + r 

ae· r 
(4·.101) _'<0 if [3. > --e 

api I 1 + r 

(4.102) 
ae, 

if 
r 

-=0 [3. = --e 
api I 1 + r 

We calculate now the sign of the derivative of e, with respect to 

the relative numbers of agents on the two sides of the market. 



Equations (4.26), (4.27), (4.32), (4.33), (4.98), (4.100), (4.101), 

(4.102) and (4.103) together imply 

In the other cases, this derivative cannot be signed without 

knowing the values of the terms in the RHS of (4.103). 

Case IVa) 

From (4.106) we get the following results: 

oe· 
( LI,.10?) _'>0 'f Q> 1 I .... ire j o Pi 

oe· 
(4,.108) -' <0 'f Q < 1 I .... j re j 

o Pi 

We now tum to the derivative of e j with respect to PI' 
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From condition (4.110) we get the following results: 

oe· 
(4·.111) _1>0 if [e-P j f3 j -(l-Pj)re j ]r>f3i 

°Pi 

179 

Finally we determine the sign of the derivative of e j with respect 

to the numbers of agents on the two sides of the market. 

(4.114) 

Equations (4.26), (4.27), (4.32), (4.33), (4.104), (4.105), (4.107), 

(4.108), (4.109), (4.111), (4.112), (4.113) and (4.114) together imply 

(4.115) 

In the other cases, this derivative cannot be signed without 

knowing the values of the terms in the RHS of (4.114). 



Case Wb) 

ago 
(4.116) _I =0 

aPi 

ago 
(4.117) _1=_~o<O 

api I 

ag i 
(4.118) -=0 

~i 

(4.120) 
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Equations (4.26), (4.27), (4.32), (4.33), (4.117) and (4.119) together 

imply: 

The general conclusion from these results is this: 

the surplus share of one party increases when his "relative 

bargaining power" gets stronger. 

More precisely, the surplus shares vary in the following ways. 

1. When some party (say a type j player) has a chance to opt out, 



181 

his surplus share is positively correlated with the following variables: 

a) the expected value of j's outside options, that is, the income that 

j expects to earn in the case of switching to an alternative partner; 

b) the probability for j to find an alternative partner if this outside 

option is "attractive" (i.e. it is expected to give more income to j than 

what i offers to j when j cannot opt out). 

2. j's surplus share is negatively correlated with the following 

variables: 

a) the probability for j to find an alternative partner if this outside 

option is "not attractive" in the sense defined above; 

b) the expected value of i's outside options, if i can opt out; 

c) the probability for i to find an alternative partner if this outside 

option is "attractive" for i. 

3. j's surplus share is negatively correlated with the ratio of the 

number of type j players to the number of type i players when the 

outside options ofj and/or i's are "attractive". 
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4.6 FORMULATION OF THE CONTRACT DURATION MODEL AS 

A ''FmST-TIME PASSAGE" PROBLEM 

Before closing the formal work, we would like to sketch (without 

taking to its full extent) one way to model the issue of contract duration. 

This is clearly a relevant problem since it has an impact on important 

variables such as farm investment. 

The view taken in the market tenancy model is that when they reach 

an agreement, the parties pre commit only to the terms of the income 

distribution, but not to a specific duration of the contract. Rather they let 

the choice of when to stop the agreement be determined by the way the 

match and the economic environment evolve over time. So the duration of 

the match is a random variable. The goal of this section is to find out if 

something can be said about its probability distribution. 

To deal with the criterion chosen by the players to break up the 

match, consider a pair of agents (i ,j) who start a tenancy agreement at 

the beginning of economic period O. Let Y i eO) be the income from this 

match that player i negotiated for himself. This income depends on the 

value e eO) of the joint surplus expected at the end of economic period O. 

The value Y i eO) also depends on the value of i's and/or j's outside 

options at the beginning of the negotiation period O. Let (lieO) be i's 

reservation income at the end of economic period 0, that is, at the 

moment the joint surplus is realized, and let Y; eO) be the income 

received by agent i at the end of period O. If Y; eO) falls below (l i eO) 

the match turned out to be unprofitable for player i in period O. Player i 
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could have done better by staying out of the match. We will assume that, 

if this happens, player i will break up the match at the end of period O. In 

the next period, agent i can either negotiate a new arrangement with 

another partner, or stay unmatched. 

