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Abstract 

Over the last few decades, the structure of agricultural production around the world 
has been changing. An economic analysis of the factors influencing this evolution is 
presented. Special attention is given to the role of technology and resource mobility. 
Linkages with changes in market conditions are also evaluated. 
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1. Introduction 

The process of food production has changed significantly over time and over space. 
Changes have been influenced by the dynamic interactions between improved technolo- 
gies and increasing human population [Boserup (1965)]. Over the centuries, the produc- 
tion process has evolved from simple forms of food gathering (e.g., hunting and fishing) 
to complex biotechnologies (e.g., genetic engineering). Hunting and fishing activities 
remain important sources of food in some parts of the world, and extensive production 
systems (e.g., pastoralism) still play significant roles in food production where popula- 
tion density is low and/or land productivity is low. However, intensive forms of produc- 
tion are now commonly found around the world. These intensive forms have typically 
been associated with high population densities, productive land, and rapid technological 
progress. 

The evolving organization and structure of agricultural production remains a subject 
of considerable interest. Historically, land rights and relations have evolved in response 
to changing population density, market access, and agrarian policy [Boserup (1965), 
Binswanger et al. (1993), Binswanger and Deininger (1997)]. At the microeconomic 
level, various institutional forms can support food production, from territorial rights as- 
sociated with hunting and fishing, to collective farms (e.g., the Israeli kibbutz), to private 
farms. Private farms include large commercial farms relying extensively on hired labor 
as well as family farms relying mostly on family labor. Around the world, the current 
prevalence of the family farm as a socioeconomic unit of agricultural production (where 
it is often difficult to distinguish between production unit and household consumption 
unit) is particularly noteworthy. 

The evolution of farm structure is part of a complex evolution of the farm sector and 
its role in a global economy. The main function of the farm sector is to feed a grow- 
ing world population. The world population reached 6 billion people in 1999, up from 
5 billion people in 1987. Feeding this growing population is a significant challenge, sug- 
gesting a strong and increasing demand for food. In this context, it may be surprising to 
see that the average real price of food has been declining over the last few decades. This 
has been possible only because of a large increase in food production and remarkable 
productivity gains. This stresses the importance of technical change in agriculture. 

Another notable characteristic of the food sector is the instability of its markets. Part 
of the instability is due to weather effects, which affect farm production, farm prices, 
and farm income. Part of the instability is also due to the low price elasticity of demand 
for food and the perishability of a number of food commodities. An inelastic food de- 
mand means that food prices can react sharply to small changes in food supply. This 
suggests significant risk in anticipating agricultural prices. The instability of agricul- 
tural markets and farm income can raise questions about whether market prices always 
provide appropriate guides to efficient resource allocation in the food sector [e.g., Innes 
and Rausser (1989), Newbery and Stiglitz (1981)]. This seems particularly relevant in a 
period of market liberalization, where the role of government in agriculture is declining 
around the world, with greater emphasis being given to markets and trade. 
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2. The structure of agricultural production 

J.-P. Chavas 

Since the beginning of the twentieth century, the spread of mechanization, increased 

land productivity due to technical progress (e.g., the "green revolution"), and rural mi- 
grations toward cities have transformed the system of agricultural production around 

the world. The transformation has taken many forms. 
First, migration from rural areas toward urban jobs has been associated with the 

growth of the industrial and service sector, and with a sharp increase in farm labor 
productivity due in large part to mechanization. In situations of slow economic devel- 

opment, few urban jobs and a slow growth in the industrial sector have restricted the 
labor migration flow and reduced the demand for farm mechanization. Alternatively, 

in situations of rapid economic growth, significant labor migrations have reduced the 

proportion of the active labor force employed in agriculture. Taking place over several 
decades, this process has transformed farming into a sector employing only a small por- 

tion of the active population. In developed countries, such changes have induced a trend 

toward mechanization and significant increases in farm size. 

The product mix produced by farmers has also changed. In general, farms have 

evolved toward greater product specialization. In developed countries, this can be seen 

today through the development of large, specialized animal production units in broiler, 
dairy or pork production (which contrast with the more traditional mixed crop-animal 

farms). 
Agricultural sectors around the world are increasingly relying on trade and market 

mechanisms as a means of guiding resource allocation in agriculture. This coincides 

with a decline of food self-sufficiency motive as a guiding force for the organization 

and structure of farming, at both the micro level and the national level. As trade for food 

and fiber developed, the role of agricultural markets has become more important both 
in developed and developing countries. At the national level, this means less reliance on 

government programs. At the farm level, economic survival pushes managers toward 

implementing efficient production systems adapted to local conditions, toward develop- 

ing marketing skills that can take advantage of market opportunities, and toward risk 
management strategies that can effectively deal with weather risk and changing market 

conditions. 
Finally, the increasing role of contracts in agriculture is worth emphasizing. For ex- 

ample, the broiler sector has exhibited high growth and significant productivity gains 

over the last 40 years. It has also been associated with the development of vertical inte- 
gration, where coordination between different stages of the marketing channel is done 
mostly through contracts. The use of contracts as a control and coordination mechanism 
is also commonly found in vegetable production, and increasingly in pork production. 
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3. Farm structure 

3.1. Farm size a n d  returns  to scale  

Issues related to the structure of agriculture and to the survival of the family farm have 
long been subjects of  interest and controversy [see, e.g., Allanson (1992), Gale (1993), 
Goetz and Debertin (1996), Hearn et al. (1996), Lianos and Pafliarou (1986), Weiss 
(1998)]. At the center of  this debate is the relationship between farm size and economic 
efficiency: are large farms more efficient than small farms? Is it possible to identify an 
"optimal" farm size? The nature of returns to scale in production can help shed some 
light on these issues. 

Returns to scale reflects the relationship between average production cost and firm 
size. Increasing (decreasing) returns to scale corresponds to an average cost (per unit 
of  output) 1 being a decreasing (increasing) function of  output. And constant returns 
to scale means that average cost is unaffected by firm size. Alternatively, finding that 
larger firms exhibit a lower (higher) average cost identifies the presence of  economies 
(diseconomies) of scale. In crop production, it often appears relevant to consider land as 
a fixed factor. Then, returns to scale can be alternatively measured in terms of  the prop- 
erties of  the average return per unit of  land: increasing (constant, decreasing) returns to 
scale corresponds to the average return per unit of land being an increasing (constant, 
decreasing) function of  farm acreage. In this context, the average return per acre is the 
Ricardian rent, measuring the return to land after all other factors of  production have 
been remunerated [e.g., see Chavas (1993)]. 2 

Under free entry and exit, competitive firms producing under increasing returns to 
scale implies negative profit, giving incentives for firms to either exit the industry or 
expand. And competitive firms producing under decreasing returns to scale implies 
positive profit, providing incentives for new firms to enter the industry. Thus, under 
perfect resource mobility, industry equilibrium is expected to include only firms pro- 
ducing in the region of  constant returns to scale (which exhibits neither increasing nor 
decreasing returns to scale). This has stimulated much research trying to identify the 
shape of  the average cost function as it relates to farm size. Alternatively, in the ab- 
sence of  perfect resource mobility, power relations can become closely linked to land 
rights and the structure of  agricultural production [e.g., De Janvry (1981), B inswanger 
et al. (1993), Binswanger and Deininger (1997)]. For example, Binswanger et al. argue 
that the historical emergence of  large farms in many developing countries was based on 
power relations and economic distortions, where the international competitiveness of  
these farms was often maintained by subsidies involving significant social costs. Such 
situations motivated agrarian reforms redistributing land with an attempt to improve 
both equity and efficiency. 

I In a multi-output framework, the relevant function is the ray-average cost function, i.e., the cost of produc- 
tion per unit of a factor proportionally rescaling all outputs [see Banmol (1982)]. 
2 This means that land rent should not be lxeated as a cost in cost of production studies. 
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In developing countries, there is debate about the inverse relationship often observed 
between farm size and productivity [e.g., Rao and Chotigeat (1981), Eswaran and Kot- 
wal (1986), Binswanger et al. (1993)]. The argument is that, compared to large farms, 
small family farms face lower labor cost because of lower cost of labor supervision. 
Then, in situations of unequal land distribution, land reform can in principle generate a 
more egalitarian access to land while increasing farm productivity and efficiency [e.g., 
by combining "underused" labor from small farms and the landless with "underused" 
land on very large farms; see Berry and Cline (1979)]. However, small farms may face 
higher capital cost (e.g., due to credit rationing and capital market imperfections) if large 
farms have better access to the capital markets. In such a situation, it is possible for the 
relationship between farm size and productivity to be U-shaped, large farms enjoying a 
credit cost advantage while small farms enjoy a labor cost advantage [Binswanger et al. 
(1993)]. 

In agriculture of developed countries, the empirical evidence suggests that the average 
cost function has a typical L shape: average cost tends to decline for small farm sizes, 
and then reach a lower plateau for average to large farm sizes [e.g., Hall and Leveen 
(1978)]. This suggests three points. First, economies of scale seem to exist for small 
farms. Second, there is no strong evidence that diseconomies of scale exist for large 
farms. Third, there is a fairly wide range of farm sizes where average cost is approxi- 
mately constant [e.g., Kislev and Peterson (1996)]. This has focused some attention on 
the "minimum efficient" farm size, i.e., the smallest farm size that can capture the bene- 
fits of economies of scale. Knowing this minimum efficient size is particularly relevant 
for the evaluation of the efficiency of farm structure and land reform policy. 

One problem is that there is no clear consensus on what the "minimum efficient" 
farm size is. For example, Hall and Leveen's (1978) analysis suggests that in California 
this minimum may be around 100 acres of land. But there is also evidence that small 
farms can be scale-efficient in developed countries [e.g., Garcia et al. (1982)] as well 
as in developing countries [e.g., Yotopoulos and Lau (1973), Kalirajan (1981)]. For 
example, Yotopoulos and Lau, and Kalirajan provide evidence that, in India, small farms 
(fewer than 10 acres) are at least as efficient as large farms. How can we reconcile these 
apparent inconsistencies? 

First, farmers have the option of choosing among different technologies, each one 
adapted to particular farm sizes. The typical situation is that, for a given technology, 
average cost tends to decrease with size, up to some capacity beyond which average 
cost increases. As farm size increases, a switch can take place from one technology 
to another better adapted to larger sizes (e.g., through capital investment and mecha- 
nization), so that the region of decreasing returns to scale is often not observed. Also, 
the minimum average cost of each technology may be fairly constant across technolo- 
gies. This implies that the lower-bound envelope of the minimum average cost across 
technologies (the "long-run average cost" function) is rather flat. This is illustrated by 
Matulich (1978), in the context of studying the relationship between average cost and 
herd size in U.S. dairy farms. This suggests that, while increasing returns to scale may 
well be present for a given technology, the situation of constant returns to scale may be 
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approximately satisfied across technologies for a wide range of farm sizes. This would 
help explain why there is empirical evidence of increasing returns and constant returns 
to scale appearing to coexist in agriculture. Also, it helps explain why farm size can 
vary over such a wide range, both within a country and across countries. This indicates 
that, as long as farms have access to a technology adapted to their size, there may not 
be great efficiency gains from changing farm sizes or from land redistribution schemes. 
The land redistribution programs recently implemented in South Africa or in the former 
Soviet Union (FSU) have been motivated by both efficiency and equity concerns. This 
suggests that, provided that they can be implemented without adverse effects on farm- 
ers' access to markets or technology, land reform programs can improve wealth equity 
while maintaining or even enhancing (e.g., due to better incentives under decentralized 
management in the FSU) agricultural productivity. However, avoiding these adverse ef- 
fects while redistributing land can be difficult. As a result, the success of land reform 
policies can vary significantly across countries [e.g., see Lerman (1999), for the recent 
FSU experience]. 

Second, the empirical estimation of returns to scale often depends on the measure- 
ment of cost. In agriculture, the measurement of the cost of family labor is problematic. 
Family labor is often valued at its opportunity cost [e.g., Hall and Leveen (1978)]. How- 
ever, measuring precisely this opportunity cost may be difficult. Also, there are some 
questions about whether opportunity cost is the appropriate value of family labor. Mi- 
croeconornic theory suggests that family labor has a "shadow value" which can depend 
on both its opportunity cost, and on household preferences with respect to time alloca- 
tion. The latter becomes important when household farm work generates direct utility to 
the household (in a way similar to leisure in the neoclassical household model). For ex- 
ample, this would happen whenever family members enjoy working on the farm. In this 
case, the shadow price of family labor is equal to its opportunity cost [e.g., the wage 
rate in off-farm work), minus the unit value of "enjoying farm work". Note that the 
neoclassical agricultural household model [e.g., Singh et al. (1986), Benjamin (1992)] 
implicitly assumes that the shadow value of "enjoying farm work" is zero (farm work 
then being valued at its opportunity cost). However, there is empirical evidence against 
the hypothesis that "enjoying farm work" has zero value [see Lopez (1984), for Cana- 
dian agriculture]. This is true for "hobby" farms, where agricultural activities are also 
seen as "leisure" activities. It also seems to characterize a number of part-time farmers. 
These arguments suggest that, in general, the shadow value of family labor is not al- 
ways equal to its opportunity cost. This is particularly relevant to the extent that, while 
many large commercial farms may approximately satisfy the assumptions of the neo- 
classical agricultural household model, "hobby" farmers and part-time farmers typically 
have small farms. This suggests that the valuation of family labor may in fact change 
with farm size: ceteris paribus, the shadow value of labor on some small farms may be 
lower than on larger farms because of the enjoyment of farm work by "hobby" farmers 
and some part-time farmers. This also means that the opportunity cost of labor is an 
upward-biased estimate of the shadow price of family labor on some small farms. In 



270 Z-R Chavas 

this case, finding high average production cost on small farms may simply reflect this 
measurement bias (rather than the existence of increasing returns to scale). 

Besides technology, many other factors can also influence the choice and efficiency 
of farm size. They include transaction costs, market imperfections, access to markets, 
and pecuniary economies. In developing countries, access to markets may vary across 
farm sizes [e.g., credit rationing is more prevalent on small farms; see Binswanger et al. 
(1993)]. In general, pecuniary economies are said to exist when larger farms pay lower 
prices for their inputs (due to lower transaction cost and/or stronger bargaining power), 
thus lowering their average production cost. And for similar reasons, large farms may 
receive higher prices for their outputs. Then, pecuniary economies would give larger 
farms some economic advantage and provide an incentive for increased farm size. When 
paid by farmers, transaction costs are parts of the cost of production (e.g., monitoring 
costs, transportation costs, information costs). Also, they can contribute to higher input 
prices (when paid by farm input suppliers) and lower farm output prices (when paid by 
food traders and processors). In either case, they tend to reduce farm profitability. Some 
transaction costs may be higher on large farms (e.g., monitoring cost of hired labor), 
thus giving some cost advantage to smaller farms [e.g., Eswaran and Kotwal (1986), 
Binswanger et al. (1993)]. Alternatively, information costs about prices or technology 
may be higher on smaller farms, thus giving some economic advantage to larger farms 
and providing incentives to increase farm size. And, as it improves information pro- 
cessing in decision making, higher quality of human capital (e.g., due to education or 
experience) has been found to be positively related to farm size [Sumner and Leiby 
(1987)]. 

Also, tax policy can affect farm size and structure [e.g., Gardner and Pope (1978), 
Lowenberg and Boehlje (1986)]. Tax policy is often designed to stimulate capital in- 
vestments (e.g., through investment tax credit or depreciation allowances that reduce 
taxable income). The associated reduction in taxes and increase in after-tax income is 
typically greater on capital-intensive farms. To the extent that capital-intensive farms 
tend to be larger, this means that tax policy can favor larger farms and thus provide an 
incentive for increasing farm size. 

Finally, risk exposure can influence the size and structure of farms. This is relevant 
since risk markets are typically incomplete in agriculture, implying that most farmers 
face significant price risk (due to biological lags in the production process) as well as 
production risk (due to weather effects and pest problems). Being in general risk averse 
[e.g., Lin et al. (1974), Binswanger (1981), Newbery and Stiglitz (1981), Innes and 
Rausser (1989), Chavas and Holt (1996)], farmers are made worse offby being exposed 
to risk. In this context, a risk premium has been used as a measure of the implicit cost 
of private risk-bearing [Pratt (1964)]. Under some conditions, the average risk premium 
is expected to increase with farm size [Chavas (1993)]. This suggests that risk expo- 
sure gives some economic advantage to smaller farms and provides a disincentive for 
increasing farm size. Alternatively, larger farms may have access to better risk man- 
agement strategies that can help reduce their risk exposure. These strategies include 
diversification strategies and the development of flexible plans that can deal better with 
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unforeseen contingencies (e.g., by investing in forms of capital that have multiple uses). 
They also include financial and marketing strategies (e.g., hedging, contracts, access 
to capital and financial markets) that can redistribute risk toward agents who are better 
informed and/or have a better ability to bear risk. In general, it appears that larger farms 
are more likely to develop (compared to smaller farms) under conditions of reduced risk 
exposure and/or more refined risk management schemes. 

In addition, there is significant uncertainty about product quality in agriculture. For 
example, pesticide contamination and biotechnology have raised consumer concerns 
about food safety. This has stimulated the use of contracts as a way to improve food 
quality. Also, it has increased the prospects for product differentiation and market seg- 
mentation in agricultural markets. For example, some farms have been able to capitalize 
on the growing demand for "organic" food. By using production techniques that are per- 
ceived by consumers to produce higher quality and safer products, they can sell their 
products at higher prices on differentiated markets. This requires establishing separate 
marketing channels, often a significant challenge. When feasible, this has allowed some 
small farms (that are typically more labor-intensive and less capital-intensive) to survive 
and prosper even while facing relatively high production costs. 

Finally, compliance with environmental rules and regulations is increasingly impor- 
tant in agriculture. This is motivated by situations of pollution and externalities where 
farming has adverse impacts on the environment (e.g., nitrate contamination of ground- 
water). The associated costs can affect the choice of size and location of production 
units. These effects depend on the environmental externalities generated, the nature 
of the regulations, and the abatement technology available. In some cases, large farm 
operations may increase pollution problems by concentrating the pollutants in a few lo- 
cations (e.g., as in livestock production). Then, environmental regulations would likely 
have a greater impact on large production units. This may favor smaller farms. Alter- 
natively, it may be that larger farms have access to better abatement technology, which 
would improve their ability to manage agricultural externalities. 

3.2. Economies o f  scope and diversification 

Farms are typically multi-product firms. Most produce more than one output, either 
implementing crop rotation practices or using an integrated crop-livestock production 
system. Yet the extent of farm specialization varies both over time and across space. In 
general, there is a tendency for commercial farms to be more specialized than subsis- 
tence farms, with an overall trend toward increased specialization. 

The fact that most farms are multi-product firms suggests that the benefits of diver- 
sification are significant in agriculture. These benefits take two forms: the presence of 
economies of scope reflecting the reduced cost associated with producing multiple out- 
puts, and the risk-reducing effects of diversification. 

Economies of scope in agricultural activities appear to be significant [e.g., Femandez- 
Cornejo et al. (1992), Chavas and Aliber (1993)]. Crop rotations generate well-known 
benefits. They allow different crops to better exploit the fertility of the soil. For example, 
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corn planted after soybean benefits from the soybean's ability to fix nitrogen. Also, crop 
rotations contribute to lowering pest populations, thus reducing the need for pesticides. 
Finally, integrated crop-livestock systems can involve forage production that helps im- 
prove land fertility and reduce soil erosion, while manure can ameliorate soil quality 
and increase crop yields. 

As argued above, risk and risk aversion provide incentives for farmers to reduce their 
risk exposure. To the extent that different activities are influenced differently by weather 
conditions or pest problems, diversification can be an effective way of reducing farmers' 
risk exposure. There is empirical evidence that risk reduction is a significant motivation 
for farm diversification [e.g., Lin et al. (1974)]. 

Both economies of scope and the risk benefits associated with farm diversification 
suggest strong incentives for farms to be multi-product enterprises. But this does not 
explain the historical trend toward more specialized farms. Such a trend indicates that 
there are also significant benefits to specialization. Such benefits come mainly from im- 
proved productivity. Typically, a task is better performed by a specialist than by a gen- 
eral manager. For example, a veterinarian is expected to better manage animal health 
problems on a farm than a general farm manager. But specialized management may 
become profitable only on larger firms. Often, the benefits of specialization can be ob- 
tained only beyond some minimal scale of operation. This suggests the existence of 
an important trade-off between farm size and diversification. As farm size increases, 
the benefits of specialization and the associated enhanced productivity rise, which can 
counterbalance the benefits of diversification mentioned above. The net effect is that 
economies of scope tend to decline with farm size. This is supported by empirical ev- 
idence of a negative relationship between economies of scope in agriculture and farm 
size [e.g., Fernandez-Cornejo et al. (1992), Chavas and Aliber (1993)]. This provides 
an economic rationale for why larger farms tend to be more specialized than smaller 
farms, as the former are in a better position to capture the benefits of specialization. It 
also suggests that the trend toward more specialized farm production systems is in large 
part motivated by productivity improvements. 

3.3. Technology and farm organization 

Over the last century, agriculture has undergone two remarkable changes: rapid tech- 
nological change (both in developing and developed countries), and significant reduc- 
tion in farm labor (mostly in developed and newly industrialized countries). These two 
factors are not unrelated. First, technical progress was a necessary condition for the de- 
crease in farm labor: without it, feeding the growing urban population would not have 
been possible. Second, the evolving labor market has had some feedback effects on the 
nature of technical change in agriculture. 

Over the last few decades, productivity growth has been the principal factor respon- 
sible for economic growth of agriculture in developed countries [Capalbo and Antle 
(1988), Ball (1985), Ball et al. (1997)]. For example, over the last four decades, U.S. 
agriculture has seen an average increase in output of 1.9 percent a year, and an increase 
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in productivity of 1.9 percent a year [Ball et al. (1997)]. This indicates that technical 
progress (i.e., significant improvements in land and labor productivity) contributed to 
most of the increase in farm output. Such remarkable results apply to most developed 
countries [see, e.g., OECD (1995)]. On average, productivity growth in agriculture has 
been larger than in many other sectors. For example, Jorgenson and Gollop (1992) found 
that the growth rate of U.S. agricultural productivity has been four times larger than the 
corresponding rate in the rest of the economy. This stresses the importance of agricul- 
tural technical change in developed countries. However, the extent and nature of agri- 
cultural productivity growth in developing countries has been less uniform. Over the last 
three decades, land productivity and labor productivity have increased significantly in 
most countries [Pardey et al. (1991), Craig et al. (1997)]. However, sub-Saharan Africa 
has seen stagnation in its agricultural labor productivity [Craig et al. (1997)]. 

In developed countries, the twentieth century has seen significant economic growth 
in the non-farm sector, which increased non-farm employment and raised urban wages. 
This created some disparity between farm and non-farm income and produced incen- 
tives for a large labor migration from farms to urban areas [Schultz (1945)]. It signif- 
icantly reduced the amount of both family labor and hired labor in agriculture. The 
decrease in hired labor resulted in the typical farm being a family farm with little or no 
hired labor. And, given that total farmland has been fairly constant in most developed 
countries, the decrease in family labor has implied a rise in average farm size over time. 
This also stimulated the adoption of labor-saving technology in agriculture (e.g., mech- 
anization), yielding large increases in farm labor productivity. It illustrates the existence 
of feedback effects of resource scarcity on technical change. 

More generally, these feedback effects have been associated with the "induced inno- 
vation" hypothesis [Binswanger (1974), Hayami and Ruttan (1985)]. This hypothesis 
states that relative resource scarcity tends to guide technological change toward using 
additional inputs that are plentiful and inexpensive, while saving on scarce and expen- 
sive inputs. This is consistent with labor-saving technological change being stimulated 
by higher wages. This is also consistent with fertilizer-using technological change found 
in North American, European, and Asian agriculture in the 1960s and '70s [Binswanger 
(1974), Hayami and Ruttan (1985)]. 3 It involved the development of high-yielding vari- 
eties (through genetic selection) of corn, wheat, and rice that were particularly respon- 
sive to nitrogen fertilizer. The incentive to develop and adopt these new varieties came 
in part from technological progress in the nitrogen fertilizer industry, which reduced 
the market price of nitrogen fertilizer. This combination of low-cost fertilizer with high- 
yielding varieties contributed to large crop yield improvements in developed agriculture, 
and to the success of the "green revolution" in developing countries. 

Note that the period since the mid-1970s has seen higher prices for energy, fertilizers, 
and pesticides. There is empirical evidence suggesting that this period also saw some 

3 However, note that there is also empirical evidence suggesting some inconsistencies between the induced 
innovation hypothesis and technical change in agriculture [e.g., Chavas and Cox (1997a)]. This stresses the 
complexity of the process of technical change. 
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changes in U.S. agricultural technology toward becoming more "input-saving" for these 
inputs [Chavas and Cox (1997b)]. Again, being consistent with the induced innovation 
hypothesis, this illustrates that the nature of technical change appears to be sensitive to 
relative resource scarcity. 

Over the last few decades, some agricultural technologies have been identified as 
contributing to pollution of the environment (e.g., groundwater pollution by nitrates) 
and degradation of the ecosystem (e.g., pesticide contamination). New technologies are 
currently being developed in an attempt to reduce these adverse effects of agriculture. 
They include the development of nitrogen-fixing corn and pest-resistant varieties. These 
emerging technologies offer new prospects to improve the current management of the 
ecosystem. 

The process of technical change has been found to have large economic effects 
both within agriculture and within society [e.g., Griliches (1960), Schmitz and Seckler 
(1970), Huffman and Evenson (1993), OECD (1995)]. The current use of genetic en- 
gineering and biotechnology in both crop and animal production gives good prospects 
for continuing technical progress in agriculture. Typically, the adoption of a new tech- 
nology is a slow diffusion process [e.g., Griliches (1957)]. At first, a few early adopters 
can benefit economically from the increased productivity it generates. Eventually, as a 
majority of producers adopt it, the new technology contributes to higher farm output and 
lower food prices. As a result, consumers gain significantly from technical progress. At 
the same time, the farms that are late adopters typically face difficult economic con- 
ditions: high production costs accompanied by lower food prices. This is Cochrane's 
(1958) "treadmill effect": in the presence of rapid technical progress, any farmer who 
does not quickly adopt new technology is threatened with declining profit. This puts 
considerable pressure on farm managers to remain informed about emerging technolo- 
gies and their adaptation to local agro-climatic conditions. In general, the early adopters 
are likely to have good managerial skills. This means that technical change would tend 
to favor good managers. This "management bias" has important implications. For ex- 
ample, if specialization tends to be associated with superior management, then technical 
change would favor specialized production systems. This indicates that the distribution 
of the benefits from technical progress can vary greatly across firms within an industry. 

Notably, most of the new agricultural technology did not originate from the farm. 
Rather, it typically came from some combinations of private and public institutions that 
made significant investments in agricultural research and development (R&D). Histori- 
cally, the payoff from both private and public R&D investments in agriculture has been 
high. On average, their estimated rate of return has been in the range of 20 to 30 per- 
cent in the U.S. [e.g., Griliches (1960), Hayami and Ruttan (1985), Chavas and Cox 
(1992, 1997a), Huffman and Evenson (1993)]. For both private and public R&D, there 
is evidence of significant lags between the timing of investment and its effects on farm 
productivity, the lag varying between 10 and 30 years. The empirical evidence sug- 
gests that private R&D investments appear to generate their returns in the intermediate 
run (after about 8-15 years), while public R&D investments seem to pay off in the 
longer run (after 15-25 years) [e.g., Huffman and Evenson (1993), Chavas and Cox 
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(1992, 1997a)]. This is consistent with the 17-year legal patent protection, and the fact 
that private research tends to be more "applied". In contrast, public research tends to be 
more "basic", with longer-term and more uncertain payoff. However, the relative role of 
public versus private agricultural research is changing. In U.S. agriculture, investments 
in private research have increased faster than in public research. As a result, the share 
of public research has declined from 50 percent in 1981 to 45 percent in 1996 [Frisvold 
et al. (1998)]. This move toward the privatization of agricultural research is observed 
in many countries around the world [OECD (1995)]. With the current developments in 
biotechnology, it involves a redefinition of the relationships between private research 
and public research, as they promise to influence technical progress in agriculture in the 
twenty-first century. 

It is worth emphasizing that the rate of technical progress has varied across indus- 
tries and across regions. As discussed above, over the last few decades, most countries 
have exhibited large agricultural productivity growth [e.g., OECD (1995), Pardey et al. 
(1991), Craig et al. (1997)]. This is the main factor explaining the trend toward lower 
food prices. However, one significant concern relates to the current situation in Africa. 
Over the last three decades, sub-Saharan Africa has been in large part bypassed by the 
"green revolution". And current agricultural R&D investments indicate that it is not 
likely to benefit greatly from new biotechnology. This suggests that the prospects for 
large agricultural productivity growth in sub-Saharan Africa are not very good. This 
creates significant challenges to technology and economic development policies in this 
part of the world. 

As discussed above, part of the increase in farm productivity over the last few 
decades has been associated with increased specialization. In many developed regions 
(e.g., Western Europe, U.S.A.), at the beginning of the twentieth century, most farm 
households were small and greatly diversified. Being strongly motivated by food self- 
sufficiency motives, they attempted to produce most of the household food consumption 
needs. This changed with the growth of agricultural markets, which facilitated the de- 
velopment of specialization in agriculture at the farm level, the regional level, as well as 
the national level. Greater specialization reduced the scope of activities and increased 
the need for market exchange for each farm and each region. It allowed farm man- 
agers to focus their skills on just a few enterprises, thus improving their production 
control and efficiency. It also allowed farm and food marketing firms to become better 
organized spatially, thus contributing to lower transportation and marketing costs. As 
a result, farms and regions evolved toward more specialized production systems that 
exploited their comparative advantage reflecting local agro-climatic conditions. As they 
became better integrated in the market economy, they received the benefits from market 
exchange and trade. This contributed to more efficient and more productive agriculture 
at the farm, regional, national, as well as world levels. This process is still in progress 
as regions and nations negotiate politically with each other over the distribution of the 
benefits from trade. 

While the role of agricultural markets has for the most part been increasing over time, 
vertical coordination in some sectors has come to depend on contracts. This is particu- 
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larly true for highly perishable products such as vegetables, where product quality and 
timing of economic decisions are closely linked. In those sectors, contractual relation- 
ships between producers and food processors typically exist, which stipulate the quality, 
quantity, and timing of production [Marion (1986)]. By improving product quality and 
timeliness, contracts can contribute to improving production and marketing efficiency 
in the food sector. Contractual relationships have also developed in some animal pro- 
duction. Starting in the 1950s, the broiler industry evolved quickly toward vertical inte- 
gration. This was associated with production contracts, greater specialization, and rapid 
productivity gains [Lasley et al. (1988)]. A similar process is underway now in pork 
production, and to some extent in beef production. 

Why is this move toward greater integration taking place in agriculture? At least 
three contributing factors have been proposed: efficiency gains, productivity gains, and 
the exercise of market power. First, efficiency gains would be obtained in the presence 
of economies of scope across the production systems being integrated. But, in his in- 
vestigation of the U.S. pig sector, Azzam (1998) did not uncover evidence of vertical 
economies of scope between feeder-pig production and finishing. Second, it is often 
believed that integration can help stimulate productivity. The rapid productivity gains 
of the broiler industry under vertical integration is an illustrative example [Lasley et 
al. (1988)]. Third, the possible role of market power as a motivating force behind inte- 
gration has generated both interest and concerns [e.g., Marion (1986), Azzam (1996), 
McCorriston et al. (1998)]. Azzam (1996) found some empirical support for the hypoth- 
esis that monopsony provided an (inefficient) incentive that contributed to the backward 
integration of the U.S. beef slaughter industry into the live cattle market. 

In general, farmers approach their input and output markets as price takers. However, 
they can face marketing firms that are large and in a position to exercise market power. 
This raises questions about the effects of market concentration on the organization and 
performance of the food sector [Marion (1986), Huang and Sexton (1996), Cotterill 
(1997)]. Although a discussion of these issues is beyond the scope of this chapter, it 
seems appropriate here to mention the role of agricultural cooperatives. Cooperatives 
can be prevalent in particular sub-sectors (e.g., as in the case of the U.S. dairy sub- 
sector) [Marion (1986)]. Cooperatives can be interpreted as an institutional response to 
market imperfections. Often, a cooperative projects its member either forward or back- 
ward in a marketing channel. It can therefore accomplish many of the same purposes 
as vertical integration [Sexton (1986)]. Some of the motivations for cooperative forma- 
tion include improving product quality and avoiding monopoly or monopsony situations 
[Marion (1986)]. In this context, cooperatives have an efficiency-enhancing role: they 
can help improve vertical coordination in the agricultural sector. Alternatively, coop- 
eratives can be used as a means of increasing the bargaining power of farmers facing 
imperfectly competitive markets. When applied to agricultural marketing, cooperatives 
can generate significant price enhancements through their exercise of bargaining power. 
Under strong bargaining power, this would increase members' income, but can also 
lead to inefficient and non-competitive outcomes. However, under free entry, one may 
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expect such inefficiencies to be unsustainable in the long term, unless some form of 
supply control is implemented. 

