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INTRODUCTION

A doubling of human population size portends a more than
doubling of human impacts because humanity has sequentially
exploited the most accessible of its essential resources. It may
be difficult even for drastic changes in consumption and technol-
ogy to offset the increase in environmental deterioration asso-
ciated with projected population growth. This makes capitalizing
on human behavioral flexibility and ingenuity absolutely critical
as avenues for transforming global society into a sustainable
enterprise. Government policy -- economic policy, in particular
-- can be a powerful tool for influencing fertility and consump-
tion patterns as well as rates and directions of technological
and cultural innovation. ‘

Government policy that promotes equity is especially worth
examination. Not only do many consider morally undesirable the
gross inequities that presently characterize most societies and
the world as a whole, but various lines of evidence suggest that
these inequities are biophysically (as well as socially) unsus-
tainable (Holdren et al. in press) for two reasons. First, the
inequities themselves help perpetuate poverty, which generates
vicious cycles (e.g., Dasgupta 1993) involving deleterious and
sometimes irreversible impacts on biophysical components of
Earth's life support systems. Second, they hinder cooperation

among parties of differing socioeconomic status -- cooperation
purportedly required for averting potentially disastrous popula-
tion- and environment-related problems (Daily al. 1995). 1In

this paper, we restrict our focus to the first of these.

We and others have tended to shy away from investigating the
sccial, economic, and political dimensions of carrying capacity
(CC) because of their complexity and political sensitivity. But
we believe that concentrating solely on the biophysical dimen-
sions is the equivalent of the drunk searching for lost keys
under a lamppost rather than where they were lost "because the
light is better" there. We subscribe to the view that a more
equitable world -- in terms of opportunity -- would be a better
world. But would a more equitable world be more sustainable,
have a higher CC, or more easily adjust population sizes to local
CCs?

In this paper, we explore the relationships between equity
and sustainability and between equity and biophysical dimensions
of CC. Our analysis extends across various levels of social
organization, spanning the spectrum from individuals within a
household (gender and age-related equity) to relations between
regions, nations, and groups of nations. Intertemporal equity is
inherently subsumed in consideration of sustainability and CC. 1In
evaluating sustainability and CC, we necessarily focus on the two
aspects of the human enterprise for which there are the best and
most relevant data: patterns of food production and fertility.



The relationships we seek to characterize are dauntingly
complex, and our inquiry admittedly is only a beginning. Our
preliminary analysis treats various aspects of the relations
equity has with sustainability and CC in isolation; in reality,
the interactions are often strong and complex. For example,
investment, especially in human capital or research and develop-
ment, clearly impacts inter-generational equity; it may, however,
involve difficult trade-offs if, as Kuznets implies (1955),
unequal income is associated with higher savings rates. Finally,
we draw upon a vast literature, illustrating points with a few of
the best-studied and most important cases rather than by attempt-
ing a comprehensive review. In spite of these constraints, the
inquiry seems worthwhile and potentially illuminating.

DEFINITION OF TERMS

For the purposes of this paper, terms are defined as fol-
lows:

* BEquity is a measure of the relative similarity among individu-
als or groups in opportunity to enjoy sociopolitical rights,
material resources, technologies, health, education, and other
ingredients of human well-being (see Dasgupta 1993 for an excel-
lent exposition on well-being).

* Sustainability characterizes any process or condition that can
be maintained indefinitely without interruption, weakening, or
loss of valued qualities. Sustainability is a necessary and
sufficient condition for a population to be at or below CC (Daily
and Ehrlich 1992). Carrying capacity always embodies the concept
of sustainability.

* Biophysical carrying capacity is the maximum population size

that an area can sustain under given technological capabilities.

* Social carrying capacity is the maximum population size that an
area can sustain under a given social system, with particular
reference to associated patterns of resource consumption. Under
any set of technologies, social CC is necessarily smaller than
biophysical CC because of inefficiencies inherent in resource
distribution systems (e.g., Hardin 1986; see Daily and Ehrlich
1992 for an elaboration of biophysical and social dimensions of
CC) . Thus biophysical CC is an upper bound on social CC.

FOOD PRODUCTION

The resource that is normally most important in setting the
CC of an animal population is food, and humanity is much like
other animals in this respect. But most animals simply depend on
the food that happens to be available in their environments. A
few non-human species, such as certain woodpeckers that drill sap
wells into trees and shrubs or ants that "farm" fungi, work to
enhance their food supplies, but none approach our species in the



degree to which they can manipulate and trade food supplies.