Suppose that the event just mentioned does not occur, and instead, for 

both i and j, their realized incomes at the end of period 0 stay above their 

reservation incomes. In this case, the match is actually profitable for 

both, and therefore it is reasonable to assume that they have no economic 

incentives to break it up. However, since their reservation incomes and 

the economic environment might have changed since the last time they 

negotiated, they can renegotiate at the beginning of period 1 in order to 

update their agreement according to the new economic environment. 

After the renegotiation is settled the production period starts and, at the 

end of period 1, the choice of staying together or breaking up arises 

again. We will assume the following conditions for a match to be broken. 

ASSUMPTION A4.28 

Let (i ,j) be a pair of agents who start a match at the beginning of 

period O. Let y: ( I) and a i ( I) be respectively the realized income of the 

match and the reservation income for player i at the end of period I, 

where I is equal or greater than O. Let y; (l) and a j( I) be the similar 

quantities for player j. The duration T of the match (i ,j) is then defined 

as follows: 

(4.122) T=Min{I~O:y;(I)<a.i(l) or y~(l)<aJ(t)} 
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or equivalently 

where 

Implicit in this assumption is the fact that the partners in a tenancy 

arrangement are not constrained by social norms or enforceable laws 

restricting the breakdown of their partnership. Tenancy regulatory laws, 

if they exist, are assumed to be breakable without fear of significative 

sanctions. 

Let's define now the following two sequences of random variables, one 

for each player: 

(4.126) [y.(t)=Y;(l) , l?OJ 
I ai(t) 

(4·.127) [Yj(t)=Y;(l) , l?OJ 
aj(l) 

(4.126) and (4.127) define a positively real valued bivariate stochastic 

process with index space {t: 1= 0, 1,2 J" .}. Given assumption A4.28, 

the issue of duration for the match (i ,j) turns out to be the problem of 

determining the first time that at least one of the two variables Y i ( l) or 

Y j (l) hits the value 1. Let's look first at one of the two players, say 

player i. Define the increment 



The expectation 

(4·.129) E [B Y I (t)] 
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is called the drift of the stochastic process (4.126) at time t. By imposing 

some conditions on (4.129) it is possible to derive some conclusions about 

the probability of the duration it takes for player i to break up the match. 

The restrictions one can impose on (4.129) can be restrictive enough to 

allow the derivation of a specific probability law for the contract duration. 

We will impose less restrictive conditions, just enough to enable the 

derivation of an upper bound on the contract duration probability. One 

set of conditions was proposed by Hajek (1982). The first one is a uniform 

negative bound on the drift, and the second one is a uniform exponential 

bound on the drift. They are stated as follows: 

ASSUMPTION A4.29 

( 4. 1 30) E [Y I (t + 1 ) - Y i (t) + 0' 0: Y I (l) > n] ~ 0 

for l;:: 0 and some 0'0 and n such that 

-oo~n<oo and 0'0>0. 

ASSUMPTION A4.30 

( I Y i (l + 1) - Y i ( t ) I) is stochastically dominated by Z for all t 

equal or greater than 0, where Z is an exponential random variable 

with E (e a Z ) finite for some a > O. 
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Assumption A4.29 says that the drift is uniformly bounded above by 

- eJ a whenever Y i (l) > n . In our case we have n = I and this condition 

can be interpreted as meaning that i's tenancy income is growing slower 

than his reservation income. 

Assumption A4.30 says that the distribution of the magnitudes of 

changes in Y i ( t) has an uniform exponentially bounded tail. 

From these two conditions Hajek derives the following bound on the 

probability of the time T i (n) when Y i (l) hits the value n: 

(4.131) Pr[Ti(n) > lIYi(O) = Y i ] $ p l
el](Y/-n) == bi(t) 

where 

f- a. k
-

2 Zk) £(e<lz) - [1 + a.£(Z)] 
(4.132) C == L -k I £ (= 2 > 0 

k-2 . a. 

(4.134) p==1-~all+c112 , O<p<l 

Differentiating the bound b i ( t) yields 

obi(t) I I](Y/-n) 
(4.135) =l1P e >0 

oY i 

obi(l) 1-11](>'/-0) 0 
(4.136) = -ll1P e < 

OeJ a 

From (4.135) one can conclude that, all other things being equal, the 

more (less) favorable the initial surplus sharing rule is for agent i, that 

is, the greater (smaller) Y i( 0) is, the longer (shorter) it will take for him 

to break up the match. 
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From result (4.136) we can conclude that, all other things being equal, 

the faster (slower) the gap between contract income and reservation 

income tends to close for agent i, the shorter (longer) it will take for him 

to break up the match. 