4. Entry-exit decisions and resource mobility in agriculture 

In our earlier discussion of  economies of  scale, we assumed free entry and exit, i.e., 
perfect resource mobility. We now examine the role of  imperfect resource mobility in 
agriculture. 

The typical family farm is heavily influenced by the life cycle of  the farm household 
manager. Two phases of  this life cycle are particularly important: the beginning of  the 
cycle when a young manager decides to work on a farm; and the end of  the cycle when 
an older manager decides to retire from farming. In between, with a few exceptions, 4 
the continuation of  the family farm is often not an issue. Thus, some of  the most im- 
portant decisions made by a farm household manager are long-term decisions that are 
not subject to frequent renegotiation. This suggests rather low mobility of farm labor 
in the short term. Similarly, land rights typically remain under the control of  the same 
manager over extended periods of  time. Finally, at least part of  farm capital is usually 
"specialized", meaning that it has few alternative uses. An example is a milking par- 
lor that cannot be moved easily and has no alternative use but the milking of cows. 
This indicates that agriculture is a sector characterized by restricted resource mobility, 
at least in the short run. In other words, the dynamic adjustments of land, capital, and 
agricultural labor tend to take place over many years [e.g., Schultz (1945), Brandow 
(1977)]. 

This reduced resource mobility can be traced in large part to special characteristics 
of agricultural production. Land and climate are specific to particular locations and can- 
not be moved. As a result, many agricultural adjustments involve spatial adjustments in 
other factors of  production, in particular farm capital and farm labor. Yet agricultural 
investments in human and physical capital can also be location-specific. When there are 
significant costs of  moving capital or labor over space, this generates a situation of "as- 
set specificity" which affects the dynamic process of  resource allocation in agriculture. 
This is the issue of "asset fixity" analyzed by Johnson and Quance (1972). 

4.1. Capital mobility 

A situation of asset fixity can be linked to the existence of sunk investment costs. An 
investment is sunk if the unit value of investment is higher than the unit value of  dis- 
investment. This happens when the purchase price of capital is larger than its salvage 
value. For example, the salvage value of  a milking parlor is typically close to zero, im- 
plying that the investment in a milking parlor is almost entirely sunk. The existence of  

4 A notable exception includes situations of foreclosure and bankxuptcy, where large debt and severe finan- 
cial stxess can force the farm household manager out of agriculture. 
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sunk cost can be linked to transaction costs and/or market imperfections. In the case of a 
milking parlor, the lack of alternative uses and the high cost of moving are the main rea- 
son why its salvage value is so low. Sunk costs imply that an investment decision cannot 
be reversed costlessly. In general, there is an economic incentive for decision makers to 
avoid facing sunk costs. In situations of risk, this means that sunk costs provide an in- 
centive to avoid reversing any decision, i.e., to keep capital in its current utilization. As 
analyzed by Dixit (1989), Chavas (1994), and Dixit and Pindyck (1994), this has three 
implications. First, under sunk costs, there is a zone of "asset fixity" where investments 
fail to respond to small changes in economic incentives [Johnson and Quance (1972)]. 
This can be interpreted as a "market failure", where changes in relative prices may not 
help guide the process of resource allocation at least in the short run. And it can lead 
to the segmentation of markets [e.g., Shiha and Chavas (1995)]. Second, asset fixity 
provides a disincentive to exit an activity. In the 1950s and 1960s, this generated a situ- 
ation where agricultural resources were relatively slow to exit U.S. farming even in the 
face of persistently low return. Third, asset fixity interacts with uncertainty to provide a 
disincentive to invest. In other words, sunk costs and risk can create "barriers to entry". 
Vasavada and Chambers (1986) presented empirical evidence supporting a form of asset 
fixity and the presence of sluggish adjustments to price changes for labor and capital in 
U.S. agriculture. And the interaction of sunk costs and uncertainty can adversely affect 
market participation decisions and thus the functioning of markets [e.g., De Janvry et 
al. (1991), Goetz (1992)]. 

Advances in farm technology made capital highly productive and attracted capital 
into agriculture. In the longer term, capital investments have greatly stimulated labor 
productivity. High capital requirements have also made entry into farming more diffi- 
cult. This has generated some concerns about the survival of the family farm [e.g., Gale 
(1993), Weiss (1998), Goetz and Debertin (1996), Allanson (1992)]. Weiss presents 
some Austrian evidence supporting an emerging bimodal structure of farm sizes: small 
part-time farmers and large farms surviving, with mid-size farms decreasing in relative 
number. The role of off-farm income in sustaining small farms has been documented 
[e.g., Hearn et al. (1996), Lianos and Parliarou (1986)]. It suggests that, in the ab- 
sence of off-farm income, many prospective young farmers may find it economically 
unattractive to support a family on a mid-size farm. Finally, it is often suggested that 
government policies (e.g., government programs, tax policy) have contributed to in- 
creases in farm size [e.g., Lowenberg and Boehlje (1986), Goetz and Debertin (1996)]. 
There is evidence that the benefits from government farm programs are often not eq- 
uitably distributed: the majority of the associated income transfers tend to go to large 
farms and relatively wealthy families [e.g., Sumner (1990)]. However, it is not clear 
how this affects the return per unit of land between small farms and large farms. Fur- 
thermore, distinguishing empirically between the effects of government policies and 
those of technical progress is difficult. As a result, the exact role of government policies 
in explaining the trend toward larger farms in developed countries remains somewhat 
unclear [e.g., Gardner and Pope (1978), Sumner (1990)]. 
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4.2. Labor mobility 

Individuals on farms have the option of choosing between farm work and non-farm 
employment. However, except when located near urban areas, choosing non-farm em- 
ployment often requires moving to an urban area. As mentioned above, rural migra- 
tion to cities has been an important aspect of structural change in agriculture through 
most of this century. Migration decisions depend on the nature of labor demand outside 
agriculture. For example, during the 1950s and 1960s, expanding industrial production 
created many urban job opportunities in developed countries. This was also a period 
when average household income was typically higher in urban areas. This stimulated 
rural migration. The persistence of this income gap over several decades points to "farm 
labor specificity". At least two factors contribute to this specificity: (1) investments in 
farm human capital are partially sunk whenever some farm skills have few alternative 
uses outside the farm sector; and (2) migration decisions involve significant information 
and transactions costs that are also sunk. This has generated a rather slow adjustment 
process in the farm labor market. However, over several decades, this process can still 
provide massive labor shifts across sectors (as observed in developed and newly indus- 
trialized countries). 

In developed countries, the last two decades have seen most of the employment 
growth in the service sector. In the U.S., the income gap between farm versus urban 
households has been reduced (due in part to a leveling-off or a decline in real wages in 
urban areas). As a result, the income incentive to migrate from rural to urban areas is 
currently not as strong as it was in the 1950s or 1960s. This suggests that the decision to 
become a farmer versus working in the non-farm sector has become more complex over 
the last two decades. After decades of rural migrations to cities, the remaining active 
farm population is quite small. The fact that farm production increased in the face of 
such a sharp reduction in farm labor stresses the large labor productivity gains in agri- 
culture. Given that in developed countries farming currently employs only a few percent 
of the active population, the prospects for important rural migration are now limited. As 
a result, there is a new focus on the role of non-agricultural activities in rural areas. 
Also, the concerns have shifted from exit issues to entry issues in agriculture [e.g., Gale 
(1993)]. What institutions are training and preparing the farmers of tomorrow? What is 
being done to reduce some of the adverse effects of risk and asset specificity in agricul- 
ture? With the rising importance of human capital, the structure of agriculture is slowly 
evolving toward units of production, stressing the role of technological and managerial 
skills. 

4.3. Markets and trade 

Over the last few decades, there has been a great increase in the role of agricultural 
markets in resource allocation. The 1980s and 1990s have seen an increased reliance 
on markets and a decreased role of government in agriculture. Structural adjustment 
policies advocated in the 1980s by the IMF and the World Bank have enhanced the 
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role of agricultural markets in guiding the allocation of agricultural resources in many 
developing countries. Following decades of extensive involvement of government in 
the U.S. farm sector [e.g., Brandow (1977)], the Federal Agricultural Improvement and 
Reform (FAIR) Act of 1996 has set the stage for less government involvement in U.S. 
agriculture. And after decades of limited progress, GATT and WTO trade negotiations 
in the 1990s have contributed to reducing trade barriers in world agriculture. 

The increased role of markets has been associated with increased resource mobility, 
especially for capital and finance. Over the last few decades, the international capital 
market has become very active, large, and fluid. It has significant implications for eco- 
nomic policy and trade. First, by arbitraging financial returns across countries, the inter- 
national capital market has restricted the effectiveness of monetary policy conducted by 
any country. Second, exchange rates are now often more sensitive to international cap- 
ital flows than they are to changes in the balance of trade. In this context, it is not clear 
that exchange rates always provide proper signals to evaluate the comparative advan- 
tage of production in a particular country. Also, the fluidity in the international capital 
market means a high volatility in exchange rates, which creates fluctuating import and 
export prices. 

As discussed earlier, agricultural production faces significant price risk and produc- 
tion risk. Also, decrease in government involvement has contributed to increased price 
uncertainty for farmers. What can be done to reduce some of the adverse effects of sunk 
costs and risk? Good information about market conditions and superior technological 
and managerial skills seem crucial. Also, various risk management schemes are avail- 
able. They can be interpreted as private and public safety nets designed to reduce expo- 
sure to downside risk. They include the use of insurance against production uncertainty, 
and of options and futures contracts to reduce price risk. But problems of asymmet- 
ric information (moral hazard and adverse selection) have hampered the development 
of insurance markets. Hedging using futures markets is an effective way to reduce the 
short-term effects of price risk. For example, traders commonly hedge on exchange rate 
futures to eliminate the price risk generated by fluctuating foreign currencies. However, 
the short maturity of most futures contracts means that their usefulness in managing 
long-term risk is limited. As a result, the use of futures and options markets cannot 
eliminate the adverse effects of price risk on long-term investments. 

Various government schemes can also help. They include food aid to developing 
countries, price support programs that reduce the prospect of facing declining prices, 
government subsidy of insurance premium, and government disaster payments. All con- 
tribute to decreasing downside risk and thus reducing the negative effects of sunk costs 
and uncertainty on investment incentives. Finally, production and marketing contracts 
can also help when they redistribute risk and possibly mitigate the adverse influence of 
risk on resource allocation. However, the associated benefits may not be broadly shared 
since only the contracted parties receive them. 

While new technologies are playing a significant role feeding a growing population, 
they are also raising new questions about food quality. This is illustrated by the current 
debate about "organic" food and bioengineered crops and livestock. The evaluation of 
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food quality raises difficult issues both domestically and in international trade, espe- 
cially when consumer perceptions differ from scientific opinions. The problem is that 
there is no universal evaluation of what constitutes "safe" food. There is a concern that 
food produced from new technologies may have some long-term adverse effects on hu- 
man health (or on the environment), effects that are difficult to observe in the short term 
(e.g., the case of BST technology in the dairy sector). As a result, we are entering a 
new era where it is increasingly difficult to treat food items as standard products. This 
creates new opportunities for product differentiation in the food sector. It also gener- 
ates significant challenges for developing marketing systems that respond effectively to 
consumer demand. 

It seems that we are slowly evolving toward a marketing system of differentiated 
food products. The role of government is to provide minimum standards of food safety 
to protect human health against well-documented hazards, and enforce them in both do- 
mestic and international markets. Beyond that, market niches are developing for "higher 
quality" products that command some price premium. Even in the absence of strong sci- 
entific evidence, some consumers are willing to pay a premium for food products they 
perceive to be "safer". With appropriate information (e.g., labeling), consumers are in 
a position to choose among products of differing quality based on their own evaluation 
of relative food safety. Conn'acts can play an important role in establishing quality and 
product differentiation (e.g., in the case of "organic" food). They work best when pro- 
ducers and consumers are in close geographic proximity. This provides new economic 
opportunities for some farms to develop direct marketing schemes to reach local con- 
sumers. To the extent that large farms may find it more difficult to differentiate their 
products, this may give some economic advantage to smaller farms. More generally, 
product differentiation will require establishing vertically integrated marketing systems 
providing quality control and appropriate labeling throughout the marketing channel. 
Developing such systems remains a formidable task, with significant implications for 
the future organization and structure of the food system. 

For international trade, the challenges are even more significant. The temptation is al- 
ways strong to use food safety concerns to promote protectionism. Trade disputes over 
food quality will likely become more common. This involves the World Trade Organi- 
zation (WTO) as well as national courts. WTO deals with global rules of trade between 
nations, interpreting trade agreements and commitments, and trying to settle trade dis- 
putes generated by countries' trade policies. And national courts are involved in settling 
private as well as public trade disputes. In a world of differentiated products, there is 
a need for institutional innovations to safeguard and improve the efficiency of interna- 
tional transactions [Casella (1992)]. Traders need to have access to a dispute resolution 
process acceptable to merchants of different national backgrounds. Judges in national 
courts are often unfamiliar with the "usage of trade" and the technicalities of specific 
transactions. This has stimulated international arbitration schemes (e.g., the Interna- 
tional Chamber of Commerce in Paris). As a result, a body of law is developing through 
the published deliberations of arbitrators, deliberations taken as precedents in succes- 
sive decisions. This can facilitate the process toward further international integration. 
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5. Concluding remarks 

Rapid technological progress and expanding trade have been major factors influencing 
agriculture. National food security policies were common among many nations in the 
1950s and 1960s. It meant only limited competition for many farmers around the world 
and limited benefits from specialization. The current liberalization of agricultural mar- 
kets throughout the world means that farmers now face stiffer competition and stronger 
incentives to specialize. This can be difficult for many farmers who face economic and 
financial hardship. But this also provides new opportunities for farms, regions, and na- 
tions to identify their comparative advantage, exploit it to remain competitive, and con- 
tribute to increasing world food supply. A key issue is the nature of resource mobility 
and its variations across farms, regions, and nations. The farms, regions, or nations 
that face lower resource mobility will likely see depressed farm income. Alternatively, 
the ones with human capital, technological and managerial skills, and higher resource 
mobility will prosper. The challenge is to develop private institutions and government 
policies that can assist in the evolving production structure and adjustment process in 
agriculture. 
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Abstract 

Assignment of land rights affects equity and efficiency, determining among other things 
households' ability to generate subsistence and income, their social and economic sta- 
tus, incentives to exert effort and make investments, and access to financial markets and 
consumption-smoothing mechanisms. The chapter discusses costs and benefits of the 
transition towards individualized land rights. It reviews how characteristics of the agri- 
cultural production process, credit access, portfolio risk, and transaction costs affect 
functioning of land sales and rental markets. Policy conclusions are drawn concern- 
ing the transition from communal to individualized land rights, award of formal titles, 
improved functioning of land sales and rental markets, and redistributive land reform. 

JEL classification: Q15 
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1. Introduction 

In agrarian societies land is not only the main means for generating a livelihood but 
often also for accumulating wealth and transferring it between generations. The way in 
which land rights are assigned therefore determines households' ability to produce their 
subsistence and generate marketable surplus, their social and economic status (and in 
many cases their collective identity), their incentive to exert non-observable effort and 
make investments, and in many cases also their ability to access financial markets or to 
arrange for smoothing of consumption and income. 

Given this context, markets to exchange rights to land temporarily or permanently 
can provide a low-cost means to effect transactions that would bring this factor of pro- 
duction to its most productive use. The institutions governing the functioning of land 
markets will affect the transaction cost associated with such exchanges, the magnitude 
and distribution of the benefits generated by them, and the incentives for rational eco- 
nomic agents to undertake efficiency-enhancing transfers and land-improving invest- 
ments. Furthermore, since land is one of the best collateral assets available, clear prop- 
erty rights and greater ease of their exchange are likely to affect the emergence and 
efficiency of financial markets. This implies that land markets have an essential role in 
the broader process of economic development. 

In this chapter we first examine the way in which property rights in land evolve in an 
ideal and undistorted environment. We view the emergence of land rights as an endoge- 
nous response to increased scarcity of land and the associated incentives for land-related 
investment, and then discuss other factors - such as further increases in population den- 
sity, better access to markets, or the introduction of improved technology to exploit 
the land - that would lead to increased productivity of agricultural cultivation, as well 
as endogenous technical change. We note that, historically, there have been few cases 
where such an uninterrupted evolution has been followed. We then briefly sketch the 
conditions required for as well as the deviations from this ideal path. With this in mind, 
we discuss factors affecting the costs and benefits of individualized land rights and ex- 
amine empirical evidence for their magnitude. The implications of tenure security for 
investment incentives are highlighted. 

Having clarified the concept of property rights in land, we turn to land sales and 
rental markets. We consider the main factors affecting participation in those markets, in 
particular characteristics of the agricultural production process, labor supervision cost, 
credit access, the risk characteristics of an individual's asset portfolio, and the trans- 
action costs associated with market participation. These factors will affect land sales 
and rental markets differently; in particular, even if owner-operated farms are more pro- 
ductive than wage-labor-operated ones, the sales market will not necessarily shift land 
to them. This implies that, in environments where financial markets are imperfect, land 
market operation needs to be considered within a broader perspective focusing on access 
to other markets and the availability of alternative assets. We note that, in general, land 
rental markets would be less affected by these problems because renting out does not 
preclude the landlord from utilizing land as a collateral to access credit which could then 
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be passed on to the tenant in an interlinked contract. Removing obstacles - often gov- 
ernment regulations or imperfections in other markets - that prevent smooth functioning 
of  land rental markets and taking measures that enhance potential tenants' endowments 
and bargaining power can considerably increase both the welfare of  the poor and over- 
all efficiency of  resource allocation. There are also many instances where sales markets 
are regulated in a manner which hampers incentives for socially optimal behavior. In 
addition to reducing tenure insecurity, governments can in these situations improve the 
efficiency of  resource use by avoiding interventions limiting rental and sales markets. 

Finally, in a number of countries, a highly unequal land ownership distribution im- 
plies inefficient and inequitable resource use which the land sales or rental markets are 
not able to smoothly transform into a more efficient and equitable allocation. Based on 
these issues we draw policy conclusions concerning the transition from communal to 
individualized land rights and the award of  titles, steps that might be used to improve 
the functioning of land sales and rental markets, and the scope for redistributive land 
reform. 

2. Property rights in land 

2.1. The emergence o f  land rights 

The process of  gradual individualization of property rights in land can be conceived as 
an induced institutional response to higher shadow prices of land to encourage longer- 
term investments in land, as in the pioneering analysis by Boserup.1 At the earliest 
stages of  development, even before the establishment of  sedentary agriculture, tribes 
of hunters and gatherers assert control over certain locations where they collect food 
and engage in hunting. As population density increases, forest fallow systems, and then 
communal property right systems emerge. Under these arrangements, the general right 
to cultivation of  a piece of  land is an inseparable and in principle inalienable element of 
tribal membership. Cultivation rights are assigned to individuals on a temporary basis, 
normally as long as the cleared plot is cultivated. Once cultivation has ended (due to 
exhaustion of  soil fertility), the plot falls back to the lineage and the family either selects 
a new plot (if land is abundant) or has a plot allocated by the chief of  the tribe. Tile 
fact that land is held by the community or lineage rather than the individual facilitates 
periodic redistribution of  at least part of  the land among community members based 
on population growth, serving as a social safety net and preventing the emergence of  
a class of  permanently landless individuals. Tenure security in a general sense is very 
high, i.e., individual members enjoy secure and inheritable general rights to cultivatable 
land which can be reactivated even after a period of  absence. 

l It is well understood that this idealized process has rarely been followed in actual history (Boserup herself 
devotes more than one chapter to the issue of coercion and the description of feudal systems). It is, nonethe- 
less, useful to illustrate the main underlying factors. 
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As the relative scarcity of land increases, the pledging or intra-community rental of 
land emerges. This practice, whereby land that is not used can temporarily be pledged to 
another family, with the stipulation that it has to be returned upon request, facilitates the 
productive use of land in case the original owner is unable to undertake cultivation. It 
is distinctly different from permanent land transactions and is generally not allowed to 
involve people from outside the community. 2 It also does not uniformly apply to all land 
- unimproved land lying fallow at any given time continues to be at the free disposal 
of the community, for example, for grazing by domestic animals owned by any family 
with cultivation rights. Variations of such communal tenure systems, where parcels are 
re-allocated from time to time in order to accommodate population growth and grazing 
land is left for communal use, are common in many parts of the developing world, such 
as China, large parts of Africa, and Mexico. 

What are the factors driving this process of successively increasing precision in the 
definition of property rights to land? The most frequent explanation is that a virtuous 
cycle of technical change and investment is set in motion by a combination of increasing 
population density, technical progress, commercial integration, and reduction of risk. 
Boserup was the first to point out the fact that, historically, higher population density 
was the driving force behind an endogenous process of better definition and enforcement 
of property rights, changing arrangements for the organization of production, and higher 
levels of investment. 

The Boserupian framework of changes in the relative scarcity of land and the as- 
sociated introduction of labor-saving technology can, for example, explain systematic 
changes in the strength of women's land rights [Platteau (1996)]. Under land abundance 
and predominance of shifting cultivation, agriculture tends to be female-dominated, 
polygyny is widespread, and women enjoy high status as workers as well as child- 
bearers. Marriage is accompanied by the transfer of bridewealth to the bride's family 
and, in case of the husband's death, women retain land rights either in their native or 
in their new village. With increased land scarcity and adoption of the plough, the im- 
portance of women in agricultural production tends to decline and bridewealth, as well 
as other customary safeguards to protect widowed and isolated women, disappears. In- 
stead, women receive, upon marriage, pre-mortem inheritance, which - if it remains 
the property of the wife - establishes a tba'eat point in intra-household bargaining and 
provides economic security in the case of divorce or death of the husband. 

The diffusion of exogenous technical change and/or expansion of trade generally has 
an investment-increasing effect similar to the one caused by increased population den- 
sity. By increasing the stream of incomes that can be derived from a unit of land, tech- 
nical change and trade expansion increase incentives for better definition of property 
rights in land. Indeed, establishment of tree crops, and the associated heavy investment 

2 Indeed, the distinguishing characteristic of communal tenure systems is not a lack of general tenure se- 
curity but the fact that property rights are not permanently linked to a specific plot, implying the existence 
of restrictions on the transferability of land fights (especially to individuals who are not members of the 

community). 



292 K. Deininger and G. Feder 

in clearing and leveling of  land, was generally undertaken only where institutional in- 
novations had enhanced tenure security adequately so that individuals could be sure to 
reap the benefits from such investments. Similarly, the transportation revolution caused 
by the steamship in the late nineteenth century led not only to the incorporation of  hith- 
erto unexplored countries and states into global trade but also increased the demand for 
individualized ownership of  land. For example the opening of Thailand to international 
rice trade through the Bowering treaty of  1826 induced a quantum increase in the de- 
mand for rice land in the Thailand plains, and brought about the introduction of  a formal 
land registration system [Feeney (1988)]. 

Another important factor furthering the evolution of individual property rights to land 
is the reduction of  risk to income and consumption. The three major avenues for this 
to come about are (i) the development of  markets for output, capital, and insurance, 
(ii) technical progress that allows for diversification, reduction of  the covariance of 
yields, and the probability of  crop failure, and (iii) the emergence of  access to non- 
covariate streams of  off-farm income. It has long been noted that group ownership of  
land (or joint communal production) can be viewed as an "insurance policy" to eliminate 
the threat of  permanent asset loss or to reduce vulnerability to idiosyncratic consump- 
tion shocks. However, the scope for using communal land ownership to insure against 
non-idiosyncratic shocks is limited by the weather-induced covariance of  agricultural 
production. Especially when collective production on arable land is required to obtain 
these benefits, 3 households prefer individual ownership once alternative and less costly 
mechanisms to insure against covariate risks become available [see Key et al. (1998), 
for the case of  Mexican farming communities] .4 

Because monitoring of effort in agricultural production is difficult and costly, col- 
lectives where individuals are not residual claimants to profits are highly inefficient 
forms of  agricultural production [Deininger (1995)]. However, contrary to widespread 
misconceptions, communal tenure systems are generally no t  based on collective pro- 
duction. Instead, production on arable plots is normally undertaken by individuals who 
are residual claimants to output, implying that, on arable plots, incentives for effort sup- 
ply by individual cultivators are likely to be appropriate. Inefficiencies may persist with 
regard to decisions concerning the use of  communal areas such as forests and pasture, or 
the disincentive to invest, derived from the inability to claim ownership rights to specific 
plots. In an analysis of Mexican farming communities (@dos), McCarthy et al. (1998) 
provide empirical evidence for the existence of  collective action problems regarding the 
use of  pasture and forest, but not of individually managed plots. 

3 Group ownership has often been prevalent where risk is high and where factors such as remoteness, envi- 
ronmental hazard, or presence of external enemies imply that superior insurance mechanisms are not available 
[Ellickson (1993)]. 
4 The potential usefulness of communal land ownership as a device for consumption-smoothing is inversely 
related to the incidence of locally covariate climatic shocks. It is thus not surprising that, at comparable levels 
of population density, communal tenure systems have proven to be more durable in environments where such 
risks are lower. 
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Communal resource ownership is often motivated by the ability to provide bene- 
fits in the form of easier provision of  public goods, arrangements to enhance equity, 
or the ability to take advantage of  synergies that would be difficult to realize under 
fully individualized ownership. Examples include risk reduction through diversifica- 
tion in highly variable environments [Nugent and Sanchez (1993)], the utilization of 
economies of scale to break seasonal labor bottlenecks [Mearns (1996)], and invest- 
ment in community-level infrastructure [Boserup (1965), Dong (1996)]. 5 As long as ef- 
fective means of  governance and accountable institutions at the local level are available, 
these systems can be very effective - especially in situations where there is need for 
community-level investment. For example, under the medieval open field system, culti- 
vation decisions were made collectively but monitoring-sensitive tasks were carried out 
on an individual basis. This allowed utilizing economies of  scale in fencing, harvest- 
ing, shepherding, and risk diversification through strip-cropping without compromising 
the advantages of  individual effort supply [McCloskey (1975, 1991), Townsend (1993), 
Blarel et al. (1992)]. 

The usufructuary rights given under communal tenure systems do not impose large 
losses as long as population density is low and land relatively abundant, payoffs for 
making long-term investments is low, and definition of  individual property rights in 
land is costly. However, even though individuals have the right to cultivate specific 
plots (a measure that avoids the efficiency losses due to collective production), the lack 
of  permanent rights that is implied by the periodic redistribution of  plots may decrease 
incentives to make long-term land-related investments under communal arrangements. 
A similar effect comes through the limitation of  land transfers to members of  the com- 
munity and the inability to utilize land as a collateral for credit. 

Improved access to markets, infrastructure, and financial intermediation are alterna- 
tive ways to provide the benefits - in terms of  insurance, diversification, and access to 
funds for investment-  associated with communal forms of land ownership. At the same 
time these exogenous factors increase the costs - in terms of  investment disincentives 
and foregone land transactions with outsiders - associated with traditional land owner- 
ship systems. This implies that, with economic development, the relative attractiveness 
of communal systems will decrease and, at some point, it would be economically ra- 
tional for a community to allocate permanent and fully tradable ownership rights to 
individuals [see Wilson and Thompson (1993) for Mexico], completing the transition 
from a communal to an individualized tenure system. 

However, instead of  following a smooth evolution along the lines outlined above, the 
transition to individual property rights historically has in the large majority of  cases 
been affected by exogenous interventions. As population growth increases the relative 

5 An interesting case to illustrate this is made by Ellickson (1993) who compares different settlements 
(Jamestown, Plymouth, Salt Lake City, and the Bermudas) to suggest that, while many frontier settlements 
started out with group ownership and production to utilize economies of scale in defense and other activi- 
ties, the length of time during which group ownership is maintained can be related to the riskiness of the 
environment, the frequency of social interaction, and the hierarchy structure of decision-making. 
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scarcity of  land, one observes a general increase in boundary conflicts and social ten- 
sion. 6 In the absence of  strong and representative community-level  institutions, this 
often leads to appropriation of  property rights to the communal  resources by power- 
ful individuals, and abuses of  power and land-grabbing by local chiefs and headmen. 7 
These phenomena are often seen as a major cause of  environmental degradation and 
increased social tension and inequality that leaves out the poor and vulnerable. 

History demonstrates that regions with potential for agricultural or non-agricultural 
exports were generally characterized by the appropriation of  large tracts of  land through 
imperialist,  colonial, or other overlords who either replaced local chiefs and elders, or 
tried to co-opt them to enforce their rule. These changes undermined traditional tenure 
systems, the associated structures of  accountability, and thus the institutional underpin- 
ning of the organic evolution of  such systems [Downs and Reyna (1993), Feder  and 
Noronha (1987)].s Furthermore, once they realized that access to labor rather than land 
was the most limiting factor, overlords generally introduced distortions in other markets 
to reduce the reservation utility of independent farmers and to assure a supply of labor 
for export production in mines or for the newly established estates. In addition to re- 
ducing the reservation utility that cultivators could obtain from independent cultivation, 
such restrictions have contributed to widespread rural poverty and retarded development 
of  competitive markets in rural areas, often laying the basis for continued rural-urban 
dualism. 

In more recent times, governments have, through implicit  and explicit  taxation, 
drained the rural sector of  resources that could have fueled a process of  increased market 
integration and technology development, while at the same time higher rates of popu- 
lation growth vastly increased the need for new technology and better infrastructure 
[Schiff and Vald6s (1995)]. The associated lack of markets and technological opportu- 
nities has, in a number of cases, contributed to a situation akin to the "involution" that 
had earlier been diagnosed for Asian systems [Geertz (1968)], with far-reaching im- 
plications for the structure of  resource ownership rights. For example in Rwanda, with 
very high population density (787 persons per kin2), traditional systems of  land allo- 
cation have become defunct and fail to provide even the most basic services they were 
designed for [Andre and Platteau (1996)]. As traditional limitations on land sales have 
been discarded, speculative land purchases by individuals with access to non-covariate 

6 Zimmerman and Carter (1996a, 1996b) show that incorporating agent heterogeneity, risk, and subsistence 
constraints can facilitate a more differentiated assessment of the welfare impact and productivity impact of a 
given institutional innovation (e.g., the adoption of marketable land rights) on different groups of producers. 
7 For example, despite extremely low levels of population density in Zambia, almost 50 percent of small 
producers feel that their security of tenure is insufficient and are willing to pay (a mean amount of US $ 40) 
for getting secure ownership rights [Deininger et al. (1998)]. Low-cost means of increasing tenure security 
and reducing encroachment from outside through better accountability and issuance of community titles could 
possibly increase welfare and tenure security. 
8 This was independent of whether the intervention was associated with the elimination of traditional tenure 
systems in favor of individualized rights to the selected group, as in many parts of Central and Latin America, 
or the use of local chiefs and dignitaries as intermediaries for the central power, as in African countries. 
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off-farm income lead to a rapid disequalization of  landholdings. 9 While  costly land dis- 
putes consume productive energy, environmental degradation continues unabated and 
the return to an idealized notion of "communal  property rights" is unlikely to be a fea- 
sible option. To judge,  however, what alternative arrangements would be feasible, it 
is necessary to consider in more detail the costs and benefits associated with different 
tenurial arrangements. 

Drawing together the evidence on costs and benefits associated with more secure and 
fuller property rights arrangements, three conclusions emerge. First, where population 
density is sufficiently high, increased tenure security - not necessarily equivalent to 
formal title - has an important impact on increased investment. Second, there is some 
evidence that a higher degree of  transfer rights provides additional incentives for in- 
vestments and for more efficient use of  family labor. Finally, the ability to use land 
as collateral  to increase access to medium- and long-term formal credit markets is of 
importance if  foreclosure is feasible. Studies that compared the financial costs and eco- 
nomic benefits of titling programs suggest that high rates of  return are possible but that, 
unless measures to reduce the transaction costs associated with administering credit to 
smallholders are undertaken, the benefits associated with titles may not accrue equally 

to all types of farmers. 

2.2. Benefits and costs o f  individualized property rights 

The main benefits from well-defined and secure individual property rights relate to 
(i) greater incentives for (and lower costs of) long-term resource conservation and the 
associated increased demand for investment; (ii) improving transferability ( temporary 
or permanent) of  land to cultivators who have the resources to make better use of  it an 
issue that depends on the presence of economies of scale and the disincentives to rental; 
and (iii) the ability to use land as collateral in formal credit markets, a benefit that is 
more significant where formal title exists and land transactions are actually feasible. 
These benefits need to be weighed against two main types of costs: the administrative 
and logistical expense associated with definition of boundaries,  enforcement of rights, 
and resolution of  disputes among claimants, and the increased risk of losing a safety net 
provided by communal  control of land. 