Equity between Sexes and Food Production

In large regions of the world, notably in sub-Saharan Africa
and in South Asia, women contribute much more farm labor than do
men. At the extreme, African women are claimed to produce 90-95
percent of the continent's domestic food (WEDO 1994; WRI 1994).
In South Asia, where women supply most of the labor in rice
agriculture, the workload of women farmers {(including household
chores) exceeds that of men by 1.5-2.5 times (in terms of time
spent). For example, in the Himalayas, women contribute more
time to crop production than men and bullocks combined (Singh
1987). In the tribal economy of Orissa, India, women spend
almost twice as much time in agricultural labor as do men (Fer-
nandes and Menon 1987). Moreover, farming in rural India is
characterized by a market for casual agricultural labor which
pays women on average 60 percent of male hourly wages; typically
between 60 and 90 percent of the casual labor hired are women
(Dasgupta 1993, p. 239). (Children also contribute substantially
to farm and household labor, as we discuss later when considering
the effects of gender-based inequities on fertility).

Agricultural productivity may be influenced in several ways
by gender-based inequity. First, the amount of time women have
available to farm after tending to immediate household needs may
limit productivity. Available data indicate that in both South
Asia and sub-Saharan Africa the domestic energy of roughly 90
percent of households is supplied by fuelwood (and to a lesser
extent cowdung). Available data indicate that women now expend
an estimated 10-25 percent of their daily energy on biomass fuel
collection. During the dry season, an additional 10-25 percent
is expended upon water collection -- up to 17.5 hours per week in
a village in Senegal. The workload of women in both areas is
increasing as a consequence of diminishing and receding fuel and
water resources, particularly in arid regions (Dasqupta 1993; WRI
1994) .

A second important gender-based inequity resides in women's
relative lack of access to farm credit, agricultural extension
services, material inputs to farm productivity, and hired or
child labor, especially during seasons of labor scarcity. The
FAO estimates that women's share in agricultural credit is 10
percent or less (WRI 1994, p. 51). One would expect unmet need
for these services and inputs to exert a direct negative effect
on productivity.

Such an effect manifested itself dramatically in a survey
done in Burkina Faso where men and women farm different plots of
land. Taking into account plot quality, crop, and year, plots
cultivated by women had 30 percent lower yields, on average, than
plots farmed by men in the same household. Over all plots of
land, female-controlled plots had significantly lower yields than



male-controlled plots, despite a curious observation that the
women's plots scored better, on average, on measures of land
quality. The yield differences appeared to result from a large
difference in access by men and women to farm inputs, particular-
ly children's labor and manure (Udry 1995}.

A third, nearly universal inequity is lack of decision-
making power by women over the management of natural resources
{agricultural resources, forests, water, etc.) from which they
are primarily responsible for meeting the household's needs. At
present, the shadow prices (social value) of natural resources
often greatly exceed their market prices, implying that their
exploitation is massively subsidized by the most disadvantaged
members of society {e.g., the forest dweller, the tenant farmer;
Dasgupta 1993). Gadgil and Guha (1992) advance well-supported
arguments for enhancing the prospects of sustainable resource use
by empowering with the right to management those (women and men)
whose subsistence depends upon the long-term condition of local
resources. On the other hand, as we have personally observed,
local empowerment in no way guarantees a convergence of short-
term individual incentives and long-term social best interest.
The rapid rates of change in size, composition, and culture that
now typify human populations, even in remote, rural areas, repre-
sents a major impediment to the evolution of sound resource
management practices.

Equity between Households and Food Production

Perhaps the equity issue in agriculture that has attracted
the most attention is the distribution of land among farmers
(e.g., Hedges 1994). Is land concentrated in the hands of a few
individuals, with the majority of farmers working for big land-
owners or subsisting on tiny plots that they own or cultivate as
tenants? Or, on the other hand, is agricultural land rather
equitably distributed among family farmers? The usual assumption
is that the latter case is more socially desirable than the
former, and government promotion of equity in land distribution
is called "land reform."

Agricultural economists view large plantation or estate
systems as generally inefficient compared with family-operated
farms for growing staple food crops. Some crops, notably cotton
and sugarcane, can be grown efficiently on very large tracts of
land by unskilled crews directed by overseers. But in most cases
more intimate knowledge and care by farmers is required to get
the most out of crops under cultivation or animals being husband-
ed. Variation in microclimatic and edaphic conditions may re-
quire a tailoring of treatments to individual fields; animals
also often do best with individualized handling. The time devot-
ed to land management and supervision of unskilled laborers
becomes increasingly costly as the area farmed increases (Brew-
ster 1950).



One might assume that with all their machinery and inputs
big farms should be more efficient. But the small farmer wishes
to maximize yield per hectare; the incentives for larger landown-
ers, on the other hand, are to maximize yield per worker. This
is reinforced by a desire to keep wages low by maintaining a
large unemployed labor pool. A consequence of these contrasting
incentives is that small farmers produce about twice as much per
hectare as do large farmers, while using only one-fourth or one-
fifth as many purchased inputs per hectare (Murdoch 1990). The
inherent inefficiency of large-scale plantation farming has
sometimes led to its replacement by family farming when demand
for labor in cities put upward pressure on farm wages. This was
an important factor in the sixteenth-century decline of the
European manorial system (Wallerstein 1974). Nonetheless, the
economies of scale in farming can be quite complicated and effi-
ciency may generally peak at the upper end of the family farm
size spectrum.