These conclusions could have been anticipated from assumption 

A4.28. However, the probability bound (4.131) is useful because it allows 

a quantitative conclusion for explicit assumptions about the time path of 

YjCl). 

Since the match can be broken by one or both players, to examine the 

duration of the contract it is necessary to look at the distribution of 

T = Min C T j' T j ) • Since the aim here is not to provide a full length 

treatment of this issue, but simply to sketch a possible approach to the 

problem, we will not pursue it further, leaving this for future research. 



4.7 CONCLUSIONS ABOUT THE LAND TENANCY MARKET 

MODEL 

4.7.1 IDIOSYNCRASY AND STABILITY OF THE CONTRACTS 
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A major advantage of this model is its ability to account for the 

contract idiosyncrasy, one of the major "stylized facts" highlighted in 

the empirical literature on land tenancy. There is no "Law of One 

Price": the type of contract and the value of the surplus shares are 

tailored to the specific characteristics of the parties (reservation 

incomes, potential joint income of their partnership, rate of "time 

impatience") and their market environment (number of players in 

each side of the market, their reservation incomes, the potential joint 

incomes of alternative partnerships). 

Since the variation of these factors is likely to be greater between 

regions than within regions, one should expect greater variation of 

contract choices between regions than within regions. 

Turning now to the issue of contract stability, one can ask why 

players matched at the end of the pre-negotiation period do not break 

up and renegotiate with alternative partners. This does not happen 

in this model for several reasons. 

1. Because of search costs (assumption A4.6): each participant in 

the market is not perfectly informed about the characteristics of 

potential alternative partners, and there is a cost to get that 

information. 



The players do not know the income they can get from every 

specific alternative match. At best, they know its probability 

distribution and the expected income they can get from a contract 

with an unmatched partner. 
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2. Besides this "search problem" there is a "matching problem" 

(assumption A4.3). The economic value of a tenancy contract depends 

on the characteristics of the contracting parties. 

3. Finally we assume the existence of a "bargaining problem": the 

terms of the contract are settled after negotiation between the parties 

and depend on their relative bargaining powers. 

In summary, the joint income of a possible tenancy contract 

depends on the characteristics of the parties; the surplus share of 

each party depends on his relative bargaining power; no participant 

in the market knows the income from a specific contract before 

matching with a partner and concluding a negotiation. 

Under these conditions, the potential participants in the market 

strike the best deal they can, subject to the information and 

institutional constraints they face (e.g. rules of the bargaining 

process), using their relative bargaining power the best way they can. 

When the time comes to negotiate contracts, every potential 

participant in the market searches for a partner. Negotiations start if 
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it is possible to strike a deal leaving each party no worse off than 

staying out of the market earning the reservation income. Then 

bargaining takes place and is concluded with each party earning at 

least the reservation income plus a payment depending on his 

relative bargaining power which may take into account, among other 

things, expected earnings from negotiating with available alternative 

partners. 

One feature of the market equilibrium is that matched landowners 

and tenants do not quit bargaining until they reach an agreement. 

They use their outside options as threats to get more favorable 

surplus sharing rules from their current partners. So the coalition 

structure resulting from the search and matching process is not 

broken up by the bargaining process and is stable until the opening 

of the next market period. 

4.7.2 ECONOMIC CONDITIONS GIVING RISE TO SHARE CONTRACTS 

According to our results, share contracts can be chosen in a wide 

variety of situations and can take different forms (without fixed 

payments; with a fixed payment charged on the tenant or on the 

landlord; surplus shares balanced for the two parties or favorable to 

one party). In spite of this diversity, these situations have some 

features in common: 
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1. The match should have a "high surplus", that is, share 

contracts are more likely to be chosen in situations where the 

reservation incomes of the parties are low and/or the farm operation 

is profitable with partnership (the landlord needs a tenant with good 

ability, or the tenant needs land of better quality than the one he 

has). 

