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IT IS WITH SADNESS that we in-
form you of the passing of our col-
league and friend, William G.
McGinnies. McGinnies, founding
director of the Office of Arid Lands
Studies, will long be remembered for

his contributions to our understand-
ing of the deserts of the world and for

his warmth, encouragement, and the
exemplary standards he set.

An alumnus of the University of
Arizona, McGinnies returned to the
University later in life to serve the
institution in such a unique way that

in certain specialized
fields can be traced to his contribu-
tions and stature in the world far be-
yond the University campus.

McGinnies received his B.S. from the University of Arizona

and his Ph.D. from the University of Chicago. He returned to

the University of Arizona as Professor of Botany and Range
Ecology from 1926-1935; from 1935-1938 he was with the Soil

Conservation Service on the Navajo Indian Reservation; from

1938-1941, he was in charge of range research at the U.S. Forest

Service Experiment Station in Tucson; from 1942-1944 he
world at the Guayule Rubber Project in California; from
1944-1960 he was Director of the U.S. Forest Service Experi-

ment Stations in Ft. Collins, Colorado, and Columbus, Ohio.
After this long and honorable career with the U.S. Forest

Service, McGinnies came hack to the University in 1960 to
direct the University's Laboratory of Tree-Ring Research, a
very logical sequence of events leading from his knowledge of

the tree itself to an interpretation of the data it provides in its

life history that helps us understand the past in terms of climatic

cycles and environmental changes. From here he was called in

1964 to direct the then newly established Office of Arid Lands

Studies where he remained until 1972 when he "retired" as

IN MEMORIAM
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lems.

Director Emeritus, He maintained an

avid interest in studying the deserts of

the world and continued to research
and publish. Due to McGinnies' ini
tiative, an international conference
on arid lands was held in Tucson in
1985, attracting more than 400 par-
ticipants from over 35 countries.

An authority on the ecology and
distribution of desert plants,
McGinnies was instrumental in pre-
serving Tumamoc Hill, an archaeo-
logical site and natural desert labora-

tory on Tucson's west side. The
Carnegie Desert Botanical Laboratory

operated from 1902-1940 and was the

first research institution in the world
to be devoted entirely to desert prob-

McGinnies helped ensure that the hill was designated a
National Historic Monument and National Environmental
Study Area.

Most notable among his many publications are Deserts of the

World and Discovering the Desert, from which this quote is
taken:

The enigma of the desert is its life. Our notions of living
things, their form, how they function, and their relations to
each other, were long formulated from experience and obser-

vation in temperate or tropical regions. The contrasts the
early scientists first encountered on the desert seemed star-

tling and harsh. The true depth of these contrasts and their

objective significance reveal themselves only gradually
through intimate living in the environment.

If anyone knew the desert intimately, it was Bill McGinnies,:,,,

Those of us who shared this habitat with him will greatly miss

him. The desert has lost a true friend.

Contributions may be made to the William G. McGinnies Scholarship Fund. Please make checks payable to the University of Arizona
Foundation, and return to: W .G McGinnies Scholarship Fund, Office of Arid Lands Studies, The University of Arizona, 845 North Park
Avenue, Tucson, Arizona 85719.
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Opposite: With the loss of ivory and gold as
forms of investment in Africa, the only
remaining long -term investment is cattle. To
sustain the region economically and to
reduce overstocking, other forms of
investment will be necessary.

Natural Resources Management
and Human Welfare

Peter Warshall

Natural resources are usually defined as those usable parts of the
environment that can be renewed. Air, water, soil, solar energy,
plants, and animals are commonly considered the basic natural

resources. Minerals and petroleum are the nonrenewable resources. But,
this definition is too limited. Fossil groundwater can be mined and, once
mined, is nonrenewable. Plant and animal genetic resources (cultivars or
species) can become extinct. Many soils require geological time spans to
recover from degradation. Even the atmosphere's ozone hole may take
generations to heal.

Natural resources provide both goods and services to humankind.
Obvious goods include food and clothing, crops, fuel wood, and fish and
animal protein. Obvious services include diluting polluted air and water,
filtering and chemically transforming harmful residuals, manufacturing
nutrients (i.e., photosynthesis), and conditioning microclimates. When
the management of these natural resources begins to backfire, when the
management damages the productivity of goods or efficiency and abilities
of nature to perform useful services, then resource exploitation needs
reevaluation. The management system needs to be overhauled so that the
economics make more common sense. We do not want to destroy the
sustainable services Nature provides.

In the past decade, ecologists, economists and anthropologists have
searched for ways to provide sustainable use of renewable natural resources.
The attempts thus far are embryological with few long -term successes -
many projects have shot themselves in the foot. The process has pitted
many development banks and organizations (World Bank, Japan, United
Nations Development Program) against a growing environmental move-
ment that can be traced to the Bruntland Report on sustainable develop-
ment, which was published by the Swedish government . For instance, the
U.S. Agency for International Development (USAID), following new
Congressional laws, stopped building large dams and became involved in
the environmental and socioeconomic assessment of these dams, including
provision of funds for resettling those displaced by the dams. The Interna-
tional Union for Conservation of Nature and Natural Resources (IUCN)
has pioneered "conflict resolution" or "consensus building" in Mali, where
the major obstacle to good resource management was a series of ill -defined,
overlapping, and unenforceable rules about fishing, grazing, and tree
cutting. In both cases, the emphasis has changed from large -scale technical
fixes to a deeper understanding of people's needs and concerns.

The complexity of natural resources management (NRM) can be seen
in Figure 1, a chart by John Wiens (1984) for any species of animal,
including humans. The abundance of resources forms the foundation of the
welfare of human communities. If resources are not abundant, they must be
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Figure 1. Components of "resource systems. "Front.: Wiens, J. 1984. Resource Systems,
Populations, and Communities. Pages 397 -436 itt P.W. Price, C. N Slobodcbikoff
and W. S. Gaud, eds., A New Ecology: Novel Approaches to Interactive Systems. New
York: John Wiley & Sons. 515 pp.

imported and traded or sold for some locally abundant resource ( including
skilled labor). In arid regions, soil is usually the abundant resource. But, its
availability is erratic because of low and unpredictable rainfalls. Weather is
the predominant "translator" of potential soil wealth into productive
pasture, croplands, fisheries, and forests. During the 16 -year drought in the
Sahel, there was little that could be done along the Sahel /Sahara borderline
to maintain soil, plant, and livestock productivity. In this case, the manage-

ment of human resources required management of migration, unemploy-

ment, imported food supplies, food storage, and disease epidemics from
crowding into the remaining drought fallback "sanctuaries." This kind of
management has been successful in the arid lands of India, but is new to the

Sahelian region of Africa.
Resource use is perhaps the most crucial issue in arid lands. In North

Africa, every tree near certain oases has been dedicated to particular clans
for sole -use rights. Use by other clans can be punished by death. In the arid
Southwest of the United States, conflict over water rights has caused armed
standoffs between states and 80 years of litigation. The resource use question
encompasses resource access, use, and security. In West Africa, the rapid
change of governing structures has confused access, use, and security rules.
In Mali, for instance, traditional rules for resource management were
replaced by the Songhay and Fulani city -states which were, in turn, replaced
by the French colonial which were replaced by new nation -state rules. To
create sustainable forests, citizens must first be assured that the tree they
plant will be their children's to harvest. Just as in industrialized societies,
citizens of developing nations need to be assured that their bank deposit is

safe. Eric Arnould's article (pg. 7) elaborates on this theme.
Resource allocation defines how the resource, once acquired, is used. Is

it used for trade or export? Is it used to feed the household? The classic
example in the Sahel is seeds. For the first few years of drought, farmers



maintained part of their crop for next year's seed. As the drought persisted,
families were forced to eat their seed crops. This signaled the true beginning
of famine. Resource allocation is intimately associated with individual
performance. For instance, health workers noted that women in villages
near the inner delta of the Niger River "starved" their babies during
pregnancy to keep birth weight low and increase the chances of survival of
both baby and mother. Immediately after the birth of their children,
mothers switched to a high protein diet and their infants returned to normal
weight within weeks. Health workers had misinterpreted mother's diets and
had reported (before more careful investigation) that pregnant mothers
were suffering from lack of abundant or available natural resources (e.g.,
gathered food).

In summary, this more detailed understanding of natural resources
management makes the connection between soil /water /plants and human
welfare explicit and works toward integrated, not piecemeal, planning.
Providing "fit" human beings that can participate in community life as well
as a natural environment that can sustain community life is the ideal goal
of conservation with development.

This issue of the Arid Lands Newsletter is a collection of short pieces on
various aspects of natural resources management. Tim Frankenberger and
Daniel Goldstein's "Food Security, Coping Strategies, and Environmental
Degradation" (pg. 21) provides an essential description of the new percep-
tions of field workers of NRM and human welfare. It carefully describes how
humans deal with deteriorating food resources, and finally, out of hopeless-
ness and lack of alternatives, ransack the land.

N.G. Kharin, G.A. Alferov, and N.S. Orlovsky's article (pg. 30)
presents an account of the continued attempts of remote sensing to define
resource abundance by aerial and satellite imagery in arid lands. The goal
of defining abundance is to express a particular year's potential biomass and
to correlate the biomass to some hydrological index.

Following a plan developed by the California Department of Water
Resources, arid lands remote sensing must try to define "resource abun-
dance" by water type years. These scenarios include very wet, wet, normal,
dry, very dry, and consecutive dry years as defined by the number of standard
deviations and confidence limits of the standard deviation. Remote sensing
must be accompanied by ground surveys to help us understand the avail-
ability, use, allocation, or famine potential (individual health). Only if
ground -truthing can confirm satellite interpretation will an early warning
system for natural and human resources management emerge. As pointed
out in the article by Kharin, Alferov, and Orlovsky, on- ground desertifi-
cation data does not exist in Mali and correlations between remote sensing
and ground -truthing have yet to be confirmed. The recent aerial surveys in
Senegal as described in Le Houérou's The Grazing Land Ecosystems of the
African Sahel offer hope.

Joe Tabor's article (pg. 28) focuses on the relationship of resource
availability and resource use of soils. I remember when I visited the South
Chad Irrigation Project (SCIP) on a UNEP project on environmental
degradation. SCIP land had been divided up equally among farmers. They
did not, in all cases, consider that the soils (though classified identically by

Natural resources

management

cannot be unraveled

from human welfare.
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western methods) actually had different potentials. Although all
allotments were the same size and, by the consultants' point of view,
contained the same soils, farmers disagreed. Some farmers received
soils that only produced in wet years and failed in dry years. Others
had soils that produced well in dry years, but poorly in wet years.
Tabor points out the importance of local classification of soils, to
supplement the French, USDA, or FAO systems. As noted, this
social understanding is essential to the "new" attitudes of NRM.
Not only the local people, but also the consultants must understand
the change.

The Soviet Union has just had a great revival of environmental
concern. V.M. Neronov and V.V. Bobrov's article (pg. 15) refers to
the preservation of genetic resources (biological diversity), espe-
cially rare desert mammals. The article concentrates on the necessary
first stage in all wildlife resource projects-restoration of abundance.
The recovery of many of these mammals is not only of interest to
science-the future Soviet tourist industry (a nonconsumptive
resource use with a high rate of return for investment) will obviously
profit if people can see onangers, argalis, Kazakh wild sheep, or even
the Asian leopard.

Recovery of abundance focuses on the "translators" shown in
Figure 1, which are more commonly known as "threats" to a species
existence. The translators include expanding irrigation projects,
poaching, food chain accumulation of chemicals, river pollution,
drainage of floodplains, overgrazing, trapping, and extreme cli-
matic events. The lessons of Africa are relevant here. First, there is
a need to integrate local hunters and farmers into the conservation
effort. Without local agreement, no enforcement is possible. Sec-
ond, there is a need to define a series of zones with local agreement.
These include total preservation zones, safe-passage corridors be-
tween zones, and buffer zones around the preservation areas in
which some human uses are allowed. In arid lands, large acreages
may be required for preservation, safe-passage, and buffer zone
protection. Third, there is a need to find benefits (besides the
simple existence value) for local peoples. It is hoped that the
surveys to more closely define the habitats requiring protection will
occur soon.

In short, NRM cannot be unraveled from human welfare. Only
honest and careful consideration of the impacts of each develop-
ment project will provide for long-term sustained use of renewable
resources. More than ever, NRM cannot afford to ignore the values
and knowledge of people affected by projects that alter the abun-
dance, availability or use of water, soils, flora, and fauna. Without
their participation, long-term management has little meaning.

Peter Warshall is a research scientist at the Office of Arid Lands Studies and a
private consultant in natural history and natural resources management.



Barriers to Sustained Development:
Embedded Institutions and Arid Resource Management

Eric J. Arnould

The primary barriers to sustain-
able management of arid
Africa's resources are conflict-

ing priorities among nested or embedded
institutions. Local, ethnic, regional,
national and international institutions
may be implicated in particular cases.
Both applied research and institutional
innovations are required to alleviate
these obstacles to improving resource
management in arid Africa.

