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FOREWORD 

This report results from a one-year effort by a multidisciplinary
 
team of analysts to establish a framework for evaluating long-term
 
development strategies for the African Sahel-Sudan 
area. 

By June 1973 it had become evident that the suffering caused by the 
drought was the most severe the area had experienced in the last half
 
century. A meeting of donor organizations and U.N. agencies, called
 
by the U.N., 
 was held in Geneva to discuss the problem. It was clear 
that, while the area required immediate assistance to meet the problems 
of drought relief, there was also need for long-range assistance if the 
region were to become self-sustaining and begin an era of positive eco
nomic d ivelopment and widespread improvement in the quality of life of 
its people. The U. S. delegation offered to undertake the first steps 
necessary to "identify the methodology, the data requirements and the 
possible alternative lines of inquiry from physical, economic, social
 
and cultural points of view" 
on which to base "a comprehensive examina
tion of technical problems and the major alternative development pos
sibilities" for the region. * The United States Agency for International 
Development (A.I.D.) offered to take responsibility for this task and 
determined that it should enlist the assistance of the academic community 
in carrying out the work. A.I.D. then approached M.I.T., and a study 
effort was formally initiated with the signing of a contract covering the 
period September 1, 1973, through August 31, 1974. This contract was 
subsequently extended to January 1, 1975. 

The goal of the U.S. effort is to develop a methodology for evalu
ating long-term development strategies for the Sahel-Sudan region. The 
* Final Report on the Meeting of the Sudano-Sahelian Mid- and Long-

Term Programme 28-29 June, 1973, Geneva. Special Sahelian Office,
United Nations, New York. Statement by Donald S. Brown. 



specific focus of the M.I.T. study has been on the development of an 
effective framework within which to appraise specific projects and programs. 
The term framework, in this context, refers to the accumulation, develop
ment, organization, integration, and analytical evaluation of information 
on the natural resources, economic resources, and human resources, 
including the social and political institutions, of the region. The frame
work is constructed in such a way that alternative strategies for the 
region can be identified and evaluated, in terms of both their requirements 
and their impacts, intended and unintended. The M.I.T. study has not 
been oriented toward detailed sector studies, prefeasibility studies, or 
project studies. Nevertheless, in the process of developing a methodology 
we have examined many kinds of information and a number of specific 
projects and have identified areas requiring further research to fill informa
tion gaps that impede long-range planning and evaluation of specific 

development proposals. 

It is hoped that this framework will assist decision-makers in 
the Sahel-Sudan countries and in donor organizations in arriving at informed 
judgments concerning strategies for the long-term (20 to 25 years) social 
and economic development of the region. 

The study was conducted under the direction of the M.I .T. Center 
for Policy Alternatives and was carried out by a multidisciplinary group. 
The Summary Report and the volume on agricultural development planning 
have drawn upon a number of working studies on specialized aspects of 

the problem prepared by the staff, i.e. (1) Economic Considerations for 
Long-Term Development, (2) Health, Nutrition, and Population, (3)Indus
trial and Urban Development, (4) Socio-Political Factors in Ecological 
Reconstruction, (5) A Systems Analysi q of Pastoralism in the West African 
Sahel, (6) Technology, Education, and Institutional Development, (7) The 
Role of Transportation, (8) An Approach to Water Resource Planning, 
(9) Energy and Mineral Resources, and (10) Listing of Project Library Hold



ings and Organizations Contacted. The basic elements of these studies 

have been drawn together in the two volumes of the final report. 

In addition to M.I.T. personnel, individuals from a number of
 

other organizations participated in the effort. Participants from the
 

University of Arizona, in particular, made major contributions; they had 

primary responsibility for developing the analysis of the agricultural 

sector strategy. Professor John Paden of Northwestern University was a 
major contributor to the work on socio-political factors. Members of 

the Socite d'Etdeus pour le D'veloppement Econornique et Social 

(S.E .D.E.S.) in Paris provided valuable insights into various aspects of 

the Sahel-Sudan area. Several members of the Centre de Recherches en 

Developpement Economique (C.R.D.E.) in Montreal developed sections on 
monetary policy, urbanization, and relationships between Niger and Nigeria. 

A list of individuals who participated In the study is included in Volume 1 

of this report. 

Numerous other individuals acted as consultants to the project, 

provided advice as the study progressed, and reviewed draft material for 

the reports. Help and advice were given by officials of the governments 
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ABSTRACT
 

A SYSTEMS ANALYSIS OF PASTORALISM
 
IN THE WEST AFRICAN SAHEL
 

by
 

Anthony C. Picardi
 

The long-term problem of desertification and recurring famine 
is analyzed with a series of system dynamics simulation models. 
This is the first application of the system dynamics methodology to a 

study of the tragedy-of-the -commonscase problem. The models
 
provide a framework for understanding the ecological and social
 
dynamics of the pastoral system. 
 They are used to estimate the range
land's maximum sustainable yield and potential for recovery, to
 
analyze the implementation of sustained yield use, 
 and to define some 
trade-offs between population and certain quality-of-life indicators. 

Chapter 1 defines the research objectives as the development of 
an analytic model for the pastoral system and the demonstration of
 
how the model can 
be used to analyze long-term policies and to define
 
generic behavior modes of the system parameters. Some background
 
information on the sahel is 
 given and the research summary and con
clusions are presented.
 

Chapter 2 describes the system dynamics methodology and the
 
evolutionary modeling approach which involves the construction of
 
three simulation models to address increasingly complex and perva
sive issues. The data base is defined and some system dynamics 
studies are reviewed. 

Chapter 3 reviews the sahel's recent history with the finding 
that reports of accelerated desertification have been associated with 
four generic types of interventions in the pastoral system over the 
past 50 years. The effect of these interventions was to relax the 



traditional limiting factors of warfare, human and livestock disease, 

and water scarcity. In addition, the years preceding the lal3t drought 

were characterized by unusually favorable'rainfall. 

Chapter 4 describes the first model and uses it to examine the 

ecological causes of the observed chronic overgrazing, the recent 

drought disaster and the dynamic effects of historic interventions. 

Alleviation of historic limiting factors was found to result in a popula

tion and livestock catastrophe even without a severe drought in the 

1970s. Given the drought, the interventions were found to contribute 

to the catastrophe. 

Chapter 5 examines the maximum sustainable yield potential of 

the resource base. A potential 50 peicent increase in live weight off

take above pre-drought levels is estimated with the application of 

existing technologies and management techniques. The analysis indi

cates that implementing some commonly proposed development and 

relief programs for the sahel zone, in the absence of effective stock

ing rate control, leads to continued desertification and famine. 

Chapter 6 describes two extensions of the ecological model to 

include the dynamics of the traditional economic eystem and some 

important long-term social values. Pastoral economic dynamics with 

different cultural parameters and with future rainfall patterns are 

investigated. 

Chapter 7 examines the implementation of the maximum 

sustainable yield use of the sahel with a variety of conventional social 

and economic policies, none of which are successful. The failures of 

these policies are explained in the context of the tragedy-of-the

commons syndrome. An effective range management policy is pro

posed and then used to define a number of population-welfare trade

offs. The limited production potential is found to make sustained 

increases in per capital wealth incompatible with large increases in 



expected lifetime unless substantial out-migration takes place. 

Chapter 8 considers some aspects of the validation process as 

an example of how confidence may be gained in the inferences of the 

model. Policy sets are simultated with different rainfall patterns. 

The sensitivity of the model to endogenous parameters is discussed. 

It is found that inferences made from the model are reliable under 

variations in the exogenous stochastic parameter and insensitive to 

uncertainties in endogenous parameters. The fundamental theoretical 

assumptions of the model are reviewed. 

Chapter 9 suggests that future research on the tragedy-of -thi

commons problem in the sahel can be useful only if conducted in a 

policy-making environment with sufficient expertise to validate very 

complex model behavior,. Some ideas for further research are given. 
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1. INTRODUCTION 

1. 1 The Problem 

The problem of the sahel region of west Africa is famine, 

reduction of agricultural productivity and the widespread destruction 

of the ecology. The west African Sahel and subdesert region is an 

ecological zone of grasslands and sparse woody vegetation which 

receives an average of between 100 and 650 mm (4 to 25 inches) of 

rainfall a year. The people of the region, essentially all 

pastoralists, herd camels, cattle, sheep and goats as their primary 

means of livelihood. Their lives are governed by long yearly 

migrations or nomadic wanderings as they lead their livestock in 

search of pastures. 

The past few years have witnessed the devastation of the 

pastoralists' uncounted herds as cattle and small stock have 

succumbed to starvation and exhaustion. A severe drought, such 

as occurs only once in several generations, has precipitated this 

loss which left tens of thousands of herdsmen and their families 

trapped in squalid refugee camps--victims of starvation and 

disease-- dependent on the mercy of the world for their survival. 

Less sudden, but no less inexorable, was the gradual replacement 

of pasture land with desert wasteland as the desiccating winds off 

the Sahara Desert to the north scoured away the thin topsoid 

leaving a pebbly "desert pavement" or infertile sand. The sudden

ness and relative magnitude of this human and ecological 

catastrophe are shown graphically in Figure 1.1-1 where the 

decrease in livestock numbers represents deaths and the decrease 

in population represents people who have migrated or died. The 

decrease in soil condition represents desertification of the land. 
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Starvation and desertification are Immediate problems in 

the sahel. The possibility that the human catastrophe 

shown in Figura 1.1-1 will recur and that the ecological disaster will 

be total and irreparable is a long-term problem. It is a long-term 

problem for the pastoralists who will face starvation and the loss of 

a way of life. It is a problem for the Francophone west African 

national economies which contain sahel and subdesert regions 

and which depend on exported livestock -or a large share of their 

foreign exchange earnings. Finally, it is a problem for the developed 

countries whose moral and financial resources will be increasingly 

summoned to forestall the misery and repair the damage. 

This study is about the long-term human and ecological problem 

in the sahel and subdesert (henceforth simply sahel) regions of Chad, 

Mali, Mauritania, Niger, Seinegal, and Upper Volta. This study is 

a way of thinking about the problem represented by Figure 1-1-1 -- a 

way of thinking which is useful for describing what is happening in 

the sahel, discovering the fundamental causes of the problem and 

finding out what can be done about it. 

1.2 The Objectives of This Study 

The principal objective of this study is to develop an explicit 

model for the analysis of the pastoral system in the west African 

Sahel. 

The model will deal with the ecological problem of desertification 

and the human problem of recurring episodes of herd losses and 

famine. The time horizon of the model will be very long so that it 

will be possible to analyze the recovery of the system from severe 

droughts. The recovery time constant of the ecological system is 

perceived at the outset to be on the order of 100 years. 
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Such a long time horizon necessitates that the model be broad 

in scope, since the range of possible consequences widens as more 

time is allowed for ecological and human processes to respond to 

policies. The individual components of a broad-scope model must 

be highly aggregated if the model is to be useful for understanding 

and communicating fundamental processes. Therefore, the focus of 

the model will be on generic behavior patterns rather than on specific 

predictions. The policies to be analyzed will be generic policies, 

characterized by their functional effects. The result of policy 

experiments will be generalizable to the sahel and subdesert 

ecological region where pastoralism is the principal way of life. 

The problem elements described in this study are perceived as 

interacting in an orderly, rational manner, constituting a genuine 

system. The most important interactions that determine the long

term behavior of the ecological-pastoral system are perceived as 

dynamic feedback processes. This means that the behavior of 

individual system elements causes changes in the rest of the system, 

which in turn cause the original system elements to behave 

differently. Two such feedback loops are shown in Figure 1.2-1 

where the arrows imply the direction of causality. For example, 

livestock cause changes in the range condition by their grazing 

intensity. The condition of the range then affects the livestock 

through the amount of forage that is produced each year. These 

feedback processes typically proceed at differing rates-- some 

happening almost immediately, and some taking as much as 100 

years. 

The relationships between system elements are numerous and 

complex, even if these elements are simplified aggregate 

representations of the real system. The model to be developed 

will therefore be a computer simulation model so that its 
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explicitness may be preserved while at the same time making policy 

experiments tractable.)'-he explicit quantitative nature of this 

analysis is the most important reason why the inferences drawn 

from this study will be more communicable and more significant 

than qualitative studies based on mental models. 

The working hypothesis for this first objective is that a systems 

analysis can be made of the problem of desertification and recurring 

famine in the sahel and that this analysis will be useful for perceiving 

the problem, understanding its fundamental causes and discovering 

ways of combining the sahel's human and ecological resources to 

achieve a more acceptable behavior mode of the system. 
The second objective is to demonstrate how the model developed 

in this study can be used to analyze long-term problems by making 

some specific inferences pertaining to the problem of desertification 

and recurring famine in the sahel. Five general topics will be 

addressed.
 

The first topic concerns what has actually happened to the major 

system elements in the past fifty years. The model framework will 

be used to develop a coherent, efficient and consistent 

picture. 

Second, the model wifi be used to determine the fundamental 

causes of the ecological and human crises in a manner that is 

consistent with historical evidence. 

Third, the model will be used to determine the long-term 

potential for sustainable improvement in the ecological system. 

Fourth, the question of how the ecological solution can be 

implemented is addressed. For this, a variety of generic public 

policies will be analyzed for their effect on the long-term behavior 

of the system. 
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Finally, the topic of the quality-of-life of the pastoralists will 

be explored by using the model to define some broad trade-offs 

between population size, material welfare, and health. 

The working hypothesis for this second objective is that the 

problem behavior of the ecological-pastoral system (the desertifica

tion and recurring famines) results primarily from processes at 

work within the system. Furthermore, it is assumed that a solution 

to the situation exists but that it involves much more than the 

conventional programs proposed to date. It is perceived also that 

a definite trade-off exists between the pastoralist's population level 

and their quality of life. 

1. 3 What This Study Is Not 

No matter how explicit a statement of objectives may be, 

such statements are usually rather abstract and thus subject to a 

range of interpretations not intended by the author. This is 

particularly so when the study employs new methodologies as this 

one does. In an effort to further refine the reader's perception of 

what this research is all about, some possible misconceptions will 

be ruled out here. 

This study results in no recommendations for the sahel. 

Recommendations are easy to give because the analyst does not have 

to examine his assumptions about his client's priorities and, thus, it 

is possible to adopt a narrow technical goal for which the analysis 

and conclusions will be valid. Recommendations are easy to receive 

because excuses can always be found for not following them--usually 

because the analytical goal was too narrow, not encompassing enough 

of the human elements. Instead, this study is meant to define trade

offs and stimulate a discussion of long-term priorities. 



This study defines no optima. The discovery of optima requires 

the definition of an objective function which reflects the priorities 

of the client. A set of long-term priorities has not been defined by 

The author cautionsany of the possible clients of this study. 

against the use of this study as a parametric analysis from 

since only a few of the 8 trillionoptimal policy sets can be chosen, 

examined here.
possible policy sets (of the SOCIOMAD model) were 

Hence, only local optima can be found. 

This study is not a micro-analysis. Although much data from a 

done for the purpose of consistency,specific area was used, this was 

rather than to make specific predictions about specific projects in 

any one geographic locale. 

This study does not follow the methodology of a contemporary 

economic cost-benefit analysis. Although some monetary costs and 

the emphasis is putbenefits are calculated, many are not. Instead, 


on a variety of other dimensions which are typically neglected in
 

short-term economic analyses and which are more relevant for 

describing the long-term state of the system. 

This study does not consider the political implications of the 

policies that are analyzed. Policy decisions are made on the basis 

of mental models. Such decisions affect the policy maker's 

environment which in turn affects his mental model of what is
 

as follows:
happening around him and why, 

policy 
de c i si ons-i m 

environment 

mental
 
models
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The mandate for this study derives from the realization that present 
mental models of long-term ecological and social problems are in 
some way inadequate and can be made more explicit. This study
 
could, thus, enter the political policy-making process without the
 
explicit inclusion of political implications.
 

1.4 Background 
The sahel and subdesert region of Francophone west Africa, 

located on the southern rim of the Sahara Desert, stretches across 
six countries from Senegal and Mauritania on the west through Mali, 
the northern part of Upper Volta, Niger and Chad on the east. These 
regions are defined variously in terms of rainfall, vegetation and soil 
types. Soils are generally thin, with brown soils dominant in the 
sahel and sandy and silty soils dominant in the subdesert (Phillips 
1970, p. 220). Vegetation varies from sparse, ephemerals in the
 
subdesert to degraded shrub and steppe grassland in the sahel
 
(Matlock and Cockrum 1974). 
 Average annual rainfall increases as
 
one proceeds south, 
 away from the Sahara. The subdesert is
 
considered to lie between the 100 and 300 mm 
(4 to 12 inches) rain
fall isohyets and the sahel between the 300 and 650 mm (12 to 25 
inches) rainfall isohyets (Seifert and Kamrany 1974, p. 99). The 
climate is arid and semi-arid with all the rainfall concentrated in 
June, July and August. The standard deviation of annual rainfall 
varies from 25 percent to 40 percent of the mean as one proceeds 
north from the 650 mm to the 150 mm rainfall isohyet. Because of 
the intense solar radiation and desiccating winds which seasonally 
blow off the Sahara Desert, the potential evapotranspiration 
(evaporation from soil plus transpiration from vegetation [ see 
Odum 1971 ] ) is extremely large. For the sake of brevity, 
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the term sahel will be used to refer to both these sahel and sub

desert ecological regions unless otherwise stated. 

The topography is generally flat with ephemeral stream beds 

distinguished by low trees and shrubs. The region lies mostly 

between 200 and 500 meters above sea level except for the A'fr 

Mountains in northern Niger, which rise to elevations between 19000 

and 1, 500 meters. 

The snajor occupation north of the 650 mm rainfall isohyet 

is animal husbandry. Life here is centered around long seasonal 

migrations ("transhumances") which are necessary so the herdsmen can 

exploit the pastures in the sahel after the rainy season and then return to 

dry season pastures in the Mir Mountains or to harvested ri-illet fields in 

the more southerly agricultural zone. Between the 300 and 650 mm rain

fall isohyets some millet is raised in years with sufficient rainfall, usirg 

primitive dry-land farming techniques alternated with fallowing. 

The term "pastoralist" will be used to refer to these people who 

make their living herding camels, cattle, sheep, and goats in the sahel 

region. In the context of this study, this term refers to more than a 

shepherd. It refers to a way of life. The pastoralists are physio

logically, psychologically, and culturally adapted to a harsh and 

uncertain life. As a general rule, as one proceeds north from 

the 650 mm isohyet, these herdsmen keep greater numbers of camels-

which are browsers on woody subdesert and desert vegetation rather 

than grassland grazers--until, in the desert itself, no bovine livestock 

are kept. Seasonal migrations also become longer and less regular as 

one proceeds north until, in the desert, the herdsmen become truly 

nomadic, having no regular pattern to their wanderings. 

The largest single ethnic group of pastoralists is the Fulani, who 

are scattered throughout the region. The Tuaregs are found in the 
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northern sahel and subdesert regions of Niger and Mali and a variety 

of Saharan Arabic groups are fomivd in Mauritania.
 

Throughout the region, a hardy, drought-resistant tropical
 

bovine called a "zebu" is raised and serves as a source of meat,
 

milk, prestige, and capital investment and is used in transportation of 
the herdsman's belongings. At maturity the zebu has an average weight of 

300 kg. (660 lbs. ). As they are moved into the agricultural zones 

to the south, zebus generally become increasingly afflicted by 

trypanosomiasis, a sleeping sickness which is transmitted by the 

bloodsucking tsetse fly. 

1. 5 Research Summary and Conclusions
 

Shortly after the start of this study in the fall of 1973, 
 the author 

spent two weeks in Paris and Rome and three weeks in Chad, Mali, 
and Upper Volta finding data on the region, becoming familiar with 

the setting and identifying problems with Africans. Upon returning 
it was decided to focus on the problem of desertification and recurring 
drought disasters in the sahel for three reasons: it is a genuine 

human and ecological problem commanding world-wide concern; 

restoration and maintenance of the sahel ecological resource base 

is a necessary (but not necessarily sufficient) step in any livestock 

production system in west Africa; and the problem was manageable for 

one person at the intended level of detail. 

Chapter 2 describes the system dynamics methodology which 

was used in this study by means of a simple population model called 
MINIPOP. The evolutionary modeling approach adopted for the study 
(in which a basic simulation model, SAHEL2, is made increasingly 

complex as the questions being addressed become broader in scope) 
is explained. The area that will serve as the principal source 

of data--the region north of Tahoua in Niger--is defined. The system 
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dynamics literature is reviewed and the contribution of this study is 

noted as dealing with the interrelated social and ecological problems 

of managing a renewable resource and defining, in a real case study, 

the trade-offs between population size and quality-of-life. 

Chapter 3 reviews what has happened in the sahel from the 

standpoint of limiting factors. Evidence is found that warfare, 

human and animal diseases, and water scarcity have all been 

alleviated to some extent over the past 50 years. An analysis of 

rainfall data shows that the 15 years preceding the drought had been 

characterized by above-average rainfall. It is also found that the 

relaxation of traditional limiting factors was accompanied, before 

the drought, by chronic overgrazing and explosive growth rates of 

both population and livestock. 