2. There is some balance in the "relative bargaining powers" 

of the parties. 

a) If they are willing to break up bargaining both may have no 

chance to find potential alternative partners. 

b) If one party is willing to break up bargaining he is refrained 

from doing so by his "impatience" to reach an agreement and by the 

possibility the other may have to opt out. 

c) When both parties are equally"patient", both have chances to 

find outside options. When one is sure to get an outside option and 

the other is not, the first opportunity to play the threat of opting out 

belongs to the party with lower probability of getting the outside 

option. 

3. The surplus sharing rule is advantageous to the party who has 

more bargaining power (the one who is the "first mover", or the one 

who has more chances to get an outside option). 



These predictions match the empirical patterns of land tenancy 

summarized in section 1.3.4. The incidence of share contracts is 

higher in situations where landlords and tenants have low 

reservation incomes, or landlords and tenants have weak 

opportunities to opt out. 

4.7.3 ECONOMIC CONDITIONS GIVING RISE TO FIXED RENT AND 

HIRED MANAGEMENT CONTRACTS 

There are 22 different sets of economic conditions giving rise to 

fixed rent contracts and 23 giving rise to hired management 
, 

contracts. These different situations have some common features. 

192 

1. Most of them correspond to ''low surplus" matches, that is, 

situations where one or both parties have relatively high reservation 

incomes. 

2. There is some imbalance in the "relative bargaining 

powers" of the contracting parties. 

a) In a "low surplus" context (e.g. situations where landowners or 

tenants get high income from independent cultivation or from off 

farm sources) the party in better position to set the terms of the 

income distribution is the residual claimant. In "low surplus" fixed 

rent (hired management) contracts, tenants (landlords) always have 



a chance to get alternative partners; they may also have the "first 

mover" advantage; when they don't have this advantage the 

landlords' (tenants') bargaining power is weakened because they 

have no chance to find alternative partners. 
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b) In a "high surplus" context ( e.g. situations where the income 

earning opportunities for landowners or tenants outside tenancy 

arrangements are weak) the party with stronger bargaining power is 

the one who gets the fixed payment. In "high surplus" fixed rent 

(hired management) contracts, landlords (tenants) always have more 

chances to find alternative partners than tenants (landlords) and the 

rent (wage) is equal to the full expected value of the landlord's 

(tenant) outside option. 

Here again, the predictions of the model match the empirical 

patterns summarized in section 1.3.4. The incidence of fixed rent is 

higher in contexts like the following: 

- landlords living mostly from off farm income, with weak 

opportunities to opt out; 

-landlords with large or high yielding holdings and good 

opportunities to opt out. 

Hired management contracts are more common where labor is a 

very scarce resource. 
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4.7.4 EMPffiICAL PA'ITERNS IN THE LANDOWNER SHARES 

1. An increase in the probability to find an alternative partner (p i 

or p) can be caused by a decline in search costs (e.g. better market 

information) which implies an increase in the value of parameters a i 

and a j • 

2. An increase in the expected value of an outside option for type j 

players can be caused by the following: 

a) an increase in j's off-farm income; 

b) an increase in j's landownership (e.g. through land reform, 

purchase or inheritance); 

c) an increase in land productivity inj's owner operated holding. 

3. An increase in the ratio "number of landlords / number of 

tenants" can be caused by the following: 

a) decline in farmers' birth rates; 

b) partible inheritance and farm outmigration. 

4. An increase in that ratio can also be originated by labor-saving 

and land-using technological change. 

Then, according to the comparative statics of the model, we should 

expect that a decline in the landowner's income share can be caused 
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by the following situations: 

1. an increase in the off-farm incomes of potential tenants; 

2. an increased access of potential tenants to landownership; 

3. land-saving technological change; 

4. decline in farmers' birth rates; 

5. partible inheritance and farm outmigration. 

These predictions are in accordance with the empirical evidence 

summarized in sections 1.3.3 and 1.3.4. 
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5 CONNECTIONS BETWEEN THE THREE MODELS 

5.1 LINKAGES BETWEEN THE FERTILITY DECISION MODEL 

AND THE OFFSPRING HOUSEHOLD MEMBERSHIP 

DECISION MODEL 

1. The common issue for these two models is family size and its 

determinants. The first model refers to the expansion period of the 

household, while the second one refers to the fission period. Taken 

together, they are complementaIY pieces in the analysis of the family size 

time path. 