2.2.1. Benefits from individual land rights 

Improved tenure security brought about by individualized land rights will be associated 
with static and dynamic benefits. Even without having full long-term security of  tenure, 
individual cultivation rights that entitle an individual to residual claimancy of  profits 

9 It is of interest to note that about 65 percent of sales are classified as distress sales - the incidence of which 
is not restricted to the lowest landholding group - and an additional 17 percent of lands are sold to cover 
litigation expenses, often arising from land disputes. 
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generated on a plot mark the difference between collective and private forms of  cultiva- 
tion. The transition from collective to private cultivation has historically been associated 
with large increases in productivity, as for example in the case of  China [McMillan et al. 
(1989), Lin (1992), Lin et al. (1994)]. However, equally important benefits from better- 
defined long-term property rights would come about in an intertemporal setting where 
higher security of  tenure would increase the incentives for long-term investments, the 
incidence of  productivity-enhancing transfers, and the supply of  credit to make such 
investments. These aspects are elaborated upon below. 

2.2.2. Tenure security 

Conceptually, insecurity associated with the lack of well-defined property rights can 
be understood as a random probability of  loss of  future income due to conflicting 
challenges. Eliminating such a threat through informal institutions (customary tenure) 
or formal institutions (land titles) will clearly increase the subjective payoff from 
productivity-enhancing, long-term investments, and thus the owner's willingness to un- 
dertake them. While the theoretical expectation is straightforward and easily formal- 
ized [see, for example, Feder et al. (1986), Besley (1995)], the critical question, and 
much empirical debate, has focused on the magnitudes of  such effects in different set- 
tings. 

The analysis of  different types of  land rights in Africa is complicated by the need 
to take into account the potential endogeneity of  investment [Besley (1995)]. The rea- 
son is that there may be certain types of  investments - from marking of  boundaries 
to planting of  trees and hedges, and building of  houses or sheds - that may be under- 
taken with the primary purpose of  establishing implicit property rights to land rather 
than of increasing productivity [Brasselle et al. (1997)]. Depending on how such ac- 
tions affect the probability of  land loss and whether or not there are community rules 
to provide (partial) compensation for such investments when a plot reverts to the com- 
munity, it is easy to construct scenarios where communal tenure systems may increase 
rather than decrease the amount of  land-related investment undertaken [Sjaastad and 
Bromley ( 1997 )]. 10 

The key result from a number of  studies that have investigated the investment- 
enhancing effect of  tenure security is that, under formal as well as informal regimes, 
tenure security - as measured by the extent of rights possessed by the owner - signif- 
icantly affects farmers' investment decisions. Especially where investments are labor- 
intensive but involve few cash outlays, the unambiguous conclusion is that higher levels 

10 Using comparative statics from a simple model it can be shown that communal as compared to individual 
tenure is more desirable from the individual's point of view as the discount rate increases; the productivity 
increase generated by investment is smaller compared to rent; the initial probability of eviction is low; and 
the probability of recovering investment even after eviction is high. A combination of these factors may cause 
individuals under indigenous tenure to commit resources to land improvement beyond what would be the case 
under individual resource ownership. 
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of  tenure security - even if  they are not associated with high levels of transferability 
and are defined only at an informal level - do indeed provide an important incentive for 
increased investment. 11 

Evidence from one of three study areas in Ghana indicates that greater tenure secu- 
rity at the plot level significantly increases the probabili ty that individuals will plant 
trees and undertake a wide range of other investments such as draining, irrigating, and 
mulching [Besley (1995)]. The fact that field-specific rights but not mean household 
rights can be shown to be significant suggests that plot-level tenure security, rather than 
credit supply effects accruing to the household as a whole, is l ikely to be at the root of  
this relationship between tenure security and investment. 

Results from China confirm the importance of tenure security for investment. Com- 
paring plots planted with the same crop within the same household but under different 
tenure regimes, it is found that farmers tend to apply more manure and labor, and to 
obtain significantly higher yields, on plots that are privately owned and therefore more 
secure [Rozelle et al. (1996)]. This is the case even though the possible impact of greater 
tenure security on crop choice (e.g., shifting to orchards instead of  growing maize) is 
not accounted for. Similarly, Yao (1996) finds that higher levels of  tenure security in 
Chinese villages have a strong and very significant investment-enhancing impact (e.g., 
application of green manure). 12 Analysis  of the impact of  higher tenure security through 
land titling in the Brazilian Amazon yields similar results [Alston et al. (1995, 1996)] 
and there is considerable amount of  more anecdotal evidence on a positive association 
between availability of  title and farm output or investment [see Binswanger et al. (1995) 
for references]. 

On the other hand, in Niger, a more land-abundant setting, different degrees of  tenure 
security between plots with full private ownership and plots held under usufruct do not 
give rise to statistically significant differences in application of  manure, a medium-term 
yield- improving investment [Gavian and Fafchamps (1996)]. In this context, farmers 
apply significantly lower amounts of  manure on rented as compared to owned plots, but 
there is no significant difference between parcels held under full private ownership and 
those held under "traditional" usufruct. The conclusion is that apparently tenure secu- 
rity on the latter is high enough for farmers to expect to be able to reap the benefits from 
their (medium-term) investment. At a more general level, it indicates that, in order to 
determine whether specific property rights arrangements are conducive to higher levels 

11 This does not necessarily imply that actions to increase tenure security are warranted or even needed 
[Plattean (1996)]. 
12 At first glance this would seem to be at variance with the finding by Feder et al. (1992) where, for a similar 
sample from four Chinese provinces, neither short-term nor long-term tenure security (captured by farmers' 
perception about the possibility that their land may be reallocated before the expiration of the current 15-year 
contract) had any perceivable impact on investment. One can reconcile the two findings by noting that Feder et 
al.'s study considers non-attached investment (machinery, livestock, and construction) which should be made 
independently of individual plots' tenure security and affected more by access to working capital (which 
indeed emerged as an important determinant of investment). 
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of investment, more detailed study is necessary and generalizations are unlikely to be 
helpful. What is instead required is a more differentiated judgment that takes account 
of  the time horizon of  the investment, the opportunity cost of  the resources used, and 
the size and distribution over time of  the expected payoff  associated with the invest- 
ment. 

2.2.3. Transferability 

Land markets tend to be highly localized. As a consequence, the ability to transfer land 
between users may be of  limited importance in early stages of  development when there 
is little heterogeneity of  skills across the population and non-agricultural opportunities 
are limited. However, the importance and value of being able to transfer use or own- 
ership rights to land increase with economic development, specialization, and better 
development of other markets. In this case, the transfer of  land from those who have 
lower productivity to those who are able to make more productive use of the land im- 
proves the overall resource allocation. The demand for such exchanges increases fur- 
ther as the rural economy becomes more integrated geographically, facilitating transac- 
tions between individuals who are not members of  the same community. Such situations 
generally involve larger problems of  asymmetric information and greater benefits from 
more formal systems of  land ownership recording. If  the ability to liquidate invest- 
ments (through land transfers) increases the incentive to undertake such investments, 
higher levels of  transfer rights, and the greater ability to affect transfers which is en- 
tailed in formal land rights systems, will not only improve resource allocation but will 
also be associated with higher levels of  investment and labor use by individual cultiva- 
tors. 

The only data that allow testing of  this hypothesis come from China, where one ob- 
serves variability in systems of  transfer rights in different communities [Carter and Yao 
(1998)]. Results suggest that higher levels of  transfer rights increase investment (e.g., 
application of  green manure). In addition, evidence from China indicates that higher 
levels of  transfer fights also induce a better allocation of  the household's labor endow- 
ments in response to, for example, outside employment opportunities. Households with 
higher levels of  transfer rights apply less labor on their farm and devote more time to 
more remunerative off-farm activities [Yao (1996)], thereby contributing to equalization 
of  factor ratios within a village and increasing overall efficiency. More indirect support 
for an important efficiency-increasing (but not investment-enhancing) impact of higher 
transfer rights is provided by Rozelle et al. (1996), who find that an increase in off-farm 
opportunities narrowed the difference between labor spent on (transferable) private and 
(non-transferable) communal plots. 13 

13 Evidence is not uniform: for Ghana, the hypothesis that sales and rental rights do not have a significant 
impact on investment decisions can not be rejected [Besley (1995)]. This suggests that the prospect of being 
able to transfer land more easily through sales and rental markets in the future is, in this environment, not an 
important consideration in individuals' decision to effect land-related investment. 
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2.2.4. Credi t  a cce s s  

In addition to inducing investment, secure land ownership is l ikely to increase the sup- 
ply  of  credit from the formal credit system to undertake such investment. The reason 
is that, because of  its immobil i ty and virtual indestructibility, land with secure, clearly 
defined, and easily transferable ownership rights is an ideal collateral. The provision of  
a collateral - facilitated by possession of  formal land title - is generally a necessary 
condit ion for participation in formal credit markets for medium- and long-term credit. 
In fact, there is evidence of  titles facilitating access to informal (but impersonal)  credit 
markets as well [Siamwalla et al. (1990)]. Existence of  well-documented and transfer- 
able property rights and of  institutional arrangements to facilitate the low-cost transfer 
of  land is l ikely to make an important contribution to the development of  financial mar- 
kets. 

However, while use of  titled land as collateral can, under the condition that fore- 
closure is feasible, reduce a bank 's  default risk and thereby enhance credit supply, it 
will  have little impact on the transaction costs associated with administering credit to 
small producers in rural areas. In environments where these costs are high, the improved 
creditworthiness brought about by possession of  land title may therefore not be enough 
to facilitate access to formal credit by small farmers. Unless complementary measures 
to reduce transaction costs and ensure access to credit by this group are undertaken 
alongside with individualized property rights through titling, the benefits from titling 
programs may accrue only to medium and large landowners. 

The importance of the credit supply effect associated with provision of  land title is 
supported by evidence from Feder et al.'s (1986) study in Thailand, where farmers '  
opinions and econometric evidence point towards improved credit supply as the main 
benefit from titling. Land ownership titles induced higher investment in farming capital 
(attached investments and other capital); 14 titled land had significantly higher market  
values and higher productivity per unit. In three of  the four provinces covered, house- 
holds '  credit supply had been significantly enhanced by the availability of  title. By con- 
trast, and in line with the above, title was found to have little impact on either investment 
or farm income where formal credit markets were not available [Atwood (1990), Carter 
and Wiebe (1990), Migot-Adhol la  et al. (1991), Pinckney and Kimuyu (1994)]. 15 

Addit ional  evidence from a study based on panel data from Paraguay indicates that 
titling had a positive income or productivity-enhancing effect through credit market  ben- 
efits for at least some groups of  farmers. Due to a strong impact of  formal title on both 

14 Problems of endogeneity and self-selection are circumvented by drawing samples from squatter villages 
in areas nominally under public ownership (where titles could not be awarded) and private areas where all 
residents already had obtained titles. 
15 Pender and Kerr (1996) show that for India land ownership has little impact on credit supply, a fact that 
is attributed to severe non-price rationing. Nonetheless, land values for titled land are on average about 15 
percent higher than for untitled land, suggesting that possession of formal title reduces the probability of land 
loss for potential buyers. 
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credit supply and investment demand, the benefits from title are relatively large (about 
10 percent of  farm income), and significantly higher than the cost of  titling. However, 
the impact of  awarding titles was strongly size-differentiated. Estimates indicate that 
producers with fewer than 20 hectares remained rationed out of  the credit market and 
therefore did not benefit at all from the credit-supply effect of title [Carter and Olinto 
(1996)]. 

This differential impact suggests that, in environments where other markets (such as 
credit markets) entail distortions which put smaller and poorer farmers at a disadvan- 
tage, individual property rights on equity, and - in the medium to longer term - on the 
direction and nature of  land transfers between different size classes of  producers, could 
imply greater inequity. Whether, in the presence of heterogeneity in endowments, small 
producers will benefit from such policies depends critically on the ability to reduce, to- 
gether with titling, transaction costs and policy-induced distortions that limit access to 
credit markets. 

2.2.5. Costs 

The most obvious cost associated with formal definition of  property rights in land is 
the expenditure needed to physically demarcate and delineate plots, to establish and 
maintain accurate records of  land ownership, and to enforce these rights and resolve 
whatever disputes might arise. 16 These costs are borne by individual land owners in sit- 
uations (for example, frontier settlement) where public enforcement of  property rights 
is absent and individuals make defensive investments such as guards, fences, and other 
demarcation devices to demonstrate the legitimacy of  their claims to property and to 
defend such rights against possible intruders [Mueller (1997)]. It has been shown that 
the privately "optimal" amount of  spending by individuals on means of  protection will 
be inefficient from a social point of  view [Feder and Feeney (1991), De Meza and Gould 
(1992)]. Furthermore, the defensive activities undertaken often have little social value 
and may generate negative externalities, an issue that has been emphasized with respect 
to the Brazilian Amazon where the need to demonstrate "productive" land use to estab- 
lish ownership claims has been linked to increased deforestation [Binswanger and Elgin 
(1988), Southgate et al. (1991)]. Even where they are not associated with externalities, 
defensive activities that are often undertaken in speculative attempts to secure "owner- 
ship" of  large tracts of  land can lead to complete dissipation of  the rents to be had ]Allen 
(1991)]. 17 

Given the undesirable impacts of private rights enforcement, public provision - in 
the form of land records, police, and a judiciary - would therefore be preferable in all 

16 Note that the number of disputes is itself endogenous, depending on the type of property rights system 
chosen. 
17 Spontaneous collective action to limit the dissipation of resource rents associated with individualized de- 
fense of property rights has been observed in a number of cases where group sizes were small [Umbeck 
(1977)]. 
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situations except ones characterized by very low levels of population density [Malik 

and Schwab (1991)]. This is indeed observed throughout human history. The specific 
form in which land records are established will still depend on the relative costs and 
benefits from such an activity - something that depends partially on the technology and 
infrastructure available for record keeping. 18 At initial stages of human development, 

assignments of property rights appear to have been handled orally by the community 
(with community functionaries holding public sessions at the gate, for example). 

However, the benefits from keeping written records seem to have been so great that, 

across a large number of cultures, officially validated land records were among the 

first documents to appear once a written language was developed. In addition to estab- 
lishing unambiguous ownership rights, written records allow verification of ownership 
status of land at low cost, thus reducing the scope for asymmetric information about 
ownership and quality of land, and making land sales and rentals cheaper to imple- 
ment. 19 This reduction of transaction costs increases the liquidity of the land market 

and can bring the number of efficiency-enhancing transactions closer to the optimum, 
i.e., helping to transfer more land from less productive to more productive individu- 
als. 

A second type of social cost associated with fully individualized property rights re- 
lates to the fact that, at low levels of development, communal  land ownership may per- 
form an important insurance function that would be eliminated by establishing fully 
individualized property rights in land. 2° Furthermore, it has long been known that in 

cases where other markets are highly incomplete, land sales markets may not automati- 
cally transfer land to more productive users. In such situations, individualization of land 

rights could be doubly disadvantageous [see Platteau (1996) for references]. On the one 
hand it could pave the way for the emergence of sales markets that deprive traditional 
communities of their source of livelihood (often without adequate compensation), thus 
generating social unrest and violence and eliminating an important form of insurance. 

On the other hand, where land rights are introduced in such an environment, productiv- 

ity will not necessarily increase, as availability of land rights could induce concentration 

18 Ellickson (1993) notes that historically the establishment of formal land rights is closely related to the 
emergence and widespread use of written language; in many cultures records of land transactions were among 
the first texts to be officially recorded. 
19 See, fur example, the Indian Arthsastra from the fourth century B.C., as well as references in the Bible 
relating to the period 600 B.C. 
20 Jodha (1990) provides evidence on the importance of access to the commons as a safety net for the poor. 
Based on panel data from China, Burgess (1997) finds that the equitable allocation of land use rights under 
communal tenure has an effect similar to a lump sum transfer that provides insurance against low nutritional 
outcomes in a way that is more incentive--compatible than an ex post redistribution. The fact that land own- 
ership has a more significant impact on improving nutrition than on income can be explained by the fact that, 
with imperfect rural grain markets, considerable cash outlays would be required to achieve a similar effect 
through market purchases of grain. The presence of equity benefits from periodic redistribution of land rights 
in China would be consistent with peasants' strong support for the system of periodic redistribution [Kung 
(1995)]. 



302 K. Deininger and G. Feder 

of landholdings by a privileged minority of wealthy individuals who - for example by 
having access to non-covariate sources of  income - axe in a position to accumulate land 
for speculative purposes without making productive use of this asset. 21 

Historical evidence indeed suggests that, especially in situations where other mar- 
kets are not well developed or where policy-induced distortions affect the functioning 
of land markets, increased transferability of  land may deprive the poor of an impor- 
tant social safety net. The importance of the insurance aspect is confirmed by the fact 
that, even where societies have made the transition to individualized land rights, they 
have often maintained land-related social safety nets to provide insurance for the poor. 
One example of  a mechanism to do so is to allow continuing uses of  communal pas- 
tures and forest areas of  low productive value as well as a universal right to collect 
leftovers after the harvest or to graze animals on harvested fields. Another example is 
the provision for periodic redistribution of  at least part of  the land available to the com- 
munity. 22 Such redistribution of  cultivation rights could decrease productive efficiency 
by attenuating incentive to make plot-specific investments. The fact that societies have 
been willing to incur these efficiency losses suggests that the subjective valuation of 
the benefits in terms of  avoiding widespread landlessness, social destitution, and dis- 
content, has been high. This implies that where land is an important asset for poor and 
marginal groups, both social and efficiency aspects associated with land rights need to 
be accounted for in assessing the potential benefits from individualizing land tenure 
arrangements. 

3. Land markets: Functioning and efficiency implications 

If there are differences in individuals' skills and endowments of  different factors of  
production, markets should help in optimizing factor proportions employed and thus 
increase overall efficiency of resource allocation. This section aims to outline the main 
determinants that would affect participation in the land sales or the land rental market, 
and based on this to elaborate on links and differences between these two markets, in 
terms of  their impact on equity and efficiency of  resource allocation. 

The productivity advantage of small farmers who rely predominantly on family la- 
bor rather than on less motivated hired workers who have to be supervised would im- 
ply that, in the absence of imperfections in other markets, a functioning land market 
should facilitate efficiency- and equity-enhancing transfers from large to small produc- 
ers, or from ones with lower management skills to better operators. However, land sales 
transactions could be efficiency-decreasing if, for example due to policy-induced credit 

21 Note that this is historically well-founded, as the many examples in Binswanger et al. (1995) demonstrate. 
22 If incentive smactures and enforcement mechanisms to ensure that such provisions are actually imple- 
mented at the local level are non-existent, the provision for regular redistribution can actually give way to 
arbitrary behavior and rent extraction by local leaders. For a theoretical and empirical discussion of these 
issues, see Turner et al. (1998). 
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market distortions, large owners' advantage in accessing credit would offset the produc- 
tivity advantage of owner operators; or if, due to the inability to insure, significant land 
holdings are not part of poor people's optimal asset portfolio. 23 Thus, before actions to 
activate the land market are undertaken, careful empirical investigation of the function- 
ing of financial markets and insurance mechanism, and possibly steps to improve their 
functioning, might be in order. 

Even if imperfections in markets for credit and insurance reduce the scope for the land 
sales market to bring about improved land allocation through land transfers from large to 
small producers, such allocation should-  in a frictionless world - be facilitated through 
the land rental market. One possibility would be an interlinked contract whereby the 
landlord uses the credit access provided by land ownership to provide the tenant with 
working capital as part of the rental contract. High transaction costs - part of them 
related to government regulation - reduce the extent of land rental transactions in a 
number of countries. Examining the implication of regulations in more detail would be 
of importance as removing unjustified interventions is likely to go a long way towards 
improving resource allocation in agricultural systems characterized by very unequal 
land distribution. Most rental markets in developing countries involve some form of 
share tenancy. While this arrangement does not lead to full efficiency, it is a second best 
solution given risk and imperfect capital markets. The sections below elaborate these 
points and review relevant evidence. 

3.1. Key determinants of  land market participation 

The shadow price of land for different types of agents is determined by the agricultural 
production function, the households' inherent managerial ability, and by possible im- 
perfections in labor, credit, and land markets that are common in rural areas. If credit 
and land rental markets were perfect, the supervision costs associated with the use of 
hired labor would make smaller farms more productive, and would lead households to 
lease in or lease out the amount of land required to maintain a uniform ratio of fam- 
ily labor endowment to operated area, irrespective of the land ownership distribution 
[Feder (1985)]. However, imperfections in other markets may change this, with impli- 
cations for the functioning of land rental and sales markets. For example, in the presence 
of credit market imperfections, if supply of working capital depends on the amount of 
land owned, the optimal size of the operational holding will vary systematically with 
size of the owned holding even if land rental markets were perfect. While the magni- 
tude (and direction) of this effect would depend on the elasticity of output with respect 
to effective labor and of labor effort with respect to supervision, it can overwhelm the 
productivity advantage of family farmers and give rise to a positive relationship between 

23 Indeed, there is descriptive evidence indicating that in environments with imperfect credit market access, 
e.g., in Africa, land sales markets result in an efficiency-reducing transfer of land from small to large producers 
[Collier (1989)]. 
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owned farm size and productivity. In addition to this, capital and insurance market im- 
perfections may also affect the production activities of  poor producers - possibly lead- 
ing them to pursue less risky but also less productive activities. Below we review the 
factors which affect the productivity of  farmers, and thus determine their demand for 
land. 

3.1.1. Economies o f  scale 

The presence or absence of  economies of  scale would systematically affect the shadow 
price of land for different farm-size classes. Possible economies of  scale could arise 
from the presence of  indivisible factors of production or cost elements leading to an ini- 
tial range of  farm size where the average cost of  production declines with farm size. In 
cases where other markets function reasonably well, optimal farm sizes tend not to ex- 
ceed the scale at which family labor is fully occupied (utilizing seasonal hired labor for 
specific tasks), 24 There are few agricultural activities in which significant economies of  
scale in the production process exist. 25 Some economies of  scale are associated with 
the processing and marketing of  many agricultural products, but this does not have 
important implications for the unit cost of  farming operations as long as competitive 
markets for outputs and inputs exist. Alternatively, access to such markets is sometimes 
arranged through cooperatives. Only for a few "plantation crops" such as sugarcane, ba- 
nanas, or tea could the need for immediate large-scale processing or marketing transmit 
economies of  scale from the processing stage to production. To reap the economies of  
scale associated with the former, production of  these crops is generally organized on a 
scale that corresponds to the opt imum scale of  the processing factory. 26 

3.1.2. Labor supervision cost 

Constant returns to scale would imply that the size of  agricultural operations has lit- 
tle impact  on productivity. However, the need to supervise hired labor would confer 
a productivity advantage on owner-operated farm units. The fundamental  reason for 
this is the presence of  agency costs [Jensen and Meckling (1976)], which result from 
the need to manage wage labor and enforce effort in large-scale operations. The lack 
of  incentives for wage workers to exert effort, and the consequent need to supervise 
labor or to offer incentive contracts, has received considerable attention in industrial 

24 A large number of empirical studies [e.g., Olson-Lanjouw (1995) for India, Feder et al. (1989) and Burgess 
(1997) for China, Olinto (1995) for Paraguay] are indeed unable to reject the hypothesis of constant returns 
to scale in agricultural production. 
25 Exceptions are limited to cases of highly specialized machinery, specialized livestock production, or plan- 
tation crops where economies of scale are transmitted from the marketing to the production stage. 
26 However, the supervision advantages of owner-operators have in many cases motivated large processors to 
contract production out to smallholders under outgrower or contract farming schemes, often providing credit 
in kind as well as technical assistance [Glover (1990)]. 
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organization literature [Jensen and Meckling (1976)], and is recognized to have pro- 
found implications for the organization of  production and for the optimal size of the 
firm [Calvo and Wellisz (1978), Eswaran and Kotwal (1985a, 1985b)]. The cost of  su- 
pervision is particularly large in agricultural production due to spatial dispersion of  the 
production process and the need to constantly adjust to micro-variations of  the natural 
environment. Family members are residual claimants to profits and thus have higher 
incentives to provide effort than hired labor. 27 They share in farm risk, and can be em- 
ployed without incurring hiring or search costs. These attributes underlie the general 
superiority of  family farming over large-scale wage operations, manifested empirically 
in an inverse relationship between farm size and productivity. A large number of  studies 
based on aggregate, or cross-sectional, and panel data have confirmed the existence of 
the inverse farm-size productivity relationship for all but the smallest farm size classes 
[Berry and Cline (1979), Carter (1984), Benjamin (1995), Newell et al. (1997), Kutcher 
and Scandizzo (1981), Olinto (1995), Burgess (1998), Udry (1997)]. 28 Thus, unless 
there are other countervailing forces, one would expect land markets to transfer land 
from large to small producers. We turn now to a discussion of  these countervailing ef- 
fects. 

3.1.3. Credit  market  access 

A reason for observing few land market transfers from large to small producers is that 
it is difficult for small farmers to obtain credit and insurance. 29 This has two implica- 
tions. On the one hand, credit market imperfections that increase the shadow price of  
credit for small producers would reduce small farmers' competitiveness in the land sales 
market, possibly outweighing the supervision cost advantage they enjoy. Also, if there 
are individuals with non-agricultural income who value land for other than productive 
reasons, land prices will exceed the net present value of  agricultural profits, making it 
difficult to acquire land in the sales market with the expectation of  paying off the debt 
from agricultural profits alone without recourse to equity. 

Asymmetric information and moral hazard lead generally to quantity rationing in 
credit markets [Stiglitz and Weiss (1981)]. Formal credit markets can overcome the 
problem of asymmetric information by utilizing a collateral requirement. However, the 
costs of and political impediments to foreclosure on smallholders' land are often quite 
significant. This is part of  the generally high transaction costs associated with providing 
credit to small producers. In informal credit markets, close familiarity and social control 

27 Empirical evidence confirms that family labor is more productive than hired labor, and that the intensity of 
supervision by family members affects the performance of hired labor [Frisvold (1994)]. 
28 Bhalla and Roy (1988) and Benjamin (1992) have shown that cross-section analyses [e.g., Berry and 
Cline (1979), Carter (1984), Newell et al. (1997), Kutcher and Scandizzo (1981)] tend to overestimate the 
productivity advantage of smaller farms if soil quality is not specifically accounted for. 
29 Due to the covariance of production risks, crop insurance is very difficult to obtain and forward markets to 
insure against price risk are often unavailable to small producers due to high transaction costs. 
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is used to select promising clients or projects. This is quite costly as the scope for 
effective supervision is limited. Furthermore, informal lenders have only limited scope 
to diversify covariate risks, and they typically do not provide much long-term credit. 
Interest rates on informal loans are thus high. Thus, both limited availability of credit 
and high cost of borrowing would prevent those who do not have accumulated savings 
from acquiring land. 3o 

Credit market imperfections can thus offset small farmers' supervision cost advan- 
tage. For the case of Sudan, for example, yields for virtually all crops are lower for poor 
(small) farmers and higher for rich (large) farmers, thus turning the farm-size productiv- 
ity relationship upside down. Furthermore, the land rental market leads to land transfers 
from poor and labor-abundant smallholders to rich and relatively labor-scarce house- 
holds [Kevane (1996)]. The reason is that capital market imperfections combined with 
reasonably functioning land and labor markets and a technology that is not supervision- 
intensive make it more attractive for small credit-constrained households to rent out 
land and work for a wage than to engage in owner-cultivation without capital inputs. 
By contrast, in panel data from Burkina Faso an inverse farm size-productivity relation- 
ship was observed even though a positive presence of correlation between yields and 
cash inflows from non-agricultural employment suggests the presence of capital mar- 
ket imperfections [Udry (1996)]. The conclusion is that imperfections in land, labor, 
credit, and insurance markets have to be analyzed together. Efforts at land redistribu- 
tion that do not simultaneously address credit market imperfections may be costly and 
ineffective. 

3.1.4. Portfolio composition 

Small producers' inability to access formal markets for credit and insurance often forces 
them to adopt costly insurance substitutes, one of which is the adjustment of crop and 
asset portfolios to a low return-low risk combination. 31 In order to ensure satisfaction of 
a minimum subsistence requirement during periods of distress, credit-constrained pro- 
ducers could hold a portfolio of less risky but also less productive assets than that of 
unconstrained producers. In particular, smallholders may demonstrate a lower demand 
for land than that which would seem to be justified by their potential productive ad- 
vantage. Zimmerman and Carter (1996b) use parameters from Burkina Faso to show 
that, starting from an egalitarian distribution of land, production risk together with co- 
variance of land prices leads to successive concentration of land via sales from more 
productive small producers to relatively less productive large farmers. This illustrates 

30 The difficulty of land acquisition through borrowing by would-be smallholders, in spite of their productiv- 
ity advantage, has been highlighted by Binswanger and Elgin (1988) and Carter and Mesbah (1993). Further- 
more, they point out that by exhausting access to credit for land acquisition, the ability to borrow for working 
capital is eliminated. 
31 Examples are provided by Rosenzweig and Wolpin (1993), Dercon (1996), Dercon and Krishnan (1996), 
and Rosenzweig and Binswanger (1993). 
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that improving the functioning of land sales markets will not necessarily lead to better 
resource allocation if  other markets '  distortions are not tackled. 32 

3.1.5. Transac t ion  costs  

A further factor that might prevent land markets from achieving a first-best allocation 
is the transaction cost associated specifically with land sales. It has often been observed 
[see, for example,  B alcazar (1990), Carter and Zegarra (1995)] that, especial ly in coun- 
tries with a dualistic distribution of  land ownership, land sales  markets are highly seg- 
mented in the sense that, despite a considerable frequency of land transactions within 
farm size groups, land sales across farm-size class-boundaries are virtually absent. One 
explanation is that transaction costs of  subdividing large farms to many smallholders 
are high. Similarly, the fact that certain costs (e.g., formal registration) associated with 
land transactions are independent of  the size of  the purchase creates indivisibilities that 
would either discourage small land transactions or drive them into informali ty where 
such costs are not incurred. 

Whi le  the discussion of  costs associated with land rentals  in the literature is less 
extensive, government regulations appear to have reduced the amount of  land leasing 
below what would take place otherwise. Even in countries that avoided the imposit ion 
of  explicit  restrictions on tenancy (which, as discussed below, were associated with 
significant efficiency losses), the threat of  expropriative land reform in many countries 
implied that renting out land to more productive smaller producers exposed the landlord 
to a considerable risk of  losing ownership rights in the course of land reform. To prevent 
this from happening, many landlords appear to have evicted tenants altogether, resorting 
instead to mechanization, cattle ranching, or cultivation using a hired labor force [De 
Janvry and Sadoulet  (1989)]. The implications for land rentals, although they have not 
been rigorously quantified in any of the cases, appear to have been considerable. 

3.2. L a n d  sa les  marke t s  

The discussion of  the previous section implies that non-agricultural  uses of  land as well  
as credit market  imperfections tend to drive the equilibrium price of  land above the capi- 
talized value of  the income stream from agricultural profits. This would imply that fully 
mortgage-based land acquisition by the poor will  not be possible. In addition, pol icy 
distortions will tend to increase the wedge between the price of  land and the capitalized 
value of  the income from agricultural production. Use of  land as an inflation hedge, as 

32 The fact that study of land markets cannot be divorced from the functioning of other markets has been 
emphasized by Basu (1986) in a model of "interim" land transactions that explicitly serve as a credit sub- 
stitute. In this context, the supply of land for sale would increase with the probability of being able to buy 
back the land, the attractiveness of other (financial) assets as compared to land, and the need for liquidity. 
Sengupta (1997) draws out the implications of limited liability on contract choice within a more general set 
of contractual options. 
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well as credit subsidies and tax advantages that allow the use of  agricultural activities as 
a tax shelter, are examples [Gunjal et al. (1996), Brandao and de Rezende (1992), Just 
and Miranowski  (1989), Feldstein (1980)]. To the degree that such distortions confer 
disproportionate benefits to larger landholders (as in the case of  tax advantages, which 
are generally of  no relevance to the poor), this would further bias the operation of  the 
land sales market  against redistributing land to landless or marginal landowning house- 
holds who could have a productivity advantage as family farmers. 

Analysis  of land market  transactions and offer and asking prices in Paraguay indicates 
the presence of  a large gap between willingness to sell and willingness to pay, 33 signif- 
icant differences in such prices across farm sizes, and very distinct regional patterns 
of land market  performance depending on whether or not other markets exist and how 
well  they function. 34 A similar conclusion is implied by the observation that the degree 
to which financial markets were accessible to small producers was (together with the 
initial distribution of  assets and the characteristics of the production system) one of the 
key factors that determined the response of  land accumulation patterns to agro-export  
booms in Guatemala and Chile ]Carter and Barham (1996)]. 