Chapter 4 describes the ecological model, SAHEL2, and uses 

it to examine the causes of the observed chronic overgrazing and 

drought disaster. The dynamic effect of all the historic interventions 

is shown by the model to eventually increase the grazing pressure 

on the rangeland. Major feedback loops governing the deterioration 

and regeneration of the range and the stock growth rate are describ

ed. Simulations with this model lead to two conclusions. 

The first conclusion is that increased overgrazing caused 

by alleviation of the historic limiting factors would soon have led 

to a population and livestock catastrophe even without a severe 

drought in the early 1970s. Second, given the 1971-1973 drought, 

the generic effect of the historical interventions was to increase the 

magnitude of the drought disaster. 

Chapter 5 examines the potential for improvement and preserva

tion of the resource base. An estimation of the maximum sustainable 

yield of live meat production is made with the assumption that existing 
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known technologies of herd management and pasture improvement 
can be employed. The resulting estimate is that the live weight of 
meat offtake from the sahel could be increased by about 50 percent 
above the pre-drought level. It is also possible that the terms of 
trade for the herdsman could be improved by a factor of five if the 
real price of meat is increased to present world prices. 

An analysis with SAHEL2 of the consequences of continuing the 
same type of generic programs which have been pursued in the past 
leads to the conclusion that none of these programs, alone or in
 
combination, can restore the range, 
 and some may even hasten its 
degradation. On the other hand, if the offtake decision is based on 
the condition of the range, ecological recovery could be achieved. 
Large yearly variations in offtake could be atteniuated by a buffer 
program such as supplemental feeding. 

In Chapter 6 of the SAHEL2 ecological model is twice extended: 
first to include the dynamics of the traditional economic system (in 
ECNOMAD3) and then to include the long-term dynamics of some 
important social values (in SOCIOMAD). The structure of traditional 
herd management decisions is based on the herdsman's relative
 
utilities for a set of markec and non-market goods and services.
 
This traditional economic model is 
 included in ECNOMAD3 which was 
tested utilizing a variety of cultural parameters and weather patterns. 
The causal structures of three long-term social values are described. 

It is concluded that it is possible to model the herdmen's 
economic priorities by utilizing model structures which describe 
the relative values the herdsmen place on the different uses of their 
herds. The basic dynamic behavior of the parameters obtained from 
the resulting economic model does not differ significantly under a 
wide range of parameter changes which could reflect different cultural 
characteristics. It is further concluded that the base run behavior 
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mode (continuation of present policies at present levels) is independent 

of future rainfall patterns. This behavior mode is qualitatively 

described as a continued degradation of the range for the next ten to 

twenty years. Destocking through chronic starvation of human and 

livestock populations also continues until about 1990. Partial 

recovery of the range potential over the subsequent 20 years is 

followed by a resumption of high stock growth rates, increasing inci

dences of overgrazing, and, inevitably, another drought-precipitated 

crash. Large scale drought disasters continue to occur. 

Chapter 7 deals with the problem of implementing a maximum 

sustainable yield use of the sahel. The SOCIOMAD model is used to 

explore whether a number of conventional approaches will induce the 

herdsmen to relate their offtake decisions to the range condition. The 

failures of conventional price policies, tax policies, policies to 

increase the herdsman's wealth aspirations and policies to control the 

duration of the sahelian transhumance are explained in the context of 

the ubiquitous tragedy-of-the-commons syndrome which arises in 

the case of a scarce common property resource. An effective feed

back structure is suggested and used to define a number of population

welfare trade-offs. Both the absolute magnitudes and the behavior 

through time of some important variables are discussed. 

It is concluded that the SOCIOMAD simulation model is rich in 

possibilities for defining long-term trade-offs. It is pussible to 

include structures in the model to simulate long-term changes in 

some relevant social values. Conventional approaches to managing 

the range based on the herdsman's voluntary cooperation are not 

capable of improving the behavior mode of the system. This is 

because the traditional socio-economic enviroment lacks a strong 

enough feedback from the range condition to the behavior of the 
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herdsmen to cause them to conserve the resource for the long-term 

future. 
Under all policy sets, the maximum sustainable yield of the
 

resource base is 
 limited. Under a set of strict management policies, 
about 80 years is needed for the development of the maximum sustain
able yield. 

Trade-offs exist in how the production potential of the sahel is 
allocated. The limited production potential makes sustained improve
ments in per capita wealth incompatible with large increases in
 
expected lifetime due to the large population levels that result. 
 Out
migration from the region is chronic under almost any program, but 
is especially significant when lrge increases in average lifetime occur. 

Chapter 8 considers some aspects of the validation process as an 
example of how one may refine and gain confidence in the infercnces of 
a complex simulation model like SOCIOMAD. Some approaches to the 
validation process are briefly reviewed with the suggestion that it is
 
not possible to validate such a model with a 
single quantitative measure. 
The sensitivity of the basic character of the behavior modes resulting 
from different policy sets is examined by running the model with six 
future rainfall patterns. The sensitivity of the model to uncertainties 
in the endogenous parameters is discussed with some suggestions of 
which parameters should be given priority for further refinement. 
The underlying theoretical assumptions upon which each major sector 
is based are enumerated and some necessary simplifying assumptions 

are reviewed. 

It is concluded that inferences drawn from the model are insensi
tive to expected variations in the principal exogenous stochastic 
parameter (the rainfall) and to variations (within a reasonable range) 
of the endogenous parameters. The structures of the major sectors 
are all based on well-accepted theories of how these processes work. 
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The model retains its validity under the simplifying assumptions 

made to maintain a balance of detail in the model structure. The 

lack of a client interested in direct implementation is cited as a 

principal limitation on the usefulness of the study. 

In Chapter 9 it is suggested that no further research on this 

tragedy-of-the-commons problem will be useful unless policy-makers 

responsible for long-term decisions in the sahel can be identified as 

clients. If this is possible, it is suggested that efforts to extend the 

complexity of models beyond that of SOCIOMAD proceed only in con

junction with experts who can validate the behavior modes of the model. 

Some examples of how the SOCIOMAD model may be extended are given 

along with some ideas for other models that can be constructed to address 

related problems. Some ideas are given for a dynamic Bayesian 

decision model to address the problem of motivating herdsmen to co

operate with large regional ranching schemes. 

Most of the important structures of the three models used in this 

study are presented in the text in the form of causal diagrams. The 

actual model equations, written in DYNAMO, are all given in the 

appropriate appendices. In addition, the dynamo flow charts, taiie 

functions and the documented equation listings are given for SAHEL2 

and SOCIOMAD. The teclmical description of SOCIOMAD, the final 

complete model, includes most of the information sources upon which 

the numerical parameters were based. 

1. 6 Significance of This Research 

This study is the first time the tragedy-of-the-commons 

syndrome has been treated in an explicit interacting ecological

social-economic framework. The methodology and system structures 

developed in this study of the sahel are applicable to the general com

mon resource problem. 
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The trade-off matrix in which multi-dimensional parameters 

of the pastoral system are presented for various alternative 

policies represents a significant advance for long-term regional 

planning. The sensitivity testing of the inferences generated by 
SOCIOMAD is an important contribution to system dynamics 

validation procedures. Inclusion of empirical data in the model 

renders it useful for defining some real population - welfare trade

offs for a population living on a fixed resource. 





2. 	 METHODOLOGY 

Section 1. 2 defined the principal objective of this study as the
 
development of an explicit model of the pastoral system in the
 
sahel. The study requires that the model be: 

(1) 	 oriented around the problem of desertification and recurring 
famine; 

(2) 	 long-term (on the order of 100 years); 
(3) 	 broad in scope--including physical, ecological, social, 

and economic phenomena; 
(4) 	 aggregated in its various sectors; 

(5) 	 easily communicable; 
(6) 	 oriented toward generic behavior modes rather than prediction; 
(7) 	 applicable to a wide range of cultural and ecological


situations in the sahel;
 
(8) 	 structured as a system of interacting dynamic feedback loops; 
(9) 	 rich in possibilities for policy experiments; 

(10) efficient; and 
(11) insensitive to reasonable uncertainties in numerical information. 

It is asserted here that, of all the available analytical techniques,
 
the system dynamics methodology most closely meets these
 
requirements. 
 This will not be elaborated here, as Professor 
J. W. Forrester (1968c; 1973) has already argued this point well. 
The 	object of this chapter is to acquaint the reader with enough of the 
system dynamics methodology so that he will be able to follow the 

rest of the study. 

2.1 	 The System Dynamics Process 
The following is an intuitive introduction to system dynamics which 

the uninitiated reader will find more useful than abstract definitions. 
This example concerns a mini-population which lives on generalized 
resources. All 	numbers are contrived for the purpose of this example. 
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The Problem 

Problems are defined in terms of undesirable behavior modes of 

a system. This population's problem is that it experiences a boom

and-crash syndrome; it is unstable, with all the attendant disruption 

and waste. The problem behavior can be represented dynamically 

as in Figure 2. 1-la. 

The problem behavior occurs over a time span of about 50 years. 

Hence the time horizon of the study, consistent with the dynamic 

phenomenon under investigation, is chosen to be about 75 years. A 

level of aggregation is chosen which is consistent with the purpose of 

the study. In this case the purpose is to understand in a general 

way why the population crashes; therefore, a simple model with 

very little detail is chosen. 

Causat 

A causal diagram, shown in Figure 2.1-lb, explains the under

lying logic of why things work the way they do. The total resources 

available are fixed, so as population rises the individual resource 

availability decreases. Individual resources change in the opposite 

direction as the population. This is represented by a negative sign 

next to the arrow connecting these system elements. As resource 

availability decreases, it causes a change in the same direction in 

the population growth rate--a decrease--and, hence, a positive sign is 

shown next to the arrow connecting resource availability to growth 

rate. Of course, the popula,'Xn level always changes in the same 

direction as the growth rate, either both positive or both negative, so 

this causal link has a positive sign. 

The chain of causality just defined is a feedback loop. In fact, as 

time goes on and population grows, individual resources become more 

limited and growth slows more and more until eventually population 
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growth stops. Such self-limiting loops are negative feedback loops. 

Positive feedback loops have no upper bound. 

The Analytic Model 

The next step is to transform our mental model into a system 

of equations, which will be called MINIPOP. To do this, the nature 

of the system elements and the interactions between them are 

defined more explicitly by constructing a DYNAMO system diagram 

as in Figure 2. 1-1c. Here the population is identified as the primary 

level--the integrated result over time of positive and negative changes, 

The population growth is the net flow of individuals betweenor rates. 

the level and the population source or sink represented by the cloud. 

The system elements and the relations between them shown in 

Figure 2. 1-Ic define a system structure. From this we can write 

equations in the DYNAMO computer simulation language (Pugh 1973) 

for the population level and growth. 

POP. K = POP. J + DT* (PG. JK) 
POP - POPULATION, PERSONS 
PG - POPULATION GROWTH, PEOPLE/YR 

PG. KL = POP. K*PGR. K 
PG - POPULATION GROWTH, PEOPLE/YR 
POP - POPULATION, PERSONS 
PGR - POPULATION GROWTH RATE, I/YR 

We know the structure of the population growth rate equation: 

that the growth rate (in I/yr dimensions) decreases as the ratio of 

The numerical relationship betweenpeople-to-resources increases. 


population and growth rate is found by examining numerical data.
 

The. Data 

Numerical data relating the population-to-resource ratio 

(POP/TRA) to the population growth rate, PGR, is shown in 

Figure 2. l-2a. The system structure helps to define exactly what 
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data is necessary for the model. Other necessary data are the 

initiaLva ue of population at time 0 (300) and the total resources 

available (estimated to be 1, 00 0). These equations are then written 

in DYNAMO. 

PGR. K = TABHL(PGTAB, POP. K/TRA, 0, 1. 5,.5) 

PGTAB = .04/.04/0/-.08 

PGR - POPULATION GROWTH RATE, 1/YR. 
PGTAB - POPULATION GROWTH RATE TABLE 

TRA = 1000 

TRA - TOTAL RESOURCE UNITS AVAILABLE 

IPOP = 300 

IPOP - INITIAL POPULATION LEVEL 

Simulation 

The MINIPOP Base Run (Figure 2. l-2b) shows that the model 

fails to reproduce the problem behavior mode; no overshoot occurs. 

The population behavior is dominated by a negative feedback which 

causes the growth rate to stop, but the growth rate never becomes 

negative. 

In Figure 2.1-2c the initial value of the population has been 

raised to 500 and in Figure 2.1-3a the total resources have been 

increased to 1, 200, in an effort to see whether uncertainties in the 

data could be the reason why the problem behavior mode does not 

result. This results in numerical changes in the model parameters; 

the population levels off faster in Figure 2.1-2c and at a different 

value in Figure 2. l-3a. This basic behavior mode (the population 

leveling off and remaining thereafter at the total resource level) 

persists in spite of changes in the data. 
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Structural Changes 

A Structural change is now added to MINIPOP. More informa

tion about population dynamics reveals that population growth does 

not respond immediately to resource scarcities, but that information 

about decreasing individual resource availability is delayed for 

about 15 years before it begins to affect population growth. This 

structural change is incorporated in the DYNAMO system diagram 

shown in Figure 2.1-3b. The complete set of equations for the 

reformulated MINIPOP model are shown in Figure 2.1-3c. MINIPOP 

simulations with the added delay result in the population overshoot 

behavior shown in Figure 2.1-4a. Again, changing the parameters 

of the model can affect how great this overshoot is. This is 

illustrated in Figures 2.1-4b and 4c in which the information delay 

is decreased to 10 years and increased to 25 years respectively. 

Even such large shifts in the model parameters do not change the 

behavior mode as long as the structure remains the same. 

Sensitivity and Policy Testing 

The next step is to formulate structures for policies, and then to 

simulate them to see if they are effective in changing the behavior 

mode. One effective policy is obvious: simply reduce the information 

delay to near zero and the stable behavior mode of the base run is 

recaptured. Some sensitivity tests of numerical values for the time 

delay have already been done (Figures 2.1-4b and 4c). Others may 

be done on parameters for which data is uncertain. 

Conclusions 

Conclusions based on the model structure and behavior can now 

be made. Conclusions must relate to the original purpose of the 

model, which was to gain an aggregate understanding of the causes 
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of the problem behavior mode. The structure of MINIPOP, which 

simulates the problem behavior, tells us that population growth 
responds to per capita resource availability. Furthermore, the 
delay of the population in responding to decreased individual resource 

availability is responsible for the overshoot and eventual crash. 
Finally, we find that the beha-rior mode can be changed by altering 

the model structure--by implementing any policy which is effective 

in reducing the time delay to zero. 

Understanding the mini-population requires reformulation of 
our original mental model to include the realization that important 
time delays exist in the system relating population to available 

resources.
 

The reader wishing a deeper understanding of system dynamics 

should consult Goodman (1974). 

2.2 The Evolutionary Modeling Approach 

The actual modeling process involved the construction of several 

simulation models, three of which are presented in the following 
chapters. Table 2.2-1 indicates the evolution of this effort from a 
rudimentary model of the entire system, SAHELl, through several 
intermediate models which were used in data organization and behavior 
validation for various subsections. SAHEL2, the final detailed model 
of the physical and ecological system, incorporates the essential 
structures and information developed with the preceding models. 
Since the specific purposes of each model were different, the extent 
to which it was necessary to define, parameterize, code and operate 

each model also differed. 

SAHEL1, constructed the first week after the fundamental 

proLlem was identified, focuses attention on the three important 

physical state variables of the system (population, livestock, and 
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TABLE 2.2-1 

The Evolution of the System Dynamics Study of the Sahel,
 
Showing the Various Models and Their Purposes
 

in Chronological Order 

Model 	 Purpose 

SAHEL1 Define important state variables, 
illustrate major causal loops and 
reference-mode behavior. 

GRASS1 	 Define the parameters and time 
constants for the forage produc
tion sector. 

CHEPTEL1 Organize data on livestock 
dynamics. Can serve as live
stock sector of a more 
disaggregated model. 

POPI 	 Organize data on demographic 

dynamics. Can serve as the 

population sector of a more 

disaggregated model.
 

RAIN1, Analyze rainfall data for long-
RAIN2 term average trends, means, 

and variances. 

SAHEL2 	 Discover the causes of the 
ecological problem, analyze 
policies directly affecting the 
range and livestock. 

ECNOMAD1 	 Analyze the traditional 
pastoral economy. 

ECNOMAD2 	 Analyze the traditional 
paqstoral economy using
SAHEL2 as the ecological system. 

Status 

operational 

operational 

coded 

structure 
defined and 
parameterized 

operational 

operational 
(presented 

here) 

coded 

operational 

(continued) 
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TABLE 2.2-1 

The Evolution of the System Dynamics Study of the Sahel,
 
Showing the Various Models and Their Purposes
 

in Chronological Order 

(Continued) 

Model Purpose Status 

ECNOMAD3 Revised version of ECNOMAD2; 
includes traditional priority 
structure. 

operational 
(presented 
here) 

SOCIOMAD Discover the soc I1 and cultural 
causes for the ecological problem, 
analyze social and economic 
policies to implement a sustained 
use of the resource base, define 
long-term trade-offs. 

operational 
(presented 
here) 
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rangeland) and shows that the feedback structure is sufficient 
to cause the type of drought catastrophe which has been observed 
in actuality. The rudimentary structure of this preliminary model 
defines a set of concepts fundamental to future modeling efforts, 
such as the concept of the carrying capacity for livestock and, hence, 
for human populations (which is a recurrent theme of this research). 
The concept that renewable resources regenerate much more slowly 
than they deteriorate under stress introduces a fundamental
 
asymmetry into the system, 
which becomes increasingly important 
as the rainfall variance increases. This type of behavior, termed 
the "reference mode" after Randers (1973), is also useful as a
 
minimum requirement for behavioral validity. 
 (Randers should 
also be consulted for a further discussion of the initial conceptualiza
tion phase of the model-building process.) 

SAHEL2 was the first model used to analyze policies. These
 
policies directly affect the ecological and livestock systems, 
 so
 
it was appropriate to use an ecologically-oriented model to address
 

them.
 

The second set of problems concerned implementation of the
 
desired behavior mode defined by SAHEL2. 
 A series of models
 
was 
constructed to examine successively more complex social and 
economic policies whose goal is implementation of ecologically 
sound behavior. The first model, called ECNOMAD3, includes all 
the dynamics of the physical ecosystem plus the economic inter
actions that determine offtake rate. It soon became appaeent that 
offtake decisions from year to year are determined by a set of social 
values which change only over long periods of time. Such social 
values are of prime importance, however, in determining the long
term effectiveness of a given range management decision-making 
program. To examine the dynamics of these long-term social values 
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and the effects of a wide range of social and economic policies, 

another model (SOCIOMAD) was constructed. 

are cumulative;All of the models constructed after SAHEL2 

they add more structures to the previous model in an effort to 

address more subtle, long-range and pervasive polic.es. The 

following set of schematics illustrates the nature of this evolution. 

Figure 2.2-1, representing interactions in the SAHEL2 model, 

shows a feedback relationship between the livestock and rangeland 

exists between the demographic and economicsectors while none 

sectors. This situation--a consequence of the constant offtake 

can affectrate assumed in the model--means that food production 

but this sectorthe internal dynamics of the demographic sector, 

cannot influence the dynamics of any other sector. 

Figure 2.2-2 represents the intersectoral relationships in the 

through the inter-
ECNOMAD3 model. C,nges in any sector can, 

sectoral feedback relations, affect the dynamics of all other sectors 

except the social values sector. In this model, the economic sector 

receives information from the livestock and demographic sectors and 

There
allocates the herd according to a set of invariant social values. 

is no feedback from the rest of the model to the social value sector. 

While the SAHEL2 model is useful in examining policies related to 

stocking and offtake rates, the ECNOMAD3 model can examine the
 

effectiveness of policies concerning prices and exogenous long-term
 

social value changes in achieving the desired total offtake and
 

stocking rates. Such an examination is the first step in analyzing
 

the implementation problem.
 

SOCIOMAD incorporates feedback structures in the social
 

values sector to examine if any long-term changes in social values
 

and how they affect the magnitude and sustainability of some
occur 


Figure 2.2-3 shows the intersectoral
quality-of-life parameters. 

http:polic.es
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feedbacks of the SOCIOMAD model with the addition of an effective 

range management feedback which will be discussed in Chapter 7. 

It should be noted that, in the absence of this feedback, no 

information flows directly from the rangeland sector to the economic 

sector where stocking rate decisions are made. 

2. 3 The Case Study Characteristics 

The time horizon chosen for this study was the same 

approximate length as the longest adjustment times of the state 

variables considered. Improvement of the soil condition in arid 

areas, which could take 80 years (Odum 1971), was seen at the 

outset as the slowest process at work in the system. The time 

span covered by the study was set at 150 years (from 1920 to 2070) 

to allow sufficient time, past and future, in which to study the 

consequences c! historical interventions, of policies now being 

initiated and of possible policies initiated within the next decade. 

The geographic system boundary encompasses an area in the 

sahel which is sufficiently large to permit meaningful aggregation. 

To the south, the boundary extends to the southern limit of pastoral 

activity, although the seasonal transhumance may cross this line. 