2. Another common feature between these two models is the role 

played by intergenerational wealth and income transfers: 

- in the fertility model the comparison between the transfers of income 

from parents to children ("child costs") and from children to parents is 

considered as a m~or determinant of birth control decisions; 

- the same thing happens in the offspring household membership 

decision model. 

The difference between the two models is that in the fertility decision 

process children are not strategically active, which is not the case in the 

household membership decision process. 

3. The importance of farmers' fertility behaviors for the dynamics of 

farm population is enhanced by the fact that there is a high level of 
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heredity in farm business: the would be farmers are those who are born 

in farm families. This heredity is very strongly influenced by the pattern 

of intra-familial transmission of farm property (Perrier-Comet et al., 

1991) 

4. Another connection between these two types of models is stressed by 

Sundstrom and David (1988). The outcome of the offspring household 

membership decisions influences the post-childbearing value of children. 

If the "old age security hypothesis" holds, those decisions will influence 

birth control decisions. More precisely, what those two authors showed 

for the antebellum United States is that the expansion oflabor market 

opportunities for children, driving them away from the parental farm 

decreased their value as old age assets and lowered the birth rates. 



5.2 INTEGRATION OF THE TWO FAMILY SIZE 

DECISION MODELS 
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The mathematical outcomes of these two decision models make it 

possible to consider their inclusion as components of the renewal 

equations describing population dynamics as a branching process. In 

this case, because of the dependence on time varying factors such as the 

exogenous and deterministic time paths of prices and incomes, and 

viewing the offspring departures as "emigration", the branching process 

would be one in "varying environments" ( Harrington and Fleming, 

1978, 1982) with emigration. 

We will not build such a comprehensive stochastic process integrating 

the elementary demographic processes (birth process, marriage process, 

mortality process, migration process). We stopped at the derivation of the 

comparative dynamic results which can be extracted from the birth 

control and household membership models. These models have an 

interest on their own, independent of more comprehensive frameworks 

where their outcomes might fit in. 

Also, pursuing the analysis up to the point of building a branching 

process might not always be necessary for practical purposes of 

population projection. Instead of a very long run time horizon usually 

considered in the branching processes literature, it is often more relevant 

for practical purposes of farm population projection, to take a given 

initial population and project its size up to 15-20 years ahead. In most 

cases, we don't need to look much further ahead than this. So we need 
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only to project elements such as the following: 

- the number of live offspring generated during the projection horizon 

by the individuals belonging to the initial population; 

- the occupational mobility of the individuals belonging to the initial 

population; 

- the number of deaths of individuals belonging to the initial 

population. 

In this case, it is clear that we don't need to get into the renewal type 

of argument characteristic of branching processes. The outcomes of our 

two models (if the household membership decision model is interpreted in 

terms of occupational choice) quantitatively specified, together with data 

on the initial population and on the assumed time paths of prices and 

costs would provide enough basis for such type of projection. 
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5.3 LINKAGES BETWEEN THE FARM POPULATION AND THE 

LAND TENANCY MODELS 

5.3.1 THE POSITIVE CORRELATION BETWEEN FARM FAMILY SIZE 

AND FARM SIZE 

Even though most agricultural production is done by family firms 

and in spite of the pioneer work ofChayanov (1986) and his collegues 

in the 1920s, it is recently that economists have started to give due 

attention to the analytical implications of this fact (Nakajima, 1969, 

1986; Barnum and Squire, 1979; Low, 1986; Singh, Squire and 

Strauss, 1986; Stiglitz, 1988; Ellis, 1993). This agricultural household 

literature is mostly static. So far, it has not paid enough attention to 

an important issue in Chayanov's analysis: the relationship between 

the time path of farm family size and the time path of farm 

production (Goody, 1958; Chayanov, 1986). 

Farm firms are production and consumption units where family 

labor is a prime source of labor input. Because satisfaction of family 

needs is the prime objective of farm income, the demographic 

structure of the agricultural household and its dynamics (time path 

of the family size and the consumer-worker ratio) ought to influence 

farm economic activity over time. 