Exposure to undiversifiable residual risk causes farmers to resort to liquidation of  
their assets during periods of severe crisis, a phenomenon commonly referred to as dis- 
tress sales. This implies that the covariance of weather risks for the farming population 
causes land prices to be low (due to insignificant effective demand and high supply) 
during bad crop years, with the consequence that individuals who had to sell off land 
during crises may not be able to repurchase land during subsequent periods of  recovery 
[Bidinger et al. (1991)]. Distress sales have not only played a major role historically in 
shaping more concentrated land ownership patterns, but are also l inked in the literature 
to the elimination of  traditional mechanisms for coping with risk [Kranton and Swamy 
(1997), Brockett (1990)]. 35 

The link between unmitigated production risk and distress sales is highlighted by 
Cain (1981) who examines the implications of  different insurance mechanisms on dis- 
tress sales and the land ownership distribution between 1960 to 1980 for predominantly 
agricultural villages in India and Bangladesh. These villages faced very high production 
risks but were characterized by distinct differences in mechanisms of  risk insurance: In 
Maharashtra, India, an employment  guarantee scheme operated throughout the period 

33 Willingness to sell was significantly higher than was willingness to pay to purchase land, but the gap 
decreased with farm size (from 50 percent for the smallest farms, to 20 percent for medium-sized units). 
This could be an indication of labor market imperfections, i.e., the value given to land as a source for self- 
employment, in addition to small farmers' unwillingness to be bought out. 
34 In Paraguay, land markets ffmction reasonably well in traditionally settled zones in the country's interior, 
but not at the frontier where the labor cost advantage of family farms appears to be overshadowed by capital 
market imperfections [Carter and Zegarra (1996)]. This suggests that the productivity advantage of small 
farmers would manifest itself in the land purchase market only if land market reform were combined with 
improved access to capital markets. 
35 Distress sales have been important in China [Shih (1992)], in early Japan [Takekoshi (1967)], in the Indian 
Punjab [Hamid (1983)], and in Latin America following the abolition of communal tenure [Brockett (1990)]. 
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and attained participation rates of  up to 97 percent of  all households during disasters. 
Such schemes were absent after the major flood episodes in Bangladesh. Thus, 60 per- 
cent of land sales in Bangladesh were undertaken to obtain food and medicine, undoubt- 
edly due at least in part to the lack of other insurance mechanisms. About  60 percent 
of  the currently landless lost their land since 1960, and the Gini coefficient of  landown- 
ership distribution increased from 0.6 to almost 0.7. This contrasts sharply with the In- 
dian villages, where land sales to finance consumption expenditures accounted for only 
14 percent of  sales and were incurred mainly by the rich to meet social obligations. On 
the other hand, 64 percent of land sales were undertaken in order to generate capital 
for productive investment (digging of  wells, purchase of  pump sets, and children's  ed- 
ucation), and the land sales market  actually contributed to a slight equalization of  the 
land-ownership distribution. This suggests that in this case the poor were able not only 
to avoid distress sales, but were able, through access to cash-generating employment,  
to acquire some land as rich households l iquidated agricultural assets to be able to pur- 
sue non-agricultural  investment, Survey data on land transactions from India indicate 
that purchases of land are almost all undertaken by individuals with access to sources 
of  income which are not correlated with agricultural production, and that borrowing to 
finance agricultural land acquisition is virtually non-existent [Sarap (1990)]. 

3.3. Land rental markets 

As the discussion above illustrates, land sales markets will not necessarily lead to an 
optimal allocation of  land in the presence of credit and insurance market  imperfec- 
tions. However, improved resource allocation can be achieved through land tenancy 
contracts even when other markets are incomplete. Analysis  shows clearly that land 
rental markets serve an important function in equalizing returns to non-tradable factors 
of  production such as family labor and bullocks [Skoufias (1991)]. 36 Given the huge 
diversity of  tenancy arrangements, we need first to explain the wide range of  tenancy 
contracts that is empirical ly observed in developing countries. This gives rise to the 
second issue, namely, the implications of  these contracts for the efficiency of  resource 
allocation. 

Assume a constant returns to scale production function Q = OF(e, h), where Q 
is output, e is effort, h is number of tenants, and 0 is a stochastic element. Then 
the range of  contracts can be summarized as follows. The landlord 's  income is 
y = h [ ( 1 -  ~ e ) Q - / 3 ] ,  and the representative tenant 's income is Y = c~Q ÷ / 3 .  The 
fixed rent contract is given by {~ = 1,/~ < 0}, the pure wage contract is represented 

36 Land rental transactions to circumvent imperfections in credit markets have been important in West Africa 
in the past [Robertson (1982)], and continue to be observed in a number of developing countries where credit 
markets are absent or credit is highly rationed. Usufruct mortgage is still reported to be common in Bangladesh 
[Cain (1981)], Java [Morooka and Hayami (1989)], and Thailand [Fujimoto (1988)]. In the Philippines, ten- 
ancy transactions emerged as a credit substitute in response to limitations on the transferability of land [Na- 
garajan et al. (1991)1. 
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by {ol --- 0,/3 > 0}; and the share contract is given by {0 < e~ < 1 }, with the sign and 
magnitude of/3 a function of  the landlord's choice of c~ and the tenant's reservation 
utility level [Otsuka et al. (1992)]. 

Under conditions of  certainty and the assumption that tenants' effort can be moni- 
tored and enforced, the specific choice of  contract type does not matter as all contracts 
lead to equivalent outcomes [Cheung (1969)]. I f  the assumption of  perfect effort en- 
forceability is dropped, and agents are assumed to be risk neutral, only the fixed rent 
contract is optimal. The reason is that in all other cases tenants receive only a fraction of  
their marginal product, something that would induce them to exert less than the optimal 
amount of  effort (where the marginal disutility is equal to the full marginal benefit from 
this action). Any type of  contract other than fixed rent would result in undersupply of  
effort by the producer (tenant or worker), which would lower total production. 

Indeed, fixed-rent tenancy is widespread in all developed countries, such as the U.S. 
and Canada, where about one-third of  the agricultural land is cultivated by tenants. The 
fact that virtually all of  this land is rented under fixed-term contracts suggests that such 
an arrangement would be a relatively efficient way of achieving optimal operational 
holding sizes in economies with well-functioning credit, risk, and labor markets. How- 
ever, where markets for credit and insurance are highly incomplete and where the rural 
landless class is large, as is the case in most developing countries, adoption of  a fixed 
rent contract where rent is paid up-front (i.e., independent of  the output from produc- 
tion) may not be feasible or optimal from the perspective of  all parties to the transaction. 

In such a situation, two main reasons, risk-sharing and limited tenant wealth, could 
mitigate against adoption of  the fixed rent contract and in favor of  a sharecropping 
c o n t r a c t s  Although it would reduce the incentive to exert effort, a share contract pro- 
vides the possibility of  partly insuring a risk-averse tenant against fluctuations in out- 
put. Where, in risky environments, a risk-averse tenant faces significant uninsured risk, 
a share contract may well provide the tenant with higher expected utility and thus be 
adopted despite the lower aggregate productivity involved. In fact, it can be shown that 
in this case, the Pareto optimal outcome will always require a trade-off between the 
risk-reducing properties of  the fixed-wage contract, under which the tenant's residual 
risk is zero, and the incentive effects of  the fixed-rent contract, which would result in 
optimal effort supply but no insurance [Otsuka et al. (1992)]. Given risk aversion and 
incomplete intertemporal markets, a one-period contract is a second-best solution. Part 
of  this shortcoming can be eliminated by state-contingent side payments in the context 
of  a repeated game. 38 

37 There is a third rationale for adoption of the share contract, namely that imperfect information on tenants' 
unobservable characteristics, such as ability, causes landlords to use sharecropping contracts as a screening 
device where the tenants' acceptance of certain types of contracts provides a signal for their productive ability 
[Newbery and Stiglitz (1979)]. Data from India indicate that landlords observe tenants' ability quite well 
[Olson-Lanjouw (1995)], suggesting that such signaling may not be the main reason for the adoption of 
sharecropping. 
38 Sadotdet et al. (1997, 1994) observe that close kinship relations provide sufficient assurance to landlords 
to provide implicit insurance to their tenants, thereby avoiding the inefficiency of the share contract. 
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Limited tenant wealth increases the landlord 's  risk when a fixed-rent contract does 
not involve a front-end payment.  In case of a disaster (such as a bad climatic shock), 
tenants with insufficient wealth are l ikely to default on the rent payment,  implying that 
landlords will tend to enter into fixed-rent contracts only with tenants who are wealthy 
enough to pay the rent under all possible output realizations. If  tenants are poor, it will 
be optimal for the landlord to choose a share, rather than a fixed-rent contract [Shetty 
(1988)]. In a one-period game this would imply that landlords would rank tenants by 
wealth, choosing to enter into contracts only with the wealthiest tenants. Empirical  ev- 
idence reported by Quibria and Rashid (1984) confirms such behavior. By implication, 
the efficiency of  any particular tenancy contract is increasing in tenant wealth, and the 
overall efficiency of  the tenancy market  would depend on the initial wealth distribution 
of  potential tenants, generating a direct mapping between the distribution of  wealth and 
economic efficiency [Bardhan et al. (1997)]. In a repeated game, landlords would allow 
all but the least wealthy tenants to earn positive profits in equilibrium, thus using the 
threat of  contract termination (or eviction) as a device to elicit effort supply. 

An extension of  this argument is provided by Mookherjee (1997), who shows that 
in the context of bargaining on the terms of  an interlinked tenancy contract between 

landlord and tenant, the efficiency of  the contract - i.e., the amount of  effort exerted - 
will always be higher under operator-ownership of the land than under a tenant-landlord 
relationship. 39 This would imply that redistribution of  land from the landlord to the ten- 
ant - or any other measure (e.g., increased off-farm opportunities) that would increase 
the tenant 's reservation utility - would be associated with an increase in aggregate pro- 
ductivity. Still, while such a redistribution could increase the aggregate utility of  both 
parties (thus making compensation of  the landlord a theoretical possibili ty),  a voluntary 
market-based transfer of  land from the landlord to the farmer is not feasible. The intu- 

ition is s i m p l e -  since a credit-based land purchase does not enhance the tenants '  wealth, 
the l imited liabili ty constraint will  still be applicable and the debt overhang incurred by 
the cultivator to purchase the land will reduce the incentive to apply effort instead of  
just  defaulting on the loan. However, a non-market  transfer of  land from landlords to 
farmers could be associated with an increase in overall productivity as well as aggregate 
welfare. 

Insights on the relationship between liquid assets and contractual parameters are pro- 
vided by Laffont and Matoussi  (1995) in a study of  Tunisian sharecroppers. Their re- 
sults suggest that differences in the contracting parties '  working capital endowments 
can account for the coexistence of  a variety of contracts, even in the same environment 

4o and among parties with similar risk aversion characteristics. The positive relationship 

39 The scope for other benefits from a more egalitarian distribution of land ownership that are not directly 
related to agricultural productivity is illustrated by Banerjee et al. (1997). 
40 If risk were a major factor in choosing the optimal type of contract, one would observe significant variation 
in crop shares according to the riskiness of the crops grown on particular plots. This, however, is not observed 
empirically. 
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between the crop share and the tenant's working capital endowment that would be pre- 
dicted by theory, even with perfect monitoring of effort, is indeed confirmed by the data. 
Output is shown to increase significantly with tenants' wealth for all contract types as 
well as for share contracts, but tenant wealth has no effect if only fixed rent contracts 
are considered. Similarly, the wealth of the landlord has, as expected, a negative effect 
on the tenant's share and a positive effect on production under the share contract, but 
none in other forms of contractual arrangements. Working capital thus appears to be a 
significant explanation of the type of contract chosen and the production gains achieved 
on a given plot. 

The importance of potential tenants' asset endowment is also emphasized by evidence 
from India which indicates that, due to wealth constraints, a large number of potential 
tenants are actually rationed out of the tenancy market [Shaban (1991)]. In this context, 
both the smallest and the largest landholders rent their land to middle farmers who are 
neither capital-constrained nor suffering from the disadvantage associated with the need 
to supervise hired labor. This illustrates that the ability of the land rental market to bring 
about efficiency-enhancing transfers is constrained by potential tenants' endowment of 
assets and other means of production. 

Thus, while land rental markets improve the allocation of resources in the presence 
of factor market distortions by bringing land to imperfectly or non-tradable factors 
of production (experience, family labor, animal power), the gains are constrained by 
endowments of potential transactors. In addition, there is evidence that fixed transac- 
tion costs preclude some poor households that desire only relatively minor adjustments 
from entering the tenancy market. Similarly, data from India suggest the prevalence 
of imperfect adjustment whereby, on average, farmers realize only about 75 percent 
of the desired level of land transactions [Skoufias (1995)]. The latter study also indi- 
cates that the adjustment effected by the land rental market is asymmetric for net in- 
renters and out-renters; consistent with the view that market power depends on relative 
scarcity of factors, in this environment of land scarcity, it is easier to rent out than to 
rent in. 

What, then, is the magnitude of the productivity effects that are brought about by 
the operation of land rental markets? To obtain credible estimates of the loss due to 
the second-best nature of sharecropping, one needs to control for unobserved house- 
hold specific fixed effects, e.g., by comparing input use, productivity, and investment, 
between sharecropped and owned (or cash-rented) plots for the same household. Bell 
(1977) was the first to conduct such an analysis in a static context, finding that farm- 
ers indeed exert less effort on tenanted plots. Applying the same methodology, Shaban 
(1987) found that, on average, tenancy was associated with a 32 percent lower output; 
but the difference was only 16 percent once adjustments were made for differences in 
land quality. Inputs of family labor and draft animals were significantly lower on share- 
cropped plots than on owned parcels. No statistically significant differences in produc- 
tivity were found between owned plots and plots rented on a fixed-rent basis, confirming 
that fixed-rent contracts induce higher productivity. Other studies yield results that point 
in the same direction [Sen (1981)]. 
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The productivity loss entailed in sharecropping can be reduced through close so- 
cial relationships, as confirmed by Sadoulet et al. (1997). Their study compared the 
attributes of contracts with kin and non-kin, finding that non-kin sharecroppers use sig- 
nificantly fewer inputs and obtain less output. However, for sharecropping among close 
kin, there is neither a disincentive effect nor a reduction in output. This suggests that 
embedding contractual arrangements in a long-term personal relationship offers consid- 
erable potential to attenuate the disincentives and productivity losses that are otherwise 
associated with sharecropping contracts. This evidence is in line with the comprehen- 
sive review of the literature by Otsuka et al. (1992), who found a large number of studies 
about equally split between efficiency and inefficiency of sharecropping contracts. Stud- 
ies that did not find a disincentive effect of sharecropping were generally conducted in 
environments where such a contract was embedded in enduring family and patron-client 
relationships or where effort was easily monitored. 

Even within households, imperfections in land and labor markets, together with the 
inability to commit, may prevent individuals from achieving an optimal allocation of 
productive factors. For plot-level panel data from Burkina Faso, Udry (1995) finds that 
reallocation of factors from male- to female-controlled plots within the same household 
could increase output by 6 percent - less than half of the estimated output loss from 
imperfect allocation of productive factors at the village level (13 percent), but still sig- 
nificant. One interpretation is that, by "renting" out land to their husband, women would 
risk losing these rights. In the absence of other assets that could be transferred from the 
husband to the wife to provide assurance, they fail to do so, despite the productivity 
increases that doing so might entail. 

All this implies that, although they cannot completely eliminate structural impedi- 
ments and bring about a fully efficient allocation of land in an economy, land rental 
markets can go a long way in bringing the operational distribution of holdings closer 
to the optimum. However, in quite a few countries, the extent of land rental markets 
has been greatly diminished by large landowners' reluctance to engage tenants due to 
concern for potential challenges to their property rights. Furthermore, rental markets' 
potential to increase overall welfare was not well understood by governments. Conse- 
quently, the static productivity loss entailed in sharecropping tended to induce interven- 
tions that have limited the extent of rental transactions, thus causing a larger inefficiency 
in resource allocation. We turn now to discuss these and other policy issues related to 
land markets. 

4. Policy issues 

This section reviews the main policy implications of the earlier discussion, focusing 
on clarification and adjudication of property rights, ways to improve the functioning of 
land sales and rental markets, and redistributive land reform. These three steps form a 
rough sequence, in the sense that it is difficult to improve the functioning land sales 
or rental markets without clarification of land use and ownership rights, or to conduct 
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non-expropriative land reform in an environment where land markets are absent. This 
implies that government activity should be focused on eliminating distortions and taking 
measures to reduce market imperfections rather than on attempting to compensate for 
imperfections and distortions in other markets. 

4.1. Clarification and adjudication of property rights 

A coherent system of property rights that guarantees security of tenure to cultivators, 
facilitates access to land by the poor, and encourages investment to increase sustainabil- 
ity and productivity can be of overriding policy importance in two types of settings. In 
countries making the transition from communal to more individualized forms of land 
ownership, it is important to have a flexible, stepwise, and decentralized approach that 
acknowledges differences in demand for tenure security based on diversity across re- 
gions and agro-climatic conditions. This requires a legal framework that permits evo- 
lution of land rights towards individualized tenure as the need emerges with commer- 
cialization and land scarcity. Second, in situations where land tenure arrangements have 
been severely disrupted by civil strife and war, collectivist land reform, or land-grabbing 
of influential individuals (e.g., Bolivia, Honduras, Nicaragua, Cuba, Vietnam, Ethiopia, 
Uganda, Tanzania, and the former Soviet Union), an approach that adjudicates among 
overlapping claims and establishes clear ownership rights to land at minimum cost is 
needed. 

The evidence reviewed in preceding sections provides support for the view that se- 
cure land rights are necessary for longer-term investment nd the associated productiv- 
ity increases. Land registration and titling systems are often perceived as an impor- 
tant element in policy seeking to promote tenure security and to facilitate more ef- 
fective land markets. This is because official documentation provides better protection 
of an owner's property rights, and eliminates the asymmetric information that curtails 
land markets transactions. However, experience with titling programs indicates that in 
sparsely populated areas the cost of introducing formal titling systems may outweigh 
the benefits and that the administrative infrastructure needed to effectively implement 
such rights is not available. Similarly, formal documentation is not crucial where cus- 
tomary tenure systems provide sufficient security to facilitate the level of investments 
and land transactions that are relevant for the prevailing economic environment, and 
where credit markets are not yet developed to the point where collateral use is neces- 
sary. 

Past interventions have often underestimated the cost and administrative requirements 
of providing tenure security through formal title and have given little thought to the 
scope for alternative means to provide such security. Community-based approaches 
whereby a whole area is demarcated and internal administration of land rights (in- 
cluding provision of documentation by local authorities) is left to the community may 
in many cases provide a cheaper alternative to formal titles [Platteau (1996)]. How- 
ever, the critical precondition for such an approach to work is that consistent imple- 
mentation of this arrangement is feasible, that decentralized institutions are account- 
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able and effective, and that the certificates awarded by such authorities are legally rec- 
ognized, entailing a possibil i ty of  converting them into more formal titles at a later 
stage. 

The 1992 modification of  the Mexican Constitution, and similar arrangements in a 
number of  other countries (e.g., Bolivia, Colombia,  Cr te  d ' Ivoire ,  and Nicaragua), al- 
low indigenous and non-indigenous communities to administer property rights inter- 
nally. In the case of  Mexico this also includes communit ies '  right to decide, subject 
to established rules of  accountability, on the partial or formal transformation of  their 
land rights into individual freehold title [Gordillo et al. (1997)]. In principle, such an 
arrangement would allow the utilization of  informational advantages available at the 
community level in tailoring property rights to the specific situation at hand. However, 
little is known about the transaction costs incurred and the degree to which outcomes 
have been equitable and conducive to improved efficiency. Evaluation of  these experi- 
ences within a consistent f ramework would be very desirable and could provide valu- 
able insights to fine-tune the approach and make the experience useful for other coun- 
tries. 

The benefits associated with individuals '  ability to use title to gain access to formal 
credit have been discussed above. Experience indicates that titling programs are most 
effective in areas where tenure insecurity already affects incentives, where there is an 
incipient formal credit market  where title can be used as a collateral because foreclosure 
of collateral  is enforceable, and where an effective legal system operates. 41 It is impor- 
tant to include safeguards against the grabbing of land (and in particular of hitherto 
common land) by powerful  and wealthy individuals, who are typical ly better informed 
on the procedures entailed in more formal systems [Feder and Nishio (1996)]. 

Past experience also suggests that land titling should be systematic and area-based 
rather than "on demand". 42 An area-based program with complete coverage can utilize 
economies of  scale in measurement,  adjudication, and a speedy process for conflict res- 
olution. This would reduce the cost of  program implementation. Experience in Thailand, 
E1 Salvador, Peru, and Bolivia, along with other countries, demonstrates that this can be 
accomplished by  introducing titling in combination with a mechanism for dispute reso- 
lution on location (within the community)  and a comprehensive publici ty campaign. 43 
In contrast, "on demand tiffing" is not only cosily, but is often inequitable. It provides 
opportunities for land-grabbing to individuals with good polit ical  connections and may 
preclude poor smallholders from participation due to the high cost of  land regis t ra t ion.  

41 The example of Kenya, where banks could not foreclose on the land that had been given to them as 
collateral because of social and ethnic factors, illustrates that - even where there is a demand for formal credit 
and the use of land as collateral - it is only the ability to effectively foreclose on defaulters that will persuade 
banks to accept land as a collateral for loans [Ensminger (1988)]. 
42 Given the fixed cost element entailed in "on demand" titling (which is based on individual initiative) and 
the lack of economies of scale, this format of titling will tend to be more accessible to the wealthier landowner. 
43 This would be of particnlar importance in the case of Africa where resistance against titling is fueled more 
by the fact that generally individualization of land tenure has been associated with extreme land-grabbing 
by powerful individuals - much more than the activation of a land sales market that would disempower 
smallholders [Bruce (1988)]. 
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4.2. Improving the functioning of  land sales and rental markets 

Land taxation. A moderate land tax levied and collected by local governments has 
been advocated as a contribution to effective decentralization. There are two reasons 
why a land tax is theoretically attractive. On the one hand, taxation of land is one of 
the few cases of a lump-sum tax where, using asset rather than production values, the 
effective tax rate on income decreases with the income generated from the land, thus 
encouraging more productive resource use. On the other hand, a land tax is one of 
the few taxes that can provide revenues for the local governments, and that - through 
the capitalization of local amenities in land values - establishes a direct relationship 
between tax level and the benefits received by taxpayers [Glaeser (1995)]. 

Several countries have attempted to implement progressive land taxes, where the tax 
rate would increase with land area or value, as a means to make land speculation less at- 
tractive and to induce large landowners to use their land more intensively, or to break up 
large estates. Experience with this instrument has not been very positive, as implementa- 
tion and collection of progressive land taxes have been frustrated by political difficulties 
and resistance in countries as diverse as Argentina, Bangladesh, Brazil, Colombia, and 
Jamaica [Strasma et al. (1987), Bird (1974)]. Carter and Mesbah (1993) use simula- 
tions to show that a progressive land tax by itself is unlikely to be effective even if it 
is enforceable. Effectively collecting a uniform land tax may be a more realistic goal. 
However, if environmental risk is high, introduction of a land tax (which has to be paid 
even if output is low) may not be desirable for equity reasons, and a mix of land tax 
and output tax (contingent on realized output) Pareto-dominates either tax in isolation 
[Hoff (1991)]. To avoid negative equity consequences that might be associated with a 
land tax, a number of developing countries exempt small producers below a certain size 
from the need to pay land taxes. 

Land sales markets. The fear of the undesirable consequences associated with land 
market operation in an environment characterized by market imperfections seems to 
have in the past motivated policymakers to impose restrictions on the operation of such 
markets. Administrative restrictions on land sales, however, have often been costly to 
enforce and ineffective in preventing inequitable outcomes. 

Administrative restrictions on land sales typically take the forms of limits on trad- 
ability of land and ownership ceilings. In many cases beneficiaries of land reform or 
settlers on state-owned land are not allowed to sell or mortgage their land. This deprives 
them of access to credit, often in the establishment phase when credit would be most 
needed. It has been shown that, in the presence of such restrictions, smallholders are 
forced to resort to less efficient arrangements (e.g., usufruct-mortgaging and the associ- 
ated use of wage labor contracts) to gain access to credit [Hayami and Otsuka (1993)]. 
The goal of preventing land owners from selling out in response to temporary shocks 
would be better served by adequate safety nets, technical assistance, and access to com- 
plementary finance. Permanently precluding land reform beneficiaries from rental or 
sales is likely to reduce efficiency - all over the world such restrictions have resulted in 
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large tracts of  land being less than optimally utilized. Allowing for some adjustments 
in response to differential settler ability may be preferable to the losses imposed by this 
measure. 

Another restriction intended to facilitate the breakup of  large farms and the associ- 
ated sales of  land to small producers has been the imposition of  land ownership ceil- 
ings, often together with land taxes. In addition to being largely ineffective, 44 such 
restrictions appear to have imposed extra cost on all parties. Landowners often took 
measures to avoid them, and the bureaucracy had to decide on exceptions to allow 
for the utilization of  economies of  scale in plantation crops - a process conducive to 
red tape and corruption. Even in the most favorable case such ceilings would consti- 
tute a temporary second-best measure to allow government to deal with the problem 
in a more thorough way. In many cases the reason for land concentration is not in a 
relative inefficiency of small farms but rather imperfections and policy-induced distor- 
tions in product and financial markets and the limitations on small farmers' ability to 
self-insure. If  this is the case, it would be more effective for government to focus on 
the root of  the problem, e.g., by designing safety nets and helping improve the func- 
tioning of  other markets, rather than trying to deal with the symptoms. The interpre- 
tation that dis-equalization of land ownership is driven by imperfections in other mar- 
kets is supported by the fact that in Central Uganda, in an area with good non-farm 
employment opportunities and well-functioning factor markets, land sales  markets con- 
tributed to a pronounced equalization of  land ownership [Baland et al. (1999)].45 This 
implies that concerns about potential adverse equity impacts of  land sales should be 
addressed by helping small farmers to compete, taking measures to improve the func- 
tioning of  financial markets, and providing relief to avoid distress sales in cases of  dis- 
aster. 

L a n d  rental  markets .  For a number of  reasons, and especially in the presence of  other 
market imperfections that would affect land prices, land rental markets may be more 
effective than sales markets in moving the distribution of  operational holdings closer to 
the optimum. Rather than recognizing the potential of  land rental markets to improve 
agricultural productivity and augment the welfare of  landless poor people, governments 
have often focused efforts on restricting tenancy markets through bans on share tenancy 
and limits on cash rental fees. 

Such measures had very undesirable equity consequences in Latin America where 
they resulted in tenant evictions and the resumption of  large-scale mechanized farming. 
Even in India, the country where tenancy reforms are generally believed to have had 
success, benefits to the poor have been limited. Tenant evictions associated with the 
threat of  tenancy reforms caused the rural poor to lose access to about 30 percent of  

44 In India, for example, 35 years of implementing ceilings laws have, in all except three states, led to the 
distribution of less than one percent of the operated area to the target group [Appu (1996)]. 
45 The lack of land rental market transactions in this environment may be attributable to relatively insecure 
ownership rights, which might lead the landowner to lose the land in case of rental. 
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the total operated area and, by threatening landowners who lease out with the loss of 
their land, undermined land access through rental markets [Appu (1996)]. If  feasible, 
the transfer of  property rights implicit in such tenancy protections should improve static 
efficiency, as is confirmed by distlict-level data from West Bengal. In this case, ten- 
ancy laws yielded productivity gains of  about 40 percent - slightly larger than the static 
loss estimated by Shaban [Banerjee et al. (1998)]. However, even in this case tenancy 
reform required intensive bureaucratic involvement and often created overlapping prop- 
erty rights to the same plot, thereby undermining investment incentives and reducing 
the scope for land (rental and sales)markets after the reform. 

Even in countries where tenancy reform has historically constituted a major policy in- 
strument, there is now growing recognition that there is little scope for further tenancy 
reform and that, even in those cases where it is possible to implement, it provides at 
best a temporary measure that has to be complemented by market-based mechanisms in 
the longer term. Tenancy reform is not an option in countries where large-scale owner- 
cultivation or wage labor is the predominant mode of  cultivation. In all of  these cases, 
the critical issue is to reduce remaining obstacles to land transactions without jeopardiz- 
ing equity objectives. Land rental markets would appear to provide an ideal instrument 
to achieve this objective. 

4.3. Redistributive land reform 

As discussed earlier, unmitigated operation of  land markets alone would not neces- 
sarily produce an optimal land allocation. In the land sales market, credit constraints 
would restrict the ability of  the poor to acquire land (or any other indivisible asset), a 
phenomenon that has, in a more general context, been shown to be associated with in- 
tergenerational persistence of  poverty [Banerjee and Newman (1991)]. 46 Transactions 
in the land rental market are easier to accomplish, but may be associated with a more 
limited impact on investment and productivity as well as tenant welfare. Efficiency- 
enhancing rental transactions might not come about either because of  high transaction 
costs (especially in an unclear legal environment) or because of  government restric- 
tions that threaten rented properties with expropriation. In situations characterized by 
pervasive inequality in the ownership distribution of land or assets more generally, gov- 
ernment involvement in redistributive land reform, aiming to improve efficiency and 
equity and at the same time remove impediments to the functioning of factor markets, 
could be justified. 

However, historically the experience with government-initiated land reform policies 
has been mixed, not only because reforms involving significant asset transfers are po- 
litically difficult and could be speedily implemented only where they were imposed by 

46 This idea has been formalized in theoretical models where lack of collateral keeps individuals in "poverty 
traps" unable to undertake indivisible investments which would be highly profitable [Galor and Zeira (1993), 
Eckstein and Zilcha (1994), Jalan and Ravallion (1997), Fafchamps and Pender (1997)]. In such a situation, 
a one-off asset distribution could be more effective than continuing redistributive e5%rts with the associated 
disincentive effects [Banerjee and Newman (1993)]. 
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an outside power or a revolutionary change of  regime. 47 In the case of  l and lord  es ta tes  

where tenants already cultivated the land and all that was required was a reassignment of  
property rights, land reform was generally easy: The organization of  production retained 
the same family farm system, where beneficiaries already had the skills and implements 
necessary to cultivate their fields. The administrative requirements associated with this 
type of  land reform were minimal,  and considerable efficiency gains have often been re- 
alized by improving incentives to work and invest by former tenants. 48 The magnitude 
of such gains was affected by the difference in (long- and short-term) incentives be- 
tween the before- and after-reform situation. Productivity gains from such reforms were 
generally more modest  if  before the reform (i) security of  tenure and incentives to invest 
had already been high, (ii) cash-rent-rather  than share-rent-contracts had prevailed, and 
(iii) landlords had provided tenants with access to credit inputs, and outputs. 49 

In contrast to the generally successful experience in landlord estates, land reform in 
h a c i e n d a  systems - i.e., systems where tenants have a small house-plot  for subsistence 
but work most of their time on the landlord 's  home farm - has been very difficult to 
accomplish. Thus some have argued that the "game of  Latin American Land Reform" 
has been lost [De Janvry and Sadoulet  (1989)]. In the large majority of  these systems, 
large landowners responded to the threat of  land reform by either evicting tenants who 
could have made claims to land ownership under a possible reform program, or con- 
verting them into wage laborers. In the case of  eviction, landlords reduced reliance on 
hired workers either by resuming extensive livestock production and ranching o r -  aided 
by significant credit subsidies - by embarking on highly mechanized self-cultivation 
[Binswanger et al. (1995)]. This not only reduced tenant welfare but also depopulated 
farms and created further difficulties for redistributive land reform. A number of  fur- 
ther difficulties of  effective land reform in hacienda systems are associated with policy 
distortions, l imitations on the functioning of  the land market, and inabili ty to provide 
the necessary complementary elements for land reform beneficiaries to start successful 
small farm enterprises. 

First, the costs of  carrying out land reform were often increased by the continued 
existence of implici t  and explicit  pol icy distortions (e.g., agricultural protection and 

47 The marked difference in the success of land reform between Korea, Taiwan, and Japan on the one side, 
and Nicaragua, Cuba, and Vietnam on the other, suggests that the ability to redistribute large amounts of land 
is not a sufficient condition for land reform to be successful. 
48 Indeed, since the end of World War II, landlord estates in Bolivia, Eastern India, Ethiopia, Irma, Japan, 
Korea, and Taiwan have been transferred to tenants in the course of successful land reforms. While evidence 
on the productivity impact of such reforms is much less than what would be desirable, they have generally 
been associated with significant increases in output and/or productivity [King (1977), Lieten (1996), Besley 
and Burgess (1998)]. 
49 The degree to which land reform improved productivity and cultivator welfare increased with the prof- 
itability of existing investment opportunities [Callison (1983), Koo (1968), King (1977)], the degree to which 
land ownership enabled the new owners to access markets for credit and insurance that had previously been 
beyond their reach [Dorner and Thiesenhusen (1990)], and the availability of new technology that could be 
readily adopted [Otsuka (1991)]. 
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selective credit subsidies) that drove land prices above the capitalized value of agri- 
cultural profits and often disproportionately benefited large producers. Such distortions 
increased the fiscal cost of  land reform policies and reduced their sustainability by mak- 
ing it profitable for land reform beneficiaries to sell their newly acquired land back to 
large farmers. Indeed, despite attempts to limit beneficiary desertion through imposi- 
tion of  legal restrictions and the threat of  punishment in case of  contravention, there 
is considerable anecdotal evidence on land sales by reform beneficiaries in Nicaragua, 
Colombia, and E1 Salvador. In a recent census of  Brazilian land reform settlements, only 
about 60 percent of recently established land reform beneficiaries were actually found 
tilling their land. 