In overdeveloped countries like the United States, the trend
has overwhelmingly been toward larger farms specializing in a
single crop. The average American agricultural worker farms 137
hectares, near the upper end of the range in size of family
farms. In the developing world where the income disparity bet-
ween farm families and urban workers is a serious issue, land
reform has proven difficult to achieve. For example, Mexico's
efforts after the revolution of 1910 were abandoned when only
partially completed; the 1994 revolt in Chiapas was in part a
result. The Far East (including Japan), by contrast, has been
relatively successful in creating and maintaining equity in land
tenure, and this unguestionably has been an important factor in
its food production success. Should Japan's policy of sheltering
rice prices from imports be reversed, however, the profitability
of small farms may be lost and the land tenure situation may
change drastically. Land inequities in Africa, mainly in eastern
and southern Africa, are largely holdovers from colonial days;
some of the best land is still owned and farmed by descendants of
European colonials.

Technological progress in farming can also work against
equity, hurting the farmers who are less able to adopt innova-
tions rapidly (often the smaller family farms), while favoring
nonfarm consumers. For example, the introduction of modern high
yielding varieties (HYVs) into agricultural systems in less
developed countries has putatively exacerbated inequity (Dahlberg
1979). Since the Green Revolution was launched, critics have
argued that HYVs can only be exploited by comparatively wealthy
landowners who can afford the irrigation systems, fertilizers and
pesticides required by the HYVs. This advantage would be rein-
forced as large farmers bought out smaller ones until their
holdings were large enough to replace labor with machinery --
which would further enhance their advantage. This substitution,
in concert with a growing class of landless laborers, would
reduce agricultural wages (e.g., Wharton, 196%; Johnston and



Cownie, 1969; Falcon, 1970; Cleaver, 1972; Shiva, 1991; Bray,
1994) .

Hayami and Ruttan (1985) claim that these predictions have
not been borne out. They draw a distinction between the effects
on equity of mechanical and biological innovation. The former,
exemplified by giant harvesting machines, favors large enterpris-
es and land over labor. The latter, on the other hand, exempli-
fied by improved seeds or fertilizers, generally favors inten-
sification of land use, benefiting small family operators and
laborers.

Overall, evaluation of the impact of Green Revolution tech-
nologies on equity is confounded by several other factors, not
least of which is rapid population growth which has dramatically
increased the person-land ratio. In the 1960s and 1970s, the
number of laborers engaged in agriculture in south and southeast
Asia rose by 1.0-2.5 percent annually, while the amount of arable
land increased by only about 1 percent, with the incremental land
of lower quality (Hayami and Kikuchi, 1982). It is claimed that
the Green Revolution, by introducing land-saving technologies and
thus partially restoring the balance, actually prevented an even
greater trend toward inequity (Hayami, 1981; Hayami and Ruttan,
1985). Here we have an example of a possibly very serious
"gsocial trap" (Costanza 1987). Population growth apparently
promotes inequity, while inequity apparently lowers CC (and, as
discussed below, may increase population growth}.

This standard economic analysis is suspect on a number of
counts, however. One 1ig that in making yield comparisons between
traditional and HYV-based systems, only grains are considered and
thus many of the yields from polyculture (e.g., straw, fiber,
pulses, o0il crops) are not included in the comparison (Shiva,
1991). This is particularly shocking when, as in India, the
entire system has operated against the production of pulses,
thereby denying many of the poor a critical protein component of
their diets (Madhav Gadgil, pers. comm.; Shiva, 1991).

Second, government policies can greatly influence the impact
of Green Revolution technologies on equity. In India the govern-
ment has chosen to subsidize inputs in restricted areas where
large surpluses could be generated (Madhav Gadgil, pers. comm.;
Shiva, 1991). Third, a vast array of environmental problems have
been created by the Green Revolution {e.g., Ehrlich and Ehrlich,
1970; Shiva 1991} that call into question its sustainability.
Although the primary goal of a rapid increase in grain production
in poor countries was ¢learly achieved, the long-term costs may
prove in excess of any benefits. Whether there was a viable
alternative remains unclear.