Chayanov provided abundant evidence about this relationship 

summarized in the following conclusions: 
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- there is a positive correlation between farm family size and the 

volume of family farm economic activity; 

- "the peasant family without enough land and means of 

production at its disposal for the complete use of all its labor in the 

agricultural undertaking puts its surplus in another form of economic 

activity (crafts and trades)"(Chayanov, 1986, p. 113); 

- when it occurs that "the possibility of earnings from crafts and 

trades is also extremely limited or that payment for labor is very low" 

there is increased use of more labor-intensive crops and jobs 

(Chayanov, 1986, p. 113); 

- even in areas "where crafts and trades are exceedingly well 

developed and a considerable part of family income is derived from 

such activities, agricultural income, although sometimes subordinate 

to earnings from crafts and trades, nevertheless shows a noticeable 

relationship to family size"(Chayanov, 1986, p. 64). 

According to this line of analysis, part of the variation of farm 

incomes (and sizes) across space (between farms in the same region 

at a given point in time) and time (for the same farm between 

different points in time) is correlated with variations in farm family 

sizes. This is what Chayanov called the "demographic 

differentiation" of farms. 

The existence of a land rental market provides a way for the farm 



household to adjust its resource endowments (land and labor) in 

order to meet production and consumption objectives. So the 

following correlations can be found: 
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- a correlation between the farmer's position in the land rental 

market as renter and his land (negative correlation) and family labor 

(positive correlation) endowments; 

- a positive correlation between farm size and size of the family 

labor force. 

These correlations have been found by many researchers in 

different countries around the world (N alson, 1968; Bliss and Stem, 

1982; Stokes and Schutjer, 1984; Cain, 1985). They also hold in the 

Northwestern Portugal (Mendes, 1992a, 1992b). 

These correlations being accepted, the debate is about the 

direction of causation: Stokes, Schutjer and others claim that the 

causation goes from farm size to family size, whereas Chayanov, Cain 

and others claim that, if some economic conditions hold, the 

exogenous variable should be family size and the endogenous 

variable should be farm size (Cain, 1985, 1986; Stokes, Schutjer and 

Bulatao, 1986). 

With a rental market, farm size has a variable component (land 

leased in or leased out) which reflects short run ajustments to 

resource endowments, especially family labor. Labor supply is the 
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cumulative result of past family size decisions, based on long run 

expectations about child costs and income earnings. Family labor is 

not a perfect substitute for hired labor and is not perfectly mobile to 

alternative occupations. So under some assumptions about the 

flexibility of the land rental market, a decline (increase) in family 

size reduces (increases) the likelihood of a landholder being a lessee. 

The assumptions needed for this proposition to hold are the 

following (Cain, 1985; Chayanov, 1986): 

ASSUMPTION A5.1 

1. The land rental market exists. 

2. There is free entry in the land rental market. 

3. The terms of the land rental contracts "are sufficiently flexible to 

permit short-run adjustment to the changing resource position of 

households" (Cain, 1985, p. 7). 

5.3.2 EFFECTS OF FARM POPULATION CHANGE ON THE 

"NUMBER OF LANDLORDS / NUMBER OF TENANTS RATIO" 

5.3.2.1 Effects of the fertility decline 

Stokes, Schutjer and Bulatao (1986) claim that birth rate 

differentials exist between landowners and tenants: larger 

landownings stimulate lower rates and larger landholdings 



204 

stimulate higher rates. If this were true, this relationship would 

be a way for farm population change to affect the "landlords / 

tenants ratio". However, there are serious doubts concerning the 

validity of this claim on empirical33 (Cain, 1985, 1986) and 

theoretical grounds (see the "direction of causation debate" in the 

previous section). 

If family size is positively correlated with the renting position 

in the land rental market, then farm population, and more 

precisely, the historical downward trend in farmers' birth rates 

ought to increase the "landlords / tenants ratio". 

This change is the combined result of two effects of the birth 

rate decline: 

- an "aging effect": declining birth rates coupled with 

declining mortality rates lead to an aging of the farm population 

which increases the percentage of agricultural households in the 

fission period of their life cycles when family size is shrinking; 

- the flattening of the net maternity function: declining 

birth rates lead to flatter maternity functions for younger cohorts. 

So lower farmers' birth rates lead to higher percentages of old 

farmers and lower average farm family sizes. The data from the 

1970 World Census of Agriculture (FAO, 1981) illustrate these 

33 The case of Portugal is one that casts serious doubts about the empirical 
validity of this claim. In the Northwest landholdings are small and birth 
rates are high; in the south (Alentejo) landholdings are large and birth rates 
are low (Bacci, 1971). 
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facts. In 22 developed countries which reported age structure 

data, 40.9% of the holders were 55 years and over. For the 38 

developing countries which reported the same type of data, the 

percentage was 20.2%. 