Second, many countries aimed to implement land reform by eliminating or restricting 
other forms of  (rental and sales) market transactions. This completely eliminated price 
and other market signals, making it more difficult to select beneficiaries and land, and 
further increased the costs of  land reform implementation. It also tilted the balance in 
favor of  a highly centralized mode of  land reform implementation that has, in a num- 
ber of  countries, led to the domination of  land reform processes by formidable (and 
often corrupt) centralized bureaucracies. In addition, and probably most important, this 
virtually eliminated beneficiaries' access to credit markets, despite the evidence that 
without access to such markets, it is difficult for them to sustain themselves. In Ireland, 
for example, a large-scale experiment in "negotiated" land reform early in the twentieth 
century did not have the expected effect for two reasons. On the one hand it did little to 
alter the structure of  production or to improve tenants' rights. More important, however, 
it actually worsened  access to credit, by limiting the ability of  new landowners to mort- 
gage land, while at the same time cutting off informal credit they had earlier obtained 
from the landlord [Guinnane and Miller (1997)]. 5° 

Third, transforming a large farm into a viable smallholder enterprise requires a 
change in the pattern of  production, subdivision of  the farm, and construction of  infras- 
tructure. As the productivity advantage of  land reform hinges on increased incentives 
by owner-operators and adoption of  labor-intensive crops, attention to complementary 
investments and awareness by beneficiaries is critical. Generally beneficiaries, even if 
they are workers of the former farm, are not accustomed to making independent en- 
trepreneurial decisions, implying that training and human capital formation is therefore 
an essential component of  the land reform process. Realizing the productivity benefits 
from land reform requires shifting the focus from political to productivity- and poverty- 
related objectives.51 

50 Severely restricted access to credit, together with insecure property rights, has also led to widespread 
selling of land by former land reform beneficiaries in Nicaragua - often at prices way below the productive 
value of the land [Joakin (1996)]. 
51 The effect of political motivation on beneficiary selection and the stop-and-go cycle of land reform in 
response to political crises rather than opportunities for productivity increases and poverty reduction are well 
documented [Barraclough (1970)]. A model of land reform as a piecemeal strategy by the rich to avoid the 
imminent threat of revolt - with backtracking as soon as the threat weakens [Horowitz (1993)] - would be 
consistent with such a view. 
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Due to these difficulties, and the fact that land reform is a highly poli t icized topic, 
many of  the land reforms that have been undertaken since the 1960s have not achieved 
their stated objectives. Evidence on the longer-term impact of  land reform on poverty 
and productivity is more limited than desirable. 52 However, measures of  macroeco- 
nomic adjustment such as elimination of  trade protection and credit subsidies have re- 
sulted in a considerable reduction of  land prices and the importance of  land in a large 
number of  developing countries. 

This has led a number  of countries (e.g., Brazil, Colombia,  South Africa) to begin 
implementing a new model  of  "negotiated" land reform that aims to replace a central- 
ist and often expropriative approach with provision of  a grant that would enable poor 
people to acquire land through the market. Key elements of this approach are (i) an em- 
phasis on sustainable poverty reduction through elaboration of  integrated farm projects 
by the poor (which are then supported by a land purchase grant), (ii) decentralized exe- 
cution and integration into development objectives at the local level with an overarching 
emphasis on beneficiary training and human capital formation, and (iii) private sector 
involvement in project  development, financing, and implementation. Obviously, mere 
adoption of  a "negotiated" mode is not immunity against the shortcomings that have 
plagued earlier land reform attempts. 53 Initial evidence from pilot  programs that have 
aimed to integrate land reform into a more comprehensive package of support does, 
however, suggest that the new approach is perceived to be significantly different from 
earlier land reform attempts [Deininger (1998)]. To what degree this potential can be 
realized remains to be seen. 

5. Conclusion: Areas for further research 

While  research on land markets and land institutions has been extensive, there are a 
number of  areas where additional or more conclusive knowledge would be of great 
value. Below we highlight a number of  key areas that merit  further study. 

5.1. Security of  land rights 

There is broad agreement in the literature that secure individual land rights will in- 
crease incentives to undertake productivity-enhancing land-related investments. If  there 
is scope for agricultural intensification, and these rights can be enforced at low cost, 

52 One example of such economic analysis is the study by Scott et al. (1976) for Kenya. While it illustrates 
that land reform can have a positive social rate of return, it is based on data gathered in the immediate after- 
math of the reforms, after which data collection was discontinued. 
53 Due to a lack of poverty targeting, an exclusive focus on land purchases but not complementary invest- 
ments, and a high (75 percent) level of subsidy, a "negotiated" program of land reform that was carried out 
in Italy during the period 1948-70 had only a limited impact on poverty reduction and was characterized by 
relatively high costs [Shearer and Barbero (1993)]. 
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and secondary rights to land by other stakeholders are not eliminated in the process, 
then establishment of such rights would constitute a clear Pareto improvement. How- 
ever, in many cases, traditional systems are associated with a wide range of equity ben- 
efits, not all of which normally can be preserved in a system characterized by private 
land ownership. Research aiming to understand not only the existence and magnitude 
of productivity benefits arising from the transition from traditional to private property 
rights, but also the types of welfare benefits provided by different forms of communal 
arrangements, their magnitude, and possible alternative mechanisms to generate sim- 
ilar effects, would be very useful. It could facilitate better identification of the point 
at which a transition from traditional to individualized tenure arrangements might be 
socially optimal and allow adoption of mechanisms that would ensure tenure security 
with minimal social disruption. Evaluation of country cases where innovative ways to 
make this transition have been explored recently could be a starting point for such an 
endeavor. 

5.2. Improving the functioning of land markets 

While there has been significant research on the static inefficiency of tenancy contracts, 
the welfare consequences and the impact of tenancy on farmers' investment behav- 
ior have received less attention. Assessment of the welfare aspects of tenancy - i.e., 
the impact of land ownership as compared to mere usufructuary rights on household 
well-being - would be of relevance to help policymakers determine specific steps for 
comprehensive land market development. Such analysis should consider the impact of 
access to land under different systems on productivity and welfare (e.g., through choice 
of livelihood strategies, higher or smoother consumption, access to credit, ability to 
accumulate wealth, etc.). 

A large body of literature on land price formation and the relationship between 
land sales and rental prices for developed countries already exists. However, much 
less is known on this issue for developing countries, in particular how recent dramatic 
changes in macroeconomic policy have affected land values and the relationship be- 
tween land prices and agricultural profits. Elimination of credit subsidies and tax privi- 
leges, changes in relative prices of different types of agricultural products, and increased 
attractiveness of non-land financial assets that have been associated with these policies 
would have important implications not only for land prices but also for the operation of 
land (sales and rental) markets. This would also affect the type of economic agents who 
would be able to use these markets to gain access to land and the type of complementary 
policies (e.g., in the area of credit) that would affect their ability to do so. 

Notwithstanding the fact that markets are an important avenue for individuals to gain 
access to land, non-market transactions such as inheritance, allocation by village chiefs, 
and informal rentals among kin continue to have a far-reaching impact on a large part 
of the population and the structure of land ownership and land use in many parts of 
the world. A large descriptive literature discusses advantages and disadvantages of non- 
market mechanisms. However, quantitative evidence on the efficiency and equity impact 
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of non-market transactions and the way in which policies that aim to change decision- 
makers' incentive affect the extent and modalities of such transactions is still limited. 
Given that informal systems tend to be characterized by lower transaction costs and can 
provide land access for the poorest segments of the population who may not be able to 
utilize land rental and sales markets, better understanding of the potential and shortcom- 
ings of non-market mechanisms would be of great interest. There is also little doubt that 
in situations where, either traditionally or due to male out-migration, a significant part 
of agricultural production activities is carried out by women, the nature of women's land 
rights - many of which are defined informally - will have far-reaching implications for 
agricultural productivity and investment. However, much remains to be learned about 
the interaction between legal prescriptions, social norms, and intra-household bargain- 
ing in determining the nature of women's rights to land, and the scope for specific policy 
interventions to bring about efficiency increases by strengthening these rights. 

Over and above the market imperfections characteristic of rural areas, functioning 
of land rental and sales markets has in the past often been constrained by government 
interventions - in many cases with the aim to promote equity or overcome market im- 
perfections. While the effectiveness of such policies was often limited, they generally 
left an institutional legacy that is difficult to dismantle. Research on the links between 
land and other markets could do much to identify such "second generation reforms" 
and to facilitate their implementation in an environment characterized by multiple mar- 
ket imperfections. 

5.3. Land  redistribution 

Compared to the volume of resources that has been spent since the 1960s on land re- 
form programs, the effort invested in monitoring their performance and in assessing 
their impact on poverty reduction and agricultural productivity has been minuscule. As a 
consequence, evidence on promising models of land reform in hacienda systems and the 
long-term impact associated with them is extremely limited. Little or no guidance exists 
on how to compare the effectiveness of different approaches to land reform in (i) reach- 
ing specific target groups, (ii) helping these groups to complement land ownership with 
other investments and thereby increase agricultural productivity, and (iii) enabling them 
to convert the one-time transfer of land into a sustained improvement in their livelihood. 
Such evidence will be critical in assessing whether these new approaches to market- 
assisted land reform are fiscally, socially, and economically sustainable. 

Given the recent emphasis in the theoretical literature on asset ownership as a means 
for sustainable poverty reduction, it would be of great interest to carefully monitor inno- 
vative land reform efforts with a view toward drawing the necessary policy conclusions. 
Issues to be explored include the volume and price of land (sales and rental) transac- 
tions, characteristics of participants, and the productivity change associated with land 
transactions within and outside a specific land reform program. Complementing this 
with longitudinal information on changes in welfare of specific beneficiaries and the 
population at large would provide an opportunity to assess the equity impact of land 
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reform and ultimately compare this type of intervention to other policies aimed at the 
same goal. 
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Abstract 

This chapter presents a review and synthesis of effects of education in agriculture, sum- 
marizes major contributions, and suggests major research gaps in the literature. Al- 
though growth in knowledge enables skill acquisition and specialization of labor, which 
generally raises labor productivity, and technical change, the dominant effect on agricul- 
ture has been technical change. A puzzle remains why schooling does not have broader 
direct impacts in agriculture. Furthermore, as we proxy education or general intellectual 
achievement by schooling in our empirical research, this has led to biased interpretations 
of impacts when general intellectual achievement of school graduates changes over time 
and perhaps in nonlinear ways. 
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Education is widely considered to be the most important form of human capital [Becket 
(1993, pp. 1-13)]. A major part of formal education or general intellectual achievement 
is obtained in elementary and secondary schools and in colleges/universities. Although 
there are differences in exactly what these institutions teach in different parts of the 
world, common components are skills, knowledge, and a method of analyzing prob- 
lems [Schultz (1963, pp. 1-19), Becker (1993, pp. 1-13), Bishop (1989)]. Investments 
of students' and teachers' time and other inputs are used in the schooling process, and 
schooling of an individual beyond the permanent literary level, which is generally three 
to four years of formal schooling, has lifetime impacts on almost all of his or her activ- 
ities. These are widely accepted to include labor productivity and wage rates, but also 
include choices of occupation, geographical location, information acquisition, and tech- 
nology. In agriculture, the returns to schooling seem to increase substantially as a coun- 
try goes from traditional agriculture to modernizing, which creates a dynamic technical 
and economic environment requiring information acquisition, technology evaluation, 
and adjustments to change [Schultz (1964), Schultz (1975), Becker (1993, pp. 1-13)]. 

The objective of this paper is to present a review and synthesis of the broad effects 
of education on agriculture and to summarize where major contributions lie and where 
major gaps exist in the literature. The first section presents a conceptual framework for 
education's contribution. The second section reviews and synthesizes the empirical evi- 
dence which is organized around the topics of (1) choices about where to work, (2) tech- 
nology adoption and information acquisition, (3) agricultural production, (4) agricul- 
tural productivity decomposition, and (5) household income. The third section presents 
a summary of major contributions and research gaps in the literature. 

1. A conceptual framework 

1.1. O v e r v i e w  

Growth in knowledge seems to be a major factor causing the long-term rise in labor 
productivity, real wage rates, and per capita incomes in market economies. First, as 
the stock of knowledge grows, the opportunities for individuals to invest in specialized 
knowledge (e.g., schooling, training) that raises their productivity occurs [Becker and 
Murphy (1993), Jones (1998, pp. 71-87)]. Hence, the returns to labor's specialization 
arise through workers taking on narrower and more specialized tasks, but to get out- 
put produced, this means that a group of workers having different skills must cooperate 
together. "Team production" within or across firms raises special incentive problems 
[Gibbons (1998), Becker and Murphy (1993)]. As the degree of specialization of labor 
and tasks increases, the number of different tasks and specialists that must be coordi- 
nated increases. For the continuation of this growth process emphasizing knowledge 
accumulation and specialization, an economy must find new ways to reduce team-labor 
coordinating costs. Economies that have high coordination/transaction costs because 
of a weak economic exchange system (i.e., absence of private property, weak contracts, 
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suppressed prices and markets) reduce the incentives for workers and firms to special- 
ize, given any stock of knowledge, and reduce labor productivity and per capita incomes 
[Williamson (1985)]. 

Second, as the stock of knowledge grows, the opportunities to produce new technolo- 
gies that become embodied in new capital goods [e.g., Romer (1990)] and intermediate 
goods [see Jones (1998, pp. 88-107), Huffman and Evenson (1993)] occur. These in- 
novations are frequently adopted in manufacturing, agriculture, and other sectors. Con- 
siderable evidence exists for the United States that unskilled labor and capital services 
are substitutes in manufacturing, but skilled labor and capital services are complements 
[see Orazem et al. (1997), Griliches (1969, 1970)]. More generally, capital services and 
labor become less substitutable as the skills of labor increase, and labor and capital ser- 
vices eventually become complements, especially for college trained labor. This means 
that as knowledge and technology advance, the demand for skilled (more highly edu- 
cated) labor grows relative to the demand for less skilled (less educated) labor, and the 
potential exists for a rise in the real (and relative) wage of skilled labor. 

Production on farms is one of biological processes, but major differences exist be- 
tween crop and livestock production. The seasonal and spatial nature of crop production 
places severe constraints on large-scale or specialized units and mechanized production. 
With plant biological (clocks) processes sequenced by day length and temperature, little 
opportunity exists to use mechanization to speed up the production processes, even on 
large farms. Because planting and harvesting for any given crop must occur within a nar- 
row time window at any location, a major limit to size of specialized enterprises occurs. 
Crop rotation, or nonspecialized production, has historically been one important method 
for controlling pest and disease problems in crops and balancing soil nutrient availabil- 
ity with plant nutrient needs. Chemical and biological control of pests and chemical 
fertilizer applications are relatively new technological alternatives to crop rotation, and 
they have facilitated crop specialization. 

Because plants occupy fixed land area as they grow, machines suitable for mecha- 
nization of crop production must be mobile and move across the fields or through plant 
materials that are fixed in location. Furthermore, machines must be small relative to 
plot or field sizes. Thus, a special type of mechanization is required for crops. This 
contrasts with industrial (and livestock) production where the production plant is fixed 
and materials move through it. The latter type of production permits workers to become 
specialized in one phase of the total production process and this has aided labor produc- 
tivity in the industrial sector of developed countries. It is difficult for workers in crop 
production to be fully employed and to specialize in any phase of production. 

Livestock production is relatively free of constraints due to seasonal and spatial at- 
tributes. It is economically feasible to speed up or slow the rate of production by chang- 
ing the diet and activity level of animals during the growing and finishing phases. Pro- 
duction can be organized in sequential phases where all phases from birth to finishing 
occur on one farm or where different farms specialize in different phases. Advances in 
animal health products, animal feeding, housing and equipment, and management have 
made it technically possible to speed up the growing and finishing phases by using large 
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confined animal production systems which greatly increase animal densities and popu- 
lations. To further reduce disease problems in large animal confined systems, animals 
of  different ages can be segregated and raised apart in "all-in, all-out" systems. With 
the growing and finishing of  animals and birds in a facility in phased groups, livestock 
production becomes similar to production of  industrial goods where workers have the 

opportunity to specialize in a particular phase of  production. 
When firms are heterogeneous within a sector or have some specialized resources 

- e.g., land, climate, knowledge - the potential impact of  new technologies will differ 
across them. It is costly for entrepreneurs to acquire information, evaluate the available 
technologies, and adopt only the new ones that are expected to make them better off. 
Considerable evidence exists that schooling of  entrepreneurs becomes a valuable skill 
when the technology is changing, for example when agriculture undergoes a transition 
from traditional to modernizing [Schultz (1975), Becker (1993), Huffman (1998)]. l 

1.2. Agricultural household models 

The behavior of  agricultural households has been modeled from different perspectives 
depending on the central issue researchers are considering. If  human capital invest- 
ment decisions - e.g., how much schooling, informal training, and information to obtain 
or whether to adopt a new technology - are the central focus, models of  mult i-period 
household utility maximizat ion with human capital production or innovation have pro- 
vided a useful guide to empirical  models. If  household members have obtained their 
human capital, e.g., formal education, and the impact of  this human capital on other 
outcomes - e.g., occupational choice, hours of  work, purchased input use, wage rates, 
income - is the central focus, one-period static agricultural household models  have pro- 
vided a useful guide to researchers about which variables are expected to affect behavior 
or outcomes and how they might be related. In particular, behavioral  models provide one 
useful guide to researchers for deciding which variables should be treated as endoge- 
nous, e.g., choices, and which are exogenous or causal variables. 

In the following two subsections, two representative agricultural household models 
are outlined. One is a mult i-period dynamic agricultural household model, and the other 
is a single-period static agricultural household model. 

I Average schooling completion levels of the adult population differ greatly across countries. Barro and Lee 
(1993) have recently constructed good estimates of schooling completion levels for a set of 125 countries 
for the period 1960-1985. They report summaries for regional groups of countries. In 1985, sub-Saharan 
Africa and South Asia had the lowest average schooling completion levels for adults, 2.67 and 2.81 years, 
respectively. In the Middle East and North Africa, the average schooling completion level was 3.51 years, 
and in Latin America and tile Caribbean the average was 4.47 years. In other regions, the average schooling 
completion level for adults was higher, 5.19 years for East Asia and the Pacific, 8.88 years for the OECD 
countries, and 9.17 years for centrally planned economies (excluding China). No similar international data 
exists on schooling completion of the farm population. 
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1.2.1. A three-period model with human capital production and investment 

Building on the multiperiod household decision model of Ghez and Beeker (1975), 
the human capital (e.g., education) investment model of Ben-Porath (1967) and Min- 
cer (1974, pp. 14-15), and the one-period agricultural household models of Singh et 
al. (1986) and Huffman (1991b), a multiperiod agricultural household focused on con- 
sumption, human capital production, farm production, and human capital service allo- 
cation is presented. To capture the main economic issues in human capital investment 
decisions and yet to keep the model simple enough that many of its implications are 
easily interpretable, I assume that the household is risk-neutral and has a three-period 
planning horizon or lifetime. 

In each period, the farm household is assumed to consume human capital services, 
i.e., leisure, LIj, j = t, t + 1, t -4- 2, and goods X U, and to have a well-behaved in- 
tertemporal utility function: 

U = U(Llt, Xlt, Llt+l, Xlt+1, Llt+2, X2t+2). (1) 

The household faces technology constraints on the production of human capital and 
farm output. First, the production of the human capital in each period, i.e., the in- 
vestment, is assumed to use two variable inputs: human capital services L2j from an 
individual's initial human capital endowment or past human capital investment, a pur- 
chased input X2j, and a fixed individual or household-specific genetic or innate ability 
factor A2: 

Z2j = F2(L2j, X2j, A2), F2(0, X2j, A2) = 0, F2(L2j, O, A2)/> 0. (2) 

F2 (') exhibits decreasing returns to scale in L2 and X2. Hence, when the input prices of 
Lzj and X2j are fixed to the household, the assumption of decreasing returns implies 
that marginal cost is rising with added ZZj. For schooling, this assumption reflects the 
upper limit on mental capacity of an individual to learn in each period. 

Second, the production of farm output is assumed to use two variable inputs and one 
fixed input. The variable inputs are human capital services of household members L3j 
and purchase inputs X3j, and the fixed input is technology and agro-climatic condi- 
tions A3: 

Z3j = F3(L3j, X3j, A3). (3) 

The farm production function is assumed to exhibit decreasing return to scale in L3 and 
X3 in the region of an optimal solution, e.g., due to natural limitations placed on the 
production process by agro-climatic conditions. 2 

2 If an active rental or asset market in farmland does not exist, then farmland is part of A 3 . 
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To facilitate the modeling, human capital investments are assumed to change the 
quantity of human capital services available, but they do not affect the wage rate per 
unit of human capital service. Hence, this is a model where human capital investments 
augment the effective number of units of human time that are available each period 
rather than raising the wage per unit of actual time worked. The latter approach is the 
one taken by the hedonic wage literature, e.g., Mincer (1974) and Willis (1986). 

The household has an initial human capital endowment K°; human capital is permit- 
ted to depreciate over time at a rate 3, 0 ~< ~ < 1, due to obsolescence or wearing out, 
and the human capital services available to the household in each period are: 

t+2 

L j  = olKj -= ol Z [ ( 1  -- 8 ) J - t K  ° + y(1 - ~)J- t - l z2 j_ , ]  , 
j - t  

(4) 

where c¢ (> 0) is the time invariant rate of conversion of human capital stock to services, 
and ?/ equals 1, adjusting human capital investment (a flow) to a stock. The available 
human capital services are allocated among four activities: leisure L l j ,  human capital 
p r o d u c t i o n  L2j, farm production L3j, and wage work L~: 

Lj = LIj  + L2j + L3j + Ltf, L2j, L3j, L j  ~/O. (5) 

Because human capital services allocated in any period j to human capital production, 
farm productions, and wage work can be zero, a non-negativity constraint is imposed 
on these choices. 

The household faces a multiperiod cash budget constraint: 

t+2 * Z W j L j  3 t+2 P3j 3j Jr- Pij Xij ~- Cj 

Z (l+r)'-J = Z Z  +rV-  j=t i=1 j=t 
(6) 

where P3~ is the (expected) price of farm output and Pij is the (expected) price of the 
purchased consumption goods, inputs into human capital production, or inputs into farm 
production, respectively. The (expected) wage rate per unit of human capital services is 
Wi ; c j  >~ 0 is any fixed cost associated with the household's production or consumption 
activities, e.g., on licenses or fees; and r is a fixed discount rate. 

If Equation (3) is substituted into Equation (6), then the farm production and multi- 
period budget constraints are combined into one constraint: 

* . w 3 t+2 PijXij ~-Cj P~jF3(L3j,X3j ,A3)-~ WjL j  = Z j ~ t t  E T r ~  -~ " 
j=t (1 q- r) j - t  i=1 '=  

(7) 

The household can now be viewed as making multiperiod consumption, human capital 
production, farm production, and labor supply decisions by maximizing Equation (1) 
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subject to Equations (7), (2), (4), and (5), including nonnegativity constraints. The 
Kuhn-Tucker first-order conditions are 

O~ OU )~j 
=0 ,  OLlj OLIj (1 + r)g -t  

OOP _ OU Plj - -0 ,  
OXIj OXlj  (1 q- r)J - t  

o~ [pV t A///gZ2 
- fl.t) ~< O, -- ~ \~ Z2t ~vH L2t O L2t 

j = t , t  + l , t  + 2, (8) 

(9) 

t Z2 L2t ~ O, L2t (PVz2tMPL2t - )~t) ~-- O, (10) 

where 

pVtz2t = 
P3t+l OZ3t+l OL3t+l 

(1 + r) OL3t+~ OZ2t 
Wt+lC~(1 - 8) + 

(1 q-r) 2 ' 

P~t+2 0Z3t+2 0L3t+2 Wtot - - +  - - - - - - +  _ _  

(1 + r) 20L3t+20Z2t  (1 + r) 

and 

OZ2t MPZx2 = OZ2t 
MpZe _ OL2t' - OX2t" 

Orb t Z9 - ~ (PUz~,Mex-~, - P2,) <. O, X2, >>. O, 
OXet 

t z2 
X2t (PVZetMPx2, - P2t) = O, 

a ,  ( )~+' ) <. o, OL2t+l -- ff PVtzz'+IMPZ~'+' ; ~ r  

( , =0, L2t+l PVzt+IMPLzt+I 1 + r 

L2t+l ~> 0, 

(12) 

where 

P~t+2 0Z3t+2 0L3t+l.  
PVzzt+l = (1 q- r) 20L3t+20Z2t+l ' 

0 ,  Pv 2,+aM@2,+l  TTI o, OXZt+l -- ~ 

{p , / t  AdpZ2 _P2r+I ~ 
Xzt+l ~ -Z2,+1 .... X2,+, 1 + r / = 0, 

Odp . Kj <~ O, L3j >/O, OL3j -- ~ P3jMPZ33i (1 + r )J - '  

)~j 
L3J(~P3~MPZ:j ( l + r ) J - t )  =0 ,  

Z2t+l ) 0, 

(~3) 

(14) 
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Orb Pij 
OX3j -- ~ P~JMpZ33j (1 + r)J -t  -- O, (15) 

Orb (-)U + Wj) w Lw( - )U  + Wj) = O, (16) 
OL~--  ( l + r ) J  -t  <<.0, Lj ) 0 ,  

plus Equations (7), (2), (4), and (5), where )U/(1 + r )J- t  is the marginal utility of human 
capital services in period j ,  and ff is the marginal utility of discounted cash income. 

A little interpretation of the first-order conditions is enlightening. Equations (8) and 
(9) imply the standard condition for optimal mix of consumption goods in each period. 
The ratios of the marginal utilities of the two goods should equal the ratio of their respec- 
tive marginal cost or shadow price, i.e., MUL l j /MUxlj  = )U / Pij. Equations ( 10)-(12), 
and (13) imply that the production of human capital (investment) in each period occurs 
at minimum cost, i.e., 

MPL2t Zt MPL2r+1 )~t+t 
MPx2r P2t ' MPx2t+I  P 2 t + l  " 

Equations (14) and (15) imply that the production of farm output is at minimum cost in 
each period, 

MPL3j )~j 

MPx3) P3j 

Because of the human capital focus of this chapter, Equations (10) through (14) have 
special meaning. First, they provide the information about the optimal size of the human 
capital investment in each period. It is the quantity or rate where the present value of 
the marginal return from a unit of Z2 equals the present value of the marginal cost. For 
period t this implies 

)~t P2t 
Z2 PVtz2t = MCZ2t MPZ22t MPx2 t 

Second, insights about the tendency for investing in skill to weaken or strengthen ties 
to farming are obtained by examining the present value of the marginal return for Z2. 
There are two effects - the change in the present value of the additional farm production 
that results from allocating part of an incremental unit of human capital services to this 
activity, and the change in the present value of the additional labor market earnings that 
results from allocating the remaining part of an increment of human capital services to 
nonfarm wage work. 

The allocation of an increment in human capital services between farm production 
and off-farm work is quite sensitive to the relative impact of human capital on the 
marginal product of labor in farm and non-farm work or to the elasticity of demand 
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faced by the individual for human capital services. If the marginal product of human 
capital services is low, perhaps zero, in farm production but relatively large in nonfarm 
wage work, and it is optimal to invest in human capital, then an agricultural household 
will increase the share of employed human capital services allocated to nonfarm wage 
work. This outcome might be expected in countries where skills are rewarded in the 
nonfarm labor market but where new technologies for agriculture are being developed 
slowly. Alternatively, wage rates in the nonfarm labor might be unaffected by skill, e.g., 
due to the physically demanding nature of the work or institutional factors, but agri- 
culture might be receiving a steady stream of new technologies that require skill to use 
them effectively. In this scenario, an increment of schooling will not affect an indi- 
vidual's nonfarm wage but will raise his marginal product at farm work. Hence, if an 
investment in an increment of human capital is optimal, an agricultural household will 
increase the share of its employed human capital services that is allocated to farm work. 
In this case, investing in schooling for farm people would not necessarily be expected 
to cause an exit of schooled individuals from farms to the cities for work. 

Third, given the three-period lifetime, a comparison of the present value of the 
marginal return to an investment in period t and t + 1 shows that delaying the investment 
from t to t + 1 significantly reduces the present value of the marginal return. Hence, it 
is optimal for agricultural households to make large human capital investments early in 
an individual's life rather than later. Furthermore, it is never optimal in this model for a 
household to invest any resources in human capital production in period t + 2 because 
there is cost but no return. 

Fourth, because the marginal cost of human capital production is increasing, it will 
frequently be optimal for an agricultural household to spread its human capital invest- 
ment in an individual over more than one period, even with finite life and associated 
reduced present value of the marginal return. Spreading the investment over time is a 
good decision when the cost saving exceeds the reduction in returns due to delaying 
(see Figure 1). Fifth, if the length of life were to be extended to four periods, e.g., due to 
better public health measures, this would increase the demand for human capital invest- 
ment, and other things being equal, increase life-time human capital (e.g., schooling) 
investment per individual. 

At an interior solution, except L2t+2 = X2t+2 = 0, the model implies that human 
capital services are allocated in t and t + 1 such that at the margin 

MUL 1 j 
7 -- PVzr2jMPL2j = P;jMpZ33j = Wj. 

Given the finite planning horizon, the optimal allocation of human capital services in 
t + 2 is such that at the margin 

MULIj 
- _ _  = w j .  

T 
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MCz2, MRz~j = PVz2 j 
MCz2 [W2, P2, A2] 

343 

MRz~, 

MRz2,.~ 

0 J 
MRz2~ 2 

Figure 1. Optimal production of human capital. 

In these two scenarios, farm production decisions are separable from household con- 
sumption, human capital production, and labor supply decisions, i.e., farm input/output 
decisions are static profit-maximizing decisions with Wj as the price of L3j. Further- 
more, given that life is finite and that investment in human capital early in life increases 
the total available human capital services available for allocating later in life, a likely 
scenario in the initial period t is that optimal L~ = L3t = 0, i.e., none of an individ- 
ual's human capital services is to farm and nonfarm work, and available human capital 
services are allocated to consumption and human capital production. In this case, the 
opportunity cost of human capital services used in human capital production (consump- 
tion) is its marginal value in foregone leisure (future labor productivity increases). 

As a guide to empirical researchers and research, this model has as endogenous or 
choice variables in each period the following: the quantity of goods for consumption, 
leisure, and purchased inputs; inputs for human capital production (investment); human 
capital services, and purchased inputs; inputs for farm production, human capital ser- 
vices and purchased inputs; and supply of labor (human capital services) to the nonfarm 
labor market. An upper limit to the set of relevant exogenous variables is the following 
list: 

Wt, Wr+l, Wt+2, Pit, Pit+l, Pit+2, P2t, P2t+l, P2t+2, P3*t, P~t+l, P3*t+2, P3t, 

P3t+l, P3t+2, Ct, Ct+l, Ct+2, A2, A3, ~, 3, and r. 
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1.2.2. A one-period static model 

Drawing upon the agricultural household models of Singh et al. (1986) and Huffman 
(1991b, 1996b), the farm household is assumed to make resource allocation decisions 
for any production cycle by maximizing utility subject to resource and technology con- 
straints. The farm household is assumed to derive utility from a home-produced good 
Y1 and from leisure L: 

U = U(Y1, L). (17) 

First, the household faces a technology constraint from the farm-household production 
or transformation function: 

F(Y1,Y2, Y 3 , H , X , A , E ) = O ,  Y3~>0, X~>0, (18) 

where Y1 is output of the home good, and Y2 and Y~ are outputs produced for sale. 
Output Y3 may or may not be produced, so a non-negativity constraint is imposed. 
H is hours of farm-household work by members, and X is purchased variable inputs, 
which might not be used, so a non-negativity constraint is imposed. A is technology and 
agro-climatic conditions, and E is an education index of household decision makers. 
The production function permits adopting new inputs (and discarding old ones) and 
expanding or reducing the number of outputs produced. It also accommodates substitute 
or complement relationships between variable inputs, and schooling of the decision 
maker(s) can enhance technical efficiency. For model development, an asymmetric form 
of the transformation function is used: 

Yz = f (YI ,Y3,  H , X , A , E ) ,  I13>.0, X ~O. (19) 

Second, the household faces a human time constraint: 

T = L + H + H m ,  Hm~>0, (20) 

where total available time per production cycle T is allocated among leisure L, farm- 
household work H,  and off-farm wage work Hm. A non-negativity constraint is imposed 
on Hm because it may be zero. 