Resource Degradation
Regional Endogenous Factors: Envi-
ronmental Change. Arid environments
in Africa degrade under two conditions.
The first is when the range of fluctua-
tions in climatic variables deviates
markedly and consistently from long-
term patterns of fluctuations. Thus, dry
years become very dry, wet years, very
wet, etc. These oscillations are a continuous feature of
Sahelian history to which human ecosystems have adapted
through a number of coping mechanisms. The second
condition is medium -term continual deterioration of key
environmental variables, especially rainfall. Since 1969 both
conditions have prevailed in Sahelian Africa.

Causes: Regional Exogenous Factors. There are two
sets of exogenous factors that exacerbate the effects of
environmental degradation on human ecosystems in arid
Africa and dilute the efficacy of long- established coping
mechanisms in human ecosystems. They are human popula-
tion growth and so- called economic modernization.

Population growth is both cause and consequence of
environmental degradation in the Sahel. Peace and modern
medicine have marginally decreased morbidity and mortality
leading to very high rates of population growth. However,
the absence of comprehensive social security systems and
economic stagnation force people to adopt "extending
strategies" (Reyna, 1976), that is, pro -natal behaviors to
increase household labor in order to wring a living from land
that has become decreasingly productive through overuse.
Ironically, where civil strife has broken out, in part provoked
by resource competition and population growth, emergency
foraging strategies have wreaked havoc on natural ecosys-
tems.

A locally created aquaculture project in Niger sponsored by the Projet d'Appui au
Developpement Agricole du Departement de Diffa Niger (PADDAD). PADDAD funds
decentralized, small -scale projects using local technology.

Economic modernization. Dependent development
undermines the Sahel's brittle, if resilient, ecosystems
(Franke and Chasin, 1980; Franke, 1982, 1984; Horowitz,
1987; Reyna, 1987). Several effects of development on West
African ecologies have been documented. First and foremost
is the expansion of cash crop agriculture using extensive
methods that mine the productive base of the agricultural
`economy. This process pertains equally in the Senegambian
peanut basin as in the region cotoniere (cotton region) of
Mali. Further effects include: deintensification of self -
sustaining cultivation systems with the expansion of cash
crop production (Pélissier, 1966; Lericollais, 1970; Riddell
and Campbell, 1986); imposition of ecologically unsound
farming practices, such as shallow plowing on lateritic soils
(Reiz, 1983; Ithaca International, 1983); replacement of
robust multiple land races of swamp and tidal rice with more
homogenous, more vulnerable, "Green Revolution" types
(Richards, 1985); decoupling of complimentary systems of
production, notably agro- sylvo- pastoral (Lericollais, 1970;
Franke and Chasin, 1980); creation of dependencies on
foreign input suppliers (Franke and Chasin, 1980; Koenig,
1986; Waldstein, 1986); land concentration and economic
stratification (Reyna, 1987; Goldring, 1987; Park, 1988;
Watts, 1983); breakdown of inter -ethnic and inter- commu-
nity land -use arrangements (Thompson, 1977); mismanage-

Q
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The photographs on these pages illustrate natural dune stabilization in Maine -Soma, Niger, using
available local resources. (Above) Gathered seeds of an otherwise useless weed were strewn over
this dune -the resulting growth has stabilized it.

ment of the Sahelian forests (Hermaans, 1986; Christo -
phersen, 1988). Most of the Sahel has, however, been spared
the potentially destructive effects of small- holder resettle-
ment associated with large -scale irrigation development
(Cohen, 1986; Collins, 1986a, 1986b; Horowitz and Saleem-
Murdock, 1989; Kindler, et al., 1990).

Embedded Institutions and Resource
Degradation
Influencing the maintenance, rehabilitation, restorations or
destruction and degradation of renewable resources within
this context are all sorts of nested, or embedded, social and
political forces, presidential edicts, national policies, interna-
tional agreements, regional conventions, relief programs,
governmental agents and religious leadership, to say nothing
of old ethnic specializations in resource use. Some policies
and activities act as incentives to protect and maintain
resources; others act as disincentives which deter, dissuade or
frighten citizens from degrading resources; or, intentionally
or not, as perverse incentives that encourage destruction of
natural resources (Kindler, et al., 1990). The latter appear to
be the most common.

A most recent round of policies designed to promote
economic modernization is the Structural Adjustment
Program (SAP) imposed on many African governments by
the World Bank and other foreign lending institutions.
SAPs represent perverse incentives at an international level.
These policies are supposed to put national economies in
order so that they can achieve long -term development, but
the process is proving slow and painful. Rural resource

managers are among those most affected by economic
reforms. Five major components of SAPS are changing their
lives: ending subsidies, devaluation, increasing exports,
privatization, and cutting budget deficits. The withdrawal of
subsidies has led to increases in farm -gate prices at harvest,
but also to increases in food prices during the "hungry
season" and price increases on inputs with the result that
extractive farming practices continue, often on marginal
lands. Currency devaluation has made exports more attrac-
tive on the world market, but has encouraged an increase in
output from all growers with the result that prices stagnate
and acreage is increased, especially by large producers who
realize economies of scale in production. Prices for bulk
commodities continue to fluctuate downward. Devaluation
also results in increases in imported goods and a jump in
inflation when the buying power of local currencies falls.
This again puts the course of resource -conserving inputs out
of the reach of the majority of small holders.

SAPS encourage exports. But it is difficult to increase
the efficient production of export crops in economies with
poor infrastructure, often landlocked, and where pricing
policies encourage output while impeding the purchase of
vital imported inputs. Privatization in Africa means with-
drawal of the state from the marketing and distribution
sectors of the economy. But through lack of experience and
incentives the private sector is slow to enter into the picture,
thus credit, fertilizer, equipment, and transport remain
scarce. Budget cuts hurt rural development agencies espe-
cially, resulting in layoffs of extension staff -the staff most
necessary to help local institutions develop and to deliver
effective resource -conserving advice to rural resource
managers (Araka, et al., 1990). Thus, SAPs, like the "Green



Old palm fronds are used to create microhabitats for seedlings, which will provide dune stabilization.

Revolution" and other policies that have gone before -
which are based on temperate -zone models of ecology,
economy, and society -tend paradoxically to exacerbate the
detrimental effects of environmental deterioration and
population growth on arid ecosystems in Africa.

Two examples of presidential edicts illustrate the
complexities of perverse incentives at the national level.
Early in his regime, President Kountche of Niger promul-
gated a pro -production edict stating that land belonged to
the person who cultivated it. In cases of tenure disputes, the
person cultivating should have precedence over the nominal
owner. Designed to inhibit land accumulation by speculators,
the policy had the effect of undermining traditional systems
of long fallowing that restored natural fertility to the soils.
Fearful of losing their land, farmers started cultivating it
every year whether they should or could successfully do so.
This practice interrupted the natural cycle of soil renewal
and led to increased wind and water erosion.

A similar case comes from Mali. President Traore
became justifiably incensed by uncontrolled bush fires set by
hunters and poachers in the arid western region of Kayes.
He pronounced a global ban on bush fires. However, in the
Sudanic south of the country, early burning is employed by
farmers in an environmentally sound way. Early burning
destroys crop pests and other insect parasites; it releases
nutrients into the soil; it stimulates late growth of nutritious
perennial grasses; and, it clears undergrowth that can fuel
more destructive late dry- season fires. Enforcement of the
president's ban deprived farmers of the useful effects of early
burning and led to an increase in environmentally destruc-
tive forest fires.

Systems of legislation and governance in arid Africa

have developed that provide structural disincentives at the
regional level and keep people from using their time -and-
place- specific expertise to manage local renewable resources
for sustained use (Thompson, 1990). Responsibility for
resource management has been enshrined in the state. In
practice, management authority is often partitioned between
different institutional players, for example, separate minis-
tries of agriculture, livestock, hydrology, tourism and forestry.
Lateral flows of information and cooperation are notoriously
weak between these institutional actors. Further, control

.
Population is both cause and

consequence of environmental

degradation in the Sahel.

over resources is centralized at the national and regional
levels. In spite of recent populist language, land- reform
efforts typically reinforce the power of regional administra-
tors or powerful economic interests (Francis, 1984). Local
management initiatives cannot be approved locally, but must
be passed up through hierarchical systems to higher -level
jurisdictions. At each level, they must compete for attention
with other business. At each level, new interests may
intervene to influence decisions (Thompson, 1977). The
result is high transaction costs.

Too frequently such costs dissuade rural resource users
from experimenting with, and adopting, new techniques,

9
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institutional arrangements, extension systems, financing
plans, and the like to improve resource management. For
example, it took the nongovernmental organization (NGO)
CARE ten years to obtain approval of a management plan for
windbreaks planted in Niger's Maggia Valley region; it took
the International Union for Conservation of Nature and

Under modern conditions,
ethnic heterogeneity leads to

resource-use conflicts

Natural Resources (IUCN) five years to negotiate a manage-
ment plan among competing resource users for a portion of
Mali's inner delta region, a plan that was at least temporarily
blocked by regional administrators over jurisdictional issues
(Warshall, 1989); it took the Forestry and Land Use Project
over five years to negotiate local management plans for the
degraded Guesselbodi forest between villagers and the
Nigerian national forest service (Hermaans, 1986). These
delays contributed to ill-will between farmers and forest
services and contributed to a climate of uncertainty for
resource managers over rights to resources.

Traditional ethnic distinctions were means of organizing
varying resource-use strategies and mechanisms for coping
with environmental stress. Population growth and movement

coupled with state-controlled economic development have
reduced the resource management authority of older systems
of ethnic, village, and household groups. Climatic deteriora-
tion has increased resource competition both between and
among pastoral and agricultural ethnic groups throughout
arid Africa. Under modern conditions, ethnic heterogeneity
leads to resource-use conflicts as for example between
pastoralists in the Kanem, northwest Chad, and between
pastoralists and agriculturalists around Lake Fitri or in the
Chari-Baguirmi regions of Chad. New associations and
cooperatives have sprung up all over arid Africa. But their
methods are for the most part untried, their workers insuffi-
ciently trained, and they are undercapitalized or disempow-
ered by state bureaucracies to engage in natural resource
management work unaided. A number of associations in
Senegal provide dramatic exceptions, however (Thompson,
et al., 1988; Shaikh, et al., 1989).

Consequences. There are two consequences of the
interplay of all these factors-one more nearly natural, the
other more properly economic and social. The first is the
reduction in numbers of distinct econiches and the biotic
simplification of habitats, which crowds more resource users
into narrower, shallower niches. The second, a consequence
of disempowerment, is captured in the "tragedy of the
commons" notion (Hardin, 1968), that is, abusive, extractive
resource mining that further reduces the carrying capacity of
ecosystems and threatens their ability to recover.

Solutions. If sustained use of natural ecosystems, a
reduction of population pressure, and an increase in carrying
capacity, are desirable descriptors of what arid Africa should
be like, the question is how can this goal be attained?

Around the Lake Chad Basin in Maiduguri, Nigeria, unplanned cutting serving the urban market is resulting in
deforestation.



Researchers affiliated with the Office of Arid Lands Studies,
The University of Arizona, have been engaged in an explora-
tion of this problem for the past several years through a
number of USAID and UN contracts.

Their work shows that technical solutions to the
problems of natural resource management abound, a conclu-
sion that comes as no surprise to many in arid lands research.
These technical successes have been documented in a
growing number of publications (Shaikh, et al., 1989;
Rochette, 1989; Thompson, et al., 1988). In fact, it appears
that given the successful adaptations of native flora and
fauna to prevailing environmental conditions, particularly
insolation and rainfall, a wide variety of relatively simple
measures produce dramatic positive ecosystemic results such
as reducing wind velocity, increasing water infiltration, and
restoring organic content to the soil.

Recognizing that neither technical nor biological
obstacles to sustained resource use are insurmountable
refocuses attention on the institutional factors which are, in
fact, the major constraints to improvements in ecosystems in
arid Africa. The remainder of this article briefly discusses
solutions to these issues.

The institutional reforms necessary for the implementa-
tion of sustained resource renewing and sustaining practices
in arid Africa include seven components. These are not
utopian proposals, rather a distillation of measures imple-
mented piecemeal and locally, often through the interces-
sion of inter -governmental organizations (IGOs), NGOs,
and bilateral aid projects.

1. Security of resource tenure. Security of resource tenure
encourages investment in and husbandry of resources.
Implementation of this component of institutional reform
includes both legislation and reform of conflict resolution
and policing systems since preexisting ethnic groups and elite
socioeconomic strata exert conflicting claims to resources.
This is true of absentee owners of trees in Chad's northern
wadis and of pastures in Mali's inner delta.

2. Extension of appropriate technologies. Appropriate and
improved means that these techniques and technologies do
not subject participants to higher levels of risk than they
experience using traditional technologies; that they are
locally manageable; that they reflect the ecology and
physiology of indigenous flora and fauna; that they do not
create bottlenecks in labor scheduling; and do not disenfran-
chise current resource users.