To the north, the boundary extends to the northern limit of normal 

livestock production. 

To a certain extent the geographic location of the model was 

determined by the availability of demographic, agrostologic, economic. 

and livestock production data. Another concern was to choose an 

area not complicated by human activities other than pastoral livestock

raising. The sahel zone in Niger on its western-most border with 

Mali (specifically the Tahoua district) is such an area. Live

stock surveys, demographic surveys, and rainfall records are 

available for this area. (The locations of Niger, relative to the 
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rainfall isohyets in west Africa, and of the Tahoua study area are 
shown in Figures 2. 3-1 and 2. 3-2 respectively). 

Such a sub-national area would also be a logical unit for 
decision-making. The study area shown in Figure 2.3-2 is
 
totally enclosed in a single political entity.
 

The Tahoua study area has been the subject of several studies 
of pastoralism in Niger. Much of the information for this analysis 
was derived from an INSEE, SEDES (1966) survey of this area which 
totals 10 million hectares (approximately 39, 000 square miles). 
For the purpose of this study, the area indicated in Figure 2. 3-2 by 
the heavy solid line will be called the "Tahoua study drea" or the 
"Tahoua district"'. (As indicated in Figure 2. 3-2, the boundaries 
of this study are not coterminus with the administrative "cercle" 
of Tahoua. ) In 1963, when the INSEE, SEDES surveys were 
conducted, the Tahoua study area contained approximately 100, 000 
people, 574, 000 head of cattle, 194, 000 camels, and 963, 000 shee, 
and goats. Livestock raising is still the only significant economic
 
activity, 
 although some dry-land millet cultivation does contribute
 
marginally to the diet of the people, 
who are 82 percent Tuareg and 
18 percent Fulani. 

This area is considered large enough (the size of the state of 
Kentucky) and the pastoralists diverse enough that the inferences 
drawn using aggregate data from this region will be considered 
generally applicable to the sahel. The model could be adapted to 
smaller groups if consistent data sets are available. 

2.4 Review of System Dynamics Studies
 
This section briefly reviews 
some of the latest system dynamics 

studies that have dealt with problems in diverse fields. These studies 
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have been concerned with the problems of gorwth and development of 

national economies, natural resources utilization, ecological systems, 

and a variety of industrail and social problems from the individual to 

also a growing body of literaturethe international level. There is 

on general system dynamics techniques and methodology. 

Holland's simriation studies of developing economies (1963) 

were some of the first dynamic simulation models of the economic 

development process which included the problems of trade and 

balance of payments. Later, in a two-sector model of the Bolivian 

economy, Picardi (1973a) explored the positive feedback relations 

between the urban industrial and. the rural agricultural sectors and the 

economic consequences of an effective population growth control 

policy. Nathan Forrester (1973) examined the transition from growth 

to equilibrium which is brought about by the changing marginal costs 

and products of factors of production as an economy evolves over a 

period of several hundred years. Presently, the M. I. T. System 

Dynamics Croup is working on a much more disaggregated model of 

the United States economy (Low, Mass, and Senge 1974) in order to 

explore the sources of various common problems in modern post

industrial economies. 

One of the first major system dynamics regional stadies 

examined the interaction between water resources development and 

industrial and demographic growth in the Susquehanna River Basin 

(Hamilton et al. 1969). Later, Hellman (1972) examined the problem 

of attracting and holding farm laborers on an irrigation project in 

Argentina. The problem of selecting policies for zoning, pollution, 

and population in order to effect a smooth transition from growth to 

equilibrium in the state of Massachusetts was explored by Graham 

and Mass (1972) in their study of state and regional development 

dyn-imics. 
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The original Urban Dynamics model by Forrester (1969) and its 

extension and application to Lowell, Massachusetts (Mass 1974) 

afford a more detailed look at the problems of employment, housing, 

and industrial development in urban areas. The urban dynamics 

effort aims to analyze the long-term consequences of Dolicies 

dealing with the blighted conditions of inner city areas, 

At the other end of the spectrum are The Limits to Growth 

(Meadows et al. 1972) and World Dynamics (Forrester 1971), which 

examine the aggregate problems of global population growth, resource 

scarcities, and environmental pollution. These studies focus squarely 

on the problems of unchecked population and industrial growth which 

cause intolerable levels of pollution and exhaust supplies of non

renewable resources. Meadows (1970) has also done an international 

study of commodity production cycles in which, using hogs as an 
exemplary case study, he explores policies aimed at attenuating the 

fluctuations in commodity prices and supplies. 

The World Dynamics model stimulated interest in more detailed 

studies of the dynamics of natural resource utilization; such studies 

proceeded both in conjunction with the Limits to Growth study and 

independently. Randers and Meadows (1973) investigated recycling 

and various economic incentive policies in their study of the solid 

waste management problem. Behrens (1973) examined the general 

nature of discovery and exploitation of non-renewable natural 

resource.,. Naill (1973) did a case study of the dynamics of the 

natural gas industry. While these three studies looked at natural 

resources in either an individual or an aggregate manner, Baughman 

(1972) did a study of the supply dynamics of all the major energy 

resources in which coal, oil and natural gas fuels, and nuclear and 

hydroelectric power respond to market demands from various sectors 

simultaneously. 
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A number of system dynamics models have addressed various 

ecological problems. Picardi (1973b) compared chemical pesticide 

sprays to synthetic pheromones for the control of gypsy moths in 

the New England area, where recurrent widespread defoliation by the 

moth is a problem. Jones and Brockington (1971) explored policies 

to manage the stocking level for the intensive grazing of lambs. 

System dynamics is being used with increasing frequency to investi

gate ecological and biological systems since these disciplines have 

been quantitatively described in their literature and the scientists in 

these fields are predisposed to building mathematical models. 

A number of system dynamics studies have been done in a 

variety of other fields. A few mentioned here will illustrate their 

diversity. Forrester (1961) pioneered the application of system dyna

mics to industrial problems in his well-known Industrial Dynamics 

book and then in a series of articles (1964; 1965; 1968a). Wright (1970) 

presented a case study of one such application and implementation in 

an east coast trucking company. Again in the industrial field, system 

dynamics has been used to analyze the corporate consequences of 

various research and development strategies (Roberts 1964; Weil et 

al. 1973). Some problems involved in the delivery of health services 

hay recently been explored using system dynamics models which 

inclade out-patient mental health care delivery (Kligler et al. 1971) 

and the proliferation and consequences of narcotic drugs in the 

community (Levin et al. 1972). 

In a quite different vein, Shantzis and Behrens (1973) have con

structed a model- -involving tribal conflirct, population growth, and 

ecological balance in the New Guinea highlands--whinh shows how the 

pig pcpulation serves to regidate human population levels. Anothcz 

study of human conflict at the international level has been done by 
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Choucri and. Ross (1973) to analyze the interactions between resource 
scarcity, demand for resources, and international tension. This 
study includes both the economic and the political factors at work 
between importing developed countries and exporting underdeveloped 

countries. 

The body of literature on system dynamics techniques and
 
methodologies is growing. 
 The mathematical features of positive 
and negative feedback loops and their interaction have been explained 
by Forrester (1968b),while the DYNAMO User's Manual (Pugh 1973) 
contains an updated explanation of how to use the DYNAMO computer 
language. Roberts (1972) has written about the implementation of
 
corporate system dynamics studies, 
while Randers (1973) has written 
about the process of conceptualizing, formulating, and validating
 
dynamic models of social systems. Finally, Wright has addressed
 
the general validation problem (1974) 
 and the specific problem of
 
running models backwards and retrodicting the initial conditions 
(1973). 

There are a vast number of simulation studies of agricultural 
and social systems which use other modeling methodologies. A huge 
simulation model of the Nigerian agricultural industry (Manetsch et 
al. 1971) includes submodels for cattle and annual crops in northern 
Nigeria and for annual and plantation crops in southern Nigeria, 
extremely detailed population sectors, and economic interactions. 
The objective of this study was to explore the consequences of 
various broadly-defined resource allocations among the various 
agricultural sectors. Many of the agricultural simulation models 
constructed to date have been ecological models created to explore 
economic and technical solutions for various agricultural and range 
problems on a short-term micro level. The simulation model of an 
extensive sheep grazing system in Australia (Goodall 1971) is an 
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example. These analyses typically do not include demographic,
 

social value, or quality-of-life parameters.
 

One summary observation can be made about these various
 
simulation efforts. Regardless of the field, the most powerful
 

studies are clearly problem-oriented and interdisciplinary in 
nature. Most of the foregoing system dynamics studies are 
analytical, focusing on a problem and its causes rather than simply 

describing the system which contains it. 

Past modeling efforts have been useful to the extent that the 
models have aimed to define optimal operating schemes and to 
describe ecological interactions or monetary flows in agriculture. 
It is becoming increasingly clear, however, that the problems of 
agriculture and resource management in developing countries are 

not simply tecbnical optimization problems, but problems of 
changing human behavior patterns to conserve ecological resources 
for the long-term future. It is therefore necessary to go beyond the 

mere economic balancing of accounts and to seek the motivating 
forces for the observed economic behavior. This has not been done 
before in the case of pastoralism in the sahel. 

An outstanding feature of the simulation models developed in 

the course of this research is that, for the first time, the social and 
economic motivations for the observed system behavior are 

explicitly considered in the analytical frame york for an ecological 
resource management problem. While system dynamics literature 
has treated a variety of problems in an indisciplinary manner, there 
have been no studies of the "tragedy-of-the-conmons" syndrome 
associated with the management of a renewable resource. Finally, 
this study will define some general long-term trade-offs that are not 

generally appreciated, or even defined, for people existing on a fixed 

resource base.
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3. WHAT HAPPENED IN THE SAHEL 

3. 1 Pre-Colonial Pastoral Life
 
The story of pre-colonial pastoral life is 
 one of drought, 

disease, warfare, and chronic desertification. These factors have 
been the primary determinants of both population and livestock 
growth and thus the most important causal factors in the history of 
the resource base. Frequent drought and disease had severe
 
consequences for both human and animal populations, as shown in 
Hecht's compilation (1974a)of some documented incidences of 
drought and diseases ,.historical literature. 

Drought has often been associated with disease epidemics in 
the animal and human populations, and livestock rinderpest 
epidemics have been accompanied by outbreaks of smallpox, yellow 
fever, and spinal meningitis, among others. A brief description of 
three of the last major rinderpest epidemics illustrates their 
magnitude, their frequent association with drought, and "alamitous 

psychological effect: 

"Of profound influence on the history of the cattle
owning Fulani are great losses of cattle through

disease, 
 chief of which has been Rinderpest. In the 
years 1887-1891 a great outbreak of Rinderpest

decimated the herds of cattle-owners. Starting

apparently about Darfur, the disease reached what
 
is now the French Colonie du Tchad in 1886, spreading
straight from East to West. In the greater part of
present-day Nigeria the disease wiped out the great

majority of ccftle. 
 This outbreak was commonly known
in Hausa as 'Sannu', from the Hausa greeting used as 
an expression of sympathy. The older men tell one
 
terrible stories of those days. 
 Attempts were made,
by some, to fly from the disease and preserve their
 
cattle. 
 Fulani, having lost all--or nearly all--their 
cattle, became demented: many are said to have done 
away with themselves. Some roamed the bush calling
imaginary cattle: assaults on persons for imagined 



-46

as to lossprovocation or suspected derisive remarks 

of cattle were common. When the outbreak had spent 
Fulani of the eastern areas ofitself and passed on, 

what is now Nigeria renewed their cattle from parts 

of Adamawa that had escaped, while those to the 

West obtained the almost humpless 'Keteji' type kept 

by the Borgu Fulani from time immemorial, hardy 

cattle of the bush and hills of Borgu, Kaiama and 

Nikki, which had apparently escaped the ravages of 

Rinderpest to a considerable extent. So great was 

the demand for cattle that, locally, it was common 

in many places to offer large prices for the unborn 

calf. 

"In 1913-1914 was a further widespread outbreak 

causing tremendous losses, following a great drought 
this was known byand famine over a large area: 

from its being generalsome as 'Gamagari' (Hausa), 
over a wide area. 

"Again, in 1919-1920, another widespread outbreak 

devastated Fulani herds; 'So that even hyaena did not 

eat the bodies of the dead cattle. ' It was known by some 
spared in aas 'Docchal', because of the few cattle it 


or
herd; 'docchal' being Fulani for a remainder 

remnant" (Croix 1944). 

The hi.storical pressure of warfare on population growth in 

pastoral societies has often been neglected. Hecht (1974b) has also 

compiled some documentation on incidences of tribal warfare in the 

last century. As the following passage from Morel (1941) indicates, 

these encounters were bloody and represented a significant negative 

demographic pressure or the absolute population level in the sahel 

at that time. 

"La seule p6riode qui a precede '. re installation au 

Sahara central a connu, en depit de l'emploi d'un 

armement indigene considgr4 comme rudimentaire,A 

une succession de combats extremement meurtriers,A 

et meme de veritables hecatombes. Il faut citer Jiket 

(1865) oi les Taitoq abandonnent la moitie de leurs 

combattants; Tanhart (1875) o les Kel Ahaggar perdent 

une cinquantaine d'hommes; In Eleggi (1878) ou les 



-47-

Kel Ajjer en perdent 80. Le combat d'Izerouan (1897)
est un d~sastre pour les Ioullemmeden qui laissent
plus de cent tues sur le terrain. Et le contre-rezzou
du Capitaine LAPERRINE en avril 1896 (combat deAkenken), la defaite des Taitoq a Amchekenchar (1898),
enfin Tit (7 mai 1902) o le nombre des victimes estlitteralement catastrophique. 'Environ cent KelAhaggar,' ecrit le P. de FOUGAULD, 'la plupart
de la tribu pleb6 ienne des Dag R'ah, la plus puissante
de l'Ahaggar... perirent au combat de Tit; ce fut undesastre comme l'Ahaggar n'en avait jamais vu; latribu des Dag R'ali, qui comptait 150 guerriers avant
le combat, "^taitr~duite de moitie... " (Morel 1941,p. 459). * 

Indeed, between 1809 and 1919 (when the French finally subdued 
the last of the rebellious Tuaregs) there were approximately 34 
accounts of skirmishes between warring clans and against the French 
(after 1900) documented in the vicinity of the Tahoua study area.
 
Pastoral life was 
a continual succession of natural and man-made 
disasters superimposed on an already harsh and variable environment 
which served to limit the population and livestock to very low growth 
rates.
 

*The period which preceded our arrival in the Central Sahara

had known, in spite of the rudimentary native weapons, 
 a succession
of extremely bloody battles; veritable slaughters. Note should be
taken of Jiket in 1865 where the Taitoq lost half of their warriors;Tanhart in 1875 where the Kel Ahaggar lost about fifty men; In Eleggi
in 1878 where the Kel Ajjer lost 80. 
 The battle of Izerouan in 1897 wasa disaster for the Ioullemmeden who left more than one hundred slain.The counter-attack by Captain Laperrine in April 1896 (the battle ofAkenken), the defeat of the Taitoq at Amchekenchar in 1898 and finallyTit on 7 May 1902 where the number of deaths was literally catastrophic. "About one hundred Kel Ahaggar, " wrote (Father) Foucauld, "thebetter part of the servant tribe of the Dag R'ali tribe, the most powerful in Ahaggar perished at the battle of Tit; this was a disaster likeAhaggar had never seen; the Dag R'ali tribe, who numbered onehundred and fifty warriors before the battle was cut in half."

(paraphrase translation by A. Picardi) 
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Historically, the herdsmen, and especially the nomadic Tuaregs, 

have been a proud people who, in normal times, have been respected 

by the settled agriculturalists and have enjoyed a superior standard 

of living. The consensus of opinion among people familiar with the 

Sahara and the surrounding areas is that periodic droughts, the 

consequent overgrazing each time the rainfall was not sufficient to 

maintain the existing livestock, ubiquitous use of trees for fuel, and 

the clearing of land for cultivation have gradually ereded the 

ecological resource base. 

This condition is evidenced by the creation of desert areas 

around waterholes and settlements and a widespread deforestation 

with attendant increasing aridity. This historical process of 

desertification in the sahel, its origins in human behavior, and some 

evidence of the condition of the sahel before animal overgrazing 

became widespread are discussed by Cockrum (1974a) in his analysis 

of the desertification process over the past two thousand years. 

Cloudsley-Thompson (1970) describes some of the human 

influences in creating deserts as deforestation, soil compaction, and 

the effect of the domestic goat: 
"One of the more effective ways in which man creates 

desert conditions is by the felling of trees for fuel.... 
Although it may be improbable that the removal of trees 
has a direct effect on the rainfall,... their presence 
certainly hinders runoff and enhances the availability 
of water. 

"Even more important in creating erosion ana csert 
conditions are overgrazing and compaction of the soil 
by domestic animals.... 

"Of all domestic animals, the goat is chiefly responsible 
for enlarging deserts of Asia and northern Africa. It 
either climbs trees to reach the upper branches or eats 
them to the ground... Thus the future of the land that 
has not yet been reduced to desert is being mortgaged 
for milk and meat today. " (Cloudsley-Thompson 1970, pp60-62.) 
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There are numerous accounts by explorers in the 1800s of lush 
woodland harboring elephants and lions on the southern edge of the 
Sahara where today firewood cannot even be collected. The change 
in vegetation and decreased availability of surface water over the 
past 50 years has been well-described by ecologists. (See Kassas 
1970 for many historical and ecological references.) 

3. 2 Outside Interventions
 

Just as drought, disease, 
 and warfare characterized the pre
colonial period, the period of domestic tranquility after 1920 has been 
characterized by a gradually increasing effort to remove all of these 
limiting factors. The generic interventions in the traditional pas
toral system have taken the form of eliminating warfare, digging
 
wells and providing veterinary and health services. 
 The time phasing 
of these interventions is shown in Figure 3. 2-1.
 

The available information on wells in west Africa--how many,
 
what types, 
when and where they were dug--is sparse. It is possible, 
however, to discern that the well-digging activity started soon after
 
1948 (BCEOM, IEMVT 1969) reache" its peak in 1963 (United Nations
 
1973), 
 and was intended to exploit pasture in seasons and localities 
where the lack of water had formerly prevented grazing. 

The production of animal vaccines in west Africa started in 
1913; however, the records found to date indicate that actual vaccina
tions against rinderpest did not commence in Niger until 1936. They 
had increased by a factor of ten by the middle 1950s (Anonymous 1938; 
Anonymous 1949). Despite veterinary efforts directed mainly toward 
the control of rinderpest, anthrax, and pleuropneumonia, there was 
another outbreak of rinderpest in 1947-1948. 
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Public health expenditures and vaccination programs began in 

Niger about a decade earlier than veterinary services. The 

available information indicates that yellow fever and smallpox 

vaccination programs began around 1910 and 1913 respectively, 

with smallpox continuing as a vigorous program until now and 
yellow fever vaccinations diminishing in recent years. Tubercu

losis, measles, and polio vaccination programs began around 1960 
(Hecht 1974b). The recent mortality statistics for Niger indicate 
that measles, cerebro-spinal meningitis, tuberculosis, bronchitis, 

and polio are now the most prevalent diseases among the nomads 
(Stanbury et al. 1974). Figure 3. 2-2 illustrates the time phasing of 
the various vaccination programs and Figure 3. 2-3 shows that the 
per capita magnitude of the vaccination programs has increased 
steadily since i920 with the exception of the last 5 years. Figure 
3. 2-4 indicates that the per capita expenditures on health by the
 
Nigerien government have also increased steadily over the last 
 ,0 years. 

Although some of these expenditures were allocated to rural 
dispensaries, what fraction, if any, reached the herdsmen and 

nomads in the Tahoua area is not at all clear from the information 
now available. Chances are that the vaccination programs had a 
more extensive reach, but, as with the central government health 

expenditures, it is difficult to say what quantitative effect they had-
in relation to each other and to the cessation of warfare--in the 

reduction of the population's overall death rates. 

It is difficult to discern, likewise, the exact quantitative effect 

of providing wells and veterinary services on the survival and hence 
the growth of livestock in the Tahoua area or in west Africa. It is 

possible to say with some certainty what qualitative effect these 
interventions had on the pastoral system. They seem to have 
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fulfilled their intention -- to decrease the factors limiting the 

growth of people and livestock. 

As Figure 3. 2-5 indicates, both the average lifetime of the pop

ulation--and, hence, the population growth rate--and the total number 

of livestock have increased significantly in the past 50 years. The 

temporal behavior of both average lifetime and livestock populations 

is as one would expect considering that interventions affecting 

livestock were implemented later than those affecting human 

populations. It must be noted that the elimination of warfare would 

have a somewhat delayed effect on expected lifetime, since the 

increased survivorship would occur in all age brackets. Thus if 

warfare ceased over a 20-year period between 1900 and 1920, the 

expected lifetime statistics would respond roughly between 1920 and 

1940. By 1940, as has been shown, public health and vaccination 

programs were well underway. Thus, since these interventions and 

yearly weather influences were the only new factors in the ecological 

system, it is reasonable to suppose that the four generic interventions 

were at least in part responsible for decreasing the effect of the 

limiting factors on the livestock and human populations. 