Third, the household faces a cash income constraint: 

I = P2Y2 -~ P3Y3 + WmHm -1- V = WxX,  (21) 

where P2 and/ '3  are the market prices of Y2 and Y3, Wm is the market wage rate for 
off-farm work, V is household nonfarm-nonlabor income net of any fixed costs asso- 
ciated with farm-household production, and Wx is the market price of X. All prices 
are assumed to be given to households, but the off-farm wage rate depends on human 
capital E and local economic conditions ~,  i.e., Wm = W(E,  ~). 
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If Equation (19) is substituted for Y2 in Equation (21), then two of the three con- 
straints facing the household are combined: 

P2f(Y1, I13, H, X, A, E) + P3Y3 + WmHm 4- V = WxX. (22) 

The household can now be viewed as making consumption, production, and labor sup- 
ply decisions (i.e., choice set C: I11, L, II3, H, X, and Hm) by maximizing Equation (17) 
subject to Equations (22) and (20), including the non-negativity constraints. The Kuhn- 
Tucker first-order conditions are: 

OU OY2 
OY1 ;~a t92 OY1 (23) 

OU 
- -  )v2, ( 2 4 )  

OL 
{ 0 } 1 2 )  [ O Y2 ) 

) ~ l ~ P 2 ~ 3 + P 3  ~<0 ,  Y 3 ) 0 ,  Y3~P2~3+P3 = 0 ,  (25) 

OY2 
)~ 1 P2 ~ -- )v2 ~- 0, (26)  

{ .  OY2 ) [ OY2 ) 
) ~ l ~ r 2 ~ - W x  40,  X ) O ,  X ~ k P 2 ~ - W  x ~-0, (27) 

,kl Wm - )'2 ~ O, Hm ) O, Hm()~l Wm - ) '2 )  = O, ( 2 8 )  

plus Equations (22) and (20) where )~1 is the marginal utility of cash income and )v 2 is 
the marginal utility of human time. With an interior solution, Equations (23), (24), and 
(28) imply optimal marginal rate of substitution between home goods Y1 and leisure L 
of 

ou/oY~ P2oY2/OY~ 
OU/OL Wm 

or the ratio of their opportunity costs (OY2/OY1 < 0). If production of Y3 is to occur, 
the value of the marginal reduction of Y2 to produce I(3 must equal the price of Y3 (i.e., 
-P2OY2/OY3 = P3). At an interior solution, family labor and purchased inputs are to be 
used such that the value of the marginal product of an input equals its respective price 
(Equations (26) and (27)). 

As a guide to empirical research and researchers, this static model has a slightly 
different configuration of endogenous and exogenous variables than the three-period 
model. The endogenous or choice variables are home-produced goods Y1 and leisure L, 
production of I11, Y2, and I13, purchase of variable inputs X, and hours of on-farm and 
off-farm work by household members. The upper limit to set of exogenous variables 
driving these decisions includes P~, 1°2, P3, Wx, Win, V, A, and E. In particular, at 
an interior solution, the farm production decisions can be separated from the house- 
hold consumption and labor supply decisions. Farm input decisions are then profit- 
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maximizing decisions where the price of family labor is the off-farm wage. Further- 
more, if the household has a "garden" rather than a farm, the agricultural household 
model is applicable to most rural and some urban households. 

1.3. More about agriculture 

Schooling and experience may be productive or unproductive in agriculture depend- 
ing on economic conditions, but in economies with freely mobile resources, agriculture 
must compete with other sectors for skilled (and unskilled) labor. The wage to similarly 
skilled labor need not be equal across sectors, but in equilibrium the marginal compensa- 
tion, including monetary value of nonmonetary attributes of the farm and nonfarm work, 
will be equal. Recently the U.S. farm-nonfarm compensating differential has been small 
[Huffman (1996a)]. Although agriculture can in some cases compete with the nonfarm 
sector on rate of technical change, the opportunities for raising labor productivity in 
agriculture through task specialization and coordination or teamwork may be modest 
compared to the nonfarm sector, i.e., the skilled individual may face a more inelastic 
demand for his services on a farm than in a large nonfarm business. Also, the agricul- 
tural sector may in some cases face small market size and high coordination costs that 
put it at a disadvantage. 

Formal schooling is part skill creation, part local culturalization, and part screening. 
The composition differs across countries and through the grade levels within a country. 
Skill creation generally receives most of the attention in economics, and skill creation 
fits neatly into a human capital framework. Primary schooling, which emphasizes lit- 
eracy, numeracy, and problem- solving skills for its graduates, creates basic skills that 
are generally productive to farm people and provide a foundation for secondary and 
higher education. Secondary schooling encompasses a range of skills, sometimes be- 
ing mainly college preparatory and at the other extreme being quite utilitarian. In the 
U.S. before 1890, high schools were primarily college preparatory, located in cities, and 
were not teaching skills generally useful to farm people. Starting about 1900, secondary 
schools in America were transformed into a new and generally useful institution for the 
masses, including farm people [Goldin (1998), Goldin and Katz (1999a, 1999b)]. The 
new high schools had a new curriculum centered around English, geometry, algebra, 
accounting, and typing, that could serve as a useful terminal degree providing skills for 
life's work or as college preparation. These schools were "open", admitting all students 
who had completed the requirements of public elementary schools. From 1910 to 1940, 
U.S. high school enrollment and graduation rates grew rapidly, especially in the Great 
Plains, West, and Midwest where agriculture was relatively important. Higher education 
becomes potentially useful to farm people when successful decision making in agricul- 
ture requires depth of understanding of science and business or when farm people need 
to prepare for an occupation outside of agriculture. 

In some agricultural environments, experience rather than schooling may be a more 
important form of human capital, while in other environments, schooling has a major 
advantage over experience [Schultz (1964), Becker (1993, pp. 1-13), Huffman (1991a, 
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1985)]. In a static (political, economic, technical) environment, accumulated experi- 
ence seems to be a better investment than schooling. Information accumulated through 
experience in farming or working in the household does not depreciate when the envi- 
ronment is unchanging. Work experience is a relatively valuable form of training, e.g., 
farmers can learn much that is useful for decision making from their own and others' 
experiences. However, when the political and economic environments are changing in a 
market economy, or new technologies are regularly becoming available, skills obtained 
from formal schooling have an advantage over on-the-job training. Most new agricul- 
tural technologies are geo-climatic or land-specific, and changing technologies cause 
rapid depreciation in land-specific human capital. Being able to make good decisions on 
information acquisition and technology adoption is valuable. Hence, a changing agri- 
cultural environment is expected to increase the expected returns to formal schooling 
and possibly to reduce the opportunity cost of schooling for farm male youth (reduce 
the expected payoff to farm-specific human capital) [Foster and Rosenzweig (1996)]. 
These are all arguments for allocative efficiency effects of human capital. Schooling 
and experience may also enhance the technical efficiency at agricultural production ac- 
tivities, but for enhancing technical efficiency, experience seems likely to be a more 
important form of human capital in both static and dynamic environments. 

For farmers to have access to new technologies, they must have either a successful 
national research and development (R&D) system or access to international technolo- 
gies. In all cases, some special attention must be given to adaptive research to meet 
local agricultural conditions. Farmers in developed countries have access to locally, na- 
tionally, and internationally developed technologies, but the technologies available in 
developed countries are frequently limited to the output of the national public agricul- 
tural research system and possibly the international agricultural research centers. 

2. Empirical evidence 

2.1. Choices about  where to work  

Worldwide about one-half of the labor force works in agriculture [The World Bank 
(1997, pp. 220-221)]. A large majority are unpaid farm workers - the farmers who make 
decisions and work, and other farm family members who work generally without direct 
compensation - and a minority are hired (nonfarm family) workers. Hired workers are 
generally of two types: regular full time and seasonal. Seasonal labor demand variation 
arises largely from the definite seasonal pattern to biological events in plants, which 
creates unusually large labor demand at planting, weeding, and/or harvest time. The 
supply of seasonal agricultural labor generally has a local component and a migratory 
component [see Emerson (1984)]. 

Over the long term the share of the labor force employed in agriculture has declined 
dramatically in what are now developed countries, but slowly or not at all in low income 
or developing countries [Johnson (1997), OECD (1995)]. Decisions on schooling by 
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families and communities are an important factor determining whether individuals work 
in agriculture or elsewhere. Even in developed countries where farmers are relatively 
well educated, hired farm workers have significantly less education. For example, in the 
United States, hired farm workers have about 50 percent as much schooling as farm 
operators [Huffman (1996b)], and in 1990, 53 percent of seasonal crop workers had 
less than 8 years of schooling [Gabbard and Mines (1995)]. In this latter group, about 
60 percent were foreign born and 40 percent undocumented. 3 This subsection examines 
the impact of schooling on individuals' choices of where to work in a free society. 

Choosing agriculture. Whether to work in agriculture or in another industry is an im- 
portant decision worldwide. In India and China, which account for about 40 percent 
of the world's population, and in other low income countries, about 65 percent of the 
labor force in 1990 was employed in agriculture. In Western Europe, less than 10 per- 
cent of the labor force was employed in agriculture, and in the United States the share 
was only 3 percent. In noncentrally planned countries, individuals make a choice of an 
occupation/industry for work. 

Orazem and Mattila (1991) have examined occupational choices for U.S. high school 
graduates. Graduates are assumed to choose the occupation that maximizes their ex- 
pected lifetime utility, where indirect utility depends primarily on the mean and vari- 
ance of earnings and income independent of occupational choice. Their model is sim- 
ilar to the three-period conceptual model presented in the previous section, and goes 
beyond and is superior to the (lifetime) earnings maximization models [e.g., Ben- 
Porath (1967)]. Schooling is also permitted to produce different amounts of occupation- 
specific human capital, i.e., schooling is not equally productive across occupations. This 
occupation-specific human capital is a function of the intensity with which a student in- 
vests in school (attendance rate) and school (teacher) quality. 

Orazem and Mattila (1991) then use the model to examine the choices of Mary- 
land high school graduates (1951-69) among eight activities: six occupations (including 
farming, fishing, and mining) and two college options. They found that increasing the 
mean of the earnings distribution (or reducing the variance) for an occupation/activity i 
increases the probability that activity i is selected by high school graduates. The qual- 
ity of secondary schooling is shown to affect graduates' activity choices differentially, 
suggesting that schooling has an activity-specific and a general training component. In 
particular, increasing schooling quality reduces the proportion of high school graduates 
going into farming, fishing, or mining relative to other occupations, or continuing with 
college. Hence, parameters of occupational-earnings distributions and school quality 
seem to affect occupational choices of rural youth in free societies, but there is consid- 
erable potential here for future research on occupational choice involving agriculture. 

3 See Martin et al. (1995) for an extensive review of the use of foreign, including undocumented, workers 
in U.S. agriculture and an examination of the impacts on U.S. agriculture of the Immigration Reform and 
Control Act of 1986. 
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Perloff (1991) has examined wage workers' industrial choice of work (in agriculture 
versus nonagriculture) and wages by industry for U.S. low-educated nonurban workers. 
Workers are assumed to choose the industry that gives them the largest total current 
benefit, i.e., wage adjusted for the monetary value of the (dis)utility of work. The prob- 
ability of wage-work in agriculture is then a function of individual, family, and regional 
attributes. Wage equations by industry are then a function of workers' attributes and 
regional/state location of work. 

To focus on the population for which working in agriculture seemed most relevant, 
Pefloff limited his sample to nonurban male wage workers who were age 16 or older, 
had 9 years or fewer of schooling, and were working 15 or more hours per week. The 
sample is from the 1988 U.S. Current Population Survey. The results showed that a year 
of additional schooling increased the probability of working in agriculture for workers 
having less than 5 years of schooling, but reduced the probability for those having more 
than 5 years. An additional year of post-schooling experience increased the probabil- 
ity of choosing agriculture only for workers having more than 32 years of experience. 
A worker being Mexican, non-Mexican Hispanic, or black increased his probability of 
choosing agriculture. 

Using a hedonic wage equation, Perloff found significant differences in the agricul- 
ture and nonagriculture wage structures. An additional year of schooling had a (small) 
positive effect on the wage in agriculture up to 5 years, but no significant effect on the 
nonagriculture wage. An added year of post-schooling experience had no significant ef- 
fect on the wage in agriculture but a (small) positive effect on the nonagricultural wage 
up to 33 years. In agriculture, Mexicans, other Hispanics, and blacks earned signifi- 
cantly more than whites, but in nonagriculture, the blacks earned 15 percent less than 
whites, and Mexican and other Hispanics had wage rates that were not significantly 
different from whites' (with the same education and experience). Controlling for demo- 
graphic differences, the agriculture wage differed significantly across regions and states, 
but for nonagriculture, no difference across regions and states existed, except in Cali- 
fornia, where wages were higher. Perloff then fitted a structural participation equation 
using the predicted agricultural-nonagricultural wage differentials adjusted for selectiv- 
ity, and found strong positive effects of the agriculture-nonagriculture wage differential 
on the probability of working in agriculture. He concluded that low-education nonurban 
male wage workers are quite responsive to the agriculture-nonagriculture wage differ- 
ential. 4 

Migration. As economic conditions change in interconnected labor markets, workers 
in free societies invest in migration to improve their future economic welfare (see the 
three-period model in the previous section), which tends to reduce or eliminate inter- 
market wage differences. This complicates the problem of explaining migration because 

4 Perloff also concluded that if the supply of undocumented workers to U.S. agriculture was to end, the 
wage rate in agriculture would rise relatively, and significant positive supply response would arise from low- 
educated nouurban U.S. workers. 
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individuals are acting on anticipated wage rate differences rather than the ex post val- 
ues. Schooling has been hypothesized to play a significant role in these adjustments or 
reallocations because of its effect on both the costs and returns to migration. 

Migratory agricultural workers incur moving costs in exchange for a higher expected 
wage in a new location. Emerson (1989) examines the earnings structure for migratory 
and nonmigratory work and the probability of migration for 559 domestic males in a 
survey of Florida farm workers. A migrant, an individual who has earnings in two or 
more states during the survey year, is hypothesized to have a different earnings struc- 
ture for nonmigratory work. He finds that the expected earnings difference between 
migratory and nonmigratory work increases significantly as the probability of a worker 
being migratory increases. For these workers, the mean schooling completion level was 
6.5 years, and a worker's schooling had a positive but not significantly different from 
zero (5 percent) effect on being migratory. 

Perloff et al. (1998) examine the migratory responsiveness of seasonal agricultural 
service labor to geographical wage differences using the National Agricultural Work- 
ers Surveys 1989-1991. They define migration as a worker traveling at least 75 miles 
for perishable crop work during a survey year. They test and confirm the hypothesis 
that workers who have the largest expected gain to migration are the ones who actually 
migrate for work. In a probit equation explaining the probability of a worker migrat- 
ing, they find the worker's amount of schooling has no significant effect. However, a 
worker's U.S. farm labor market experience and a worker being female had significant 
negative effects on the probability of migration. 

Taylor (1986, 1987) examined the decisions of rural Mexican households to allocate 
adult labor to work in Mexico or to work as undocumented labor in the United States. 
Mexican households are assumed to employ adults so as to maximize expected (source) 
household income. If the adult migrates as an undocumented worker, his or her contri- 
bution to Mexican source household income is expected remittances net of migration 
costs, and the probability of successful undocumented migration is assumed to be a 
function of individual and family attributes. Net remittances and Mexican income from 
work are each assumed to be a function of individual and source household attributes. 

Taylor (1987) fits his model to data for randomly chosen households in a rural Mexi- 
can village 2,000 kilometers from the U.S.-Mexican border. In a (reduced-form) equa- 
tion explaining the probability of undocumented Mexico-U.S. migration, he found that 
an adult's age has a significantly positive effect up to 36 years for men and 32 years for 
women, one added year of experience as an undocumented Mexico-U.S. migrant has a 
significantly positive effect up to 9 years, but an added year of worker schooling has a 
significantly negative effect. The latter result arises because more educated rural Mexi- 
can adults have relatively better labor market opportunities in Mexican cities than in the 
United States. A Mexican household having a migration kinship network, i.e., family 
contacts in the United States, has a significantly positive effect on the probability of 
undocumented Mexico-U.S. migration. The reason put forth in the network reduces the 
costs to a potential immigrant of crossing the border and finding a job. Hence, Taylor 
presents evidence which many researchers would find counterintuitive: an individual's 
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schooling reduces rather than increases his or her likelihood to migrate internationally. 
Migration kinship networks seem to be highly substitutable for educators in understand- 
ing Mexico-U.S. migration. Finding collaborative evidence in other parts of the world 
would seem to be a useful activity. 

Taylor (1987) also reports results for fitted income equations, one for Mexico-U.S. 
migrant remittances and one for income contribution by working in Mexico. He found 
that a worker's education has a positive and significant effect on his or her Mexican 
income but no significant effect on remittances to Mexico. U.S. experience as an un- 
documented migrant has a significantly positive effect on remittances and on Mexican 
income, but Mexican experience as a migrant in Mexico has a positive effect only on 
Mexican income. Thus, U.S. work experience seems to produce a type of general human 
capital, but work experience in Mexico seems to produce country-specific skills. 

Taylor (1987) then fits a structural probit to explain Mexican-U.S. undocumented 
migration. He uses the fitted remittance and Mexican worker income equation, corrected 
for selection, to estimate for each worker the difference between his or her predicted 
migrant remittance and predicted Mexican worker income. This difference in income 
is then shown to contribute positively to the probability of undocumented Mexico-U.S. 
migration while leaving the effects of a migrant's U.S. experience, migration kinship 
network, and age largely unchanged from the reduced-form equation. 

BarNey (1990) presents economic evidence on the determinants of net migration of 
labor out of U.S. production agriculture, 1940-1985. This is an especially interesting 
period because employment in U.S. agriculture declined about 300 percent. He hypoth- 
esized and found that labor was responding to a significant decline in the expected 
payoff to working in agriculture relative to other industries. A higher return to labor in 
nonfarm work relative to farm work increased the net exit rate from agriculture. Higher 
real land prices, which raises the wealth position of farm labor that owns land, however, 
tended to reduce the migration of labor out of agriculture. Government program pay- 
ments which clearly affect farm income did not affect migration, except perhaps through 
the land prices or returns to farm labor. Being a farmer creates location-specific informa- 
tion about the land, climate, and input supplies, and Huffman and Feridhanusetyawan 
(2001) have shown that being self-employed or a farmer causes a significant reduction in 
the likelihood of an adult male experiencing interstate migration. But formal schooling 
which creates general skills was shown to have a strong positive effect on the likelihood 
of migrating. 

Huang, Orazem and Wohlgemuth (2001) applied a human capital model, similar to 
the three-period model, in their examination of the underlying causes of growth and 
decline in U.S. rural county populations by decade, 1950-90. They examined population 
growth rates for 306 southern and midwestern counties and tested for human capital 
and labor market opportunity effects. They found that rural counties that had a higher 
average adult schooling level at the beginning of a decade had a higher rate of loss of 
population over the following decade. When a county was farther from a large city, 
had more concentrated employment by industry, had a larger share of population on 
farms or share of population who were black, it had a larger rate of population loss 
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over the following decade. Over their study period, schooling yielded higher returns in 
urban than rural areas. Hence, in rural U.S. counties that invested more in schooling of 
children, the rate of net export of human capital to other counties was larger. Because 
of positive, expected geographical spillover effects of rural schooling, a significant part 
of the cost should be borne by areas that are expected to benefit - e.g., state and federal 
sources [Olson (1969, 1986)]. 

In contrast to the human capital approach taken by Huang and Orazem to modeling 
annual county population growth rates, Goetz and Debertin (1996) rejected a human 
capital approach. They employed a rather naive empirical economic model for explain- 
ing rural county population growth rates over 1980-90. It placed all the emphasis on ac- 
tual characteristics of counties at the beginning of the period, e.g., average characteris- 
tics of farms, average earnings in farming and other occupations, and total employment 
across industries, and the net birth rate from 1980 to 1990. The authors argued that indi- 
vidual characteristics, e.g., education and age, are unimportant, and ignored information 
about the expected commuting distance to work and earning prospects elsewhere. Also, 
they apparently considered birth rates to be an uneconomic decision. Another deficiency 
is their use of actual characteristics of counties in 1980 to explain population growth: In- 
dividuals presumably use as information for migration decisions anticipated rather than 
actual characteristics, although past values do represent naive expectations formation. 

Off-farm work. Although farmers or cultivators tend to be tied to the land and to be ge- 
ographically immobile, off-farm work of farmers is a relatively common international 
phenomenon. Since the 1950s and 1960s aggregate demand for operator and family 
farm labor in all of the developed countries has declined [see OECD (1995)], the de- 
mand for housework in farm households has generally declined as family sizes have 
declined and labor-saving household technologies have been adopted [Bryant (1986)], 
and the real nonfarm wage has generally increased. Faced with needing to make adjust- 
ments in labor allocation, farm households in the developed countries have frequently 
chosen to continue in farming but also to supply labor of some of its members to the 
nonfarm sector [e.g., see Hallberg et al. (1991)]. 

Most empirical studies of off-farm work participation of farm household members 
have used an agricultural household model similar to the static conceptual model pre- 
sented in the previous section. In this framework, an individual's schooling has been 
an important determinant of off-farm work participation in middle- and high-income 
countries. In all the published econometric studies of off-farm work participation of 
farm operators in the U.S., Canada, and Israel, the operator's schooling has been shown 
to have a positive and statistically significant effect on his probability of off-farm work 
(see Table 1). Fewer studies have examined off-farm work decisions of farm wives, but 
a farm wife's schooling has a positive and significant effect on her probability of off- 
farm work too [see Huffman and Lange (1989), Gould and Saupe (1989), Tokle and 
Huffman (1991), Lass and Gempesaw (1992), Kimhi (1994), and Abdulai and Delgado 
(1999)]. Cross-person schooling effects between spouses are mixed in sign and gener- 
ally statistical significance. Where wage equations have been part of these econometric 
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studies, an individual's schooling always has a positive and significant effect on his or 
her off-farm wage, and an individual's experience also has been a significant predictor 
of the wage. 

Overall, the review of the literature has shown that the quantity and quality of an 
individual's schooling affects his or her choice of where to work. In the U.S., higher 
secondary school quality seems to reduce the likelihood of an individual choosing an 
occupation in agriculture. For less-educated wage workers, say less than 5 years, added 
schooling increases the likelihood of working in agriculture. U.S. domestic and undoc- 
umented migratory farm workers seem to function relatively well with low levels of 
schooling. For individuals in developed countries who are farmers and continue farm- 
ing, additional schooling increases the likelihood that they will participate in off-farm 
wage work, but not necessarily for those in Green Revolution areas of developing coun- 
tries. Higher schooling levels are in general associated with a population that is more 
geographically mobile. 

2.2. Technology adoption and information acquisition 

The decision to adopt new technologies is an investment decision because significant 
costs are incurred in obtaining information and learning about the performance char- 
acteristics of one or more new technologies and the returns are distributed over time. 
Furthermore, only a small share of the new technologies that become available will be 
profitable for any given farmer to adopt. This means that there is a large amount of 
uncertainty facing farmers, and additional schooling may help them make better adop- 
tion decisions and increase farm profitability. Because additional schooling affects the 
amount of knowledge that a farmer has about how technologies might work and his or 
her information evaluation skills, additional schooling may affect his or her choice of 
the type and amount of information to acquire. Hence, a model similar to the three- 
period model of the previous section provides a useful guide to the empirical literature. 
Also, see Besley and Case (1993) for examples of particular choice-based empirical 
models of farmers' technology adoption. 

When technology is new and widely profitable, farmers' schooling has been shown to 
be positively related to the probability of adoption. When a technology has been avail- 
able for an extended period (e.g., several years) or it is not widely profitable, farmers' 
schooling is generally unrelated to adoption/use of the technology. Schooling has been 
shown to affect choice of information channels about new technologies. 

Huffman and Mercier (1991) examined the adoption of microcomputers and/or pur- 
chased computer services by a 1982-84 sample of Iowa farmers. Farmers' schooling 
has a positive and statistically significant effect on the probability of adopting a micro- 
computer, adopting purchased computer services, and adopting both a microcomputer 
and computer services. As farmers become older, they have fewer years to capture re- 
turns from changing, and farmers' age has a negative and significant effect on adopting 
all combinations of computer technologies. Although arguments can be made for off- 
farm work releasing credit constraints and giving exposure to computer use and use- 
fulness, a higher probability of off-farm work by these farmers reduces (significantly) 
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the probability of adopting a microcomputer, and tends to reduce adoption of purchased 
computer services. 

Putler and Zilberman (1988) examined computer use by a 1986 sample of (Tulare 
County) California farmers who had relatively high schooling completion levels. Forty- 
six percent of these farmers had completed a college bachelor's (4-year) degree, and of 
them 11 percent had also completed a graduate degree. The authors found that farmers 
who were college graduates, i.e., individuals who had completed bachelor's and gradu- 
ate degrees, had higher probabilities of computer adoption than farmers who completed 
only elementary or high school. However, individuals who completed some college but 
did not receive at least a four-year degree had adoption probabilities that were similar to 
individuals who had completed only elementary or high school. Thus, the effective use 
of a computer in California agriculture seems to require high levels of education. The 
authors also found that farm size has a positive and significant effect on computer adop- 
tion. Farmers' age had a quadratic effect on computer adoption, peaking in the 36-40 
age range. The authors' evidence on type of software owned is generally weaker than 
for computer adoption, but they concluded that it is influenced primarily by the type of 
farm products produced, the size of the farming operation, ownership of a farm-related 
business, and education of the farm operator. 

Wozniak (1984) examined the adoption of two interrelated cattle feeding technolo- 
gies - one new and the other mature (available for several years) - for a 1976 sample 
of Iowa farmers. The new technology was the use of Rumensin which enhances natural 
microbial activity in rumens, and it became available to farmers about one year before 
the survey. The mature technology was implanting growth hormones, which is a tech- 
nology that had been available for several years. Wozniak found that farmers' school- 
ing and frequent contact with agricultural extension information sources had positive 
and statistically significant effects on the probability of adopting the new technology 
(Rumensin) but no effect on the probability of adopting the mature technology (im- 
planting). He also found a positive and statistically significant effect of scale/size of the 
cattle feeding operation on the probability of adopting both feeding technologies. These 
results suggest that education and extension are important to assessing new innovations 
and explaining early adoption but not for diffusion or use of mature technologies. Also, 
the results imply that if an innovation is compatible with current technology, it is more 
likely to be adopted than if it displaces it. 

Rahm and Huffman (1984) examined the adoption of reduced tillage for row crop 
(corn) seedbed preparation and the efficiency of the adoption decision for a 1976 sample 
of Iowa farms. Reduced tillage technology refers to seedbed preparation without the aid 
of a moldboard plow, e.g., chisel plows, field cultivators, primary tillage disks, or no-till 
planting. Reduced tillage significantly reduces field preparation time and retains crop 
residue on the soil surface, which has the potential to decrease soil loss from wind and 
water erosion. It also lowers springtime soil temperatures and decreases evaporation. 
The profitability of reduced tillage over moldboard plow technology depends on soil 
characteristics, annual precipitation, cropping system, and other management practices, 
and it is not profitable for all cropland. The authors found that the probability of a 
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farm operator adopting reduced tillage was not related significantly to his schooling. 
A large corn enterprise size (acres of corn planted) had a positive and significant effect 
on a farmer's adoption of reduced tillage, and the cropping system of the farm and soil 
association of the farmland significantly affected the probability of adoption. 

But Rahm and Huffman (1984) also examined the efficiency of a farmer's adoption 
decision, which is defined as the absolute difference between actual and predicted adop- 
tion behavior. Here, farmers who had more education (years of formal schooling) had 
greater efficiency of reduced tillage adoption. Also, if the farm operator used media 
sources of information published or marketed by the private sector or if the farm opera- 
tor or spouse attended short courses, conferences, or meetings at Iowa State University, 
the efficiency of a reduced tillage adoption was increased. However, a farm operator's 
active years of experience farming or participation in meetings, field days, or demon- 
strations sponsored by the extension service did not have a significant effect on the 
efficiency of reduced tillage adoption. 

Soule et al. (1999) have extended the Rahm and Huffman model of adoption of con- 
servation practices. They develop a multiperiod model of the adoption decision, fo- 
cusing on possible differences that might be associated with different land tenure ar- 
rangements, and fit a probit specification of the adoption decision to data from the 1996 
Agricultural Resource Management Study survey. They find that if a farm operator has 
some college education he is more likely to adopt (short-term) conservation tillage prac- 
tices than if he has less schooling. However, they found no significant effect of the farm 
operator having some college education on the probability of adopting medium-term 
practices, e.g., contour farming, strip cropping, establishing grassed waterways. 

We turn next to some adoption evidence for developing and transition economies. 
New high yield wheat and rice varieties became available in the mid-1960s. Foster and 
Rosenzweig (1996) consider the probability that a sample of Indian farm households 
had ever adopted high yielding seed varieties by 1971. Schooling completion is low 
in these households; only 49 percent of households had someone who had completed 
primary school and 21 percent had someone who had completed secondary schooling. 
Foster and Rosenzweig found that farm households containing at least one adult who 
had completed primary schooling were significantly more likely to have adopted the 
new seeds by 1970-71 than households having no adult who was a primary schooling 
graduate. Schooling beyond the primary level tended to not significantly affect adoption 
of high yield varieties (HYV). Households that had more acres of owned land and were 
located in villages with an agricultural extension program were also more likely to use 
HYV seeds. 

In another study, Foster and Rosenzweig (1995) examined the adoption of high- 
yielding seed varieties in a national panel sample of Indian rural households pertaining 
to the crop years 1968-69, 1969-70, and 1970-71. Here they focused on the impor- 
tance of prior experience with HYV on current rate of use. They found that farmers 
who had more prior experience with HYV seed had a significantly higher current rate 
of use of the new seed. They also found that farmers in villages that had more prior 
experience with HYV also tended to have higher current rates of use of HYV seed. 
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Their results suggest positive learning-by-doing (or own experience effects) and pos- 
itive learning-from-neighbors (or experience spillover effects) occur. Because of the 
fixed-effects specification of their econometric model, farmers' schooling, which does 
not change over time, does not have an identifiable effect on HYV adoption. 

Lin (1991) examined the adoption of high-yielding rice varieties for a 1988 sample 
of Chinese farmers (Hunan Province). Although China did not have a market economy, 
a new household-based (rather than collective-based) farming system was introduced 
to the study area in 1981-82. The average years of formal schooling completed by the 
household head was 5.5 years, and 93 percent had less than 10 years of schooling. 
Hybrid rice seeds were released to farmers in 1976, but the price of the seed was set 
relatively high (10 times conventional seed), although the seeding rate was one-third to 
one-fourth of conventional rice's seeding rate. Controlling for 16 other variables, Lin 
found that schooling of the head of the farm household had a positive and significant 
effect on the probability of adopting middle or late hybrid rice seed. Increasing the 
land area cultivated by a household also increased the probability of hybrid rice variety 
adoption. Household head's experience in farming had a positive effect on adoption (at 
the 10 percent significance level). 

Strauss et al. (1991) examined the adoption of cultural practices by upland rice and 
soybean farmers from survey information collected from 161 central-west Brazilian 
farms in 1985-86. Both soybeans and upland rice technologies began to be introduced 
in the region after 1980. The educational distribution of the farmers in the survey is 
as follows: fewer than 4 years, 56.8 percent; 4-8 years, 29.0 percent; and more than 
8 years, 14.2 percent. The authors found that better-educated farmers were more likely 
to do soil analysis and use fertilizer on both rice and soybean plots, but farmers' edu- 
cation did not significantly affect the probability of using treated soybean seeds, certi- 
fied rice seeds, or rice blast control. Farmers in areas with more experienced extension 
agents were more likely to use treated soybean seeds and certified rice seeds, but exten- 
sion did not have a significant effect on adoption of other practices. Clearly these are a 
mixed set of results. 

Pitt and Sumodiningrat (1991) examined the determinants of rice seed variety choice 
(HYV vs. traditional variety (TV)) for a 1980 national sample of Indonesian farm house- 
holds. High-yielding varieties first became available at least a decade earlier. They found 
that farmers' schooling had a positive but statistically insignificant effect on HYV adop- 
tion, holding relative profitability of HYV to traditional varieties constant. Higher ex- 
pected profitability of HYV and higher quality irrigation for a farm household also had 
positive and significant effects on the probability of HYV adoption. 5 

Although successful adoption of innovations clearly requires information, few stud- 
ies have considered the important joint decisions of information acquisition and new 

5 See Feder, Just and Zilberman (1985) for a survey of other economic factors affecting adoption of tech- 
nologies in developing countries. See Birkhaeuser, Evenson and Feder (1991) for a review of impacts of 
agricultural extension on adoption. 
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technology adoption. This seems to be a fruitful area for new research. When several 
information sources exist, early adopters might prefer sources that facilitate faster learn- 
ing about the innovation. The information channels for early adopters might also be 
different from those for late adopters. 