3. Provision of credit. A well -functioning rural credit
system is necessary to allow for reinvestment in resources by
resource managers who have frequently lost resource equity
through resource deterioration, taxation, or past mismanage-
ment, and to allow for commercial crop producers to realize
the income, consumption, and reinvestment benefits of such
specialization.

4. Sustained extension programs. Sustained (that is,
financially robust) extension programs that retain trained
development personnel in rural areas and that foster two -way
communication between farmers, researchers and poli-
cymakers are a critical element of success. Extension workers
often must work as conflict resolution specialists in addition

to their work as technicians. Both roles are critical to
implementation of new resource management agreements.

5. Reinforced systems of local food security. The primary
goal of rural African householders is sustaining food security.
Pursuit of this goal under crisis conditions is one of the
principle proximate causes of resource mining (see
Frankenberger and Goldstein, pg. 21). Techniques for
creating food security include food crop diversification and
creation of cooperative grain banks that enable producers to
protect themselves from distortions and inefficiencies in
national market systems ( Frankenberger, 1990).

6. Support of rural institutions. Decentralization of
responsibility for resource management coupled with
cooperative management programs between local groups and

Recognizing that neither technical

nor biological obstacles to sustained

resource use are insurmountable

refocuses attention

on institutional factors . . .

the state is a prerequisite of sustainable resource manage-
ment. Rural institutions and local NGOs that organize to
improve their welfare need technical, extension, and
financial support during the fragile early stages of develop-
ment. Where these institutions have been able to weather
early organizational difficulties they prove to be robust
defenders of their resource patrimony.

Implementation of these institutional innovations is
problematic because of the conflict of interests between
institutional players. For example, the recent round of
droughts has transferred ownership over significant elements
of national livestock herds from pastoralists to elites. Tradi-
tional herders have often become employees of elite owners.
These commercial herders, often with ties to public authori-
ties, tend to subordinate resource conservation to personal
economic goals with deleterious impacts on the environ-
ment, especially around major urban centers. Who is in a
position to influence such figures? Even where such problems
can be overcome, common property management is difficult
as conflicts between users on multi -use public lands in the
United States and pelagic resources worldwide demonstrate
what is true in developed contexts. Nonetheless, it is by
focusing attention upon the embedded, overlapping institu-
tional claims to, and conflicts over, resources that progress
toward renewal and sustainable management of arid Africa's
natural resources can be expected.

Two types of applied social research may be recom-
mended to remove obstacles to sustained management of arid
Africa's resources. First, institutional analysis that focuses on
rules governing rights, liberties, duties and risks, and the
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determining powers of officials, entrepreneurs, and other
authorities, is likely to get at the sets of incentives and
disincentives that encourage rural producers, officials, and
technicians to support or impede improved natural resources
management (Thompson, et al., 1988). Second, analyses of
local decision -making processes through collaborative
research are needed to identify conditions favoring innova-
tion in resource management (Richards, 1985; Netting,
Stone, and Stone, 1989).

Application of the six resource management reforms
cannot influence the behavior of environmental variables.
Nor can these reforms directly redress the effects on resources
of population growth, entrenchment of divergent institu-
tional interests, and the effects of prior modernization
policies. However, if applied and replicated successfully, they
can improve local resource management and human welfare.
If broadly applied, these reforms might well address the root
causes of uncontrolled population growth, conflicts over
resources, and the anthropogenic causes of environmental
degradation in arid Africa.

aa.

Ed. Note: The following sources are recommended reading
for those interested in natural resources management in West
Africa.
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Zoogeographic zonation of the Tu ran Subregion (after Bobrov and iVeronov, 1988), and the distribution of reserves.

Zoogeographic units
A) Northern desert supraprovince: 1,) North- Pre -Caspian, A2) Ustyurt Aral, A3) Betpak -dala, and A4) Pre -Balkhash provinces;
B) Karakum-Kvzylkum supraprovince; C) Badkhyz - Karabil supraprovince.

Reserves
Russian Soviet Federated SR: 1) Astrakhansky (62,423 ha); Kazakh SSR: 2) Usty u tsky (223, 000 ha). 3) Barsakelmessky (18,300 ha),
4) Alma - Atinsky (73,342 ha); Turkmen SSR: 5) Krasnovodskv (262,037 ha), 6) Kaplankyrsky (570,000 ha), 7) Syunt- Khasardagsky
(29,700 ha), 8) Badkhyzsky (87,680 ha), 9) Repeteksky (34,600 ha), 10) Amudaryinsky (50,000 ha); Uzbek SSR: 11) Badai -Tugai
(5,929 ha), 12) Kyzylkumsky (3,985 ha), 13) Aral -Paigambar (3,094 ha); Tajik SSR: 14) Tigrovaya Balka (47 409 ha).

ra.

Even minor modifications of the ecosystem

by human activities can bring about rapid

degradation of areas . . .



Conservation of Rare Mammals in the Deserts of the USSR

V.M. Neronov and V.V. Bobrov

T
he importance of conserving and rationally
managing the natural resources of arid lands has
drawn the attention of people around the world.
Numerous plant and animal species endemic to

deserts are on the verge of total extinction. This problem can
be solved only if a ramified network of protected areas is
established. In addition to protecting rare species, these areas
should be used to monitor ecological processes of arid zones.
An optimal coverage of conservation areas is a prerequisite
to their successful functioning.

Deserts of Middle Asia and Kazakhstan
The total area of deserts in the USSR is over 210 million
hectares (Babaev and Freikin, 1977). The majority are
situated in Middle Asia and Kazakhstan, occupying the
Turan lowland. The physiographic features of USSR deserts
have been described in detail in the literature (Alpatyev, et
al., 1976; Babaev and Freikin, 1977; Babaev, et al., 1986; and
many others), so we will only briefly describe their main
features. The Middle Asian and Kazakhstan deserts are
bounded on the north by the Mugojar Mountains and
Kazakh hillocky area, on the east by the mountains of the
Jungarian Alatau, Tyan-Shan, and Pamiro-Alai, on the south
by the Kopetdag and Paropamiz mountains, and on the west
by the Caspian Sea. They are primarily situated between 38°
and 48° N and 51° and 82° E. Within these boundaries there
are deserts that are different geologically and in their
landscape features: Karakum, Kyzylkum, Muyunkum,
Saryegik-Atray, Bolshiye and Malye Barsuki, the
Volga-Ural sands, Betpak-dala, Ustyurt, and some
smaller areas. Among the different types of desert are
remnant mountains and ridges: Bolshoi and Malyi
Balkhans, Karatau, and others.

Climate. The climate of the deserts of Middle
Asia and Kazakhstan is characterized by greater
duration of solar light, aridity, and continentality.
This is explained by their geographic position at the
northern borders of the subtropics, far from the
oceans and inside the Eurasian mainland, and also by
the atmospheric circulation promoting predomi-
nantly cloudless weather. The overall solar radiation
reaches 120-160 kcal/cm2/year. The precipitation is
low, about 100 mm/year and in the near-delta areas
of Amudarya and Syrdarya and east of the Caspian
Sea it is still lower, about 75-80 ram. Precipitation is
considerably higher in the piedmont plains, reaching

200-250 mm/year. Annual precipitation is highly irregular.
Most of it falls in spring (up to 70 percent of annual totals),
and the rest in late autumn and winter. There is normally no
precipitation in summer, although in certain years it does
occur as torrential showers. Summer in the desert is hot-in
July the mean annual temperature is 24-32°C, and on some
days it can reach 50°C at midday. Winter is cold. In some
years, the frosts reach -30°C. Most often, however, winters
are mild, with a mean temperature of +1.4°C in Karakum
and -0.4° to +4.1°C in Kyzylkum.

There is an almost entire absence of external drainage
from these deserts. The rivers that begin in the mountains or
the uplands carry water to land-locked bodies of water, never
reaching the ocean. Examples are the Amudarya and
Syrdarya rivers that flow into the Aral Sea, and the Ili and
Karatal rivers that flow into Balkhash Lake. The Murgab,
Tejen, and Zerafshan rivers never reach a body of water
because their water is lost in evaporation.

Soils and Vegetation. The most common deserts in
Middle Asia and Kazakhstan are sand deserts, occupying
large areas in Karakum, Kyzylkum, Muyunkum, lower Volga,
the Urals, and Emba. There are several types of desert soils,
and each supports characteristic plant species. On sandy soil,
the prevailing plant associations are Haloxylon-Carex
physodes and Haloxylon-Calligonum-Carex physodes, frequently
with an admixture of Aristida pennata. In vast areas of
Ustyurt, Mangyshlak, Betpak-dala, and Zaunguz Karakum,
stony and stony-gypsic deserts are distributed. On grey-brown

TT), (Equus lernionus ag(r) is pmtected in the Badkhyzsky
Reseriv.
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desert soils, the primary associations are Artemisia- Anabasis
salsola and Artemisia- Salsola arbuscula. Clay -loess deserts are
common in the piedmont of Kopetdag, Paropamiz, and Tyan-
Shan. Typical soils there are serozems, with ephemeral plants
predominating. Takyrs are widely distributed on ancient
delta and piedmont plains, and they also occur in interridge
depressions; only sagebrush and saltworts grow on these soils.
On the ancient delta plains of Amudarya and Syrdarya, there
are vast massifs of solonchaks. The vegetation is scanty,
mostly saltworts. In river floodplains on meadowish desert
soils develop tugai thickets of Populus diversifolia, Iliagnus
orientalis, Tamarix sp., reeds, and tall herbaceous vegetation.

Wildlife Conservation
The diversity of natural conditions

supports a rich and unique community of
wildlife. The importance of the region
lies not only in its genetic richness but
also in the diverse mechanisms of
adaptation that permit organisms to exist
under its severe conditions: exposure to
high temperatures, deficiencies in
moisture and nutrients, and salination of
the soils and groundwater.

Because of the specificity of these
natural conditions, biotas of some areas
are very sensitive to external factors. Even
minor modifications of the ecosystem
structure by human activities can bring
about the rapid degradation of these areas,
leading to an irreversible loss of biotic
potential. The constantly increasing
anthropogenic pressure and the processes
of desert development and land meliora-
tion have endangered the existence of
many rare species of animals and entire
natural complexes.

Nature Reserves. To help protect
these natural complexes, the deserts of Middle Asia and
Kazakhstan contain 14 nature reserves. But how regularly are
the deserts covered by these reserves? How well do they
reflect the natural diversity of the territory? Numerous
studies have examined the present -day coverage by reserves
of these Turan lowland deserts, the establishment of an
optimal network of protected areas, and systems for ecologi-
cal monitoring (Gunin and Neronov, 1986; Polyanskaya and
Neronov, 1985; Neronov and Bobrov, 1985; and others).

One of the important factors to be considered in the
establishment of a network of reserves is the presence in
protected areas of species listed in the USSR Red Data Book
of rare and endangered animals and plants. Of the 94 species
and subspecies of mammals listed in the second edition
(1984), 27 occur (or used to occur) in this territory. Two of
these species -the Turan tiger (Panthera tigris virgata) and
the cheetah (Acinonyx jubatus) are evidently nonexistent at
the present time in the USSR. Another species, the giant

noctule bat (Nyctalus lasiopterus), has been recorded only
once in Ustyurt and cannot be regarded as a resident of the
deserts of Middle Asia and Kazakhstan. Of the remaining 24
species and subspecies (some brief data on each of them are
given in Appendix 1), 15 have zonal patterns of geographical
distribution in these deserts. Two others are distributed
intrazonally, dwelling along rivers and other bodies of water.
These are the Russian desman (Desmana moschata) and the
Middle Asian otter (Lutra lutra seistanica). The Buchara red
deer (Cervus elaphus bactrianus) also populates intrazonal
habitats, but in spring (the growing season of desert sage-
brush) and in summer (when they are harassed by blood-
sucking insects) the deer graze in the desert plots adjacent to
the Amudarya River valley. Seven other species occupying

In the Repetelesky Biosphere Reserve sand deserts are protected.

nonzonal habitats inhabit remnant mountains and small
ridges of the Malyi and Bolshoi Balkhans. These species are
Tadarida teniotis, Calomyscus haitwardi, Panthera pardus
ciscaucasica, Capra aegagrus turcmenicus, Ovis ammon
cycloceros, O. a. severtzovi, and O. a. collium. Four of the
twenty -four species are endemics of the USSR: Selevinia
betpakdalensis, Salpingotus heptneri, Jaculus turcmenicus, and
Spalax giganteus ( Bobrov and Neronov, 1988). Only in the
Ustyurt -Aral Province are endemic species absent.