In sum, what can be concluded about equity, sustainability,
and CC in this complex area? Substantial evidence supports the
notion that large-scale industrial farming favors unsustainable



resource management that will reduce biophysical CC through the
exhaustion of soils, depletion of irreplaceable fossil groundwa-
ter, destruction of biodiversity, and disruption of socioeconomic
systems that provide food security and political stability (e.g.,
Ehrlich et al., 1993; Shiva, 1991). Greater equity in land
distribution and rewards among those laboring in agriculture
(with an increase in those so engaged, at least in rich coun-
tries) would likely increase social CC and maintain the underpin-
nings of biophysical CC.

Equity between Regions or Groups and Food Production

One of the outstanding, pervasive inequities between groups
is that between urban and rural populations. It traces back
clearly in many LDCs to colonial policies, but one could find
much deeper roots in the history of agriculture as a way of life.
Agricultural societies have classically destroyed gatherer-hunter
societies. A Buropean agricultural civilization displaced Native
American gatherer-hunters over all of North America; similarly in
this century, nomadic Afars were pushed out of their traditional
pastureland in the Awash Valley of Ethiopia by the development of
commercial agriculture, financed by corporations in rich nations.
The result was decimation of cattle herds and starvation among
Afars {(Koehn 1982). Similar cases can be found in virtually
every part of the world.

One ccould argue that the elimination of gatherer-hunter
cultures is more than compensated for by the increase in biophys-
ical CC accompanying the expansion of modern agriculture. This
has allowed more people to live simultaneously at what is often
judged to be a higher standard of living. Such a view raises
considerable scientific doubt (e.g. Diamond 1992} and moral
objections (Ehrlich 1980), which we lack the space to discuss
here.

Rather, we attempt to characterize in broad terms the impact
of rural-urban inequity on agricultural production. We start
with the observation that the economic incentives provided to
farmers rarely reflect local need for agricultural products, but
are shaped instead largely by external forces (as they should be
if farmers and urban dwellers are each to operate at their com-
parative advantage). Domestically, these include economic demand
for imported goods, political considerations and, in Asian rice
economies, self-sufficiency in rice (R. Naylor, pers. comm,) ;
international forces include debt, terms of trade, and the dynam-
ics of world commodities pricing, among others. We consider the
consequences of inequity in the context of each of these sequen-
tially in this section and the next.

ODC models of industrialization, after which most LDCs
fashioned their economic and political objectives, regquired a
vast expansion of economic resources available to the state. The
only economic sector large enough to finance the expansion was



agriculture, which soon came to be managed to maximize short-term
state revenue earning potential. Funds squeezed from the agri-
cultural sector were and still are invested largely in other
sectors, leaving desperate and growing needs unattended in the
designated engine of development (Glantz 1987). This bias
against agriculture has resulted in lower rates of return to
investment in other economic sectors in poor nations where agri-
culture is so important. In a survey of ca. 1650 public-sector
investment projects, the rate of return to investment averaged
11.5 percent in nations with a strong bias against agriculture
and 18 percent where the bias was moderate or low. Rates of
return on private-sector projects in these two classes of nations
were 13 and 16 percent, respectively (reported in Dasgupta 1993,
pp. 272-273).

Implementation and continuation of policies that are plainly
detrimental not only to agriculture but to the entire economy are
motivated by a set of imperatives common to most developing
regions. These include: (i) rapid and massive expansion of
public services; (ii) promotion of the industrial sector; and
(iii) responsiveness to powerful and potentially wvolatile urban
interest groups (Lofchie 1987}. Thus, earnings from agriculture
have been expended on health, education, infrastructure, and
employment, often through the creation of unwieldy government
bureaucracies. They have also been used for capital investment
(particularly for imports}) in the establishment of urban manufac-
turing and other industrial enterprises. Scarce agricultural
earnings have all too often also been pumped into military insti-
tutions and other "public goods" which benefit a small fraction
of the population.

Yet it seems that political survival, more than any other
factor, has driven adverse governmental intervention in agricul-
ture. 1In LDCs, farmers are heavily taxed, directly and indirect-
ly. Food prices are fixed at artificially low levels to subsid-
ize the cost of urban labor and living {Baker 1987; Schiff and
Valdez 1992). This has induced and exacerbated migration to the
cities (Naylor and Falcon, forthcoming), thereby increasing the
threat of political unrest among the urban poor, further necessi-
tating artificially cheap food. Basically, urban political
leaders, industrialists, and workers all have an interest in
keeping food prices as low as possible. As nicely summarized by
Lofchie (1987), "Thus, suppression of the agricultural sector is
a policy that unites the total ensemble of urban interests."

Meanwhile, the prospects for transforming LDC agriculture
into a sustainable enterprise, or for achieving needed increases
in yields and overall production, remain dim in the absence of
credit, financial incentives to producers, farm inputs, adequate
storage facilities, locally based agricultural research, farm-to-
market roads, and other rural infrastructure. This neglect of
the agricultural sector, and badly implemented policies when the
sector is not so neglected (Madhav Gadgil, pers. comm.; Sriniva-