3.3 The 1971-1973 Drought 

The recent west African drought, in the early 1970s, was 

different in several respects from preceding droughts. The actual 

deficit of yearly rainfall was in no sense unique. However, the 

duration of the deficit (i. e. the number of successi'- e years with a 

severe rainfall deficit) was indeed a rarity. Had rainfall records 

been kept for this area historically, it would be possible to assign 

a probability to this event for various sub-regions in west Africa. 

Data, collected for the last 80 years, on the level of Lake Chad 

indicates that this drought in actual deficit was no worse than the 
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1913-1915 or the 1941-1943 droughts (Cockrum 1974a). This conclusion 
is inferred from the assumption, which is generally born out by data 

from rain gauging stations throughout the region, that the level of 
Lake Chad is a fairly good indicator of i ginfall in the central sahel. 

The most outstanding feature of the i'ecent rainfall pattern is 

that an extended period of above-average rainfall occurred in the
 
decade before the drought. The rainy or "pluvial t period of the
 

1950s and early 1960s has been remarked by Cockrum (1974a) as a 
time of good harvests throughout the sahel, a general northerly shift 
in agricultural activity, and very great rates of increase in livestock 

numbers. Data from Tahoua and Agadez, the only two stations in the 
Tahoua study area with data back to 1920, support this observation,
 

indicating a marked increase in the 10-year average rainfall in the
 

1950s (see Figure 3. 3-1). 
Yearly rainfall can be added to the previous set of four exogenous 

interventions which caused the limi-ving factors to be decreased in the 
recent past. Since annual vegetation on arid pasture lands responds
 
dramatically to rainfall, 
 it is easy to see that an extended period of
 
time with exceptionally good pastures could have been responsible
 

for much of the increase in livestock that did occur. As stated 

before, it is impossible to discern the exact numerical effect of each 
of these five exogenous factors without better data, even though 

statistical correlations could be performed on their associated 

behavior. It is quite certain, however, that each exogenous influence 

played a part in decreasing the restraints on the growth of humar 

and livestock populations. 

For the past fifty years, explorers and range ecologists have 

reported a slow process of desertification in various areas of the 

sudan (Kassas 1970) and North Africa (Houerou 1970), attributable 

to various factors such as overgrazing or deforestation. Satellite 



-56-


Al LL 
m I 

a "o .* .... ... .. ,* ........ * .*..•a....*. * .: ..
 

aftflO 

' aY............ 
 .. a . . .. G' 
TAHOUA II TpmbA Il ITAOU 

'DO& 

a" I Al 

. a . . . ... . .. ... .. ....... I.. . .*. . . . . ........ * 

.* AVERAGE AZI ALo AGADECZ D a, 

FIG JRE 3.3-1: Yearly, 10-Year Average, and 53-Year Average Rainfall 
for Tahoua and Agadez. 



-57

photos of the region from 1972 to 1974 indicate the contrast between 
protected and non-protected rangeland, where the difference in
 
vegetative 
cover made by a fence and some simple management
 
policies is clearly visible (see Figure 3. 3-2). 
 These findings
 
correspond with numerous 
accounts of t"the Sahara Desert creeping 
south" which began to appear with every account of the drought
stricken area. Thus, 
 one can gather that desertification existed
 
for a long time before it became 
a generally recognized problem in 
the middle 1960s and that the latest drought has been accompanied 
by a sudden increase in the desertified area and concomitant marked 
decrease in the productive capacity of the sahel. 

Information coLcerning the number of cattle that perished during 
the last drought in west Africa is of a speculative nature, but various 
sources have reported that an average of 35 percent died in the sahel 
(Tyv 1974) and from 40 to 80 percent in Niger alone (Heinzerling1974).
Numerous other accounts from official agencies and the popular press 
have corroborated these estimates. Very high animal mortalities
 
like this are common in serious drought situations. Houerou (1970
 
p. 258) recounts that 70 percent of the sheep and goats in North Africa 
perished during the 1946-1947 drought.
 

Information concerning the number of people who died in the
 
famine or migrated out, and to what localities, is also peppered 
with a good deal of speculation. It is certain, however, that a
 
significant fraction has migrated out of the sahel zone and is 
 presently

attempting subsistence agriculture in the sudan zone. 
 Concerning those 
that remain in the sahel refugee camps, earlier estimates of staggering 
infant death rates due to flu, measles, and chicken pox complicated by 
acute malnutrition (Walker 1974) have now been replaced by accounts 
of general famines and epidemics where people by the thousands 
are perishing (Vicker 1974). 
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FIGURE 3.3-2: 
 (next page) ERTS Satellite Photo Showing the Contrast 

in Vegetative Cover Between a Fenced Ranch on the 

Western Border of Niger and the Surrounding Sahel. 

The approximate location of the photo is shown on 

the accompanying map. Coordinates of the corners of 

the photo in degrees are : N15. 99, E3. 29; N15. 96, 

E4.51; N15.20, E4.51; N15.24, E3. 11. This picture 

was taken on September 9. 1973. The ranch is the 

five-sided dark area in the middle of the photograph. 
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3.4 Conclusions 

The simple answer to the question of what has happened to the 

resource base in the past 50 years is that, since historical times, 

the vegetative cover of the sabel region has been undergoing a 

gradual degradation. The present drought has been accompanied 

by a sharp acceleration in this degradation. 

The resource base for the sahel pastoralists consists of the 

entire ecological system, including the interacticns between its 

components. In any ecological system, when some of the limiting 

factors are removed, serious consequences may be expected to 

follow. As previously indicated, the region's ecosystem has been 

experiencing for the past 50 years a gradual decrease in the potency 

of many of its limiting factors. The sources of these changes seem 

'- have been four types of man-made interventions and the pre

drought decade of above-average rainfall. 



-61

4. THE CAUSES OF THE ECOLOGICAL PROBLEM 

4.1 The Points of Intervention 

This chapter will show that the historical interventions 

affected the growth processes in the system by throwing them into 

disequilibrium with the restraining processes. The growth processes 

will be explained in terms of positive feedback loops and the 

restraining processes as negative feedback loops. 

The feedback loop most obviously affected by external inter

ventions is the population death rate loop. Population growth results 

from the net effect of the birth, death, and migration rates. The 

effect of eliminating warfare and increasing public health expenditures 

has been to decrease the population death rate and, thus, increase the 

population growth rate. Expected lifetime, the inverse of the death 

rate, was entered into the simulation model as shown in Figure 3. 2-5. 

In Figure 4.1-1 the population death rate is included in a causal 

diagram of the SAHEL2 simulation model. 

The effects of veterinary and public health services have been 

exactly analogous. Despite the rinderpest epidemic of the late 1940s, 

the long-term effect of veterinary servicek, has been to decrease ihe 

average death rate for livestock. In the SAHEL2 simulation, this 

average yearly death rate was assumed to drop from a level of 

26 percent in 1940 to 21 percent in 1970. Thus, the overall growth 

rate of livestock was also increased. 

As shown in Figure 4.1-1, both well-digging and rainfall 

eventually increase the calving rate and decrease the stock death 

rate, thus adding again to the net growth in livestock numbers. 

Yearly forage production of annual vegetation responds strongly to 

seasonal rainfall. Since forage utilization intensity is defined here 

as the ratio of the forage required by livestock to the forage 
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available, increasing the forage available in a given area would 

decrease the utilization intensity. The stock death rate declines 

and the calving rate increases in response to lessened forage 

utilization intensity, a fact which accounts for some of the inci ease 

in over 
I,
all stock growth rate as average rainfall increased in the 

1950s (seeFigure 3. 3-1). In the SAHEL2 model, well-digg.ng 

activities were assumed to increase the number of exploitable 

hectares from 60 to 80 percent of the total land in the Tahoua area 

between 1940 and 1960. Houerou (1970, p. 258) indicates that 80 percent 

is about the upper limit of land area available for grazing in the arid 

zone. The dynamic effect of well-digging is neither subtle nor 

unknown; 

"The new wells that are being dug today will,
 
unfortunately, merely result in greater production
 
of cattle and sheep, and overgrazing will conse
quently extend the Sahara far into the marginal
 
lands now bounding it to the soutl Conditions in
 
Africa will certainly get far worse before they
 
b-,gin to improve. " (Cloudsley-Thompson 1970,
 
p. 71) 
Well-digging also affects the degradation of the forage production 

potential. Since partially removing the constraint of water that herds

men face in the dry season encourages them to stay longer in the 

sahel, their herds require more forage than normally. 'This increased 

utilization plays a part in the deterioration of the production potential, 

which makes less forage available to the stock and further increases 

the forage utilization intensity. In the model, the greater availability 

of water increases the days spent in the sahel by 30 percent between 

1940 and 1970. 

Figure 4.1-1 shows that well-digging changes the number of 

days spent in the sahel during transhumance. The plus sign by the head 

of the arrow indicates that the change is positive, i. e. that an 

http:well-digg.ng


-64

increase in well-digging causes an increase in days in the sahel. 

A negative sign, as in the case of veterinary and public health 

services, indicates that an increase in these exogenous parameters 

causes decreases in the death rates of livestock and population 

respectively. 

4.2 The Major Dynamic Feedback Loops 

Most of the interventions have eventually increased the forage 

utilization intensity, either through the greater numbers of livestock 

promoted or through the increased number of days spent 

in the sahel. The ones that did not affect stock growth have had 

the effect of increasing the population gro~wth rate. The simple 

reason for the deterioration of the resource base throughout history 

has been that the utilization intensity of the available forage has 

exceeded the rangeland's sustainable production capacity. This 

condition has caused both short- and long-trm destruction of the 

rangeland. 

In the short-term, overutilization (or overgrazing) destroys 

the perennial vegetative cover, since the loss of nutrient supply to 

the roots eventually causes the death of plants. Annual vegetation 

can still be produced, depending on the amount of annual rainfall. 

However, as the parent plants are destroyed and become more sparse, 

their capacity to disseminate seeds is diminished and the 

amount of annual vegetative production decreases. 

"... grazing and drought may impair the vegetation 
beyond recovery .... Regeneration of perennial plants 
may be successful in especially favored years; but, 
if this is preceded by a spell of lean years of drought 
and intensive grazing, seeds may be scarce, and 
regeneration may fail to benefit from the conditions 
of a good year." (Kassas 1970, p.126) 
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The forage production potential is therefore the amount of
 
forage that can 
annually be produced from the existing vegetative
 
cover given a 
certain rainfall and soil fertility. In SAHEL2, the
 
vegetative 
cover decreases in response to overgrazing so that 
after three years of extensive overgrazing, approximately 70 percent 
of the perennial vegetative cover (the forage production potential) 
is destroyed. Thus the "time constant"' of change for decreasing 

forage production is three years.
 
Over the long-term, 
the upper limit on the amount of vegetative 

production is a function of the soil condition, i. e. the amount and
 
fertility of the topsoil. 
 Topsoil loses fertility as excessive biomass 
is cropped without returning any organic matter to the soil and, in
 
the extreme, as land is 
 laid bare for extended periods and soil is
 
allowed to erode from the action of wind and rain. 
 The culmination
 
of this process in arid regions like the sahel is the creation of a
 
desert. Thus the process of fdesertificationrr involves not
 
Itencroachment" (or the physical transport of sand over lush green

areas) but destruction of the forage production potential and the
 
consequent dispersal of the topsoil in situ. 
 In the SAHEL2 model, 
the time constant for soil dcerioration--the time it takes the soil 
to de'teriorate two-thirds the way to its eventual end state under a
 
given utilization intensity--is six years, or twice long
as as the
 
deterioration rate of the forage production potential.
 

Regeneration of both the forage production potential and the 
soil condition occurs when the utilization intensity is low enough for 
a long enough time, but this process is much slower than deterioration. 
The regeneration of topsoil in arid areas involves a lengthy successional 
process (Odum 1971), when it can be accomplished at all. The 
regeneration of two-thirds of the original soil fertility in a desertified 
area takes 80 years in the best situations--when utilization intensity 

is well-controlled. 
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The process of regeneration of the forage production potential 

involves the natural reseeding and establishment of a new perennial 

vegetative cover. On a severely denuded range this process can be 

two-thirds completed in about twenty years, assuming there has been 

no soil deterioration in the interim. This has been shown in numerous 

exclosure experiments (Kassas 1970, p. 130-132). In reality there 

will be erosion of the soil condition, so the vegetative cover regen

erates to the maximum allowable by the soil condition, at which 

point it follows a much slower course, dictated by how fast the soil 

fertility can be restored. 

The destruction and regeneration rates of forage are charac

terized by the change time constants for the soil condition and the 

forage production potential Once the sustainable yield utilization 

intensity is exceeded, the degeneration feedback loops involving the 

soil condition and the forage production potential, shown in 

Figure 4. 2-1, are activated. If the stock forage requirement then 

decreases at the same rate as the forage available, a constant 

utilization intensity will result and the negative feedback loops, 

shown in Figure 4.2-2, stop the process at some low value of soil 

condition and production potential. If, however, the stock forage 

requirement remains constant or increases, the deterioration process 

will be accelerated. This process ends either when the region is 

completely desertified or when the rapidly decreasing forage causes 

an even more rapid livestock decline. 

Relief through stock mortality is accomplished by the negative 

feedback loop shown in Figure 4.2-3 which relates utilization intensity 

to both stock death rate and calving rate. As previously discussed, 

increasing the stock forage requirement through veterinary services 

(which decrease stock death rate) will indeed have a long-term 

nr ,,ative effect on the overall stock growth rate unless the forage 
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It is now easy
availability can continually expand at tIte same pace. 

a drought can 
to see how the sudden disappearance of forage during 

cause a drastic decline in livestock numbers. A gradually eroding 

a slower decline in live
forage production, however, can produce 

as this negative loop gradually balances and then 
stock numbers 

exceeds the stock growth pressures. 

The final important processes at work are the negative feedback 

As total livestock increases,
loops that control population growth. 

the available food increases because of the greater numbers of milk 

and cattle traded for millet. If the livestock population
cows 


during a drought) or the population growth

suddenly crashes (e. g., 


exceeds the livestock growth rate, the decreasing per capita food
 

causes both the death rate and the out-migration rate to 
available 

thus slowing and, in the extreme, reversing the population
increase, 


shown in Figure 4.1-1.

growth rate. These negative loops are 

Also shown in Figure 4.1-1 are the fractions of stock allocated 

to food, goods, and milk, which determine the per capita food and the 

These values are not exogenous to the 
magnitude of the offtake rate. 


system since they change in response to available food prices and a
 

and the 
host of social forces concerning the social utility of cattle, 

These fractions are held constant 
need for purchased market goods. 


in SAHEL2 for the purpose of analyzing the ecological system and
 

since none of these values seems to have 
the associated policies, 

changed significantly in the past. 

Holding the offtake fraction constant means that the offtake rate 

is always a constant percent (about 5 percent) of the total standing 

Available literature on the economics of pastoralism indicates
stock. 

that if the per capita herd size remains fairly constant, the offtake 

severe stress. 
percent will also remain constant, except in times of 

The population and livestock have grown at approximately the same 
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rate over the last fifty years, except in the late 1950s, when the 

livestock growth rate was larger. The feedback link which connects 

the population level to the offtake rate is not included in SAHEL2. 

The minor lack of realism resulting from this omission is out

weighed by the utility of a simple ecological model capable of analy

zing the stock- and range-oriented development programs proposed 

for the sahel region, few of which have the intention (or likelihood) 

of affecting these social values. The inclusion of these social values 

as endogenous dynamic variables in order to examine the implementa

bility of sustainable yield range management is the top priority of 

the next stage of this modeling effort, ECNOMAD3. 

This concludes the qualitative discussion of the feedback struc

ture underlying SAHEL2. A DYNAMO flow chart, the model equations, 

and its table functions are presented in Appendix A. 

4.3 The Dynamics of Drought and Historical Interventions 

Before proceeding with the analysis of alternative programs, it 

is necessary to examine more closely the base run simulation that 

defines the problem behavior and then to compare it to the available 

data on what has been happening in the sahel. Next, it will be instruc

tive to examine the behavior of the model in cases where no sudden and 

severe rain deficit occurs (during 1971-1973) and where severe drought 

does occur without interventions of the type discussed in Chapter 3. 

Figure 4. 3-1 is the base run plot of SAHEL2 extended to the year 

2020 and Figure 4. 3-2 is a plot of the rangeland variables Ls a function 

of time. Variables are plotted every other year from 1920 to 2020. 

Unless explicitly stated otherwise, rainfall follows a 10-year moving 

average from 1920 to 1973 and remains constant from then on, except 

for a series of one-year droughts occurring in 1925, 1940, 1985, 2000, 
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and 2015 and a three-year drought from 1971 to 1973. The actual 

level of rainfall assumed in the simulation is the yearly average 

at Tahoua and Agadez until 1973 and the 54-year average (1920-1974) 

after that. The yearly rainfall is smoothed in this manner solely 

for the sake of clarity, so that the mode of behavior will be as 

obvious as possible and not obscured by stochastic rainfall 

are of the samevariations. The simulated rainfall deficits 

magnitudes and occur in approximately the same years as actual 

droughts. In this and succeeding discussions of the simulation model 

output, reference should be made to Figure 4.1-1 to follow the causal 

mechanisms underlying the system behavior. 

In Figure 4.3-2 it should be noted that the combination of 

increased days spent in the sahel and the growth of livestock 

increased the grazing intensity slightly in the late 1930s. After 

that date, enough new rangeland was opened up each year until 1960 

to maintain the forage utilization intensity below the sustainable 

yield level of about 50 percent harvest per year. In the 1960s the 

well-digging program began to taper off while livestock populations 

continued to grow. The rapid increase in grazing intensity added 

to the declining trend in yearly rainfall and began to destroy the forage 

production potential. As the vegetative cover was removed by 

successive years of overgrazing, desertification became more 

rapid--as the rapid decline in soil condition during the late 1960s 

indicates. After the drought of the early 1970s, periodic simulated 

droughts accompanied by overgrazing prevent a long-term recovery of 

either the forage production potential or the soil condition. 

Figure 4. 3-3 shows the livestock parameters of SAHEL2 in the 

base run simulation. Note that veterinary services reduced the normal 

stock death rate between 1940 and 1970, thus decreasing the negative 

pressure on stock growth that resulted from disease. This decreased 
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death rate, coupled with the greater availability of forage (evidenced 

by the dramatic increase in the long-term sustainable stocking rate), 

caused a dramatic rise in the stock growth rate from the early 

1950s until 1960. Note that the sustainable stocking rate falls markedly 

during drought periods while the offtake rate is maintained at a 

constant 5 percent. (The slight variation in offtake percent after 

years of heavy stock losses occurs because, in the arithmetic of 

computing this fraction, the offtake at time (t-l) is divided by the 

stock at time t.) 

In Figure 4. 3-3, livestock is measured as "total standard 

stock units (TSSU)". These are the "animal units" defined by Matlock 

and Cockrum (1974) as 1 animai unit = 1.67 cattle = 10. 0 sheep or 

aregoats = 0. 77 camels. In the simulation, cattle, sheep, and goats 

included in the total livestock estimate since they are the principle 

grazers in the region. Camels are omitted since, as browsers on 

the woody vegetation, their effect is only marginally felt in the 

ecological system defined in this study. Wild antelope are not 

consumespecifically included because they presently an insignifi

cant amount of biomass. Wild ungulates, which represented 

aa significant grazing pressure in the sahel when hunting was 

common practice, have been almost eliminated by the competition 

from domestic cattle and hunting pressure. Since rodents and 

insects have always been a significant source of grazing pressure, 

their effect is taken into account in the overall estimate of forage 

production potential. 

Figure 4. 3-4 shows the population variables of the SAHEL2 

base run. Of interest here is the average lifetime, which changes 

in response to exogenous health pressures and per capita food 

availability. (Note that the crude death rate is precisely the inverse 

of the average lifetime.) Although total per capita food Calories may 
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seem high in the early years of the run, it must be remembered that 

the herdsmen have been historically quite well off. (The slightly 

unrealistic behavior of the per capita food Calorie parameter is 

due to the assumption of a low initial value for the population level, 

which was remedied in succeeding models.) 

The crude birth rate shown in Figure 4.3-4 remains constant 

under the assumption that no significant pressures to change the 

birth rate occur over the long term. Out-migration responds only 

to per capita food availability and is not significantly different from 

except in the drought years beginning in the early 1970s. Afterzero, 


1970, the per capita food availability never diverges much from the
 

subsistence level. During the 1971-1973 drought, per capita food
 

Calories available drop to a below-subsistence level, indicating
 

famine conditions and encouraging out-migration. The fact that
 

actual expected lifetime may not have plummeted in recent years to
 

attributable to international
the low level indicated in Figure 4.3-4 is 

Caloriefood relief efforts, which slightly raised the per capita 

This food relief policy will be simulated when futureallotment. 

development alternatives are discussed. 

At this point it is instructive to examine the effects of the 

sudden severe reduction in yearly rainfall in the years from 1971 to 

Did the sudden rainfall deficit cause the recent catastrophe in1973. 

the sahel? Figure 4.3-5 is a simulation run of SAHEL2 which is 

similar in every way to the base run except that the 1971-1973 rainfall 

data have been included in a 10-year moving average along with all
 

the other rainfall data from previous decades. Figure 4. 3-6 shows
 

this rainfall input. 