Conservation Status of Mammals. Let us now consider
the conservation status of the above -mentioned mammals
(Appendix 2). Of the 24 species and subspecies of the Turan
lowland deserts listed in the USSR Red Data Book, 6 are not
protected in reserves (inside or outside the region). Three of
these are endemics. Three other species only receive protec-
tion outside the region: Vormela peregusna, in the European
part of the USSR, and Capra aegagrus turcmenicus and Ovis
ammon collium, in the mountain reserves of Middle Asia. All



the other species are protected within the territory of Middle
Asian and Kazakhstan deserts. However, the number of
reserves in which a species has protected status varies. For
example, JA,culus turcmenicus is only protected in the
Kaplankyrsky Reserve, whereas the Buchara red deer is
protected in the Tigrovaya Balka, Aral -Paigambar, Badai-
Tugai, and Kyzylkumsky reserves, as well as in the Buchara
goitered gazelle nursery.

Distribution of Reserves. The coverage by reserves of
the described zoogeographical provinces is uneven. Betpak-
dala Province has no reserves. Three provinces have a single
reserve: the North - Pre -Caspian Province (Astrakhansky
Reserve, protecting the Volga delta and covering desert plots
only to a small extent), the Pre - Balkhash Province (Alma-

Salpingotus heptneri, and c) in the lower reaches of the Ural
and Emba rivers for Spalax giganteus.

2. Provision of protected areas for all the species listed in
the USSR Red Data Book that are not yet protected. There
are two such species (besides the above -mentioned):
Cardiocranius paradoxus and Salpingotus crassicauda, occurring
in the Pre - Balkhash region, and Ovis ammon collium, a
subspecies of wild sheep distributed in the southern part of
Kazakhstan.

3. Expansion of protected areas in this region containing
mammalian species listed in the USSR Red Data Book,
especially if these species are not protected elsewhere.

Atinsky Reserve, which mostly protects mountainous areas),
and Badkhyz -Karabil Province (Badkhyzsky Reserve). There
are two reserves in the Ustyurt -Aral Province: Barsakel-
messky, a reserve on the island in the drying Aral Sea that
has lost its importance, and the recently established (1984)
Ustyurtsky Reserve. At first glance, the territories in the
Karakum -Kyzylkum Province appear to be the best protected,
with 9 reserves, but in fact the majority of them only protect
intrazonal areas. Because the Karakum and Kyzylkum deserts
are the center of species diversity of the Turan fauna,
harboring such species as Salpingotus heptneri and Salpingotus
crassicauda, among others, the protected areas are far from
sufficient in this province.

Based on the information above, the following urgent
measures are proposed for the deserts of Middle Asia and
Kazakhstan:

1. Provision of protected areas for endemics of USSR
deserts: a) in Betpak -dala for the conservation of Selevinia
betpakdalensis, b) in the Southern Pre -Aral Region for
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Appendix 1. Habitats, population size, and major limiting factors for species of the
Middle Asian and Kazakhstan deserts listed in the USSR Red Data Book.

Species Species status* Habitats Population size

Russian desman
(Desmana moschata)

I[ Floodplains, oxbow lakes,
channels, streams overgrown
by aquatic vegetation

40,000
in USSR

Free -tailed bat III Piedmont, lower slopes of Several hundred
(Tadarida teniotis) mountains, rocky areas inTurkmen SSR

Desert dormouse III Stony- clayey desert No data
(Selevinia betpakdalensis)

Five -toed dwarf jerboa IIl Fine -gravel desert 0.1
(Cardiocranius
paradoxes)

Three -toed dwarf
j erboa (Salpingotus
crassicauda)

III Overgrown dunes, sand plains,
small sandy hillocks

1.4 -9 per 10 km
of census in Pre -
Aral sea region;
very rare in Pre -
Balkhash lake
region

Heptner's three -toed III Thin sand drifts among takyr- 0.2 -0.7 per 10
dwarf jerboa (Salping-
otus heptneri)

like plains km of census

Turkmen desert jerboa
(Jaculus turcmenicus)

III Takyrs, clayey desert 1 per 10 km of
census

Giant blind mole -rat
(Spalax giganteus)

Ill Plain and fixed hillock sands,
edges of insular forests, lucerne
crops, vegetable gardens

0.2 -4 per ha

Afghan mouselike
hamster (Calomyscus
bailwardi )

IV Stony slopes of mountains,
piedmont

No data

South -Russian marbled
polecat ( Vormela pere-
gusna peregusna)

II Steppes, semiarid areas, deserts No data

Middle Asian marbled
polecat (Vormela pere-
gusna pallidor)

III Low fixed hillock sands, clayey
plains, mountain steppes

No data

Honey badger (Melli-
vora capensis)

III Deserts with compact soils,
peripheries of sand massifs,
rocky crevices

No data

Middle Asian otter II Rivers, lakes, channels 200 in Turkmen
(Letra lutra seistanica) SSR; no other

data

Major limiting factors

Drainage of floodplains, lake
and river pollution, fishing,
poaching

Not studied

Not studied

Deep freezing of soil in winter,
summer droughts, roadway
fatalities

Cold winters with little snow,
overgrazing, roadway fatalities

Not studied (in future,
irrigated farming)

Crop failure during droughts,
irrigated farming

Flooding of burrows when
watering crops and vegetable
gardens

Not studied

Plowing of virgin soils,
application of rodent control
chemicals

Same as above

Unknown due to lack of data;
apparently sensitive to land
development

Poaching, wood cutting along
the shores of lakes and rivers,
river pollution by sewage water



Appendix 1 (continued).

Species Species status* Habitats Population size Major limiting factors

Striped hyena
(Hyaena hyaena)

Pallas' cat (Felis
manul)

II Low mountains, undulating
piedmont, open woodlands
in desertified mountains

III Combination of sparse vege-
tation and rocky outcrops up
to 4,000 m

Caracal (Felis caracal II
michaelis)

Asia anterior leopard
(Panthera pardus
ciscaucasica)

Onager or Asiatic
wild ass (Equus hemionus
onanger)

Buchara red deer
(Cervus elaphus bac-
trianus)

Sand deserts, desertified pied-
mont, burrows, rocky crevices

Xerophyte open woodlands,
shrub thickets and steppe
areas in mountains, scarps
of desertified plateaus

III Semiarid plains and hills,
desertified piedmont

III Tugais in river floodplains

Goitered gazelle (Ga- II Deserts and semiarid areas
zella subgutturosa) with compact soil, fixed sand,

desertified piedmont

Turkmen wild goat II Mountain cliff sites in steppe
(Capra aegagrus and desert zones
turcmenicus)

Argali or Turkmen
wild sheep (Ovis
ammon cycloceros)

II

Argali or Kuzil -kum
wild sheep (Ovis ammon
severtzovi)

Remnant mountains and
uplands in semiarid areas
and deserts

Degraded plateaus and ridges

Kazakh wild sheep III Hillocky uplands, semiarid
(Ovis ammon collium) areas

10 -20 in Tajik
SSR; common
in Turkmen SSR

1000's in USSR

100's (roughly)

No more than
100 in USSR

2000 in Badkhyz;
200 on Barsakel-
mes Island; 50 in
Kopetdag game
sanctuary

Over 900

No more than
10,000

About 2,500

8- 10,000

1,000

7,000

Depletion of ungulate re-
sources, steel trapping of
wolves

Direct harassment by people,
predation by dogs

Lack of food resources (tolai
hare) during severe winters

Direct harassment by people,
decline of ungulate populat-
ions; severe, snowy winters

Impossibility of dispersal due
to the exploitation of territor-
ies surrounding the Badkhyz-
sky Reserve

Degradation and reduction in
area of tugais, floods

Plowing of land, cattle grazing,
poaching, snowy winters, ice -
covered ground

Direct extermination, modifi-
cation of habitat, cattle grazing

Intensive development, harass-
ment, cattle grazing, poaching

Extensive cattle grazing,
poaching

Snowy winters, ice -covered
ground, wolves, feral dogs,
poaching, extensive sheep
breeding

*Categories of species status
I. Endangered species, whose rehabilitation is possible only with application of special measures.
II. Species whose populations are still fairly high but are being reduced catastrophically, making extinction possible in the near future.
III. Rare species that at the present time are not endangered, but that occur in such small numbers and in such limited ranges that they may

become extinct through the effects of natural or anthropogenic factors.
IV. Species whose numbers and population condition cause concern, but about which too little is currently known to assign them to any of

the above -mentioned categories.
V. Recovered species whose condition, thanks to the measures taken, causes no concern.
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Appendix 2. Reserves where rare and endangered mammals of the Middle Asian and Kazakhstan deserts are protected.

Species In Turan

Reserves where protected

Outside Turan

Desmana moschata
Tadarida teniotis
Selevinia betpakdalensis
Cardiocranius paradoxus
Salpingotus crassicauda
Salpingotus heptneri
Jaculus turcmenicus
Spalax giganteus
Calomyscus bailwardi
Vormela peregusna peregusna

Vormela peregusna pallidor
Mellivora capensis
Lutra lutra seistanica

Hyaena hyaena
Felts manul
Felts caracal michaelis
Panthera pardus ciscaucasica
Equus hemionus onager
Cervus elaphus bactrianus

Gaze lla subgutturosa

Capra aegagrus turcmenicus
Ovis ammon cycloceros

Ovis ammon severtzovi

Astrakhansky
Badkhyzsky

Kaplankyrsky

Badkhyzsky, Syunt-Khasardagsky

Kyzylkumsky
Badkhyzsky, Kaplankyrsky
Aral-Paigambar, Krasnovodsky,
Tigrovaya Balka
Badkhyzsky
Badkhyzsky, Syunt-Khasardagsky
Repeteksky, Ustyurtsky
Badkhyzsky, Syunt-Khasardagsky
Badkhyzsky, Barsakelmessky
Amudaryinsky, Aral-Paigambar,
Badai-Tugai, Kyzylkumsky,
Tigrovaya Balka
Badkhyzsky, Barsakelmessky,
Kaplankyrsky, Kyzylkumsky

Badkhyzsky, Kaplankyrsky,
Syunt-Khasardagsky

Mordovsky, Oksky, Khopersky
Kopetdagsky

Kopetdagsky
Ak-Gelsky, Lugansky, Ukranian
Steppe

Kopetdagsky
Zeravshansky, Ramit

Kopetdagsky

Kopetdagsky, Khosrovsky

Kopetdagsky
Kopetdagsky

Nuratinsky



Food Security, Coping Strategies,
and Environmental Degradation

Timothy R. Frankenberger and Daniel M. Goldstein

Households do not respond arbitrarily to variabil-
ity in food supply. People who live in conditions
that put their main source of income at recurrent
risk will develop self -insurance strategies to

minimize risk to their food security and livelihood (Corbett,
1988; Longhurst, 1986). Corbett (1988) refers to the careful
forward planning that can be termed a coping strategy.
Farming systems practitioners concerned with understanding
how small farmers adapt to risk must consider the coping
strategies employed by these farmers in maintaining house-
hold food security.

In adapting to an unpredictable, fluctuating environ-
ment, farmers often adopt coping strategies that are destruc-
tive to that environment. The dilemma facing small -farm
households when coping with threats to household food
security involves a basic trade -off between immediate
subsistence and long -term sustainability. In a context of food
insecurity when the viability of the household as a produc-
tive and reproductive unit is threatened by food shortage
farmers often must employ strategies that increase immediate
income sources and subsistence levels, but that have detri-
mental consequences for the natural environment.

This article presents an analysis of farmer coping

strategies and how they are employed in maintaining
household food security. After a discussion of recent trends
in coping strategies among small farmers, we look at the
impact such practices can have on local environments,
suggesting how these strategies may serve as indicators of an
impending food crisis. It is our contention that coping
strategies can be incorporated as part of an early warning
system which relies on behavioral as well as natural indica-
tors to identify the approach of famine.

Coping Strategies and the Small -Farm
Household
In attempting to maintain household food security and
productive potential, households employ a variety of coping
strategies to deal with uncertain or worsening conditions.
Within a given strategy, households will pursue an array of
responses for ensuring against food scarcity and famine.
Examples of such responses include dispersed grazing,
changes in cropping and planting practices, migration to
towns in search of urban employment, increased petty
commodity production, collection of wild foods, use of inter

Wind erosions in central Kordofan, Sitclan, has been created hv unsustainable cäpin strategies such as the
excess removal of trees for charcoal prochiction.
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household transfers and loans, use of credit from merchants
and money lenders, migration to other rural areas for employ-
ment, rationing of current food consumption, sale of produc-
tive household assets, consumption of food distributed
through relief programs, sale of possessions (i.e., jewelry),
breakup of the household, and distress migration (Corbett,
1988).

Coping responses will vary in significance from one area
to another. The particular coping strategies selected by a
household will vary according to 1) the exact sequence of
events which result in the food crisis; 2) local market condi-
tions; 3) the main source of livelihood; and 4) the resource
endowment at the start of the food crisis (Corbett, 1988).
Evidence from Africa and Asia has demonstrated that com-
mon patterns in coping strategies can be identified (Cutler,
1986; Downing, 1988; Longhurst, 1986; Malambo, 1987).