Calculations based on the FAO report yield an average farm 

family size of 4.1 ha for the developed countries and 6.9 ha for the 

developing countries. 

5.3.2.2 Effects of the farm offsprini household 

membership decisions 

The basic empirical facts about farmland mobility are the 

following (Kelly, 1983): 

- this mobility is accomplished much more through the land 

tenancy market than through ownership transfers; 

- intrafamilial transfers (gifts and inheritance) account for 

most of the ownership transfers, the percentage of market 

transfers being relatively small. 

The prominance of intra-familial land transfers increases with 

the length of time young farm people spend on the parental farm. 

The household membership decision model shows that offspring 

tend to stay in the parental farm if they expect to accumulate 

more wealth by staying with the parents than from moving away. 

Because of the predominance of intrafamilial transfers and 
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with some provision for partition in the inheritance rules, the 

number of landowners will grow over time. With declining 

farmers' birth rates and positive farm outmigration, the trend is 

toward a decline in the number of landholders. The combined 

result of these two trends is an increase in the "landlords / 

tenants ratio". 

In a country such as the US the value of this ratio is greater 

than one (Bernat, Jr., 1987), a situation which is found also in 

other developed countries. 

5.3.3 COMMON ISSUES BETWEEN THE HOUSEHOLD MEMBERSmp 

AND THE LAND TENANCY MODELS 

An issue in common between these two models is that they both 

deal with the issue of organizational membership decisions. 

In both cases, membership decisions depend basically on the 

comparison between the wealth the organization member can 

accumulate by staying inside or moving outside the organization. In 

both models, the income earning opportunities outside the 

organization are represented as random variables. 

One difference between the two models is that in the household 

membership case the member seeking to leave might invest resources 

to increase the probability of finding attractive income earning 

opportunities outside the organization, whereas in the farm tenancy 
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model such behavior has not been incorporated. 

Another diference is that the farm offspring household 

membership decision model deals with membership in a 

hierarchical organization (the family farm under parental authority 

over the intrahousehold income distribution), whereas the farm 

tenancy model deals with membership in a partnership 

organization (a tenancy arrangement where both parties are endowed 

with some bargaining power over the income distribution). 

In the household membership case, the organization continues 

after the departure of one of its members, whereas, in the farm 

tenancy case, the organization breaks up if one of its members quits. 

Another connection between these two types of models is that land 

tenancy contracts are sometimes the institutional arrangement 

chosen to make the intergenerationalland transfers. 



208 

6 CONCLUSIONS 

The detailed conclusions drawn from the three models and their 

reconciliation with the empirical evidence can be found in sections 2.7, 3.6, 

3.7, 4.5.2, 4.5.3 and 4.7. This concluding chapter is just to highlight the more 

relevant features of the models in comparison with the existing literature. 

6.1 THE FERTILITY DECISION MODEL 

The empirical and theoretical work on fertility behavior is vast. 

However, the dynamic approach explaining, not only the completed 

family size, but also the timing and spacing of births is relatively recent. 

Also there has been only a limited amount of work representing parents 

as deciding, not directly on the number of children, but instead on the 

intensity of birth control. 

By assuming a specific functional form for the parental utility, this 

model provides a closed form solution for the hazard rate function of the 

timing of live births which is amenable to empirical estimation. The 

author who is closest to this work (Newman, 1988) assumed an utility 

function quadratic in consumption which has well known drawbacks and 

yields complicated comparative dynamic results. We assume an utility 

function based on a more realistic type of risk attitudes. This function 

yields a tractable problem and leads to simple and intuitive results. 

This model also departed from Newman in focusing on rural 

households, taking explicitly into account the productive role of children 



and avoiding the assumption of fixed and exogenous preferences for 

children as consumer goods. 
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The results help to put together the pieces of a puzzle which many 

times have been treated separately to explain important "stylized facts" 

of fertility behavior: the rural-urban fertility differentials and the 

fertility transition including the rise in birth rates during the early 

stages of modernization and the conditions for the onset of fertility 

decline. 

This explanation integrates the basic tenets of "Caldwell's hypothesis" 

considered by many demographers as a promising theory of fertility 

decline, as well as the "old age security hypothesis". 