A comparison of Figures 4.3-5 Lnd 4.3-1 indicates that absence of 

the severe drought in the 1970s allows the soil condition, livestock, 

minor droughtand human population to remain higher until the next 
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in 1985, when they are reduced to exactly the same levels as in the 

base run. The long-term effect of average conditions is to smooth 

out the transition between the pre-1970 growth phase of the ecosystem 

and the long-term degraded equilibrium condition. The severe 

rainfall deficit in the early 1970s, therefore, determined the timing 

of the population crashes but did not alter the inevitability or 

magnitude of the catastrophe. The catastrophe was caused basically 

by the cumulative excess range utilization which, as shown in 

is less intense than in the base run but continues atFigure 4.3-6, 

a high level for a slightly longer period of time. 

it is useful to examine the effects of the exogenousFinally, 

interventions using the simulation model. Figure 4.3-7 shows a 

made from the base run:simulation run in which four changes were 

(1) the accessible grazing land was kept at 60 percent of the total 

land area instead of increasing it to 80 percent through well-digging; 

(2) the normal stock death rate was kept at 26 percent instead of 

being reduced to 21 percent; (3) the days spent in the sahel during 

transhumance were not increased by well-digging activities; and 

(4) the average lifetime of the population was not increased through 

public health programs. 

A comparison of Figure 4.3-7 with the base run in Figure 4.3-1 

indicates that the interventions increase the severity of the effects of the 

drought when it actually does occur. In the no-intervention simulation 

(Figure 4.3-7), not as much desertification occurs and neither the live

stock nor the human population levels grow very rapidly. Some growth 

occurs in both populations in response to the decade of above-average 

rainfall, the greater forage availability, and consequent better nutritional 

status. After the drought the populations are kept at a long-term 

equilibrium by occasional minor rainfall deficits, stock disease, 

and low expected lifetime. Having approached the carrying capacity 
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theseof the rangeland resource base with slower growth rates, 

populations are able to make the transition to zero growth with 

only a slightly higher added death rate (due to cattle starvation and 

human nutritional deficit). Therefore, neither the population crash 

nor the erosion of the resource base is as severe as in the case 

where interventions occurred (!n tho base run). 

It should be noted that the eventual equilibrium values of 

human and livestock populations and the soil condition are higher 

in the no-intervention simulation than in the base run simulation. 

This difference between simulations is to some extent determined 

by the actual quantification of the effects of interventions. Thus, 

the difference wouldn't be so great if the background livestock 

death rate before veterinary services were 24 percent instead 

All of the assumed effects of the various interventio.sof 26 percent. 

in the SAHEL2 model are, however, rather conservative. That is, 

are assumed for the individual interventionno very gre.t effects 

In reality, the combination of these interventions over thetargets. 


past 50 years was potent. Furthermore, livestock growth rates at
 

least as large as the 3. 5 percent that appears in the SAHEL2 base run
 

in the late 1950s were observed all over west Africa at that time.
 

4.4 Conclusions 

Disregarding the exact quantification of the generic interventions, 

it can be seen that if the interventions had any effect at all, it was to 

worsen such effects of the drought as overgrazing and actual losses in 

livestock and population. 

Since the interventions did occur, the effect of the drought in 

1971-1973 was more to determine the timing of the catastrophic 

population crashes and of eventual desertification than to greatly 

modify the actual long-term outcome. Desertification and 
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crashes of human and livestock populations were caused by these 

populations being in chronic excess of the carrying capacity. This 

condition was evident long before the drought. The slow 

deterioration of the soil and vegetative cover throughout history 

became blatantly obvious in the 1960s an evidenced by increasing 

reports of severe desertification. 
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5. 	 THE POTENTIAL FOR IMPROVEMENT AND PRESERVATION 

OF THE RESOURCE BASE 

This chapter will explore some common proposals for 

ameliorating the destruction done by the last drought and for 

Before analyzing therealizing the full potential of the sahel zone. 

is necessary to have an order-of-magnitudevarious proposals, it 


estimate of the physical potential under sustained yield management.
 

This estimate will serve as a reasonable upper bound for the analysis
 

of the alternative policies.
 

5.1 Estimation of the Static Production Potential 

This section estimates the amount by which the present production 

(taken as the 1971 pre-drought figure) could be increased and sustained. 

This maximum sustainable yield will be estimated using several 

assumptions, including technology and prices. 

The kilograms live offtake, kgo, obtained eachi year can be 

expressed as: 

kgo = kgo x kgstock x kgF production x HA 

-stock kgF production HA 

where: 

kgstock = the standing stock in animal units, AU, for which 

= 0.77 camel = 1.67 cattle = 10 sheepIAU = 450 kg 

or goats. 

the caloric content ofkgF production = kilograms of forage = 

the forage available to the cattle. This is expressed in kilo

grams (dry weight) equivalent of barley when used as forage. 

HA = hectares = surface area over which livestock production 

takes place. 
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PP in CFA, is the productivity of the 
The purchasing power, 

area in economic terms, and is expressed as the product of the 

P , in CFA/kg:
physical production and the price of the live offtake, 

PP = kgo x P0 

kgo, as a
The purpose of formulating the yearly offtake, 

product of ratios is to make explicit several recognizable 

ratios which could then be investigated for potential increases. The 

This can be increased by
ratio kgo/kgstock is the offtake rate. 

changing the herd composition to maximize the nmber of breeding 

and by decreasing the 
cows, by increasing the fecundity per cow, 

The kgstock/kgFespecially young calves.mortality rate at all ages, 
on a 

production is the live weight of stock that can be maintained 

relatively constant for non-pregnant
given forage production. This is 


mature animals but may decrease as the fecundity rate increases.
 

The ratio kgF production/HA is the productive capacity of the 

This ratio can be increased by importing
grassland ecosystem. 


and using proper range management

forage, irrigating pastures, 


placement of water points

techniques (such as forage crop rotation, 

The total 
to yield low stocking densities, and periodic resting). 

surface area devoted to livestock, HA, can be increased by making 

hitherto unused pastures accessible through elimination of limiting 

by providing drinking water or eliminating
factors--for example, 

Each one of these components of kgo
tsetse flies from moist areas. 


will now be examined in turn to determine by what amount it could
 

be increased above its 1971 level. 

Table 5.1-1 shows the average offtake rate for Tahoua at about 

10 percent of the total animal units in 1963 but only 5 percent of the 

This figure lags slightly behind the averages for Niger, of
cattle. 


15 and 18 percent in the years 1963 and 1971 respectively. Attainable
 

p. 116)
offtake rates have been estimated as 25 percent (SEDES 1973, 
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TABLE 5.1-1 

Livestock Numbers and Offtake Rates for Tahoua and Niger 
as follows:in 1963 and 1971. Livestock has been converted to AUs 

I AU (Animal Unit) = 450 kg 

Icoworbull = 0.6AU 

I sheep or goat = 0.1 AU 

Type Total Stock (AU) Offtake % Offtake (AU) 

M 3 3 

Tahoua 
(1963) 

Cattle 
Sheep/ 

345.0 x 1 
96. 3 x 10 

5.0 
29.0 (ave) 

17.3 x10 3 
28. 0 x 10 

(INSEE, goats 
SEDES 

1966) TOTAL 441.3 x 103 10.2 (ave) 45.3 x 10 

Tahoua Cattle 553.0 x 10 3 NA* NA* 

(1971) 
(SEDES 

Sheep/ 
Goats 228. 0 x 103 NA* NA* 

1973, 
p. 19) TOTAL 672.0 x 10 NA* NA* 

Niger 
(1963) 
(FAO 

Cattle 
Sheep/ 
Goats 

2210.0 x 10 3 

716.0 x 103 

10.0 

32.0 (ave) 

221.0 x 103 

3 
230.0 x 103 

1973) TOTAL 2926.0 x 103 15.4 (ave) 451.0 x 103 

Niger 
(1971) 
(SEDES 
1973, 
p. 19) 

Cattle 
Sheep/ 
Goats 

TOTAL 

2450.0 x 103 

893.0 x 10 3 

3343.0 x 103 

12.5 

30. 0 (ave) 

17.6 (ave) 

305.0 x 103 

3 
284. 0 x 10 

3 
589.0 x 10 

NA* % offtake rates for Tahoua 1971 not available at this time. 
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and 22 percent (Matlock 1974) of the standing stock weight per year 

for cattle production. The estimate of 22 percent will be taken here 

since it can be derived 
as a reasonable upper bound for Niger, 

decreases in
from reasonable increases in calving rate, 

and changes in herd composition. This offtake
mortality, 

efficiency can be calculated using maximum observed calving 

rates on U. S. ranges with essentially no mortality as in Appendix B. 

Increasing the offtake rate, kgo/kgstock, from 10 percent in 1971 to 

a potential of 22 percent results in a potential increase factor of 2.2 

A base of 10 percent
in the kgo/kgstock component of the offtake. 

for the pre-drought offtake was used, since the 1966 INSEE,SEDES 

The other market statistics may bemost credible.survey seems 

effort


biased upwards due to an under-registration of herds in an 

to avoid taxes. 

The kgstock/kgF production and the kgF production/HA ratios 

are usually combined to yield the stocking density as: 

= kgstock x kgF kgstock 
kgF HA HA 

can be main-
The maximum kgstock/HA (expressed in AU's/HA) that 

area with no long-term deteriorationtained indefinitely in a particular 

called the "carrying capacity".of the forage production capacity is 

0. 055 AU/HA in 1963The estimated stocking density in Tahoua was 


and 0. 084 AU/HA in 1971. These figures can be considered as lower
 

bounds on the number of animal units grazed per HA in these years, 

since it was optimistically assumed in this study that 80 percent of
 

the land area of the Tahoua study area (or 8 million hectares) was
 

open for grazing.
 

it has been estimated that
For the entire sahel-sudan region, 

in 1971 there were 12.6 million AU's ti an area of 260 million hectares, 

yielding an aggregate average stocking density of 0. 049 AU/HA 
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density, which according to Tyc (1974,
(Ty* 1974). The "allowable" 

4) is the density at which stock can exist without any pasture im
p. 

A true maximum sustainable
is given as 0. 056 AU/HA.provement, 

yield density has been suggested as 0. 047 AU/HA (Seifert and 

on the basis of sustainable yield densities 
Kamrany 1974, p. 101) 

This 
obtained on ranges of similar ecological type and rainfall. 

figure was obtained from the relation between rainfall and stocking 

assuming an average rainfall of 
density (shown in Figure 5. 1-1), 

300 mm for the Tahoua district. 
are expressed in 

All of these estimates of stocking densities 

which shows that the sustainable yield stocking density
Table 5. 1-2, 


lower than any stocking density observed in either
 
of 0. 047 AU/HA is 


or 1971. In 1971 the
 
Tahoua or the sahel-sudan region for either 1963 

sustainable yield stocking density was only 56 percent of the actual
 

never evenly
Since the stock on a range is
observed density. 


seems to have persisted throughout the
 
distributed and overstocking 


around waterholes and wells
 
late 1960s, one would expect the areas 


to be severely overgrazed and undergoing desertification. Indeed,
 

this has happened.
 

the factor of increase for the kgstock/HA component

Therefore, 

set at 0.6, indicating that the 1971 
of the potential offtake rate was 


a
 
stocking rates should be reduced by about 40 percent to obtain 


This 40 percent destocking has probably already

sustainable yield. 


areas by the drought. The actual
 
been accomplished in some 


destocking necessary in the immediate future may indeed exceed this
 

estimate since the rangeland will need rest to recover from the
 

effects of the last drought.
 

The maintenance ratio (kgstock/kgF) is 450 kg/2500 kgF 

which is assumed to be an toptimalfr feeding rate
 
0.18 kg/kgF, 

assumed that the ratio remains approximatelyIf it is(Cockrum 1974b). 
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TABLE 5.1-2
 

Summary of Stocking Densities for Various Regions and Times
 

Are. 

Tahoua 

(INSEE, SEDES 1966) 

Year 

1963 

AU/HA 

0.055 

Tahoua 

(SEDES 1973) 

1971 0.084 

Sahel-Sudan 

(Tyc 1974) 

1971 0. 049 

Sahel 

(Max. Stock density, 
Tyv 1974) 

0.056 

Rain = 300 mm 
(Sustained yield, 
Seifert and Kamrany 
1974) 

0. 047 
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must come 
constant, then all significant increases in the kgstock/HA 

Thus, investments in range improvements
from the kgF/HA component. 

Two plans--for the development
and irrigated pasturage must be made. 

including a large part of the Tahoua 
of the livestock industry in Niger, 

and for the sahel-sudan region generally (Ty
district (SEDES 1973), 

tpastoral units" (which
1974)--have proposed that with a system of 

produces irrigated forage using groundwater and dry-season grazing 

controls) and with a general upgrading of 90 percent of the remaining 

the aggregate kgF/HA production could be 
pasturage by 4 percent, 

from 144 kgF/HA to or 11 percent-increased by a factor of 1.11, 

This increase in the
 

160kgF/HA--over the entire livestock region. 


efficiency of forage production has been judged to be economically
 

Thus,
feasible according te standard economic criteria (SEDES 1973). 

the combined estimate of the factor of increase for the stocking 

obtained by implementing a sustainable yield
density, kgstockilHA, 

and increasing the forage production, is 0. 6 x 1.11 = 0.67.
 

as to how much irrigation from

A significant question remains 

could be done in Tahoua (or in the sahel generally) and,
groundwater 


estimate of
 
thus, what constitutes a reasonable upper bound for this 

kgF/HA.
 

The SEDES "pastoral units," proposed for both the
 

would use
 
southwest and eastern parts of the Tahoua study area, 

groundwater to irrigate supplemental forage in order to carry the 

On the average, 10 x 103 m3 /HA
breeding herd through the dry season. 

of water would be sufficient to produce 25 x 103 kg/HA (dry weight) 

forage in these areas (SEDES 1973, p. 207, 208), with most of the
 

surface area of the pastoral unit going to the production of natural
 

forage. The proposed pastoral units would be situated over two deep 

groundwater aquifers which underlie the Tahoua area. 
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Comparing the SEDES development scheme with a very rough 

estimate of the sustained yield production of the aquifers and the 

available natural pastures shows that less than 0.1% of the apparent 

water and 12% of the land surface available is utilized by the pastoral 

units, and the total amount of irrigated forage produced does not add 

significantly to the aggregate kgF/HA estimate for the area. The 

are based are shown incalculations upon which these conclusions 

Appendix C. 

No stuidies are available at this time to indicate the maximum 

area. If one naivelypossible use of groundwater in the Tahoua 

assumes that all of the groundwater available could be used to 

without technical or environmentalproduce forage economically, 

problems of salinity or drawdown, then the aggregate kgF/HA in 

the Tahoua area could be increased by a factor of 10. These 

calculations are also shown in Appendix C. 

However, it is overly optimistic to think that such a massive 

even from the technical standpoint.irrigation scheme is feasible 

Between the SEDES proposal of pastoral units--which make a 

negligible difference in the aggregate forage production and have 

been judged both technically and economically feasible--and the 

obviously too optimistic idea of utilizing every last drop of ground

there lies a reasonable augmentationwater potential that may exist, 

a level mostfor the forage production potential of the sahel. Such 

probably lies at the negligible end of the spectrum, since the price 

of fuel has greatly increased along with the prices of all the other 

such a scheme. Also, widespreadcapital equipment needed for 

problems of salinization in arid land agriculture necessitate expensive 

It must be noted that the estimates of the groundcountermeasures. 


water potential are themselves tentative first approximations.
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Finally, the number of hectares presently exploited and the 

factor by which they could be increased must be estimated. In Tahoua, 

nowit has been estimated that approximately 80 percent of the land is 

exploited for livestock. Since this estimate is the upper limit given 

by Houerou (1970, p. 253) for arid lands, an increase factor of 1 will 

be assumed for the hectare component. For the sahel generally, 

however, Ty (1974, pp. 28-29) has estimated that about 9 percent of 

the land is now unexploited because of an absence of watering points, 

that about 9 percent is presently burned, and that a 15 percent increase 

is possible in the land available. 

Combining these estimates of potential increase in the various 

components of the livestock offtake yields the following total increase 

in kgo above the 1971 level of production for the above assumptions: 

Potential sustainable increases in production above the 1971 

level based on the kgF/HA given by SEDES (1973) and on a 

carrying capacity of 0. 047 AU/HA:
 

x HA = kgo
Component: 	 kgo x kgstock 

kgstock HA
 

=Increase factor: 2.2 x 0.67 x 1.0 	 1.5 

the live offtake rate for Tahoua could be increased byThus, 


50 percent above the 1971 level with a reasonable set of economically
 

feasible technologies presently available in the world. 

For the present purpose, this order-of-magnitude estimate of 

the region's unrealized production potential will be accepted. It 

means that a sustainable unrealized potential, although quite small, 

does exist. It should be noted that the largest certain increase in 

achieved by increasing the offtake efficiency, kgo/kgstock.kgo is 

A question remains about the extent to which this ratio can be 

increased through greater calving rates, reduced mortality, and 
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decreased wastage without an off-setting increase in the feed require

ment or, in this case, a decrease in kgstock/kgF. Thus, a better 

estimate is needed for the upper bound on: 

kgo x kgstock = kgo 

kgstock kgF production kgF 

Using the figures
or the total conversion efficiency of kgF into kgo. 

of 22 percent for the offtake and 0.18 for the maintenance require-

This seems 
ment, the efficiency, kgo/kgF, here is about 4 percent. 

low since, empirically, an average of 10 percent of the primary 

biomass production can be converted into herbivore biomass (Odum 

1971). 

it must be noted that this offtake potential is the liveFinally, 

These animals must then be
offtake of yearlings in the sahel zone. 

Thus, the
fattened in the sudan agricultural zone on crop residues. 

total meat output of the sahel-sudan system including fattening 

a bit more than estimated here. This total
ranches could be quite 

is discussed more
scheme, which is outside the scope of this study, 


and is one of the primary
fully in Matlock and Cockrum (1974) 


economic justifications for dealing with the livestock industry of the
 

sahel zone.
 

If permanent improvement in the price ratio of meat to other 

is useful
goods is possible and meaningful to the pastoralists, then it 

to calculate the monetary production potential, i. e., the unrealized 

The price of meat
potential purchasing power of the sahel region. 


received by the sahel herdsman is depressed due to a meat marketing
 

and distribution system which strongly favors the buyer over the
 

Also, the real price of meat will

disorganized pastoral supplier. 


In all probability, world
probably steadily increase in the future. 
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an increase in the grain/meatcausewide population pressure will 
an increase in real 

production ratio to meet caloric needs and thus 

there is reason to 
over the long term. Therefore,meat prices 

believe that removing the economic burdens to meat supply prices 

would permanently increase the real income of the herdsmen in terms 

Whether meat will be able to compete with 
of most market goods. 

and scarce-resource -intensive goods (especially
energy-intensive 


For some future lifestyle which approximates

fuels) is not clear. 


a possible permanent 
the present lifestyle of the herdsmen, however, 

increase can be assumed.
 
obtained using


A crude, static estimation of this potential is 

the following assumptions: 

are liberally estimated to be 80 CFA/kg
(1) Present meat prices 

p. 136).for live offtake (SEDES 1973, 


The present "world price" of meat is $2.50/kg dressed
 
(2) 


weight (World Bank 1974).
 
= 1 U. S.$.rate is 256 CFA

(3) The relevant exchange 


If stoc!Inen in the sahel received the world price of meat, the
 

potential would be:
 
= 385CFAx 256 CFA x 0.6 kgdressed wt.

$2.50 kg live wt.U, S. $ , 1. kg live wt.kg dressed wt. 


The resulting factor of improvement in purchasing power over the
 

present price of 80 CFA would be 4.8. 

the unrealized to~al poiential for 
In terms of purchasing power, 

the pastoralist is:
 

component: kgo x P 0 PP
 

= 7.2
1.5 x 4.8increasefactor: 

Calculating the factor increase in purchasing power under a 

scheme making maximum use of groundwater would not be reasonable. 

and energy-intensive that any 
Such a scheme is sufficiently capital-



-95

increases in the real price of meat could be expected to be offset by 

increases in the real price of fuels, fertilizers, and capital. Thus, 

the assumption that a permanent improvement in the real price of 

seems
meat would have an impact on the quality-of-life of the herdmen 

too optimistic for this already-optimistic scheme. 