In analyzing varieties of coping strategies, it is important
to distinguish between two types of assets that farmers have
at their disposal. Assets that represent stores of value for
liquidation are acquired during noncrisis years as a form of
savings and self- insurance; these may include small livestock
or personnel possessions such as jewelry. A second set of
assets are those that play a key role in generating income.
These are less liquid as stores of value, and are much more
costly to the farm household in their disposal. Households
first will dispose of assets held as stores of value before

The dilemma facing
small -farm households...

involves a trade -off between
immediate subsistence

and long -term sustainability

disposing of productive assets (Corbett, 1988).
Most initial responses to actual or potential food

shortages are extensions of practices conducted in some
measure during normal years to adapt to rainfall variability
( Longhurst, 1986; Watts, 1988). Traditional methods of
handling risk can be divided into routine risk -minimizing
practices and loss -management mechanisms (Walker and
Jodha, 1986). Risk -minimizing practices are adjustments to
production and resource use before and during a production
season. This involves such practices as diversification of
resources and enterprises, and adjustments within cropping
systems. Crop -centered diversification can include choice of
crops with varying maturation periods, different sensitivities
to environmental fluctuations, and flexible end -use of
products (Walker and Jodha, 1986). Farmers will also reduce
production risks by exploiting vertical, horizontal, and
temporal dimensions of the natural resource base. Vertical
adjustments involve planting at different elevations in a
topographic sequence. Spatial risk adjustment includes

planting in different microenvironments or intercropping.
Temporal risk adjustments involve staggering planting times
(Walker and Jodha, 1986). Adjustments may also include
extension of farming to marginal areas or overuse of a
particular plot, practices that can have a destructive effect on
the natural environment.

Loss -management mechanisms include farmers' re-
sponses to lower -than -expected crop production caused by
natural hazards (Walker and Jodha, 1986). Reductions in
crop production can be compensated for through nonfarm
income, the sale of produce durables (livestock), the manage-
ment of stocks and reserves, seasonal migration, and recipro-
cal obligations among households. Overexploitation of
certain natural resources (forest reserves, for example) for
market sale may also be part of a loss -management strategy.

It is important to distinguish between malnutrition,
seasonal hunger, and famine, because coping strategies will
differ depending on the severity of the food crisis. Malnutri-
tion is a chronic state of undernutrition while seasonal
hunger is a cyclical reduction in dietary intake (Watts,
1988). Many households are exposed to these conditions on
a recurrent basis. Numerous risk -minimizing and loss -
management practices have been developed in response to
repeated exposure to the same nonacute risk. Households
make decisions following a drought in an attempt to mitigate
predictable effects of a severe food shortage or market
dislocation, perhaps as far as six months prior to the shortage.

Repeated crop failure or disruption of production and
marketing caused by wars may bring about a famine. Famines
are periods during which large numbers of households exper-
ience severe and unusual difficulty in obtaining adequate
access to food, as well as extensive social and economic
disruption (Corbett, 1988). Such situations are characterized
by increased mortality as a result of starvation and starva-
tion- related diseases (Corbett, 1988). Famines will vary in
the rapidity of their onset. As the food crisis extends through
time, a household's capacity to cope is steadily eroded.

Watts (1988) has observed that patterns of coping
strategies can be diagramed to show the sequence of re-
sponses farm households typically employ when faced with a
food crisis (Figure 1). In the earliest stages of a crisis, farmers
employ the types of risk -minimizing and loss - management
strategies discussed above. These typically involve a low
commitment of domestic resources, enabling speedy recovery
once the crisis has eased. As the crisis persists, farmers are
increasingly forced into a greater commitment of resources
just to meet subsistence needs, a strategy that becomes less
reversible the longer the crisis persists. In Watts' model, the
final failure to cope with a food crisis is marked by perma-
nent out- migration from the region.

Observed Trends in Coping Strategies
Poor farm families, who have limited flexibility and a high
degree of vulnerability to famine, must exploit a smaller
range of coping strategies more intensively than wealthier
families, who can more extensively diversify their responses.



HIGH

Commitment

of

Domestic

Resources

LOW

Permanent Outmigration

Sale of Land

Migration for Aid

Pledging of Land

Sale of Domestic Assets

Borrowing of Grain or Cash from Merchants

Sale of Livestock

Dry- Season Farming

Migration for Wage Work

Sale of Labor Power

Use of Stored Foods

Borrowing of Grain from Kin

Use of Famine Foods

EARLIER Time of Occurrence

Figure 1. A model of responses to food shortage (adapted from Watts, 1988).

As a consequence, some coping strategies have come to be
relied on more than others, increasing the risk to farmers
should these enterprises fail. Certain patterns have been
observed in this regard.

Asset Depletion. From the perspective of the coping
strategy, poor households face greater constraints on their
ability to respond to a food crisis. Having less recourse to the
kinds of risk -minimizing strategies available to others (i.e.,
fewer liquid assets, limited access to labor and credit), poor
households more rapidly are forced into sale of productive
assets to survive.

The acquisition and depletion of assets as a coping
strategy can be found almost universally in drought -prone
areas, a strategy that at one level is quite effective. Farmers
faced with food shortages due to failed production often must
purchase foods from the market, and must liquidate certain
assets to obtain money for these purchases. Where possible,
these assets will be of a type that represent stores of value.
This was the case in the Sahelian drought of 1984, when
farmers of southern Niger sold small livestock (goats and
sheep) to purchase sorghum and millet on the market
(Swinton, 1988). As a drought persists, farmers will begin to
liquidate their productive assets in the hope that when the
drought has ended they will be able to reacquire them, again
building up stores against future crises. This process of asset
depletion and reacquisition is so common that to some
observers it appears to be a smooth process of evening out
consumption levels in a cyclic manner (Jodha, 1978).

However, the process of accumulation in good years and
liquidation in bad years is not a balanced cycle. Rather,

LOW

Reversibility

LATER
HIGH

during a food crisis, "a cycle of accumulation and decapital-
ization can occur simultaneously within a single community,"
(Frankenberger, 1990). In other words, while poor farmers
are selling assets at low drought prices, wealthier farmers,
with more resources and greater access to credit, are buying
up these same assets (including land) for almost nothing.
The end result of this process is an increase in social and
economic inequality, and an increased immiserization of the
vulnerable poor (Watts, 1983).

Breakdown of Community Reciprocity. One system
that enables greater flexibility for small households facing
food shortage is the local system of mutual obligations and
inter -household transfers that typically exists in an agrarian
community. These complex social relationships form another
kind of insurance policy against hard times, serving an
important risk -minimizing function for small farm house-
holds (Longhurst, 1986). In the initial stages of food short-
age, a household can call upon other families or groups
within the community to offer support, in the form of gifts or
loans, to help that household meet its food needs when
production fails. Campbell and Trechter (1982) point out
that: "A family may not have much to give its neighbor or
relative but it will give what it can, knowing that in the
future it may be its own resources that are inadequate and it
will be forced to seek assistance."

The reliance on community support as a coping strategy
is eroded, however, as a drought persists. The ability of
households to assist one another in hard times depends on
some households having ties to areas outside of the local
community which are not affected by drought (Thomas,
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Paine, and Brenton, 1989). As the adverse conditions
broaden to encompass larger areas, the systems of exchange
and assistance become insupportable. The breakdown of
these indigenous support mechanisms signals a wider social
catastrophe in the making; the threat to the community lies
in the increasing individuation of households, as the sick and
elderly are abandoned, and theft, hoarding and other anti-

...interventions that support
traditional coping strategies of

resource -poor households are often

successfully adopted by farmers.

social behavior increases (Thomas, et al., 1989).
The use of inter -household loans as an income strategy

is replaced by widespread borrowing from merchants and
moneylenders, all operating at exorbitant free market interest
rates. For the truly destitute, finding a creditor even at high
interest may be difficult, as the chance of repayment in the
context of asset liquidation is unlikely (Watts, 1983). Loans
in food are similarly risky, for repayment depends on a
successful harvest and stable crop prices in the succeeding
year. With long -term indebtedness becoming institutional-
ized, a poor farmer can expect to become a kind of client to
the moneylender, who can later make a claim on the farmer's
produce or labor power (Watts, 1983). The situation marks
the establishment of a cycle of perpetual impoverishment
and inequality, which may be alleviated only be the sale of
household lands and permanent out -migration from the region.

Concomitant with the disappearance of community
support mechanisms is "a shift in the responsibility for coping
with drought from the individual household and community
toward the national government through famine relief
programs," (Frankenberger, 1990). This trend is in large part
due to a reduction in the flexibility of responses of small farm
households. As Thomas, et al., (1989) note: "As households
face more constrained self -sufficiency, individual -level
responses are initiated in the form of out -migration. For
those left, extra -village solutions are sought, with increasing
dependence on governments and nongovernment organiza-
tions for famine relief."

Nonfarm Coping Strategies. Another major trend in
coping strategies is that risk -minimizing agricultural strate-
gies are narrowing, to be replaced by strategies that diversify
income through nonagricultural means (Frankenberger,
1990). As a coping response, off -farm employment and
market participation are extremely important outlets for poor
rural households. These strategies include wage labor, and
sales of livestock, poultry, charcoal, illegal beer, and handi-
crafts (Fleuret, 1986).

For poor farm households, off -farm opportunities may be
more viable coping strategies than agricultural alternatives.
In regions where agricultural risks have been steadily
increasing, food purchases have become an important

response to food shortage. As such, households must secure a
cash income to remain food secure in the event that farm
production fails.

Off -farm work opportunities typically fall out along
income and class lines. Even during periods when labor is
required on their own farms, poor farmers must often secure
off -farm employment to generate income until their crop has
been harvested ( Moris, 1989). This observation lends
support to Taal's (1989) suggestion that off -farm labor may
be a more feasible strategy for wealthier households which
are less affected by the absence of a productive household
member from their own fields. Longhurst (1986) notes that
the type of off -farm or dry season work that men do is
typically inherited, creating an occupational class distinction
or "closed shop" aspect which limits entry. The poor are
consequently left with the lower- status trades, such as
collecting firewood, selling manure or weaving mats, low -
paying jobs with unsteady demand (Watts, 1983).

The constraints on agricultural diversification are also
great. Some of these constraints are environmental: Swinton
(1988) points out that dry season gardening is possible only
where irrigation water or residual soil moisture is available.
Market risks also are prevalent: a switch to monocropping of
nonfood cash crops (i.e., cotton, cocoa, eucalyptus) in
conjunction with a rise in market prices for food can leave a
family destitute. But such constraints may be irrelevant,
given the unproductive conditions that many farmers face.
With crisis year following crisis year, as in the Sahel, many
farm families are turning away from strict dependence on
agricultural production, and toward nonfarm strategies for
meeting their food needs. These nonfarm strategies often
include practices that are known to be environmentally
damaging, but that provide a last resort in crisis conditions. It
would appear that given the unpredictable (one might even
say predictably bad) climatic conditions in this region,
farmers are unwilling to invest in new agricultural strategies
which take time away from nonagricultural production. If
such is the case, intervention may need to target improve-
ments in the nonagricultural sector to most directly influence
the livelihood of farm households.

Coping Strategies and
Environmental Degradation
While coping strategies may be seen in the short term as
functional adaptations to uncertain conditions and hence
beneficial, some commonly practiced strategies may have
dire consequences for the natural environment in the long
run. Particularly for poorer farmers with limited resource
endowments, the process of maintaining household viability
may be exacted at the expense of the natural surroundings.
Coping strategies that may promote environmental degrada-
tion include cutting trees to make charcoal, over -harvesting
of wild foods, over -grazing of grasslands, and increased
planting in marginal areas, all of which degrade soil condi-
tions and augment problems of soil erosion.

Farmers are generally aware of the interconnected



nature of the farm system, and often realize the damage their
actions do to the environment on which their livelihood
depends. It is too easy to think of small farmers as ignorant of
the consequences of their destructive practices, and to
suggest interventions that urge them to discontinue such
activities. But when viewed from a coping-strategy perspec-
tive, it becomes clear that the range of options available to
resource-poor farmers is
limited and relatively
inflexible. As drought
conditions worsen and
food insecurity persists,
this range of options
narrows even further,
leaving farmers with
very few strategies for
putting food in their
children's bellies. In
such a situation,
questions of long-term
environmental
sustainability become
academic, as day-to-day
survival demands any
food procurement
strategy that can be
made available. Particu-
larly in areas like the
Sahel, where persistent
drought is coupled with
increasing population
levels, less destructive
practices are more
quickly exhausted,
hastening the onset of
desperation strategies.

The unsustainable
strategies that resource-
poor farmers employ can
serve as indicators of an
impending crisis. As
farmers exhaust the risk-
minimizing strategies
available in the early
stages of a food crisis
(reduction of consump-
tion levels, harvesting of
wild foods, changes in

ment agents to areas where immediate relief may be needed.
These areas can then be targeted for development plans that
enable farmers to prolong the effectiveness of nondegrading
coping strategies.