Wozniak (1993) is an exception in that he examined farmers' joint decisions on infor- 
mation acquisition and technology adoption. He considered the adoption of two tech- 
nologies - one new (Rumensin) and one mature (implanting) - and four channels of 
information - one active and one passive information channel for both extension and 
private sector information providers. In the study, he found that farmers' education sig- 
nificantly increased the probability of adopting new and mature technologies and of 
acquiring information from extension by talking with extension personnel (passive) and 
attending demonstrations or meetings (active) about the use of new products or proce- 
dures sponsored by extension. Farmers' education did not have a statistically significant 
effect on acquiring information by talking with private industry personnel or attending 
demonstrations or meetings on the use of new products or procedures sponsored by 
private companies. Farmers were more likely to be early adopters if they acquired in- 
formation actively or passively from private industry information providers than if they 
acquired information from extension. For both new and mature innovations, positive 
and significant interaction effects existed between farmers'acquisition of information 
from public and private sources, i.e., public and private information acquisition seems 
to be complementary. 

In addition, Wozniak (1993) found that scale has a positive and significant effect on 
adoption of new and mature technologies and on the likelihood of acquiring information 
from extension actively or passively, but no significant effect on likelihood of acquiring 
information from private sector firms. Farm operators who had larger off-farm wage 
income had a lower probability of adopting the new technology and lower probability 
of talking with private sector information providers. He concluded that off-farm work 
seems to impact adoption not by easing credit restraints but by reallocating operators' 
time away from farm-related activities of early technology adoption and gathering tech- 
nical information. 

Klotz et al. (1995) examine California dairy farmers' awareness of recombinant 
bovine somatotropin (rbST) and its adoption using survey data over a four-year pe- 
riod, 1987-1990. They argue that information acquisition costs per cow decline as the 
size of a cow herd increases, leading to scale bias to large producers. Empirically they 
fit a bivariate probit model to explain awareness and adoption of rbST. They find that 
farmers' schooling has a positive and significant effect on both the probability of aware- 
ness and adoption. In addition, they find that as the size of the dairy herd increases, the 
probability of a farmer's awareness and adoption increases. 

Bindlish and Evenson (1997) have undertaken an extensive study of information ac- 
quisition and its impacts on agriculture in two poor African countries. They use econo- 
metric techniques to examine whether the Training and Visit (T&V) system of extension 
led to earlier and greater awareness, testing, and adoption of improved farming practices 
in Burkina Faso and Kenya than would have occurred otherwise. They pay particular 
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attention to the effects of endogenous T&V participation by farmers in their analysis. 
They found that farmers having more schooling had a high probability of participating 
as T&V contact farmers or members of contact groups. Holding the probability of T&V 
participation constant, additional T&V extension had a positive and significant effect 
on farmers' testing 10 of 12 recommended practices and on adoption of 9 of them. The 
authors also found positive externalities or spillover effects of T&V participating farm- 
ers on the probability that other farmers would test and adopt recommended practices. 
Farmers having more schooling (and more land) were more likely to learn from other 
farmers and to test and adopt new technologies. 

In Kenya, the findings were less clear-cut. However, T&V extension had a positive 
effect on the probability of adoption of all recommended practices and a statistically 
significant effect on most. Higher schooling levels of farmers led to more and earlier 
awareness and adoption of recommended practices. 

Antle and Pingali (1994) considered an interesting pesticide choice and production 
problem where farmers' education might be expected to matter for acquisition of in- 
formation and choice of technology. They integrated farm-level survey data with health 
data collected from the same population of Philippine farmers to measure the impacts 
of pesticide use on farmers' health and the impact of farmers' health on rice produc- 
tion. They, however, indicate that their sample contained too little variation in farmers' 
education to find a significant effect on either pesticide use or production. However, 
an alternative interpretation of their results is that they included "choice variables" as 
regressors in these equations, e.g., the pesticide use equation contains as regressors the 
number of pesticide applications and dummy variables for farmers' smoking and &ink- 
ing, which themselves seem likely to be (partially) determined by farmers' schooling. 
Welch (1970) and others (see later section) have shown that when the effects of educa- 
tion are channeled through farmers' choices, one cannot expect to hold the "choices" 
constant in a regression sense and also find a significant effect of education. 

Overall, the review of the literature has shown that additional schooling of farmers 
increases the rate of early adoption of useful agricultural technologies in developed and 
developing countries. A surprisingly small amount of research, however, has examined 
farmers' joint decisions on information acquisition and technology adoption, and this 
is an area for much needed new research. Furthermore, care must be taken in empir- 
ical modeling so the models are built on a solid choice-based foundation and permit 
schooling to affect outcomes. 

2.3. Agricul tural  product ion 

Education of farm labor has the potential for enhancing agricultural production as re- 
flected in gross output/transformation functions (see Equations (3) and (18)) and in 
value-added or profit functions. These effects are frequently referenced as technical 
efficiency effects, allocative efficiency effects, or economic efficiency effects of edu- 
cation. When the effects of schooling on production are considered in a gross output- 
complete input specification, the marginal product of education, a measure of technical 
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efficiency, is limited by the other things that are held constant. A value-added or profit 
function representation of production accommodates a much broader set of effects that 
farmers' education may have on production through affecting choices or allocative ef- 
ficiency - the adoption of new inputs in a profitable manner, the efficient allocation of 
land (and other quasi-fixed inputs) among alternative uses, the efficient allocation of 
variable inputs, and the efficient choice of an output mix. The hypothesis is and the em- 
pirical evidence has shown that the productivity of farmers' education is enhanced by 
a wider range of choices. Welch (1970) is generally given credit for delineating these 
substantive differences. 

Some evidence and findings are presented first for developed countries, and second 
for developing countries. U.S. studies of agricultural production before the 1960s did 
not focus on farmers' schooling being a potentially important contributor to production, 
e.g., see Heady and Dillion (1961). Griliches (1963a) presented one of the first stud- 
ies of the contribution of education to agricultural production. He included an index of 
the education of farm labor as an input in an aggregate Cobb-Douglas-type production 
function. The production function was fitted to data for 1949 on aggregate output and 
inputs for 68 U.S. agricultural regions. Six inputs, including a man-days measure of 
farm (hired and unpaid family) labor, were included in addition to education. Education 
per worker was derived from the educational distribution of the rural population and 
income weighted. Griliches (1963a) found that schooling of farm labor had a positive 
and statistically significant effect on production and that the coefficient of education 
was similar in size to the coefficient of farm labor. Griliches (1964) also applied a sim- 
ilar methodology to U.S. state aggregate per farm data for 1949, 1954, and 1959, and 
obtained similar results for the contribution of education of farm labor to production. 
His interest in education of workers in agriculture arose primarily from a concern about 
labor quality and a hypothesis that labor quality was an important input for explaining 
output. 

Huffman (1977, 1981) applied a production function approach to assessing the effects 
of labor quality in U.S. agriculture, using county data. Huffman (1976a, 1976b) focused 
on the quantity and quality of farm husband and wife labor allocated to own-farm work. 
A Cobb-Douglas type production function was fitted to 1964 county data for Iowa, 
North Carolina, and Oklahoma, where effective labor input was measured as days of 
work multiplied by a schooling index. The value of the marginal product of husband 
and wife labor was shown to be larger than the average wage received for off-farm work 
by farm husbands and wives in these states. However, the implied marginal return in 
agricultural production to husband's and wife's schooling was generally lower than the 
average off-farm return to schooling. 

Huffman (1981) presented estimates of productivity differences on black- and white- 
operated farms in the U.S. South (North and South Carolina, Mississippi, and Alabama). 
Results from fitting a modified Cobb-Douglas production function to 1964 county data 
showed that the quantity and quality of farmers' education and extension were the pri- 
mary sources of productivity differences on black- and white-operated farms. The quan- 
tity differences in schooling and extension on black- and white-operated farms were 
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shown to be more important than quality difference for explaining black-white farm 
productivity differences. 

Welch (1970) laid the conceptual foundation for broadening the examination of edu- 
cation's contribution to agricultural production, especially allocative effects of farm- 
ers' education, but his empirical evidence addressed the issue only indirectly. His 
model, however, stimulated considerable new research on the topic. Khaldi (1975) and 
Fane (1975) focused on identifying the contribution of farmers' schooling to allocative 
efficiency by comparing hypothetical minimum cost of producing realized output to 
actual cost. For both, hypothetical minimum cost was inferred from an estimated aggre- 
gate production function. Khaldi's observations were state average per farm values for 
all U.S. states for 1964, and Fane used county averages for four Midwestern states for 
1959 and 1964. Both studies found that the proportional difference between actual cost 
and hypothetical cost declined significantly as the average schooling level of farmers 
increased (for preferred specifications). 

Huffman (1974, 1977) pursued a different route for testing for allocafive efficiency 
effects. He focused on Corn Belt farmers' production of corn and nitrogen fertilizer use 
in county aggregate average data for 1959 and 1964. This was a period when the price 
of nitrogen fertilizer fell significantly relative to the price of corn (22-25 percent), and 
new hybrid seed corn varieties, which could respond well to higher nitrogen fertilizer 
use, were being developed and marketed by commercial seed corn companies. He found 
mixed results for the contribution of farmers' schooling to output per acre or technical 
efficiency. The production function for corn in 1959 and 1964 was shown to be differ- 
ent due to technical change, and schooling's effect was positive and significantly differ- 
ent from zero in Huffman (1974) but not significantly different from zero in Huffman 
(1977), which used a different set of counties. The next step was to examine changes 
in nitrogen fertilizer usage. He computed a partial adjustment coefficient showing the 
actual change in nitrogen fertilizer use as a fraction of the change necessary to reach a 
hypothetical optimum rate of use, and then related the speed of adjustment to farmers' 
schooling, extension input, and size. He found a positive and statistically significant 
relationship between the average education of farmers and the speed of adjustment. Ex- 
tension and size (of the corn production enterprise) were shown also to be positively 
related to the speed of adjustment. Hence, both studies found that farmers' schooling 
increases allocative efficiency. 

Huffman and Evenson (1989) examined the effects of farmers' education and other 
variables on optimal mix of outputs and inputs for multi-output multi-input U.S. cash 
grain farms. They fitted a system of output supply and input demand equations derived 
from a profit function to state aggregate per farm data for 42 U.S. states pooled over 
census years 1949-74. They found that an increase in farmers' schooling biased pro- 
duction decisions on cash grain farms away from fertilizer, labor, and fuel input use, 
and toward machinery input use; and, with respect to output, toward wheat output and 
away from soybean and feed grain outputs. Moreover, the relative bias-effects caused 
by farmers' schooling have been larger among outputs than inputs. They also found 
that additional agricultural extension biased production decisions in the same direction 



362 W.E. Huffman 

as farmers' schooling for fertilizer, fuel, and machinery inputs. However, the effects of 
extension on the other four choices were in the opposite direction from those caused by 
farmers' schooling. 

Some recent agricultural profit function studies, however, have ignored the effects of 
farmers' education. Weaver (1983) and Shumway (1983) also fitted a system of output 
supply and input demand functions derived from a profit function to aggregate per farm 
data for North and South Dakota, 1950-70, and Texas, 1957-79, and omitted education 
(and extension) from their models. This omission could cause the estimated coefficients 
of other included variables to be biased and to miss some important effects of education 
on agriculture. At least the potential effects of farmers' schooling should be carefully 
examined before deciding that they are insignificant. 

Turning to some developing country evidences, Hayami and Ruttan (1985) and Jami- 
son and Lau (1982) summarize much of the early evidence. Few early studies found a 
positive and statistically significant effect of farmers' schooling on farm output. This 
seems to have several sources. First, researchers were exploring technical efficiency but 
not allocative efficiency effects. Second, schooling levels may have been too low to be 
productive. Third, variance in schooling levels may have been too small. Later studies 
have had more success. 

Pudasaini (1983) chose to examine the effects of education in two regions of Nepal, 
one undergoing modernization and the other traditional due to its hill country isolation. 
The average level of schooling was 5 years in the modernizing region and 4.2 years in 
the traditional region. He fitted yield response, gross sales, and value-added production 
functions to farm-level data. He found that farmers' schooling had a positive but in- 
significant effect on crop yields in both regions, but farmers' schooling had a positive 
and statistically significant effect on the gross sales and value-added for both regions. 
In the modernizing region, the estimated coefficient of education was 66 percent larger 
for the value added than the gross sales equation, but in the traditional region, the coef- 
ficient of education was only 10 percent larger. The marginal contribution of farmers' 
schooling to value-added output was about two times larger in the modernizing than in 
the traditional region. In contrast, he did not find any significant effects of agricultural 
extension. Hence, this study showed that allocative effects of farmers' education were 
more important than worker effects, and that allocative effects were quite large in the 
modernizing region. 

Foster and Rosenzweig (1996) used longitudinal Indian rural household data and 
area- specific information on crop yields and schools to test whether Green Revolution 
technical change increased the returns to farmers' schooling and whether schooling in- 
vestments responded to changes in the return to schooling. They argued that the Green 
Revolution technologies were developed outside of India and imported so the availabil- 
ity of the technologies can be treated as exogenous to rural Indian economic conditions. 
However, the ability of different regions and households to exploit the new technolo- 
gies was argued to differ because soils and climates differed regionally and farmers' 
schooling differed. 
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Foster and Rosenzweig (1996) used a large sample of households to explain change 
in farm-level profit, 1969-1970 to 1970-1971. With fixed-effects instrumental-variable 
estimates, they showed that the profitability of HYV acreage was significantly increased 
by a farm household member having completed primary schooling (relative to less than 
primary schooling). The profitability of HYV acreage was also increased significantly 
by the share of HYV land irrigated. For primary-schooled farm households having 
100 percent irrigated HYV acreage, they concluded that farm profit was 39 percent 
higher (compared to having less than primary schooling and no irrigation). Their results 
confirmed positive allocative effects of schooling in Indian farming. 

Foster and Rosenzweig (1996) then explained the 1971-82 change in household- 
specific school enrollment rates for children aged 5-14 using a subset of their sample 
of rural households. They found that primary school enrollment rates were positive 
and significantly related to the growth of crop yields in the area, but yield growth had 
a significantly smaller impact on school enrollment for children in nonfarm than farm 
households. The results suggested that the expected return to primary schooling in India 
was higher for farm than nonfarm households, and that the difference was associated 
with the steady change of technologies associated with the Green Revolution. 

Subsistence peasant households in the Peruvian Sierra provided Jacoby (1993) with 
evidence for the contribution of schooling to agriculture for poor Latin American farm 
households. The sample was from a sizeable survey conducted in 1985-86 from house- 
holds that reported harvesting some crops and with at least one adult male and female 
who worked on the family farm during the survey year. The mean schooling of male 
heads in these households was only 2.9 years. Farm output was defined as the value 
of crop and livestock production. Jacoby fitted Cobb-Douglas and translog specifica- 
tions of a farm production function. He found that the head's schooling increased farm 
output. However, the head's age (as a proxy for experience) did not statistically affect 
farm output. In these households, work effort (hours of farm work) among adult males 
and females seemed to respond positively to their productivity, which suggested the 
opportunity cost of not working was higher for more educated individuals. 6 

Evenson and Mwabu (1997) examined the impact of agricultural extension and farm- 
ers' schooling on crop yields of poor African farmers. They pooled 1981-82 and 1990 
samples of Kenya farm households. The average level of schooling of these farmers was 
very low: 47 percent had less than 2.5 years of schooling (only one was a high school 
graduate). They applied a quantile-regression technique for investigating productivity 
effects of schooling over the conditional distribution of crop yields. Farmers' schooling 
(measured qualitatively as greater than or less than 2.5 years) had a positive and signifi- 
cant impact on yields only at the bottom of the yield distribution. Agricultural extension 
(number of field extension workers per farm) had a generally positive impact on crop 
yields, but in contrast to schooling, the marginal product was largest at the top end of 
the yield distribution. 

6 Benjamin (1992) presents a rigorous modeling and econometric analysis of Java farm household labor use 
due to household composition and presence or absence of labor markets. 
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A few studies have also examined the effect of schooling in non-democratic and 
emerging market economies, especially for China. The opportunities for schooling to 
contribute to farm production in China were very limited under the collective farm- 
ing system but seem to have increased after 1984 with the change to household- 
responsibility system and opening input markets. Fleisher and Liu (1992) used a large 
1987-88 survey of Chinese farm households located in six different geographical re- 
gions to test for diseconomies associated with small-scale and multiple plots and effects 
of schooling and experience of household heads on productivity. Farm output was de- 
fined as weighted "rice-equivalence" of "field crops" produced (which excluded largely 
vegetables and fruits). They fitted a Cobb-Douglas type production function and found 
positive, but not significantly different from zero effects of schooling and experience of 
the household head on farm production. 

In another study, Yang (1997b) examined effects on production of alternative mea- 
sures of education in an attempt to strengthen the connections between education and 
agriculture on small Chinese farms. He chose a value-added measure of farm output 
so as to capture allocative effects. Although farmers' choices may still be somewhat 
restricted in China, he hypothesized that the allocative effects would be larger than the 
worker effects. He considered alternative measures of education that might be expected 
to affect farm production, including years of schooling of the household head, highest 
year of schooling completed by any household member, and average schooling of all 
farm labor. The sample mean values of these variables were 5.6, 7.3, and 6.0 years, re- 
spectively. He fitted several different specifications of a Cobb-Douglas type production 
function. The head's education had a positive but insignificant effect on farm produc- 
tion. Farm workers' education had a positive and significant effect on farm production, 
but education measured as the highest level completed by any farm household member 
performs best. In addition, Yang found that farm workers' experience (post-schooling 
experience weighted by farm work participation) also had a positive and significant ef- 
fect on value added. He concluded that the schooling evidence from his sample of small 
Chinese farms showed allocative effects of education to be more important than worker 
effects. Furthermore, on these farms, the beneficial effects of schooling were obtained 
from an individual who frequently did not report any farm work. This seems possible 
only when farms are small and allocative decisions are relatively simple. The alloca- 
tive benefits for these small farms were attainable with one well-schooled person per 
household. 

The frontier production and profit function literature also provides evidence of the 
contribution of farmers' education to increased efficiency. Abdulai and Huffman (1999) 
showed that schooling of Ghana rice farmers reduces significantly profit inefficiency, 
which implies enhanced technical and allocation or economic efficiency. The empirical 
evidence for farmers' education reducing production or technical inefficiency is mixed, 
e.g., Belbase and Grabowski (1985) and Flinn and Ali (1986) found significant school- 
ing effects but some other studies have found insignificant effects [see Bravo-Ureta and 
Pinherio (1993)]. 



Ch. 7: Human Capital: Education and Agriculture 365 

Overall, in developing, transition, and developed countries, the review of the litera- 
ture shows that farmers' schooling has generally greater value through allocative than 
technical efficiency effects. The positive aUocative effects are, however, closely associ- 
ated with a farming environment where technologies are changing and relative prices 
are changing. Farmers' schooling has infrequently been shown to increase crop yields 
or gross farm output because technical-efficiency gains from skills provided by farm- 
ers' schooling seem generally to be small. Farmers' schooling has also been shown to 
change the optimal mix or composition of farm inputs and outputs where production is 
multi-input and multi-output. 

2.4. Total factor productivity decomposition 

Productivity statistics, measuring output per unit of input, started in the 1950s showing 
seemingly costless increases in output. Schultz (1953), Kendrick (1961), and Denison 
(1962) started to search for underlying sources of productivity for these increases. Their 
work focused on the general economy and on agriculture where the data were better. 
Three main classes of methods have been applied in sources of productivity analysis: 
(1) imputation-accounting methods, (2) statistical meta-production function methods, 
and (3) statistical productivity decomposition methods (Evenson, this volume). In all of 
these methods, there is considerable investment in data construction, especially trying 
to accurately account for quality and quantity of inputs and outputs. Schooling enters 
primarily at two places: (1) schooling of agricultural labor can reasonably be expected 
to enhance labor quality or the effective units of labor, and (2) schooling of the farmer 
or decision maker may more generally increase productivity by enhancing economic 
efficiency in agriculture. 

The best-known early studies of sources of total factor productivity (TFP) change in 
U.S. agriculture are by Griliches (1963a, 1963b, 1964). In Griliches (1964), an index of 
education of farm labor was found to have a coefficient in an aggregate production func- 
tion fitted to state average per farm data for 1949, 1954, and 1959 that was positive and 
not significantly different from the coefficient for farm labor (person days). This result 
has frequently been used by other researchers as a justification for constructed quality- 
adjusted farm labor input measures for TFP measures [e.g., see Ball (1985), Jorgenson 
and Gollop (1992), Ball et al. (1997)]. When Griliches (1964) then conducted an analy- 
sis of differences between unadjusted and adjusted residual agricultural output growth, 
1949-59, education of farm labor accounted for about 14 percent of the explained dif- 
ference. 

Huffman and Evenson (1993) assessed research and education's contribution to TFP 
through statistical decomposition of state agricultural TFP levels. In their TFP measure, 
farm labor was measured as person-hours of unpaid farm family and hired labor, but 
no adjustment of education (or experience) was made. They derived TFP measures by 
state, 1950-82, for a crop sector, livestock sector, and aggregate farm sector. They then 
used public and private research, farmers' schooling, extension, and government com- 
modity program variables to econometrically explain TFP in an analysis of 42 pooled 
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states, 1950-82. To attain consistency of interpretation they impose some coefficient 
restrictions across the three productivity equations. They however found that farmers' 
schooling made a positive and statistically significant contribution to state TFP levels. 
Their results implied a positive marginal product of farmers' schooling and a relatively 
large social rate of return ( 1 9 4 0  percent). They concluded that farmers who have more 
schooling have an advantage in being able to understand scientific advances in the pub- 
lic and private sector, to draw inferences from results and make successful adaptation 
to their own particular farming operation, and to quickly adapt superior technologies, 
economic organizations, and management practices. 

Huffman and Evenson (1993) also found that farmers' schooling and agricultural ex- 
tension interact negatively in explaining TFP levels. The marginal product of aggregate 
crop and livestock extension is positive, and the marginal product is larger in the crop 
than in the livestock sector. For the livestock sector, the marginal product of extension 
was negative or zero. The authors, however, obtained evidence that farmers' school- 
ing and extension were substitutes. Over the study period, the average level of farmers' 
schooling increased by about 4 years, which greatly reduced the marginal product of 
extension by the end of the period. 

In some North American studies of agricultural TFP, authors surprisingly have chosen 
to ignore the effects of education [see Capalbo and Denny (1986), Antle and Capalbo 
(1988), and Chavas and Cox (1992)]. It is more common to ignore labor quality adjust- 
ments in TFP analyses for developing countries where schooling completion levels are 
low and data are poor. 

Rosegrant and Evenson (1993) are an exception in their TFP research for India and 
Pakistan. They constructed TFP indexes for the crop sectors for 271 districts in 13 states 
of India (1956-87) and for 35 districts in 3 states of Pakistan (1955-85) and then con- 
ducted a statistical decomposition analysis. The empirical models were similar for the 
two countries. Average schooling completion levels for farmers in these districts of In- 
dia and Pakistan were low, perhaps averaging 2 years. They chose to measure farmers' 
education as the literacy rate. They found that the literacy rate made a positive and sta- 
tistically significant contribution to crop sector TFP in both countries. In India, agricul- 
tural extension (expenditures per farm) also made a positive and significant contribution 
to TFP. 

A few studies have examined the effects of education on agricultural productivity 
across many countries. Hayami and Ruttan (1970) examined agricultural labor produc- 
tivity, rather than TFP, differences for 38 developed and developing countries. [See 
Hayami (1960) for presentation of preliminary results for the same countries.] They 
assumed that a meta-production function (the envelope of all known and potentially 
discoverable production activities) exists across countries at a given point in time and 
over time in a given country. They fitted a Cobb-Douglas type production function to 
average per farm data. Output was measured as gross (net of feed and seed), and the 
labor input was measured as the number of male workers active in agriculture. In the 
1960 data (which seems to be better than for 1955 or 1965), they found a positive and 
statistically significant effect of the rural literacy rate and of agricultural technical edu- 
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cation (graduates from agricultural education facilities at above the secondary level per 
farm worker) on farm output per worker. They concluded that about one-third of the dif- 
ference in agricultural labor productivity across the 38 countries was due to differences 
in human capital (education). 

In a related study, Kawagoe, Hayami and Ruttan (1985) expanded the set of coun- 
tries to 43 (22 less developed) and focused on data for the years 1960, 1970, and 1980. 
They used the same methodology as Hayami and Ruttan (1970), but the education vari- 
ables did not perform as well. Positive and significant effects of the literacy rate and 
agricultural technical education on farm output per worker were obtained from the data 
pooled across the three years for the less developed countries. For the developed coun- 
tries, the two education variables did not perform well. This may be due to literacy rates 
having little variation across developing countries, and to agricultural college graduates 
frequently taking nonfarm employment rather than working on farms. 

Craig et al. (1997) have attempted to push the labor productivity analysis further by 
expanding the number of countries to 98, making crude adjustments for input quality, 
and including proxies for rural infrastructure and agricultural research. Conventional 
agricultural labor is measured as the number of workers, i.e., the economically active 
agricultural population. No measure of work intensity, i.e., annual hours of work per 
worker, is included, but they included two labor quality measures, the literacy rate for 
the population over 15 years of age and life expectancy of the overallpopulation at birth. 
They fitted a meta-Cobb-Douglas labor productivity equation, including the above ad- 
justments, to the observations on 98 countries pooled over six observations per country 
(obtained by creating five-year averages from thirty years of annual data). Surprisingly, 
the coefficient of adult literacy is negative, and sometimes significant, in all reported re- 
gression equations. In contrast, the coefficient of life expectancy is positive and signifi- 
cant. The poor performance of literacy seems likely to be due to its very crude measure 
of schooling, perhaps failing to capture dimensions of schooling that affect production, 
and no adjustment for intensity of work. 

The authors can be criticized for trying to stretch their inferences by including the 
USSR, Central European countries, and China. From both an economic and econometric 
perspective this seems highly questionable. First, over the study period, the choice of 
where and when to work, the range of choices available to farm managers or farmers, 
the availability of variable inputs, and the incentives to perform were very different in 
these centrally planned non-market economies than in the market-oriented largely free 
countries. Little evidence exists that centrally planned economies produced agricultural 
output at anything like cost-minimizing input combinations. Hence, the methodology 
applied by Craig et al. (1997) made an unnecessarily heterogeneous sample. 

Overall, it seems that some dimension of schooling contributes to TFP or labor pro- 
ductivity, but the current evidence is mixed. In U.S. agricultural productivity data sets, 
the incorporation of labor quality adjustments has not been uniform. One strand of the 
literature, started by Griliches and continued by Ball at USDA, emphasizes effective 
units of labor, which is the product of agricultural labor quantity (days or hours) and 
an index of labor quality. Another strand of the literature places labor quality effects in 
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the productivity index (residual), and uses an education index, generally for farm op- 
erators, to explain TFP levels. When the latter approach has been followed, farmers' 
schooling has generally had a positive and significant effect on agricultural productiv- 
ity. In cross-country studies of agricultural labor productivity, it has been difficult to 
obtain a satisfactory empirical measure of schooling. Consequently, the weak effects of 
education in cross-country studies seem most likely to be due to data problems rather 
than to absence of real effects. Although the progress may be slow, this is an area where 
progress can be made. 

2.5. Household income 

In the first section, the three-period model has household utility derived from leisure 
and purchased consumption goods. In that model, household (net) cash income is spent 
on purchased consumption goods and on purchased inputs for human capital produc- 
tion. Within this model, the optimal life-cycle path of purchased consumption goods 
will be less concave than net cash income because of the incentive to invest early in 
human capital and to reduce consumption early and to raise it later in life [Ghez and 
Becker (1975)]. Furthermore, in both the three-period and single-period models of agri- 
cultural household resource allocation, cash income in each period is determined by the 
household's initial human capital endowment, past net investments in human capital, 
and current allocation decision for human capital services between leisure and work, 
farm production decisions, and wage rates and prices. Hence, these models imply that 
household cash income is not an exogenous variable, but rather a variable that is the re- 
sult of current and past decisions of the household, given market wage rates and prices. 
Hence, household income should not be treated as an exogenous variable in econometric 
studies of consumption, labor supply, and welfare analyses. 

This subsection will focus on the narrower issue of the impacts of education on in- 
comes of agricultural workers and farm households. The impact of schooling on in- 
comes of hired agricultural labor seems to be small in developed countries and insignif- 
icant in other countries. Emerson (1989) examined the earnings structure for migratory 
and nonmigratory work of 559 domestic males in a 1970 survey of Florida farm work- 
ers. In fitted annual earnings equations (adjusted for selection), he found a very small 
positive and significant effect of workers' schooling on earnings (1.4 percent per year 
for migrants and 1.6 percent per year for nonmigrants, holding weeks worked per year 
constant). He also found a quadratic effect of workers' experience on earnings. The co- 
efficients for experience were about 50 percent larger for migrants than for nonmigrants. 
Furthermore, he found that these domestic farm workers sorted or self-selected them- 
selves into migratory and nonmigratory groups in a manner that was consistent with 
the theory of comparative advantage - i.e., migrants earned more as migrants than they 
would as nonmigrants, and nonmigrants earned more as nonmigrants than they would 
as migrants. 

Ise and Perloff (1995) employed a hedonic wage equation and static labor supply 
model to examine the effects of an agricultural worker's legal status on wage earned 



Ch. 7." Human Capital: Education and Agriculture 369 

and hours of work or labor supply. Legal status of a worker was hypothesized to be 
determined by an individual's demographic attributes. The model was fitted to a ran- 
dom sample of seasonal agricultural service workers from the National Agricultural 
Workers' Survey. They found that an individual being an English speaker and having 
more schooling increased the odds of having a preferred legal status. For seasonal agri- 
cultural service workers, work experience had a positive and significant effect on the 
hourly wage in all equations, except for workers having unauthorized status. However, 
a worker's education did not have a significant effect on the wage. In the labor supply 
equation for workers having Amnesty or Green Card status, additional schooling re- 
duced significantly weekly hours of work. The authors concluded, not too surprisingly, 
that agricultural workers who work in the U.S. legally earned substantially more per 
hour and per week than those having unauthorized status. Thus, investing in obtaining 
a preferred legal status becomes another form of human capital with highly relevant 
cost-benefit calculations for potential immigrants and significant effects on workers' 
incomes. 

The attributes of farm work, of farm workers, and employers affect the type of pay 
system used, e.g., time or piece rate. A piece-rate system is not workable in many cir- 
cumstances, e.g., due to quality control or no easily defined output, but it is frequently 
the pay system for harvest labor. A piece-rate system is incentive pay for speedy work, 
a skill that seems likely to be unrelated to schooling. Rubin and Perloff (1993) exam- 
ined workers' choice of pay system and hedonic wage equations for both pay systems 
in a small 1981 sample of harvest Workers (in Tulare County, California)] The aver- 
age schooling level for time-pay workers was 4.9 years, and for piece-rate pay workers, 
4.1 years. They found that the probability of using/choosing the piece-rate system was 
strongly related to the age of the workers, where young and older workers who have 
unproven skills are more likely to choose the piece-rate pay system than are prime age 
workers, holding the expected pay differential constant. The lowest probability of piece- 
rate pay occurred for a 34-year old worker. In the hedonic wage equations, adjusted for 
sample selection, Rubin and Perloff (1993) found that workers' schooling had a small 

positive and statistically significant effect on the time-rate o f  pay wage but not on the 

piece-rate wage. Experience, proxied by age and age-squared, had a statistically signifi- 
cant effect on the wage rate in both pay systems, and the age at which the peak occurred 
was about 39 years. The coefficients were, however, larger by a factor of two for the 
piece-rate than for the time-rate system, suggesting more exaggerated effects of expe- 
rience for the piece-rate than for the time-rate pay system. Hence, these results suggest 
that a worker's pay is not related to his or her schooling when the work is piece-rate, 
but the return is small when it is time-rate of pay. 

In a developing country, transportation and communication are relatively expensive, 
schooling is minimal, and housing in a new location may be difficult to find. Hence, 

7 The authors, however, ignored the possibility that employers of agricultural workers are also making a 
decision about which pay system to offer. This could affect the results [Gibbons (1998)]. 
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workers tend to be less geographically mobile than in the United States, and rural la- 
bor markets less integrated. Rosenzweig (1980) used data from a 1970-71 national 
sample of  rural households in India to examine several labor issues, including hedo- 
nic wage equations for casual workers employed on a monthly or daily basis. In his 
sample, mean schooling of male and female landless workers was 1 year and 0.5 year, 
respectively. The wage equation (adjusted for selection) included individual and local 
village attributes, and separate equations were fitted for men and women. He found that 
schooling of  males had a small positive (3.9 percent) and statistically significant effect 
on their wage, but schooling had no significant effect on the female wage. Also, po- 
tential experience (as represented by age, and age-squared) had no significant effect on 
male or female wage rates. Rosenzweig, however, concluded that human capital vari- 
ables were not significant predictors of the wage rate for casual labor in India, and 
village attributes that affect local labor demand and supply were relatively important. 