The total unrealized production potential is about 50 percent 

as seven times greater ingreater in real terms and may be as much 

economic terms than the present production. This estimate is admit

tedly rough but, for the present, the order-of-magnitude of the unreal

ized potential is all that is required. The potential lies mainly in 

increasing the efficiency of offtake while maintaining the herd size 

Even with some of thebelow the sustainable yield stocking density. 

rather optimistic assumptions made here, the seven-fold unrealized 

small by comparison to the increasedpotential in the sahel seems 

numbers of people resulting from an undiminished population growth 

rate of 2. 5 percent. Thus, the long-term per capita production 

potential of the sahel may be quite a bit smaller than the gross 

production potential. 

and Policies5.2 The Long-Term Effect of Current Programs 

A number of projects for the sahel region are commonly proposed 

to restore the range and improve the livestock industry. Those listed 

in a proposal by Comite Permanent Inter~tats de Lutte Contre la 

(1974) to the international aidSecheresse Dans le Sahel, CILSS, 

organizations are, according to the member-states of the CILSS 

top priority for west Africa. These projects, which willcommittee, 


either be located in or will directly affect the sahel zone fall into
 

(1) rural water supply for livestock andfive generic categories: 


sahel villages; (2) veterinary services; (3) herd reconstruction; and
 

(4) reforestation. Food relief, while not explicitly listed, has been 



-96-


All of the west African states proposed
proceeding for the past year. 

combinations of most of these projects in various locations. 

Each generic program will be examined for its long-term effect 

simulation 
on the behavior of the ecological system using the SAHEL2 

model; then all five will be tested together for their combined effect. 

private relief organizations
In addition to aid by national governments, 

are also proceeding with programs of these types (see Figure 5.2-1). 

exploited
The assumption that 80 percent of the available land is 

for grazing would not seem to allow much possibility for creating 

However, according to TyX (1974 
new pastures through water supply. 

about 9 percent of the land is unexploited because of an 
p. 28-29), 


absence of watering points. Therefore, by 1980 the available rangeland
 

in SAHEL2 was expanded by the well-digging program to 88 percent of 

The days that herdsmen
the land surface in the Tahoua district. 


spend in the sahel during transhumance are increased 11. 5 percent
 

becaiuse of' the generally better water supplies and the increased
 

tendency to settle near reliable potable water sources.
 

The long-range consequences of this policy are hardly 

The two
discernible from those of the base run in Figure 4.3-1. 


one another: while opening

effects of well-digging tend to counteract 


up new grazing land tends to reduce grazing pressure and increase
 

staying longer in the sahel during transhumance tends

the herd size, 

to increase grazing pressure. Consequently, no noticeable difference 

soil condition, or populationin range utilization intensity, herd size, 


size occurs.
 

Increasing the intensity of veterinary services does have a
 

significant effect on the herd size and range desertification rate
 

(see Figure 5.2-2). In this simulaticn, the normal stock death rate 

due to disease decreases from 21 percent in 1970 to 14 percent by 

thus,
1990. This policy increases the standing stock on the range and, 
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the grazing intensity, so that in periods of rainfall deficit the range

land deteriorates to much below the base run level. The short-term 

effect is to increase the standing stock in the 1980-2010 period above 

the base run level. By 2020, the herd is unable to find sufficient 

forage and remains below the base run levels. 

Herd reconstruction involves importing large numbers of stock 

across the geographic boundary of the system in order to rebuild 

the drought-decimated herds as quickly as possible to their pre

drought level. In the simulation shown in Figure 5. 2-3 the standing 

herd was augmented by 10 percent, 20 percent, and 10 percent in the 

years 1974, 1975, and 1976 respectively. This program maintains a 

slightly larger herd size on the range than in the base run until the 

early 1980s, after which the total livestock numbers fall below the 

base run level because of increased cattle starvation. The range

land becomes more desertified than in the base run because of 

continued overgrazing in the late 1970s and early 1980s. Because of 

this overgrazing, the consequences of the drought simulated for 1985 

are much more severe in terms of the percent of cattle and numbers 

of people that die of famine. Figure 5.2-3 shows a greater drop in 

the population level after the 1985 drought due to a lower per capita 

food availability than in the base run. 

The object of a reforestation program is to speed the natural 

process of range recovery by reseeding pastures and planting trees. 

Reseeding is a limited option, however, since it generally is 

effective only with yearly rainfall levels above300 mm (Houerou 1970, 

p. 266). To simulate this policy, the forage production potential 

recovery time was halved between 1975 and 1985. After 1985, the 

vegetation cover has a recovery time of 10 years instead of the 20 

year recovery time of the base run. 
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Figure 5.2-4 shows that this policy increases the forage 

asproduction potential in the 1990s above that of the base run but, 

a result, also increases the livestock growth rate. Grazing intensity 

starts to decrease in the 1990s but ends up at exactly the base run 

level in the year 2020. In the long-term, the reforestation policy 

aresults in the same degree of desertification (or soil condition), 

slightly higher stocking rate, and a significantly higher population 

level by 2020. Population here responds to the greater food 

availability resulting from greater stocking rates in the 1990s and 

early 2000s. 

Food relief has been going on for several years and is likely 

This policy was simulatedto continue at some level for several more. 

in SAHEL2 for the 1974-1980 period by importing from outside the 

system boundary enough metric tons of millet to maintain the per 

capita caloric intake at 1, 900 Calories/person per day. The effect 

can be seen by comparing the population variables of the food relief 

run in Figure 5.2-5 with those of the base run in Figure 4. 3-4. The 

availability of food tends to hold people in the sahel longer than they 

would normally stay under severe food scarcity. Thus, at the end 

of the program in 1980, there are more people but the same food 

The death rate increases and theresources as in the base run. 

population crashes because of famine and a subsequently mounting out

migration rate. By the year 2020, there remains no perceptible 

difference between the parameters of the system with a food relief 

policy and those of the base run simulation. 

Finally, all five of the forementioned policies were run together to 

simulate the likely future situation of simultaneous programs. As 

Figure 5.2-6 indicates, the system behaves much the same as it does 

before the drought under the influence of the four generic inter

ventions discusse 4 in the previous chapter. Indeed, there is no reason 
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to expect it to act any differently, since these policies have the 

same overall effect as the interventions. That is, most of them 

succeed to a greater or lesser degree in increasing the 

standing stock on the range and hence the utilization intensity. 

The ecological system usually compensates for this since more 

overgrazing, in the long run, merely leads to greater stock death 

rates. Increasing. the intensity of veterinary services can have 

a significant effect on the resulting normal stock death rate and is 

one of the primary causes of chronic overgrazing in this case. 

In summary, not one of the policies on the CILSS list is 

capable of restoring the productive capacity of the range. Without 

feedback from the range condition to the offtake rate, the long-term 

state of the system is changed very little by reforestation, well

digging, or food relief programs. Programs such as veterinary 

services, which significantly decrease the normal stock death rate. 

have a definite destructive effect on the rangeland. 

5.3 Sustained Improvement Through Range Management 

The objective of range management is to maintain the forage 

utilization intensity at or below the long-term sustainable yield. The 

principle component of this policy is adjustment of the yearly offtake 

rate so that the remaining standing stock does not overgraze the 

rangeland. Figure 5.3-1 shows a simulation run which differs from 

the base run only in that the total standing stock on the range is 

maintained, starting in 1974, below the yearly sustainable stocking 

rate which is calculated each year as: 

sustainable tkin = (forage .lbl) sustainable yieldl 
rate in stocg avalaeharvest fraction I 

(days in the sahel) forage requirement 
(per day per AU 

Thus, in years of drought the available forage decreases and the 

offtake rate increases in an attempt to adjust the stocking rate to the 
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newly diminished sustainable level. There are, however, several 

difficulties with this policy. Animal offtake at the end of a season in 

which a drought occurs follows a year of overgrazing. Nevertheless, 

the soil condition is slightly improved compared to previous runs. 

Another difficulty is that once the total stocking rate has been 

diminished, it takes a number of years to regain the sustainable 

yield level after a drought, assuming the weather returns to normal. 

Since it is desirable to rebuild the herds as quickly as possible in 

post-drought years, the offtake rate is at or close to zero. Extended 

periods of time with no offtake lead to famines among the pastoral 

population. 

This system behavior is unreliable, and worse than the base run 

with respect to the possibility of famines. Indeed, under this policy the 

stocking rate variance is greater than that induced by drought and 

natural herd starvation. It is doubtful whether this policy alone is 

desirable or capable of being implemented. Veterinary services, 

which would increase the stock growth rate after a drought, would 

reduce the length of the no-offtake period but would not alter the 

behavior mode. The system's behavior mode is characterized by 

the sawtoothed history of the stock herd, a range locked into a 

desertified condition, and a population undergoing repeated famines. 

What is needed is an offtake policy which does not respond to 

each yearly variation in the sustainable stocking rate, but which 

maintains the standing stock at some level based on the long-term 

condition of the range and the available forage. Such a policy would 

smooth out the fluctuation in herd size, creating a much more favorable 

economic environment and a more reliable source of sustenance for 

the human population. At any reasonable stocking rate, however, there 

will be years when the forage availability is not sufficient to maintain 

the long-term standing stock level. There will be periods of over
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grazing when the forage availability suddenly decreases because of 

weather variations unless the long-term sustainable stocking 

rate is accompanied by a supplemental feeding policy, which 

Since the
substitutes imported for natural rangeland forage. 

there is
stocking rate will be controlled through the offtake policy, 

no danger in introducing veterinary, herd management and 

reforestation programs that will augment the total stock growth 

effects of these programs will simply be realized as 
rate. The 

it would seem that the programs on the
increased offtake. Thus, 


CILSS list can only be effective if there is also an effective range
 

management program which controls the stocking rate and 

compensates for rainfall variation. 

Figure 5.3-2 shows the system behavior under a policy of 

stocking rate control and supplemental feeding initiated in 1974. 

For this simulation, a time-averaged long-term sustainable 

stocking rate (LTSSR) is calculated using an adjustment time of 

10 years. Thus, the LTSSR responds in a delayed and much a tenuated 

Offtake is then calculated manner to yearly fluctuations in the weather. 


At the same time, a
 
to keep the standing stock equal to this LTSSR. 


initiated to import all necessary forage

supplemental feeding policy is 

from outside the system in years when the forage available falls 

Included in this simulation
below that required to maintain the LTSSR. 

are veterinary services at the same intensity as those proposed for 

the CILSS policy analysis (i. e. a reduction in the normal stock death 

rate from 21 to 14 percent by 1990) and a herd management policy which 

adjusts the age-sex ratio of the herds to an optimal level for breeding 

purposes. The latter policy effectively adjusts the fraction of 

breeding females in the herd from 43.5 to 48 percent and increases the 

calving rate per cow to a level consistent with good nutritional status, 
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It should be noted that the resulting behavior mode, shown in 

Figure 5.3-2, differs from all the previous simulation runs. The 

soil condition in the range undergoes a sustained and significant 

improvement, and the total standing stock increases in the long

term. More noticeable, however, is the lack of fluctuation in the 

livestock and population levels. The forage utilization intensity is 

maintained at about 40 percent in this situation while the livestock 

offtake increases from an average of 5 percent in all previous 

runs to an average of 23 percent in this simulation. This percentage 

offtake and the final numbers of livestock maintained on the range 

compare favorably with the estimates of 22 percent for offtake and 

60 percent of the 1971 stocking rate calculated for the physical 

production potential in Section 5.1. 

The yearly cost of supplemental feeding is not presented here 

because it is a function of the yearly rainfall level, which in the 

SAHEL2 model was artificially constructed to show behavior modes. 

In future simulations dealing with the problems of risk and security, 

the present value of a supplemental feeding policy will be discussed. 

The maximum sustainable yield indicated in Figure 5. 3-2 will 

continue to increase at a slow rate well beyond the year 2020 because 

of the long time needed to change desertified conditions back to 

productive rangeland. The long recovery time for the range to 

even approximate its pre-drought condition and the necessity to 

reduce the stocking rate to low levels for extended periods of time in 

order to let the range recover are important but often-neglected 

points. 

5.4 Conclusions 

The live weight of meat offtake from the sahel could be increased 

by about 50 percent by the application of existing technologies, herd 
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management and pasture improvement practices. A significant 

improvement in the terms of trade for the pastoralists is possible 

if they secure a price for cattle which is more nearly in line with 

world meat prices. 

An analysis using SAHEL2 of the consequences of continuing 

the same type of generic programs which have been pursued in the 

alone or in combination,
past indicates that none of these programs, 


will succeed in restoring the range and some may even hasten its
 

degradation. 

The range condition recovery mode can be achieved by the 

addition of a feedback from the range condition to the offtake decision. 

Yearly offtake variations can be attenuated by a buffer program such 

This constitutes the ecological solution 
as supplemental feeding. 

to the problem of desertification. 
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IONAL SOCIAL AND ECONOMIC6. 	 THE STRUCTURE OF THE TRADVI 
SYSTEM 

6.1 Purpose 

Two structural changes will be added to the SAHEL2 model in 

an economic sector that determines thethis chapter. The first is 

a function of other system parameters. Second,offtake rate as 

structures will be added to the model that generate important social 

values as a function of long-term environmental factors. The model 

resulting from adding an economic sector to SAHEL2 will be called 

ECNOMAD3. The addition of a social values sector to ECNOMAD3 

will result in a model which will be called SOCIOMAD. The SOCIOMAD 

model is the cumulative result of this study. 

There are two reasons for adding structures to simulate the 

dynamics of the economic and social system to the SAHEL2 ecological 

aThe first is to examine the possibilities of implementingmodel. 

maximiun sustainable yield use of the ecosystem using conventional 

to examine the trade-offs thateconomic incentives. The second is 

exist between the important system parameters in the sustained

yield mode of behavior. 

This chapter will first explain the structure of the traditional 

economy and sh6w how the economic sector (incorporated in 

ECNOMAD3) behaves in response to changes in a number of cultural 

After this, the structures ofparameters and weather patterns. 


the important long-term values will be explained. The results of
 

simulating different policy sets with the final complete model,
 

The reason for this
SOCIOMAD, will be presented in Chapter 7. 


to facilitate the reader's understanding of
stepwise presentation is 


It is also instructive
the causal mechanisms of a complex model. 


for the reader to follow the actual stepwise development process
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aware of the purpose of each sector and to understand the 
to become 


questions that it addresses.
 

as Marginal Utilities 
6.2 	 Expressing Economic Priorities 

are determined by
The economic dynamics of ECNOMAD3 

two fundamectal assumptions of modern economic utility theory. 

First, individuals need goods and services which can be measured 

abstractly in terms of "utility" for the individual. The increment of 

utility (the marginal utility) decreases as the individual gains more 

as his needs become saturated. Second, 
goods or services, i. e. 


an individual will always seek to equalize the marginal utilities of
 

his diverse needs in order to maximize his welfare. This assumption
 

which
 
implies that the individual will not continue to acquire good X, 


affords him a marginal utility of 1, when good Y can afford him a
 

marginal utility of 10 for each Y purchased. Thus, marginal utility
 

physical,

is a common denominator which measures the economic, 


an individual's needs.
 
social, or psychological effect of satisfying 


The absolute value of the marginal utility for a given good or
 

while the relative marginal

obviously meaningless,service is 

utilities of two or more goods are extremely useful in determining how 

Furthermore, 
an individual will allocate his resources in the market. 


can be deduced from
 
an individual's relative marginal utilities 


status and observation of his
 
knowledge of his present economic 


This logic holds for entire populations as well.
 
market behavior. 

over short
adequate to explain market behavior

This theory is 

as the social, economic, and 
Over long periods,periods of time. 

the social and cultural 
physical environment of the population changes, 

can 
norms defining the desired levels of various goods and services 

Since the marginal utility of a given good is 
be expected to change. 


a function of the extent to which presently owned goods satisfy the
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desire. for those goods, a long-term model of economic 

as dynamicbehavior must include these social and cultural norms 

elements. In the ECNOMAD3 model these social norms will be 

exogenous elements, while structures will be added in the SOCIOMAD 

of them as endogenous parameters.model to include some 

6.3 The Structure of Herd Management Decisions 

The basic structure of ECNOMAD3, including its major feedback 

It is instructive to trace the causalityloops, is shown in Figure 6. 3-1. 

of this model from one sector to the next, to determine the chain by 

a change in the desired fertility rate (in the demographicwhich 

sector, for example) could ultimately work its way through the 

system to affect the soil fertility, and then back again to influence the 

actual fertility rate of the population. The reader is encouraged to 

study the causal diagram and discover the feedback loops with the aid 

of the (+) and (-) direction signs on the arrows. All the feedback loops 

will not be discussed individually here. 

concern to us describe the determination ofThose of present 

Figure 6. 3-2 can help trace the causality oi the offthe offtake rate. 

An increase in thetake rate necessary to satisfy the need for goods. 


offtake rate will increase the per capita goods held by the population be

livestock is traded for calabashes and kitchen utensils, swords,cause 


and tents.
clothing, tools, harnesses, saddles, As the stock of goods 

the marginal utility ofincreases in relation to the desired goods, 

As the marginal utility of goods decreases relativegoods decreases. 

less of
to the marginal utilities of other needs (for example milk), 


allocated to
the herd is maintained for goods offtake and more is 

milk). As more stock is allocated to
competing needs (in this case, 


milk production the marginal utility of milk declines relative to
 

The two negative
goods, and stock is allocated back to goods offtake. 
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feedback loops shown in Figure 6.3-2 tend to reach equilibrium when 

the marginal utilities of the two goods in question are equal. 

If milk and purchased goods were the only two needs of the 

the loops shown in Figure 6.3-2 would determine the 
herdsmen, 

offtake rate. In fact, hcrd utilization can be classed in four broad 

and social infrastructure)
categories (goods, market food, milk, 

which together determine the fraction of the herd to be offtaken each 

year. 

Cattle are sold or traded for millet or sorghum (as well as 

for the goods previously mentioned) which are staple foods in the dry 

of millet and 
season. Many herdswomen cultivate small amounts 


The ab
condiments in small garden plots during the rainy season. 

solh.ve contribution of these to the total caloric intake of people
 

small compared to milk and purchased millet.

in the Tahoua area is 

Tea, sugar, and small quantities of spices are also purchased through 

the market. The feedback loops determining the fraction of the herd 

allocated to the purchase of food in the market are shown in Figure
 

and are directly analogous to the loops for purchased goods.

6.3-3 

The fractions of the herd allocated to purchased food and goods to

gether determine the total offtake rate. 

consumed by pastoralists vary.
Accounts of the quantity of meat 


Dietary surveys indicate the amount of meat consumed from both
 

large and small stock is negligible. Most anthropological writers sug

gest that quantities of small stock consumed at the numerous marriage, 

and religious ceremonies are insignificant. No accounts 
name-giving, 

indicate that the dead and dying stock of any size amounts to a large 

For the purpose of this model the 
fraction of the total caloric intake. 


a constant small

dead and dying stock consumed was assumed to be 

fraction of the total stock death rate. 
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The third general purpose which is served by the herd is 

milk production for consumption by the herdsman's family while 

the cows are lactating. Milk in fresh, soured, or curdled form is 

an important source of Calories, protein, and vitamins 

for the herd tenders both during transhumance and in their overnight 

(when they range far from the central base camp in search of 
camps 

milk supplies between 35 and 50 per
pastures). In the Tahoua area, 


cent of the total Calories consumed by the herdsmen. The negative
 

feedback loop governing the allocation of the herd to milk production 

In general, whenever the 
is shown in both Figures 6. 3-2 and 6. 3-3. 

the allocation to milk
stock allocation for one purpose changes, 

Thus, whenever
production also changes in the opposite direction. 

the 
the marginal utility of milk exceeds the utilities for offtake purposes, 

increases.
fraction of the herd offtaken decreases and the standing herd 


heifers, and

Included in the necessary milk herd are the bulls, 

calves needed to maintain the herd. 

to create and maintain socialThe last purpose of the herd is 

and to insure against drought and disease epidemics.
relationships 


This service will be termed "social infrastructure. " Its existence
 

can be deduced from several facts--chiefly that the per capita
 

standing herd seems to be larger than necessary for its other three
 

occurs generally in pastoral groups in

functions. This phenomenon 


Africa. Numerous anthropological accounts also cite the use of stock
 

and a means of establishing
as bridewealth, pre-inheritance gifts, 


at future dates. Stock

social dependencies which can be advantageous 


for which large, hardy drought- and

is further used as transport, 


are bred.
heat-resistant bulls 


One of the most important purposes of the social infrastructure
 

herd is catastrophe insurance. The pastoralists live in an ecological 

system with large variations in forage production due to rainfall 
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fluctuations and widespread epidemics of cattle diseases (such as 

rinderpest) well within the memory of the adult generation. The 

risk of losing one's herd in any one year is high and unpredictable. 

The consequences of such a loss are, at best, economic privation 

aand at worst, starvation. The only rational approach to such 

situation is to have insurance. Indeed, when the expected disaster 

is of such grave proportions and the acceptable alternative lifestyles 

so limited, extremely conservative herd management is rational. 

The herdsmen have developed various methods of coping with 

Their primary strategy is to maintain a herdexpected disasters. 

size in excess of that needed for subsistence. This excess herd, 

which can be parceled out to relatives to be recalled in times of need, 

allows the herd to be split and grazed in several different locations. 

part of the herd can be sent deep into the tsetse fly-For example, 

areas while the rest remains behingd to suffer throughinfested sudan 

a drought, on the assumption that two slim chances of survival are 

better than one. The negative feedback loops determining the allocation 

of the herd for social infrastructure are shown in Figure 6. 3-4. 