Coping Strategy Indicators. Changes in coping re-
sponses can suggest a trend toward worsening conditions and
heightened food insecurity. These changes can be detected

by monitoring three
basic types of indica-
tors. Leading indica-
tors occur prior to the
onset of decreased
food access. Coping
strategies that often
serve as leading
indicators of a food
crisis are farmer
adjustments to
changing factors that
influence production
before and during a
production cycle.
Such adjustments may
include, for example,
diversification of
resources and enter-
prises (both on- and
off-farm) and changes
within existing
cropping systems. The
increasing prevalence
of certain strategies
can serve to indicate
that conditions are
beginning to worsen
for rural households.

Concurrent
indicators occur
simultaneously with
decreased access to
food. Such coping
strategies might
include increased use
of wild foods, reduc-
tion in the number of
daily meals, increased
reliance on inter-
household exchanges,
migration for wage

labor, and sale of liquid assets. With time, the sale of liquid
assets may shift to sale of productive assets, indicating a
deepening of the crisis and a growing failure of risk-minimiz-
ing strategies to meet household food requirements. An
increase in the appearance of loss-management mechanisms
to deal with recurring food shortages can serve as a concur-
rent indicator of a worsening crisis.

Trailing indicators occur after food access has declined.
In addition to signs of malnutrition and high rates of

Sudanese farmers in central Kordo
available during the rainy season.

cropping patterns, sale
of small livestock and household valuables), they begin to
dispose of productive assets in an attempt to stave off total
dissolution of the household unit. Should these strategies
prove ineffective, farmers may then resort to the more
destructive practices discussed above. Awareness of local
coping strategies, and ongoing monitoring of local conditions
and of trends in strategies being employed (i.e., expansion of
marginal lands under cultivation, exhaustion of assets,
depletion of stores, increased migration), can alert develop-

an store grain underground to make it
H
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morbidity and mortality, trailing indicators might include
increased land degradation, land sales, and permanent out -

migration. All of these are signs that the household has failed
to cope with the food crisis.

The main advantage provided by a focus on household
coping strategies is that it reveals the actual behaviors of
farm households that adverse environmental or market
conditions have provoked. Unlike approaches that focus
solely on the outcomes of farm practices, the coping -strategy
orientation allows for an ongoing monitoring of the process
by which people adjust to changing circumstances. This
bottom -up approach is consistent with the themes of farming
systems research -extension in that it enables outside agents
to understand the crisis from the farmer's perspective, rather
than attempting to impose a top -down assessment of condi-
tions once the outcomes have been decided. The coping
strategy perspective will enable a more timely provision of
interventions that reinforce traditional farmer practices at a
point when they may be most useful in alleviating the food
crisis.

In addition, it has been noted that interventions that
support traditional coping strategies of resource -poor farm
households are often successfully adopted by farmers
(Longhurst, 1986; Swinton, 1988). An attention to coping
strategies can guide planners in designing interventions that
will be quickly incorporated into existing farm systems during
times of crisis, by tailoring these interventions to fit with
practices already familiar to farmers. In this regard, the
emphasis on environmental sustainability is essential,
because only those strategies that are not environmentally
destructive should be supported.

Famine Early Warning Systems
The generalized patterns of coping strategies discussed in this
paper find practical application as tools for food security
monitoring. Rather than focusing strictly on the outcome of
farmer responses to production constraints and food crises,
researchers and development practitioners can develop
methodologies that monitor the processes by which house-
holds cope with threats to food security. Monitoring these
processes will improve famine early warning systems as well
as guide interventions for increasing farm productivity.

Recognizing that households pass through different
stages in coping strategies will help planners identify key
indicators for early warning of impending food crises. A
thorough understanding of these coping strategies will enable
development agencies to more accurately interpret consump-
tion indicators such as asset sales, price movements, and
levels of undernutrition (Campbell and Trechter, 1982;
Corbett, 1988). For example, Reardon, Matlon, and Delgado,
(1988), found that food aid programs in Burkina Faso were
mistargeted because they were using the wrong indices for
determining which regions should receive food supplies.
After a careful study of the coping strategies used by house-
holds in the Sahel and Sudan zones, it was found that the
drier Sahel -zone households had multiple nonfarm income

sources to compensate for variable rainfall conditions. The
Sudan -zone households had fewer nonfarm income sources
and relied more on agriculture for their livelihood. Because
of this agricultural emphasis, the Sudan -zone households
were more susceptible to drought, despite having higher
rainfall amounts. However, because rainfall and production
per unit area were the main indices for targeting food aid, the
Sahel zone received more food supplies despite the fact that
the Sudan zone was in greater need (Reardon, Matlon, and
Delgado, 1988.

During drought years, relief efforts can be instituted that
target resource improvement and promote better resource
management. Rather than an outright distribution of food,
cash -for -work or food- for -work programs can be implemented
to promote efforts in soil conservation, water harvesting, and
reestablishment of forest reserves. These types of work
programs not only provide relief in crisis years, but they do so
in a way that does not create farmer -dependence on outside
aid. Cash -for -work programs are preferable in this regard, as
they permit a degree of independent household economic
decision - making. However, should it be found that only men
are participating in the project, a food -for -work program can
be instituted which better ensures female participation,
improving the distribution of relief aid to children and others
within the household. Work programs in bad years can help
to improve the resource base of a local area, reducing the
vulnerability of local communities to future drought situa-
tions. By limiting program implementation to drought years
when farming is not a viable strategy for survival, scarce
government finances can be conserved, and then applied to
the most vulnerable areas when relief is most needed.

The absence or presence of relief programs can critically
affect the ways in which people respond to the threat of
famine and the success of their strategies (Corbett, 1988;
Downing, 1988). If relief is provided early enough, house-
holds will use it to preserve their asset base (McCann, 1987).
Planners concerned with timely interventions based on
coping strategy indicators may wish to conduct benefit /cost
analyses to determine the impact of interventions imple-
mented before a food crisis hits, as opposed to those imple-
mented during or after the crisis. Clearly, one would expect
that interventions prior to the onset of the crisis would be
more cost -effective, as the crisis has yet to inflict irreversible
damage on the community. Benefit /cost analyses of this type
would be instrumental in influencing policy decisions,
hopefully leading to well -timed interventions. Earlier
interventions can help support the environmentally sustain-
able indigenous coping strategies that are already being
practiced.

Conclusions
Focusing on household coping strategies as an essential part
of a decentralized nutrition monitoring system will enable
communities to actively participate in monitoring efforts. By
compiling this information on household responses, a system
can be established based on indigenous strategies for coping



with household food insecurity. Local community members
can be trained to use an easily learned system for monitoring
indicators. Although this system will rely heavily on intui-
tive assessments by local monitors, information will be
collected on standard indicator categories for targeting
interventions by the national government. These categories
can be replicated should there be changes in project person-
nel. Some examples of these indicators are changes in
market prices for staples, changes in the type of assets being
sold (liquid vs. productive), increases in out- migration,
increased environmental degradation, and greater reliance
on wild foods. Indicator categories would be grouped
according to the three types of indicators discussed above
(i.e., leading, concurrent, trailing). Future applied research
efforts could focus on how these various indicators can be
combined to create an index for food security measures.

References
Campbell, D.J., and D.D. Trechter. 1982. Strategies for

coping with food consumption shortage in the Mandora
Mountains region of North Cameroon. Social Science and
Medicine 16:2117 -2127.

Corbett, J. 1988. Famine and household coping strategies.
World Development 16(9):1009.

Cutler, P. 1986. The response to drought of Beja famine
refugees in Sudan. Disasters 10(3).

Downing, T.E. 1988. Climatic variability, food security and
smallholder agriculturalists in six districts of central and
eastern Kenya. Ph.D. dissertation. Clark University,
Worcester, Massachusetts.

Fleuret, A. 1986. Indigenous responses to drought in sub -

Saharan Africa. Disasters 8: 224 -228.
Frankenberger, T.R. 1990. Production -consumption linkages

and coping strategies at the household level. Paper
presented at the Agriculture- Nutrition Linkage Work-
shop, Bureau of Science and Technology, USAID,
Washington, D.C., February 1990.

Jodha, N.S. 1978. Effectiveness of farmers' adjustments to
risk. Economic and Political Weekly 13:A38 -A48.

Longhurst, R. 1986. Household food strategies in response to
seasonality and famine. hlstitute of Development Studies
Bulletin 17:27 -35.

Malambo, L.M. 1987. Rural food security in Zambia. Ph.D.
dissertation, Michigan State University, East Lansing,
Michigan.

McCann, J. 1987. The social impact of drought in Ethiopia.
Pages 245 -267 in M.H. Glantz, ed., Drought in Africa:
Denying famine a future. Cambridge: Cambridge Univer-
sity Press.

Moris, J. R. 1989. Indigenous versus introduced solutions to
food stress in Africa. Pages 209 -234 in D.E. Sahn, ed.,
Seasonal variability in Third World Agriculture: The
consequences for food security. Baltimore and London:
International Food Policy Research Institute, The Johns
Hopkins University Press.

Reardon, T., P. Matlon, and C. Delgado. 1988. Coping with
household -level food insecurity in drought- affected areas
of Burkina Faso. World Development 16(9):1065.

Swinton, S.M. 1988. Drought survival tactics of subsistence
farmers in Niger. Human Ecology 16:123 -144.

Taal, H. 1989. How farmers cope with risk and stress in rural
Gambia. Institute of Development Studies Bulletin 20:16-
22.

Thomas, R.B., S.H.B.H. Paine, and B.P. Brenton. 1989.
Perspectives on socio- economic causes of and responses
to food deprivation. Food and Nutrition Bulletin 11:41 -54.

Walker, T., and N. Jodha. 1986. How small farm households
adapt to risk. In P. Hazell, et al., eds., Crop insurance for
agricultural development: Issues and experience. Baltimore,
Maryland: The Johns Hopkins University Press.

Watts, M.J. 1983. Silent violence: Food, famine and peasantry
in Northern Nigeria. Berkeley, California: University of
California Press.

Watts, M. 1988. Coping with the market: Uncertainty and
food security among Hausa peasants. Pages 260 -290 in I.
De Garine and G.A. Harrison, eds., Coping with uncer-
tainty in food supply. Oxford: Clarendon Press.

4.

Timothy R. Frankenberger, a farming systems research specialist at
the Office of Arid Lands Studies, has worked extensively in arid Africa.
Daniel M. Goldstein is a research assistant at the Office of Arid Lands
Studies and a graduate student in the UA Department of Anthropology.

27



28

Ethnopedology: Using Indigenous Knowledge to Classify Soils

Joe Tabor

Farmers and herders all over the world have devel-
oped land classification systems that can provide
useful insights into their farming and land -tenure

systems. These systems offer a useful vehicle for talking
with villagers about agricultural and land -tenure issues.
Anthropologists and geographers have documented for
some time that such systems exist all over the world. More
recently, soil scientists are using the systems to guide soil
surveys. Soils are one of the most important natural
resources for the planet, they form the foundation of
agricultural systems and vegetation communities, which
in turn affect human and wildlife populations. Land
classification systems that are developed by farmers
separate soil by characteristics important to the farmer.
Soil scientists tend to be biased toward the classification

Indigenous soil classification systems

make distinctions based on

characteristics important

to the user.

systems that they know and commonly separate soils ..

based on the division breaks of their system. This cän
overly complicate the soil survey, or worse, disregard
separations that are important to the farmer. Local
systems can help the soil scientist identify agricultural .
interventions that will most economically improve the
soil's productivity by identifying soil characteristics that are
most limiting to present and future management practices.
This approach to soil surveys can provide better insights into
the farming system, which in turn can better guide agricul-
tural research.

Knowing local systems of land classification is extremely
important in understanding land - tenure relationships.
Agricultural development projects often disrupt established
social and tenure relationships through real or perceived
changes in productivity and land value. Needless disruption
in tenure relationships can be avoided if local land classifica-
tion systems are integrated into the development project's
soil and cadastral surveys.

Author Joe Tabor collects soil samples in Mauritania, West Africa

Soil Classification Systems
Soil classification systems, local or scientifically based ones,
provide a common means for talking about soils. They
simplify the complexity and continuum of the real world into
more easily understandable discreet classes. This simplifica-
tion is based on criteria biased toward its intended use, such
as agriculture, engineering, or soil evolution. These artificial
systems are created and based on the creator's available body
of knowledge and may have limited value if 1) they are
applied to uses that are different than those for which they
were developed or 2) applied to regions that differ signifi-
cantly from those on which the system was developed.

Scientifically Based Systems. Modern, scientifically
based, soil classification systems group soils by their gross
characteristics and define them by a short string of words.
They are good for using as exclusionary criteria in selecting



sites or activities that are dependent on soils. However, they
generally fall short in providing enough information to allow
more specific management decisions. To overcome this
deficiency, the USDA merged its previous system of Soil
Series with the more recent Soil Taxonomy. This allows a
lower level of classification which provides much more
information on which to base management decisions. Soil
Series are soils that have the same genetic origins, similar
physical and chemical characteristics, and very similar
productive capacities and constraints. There can be 100's of
soil series, some with very different production potentials
that classify the same down to the family level of Soil
Taxonomy.