For farm or landed households, the effects of schooling on income arise primarily 
from impacts on farm profit or value added and off-farm earnings. 8 In the third subsec- 
tion, evidence was summarized showing that farmers' schooling increased farm profit 
in an environment where technology and relative prices are changing. In other agricul- 
tural environments where technology and prices are not changing, or where farmers' 
schooling is below the permanent literacy level, farmers' schooling seems unlikely to 
have a significant impact on farm profit, value added, or household income. 

Huffman (1991b) provides an extensive survey and critique of  agricultural household 
models that have proved useful for examining off-farm labor supply. In U.S. studies 
of off-farm work, a male farm operator's schooling increases his off-farm wage by 4 
to 13 percent [see Sumner (1982), Jensen and Salant (1985), Gould and Saupe (1989), 
and Huffman and Lange (1989)]. The direct effect of  a male operator's education on 
his off-farm hours, holding his wage constant, has sometimes been significant and pos- 
itive [e.g., Huffman (1980), Lass and Gempesaw (1992)], and, when only the operator 
works off-farm, significant and negative [e.g., Jensen and Salant (1985)], and some- 
times insignificant [e.g., Sumner (1982), Huffman and Lange (1989)]. Given that the 
wage elasticity of  off-farm hours has been positive [an exception is Lass and Gempesaw 
(1992)], schooling of  farm operators who work off-farm makes a positive contribution 
to household income in the United States. 

The effects of schooling on off-farm income of farm households in developing coun- 
tries may be different from those in the United States. In a 1970-1971 national sample 

8 The seemingly perverse effect of farmers' schooling on cost of milk production from the U.S. Department 
of Agriculture 1993 Farm Costs and Return Survey (see Short and McBride, 1996) seems most likely due to 
the way schooling is defined (as dichotomous rather than continuous variable) and the fact that ability or age 
of farmers is not controlled for. Before 1940, ability and schooling completion among rural youth were not 
positively correlated. With some selection on who chooses to operate a dairy enterprise, a seemingly positive 
relationship between schooling and cost should not be taken as evidence that schooling of dairy farmers is 
unproductive. A negative schooling effect on the cost of milk production does not show up in a study using 
later data (see E1-Osta and Johnson 1998). 
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of rural households in India, Rosenzweig (1980) found that an individual's schooling 
and experience were relatively unimportant for explaining wage rates for casua l  labor. 
In his results for landholding households, schooling had a negative and generally sig- 
nificant effect on off-farm work days of both males and females. The implication was 
that farm households can better employ members with schooling on the farm than in 
the casual labor market. In the Philippines, Evenson (1978) found a positive and signif- 
icant effect of a farm husband's market wage on his hours of wage work and implicitly 
on household income. For a 1990 sample of Chinese farm households, Yang (1997a) 
found that an individual's schooling and potential labor market experience have a posi- 
tive and significant effect on the off-farm wage. He also found that the person in these 
households who had completed the most schooling was the off-farm work participant. 
In another study, Yang (1997b) showed that the person having the most schooling in 
these households also made the allocative decisions on the farm. Hence, schooling for 
one person in the Chinese farm households has positive effects on household incomes 
that come from farm and nonfarm effects. 

Given that there are several channels through which education can affect farm house- 
hold income, Huffman (1996a) fitted a reduced-farm household income equation to 
data for U.S. Current Population Survey married couple farm households, 1978-1982. 
He used as explanatory variables the following: husband's and wife's education, hus- 
band's age and race, family size, local labor market conditions, cost of living and loca- 
tional amenity variables, and agricultural input and output prices and climate. He found 
that a husband's and wife's schooling had a significantly positive effect on farm house- 
hold income. An added year of schooling for husbands increased household income by 
1.3 percent, and for wives by about 1 percent. 9 

Overall, the review of the literature has shown that the effects of education on in- 
comes of hired farm workers are mixed. If  hired farm workers work piece-rate, school- 
ing doesn't affect their wage but experience may be important if they can acquire skills 
by specializing in a particular type of work. If they are time-pay wage workers, added 
schooling may have a small positive impact on their wage. For farm household mem- 
bers in developed and developing countries, the impact of schooling on farm profit or 
value added is positive when technology is changing rapidly. In developed countries, 
schooling has been shown to have a positive impact on the off-farm wage and off- 
farm earnings, but in developing countries the results are mixed, e.g., negative in Indian 
Green Revolution areas and positive in China. In developed countries, schooling of hus- 
bands and wives has a positive effect on farm household (net) income, and in developing 
countries, the impact is probably positive. Empirical studies, however, have focused in- 
frequently on the effects of education on household or family income. 

9 However, a similar model fitted to data for nonmetropolitan nonfarm household income gave estimated 
coefficients for husbands' and wives' schooling that were about 60 percent larger than for farm households. 
This model excluded agricultural prices and climate. 
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3. Summary and research gaps 

Economists continue to search for a better understanding of the sources and causes of 
economic growth and development of regions and nations. Schultz (1988) concluded 
that a significant set of studies show strong empirical regularities between the educa- 
tional attainment of a population and their productivity and performance in both market 
and nonmarket production activities. Furthermore, this chapter has shown that a now 
sizeable body of empirical evidence on the effects of education in agriculture has ac- 
cumulated. In particular, the returns to education of farmers increases substantially as a 
country goes from traditional agriculture to modernizing, which itself becomes a contin- 
uing process. First, with modernizing, new technologies are becoming available and the 
economic environment is changing so that enhanced decision-making skills of farmers 
(and possibly other family members) are more productive. Second, when the produc- 
tivity of agriculture increases, the aggregate demand for agricultural labor is reduced 
and the share of the labor force employed in agriculture declines and in other sectors 
increases. All currently developed countries have progressed from ones where a very 
large share of the labor force (over 75 percent) was employed in agriculture [Johnson 
(1997)], but with modernization of agriculture and economic development the share of 
the labor force in agriculture is less than 20 percent (and for the United States only 
3 percent). There is accumulated empirical evidence that individuals' schooling plays 
a very important role in occupational choice (increasing the probability in developed 
countries of working outside of agriculture), migration (more educated individuals have 
greater geographic mobility out of rural areas), and part-time farming (the probability 
of off-farm work by those who remain in farming increases), which are all important in 
reallocating human resources among sectors in a growing and developing country, but 
could contribute to the remaining rural population having little education. 

There is also accumulated evidence that education seems to be a poor private invest- 
ment. First, in casual rural labor markets of low income countries, schooling (and ex- 
perience) does not seem to affect wage rates. In urban labor markets of these countries, 
the returns to education are better. Second, in high income countries, schooling of field 
workers in fresh fruit and vegetable production has a very low return. Some fresh fruits 
and vegetables have large income elasticities of demand, and high quality fresh produce 
is possible only with hand harvesting. Thus, in the United States and some other devel- 
oped countries, there is growth in the demand for relatively unschooled migratory farm 
labor to work on a piece-rate pay system. For the United States, this labor is supplied 
largely by legal and illegal immigrants from Mexico and Central America. Interestingly, 
the accumulated evidence shows that ethnic migration networks or social capital have 
been an effective substitute for migrants' own schooling in being successful in the U.S. 
low-skilled migratory labor market. Furthermore, an assumption that hired farm labor 
and farm operator (and family) labor are homogeneous in agricultural household mod- 
els should be carefully scrutinized. In modernizing agriculture, the assumption is almost 
certainly dubious. 
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It is useful to think critically about the empirical evidence. Schultz (1988) empha- 
sized that outcomes on educational attainment, occupation, location, labor force partic- 
ipation, and social-economic program participation are never random. This opens the 
door to nonrandom selection of comparison groups and potential sample-selection bias 
in parameter estimates of econometric models. Techniques have been developed for try- 
ing to offset sample selection bias, and they have been applied in many of the studies 
reviewed. These techniques are, however, imperfect, and researchers have discovered 
that identification problems sometimes arise in implementing selection correction pro- 
cedures [see Nawata and Nagase (1996) and Heckman (1997)]. The identification prob- 
lem creates another set of serious parameter biases. Researchers must continue to raise 
data quality issues, promote and pursue good experimental designs for new data sets, 
and pursue careful analysis where selectivity is likely to be serious. 

In our empirical research, we use an individual's years of schooling as proxy for his 
or her education, but in the U.S. and in many other countries, the quality of this proxy 
has not been constant over time. Education is really general intellectual achievement 
(GIA), including developed abilities, e.g., reading, writing, doing mathematics, reason- 
ing, and knowing important facts and principles of science, history, and art [Bishop 
(1989)]. These are skills essential for performing many job tasks, the tools for learn- 
ing new tasks, and the foundations upon which much job-specific knowledge is built. 
The production of GIA is multi-factor: school attendance (years completed), quality of 
schooling, quantity and quality of out-of-school learning, the general socio-intellectual 
environment, innate ability, and other things. 

Bishop (1989) summarizes how general intellectual achievement in the U.S. rose 
steadily from 1915 to about 1967. For twelfth (and eighth) graders, GIA went into a 
decline over 1967-1980, equaling 1.25 grade equivalents and a 2 grade equivalent devi- 
ation from trend. Since 1980, GIA of twelfth graders has been increasing again. Thus, 
what a year of schooling completed measures has not been constant over time nor does 
it have a linear trend. Hence, when individuals included in a survey have graduated from 
high school at different times, complex schooling vintage effects may exist, which com- 
plicate using years of schooling completed as a proxy for education in cross-sectional 
and panel studies, and in interpreting the impact of schooling on social-economic out- 
comes. 

This information does suggest that a better estimate of the impact or return of a year 
of schooling can be obtained from U.S. micro-data by including as variables in a re- 
gression equation with an individual's years of schooling his or her year of graduation 
from high school (or grade school, if he or she is not a high school graduate) and a 
dichotomous variable for graduation after 1967. Given the incentive for individuals to 
obtain schooling at a young age and to graduate at approximately the same age, at least 
in developed countries, and that most surveys do not ask about year of high school (or 
elementary school) graduation, we can obtain almost the same information from an in- 
dividual's age. Including as regressors an individual's age rather than date of graduation 
and a dichotomous variable for birth after 1950 contains approximately the same infor- 
mation as the two variables constructed from year of graduation. From the review in 
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earlier sections, recall that human capital wage, labor supply, and adoption equations 
generally include an individual's age (and age squared) as regressors to take account of 
finite life or on-the-job training effects, but production, profit, and cost functions gen- 
erally do not. Hence, estimates of impacts of schooling from the latter group might be 
suspect, i0 

The potential for endogenous or stochastic regressor bias in human capital research 
area is especially high. For example, in some of the off-farm participation and labor 
supply studies, farm characteristics like size (acres operated) and presence of a dairy 
enterprise are used as regressors. Our economic models of farm household decision 
making (for developed countries), however, imply that acres operated, presence of a 
dairy enterprise, and off-farm work participation are farmers' choices (and not exoge- 
nous or randomly assigned). Jointly determined variables are not legitimate regressors, 
even though they seem to have large explanatory power. Similar types of issues also 
arise with farmers' information acquisition and technology adoption and with variables 
to explain migration. The solution seems to be careful economic and econometric mod- 
eling of behavior and outcomes and using instrumental variables for regressors that 
may be stochastic because of endogeneity or serious measurement errors [Green (1997, 
pp. 435-443)]. 

Some research gaps or potentially fruitful research directions exist. First, skilled labor 
and (technologically enhanced) capital services seem to be complements in manufac- 
turing. Agriculture in developed countries is relatively capital-intensive too, but except 
for farm operators' education, no good evidence exists on whether skilled labor and 
capital services are substitutes or complements. Also, empirical evidence is missing on 
the extent to which workers in agriculture are at a disadvantage (or advantage) com- 
pared to workers in other sectors for obtaining productivity gains from greater worker 
specialization, or whether potential productivity gains from specialization differ across 
crop and livestock enterprises. Some large-scale broiler, swine, cattle feed lot, and dairy 
operations seem to have production attributes much like manufacturing plants. A key 
difference between agriculture and other sectors might be differences in opportunities 
to increase labor productivity through larger investments in skill and specialization of 
workers. A closely related issue is how new biotechnology and information systems 
affect the demand for skilled labor in agriculture. 

Second, although farmers' schooling and frequently extension have been shown to 
enhance successful adoption of new technologies in agriculture where heterogeneity of 
land and climate are important factors, a set of related management decisions has been 
largely ignored. They are the joint decisions on technology, information acquisition, 
and risk-bearing methods, and how farmers' schooling affects these choices. In most 
agricultural societies, a wide range of options exist for technologies, information, and 
risk-bearing, but models and empirical analyses have generally focused on only one of 
these outcomes. This limits our ability to learn about successful management strategies 

10 See Bishop (1989) for a methodology for constructing vintage of schooling effects in aggregate data. 
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that farmers use internationally as the technical and institutional environments change. 
It also limits our ability to learn about potentially important public-private substitution 
possibilities in providing information and risk-bearing instruments for farmers. 

Third, general intellectual achievement of elementary and secondary school students 
is produced both through schooling and out-of-school activities, so the total decline 
over 1967 to 1980 in GIA cannot be attributed to a decline in the quality of schooling. 
Huffman (1998), however, summarizes some of the changes in the organization of U.S. 
schooling starting in the late 1960s that undoubtedly contributed significantly to the 
decline in general intellectual achievement of students. He and others have concluded 
that the last 50 years of schooling research provides a weak knowledge base for guiding 
schools and school administrators. Too little is known about the successful organiza- 
tion of schooling for efficient production of general intellectual achievement, and new 
rigorous research is needed. 

Fourth, although it is widely accepted that schooling creates new skills that increase 
workers' productivity in market and nonmarket activities, relatively little empirical re- 
search has attempted to identify the effects of adults' schooling on total farm family 
income net of farm expenses. Farm families in most countries have significant nonfarm 
income, and cash income is used to purchase consumption goods/inputs, schooling, 
and health care. Empirical studies have largely focused on individual pieces of a much 
larger story, e.g., effects on farm gross output, farm profit (value added), off-farm wage 
rates, or off-farm work hours, but this misses some of the important trade-offs that ex- 
ist. Although farm income is notorious for large measurement errors and although farm 
expenses in developed countries generally receive favorable tax treatment, these do not 
seem serious enough to prevent useful research. Given that governments generally invest 
in schooling, research, extension, commodity, and credit programs with some intention 
of increasing farm families' income, it is interesting to ask which of them have been 
successful. Although Gardner (1992) concluded that there is no empirical evidence in 
the literature that U.S. government farm program payments have increased net farm in- 
come, it is important for future research to estimate and compare the impacts of these 
government policies on farm family income. 

Overall, this chapter has summarized the impacts of education in agriculture for sev- 
eral different environments - e.g., developing country, transition economy, developed 
country, technically dynamic, and technically static - and concluded that the impacts 
are positive in some but not all environments. It remains somewhat of a puzzle, how- 
ever, why schooling in developed countries does not have broader direct impacts in agri- 
culture. One hypothesis is that the dominance of agriculture by biological production 
processes which are controlled largely by climate and are land surface-area intensive, 
at least for crop production, greatly limits the potential for raising labor productivity 
through skill acquisition and specialization of labor that is possible in the non-farm sec- 
tor. After reviewing the extensive literature cited in this chapter, one should not miss 
the fact that the dominant effect of education in agriculture of developed countries is to 
aid and assist farm people with education make the transition to nonfarm work and ul- 
timately to full-time nonfarm occupations. This process has important implications for 
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the composition of the population left behind in agriculture and on the optimal financing 
of schooling in rural areas. 
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Abstract 

Three themes are related to women's economic roles in the agricultural household. First 
the unified family as coordinator of production and consumption over a life cycle. Sec- 
ond the role of separability of production and consumption decisions in the agricultural 
household that depends on the equivalence of hired and of family labor. Third Nash- 
bargaining or Pareto efficient collective coordination in the family. Increases in women's 
human capital affects gender bargaining and is closely related to declines in child mor- 
tality, fertility, and population growth, and increases in child "quality" as proxied by 
child schooling and health status. 

JEL classification: Q12 
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1. Introduction 

This chapter takes stock of the methods and empirical findings from economic analyses 
of women's contribution to social welfare and the determinants of their well-being. To 
account for women's roles in the agricultural household, economic research has been 
greatly affected by three steps in the general analysis of the family in the last thirty 
years. First is the conceptualization of the unified family as a coordinator of the produc- 
tion and consumption of a group of persons over an extended period of the life cycle, 
with the household production of consumption commodities for family use constrained 
by the pool of household endowments including time, market prices, and knowledge 
of home production possibilities [Becker (1965, 1981)]. Second is the role of separa- 
bility of production and consumption decisions in the agricultural household, which 
depends on the perfect substitutability of hired and family labor and the adequacy of 
factor markets [Barnum and Squire (1979); Singh et al. (1986)]. Third is the introduc- 
tion of individualistic bargaining or collective coordination of the family that preserves 
the distinct endowments of the individual and the expression of possible differences in 
personal preferences [McElroy and Horney (1981); Chiappori (1988); Lundberg and 
Pollak (1993)]. This third innovation has relaxed the unified family model in different 
ways, and is still being extended and adapted to new problems or forms of game theory 
and econometrics. It has already been used to guide penetrating empirical studies of 
the intrahousehold allocation of resources, and much further work is currently under- 
way. 

The chapter also explores how gender differentials in various forms of human cap- 
ital arise, are sustained, and affect social welfare in different cultural regions of the 
world. Although much of this literature has focused on agricultural households in low 
income countries, many features of the field are not unique to agriculture, though oc- 
casionally issues emerge that are based in the agricultural sciences: effects of crop mix 
and management for the derived demand for male or female labor, the adoption of new 
technologies in agriculture, the degradation of the environment due to overused com- 
mon resources, seasonality, weather as an observable source of risk, etc. One problem 
area in interpreting existing evidence in this field is the variation in the composition of 
families, by which I mean both fertility and the extension of nuclear families to absorb 
other generations and relatives. The consumption, savings, and poverty literatures often 
mechanically normalize away the variation in household composition, or condition on 
this composition as though it were an exogenous constraint, when it is widely believed 
that marriage, fertility, and family extension are choices that respond to the conven- 
tional economic variables of prices, sources of income, and personal endowments. The 
growing numerical importance of female-headed households in many parts of the world, 
and even the differential survival of existing members of the household, are shown to 
be responsive to the relative costs and benefits of different family arrangements and 
compositions. 

Changes in women's earning power compared to men's and children's affect what 
the family specializes in and what other institutions in society, such as firms and gov- 
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ernment, do. Functions where the family retains a comparative advantage may also be 
performed with a changing mix of labor and capital in response to the evolution of 
the wage structure. The secular convergence in productive capacity of men and women 
is a notable development of this century. This narrowing of the gender gap in labor 
productivity is closely associated with the narrowing of the difference between male 
and female adult schooling, and is modified by the improved health and longevity of 
females compared to males [Schultz (1995a)]. Fertility, mortality, and rural-urban mi- 
gration determine population growth in the agricultural and nonagricultural sectors, and 
all of these demographic processes have been shown to respond to the economic pro- 
ductivity of adult males and females, at the household and aggregate levels. Thus, the 
evolving gender differences in human capital provide the best available explanation 
for world patterns of demographic transition, interregional migration, and changes in 
women's participation in the labor force outside of the family [Schultz (1981)]. Yet 
we have only a poor understanding of what has propelled the advance of women's hu- 
man capital in different settings throughout the world. Why have women been left at a 
substantial disadvantage to their male folk in broad parts of South and West Asia and 
sub-Saharan Africa, and what will be the economic consequences on women's roles, 
population growth, and economic development? 

This chapter is structured as follows. Sections 2 reviews the alternative theoretical 
approaches to modeling the determinants of individual and family resource allocations 
and their relevance to the welfare and productivity of women. Section 3 summarizes the 
empirical evidence on how family allocations respond to changes in the endowments of 
husband and wife and other features of the family environment. Section 4 examines two 
attributes of family composition that have received considerable attention: the increased 
frequency of female-headed households and the gender differentials in child survival 
that may be related to women's productive roles in society. Section 5 examines the 
problems of estimating the productivity of women compared with men using either 
wage functions or production functions, and the general policy implications of the social 
externalities associated with increasing the schooling of females. Section 6 concludes 
by reviewing progress made and the challenges that lie ahead in this field. 

2. Models of individual and family economic behavior 

2.1. Individual consumer demands or expenditure systems 

Simple models of consumer demand in a single period generally assume that the con- 
sumer receives (exogenously) a disposable income (I) for a reference period such as 
a year, knows the prices of market goods (PI, P2), and then selects a combination of 
goods (X1, X2) to maximize individual utility: 

u = u ( x ~ ,  x2), (1) 
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subject to the income constraint: 

I = P1X1 + P2X2. (2) 

The decision of how much time to work at a market-determined wage (w) is then incor- 
porated into the consumer's optimization problem by adding leisure (L) to the individ- 
ual's utility function: 

U = U ( X 1 ,  X2 ,  L) ,  (3) 

and a single-period time constraint: 

T = L + H ,  

where T is assumed to be the total time available for all persons in the reference period 
and H is the hours worked in the wage market. Market income then becomes the sum 
of (exogenous) nonearned income (V) and market wage income where the wage is 
assumed independent of hours worked: 

I = V + H w  = P1Xl  + P2X2.  (4) 

The concept of full income (F) introduced by Becker (1965) is the potential income the 
individual could obtain by allocating all of his or her time to wage work: 

F = V + T w  = P1Xl  + P2X2 -~ L w .  (5) 

The equilibrium conditions from maximizing the utility function (3) with respect to the 
full income constraint (5) include: 

M U L / M U x i  = w / P i ,  i = 1, 2. (6) 

The ratio of the marginal utility of time as leisure to the marginal utility of either good 
is equal to the ratio of the market wage to the good's price. If, however, the individ- 
ual spends all of her time in nonmarket activities, called here simply leisure, then the 
shadow price of leisure (MUID presumably exceeds the market wage offer. 

If  the commodity or service that enters the utility function of the individual is pur- 
chased in the market in the form in which it is consumed, such as bread, the above 
model may be satisfactory. But if, alternatively, the commodity or service providing 
the welfare to the individual is produced in the home with market inputs (ih) and own 
time (th), such as might be expected with health, human capital, or children, home pro- 
duction functions (H) might be assumed to describe these technological and biological 
possibilities: 

H -~ H( ih ,  th, e), (7) 
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where e is an individual-specific endowment that increases the home output but is not 
controlled by the individual, and this form of heterogeneity is generally unobserved by 
the researcher and may affect the productivity of the other inputs and time used in this 
and other home production processes. 

This intermediate layer of home production functions, introduced between market 
goods and the commodities from which utility is derived, allows the economist to 
consider substitution possibilities that the home producer may consider in optimizing 
home production [Becket (1965, 1981)]. The individual or family can now adjust con- 
sumer/producer behavior to exogenous changes in market prices, wages, and nonearned 
income along two dimensions: they can adjust the composition of what they ultimately 
consume, including leisure, and they can also modify how these home-produced com- 
modities are produced at least cost, through changes in their input factor proportions, as 
would a market-oriented firm. 

Home production functions are more difficult to estimate than production functions 
that describe technical relationships determining how goods are produced for exchange 
in the market. This is partly because the output of home production is generally not sold 
or quantified, and thus the shadow value of such a nontraded commodity may differ 
across households. For example, the shadow value of a child to one mother may not be 
the same as to another, because there is no relevant market, and individual preferences 
(and fecundity) will vary. 

In many types of home production, such as the formation of human capital in chil- 
dren, productive endowments of the individual influence input productivity and there- 
fore possibly influence parent allocation of inputs across family members. If these innate 
endowments are not observed by the researcher, as denoted by e in (7), direct estimation 
of the marginal productivity of home inputs by regressing H on I and t are likely to 
yield biased indications of their technological contribution or productivity because the 
input e is omitted from the estimated home production function. For example, Becket 
hypothesizes that "ability" of a child increases the private rate of return to schooling a 
child [Becker (1967, 1981); Becker and Tomes (1979)]. If parents then allocate more 
schooling to their more able children, the direct association between schooling and pro- 
ductivity of the children would overstate the returns to schooling, other things being 
equal [Griliches (1977)]. In attempting to estimate the home production function (7), 
the relationship among observable inputs and outputs will tend to be biased by any cor- 
relation between the individual endowment and the observed market and time inputs, 
which violates the standard estimation assumption that the inputs are independent of the 
disturbance in the output equation. In household production of children and health hu- 
man capital, variation in the biological endowments of the couple and children can be of 
substantial importance. The technical marginal product of inputs can then be seriously 
misunderstood [Rosenzweig and Schultz (1983); Schultz (1984)]. A parallel problem 
arises in attempting to estimate the effectiveness of contraception on controlling fertil- 
ity, when the choice of birth control is informed by the couple's partial knowledge of 
their fecundity or likelihood of conception given their observed input behavior [Rosen- 
zweig and Schultz (1985, 1989)]. 
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2.2. Multiperson agricultural fami ly  and household demands 

Issues of allocation and decision-making become more complicated when more than 
one individual is involved. In reality individuals will differ in their preferences for 
goods and services and what they can contribute to the welfare of the group. Most 
of the research on households and the family has been based on the convenient work- 
ing assumption that families or coresidential groups have identical preferences or one 
individual dominates the allocation process and consults his, or her, preferences in de- 
termining an optimal solution. As a consequence, a stable scheme for the ordering of 
alternatives is arrived at for the group. In other words, the group is treated as if it were 
an individual. Because the members of families and households tend to differ in their 
productive capacities and personalities, as they do in sex and age, households are not 
likely to be made up of identical individuals. That leaves us with the "dominant dic- 
tator" model as the remaining, least implausible, conceptual foundation for the unified 
family/household decision-making unit. In the next two sections of this paper some 
alternative approaches for treating the conflicting interests of family members are re- 
viewed and their distinct and testable empirical predictions explored. 

These non-unified approaches to household decision-making build on an explicit or 
implicit bargaining process taking place within the family; they assume either that in- 
formation is shared symmetrically between cooperative individuals, which then tends 
to lead to allocations which are Pareto efficient, or that private information is not shared 
and is hence asymmetrical, with this failure of coordination leading to inefficient alloca- 
tions across the household members. This is an area of recent methodological progress 
and an active focus for the new empirical research on family behavior [e.g., Haddad 
et al. (1997)]. It is accordingly emphasized in this chapter, but two things should be 
recalled. First the unified household model of Becker (1965, 1981) provided a fruitful 
general framework to guide research on the division of labor within the family, and the 
main conclusions drawn in that literature have not yet been called into question by the 
newer alternative approaches for interpreting family behavior. The exception may prove 
to be West Africa, where individuals privately manage their own agricultural plots with 
limited coordination or pooling of resources at the household or family levels [Jones 
(1983, 1986); Udry (1996)]. Even in this instance, subsequent samples from neighbor- 
ing regions do not confirm that Burkina families fail the test of Pareto efficiency in their 
allocation of labor by plot [Akresh (1999)]. Second, documented differences in con- 
sumption among persons in the household or family can be interpreted as suboptimal 
only after researchers specify criteria for optimality [Haddad and Kanbur (1990)], such 
as calorie distribution between persons within the household. But in this case of calo- 
ries, for example, the "needs" of individuals may actually be endogenous, to the extent 
that they vary by the choice of type and amount of work engaged in by individual fam- 
ily members [e.g., Pitt et al. (1990); Higgin and Alderman (1997)] or due to sources 
of unobserved heterogeneity, such as morbidity and weight. Evidence is only beginning 
to amass that the error introduced by neglecting intra-household bargaining changes 
important policy conclusions or alters preferred agricultural development strategies, al- 
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though the reach of these new approaches to family decision-making is only beginning 
to be explored [Strauss and Beegle (1996)]. 

A second significant feature of the agricultural family is the combined functions it 
performs of producing agricultural output and coordinating consumption and labor sup- 
ply of its members [Barnum and Squire (1979); Singh et al. (1986)]. It is commonly 
assumed in such an agricultural model of the family that hired and family labor are 
identical in production, and that the labor market is perfect in providing the family 
with both a source of jobs for any excess supply of family workers it may have beyond 
the profit-maximizing labor demand on its own farm, and a source of hired labor for 
any shortage of family labor to meet its farm's production requirements. This assump- 
tion of separability allows the optimization problem facing the agricultural family to 
be solved in a two-step process. First, farm outputs and inputs are determined to max- 
imize farm profit. Second, the family maximizes its unified utility to determine how 
much family labor supply is allocated to farm and off-farm activities, and how much 
labor is residually hired to satisfy farm labor input requirements [Barnum and Squire 
(1979); Singh et al. (1986); Pitt and Rosenzweig (1986); Benjamin (1992); Maluccio 
(1997); DeSilva (1997)]. Without this form of complete and competitive factor market 
for family and hired labor, the production and consumption decisions would have to be 
made jointly and they could yield different results from those arrived at by the simpler 
two-step process. Testing explicitly for this form of separability has not yet produced 
strong empirical evidence rejecting the simplifying restriction. Risk and uncertainty as 
well as dynamics in the sequencing of labor and other inputs can complicate separa- 
bility greatly [Roe and Graham-Tomasi (1986); Skoufias (1993a, 1993b, 1996)], as can 
other interlinked factor markets, such as those for credit. Specific parameterizations for 
the profit and family utility functions can be postulated and simulated to trace out the 
consequences of market failures [de Janvry et al. (1991)]. But these are not, in my view, 
empirical tests of separability. 

Yet it seems likely that there are activities where hired and family labor are not good 
substitutes, perhaps because of differences in relevant skills and farm-specific manage- 
ment experience, or because incentive and monitoring costs differ in these tasks for 
family and hired labor. For some special tasks hired labor can be paid according piece 
rates, as may occur in the case of harvesting, to reduce the cost of monitoring labor. In 
performing other tasks, family altruism and sharing in final output might provide family 
labor with better work incentives than can be readily offered hired labor, and then in 
these tasks family labor would have an efficiency advantage. Even when disaggregated 
tasks are studied separately by calendar period of the crop cycle, Maluccio finds only 
a few instances in the Bicol Province of the Philippines where separability is rejected. 
Pitt and Rosenzweig (1986) and Benjamin (1992) also cannot reject separability among 
the Indonesian rural families they analyze. One could imagine that in societies in South 
Asia where it is less common (or socially acceptable) for adult women to work outside 
of their own family farm, separation would not hold. But in rural India in 1969-1971, 
families that were relatively short of land and well endowed with female labor did not 
appear to employ more than the profit-maximizing level of female labor on their own 
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farm. In other words, when both the land and labor markets were modeled jointly, fam- 
ily farms appear to be efficiently allocating their own and hired labor (and land) in 
a manner that could not be statistically shown to be inefficient due to labor market or 
family imperfections [Seavy (1987)]. Agricultural production functions estimated at the 
district level for India suggest that family and hired labor may exhibit different produc- 
tivity and may deserve to be treated as separate inputs, although this has proven difficult 
given the extent of gender segregation of agricultural tasks [Deolalikar and Vijverberg 
(1983); Laufer (1985)]. Where factor markets appear to be least well developed, as in 
sub-Saharan Africa or parts of South and West Asia, nonseparability in hired-family 
labor markets is still anticipated by some development economists and these problems 
are probably more severe for female labor than for male [de Janvry et al. (1991)]. 

2.3. Intra household allocations and bargaining 

The unitary model of household resource allocation is based on the maximization of 
a single household welfare function subject to a time and resource budget constraint 
and home production technology, taking as given market prices and wage opportunities. 
Samuelson (1947, 1956) elaborated on the implausible assumptions required for aggre- 
gation of individual preferences to deal with family or household choice in a form that 
would satisfy the axioms of individual consumer choice. Arrow (1951) went so far to 
as prove the impossibility of consistently aggregating the preferences of agents for the 
purposes of systematizing choices made by social units such as the family. Nonetheless, 
with the palpable importance of the family in coordinating consumption and labor sup- 
ply behavior, the unitary model of the family [Becker (1965)] has been often used to 
combine in a single model the process determining household consumer demands and 
labor supply, allowing for cross effects of the shadow wage rates of all family members 
to affect all of their labor supply choices [Mincer (1963); Kosters (1966); Heckman 
(1971); Ashenfelter and Heckman (1974)]. 

Because the unified model of family behavior does not explicitly deal conceptually 
with how families aggregate the welfare of individual members to guide its decision- 
making and to determine the distribution of consumption and welfare among members 
within the family, the unified model of the family has not shed much light on how 
individual and family resources affect the welfare of persons within the family. This 
failure to study the intrafamily distribution of welfare cannot be entirely attributed to 
the lack of a theoretical framework, for reduced-form models can be readily estimated 
for this purpose. Although it is easy to conceive of "private consumption goods" in the 
family, it is more difficult to measure empirically forms of "assignable consumption", 
such that one person's consumption of a good can be readily monitored and would not 
raise (or lower) the utility of other family members. Human capital, assuming it can be 
valued and quantified, may be such a private or assignable good, if it has no externalities 
beyond the economic agent in whom it is invested. With the family ascribed a central 
role in financing (savings and transfers between possibly altruistic generations) and 
coordinating human capital investments in children, the allocation of human capital 
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