As the per capita herd size increases and diminishes in 

response to environmental conditions, changes in herd allocation can 

be expected. In times of drought or disease, when herd sizes are 

the marginal utilityseverely diminished and food supplies are scarce, 

of food increases much faster than that of goods or infrastructure. In 

general, goods are the second most important need, with social infra

structure of primary importance only in times of abundance. The 

shown in Figure 6. 3-5,relative shapes of the marginal utility curves, 

are those used in the ECNOMAD3 model. Equilibrium is achieved 

by allocating stock so that the ratios of the actual to the desired goods 

and services fall on the abscissa at a value such that the resulting 

marginal utilities are the same. Thus, as stock dies off (e. g., in a 
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the 
drought) and the ratio of actual-to-desired food decreases, 

is the most 
marginal utility of food increases most rapidly, since it 

allocated away from social infrastructure 
important need. Stock is 

6. 3-3, and 
and goods, via the mechanisms shown in Figures 6.3-2, 

In this case, the 
and into the milk and marketed food herd.

6. 3-4, 

stock allocated to social infrastructure diminishes by the greatest 

as formerly surplus livestock now becomes necessary for 
amount 

as a "buffer" 
subsistence. Thus, the social infrastructure herd serves 

while still necessary, are of 
which is indeed its purpose. Goods, 

In times of abundance,
secondary importance during food shortages. 

less than 1. 0, the priorities
when the equilibrium marginal utility is 

are reversed. 
and, hence, herd management behavior of the herdsmen 

(The reader should reason this case throught for himself with the aid 

of Figures 6. 3-1 and 6.3-5. ) 

model can be adjusted
A number of parameters in the ECNOMAD3 

to correspond to the market behavior of particular ethnic groups. 

done on some of these parameters to evaluate their 
Sensitivity tests, 

The specific manner of 
importance, are presented in section 6.4. 


representing various ethnic groups will be briefly discussed here to
 

indicate the generality of the model.
 

different ethnic groups will have differing social norms 
Certainly, 

These norms are 
concerning the desired levels of goods and services. 

Different social 
represented explicitly in the model and can be changed. 

priorities can be represented by adjusting the relative shapes of the 

various marginal utility curves to produce the type of market behavior
 

observed in ethnic groups under various environmental stresses. A
 

number of parameters in the model represent the average time necessary 

for the aggregate social group to make decisions about migration, herd 

can
and the duration of the transhumance. The parameters

allocation, 

all be changed to reflect the decision-making hierarchy of the ethnic 
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Finally, different groups behave differently with group in question. 

respect to the amount of millet cultivated, method of marketing excess 

milk from the social infrastructure herd, and fraction of the dead and 

These factors can all be rdjusted to reflectdying stock consumed. 

different cultural norms. 

6.4 The Effect of Variations inWeather and Cultural Parameters 

Before describing the structure of the long-term social values 

sector to changesit is useful to examine the sensitivity of the economic 

in a number of endogenous parameters and to weather variability. 

This section presents these sensitivity tests using the ECNOMAD3 

model which incorporates the economic structures described in Section 

social infrastructure6. 3. Social values, the "desired" levels of goods, 

and food consumption are all constants in this model. 

Figures 	6.4-1 and 6.4-2 show the important model parameters 

In this "base run", all of theplotted yearly from 1920 to 1975. 

model have been
historical interventions included in the SAHEL2 

Instead of a 10-year average rainfall, however, a yearlysimulated. 

rainfall level based on the actual rainfall record for the Tahoua region 

from 1920 to 1973 was included. The yearly rainfall after 1973 was 

simulated using the statistical characteristics of the rainfall for the 

previous 54 years. The derivation of this simulated rainfall will be 

discussed later. 

A striking correlation was found between the livestock and 

population levels and the 10-year average rainfall level of Figure 3. 3-1. 

Thus, the general increase in rainfall from 1930 to 1940 was reflected 

Rainfallsimultaneously in increased population and livestock levels. 


mainly because of the drought early in
declined slightly in the 1940s, 


This decline was mirrored by a virtual halt in population
the decade. 


growth rates. In the 1950s and 1960s, however, rainfall again increased.
 

This sustained increase, coupled with the significant effects of public
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health, veterinary, and well-digging programs, caused the population 

and livestock levels to experience sustained, elevated growth rates. 

The early 1940s drought and overgrazing also produced a significant 

decline in the soil productive capacity, shown in Figure 6.4-1. 

Figure 6.4-2 shows the behavior of the herd management 

variables from 1920 to 1975. Notice that the offtake percentage 

scarcely changes throughout this period, primarily because the per 

capita animal units remain relatively constant and the social values 

that determine offtake behavior do not change. During the 1970s 

drought, when herd size diminishes and food becomes scarce, the 

offtake rate decreases slightly because offtake for goods becomes less 

important than maintenance of a milk herd. The fraction of the herd 

offtaken for purchased food is small because few animals are 

necessary to obtain the needed millet, even hough the price of millet 

increases in times of food scarcity. The offtake rate varies from 

about 6 to 11 percent in this period, a finding consistent with available 

data and anthropological accounts of herd management. 

Also apparent in Figure 6.4-2 is the function of the social infra

structure herd. In times of food scarcity (indicated in Figure 6.4-1 

by the decline in per capita Calories available) the herd is reallocated 

away from social infrastructure into the milk herd and, to a minor 

extent, into food offtake. This reallocation potential is essentially 

the insurance function of the infrastructure herd. 

A number of sensitivity tests were done with ECNOMAD3 

in which cultural parameters were varied. Figure 6.4-3 shows the 

herd management parameters when all decision time constants in the 

model have been doubled. These time constants include: the adjustment 

time for reallocation of the herd fractions to food, goods, and social 

infrastructure; the decision time for changing the days spent durin 

transhumance; the population out-migration delay; and the fertility 
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adjustment delay. Extending these delays slightly attenuates the 

yearly variations in herd allocations and causes more overgrazing 

and consequently more out-migration during drought. 

Figure 6.4-4 shows the effect of halving the decision times. 

Since the population in this run is more sensitive to variations in 

food supply and grazing intensity, offtake rates rise much more 

rapidly in times of scarcity, increasing significantly the fraction of 

the herd allocated to marketed food. Since people out-migrate 

sooner when grazing intensty increases, less desertification and 

less starvation occur during drought. 

The speed with which the everyday decisions of an aggregate 

decentralized society are made in response to changes in the environ

ment is a matter for debate. Decision times should be chosen which 

cause the model's behavior to most realistically reflect the field 

experience of knowleJgeable anthropologists. In any event, the 

magnitude of these time constants--which are doubled and halved-

scarcely affects the overall model behavior. 

Figures 6.4-5 and 6.4-6 show the behavior of the model when 

the relative positions of the marginal utility curves in Figure 6. 3-5 

are interchanged. In times of food shortage, the curves for food in 

this run are the least elastic (least steep) and the curve for goods the 

most elastic (most steep). The social ifrastructure curve was 

increased to correspond to the position of the goods curve in the base 

run. Thus, in times of food shortage, we would expect offtake to 

increase since goods become the top priority item. This does occur 

as the behavior of the model during and after the 1940 drought indicates 

in Figure 6.4-6. Figure 6.4-5 shows that the population collapses 

because the herdsmen starve themselves to death. 

Thus, the relative positions of the marginal utility curves 

significantly affect the model behavior, and obs-rving the realism 
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of the resulting herd management behavior should reveal whether 

the priorities indicated by the relative position of the marginal 

utilities curves are realistic. 

In Figure 6.4-7, the shape of the marginal utility curve for 

milk and market food has been changed but the relative positions of 

all the curves remain the same. In this simulation, the food curve 

has been raised to lie much closer to the goods curve in times of 

food surplus, thereby increasing the relative importance of food. 

This run differs only slightly from the base run, in that the 

population tends to consume more food Calories in times of surplus 

and thus increases slightly faster. The herd management behavior 

is essentially the same as in the base run. 

The ECNOM/IAD3 model is insensitive to the exact shape of the 

marginal utility curves. The relative positions of these curves (+he 

order in which they occur) reflects the priorities of the herdsmen 

and, thus, do affect their economic behavior. Furthermore, as 

mentioned earlier in this chapter, these priorities can be deduced 

by observing the herd management behavior of the herdsmen over 

time. 

Figures 6.4-8 and 6.4-9 show a simulation of an ethnic group 

different from the base run. In this, run, the desired diet of the 

population is changed to twice the n-ilk Calories and only half the 

non-milk Calories of the base run. This population also consumes 

40 percent of the dying stock (versus 1 percent in the base run), 

which supplies most of the needed non-milk food Calories. Most 

(90 percent) of the surplus milk from the social infrastructure herd 

is marketed for goods, compared to only 30 percent in the base run. 

Figure 6.4-8 shows that the livestock herd increases rapidly 

since the population is largely self-sufficient and offtake is very 

low. The rapid stock growth rate causes severe overgrazing and 
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The drought early in the
desertification by the end of the 1930s. 

1940s further decreases the range productive capacity so that both 

are severely reduced. The range
livestock and human populations 

already in a severely overgrazed condition
productive capacity is 

by 1970. In this situation, the population lives in a chronic state of 

with a large variance in their total caloric
material impoverishment, 

chronic and the herd is totally given over to
intake. Overgrazing is 

with the dying stock supplying all other caloric
milk production, 

is a rather extreme case; the purpose
allotments. This simulation 

to show that changes in the model parameters result in different
is 


This demonstrates that even

behaviors of different ethnic groups. 

extreme changes in the model parameters can be simulated if 

while the model maintains an internal consistency between 
necessary, 

the interacting sectors of the system. 

is useful to re-simulate the "no-historic intervention"Finally, 	it 

done with SAHEL2 in Chapter 5. As seen in Figure
run which was 


essentially

6.4-10, the long-term (200 year) behavior of this system is 

as indicated by the trend line,
chronic degradation of the resource base, 

with periodic severe droughts drastically reducing both the human and 

the livestock populations. Indeed, the 1970s drought does appear less 

severe because of the lower population pressure. Notice also that 

these populations reflect rainfall trends; in the 1930-1940 and 1950-1960 

both human and livestock populations grow in response to
decades, 

increases in the long-term rainfall level. 

An important question--the degree to which the model is 

sensitive to rainfall patterns and rainfall variance--must be resolved 

model can be used to analyze future policies.
before the ECNOMAD3 


a simulated rainfall pattern (generated by a series of random

Since 

numbers) must be used for policy evaluation, future rainfall patterns 

may include severe long-term droughts, extended periods of good 
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large swings from wet to dry, and periods with littleweather, 

If the behavior modes of the model depend significantlyvariation. 

on the exact pattern of future rainfall, there is no way to analyze 

on the other hand, the model shows the
the effect of policies. If, 


same basic behavior modes regardless of the rainfall pattern, then
 

it will be a useful tool. 

To resolve this problem, the past yearly rainfall levels for the 

Tahoua area were analyzed to determine the mean and standard 

deviation of the yearly rainfall over the 54-year period from 1920 to 

The assumption that rainfall was normally distributed about1973. 

the mean for this time was consider'ed a fair approximation, even 

slightly bimodal (as has been suggested for Senegal).
if the rainfall is 

mm and a standard deviation of
Using this assumption, a nean of 278 

72 (26 pcrcent of the mean) was obtained from the combined records 

of the Tahoua and Agadez rainfall stations. 

Using these figures, the ECNOMAD3 model was run with ten 

This was eone
different rainfall patterns in addition to the base "in. 

s inply by initializing the random number generator in the model Vith 

a different seed at the start of each simulation. The model was run 

from 1920 to 2080 in each case, with the output plotted from 1971 to 

where the2080. The historical rainfall pattern ended in 1974, 


These simulations show that the
simulated rainfall pattern began. 


behavior mode of the system does not change with different rainfall
 

pat.erns. The recovery rate and time histories of the state variables 

follow the same pattern (see Figure 6.4-11). 

These simulations describe the behavior mode of the system 

interventionsparameters that can be expected in the sahel if no new 


occur and no range management policy is implemented. After the
 

1970 drought, there is a high soil regeneration pressure due to the
 

large difference between the present state of the ecosystem and the 
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pot, ntial state under normal rainfall without overgrazing. Animal 

populations are held low because of overgrazing and high offtake needed 

by the human population for purchased food. This prevents animal 

populations from increasing for a long time after the 1970 drought. For 

a period of about 30 years, there is chronic food shortage and a 

population out-migration from the region. 

Finally, about 30years afterthe 1970 drought, greatly reduced live

stock populations relieve grazing pressure on the range, thus aiding 

range recovery. With the partial return of production potential, the 

population exodus slows and the population starts to grow very slowly once 

more. The g,'eatly reduced per capita herd sizes at this time, however, 

necessitate an offtake rate significantly increased above the historical 

precedent in order to purchase food. This offtake also helps restrain 

livestock numbers and gives the range further time to recover. 

About 50 years after the 1970 drought, range recovery is sufficient 

to allow herds to increase along with--and eventually at an even faster 

pace than--human population. Surplus sVock again accumulates for the 

purposes of social infrastructure, and the nutritional status of the 

population improves to such an extent that, by 60 years after the 

drought, a slight in-migration develops. Eighty years after the drought 

which is the time constant for recovery of the soil condition-

conditions are improved generally in the region. 

With the return of improved conditions come the seeds of. 

destruction. As food and wealth needs become satisfied, the fraction 

of the herds offtaken continues to decline, thus increasing livestock 

growth rates. Overgrazing occurs more frequently, and the whole 

pastoral system teeters once more on a precarious precipice. 

Inevitably, deficits in yearly rainfall again trigger a disaster and 

the cycle recurs. This entire change of events can be traced with 

the aid of the system diagram in Figure 6.3-1. 
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model areSeveral intensive state variables of the ECNOMAD3 

also plotted in Figure 6.4-11 to show the remarkable consistency of 

the offtake percent and the per capita food availability regardless of 

rainfall pattern (and indeed regardless of the growth or decay in the 

The behavior of the extensivelivestock or soil condition levels). 

asstate variables (such as livestock and population) can be described 

in which the exact timing of the a "boom and crash" behavior mode, 

The behavior of the offtakecrash depends on the rainfall pattern. 


rate and of the per capita food availability, however, is 'quasi-stable,'
 

showing short-term deviations and only very slight long-term trends. 

occurs because these variables are very stronglyThis equilibrium 

goal-seeking -- because numerous negative feedback loops in the pastoral 

system function to return the variables to their equilibrium positions 

once they are perturbed. These positions are defined by the total 

desired caloric intake (in the case of per capita food availability) 

a complex of desired food, goods and services (in the case ofand by 

the percent offtake rate). 

It has already become apparent that these two state variables-

the percent offtake and the per capita food availability- -are critically 

It will becomeimportant in determining the behavior of the system. 


clear in Chapter 7 that the absolute population size is one of the primary
 

long-term determinants of these variables since population level is 

social infr-,tructure and food.inversely related to per capita wealth, 


This is the reason for suspecting that there are indeed long-term
 

tradeoffs between population and the levels of these welfare parameters.
 

The final problem concerning the effect of weather on the model 

behavior is the effect of the yearly variance in rainfall. The previously 

stated standard deviation of 72, derived from the mean of the Tahoua
 

is 26 percent of

and Agadez rainfall records over the past 54 years, 


the average mean rainfall (278 mm) and considerably lower than the
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standard deviation--38 percent of the mean--given by Gregory (1969, 

p. 59). The individual standard deviations for Tahoua and Agadez 

alone are 27 percent and 37 percent of their respective means for 

the same period. The standard deviation given by Gregory was 

based on such individual stations. 

At issue is whether the variance over a large aggregate area, 

such as the 10 million hectare area called the "Tahoua study area," 

is as large as the yearly variation at individual points within the 

area. It is well-known that rainfall is extremely "spotty" in the 

sahel and subdesert during the rainy season, with adjacent areas 

experiencing somewhat independent yearly variations. In addition, 

the pastoral population is highly mobile, shifting positions rapidly 

to take advantage of the best pastures. These two facts imply that 

the rainfall variance relevant to the aggregate forage production 

over the entire study area would be some average variance for the 

whole area, and hence somewhat less than the variance for any one 

rainfall station. As more and more rainfall stations in the area 

are averaged, their random variations cancel out and the estimate 

of the aggregate rainfall variance is reduced. This precedure is 

limited to the extent that individual stations have uncorrelated 

rainfall patterns. The correlation of rainfall patterns increases 

quickly as the density of the stations in the area increases. 

Since only two rainfall stations have data extending back to 

1920, it is impossible to know the true aggregate variance for the 

rainfall in the Tahoua area. The standard deviation of 72 will be 

considered as an upper bound, and will be used for the remaining 

analysis of the Tahoua area. The effect of varying the standard 

deviation by approximately + 30 percent is shown in Figure 6.4-11, 

where the base run rainfall pattern was run with standard deviations 

of 50 and 95, which represent 18 percent and 34 percent of the 
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mean respectively. Variations of the standard deviation in this 

range raise or lower the absolute levels of the extensive state 

and crash" behaviorvariables without changing the overall "boom 

mode. 

6. 5 The Structure of Long-Term Social Values 

The economic model described in Section 6.4 is useful for 

occur in social values.simulating economic dynamics if no changes 

The marginal utilities depend on a number of social values such as 

desired per capita wealth and desired per capita food Calories which 

may, however, change over long periods of time. Changes in these 

social values will result from forces outside the conceptual and 

geographic boundary of this model (exogenous forces) anQ from 

sustained changes in parameters included in the model (endogenous 

forces). The structures defined in this section describe how 

endogenous forces cause several important social values 1-o change. 

Hypotheses about probable changes in social values resulting from 

exogenous forces will be included for the policy simulations discussed 

in Chapter 7. 

Another reason for including changing social values is that 

these values greatly affect the trade-offs between population and 

onimportant welfare parameters and may have a dynamic effect 

the sustainability of changes in these parameters. 

The three structures that will be included in SOCIOMAD for 

income and wealth aspirations;generating long-term social values are: 

the social importance of cattle; and fertility norms. 

Income and wealth aspirations are included because it will be 

useful to consider whether sustained favorable economic conditions 

will eventually lead to higher offtake rates among the herdsmen. 
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Figure 6. 5-1 shows the level of per capita wealth adjusting to 

the current level of per capita wealth in a lagged and delayed manner. 

As the herdsmen's wealth rises, they become accustomed to having 

a certain level of goods and services and perceive that level as a 

normal or desired level of material welfare. Increases in desired 

wealth operate through the marginal utility mechanism to increase 

the per capita wealth additions by allocating more of the herd to 

This in turn increases the per 
the purchase of goods and services. 

and the 
capita wealth which in turn increases the achievement ratio, 

desired wealth again.
 

can also cause wealth aspirations to rise.

Exogenous forces 


The "revolution of rising expectations, commonly referred to by
 

a greater
 
development economists, is thought to be caused in part by 


This is reflected

of modern goods in the market place.

awareness 


in the perceived per capita wealth target which directly raises the
 

desired wealth by exposure of the herdsmen to new goods.
 

are also shown in
 
There are other dynamics at work which 

a time-averaged
The smoothed achievement ratio is 

Figure 6. 5-1. 


ratio of the present per capita wealth and the perceived wealth target.
 

As the perceived wealth target increases, the achievement ratio
 

and desirable

but at a much slower rate. Thus, as new 

decreases, 

the short-term reaction
 

goods are introduced in the market place, 


to raise the desired wealth which results in herd allocation
 
is 


If the herdsmen are
 
decisions and the acquisitica of those goods. 


short time, the achievement ratio
 
successful in acquiring them in a 

and the desired wealth closely tracks the perceived
remains close to one 

wealth target. If the herdsmen are unable to obtain their desired goods 

and their per capita wealth continually falls short of the desired target, 

and the desired wealth adjusts to 
the achievement ratio declines, 

are the dynamics of economic frustration. 
below the wealth target. These 
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After a long period of being unable to better themselves, people can 

learn to exist juxtaposed to affluence, yet be unwilling to strive to 

better their lot because they have learned it is impossible. They 

aspire to much less than they see. 

also capable of working in the opposite direction.This loop is 

If the herdsman's economic environment persists in a favorable 

and if the herdsman's economiccondition for a long period of time, 

priorities are such that he accumulates wealth under these conditions, 

Thus, even inthen the achievement ratio becomes greater than one. 

the absence of external pressures, economic aspirations can increase. 

the desired wealth norm will continue to climb as longIn this case, 

Both of these dynamicsas economxic conditions continue to improve. 

are indicated by the positive feedback loop of Figure 6. 5-1. 

In the above wealth aspirations structure, the smoothed 

same dynamic function as McClelland andachievement ratio has the 

p. 1-37) now famous "need for achievement. " AWinter's (196S, 


structure similar to the above was first used by Donella Meadows
 

(1974 a) in her study of a rural village in India.
 

The qocial importance of cattle is included in this model 

because of the possibility that different range management policies 

may affect the allocation of the herd for social purposes and that 

such changes in herd allocation may affect the success of range 

management policies.
 

The importance of cattle can be influenced by both endogenous
 

and exogenous forces. Exogenous forces that could influence the 

importance of cattle in the social life of herdsmen are educational, 

economic and cultural pressures which have the effect of diminishing 

the use of live cattle to fulfill social obligations ar.d the use of 

cattle as symbols of social status. 
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The need for cattle for insurance against famine is influenced 

by forces generated endogenously by the model. As Figure 6.5-2 

indicates, it is the long-term average food deficit which generates 

a need for insurance. Food deficit here is defined as the difference 

in the total desired per capita milk and non-milk Calories and the 

total per capita Calories consumed by the herdsmen in any one year. 