Indigenous Systems. Indigenous soil classification
systems make distinctions based on characteristics important
to the user. The soils that are identified by farmers closely
resemble those of the Soil Series, in some cases making finer
distinctions than would normally be made between Soil
Series. For example the Soninke farmers in drought -prone
Senegal, Mauritania, and Mali make very fine distinctions
between soils with respect to their period and frequency of
flooding, which have great effects on the cropping system or
whether crops can be grown at all.

These indigenous systems should be viewed as guiding
and complementary to scientifically based systems, however,
many soil surveys that have been conducted in the area have
ignored this indigenous knowledge, while others consider it
as an adequate substitute to the commonly used system.
Indigenous systems have the added advantage of being widely
known by the people of the region; only a relatively few
scientists, technicians, and extension agents need to learn
the farmer's classification system.

Local Versus Regional Classifications. Local soil names
and the knowledge that farmers possess for each soil are
extremely useful but they have their imprecisions, especially
if one tries to extend local nomenclature to a regional
context. Some soils seem well defined and correlated, even
across language groups while others seem to dance around a
general concept such as a depression. Farmers or whole
farming societies that have been displaced and resettled on
foreign land -such as the former African slaves of Haiti -do
not have the accumulated knowledge of many generations
with which to develop a detailed, well- correlated classifica-
tion system. Although each farmer will know his or her soils
well, the soils are not well correlated between farmers and
regions. In the case of Haiti, farmers give soils names like
"red" and "sandy" to denote color and texture. They also use
descriptions like "fat" or "hot" to describe soils of high
fertility or soils that are droughty. Obviously this specific
system is not very useful regionally but locally it can be very
useful to the soil scientist and extension agents.

Using indigenous systems of soil classification can save
the soil scientist an incredible amount of time. The most
difficult task in conducting a soil survey is creating a good
soil legend that allows easy identification in the field. Village
and farmer interviews allow the soil scientist to rapidly
identify all the soils that are of importance to the farmer,
determine each soil's relative productivity, locate typical soils

Indigenous systems should be viewed as

guiding and complementary to

scientifically based systems.

of each type, and correlate them to other systems- scientifi-
cally and indigenously based ones. Collecting this data along
with a wealth of other land -use information requires a large
amount of time and expense if the soil scientist works
independently of the farmer.

Tapping "indigenous knowledge" is not a new concept
in soil surveys; the USDA's 1951 Soil Survey Manual has a
whole section on collecting information from the farmer. It is
a way /means to efficiently produce soil surveys, even from
soil scientists with limited experience. The results will likely
be more easily used by extension agents as well as researchers
and provide practical information.

era,

Joe Tabor is an associate of the Office of Arid Lands Studies. Tabor has
conducted soil surveys in the Gambia, Haiti, Kenya, Mali, Mauritania,
Niger, Senegal, and the United States.
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Desertification Assessment and Mapping in Mali

N.G. Kharin, G.A. Alferov, and N.S. Orlovsky

Desertification is land degradation caused and
accelerated by natural and human factors. Desertifi-
cation leads to a reduction in quantity and deterio-

ration in quality of renewable natural resources. These
processes in turn cause a reduction in the economic potential
of arid lands and a worsening of human living conditions.

During the two -year period 1987 -89, the Desert Insti-
tute of the Turkmenistan Academy of Sciences implemented
a USSR /UNEP project on the assessment and mapping of
desertification in Mali.

The test area is located in the western part of Mali in
the Sahelian zone. The area occupies 27,890 km' and has a
population of 367,300. The vegetation cover is tree and
shrub savanna, which has been severely degraded by human
activities. Precipitation ranges from 500 mm in the north to
800 mm in the south. The year is divided into two climatic
seasons: the wet season, from May to September, and the dry
season, from November to April.

We identified the following four processes of desertifica-
tion in Mali: degradation of vegetative cover, water erosion,
wind erosion, and soil compaction and crusting. Degradation
of vegetative cover is the most widespread of the four .
processes in the test area. It is caused by overgrazing, cutting
trees and shrubs for fuel and construction, and plowing fallow
lands. Soil compaction is a unique feature of desertification.
Compaction and soil crusting occur in virgin and fallow

lands flooded in the rainy season, and also in lands cultivated
for various crops. Soil structure of arable lands is affected by
crusting, flooding, compaction of soil below the plowed layer,
and formation of a plow pan.

During the field study we developed criteria for the
assessment of desertification (Apendix 1) and collected
appropriate land cover data. For the preparation of the
desertification status (DS) map, we used Soviet space photos
obtained on May 8, 1989, by an MSU -SK scanner on the
KOSMOS -1939 platform. Space imagery was obtained in
five spectral bands:

1.0.5 - 0.6 mm
2.0.6 - 0.7 mm
3.0.7 - 0.8 mm
4.0.8 - 1.1 mm
5.10.4 - 12.6 mm

For the interpretation, only bands 1, 2, 3, and 4 were
used. After the collection of land cover data, digitized
imagery was produced and interpreted (Appendix 2). The
Normalized Density Vegetation Index (NDVI), an additional
criterion used in the assessment of desertification, was
determined for each photo.

We also prepared a map of desertification rate (DR) and
inherent risk (IR) and another of desertification hazards
(DH). Using FAO methodology (1984), we calculated DH

.11511-5K space photo, spectral band ,3, 0.7-0 8 mm; alicl lrr'tr`zec imagery of the photo.



using the equation
DH = DS + DR + IR + AP + PP,

where AP is animal pressure and PP is population pressure.
AP was found empirically due to the absence of reliable data
on the productivity of range lands. We used the equation

CE = 1.03(P) + 42.2,
where P is the precipitation (in mm /year) and CE is potential
productivity of palatable forage (in kg /ha /year).

In Mali, livestock is estimated in UBT's (tropical animal
units). The forage rate per 1 UBT is 6.25 kg /day or 281.25
kg /year. We estimated that overgrazing in the area is not less
than 200 percent and should be considered very severe
according to FAO methodology.

PP was estimated using methodology proposed by the
Desert Institute (Kharin, et al., 1985). The population
density scale is given in Appendix 3. In the study area PP
ranges from moderate to very severe.

The DH map contains 70 mapping units. The average
size of the units is 370.6 km2, the minimum size being 14 km'
and the maximum being 1,753 km2. A summary of the
collected desertification data for the area appears in Appen-
dix 4. The desertification process is developing at a higher
rate in the northern part of the area, where arid ecosystems
are not stable and animal pressure is high.

Analysis of the 1980 and 1989 space photos enables us
to conclude that the degradation of land in the area is a
progressive process. In the part of the area where degradation
of the vegetative cover is accompanied by severe water and
wind erosion, total degradation of the arid ecosystem occurs,
including a reduction of biological productivity to almost
zero.

aa.
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Appendix 1. Criteria for assessment of desertification in the western areas of Mali.

Desertification types Status Rate Inherent risk

Degradation of the
vegetative cover

Water erosion

Wind erosion

State of plant cover
(density, damage by fire)

Type of erosion, state
of surface, density of
erosion network, top-
soil washing
Percentage of area
prone to erosion,
depth of eroded soil
horizon, volume of
removed soil

Change in plant
cover density

Increase in eroded
area, increase in
gully number

Increase in eroded
area

Stability of ecosystems (topogra-
phy, slopes, stonesse, mechanical
composition of soil)
Slopes, mechanical composition of
soil, soil profile depth,density of
vegetative cover

Mechanical composition of soil
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Appendix 2. Land -use classification by digitized imagery.

Number Land -use classes NDVI

1 Patches of land prone to severe wind and water erosion 0.12
2 Very severely degraded savanna on sandy and loamy sandy soils 0.12
3 Severely degraded savanna on sandy loam soils 0.12
4 Swampy terrain 0.15
5 Flooded terrain 0.10
6 Steep slopes 0.10
7 Mild slopes 0.13
8 Gentle slopes of accumulation 0.10
9 Land prone to water erosion 0.13

10 Severely degraded savanna on crusts 0.04
11 Tree savanna on crusts severely degraded and damaged by fire 0.04
12 Tree savanna on crusts slightly and moderately degraded and damaged by fire 0.09
13 Tree savanna on crusts moderately degraded 0.07
14 Tree savanna on crusts and rocky slopes 0.07
15 Areas with burned vegetation 0.05

Appendix 3. Population density scale.

Degree of population pressure (PP) Population density
(number of people/km')

Slight <5
Moderate 5 -10

Severe 10 -15

Very severe >15

Appendix 4. Data summary for desertification areas.

Desertification type
Desertification class, km' ( %)

Total
Slight Moderate Severe Very severe

Degradation of the 499 3,421 10,245 2,922 17,087
vegetative cover (1.8) (12.3) (36.7) (10.5) (61.3)
Wind erosion 169 780 949

(0.6) (2.8) (3.4)
Water erosion 1,627 810 51 2,488

(5.8) (2.9) (0.2) (8.9)
Soil compaction 510 4,378 533 5,431

(1.8) (15.7) (1.9) (19.4)
Unsuitable land 1,945
Total 499 5,548 15,602 4,286 27,890

(1.8) (19.9) (55.9) (15.4) (100)



Gary Nabhan Awarded
MacArthur Fellowship

Every year the Chicago -based John D. and Catherine T.
MacArthur Foundation awards fellowships to people in
diverse fields who show creativity and promise in their
work -this year's honors included an award to OALS
associate Gary P. Nabhan. Nabhan was hard at work
counting bighorn sheep in southwestern Arizona when news
of the award came.

Nabhan is the assistant director for research and
collections at the Desert Botanical Garden in Phoenix,
Arizona, and an associate research scientist at the Office of
Arid Lands Studies. He is co- founder of Native Seeds/
SEARCH, a Tucson -based organization dedicated to the
preservation of plants and the knowledge needed to main-
tain native food and fiber production.

The annual MacArthur Foundation fellowships provide
recipients the freedom they need to continue work in their
areas of expertise. Nabhan plans to use the award to
continue his plant conservation work and to undertake
some writing projects.

Nabhan is known for his publications Enduring Seeds
and Gathering the Desert, for which he received the John
Burroughs Medal for Natural History. He is currently
involved in a project, through Native Seeds /SEARCH, that
is looking at the value of native desert plant foods for
controlling the blood sugar levels of Hispanic and Native
American diabetes. Another project involves setting up a
wild chiltepin reserve near Tumacacori, Arizona.

Congratulations Gary!

PUBLICATIONS

BOOKS

Man and the Biosphere Series. Series editor, J.N.R.
Jeffers. The UNESCO Press, 7, place de Fontenoy, 75700
Paris, France.

This new series provides some of the most relevant data
yet published on the interaction between man and the
environment. The series represents some of the central
findings to emerge from the 15 -year "Man and the Bio-
sphere" research program initiated by UNESCO and sup-
ported by scientists from over 100 nations. The books in the
series all focus on environmental issues of immediate
international concern and demonstrate the important ways
in which many environmental factors are intermeshed with
social and economic processes.

Titles in the series are:
Volume 1 -The Control of Eutrophication of Lakes and Reservoirs. 1989.
Volume 2 -An Amazonian Rain Forest: The Structure and Function of

a Nutrient Stressed Ecosystem and the Impact of Slash -and -Burn
Agriculture .1989.

Volume 3- Exploiting the Tropical Rain Forest.1990.
Volume 4 -The Ecology and Management of Aquatic- Terrestrial

Ecotones.1990.
Volume 5- Sustainable Development and Environmental Management

of Small Islands. 1990.
Volume 6 -Rain Forest Regeneration and Management. 1990.
Volume 7- Reproductive Ecology of Tropical Forest Plants.1990.
Volume 8- Redevelopment of Degraded Ecosystems. 1990.
Volume 9- Pastoralism in Transition. 1990.

National Research Council. 1989. Alternative Agriculture.
National Academy Press, 2101 Constitution Avenue,
NW, Washington, DC 20418. 448 pp. US$24.95.

An authoritative report by the National Research
Council that calls for new ways of farming to cut chemical
use and protect natural resources. Topics include: crop
rotations, pest control in crops, economics of alternative
farming, case studies of farms.

World Resources 1990 -91. A Report by The World
Resources Institute in collaboration with The United
Nations Environment Programme and The United Nations
Development Programme. Oxford University Press, 200
Madison Ave., New York, NY 10016. 383 pp. US$29.95.

A unique and authoritative assessment of the world's
natural resource base, the updated 1990 -91 edition features a
special focus on global climate change and an overview of
Latin American environmental and resource issues. Chapters
cover population and health, human settlements, food and
agriculture, forests and rangelands, wildlife and habitat,
energy, freshwater, oceans and coasts, atmospheric pollution,
global monitoring systems, and policies and institutions.
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World Resoûrces
special focus on

-Climate Change
-Latin America
plus
Essential Data on
146 Countries

Atuidé to tite ,Gibba! En;vi

Contains a section on the "Greenhouse Index," which ranks
countries by their emissions of greenhouse gases that may
lead to global warming. Includes more than 120 pages of data
tables covering 146 countries.