One direction to extend the model is to incorporate more social factors 

that shape fertility behavior, namely the cultural background of the 

parents (e.g. size of the families they come from, influences from the birth 

control behaviors of neighbouring couples, etc.). This does not mean that 

the current version of the model ignores the influence of social factors on 

the fertility behavior. In fact, in accordance with the Caldwell's 

hypothesis, it stresses the role of the rural organization of production and 

the changes in the direction of the intergenerational income flows that 

follow from changes in this mode of organization. 



6.2 THE OFFSPRING HOUSEHOLD MEMBERSHIP 

DECISION MODEL 
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The literature on farm offspring household membership decisions is 

scarce. It is amazing that economists have paid so little attention to these 

decisions knowing the fact that the farm outmigration age profile is 

U-shaped, and therefore household membership decisions are associated 

with the choices leading to farm population decline. This model takes up 

this issue considering the strategic interactions between parents and 

offspring in a way that is consistent with the pattern of parental 

authority typical of most farm households. 

A few authors have recently engaged in strategic modeling in this area 

and their work was reviewed in chapter 3. This model, however, is 

different because it is more focused on the rural households and on the 

household membership decision. Also it is set up in a dynamic framework 

so that it can be taken as a complementary piece of the fertility decision 

model with the same type of formal outcome: a hazard rate function of 

the timing of offspring outmigration from the parental household. Taken 

together, the two models provide a basis for the study of the time path of 

farm family size over its life cycle: the fertility decision model deals with 

the expansion period of the household, and the household membership 

decision deals with the fission period. Each model has an interest on its 

own, but taken together they can be fed into a Chayanovian approach to 

examine the influence of the time path of family size on the dynamics of 

economic activity within and across farms. 
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The model accounts for some important "stylized facts" such as the 

trade off between the preservation of family property and an equitable 

treatment of the children, the preferencial inheritance patterns and the 

tendency for the offspring to leave the parental household as the income 

earning opportunities get relatively better outside. In dealing with these 

issues the model catches the flexible and complex nature of the 

intergenerational wealth and income transfers by relating factors such as 

social norms, income earning opportunities on and off the parental 

household, parents' equity criteria and children's investment strategies to 

provide for their future. 

The model lays down the cases where generational consolidation and 

generational fragmention of the household can arise. An interesting 

feature is that it shows how parents provide for the future of their 

children and, at the same time, may use inequity in the income transfers 

in favor or disfavor of the offspring as an incentive to induce him to 

contribute to the preservation of the family wealth. 

An extension of the model would be to take into account the 

interaction between parents and all of their offspring. With this 

improvement the issues of the choice of the successor and the interactions 

among siblings could be dealt with. Another extension would be to set up 

a multiple choice problem with the different alternatives the offspring 

can find outside the parental household: non farming activities or 

another farming activity on a full time or on a part time basis. 
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6.3 THE LAND TENANCY MODEL 

Land tenancy is another area where the literature is vast. However, 

even though land tenancy contracts vary a lot among farms, between 

regions and over time, the theoretical literature has not always 

acknowledged this idiosyncrasy of the tenancy contracts. The model 

based on strategic bargaining theory can account for that feature. 

The model not only makes the type of contract endogenous, but also 

provides the surplus sharing rules and the set of conditions giving rise to 

each type of contract. One of the most interesting features of the model is 

to show how the type and terms of the contract are tailored to fit the 

characteristics of the parties and their economic environment. The 

comparative static results show how the changes in the characteristics of 

the players and in their environment affect the terms of income 

distribution. 

The model departs from competitive, price-taking assumptions. Type 

and terms of the contract are the product of negotiation and are shaped 

by the "relative bargaining powers" of the parties. Another interesting 

feature of the model is to specify in detail the exact content and the 

complexity of this fuzzy concept of "bargaining power". One ingredient of 

bargaining power is the ratio "number of landlords / number of tenants". 

Through this channel there is a possible linkage between land tenancy 

choices and the demographic decisions dealt with in the first two models. 

The work is a simple extension of Rubinstein's original model which 

does not incorporate later developments in the strategic bargaining 
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literature like incomplete information or multilateral bargaining. Also it 

does not analyze fully some important issues such as contract duration. 

So, much more work remains to be done. 
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