ETHICS OF ENVIRONMENT

AND DEVELOPMENT

Global Challenge and International Response

E U I T H n S Y

J. R t7 ENGEL and JOAN GI fIII ENGEL

Ethics of Environment and Development: Global Chal-
lenge, International Response. 1990. Edited by J. Ronald
Engel and Joan Gibb Engel. The University of Arizona
Press, 1230 N. Park, No. 102, Tucson, AZ 85719. 264
pp. US$29.95.

This collection of essays provides a multicultural
perspective on the ecological and human values at stake in
the creation of an ethic of sustainable development. The
contributors represent industrialized, nonindustrialized,
capitalist, socialist, and native societies, and address the issue
from the differing perspectives of environmental ethics,
development ethics, ecofeminism, religion, and humanistic
philosophy.

Farmer First: Farmer Innovation and Agricultural Re-
search. 1989. Edited by Robert Chambers, Arnold Pacey,
and Lori Ann Thrupp. The Bootstrap Press, Intermediate
Technology Development Group of North America Inc.,
777 United Nations Plaza, New York, NY 10017. 238 pp.
US$23.50 (hardcover), $12.50 (softcover).

Farmer First presents a new approach for agricultural
research. Starting with a farmers' own innovations, contribu-
tions from the agricultural and social sciences, ecology,
economics, and geography make the case for a farmer -first
mode to complement conventional procedures for research
and transfer of technology.

Conserving the World's Biological Diversity. By Jeffrey A.
McNeely, Kenton R. Miller, Walter V. Reid, Russell A.
Mittermeier, and Timothy B. Werner. Copublished by the
World Bank, the World Resources Institute, the World
Conservation Union, Conservation International, and
World Wildlife Fund. 174 pp. The World Bank, Publica-
tions Department, J2152, 1818 H. St., NW, Washington,
DC 20433. US$14.95.

This book explains what biological diversity is and why
it is important to the future of all countries. The authors
describe how biological diversity can contribute to develop-
ment and be integrated into policies for resource use. They
conclude with a call for concerted action among businesses,
institutions, and individuals that benefit from -but are not
yet shouldering responsibility for -preservation of biological
resources. Appendices include the World Charter for Nature,
a summary of international legislation supporting biological
diversity conservation, the Bali Action Plan on protected
areas, and a description of the World Bank's wildlands policy.

Shattering: Food, Politics, and the Loss of Genetic
Diversity. By Cary Fowler and Pat Mooney. 1990. The
University of Arizona Press, 1230 N. Park, No. 102,
Tucson, AZ 85719. 258 pp. US$24.95, hardcover,
$12.95, softcover.

The authors stress the importance of preserving the
world's plant genetic resources. They point out that the
world's richest genetic resources are found in the tropical
latitudes of Third World regions and that wealthy industrial-
ized nations increasingly look to Africa, Asia, and Central
America for the germplasm they need, thus bringing interna-
tional politics into play. In the face of an increasingly
complex tangle of national and international interests, better
defined international agreements are urgently needed.



REPORTS

Lessons Learned in Global Environment. 1990. World
Resources Institute Publications, P.O. Box 4852,
Hampden Station, Baltimore, MD 21211. US$10.00 (plus
$3.00 postage/handling).

Analyzes the history of international environmental
institutions and treaties, innovations in standard setting and
implementation, and ways to benefit from the lessons learned
from existing institutional machinery.

Promoting Environmentally Sound Economic Progress:
What the North Can Do. 1990. By Robert Repetto. World
Resources Institute Publications, P.O. Box 4852,
Hampden Station, Baltimore, MD 21211. US$7.50 (plus
$3.00 postage/handling).

Asserts that a markedly different mode of economic
activity by industrial nations is critical to tackling tough
environmental issues in the 1990s. Repetto maintains that
solutions to major environmental problems lie in broad -
based economic reforms. His report explores the relationship
between economic production, technology, and environmen-
tal deterioration and concludes that any effective action plan
to preserve the environment must be viewed through an
economic prism.

Striking a Balance: The Environmental Challenge of
Development. 1989. The World Bank, Publications
Department, J2152, 1818 H. Street, NW, Washington,
DC 20433. 52 pp. US$4.95.

Striking a Balance explains how development strategies
can give more attention to the environment. It shows how
the World Bank integrates environmental considerations
into its work. The Bank's objective is to foster institutional
changes that ensure long -range problem solving and environ-
mental planning in developing countries. The report
discusses specific initiatives to better manage farmland,
protect forests, conserve biological diversity, and control
pollution.

USAID, Bureau for Africa, Office of Technical Re-
sources. 1990. Vulnerability Assessment. FEWS Project
Group, Tulane/Pragma Group, 1611 N. Kent St., Suite
201, Arlington, VA 22209.

Contains reports of food security conditions in
Mauritania, Mali, Burkina Faso, Niger, Chad, Sudan, and
Ethiopia. Emphasizes socioeconomic conditions affecting the
resources that socioeconomic groups utilize to ensure access
to food. The 1990 report uses a decentralized, local analyst -
dependent procedure to assess the relative susceptibility of
particular socioeconomic groups to food insecurity as the
1990 -91 agricultural season begins. Although country
specific, there are several guiding principles that reflect the
FEWS interpretation of vulnerability.

PERIODICALS

Journals
Ambio: A Journal of the Human Environment. Eight issues
per year. Published by the Royal Swedish Academy of
Sciences, Box 50005, S -104 05, Stockholm, Sweden.
US$44.00 (individual).

An international journal, Ambio publishes recent work
in the interrelated fields of environmental management,
technology, and the natural sciences. Ambio is a refereed
journal, but is edited to be comprehensible to students,
politicians, professional planners, and interested laymen.

Environmental Impact Assessment Review. Quarterly.
Edited at the Center for Technology, Policy and Industrial
Development, Massachusetts Institute of Technology.
Published by Elsevier Science Publishing Co., Inc., P.O.
Box 882, Madison Square Station, New York, NY 10160-
0200. US$128.00 (institutional), $64.00 (individual).
Postage and handling outside the United States,
US$19.00.

For planners, engineers, scientists, lawyers, negotiators,
and administrators involved in the practice of impact
assessment. Environmental Impact Assessment bridges the gap
between theory and practice. Each issue highlights brief
summaries of new analytic techniques and breakthroughs in
environmental decision making. Feature articles by practitio-
ners, scholars, and policymakers address some of the most
urgent problems in the field.

Journal for Farming Systems Research -Extension. Three
times per year. Published by the Association for Farming
Systems Research -Extension (AFSRE) in cooperation with
the Office of Arid Lands Studies, The University of
Arizona, 845 North Park Ave., Tucson, AZ 85719.
US$60.00 (institutional), US$40.00 (individual, United
States, Canada, Europe, Japan, Australia, and New
Zealand), US$20.00 (individual, students and residents of
all other countries).

The Journal for Farming Systems Research -Extension
presents multidisciplinary reports of on -farm research -
extension work and discusses issues of interest to farming
systems practitioners, administrators, and trainers. The
Journal includes selected and refereed papers from the annual
International Farming Systems Symposium and contributed
articles from AFSRE members.
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Newsletters

Alternative Agriculture News. Monthly. Published by the
Institute for Alternative Agriculture, 9200 Edmonston Rd.,
Suite 117, Greenbelt, MD 20770. US$15.00 (tax- deduct-
ible).

Association for Farming Systems Research -Extension
(AFSRE) Newsletter. Three times per year. Published by
the AFSRE in cooperation with the Office of Arid Lands
Studies, The University of Arizona, 845 North Park Avenue,
Tucson, Arizona 85719. US$60.00 (institutional), US$40.00
(individual, United States, Canada, Europe, Japan, Australia,
and New Zealand), US$20.00 (individual, students and
residents of all other countries).

CIKARD News. Quarterly. Published by the Center for
Indigenous Knowledge for Agriculture and Rural Develop-
ment (CIKARD), Technology and Social Change Program,
Iowa State University, 318 Curtiss, Ames, Iowa 50011.

Culture and Agriculture. Three times per year. Published by
the Culture and Agriculture Group of the American Anthro-
pology Association in cooperation with the Office of Arid
Lands Studies, The University of Arizona, 845 North Park
Avenue, Tucson, Arizona 85719. US$10.00 (individual).

The DESFIL Newsletter. Quarterly. Published by the
Development Strategies for Fragile Lands (DESFIL) Project,
624 Ninth Street, NW, Sixth Floor, Washington, DC 20001.

Organic Farmer: The Digest of Sustainable Agriculture.
Quarterly. Published by Rural Vermont, 15 Barre St.,
Montpelier, VT 05602. US$10.00.

Seedhead News. Quarterly. Published by Native Seeds/
SEARCH, 2509 North Campbell Ave., #325, Tucson, AZ
85719. US$10.00.

Sustainable Agriculture Information Exchange. Periodi-
cally. Published by the Board for International Food and
Agricultural Development, International Development
Cooperation Agency, Agency for International Develop-
ment, Washington, DC 20523.

Sustainable Agriculture News. Quarterly. Published by the
Sustainable Agriculture Research and Education Program,
University of California, Davis, CA 95616.

CONFERENCES

International Association
of Hydrogeologists
Twenty -third International Congress

Aquifer Overexploitation
Puerto de la Cruz, Tenerife
(Canary Islands, Spain)
April 15-19, 1991

Sponsored by the Consejeria de Obras Publicas, Vivienda y
Aguas del Gobierno de Canarias, Spain.

Intensive exploitation of aquifers often occurs, particularly in
arid and semiarid areas, where it constitutes one of the main
factors in their economic development. The mismanagement of
water resources has, however, led to important changes in the
natural state of aquifers. Some of the most obvious, because they
are the most immediately apparent, are: groundwater table
drawdown, drying up of natural outflows and changes in water
quality. This Congress has been organized in an attempt to
define and analyze the positive and negative effects of
overexploitation in different aspects as well as examine the
situation as it exists today.

Official languages will be Spanish and English. Simultaneous
translation will be provided.

Registration fees are as follows:
IAH members: US$360
Nonmembers: US$480
Students: US$180

Registration fees should be paid by cashier's check in convert-
ible currency made out or transferred to "Asociacion
Internacional de Hidrogeologos. XXIII Congreso Internacional"
and sent to the Caja Canarias, sucursal 119. Orense, 56. 28020
Madrid SPAIN. Refunds will be made only if claimed before
February 28, 1991.

For more information contact:
Dr. Fermín Villarroya
Departamento de Geodinánica
Facultad de Ciencias Geológicas
Universidad Complutense
28040 Madrid SPAIN
Telephone: (34-1)5497391
FAX: (34 -1) 2439162



The Second Conference on
Agroforestry in North America

Holiday Inn University Plaza
Springfield, Missouri, U.S.A.
August 18 -21, 1991

The first North American Conference was held in Guelph,
Ontario, in August 1989 and identified critical problem areas in
agriculture, forestry, and the environment in general which can
benefit from the application of agroforestry principles. The
second conference will build upon and expand the knowledge
and understanding of agroforestry by bringing together research-
ers and practitioners with a common interest in this new and
exciting temperate -zone practice.

Papers are requested in the following agroforestry (alley crop-
ping, silvo -pastoral systems and ecosystems) categories: biology,
economics, soil conservation, water quality, wildlife habitat, and
policy.

For further information write:
H.E. Garrett
The School of Natural Resources
1 -20 Agriculture Building
University of Missouri
Columbia, Missouri 65211 U.S.A.

VISITORS

Visiting the Arizona Remote Sensing Center, OALS, from the
Academy of Sciences of the Turkmen SSR, Institute of Deserts
in Ashkhabad, Turkmenia, were Sergei B. Kurbatov and
Nikolai G. Kharin in April and May and Amanklych Babaev
(above right), Bogdan Ivakhov (above left), and Izabella
Moskaleva in September.

Rafael Ashkenazi (left) and Yakov Wigdor (right) are spending
a year at the University of Arizona as part of an exchange
arrangement with the U.S. Forest Service and the Jewish
National Fund, an organization devoted to reforestation and
land reclamation activities throughout Israel. They are here to
study with U.S. researchers to see how they approach reforesta-
tion and some other problems common to drylands.

As a civil engineer, Wigdor has supervised the develop-
ment of tourist and archaeological national parks in Israel and
projects such as roads, earth -works, environmental develop-
ment, and drainage systems He has also worked in Nigeria
supervising the construction of interurban roads.

Ashkenazi is a forester. He has worked in the northern
portion of Israel supervising reforestation and the construction
of roads in national parks.

Last spring the University of Arizona, in cooperation with the San
Diego State University Foundation, hosted an International
Workshop on Resource Utilization in Arid Lands. Twenty - three
participants from the Egyptian National Agricultural Research
Project attended the week -long training course which emphasized
water use management, crop production, and plant protection.

Souichi Nishiyama visited OALS from Kagawa, Japan, in April.
A professor of agricultural engineering at Kagawa University,
Nishiyama came to the UA to research drip irrigation facilities.
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