Since this is an aggregate measure, small aggregate food deficits 

can reflect severe caloric deficiencies among small parts of the 

apopulation. Times of drought and famine create for herdsmen 

need for maintaining larger standing herds as a hedge against losses 

in the future. In times of sustained plenty, this need for insurance 

diminishes only very slowly because herdsmen do not like to gamble 

with the possibility of starvation. This is equivalent to saying that 

herdsmen have an "expected food deficit" which is some function of 

their past experience. As food deficits become more immediate, 

herdsmen become more adverse to shortages and accumvlate larger 

herds as soon as they are able. Having larger herds primarily 

increases milk production, which partially frees the herdsman of 

higher in4 tlet prices and serves to increase the expected food supply. 

This negative feedback loop (in Figure 8. 5-2) seeks to minimize the 

discrepancy between desired per capita food and actual Calories per 

person by increasing the standing herd size. 

The long-term dynamics of changing fertility norms were 

included in the model because population growth can have a great 

effect on the sustainability of changes in certain welfare parameterc 

and can represent a significant migration externality. 

The exogenous pressures to which the fertility norms respond 

are principally pressures which have the effect of popularizing more 

effective birth control techniques and changing the social-economic 

status of women and children. Such changes decrease the economic 
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benefits of children or increase the opportunity costs of having 

children or both. 

Two of the most significant factors influencing fertility behavior, 

health and income, are determined endogenously in SOCIOMAD. 

Figure 6. 5-3 shows these two feedback loops as they affect the actual 

fertility rate. 

The average lifetime is a result of both exogenously-supplied 

health services and endogenously-produced food. The actual fertility 

rate responds to the delayed average lifetime since it takes as long 

as a generation for changes in health status to be perceived by the 

population. This negative delayed effect of expected lifetime on 

fertility is empirically deduced. Kirk (1971, p. 143) has shown a 

significant negative effect of lifetime on fertility for all regions of 

th,.. world. Schultz (1971, p. 154) has presented evidence that parents 

desire a given number of chil~klen for a variety of reasons and reduce 

their fertility rate in response to perceived increases in the survivor

ship of their children. 

Schultz (1971, p. 149-164) also has observed that as incomes increase, 

the costs of raising children also rise--reducing the net benefits of 

having children. Rising incomes arr associated with a wide range of 

social and economic changes including an increase in the labor force 

participation of women and an increased school attendance and main

tenance cost of children. Thus, both the real and the opportunity costs 

of the marginal child rise as incomes increase. Rich (1973, p. 67) 

has shown empirical evidence of a significant negative effect of income 

on fertility even at very low income levels of 100 to 400 dollars per 

capita. 

Both the average lifetime and income effects on fertility are 

shown as positive feedback loops in Figure 6. 5-3. This is because, 

if the total available resources for food and wealth are held constant, 
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increases in the population level cause decreases in the per capita 

These in turn cause positive pressuresallotments of food and wealth. 


on the fertility rate and increase the population level still further.
 

A number of interesting scenarios can be imagined when the 

above three feedback loops are added to the existing ECNOMAD3 

model to produce the model called SOCIOMAD. A causal diagram 

The reader may gainof SOCIOMAD is shown in Figure 6. 5-4. 

insight into the causality of the model by performing "mental 

As an example,simulations" with the aide of this schematic diagram. 

suppose that the perceived per capita wealth target increases in 

response to the greater availability of modern goods in the market 

place. This serves to increase the desired per capita wealth and 

thus the marginal utility of goods. More cattle are offtaken, purchased 

In the short term, risinggoods increase and per capita wealth rises. 


offtake rates result in less overall forage utilization intensity, more
 

forage production potential and eventually lower stock death rates
 

and higher stock calving rates. One of the effects of the increased
 

herd viability is to increase milk production which leads to increased 

total food per capita and lower death rates. Over the long term, a 

the actual fertility rate topersistently decreasing death rate causes 

Other long-term effects are lower forage utilization intensitydecline. 

allowing the soil condition to regenerate, thus raising the overall 

carrying capacity for livestock. Consistently elevated offtake rates 

and per capita wealth tend to reduce the actual fertility rate, which 

reduces population growth. Reductions in population growth serve to 

maintain the per capita food and wealth at higher levels and reinforce 

the above trends. Finally, the long-term reduction in food deficits will 

reduce the tendency to accumulate stock as social infrastructure, which 

will reduce the marginai utility of social infrastructure and increase the 

fraction of the herd offtaken. 
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The above scenario describes sef-reinforcing or positive 

feedback dynamics creating an ever-increasing level of per capita 

welfare and a tendency to allocate the herd for the purchase of goods. 

If the per capita wealth increases fast enough, the achievement ratio 

would continue to increase, and a self-sustaining income growth spiral 

would seem to occur. This mental simulation is useful for tracing 

policy effects as they pervade all the sectors of the system. 

Mental simulation is not useful, however, for determining the 

final result of an increase in perceived wealth target or any other 

policy. For this, it is necessary to have the system of Figure 6. 5-4 

stated explicitly enough so that it can be simulated with the aid of a 

computer. The reason for this is that there are a number of negative 

feedback loops that are also stimulated by an increase in wealth 

target which tend to counteract the tendency to accumulate ever

increasing per capita wealth. These counteracting pressures become 

greater as the numbers of livestock decrease and per capita milk 

production declines. Decreases in per capita food motivate herdsmen 

to allocate cattle away from goods and back to marketed food and 

milk production. The herdsmen will not starve themselves while 

they accumulate ever-increasing amounts of goods--this simply 

does not occur. Thus, one would expect to find a limit to the 

accumulation of material wealth which is defined by the population 

level and the production potential of the resource base. 

The advantage of simulating policies with an explicit computer 

model is that it is impossible to neglect parts of the system which 

may have an important impact on the success of the policy 

(provided they are included in the model). Thus, the strategy 

of increasing the per capita wealth target may seem effective 

from an intuitive standpoint, and may even seem so when the 

effects are followed through the casual mechanisms as above. 
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However, it is impossible to take account of all the relevant feedback 

loops simultaneously because of the complexity of the system. 

6.6 	 Conclusions 

possible to model the economic priorities of the pastoralists
It is 

with causal structures describing the relative utilities of the herd's 

useful for a wide range 
uses. The resulting economic model is 


of parameters which could reflect different cultural characteristics.
 

of present policies
run behavior mode- -continuationThe base 

This behavior 
at present levels--is independent of rainfall patterns. 


a continued degradation of the
 
mode is qualitatively described by 

range for the next 10 to 20 years. Destocking through chronic 

starvation of human and livestock populations also continues until 

Partial recovery of the range potential over the subsequent
about 1990. 

20 years is followed by a resumption of high stock growth rates, 

another drought
increasing incidences of overgrazing and, inevitably, 

Large scale drought disasters continue to occur 
precipitated crash. 

if past policies are continued. 
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7. 	 THE IMPLEMENTATION OF MAXIMUM SUSTAINABLE YIELD
 
USE OF THE SAHEL
 

7.1 Purpose 

The SOCIOMAD model will be used in this chapter to accomplish 

the remaining objectives of this study. The traditional social-economic 

system will be examined first to determine whether some conventional 

approaches such as prices, taxes, rising aspirations, and transhumance 

management can accomplish a sustainable yield use of the range. After 

a viable implementation policy is identified, the model will be exercised 

to generate population, welfare and economic trade-offs. 

7. 2 The Failure of Conventional Approaches 

Figures 7. 2-1 to 7. 2-3 are base run simulations of SOCIOMAD 

from 1972 to 2070 which may be compared with the following policy 

simulations. These base runs are simply a continuation of present 

health and veterinary policies at their present levels. No price 

changes or exogenous changes in wealth aspirations are included in 

the base runs nor are any of the programs analyzed in Chapter 5 

included. 

Chief among the economic policies advocated for the sabel 

zone is an increase in the price of cattle received by the herdsmen. 

Chapter 5 showed a difference between the world price of meat and 

the price received by herdsmen of a factor of about five. Even allowing 

for transportation, slaughterhouse, and marketing costs, a significant 

increase in the price received by the herdsmen is conceivable. 

Of course, if the price of millet and market goods also increases, 

little increase in net revenue would occur. A simulation was done 

with SOCIOMAD in which the real price of cattle doubles by 1990 and 

triples by 2010. "Real price" means that the price of cattle increases 

relative to all other goods that the herdsmen purchase -- herdsmen's 
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"terms of trade" are improved. Figure 7. 2-4 indicates that this 

price increase tends to decrease rather than increase the offtake 

rate. The cumulative effect of this decrease greatly increases the 

herd sizes, leading to severe overgrazing and destruction of the 

range. 

There is a simple explanation for this behavior. The economic 

terms of trade change without a change in the social values underlying 

Thus, social infrastructure, whichthe pastoralist's economic behavior. 


leads to ever greater herds, continues to be the highest priority.
 

Better terms of trade for the herdsman simply means that he will
 

have to offtake less cattle to purchase goods in the market and thus
 

he can accumulate more cattle for social infrastructure. Advocates
 

of this price policy hold an underlying assumption that the herdsman,
 

faced with higher revenues, will increase his purchases of market
 

goods because he has or quickly develops new needs and deeires for
 

these goods. It is possible to increase the socially desired level of
 

wealth, however, only if the herdsmen invest their excess income in
 

goods aid thus become accustomed to increased material welfare.
 

The questio of whether a price increase policy will effectively increase
 

the offtake rate depends, then, upon how fast the population's aspira

tions for purchased goods increase relative to the real price of cattle. 

To simulate how the price policy is supposed towork, a simulation 

was done in which the desired wealth target was increased e) .,enously 

between 1970 and 2010 at twice the rate of the price of cattle to five 

imes its 1970 values. Thus, herdsmen are able to purchase more 

and desire to trade more cattle. Figure 7.2-5 shows that this 

increase is effective in increasing the per capita wealth as indicated 

which lags behind the wealth ta:,getby the increased desired wealth, 


increase. Herdsmen still tend to accumulate cattle for social
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and this is still their primaryinfrastructure purposes, however, 

priority even though they are better off financially. 

The positive feedback dynamics of rising aspirations do occur 

in response to these policies, however. In periods when the per 

capita herd size is increasing (when animal units are increasing at 

the herdsmen do become wealthier.a faster rate than the population), 

This is evidenced by endogenous increases in desired wealth occurting 

The yearly offtake that resultsin the decades after 2020 and 2060. 

from these increased aspirations is not sufficiently keyed to the 

range condition to prevent the overgrazing and desertification that 

Since the absolute size of the population isoccurs just before 2030. 

so small after 2050, small increases in livestock numbers responding 

to slightly improved range conditions cause a significant increase in 

the per capita wealth. The result is a situation in which the few 

pastoralists that remain in the sahel are able to keep herds large 

enough so that their material standard of living improves. The over

all range may then improve because the total number of livestock is 

kept at a very low absolute level. The possibility exists -that long-term 

climate changes will prohibit any significant range recovery after 

80 years of desertification (see Section 8.4). Therefore this policy 

was not explored beyond the 100-year time horizon. 

Taxation is another way to increase the offtake rate without 

having to adjust market prices or to wait for the revolution of rising 

expectations to take hold among the pastoralists. Ths base run 

include no taxation.simulations shown in Figures 7. 2-1 to 7. 2 -3 

a kind of tax system, the effective perAlthough Niger seems to have 

capita tax rate is highly uncertain since it is well-known that herdsmen 

skillfully evade the tax collectors a good deal of the time. When taxes 

are collected, an absolute maximum could be taken at between 800
 

and 1, 000 CFA per capita.
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SOCIOMAD was simulated with a variable tax rate that was 

proportional to the ratio of the actual stocking rate to the yearly 

sustainable yield stocking rate. Therefore, as the livestock herds 

exceed the allowable stocking rate, the tax becomes more severe-

varying from a constant 500 CFA/capita at a ratio less than 1, to 

1, 500 CFA/capita at a ratio of 1.25, to 4, 500 CFA/capita as the 

actual stocking rate approaches double the allowable. As Figure 

7.2-6 shows, this policy results in a slightly improved soil condition 

for a while, but the long-term effects are indistinguishable from the 

base run. The fraction of stock allocated to goods is approximately 

doubled because livestock allocated to goods and services are used 

to pay taxes. This succeeds in raising the offtake rate by only about 

3 percent, on the average, in the face of per capita taxes amounting 

to 1,500 CFA. The soil condition is improved slightly because taxes 

rise in rainfall deficit years, slightly increasing the offtake in these 

years above that of the base run. 

There is no difference in behavior mode caused by the imposition 

of taxes at this level. 

Higher and higher tax rates only succeed in impoverishing the 

pastoralist and driving him out of business. (This assumes that such 

high taxes could be collected at all. ) Offtake does not rise high 

enough to change the behavior mode of the system, because the herds

men put a lower priority on paying taxes than on maintaining a milk 

herd for their own sustenance. 

Controlling the transhumance pattern of the herdsmen is some

times regarded as a useful policy for controlling overgrazing. This 

policy was simulated by making the days spent in the sahel Xruch more 

sensitive to the forage utilization intensity. The number of days spent 

grazing in the sahel and subdesert were shortened considerably and 

the time it takes herdsmen to react to changes in the forage utilization 
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intensity was reduced to one-third of its former value. There is 

still a minimum amount of time the herdsmen must spend in the 

sahel which is defined by the length of the growing season in the 

sudan agricultural zone. 

Figure 7. 2-7 shoWs that this policy is effective in hal , 

desertification for a while, because the effective stocking rL:.: IS 

severely reduced due to prohibitions on grazing inthe sahel longer 

than about three months. The herdsmen's response is to double 

the size of their herds. Serious overgrazing is already evident 

by the time another rainfall shortage occurs in 2030. The ability 

of this policy to work even before 2030 depends on the availability of 

pastures in the agricultural zone. Most of the agricultural zone that 

is free of the tsetse fly and river blindness is already 

cropped. The difficulty of keeping uncorralled herds out of the 

unfenced cultivated fields and the disadvantage of using lands for 

grazing that should be left fallow both indicats, that aTailable pastures 

for extensive grazing to the south of the sahel may be quite limited. 

Finally, it is useful for the sake of argument to mention the 

efiects of returning to pre-1930 intervention levels in the sahel. 

Figure 7. 2-8 shows the results of a simulation run in which, by the 

year 2020, veterinary services, per capita health services, water 

availabi]ity, and accessible pastures have all been returned to their 

1930 levels. The purpose of this simulatiGn is to show that, under 

this policy of complete ,ieglect, both the resulting range condition 

and the human and livestock population levels are higher than in the 

base run. The reason for this is that the growth potentias for the 

population and livestock have been reduced, resulting in less over

grazing during rainfall deficits and allowing the range to recover for 

a longer period of time after the drought-induced destocking. 
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7.3 	 The Tragedy of the Commons 

a phase used by GarrettThe "Tragedy of the Commons" is 

Hardin (1968) for the classic social problems of managing a common 

property resource. Hardin explains that the resource will always 

be mismanaged and even destroyed because it is always in the best 

to do so. The reader
interest of the individual using the commons 

will see below that this is the exact problem syndrome of the 

herdsmen in the sahel. 

Figure 7. 3-1 shows the benefit Knd cost feedback loops that 

determine the herdsman's characteristic tragedy of the commons 

The problem syndrome arises when a reinforced behavior
behavior. 

base. Maxinizing
pattern is detrimental to the common resource 

is a behavior
the size of one's herd, especially in periods of drought, 

on the range condition. As the 
pattern that has a detrimental effect 

range condition degrades, the long-term costs of the behavior increase 

It is almost certain that
and the behavior is negatively reinforced. 

is ultimatelyherdsmen can detect overgrazing and know that it 

detrimental.
 
however, shared
The costs of the individual's behavior are, 


by all herdsmen who graze in the commonly owned pastures. Thus,
 

the individual herdsman suffers only a small fraction of the damage 

he causes. Another factor which diminishes costs to the herdsman 

some cattleconcerned about losingis his propensity to be much more 

today if he discontinues grazing, than losing cattle one or two years 

hence from the effects of overgrazing. The herdsman's short time 

horizon thus means that he heavily 	discounts future costs. Losses in 

the same losses today.
the future simply don't mean as much to him as 


that he
The herdsman's short time horizon also means 

will favorably weigh the immediate 	benefits of his herd maximaza

tion behavior relative to future costs of this behavior. These 
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benefits consist of an increased chance of surviving the 

and the status and wealth that a large herdpresent dry season 

confers directly upon its owner. Perception of benefits tends to 

positively reinforce the behavior. 

Whether a behaior pattern will be adopted by a social group as 

on whether the behavior is consie entlya cultural value depends 

positively reinforced and thus universally perceived as "good". 

are adopted only very slowly and likewise persistCultural values 

after the behavior becomes negatively reinforced. Of course, the 

speed with which cultural values are formed and abandoned depends 

on the magnitude of the net reinforcement. 

The reason why overgrazing exists in the sahel is that the 

positive loop of Figure 7. 3-1 has always dominated the negative cost 

loop. Because of the high risks involved in herding in the sahel and 

the high cost of failure, it has always benefited the herdsmen to 

This has been successful for themaximize the size of his herds. 

Thus, a whole set of cultural values haveindividual and family clans. 

which center around large herds and the intrinsic value ofevolved, 

the cattle. 

This is one reason why conventional economic incentives have 

failed to result in the type of range management that was described 

in Chapter 5. The policies that were simulated in Section 7. 2 simply 

do not change the fact that a cultural value for large herds exists
 

and that this behavior continues to be positively reinforced by the
 

environmental and social system regardless of the price of cattle or 

the per capita wealth target. 

A conservation ethic oriented toward the long-term preservation 

does not exist among the pastoral cultures ofof the ecological resource 


the sahel. An analysis of why conservation has not developed as a
 

cultural value reveals that the benefits of conservation behavior are
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delayed and tend to be shared. Thus, an individual herdsman realizes 

only a fraction of the rewards of his efforts, which he then discounts 

heavily. His benefits are shared because, since property is held 

in comm on, he cannot prevent others from grazing on pastures for 

which he has limited his own herds. The limitation of his own 

herds is an immediate cost which he alone bears. Thus, conservation 

has always been negatively reinforced by the same social and 

environmental system that positively reinforces herd maximization 

behavior. 

Since a conservation ethic cannot develop in the sahel under the 

present social and economic system, it has been proposed that the 

social system be changed by instituting private property rights. 

Typically it is proposed that family clans be given the grazing rights 

to fenced areas and that veterinary services and watering points be 

supplied. The history of a number of such ranching schemes in 

Masailand in east Africa is dismal, as recounted by Talbot (1972, 

p. 705): 

"Over $364, 000 was spent to develop the ranch. The 
developments included an exterior perimeter fence 
consisting of a wire fence inside a triple fence line of 
sisal plants, interior fences to create four paddocks, 
three boreholes for water, and a chemical dip for 
disease protection. A manager was in residence most 
of the time until 1958. Ten families (approximately 
ninety persons) were chosen by the local Masai 
authorities to settle the ranch in January, 1949. They 
owned 1, 400 cattle. Their settlement on the ranch was 
subject to the agreement that they: (1) dip livestock 
weekly and give prophylactic inoculations, (2) follow 
a rotational plan of grazing, and (3) restrict livestock 
to the prescribed numbers. 

'The Range Management Advisor to the Government 
of Kenya described the failure of the ranch as follows 
(Fallon, 1962, p. 24): 
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a'The Konza ranch should have been 

The wire fences
success, but it wasn't.. 


did not stop the game animals and soon
 

were in a poor state of repair. By 1955
 

the wire and posts had all been removed.
 

The residents through the years refused
 

to honor their commitments particularly
 

as to the restrictions placed on numbers
 

of livestock.
 

'The cattle population, by 1954, had 

increased from the original 1,400 to 2, 300. 

Attempts to impose reductions led to 4 

families leaving with 666 cattle. The 

remainder agreed that they would not
 

exceed a maximum of 1, 700 but by 1958
 

the number of cattle had increased to
 

2,441. This time an agreed limit of 
Then came the drought2, 000 w.,s set. 

and by mid 1961 the ground was bare and 

all the residents left .... 

indicate that the simple institution
These east African experiences 

of property rights or inclusion of herdsmen in ranches will not cause 

Whether one considers herdsmen 
a conservation ethic to develop. 


in general in the sahel or a family clan on their "property" does not
 

seem to change the fact that bad management is rewarded and thus
 

which have been discussed above,
practiced. The reasons for this, 

environmental and social incentives
include a combination of cultural, 

as perceived by the herdsman with his typically short time horizon. 

Besides failing to address the fundamental motivations for over

grazing, the policies that were simulated in Section 7. 2 fail to 

establish a clear feedback from the range condition to the herdsman's 

behavior. Simulations with the SOCIOMAD model show that increasing 

but it
the desired wealth, for example, may raise the offtake rate, 

during
does not cause the herdsmen to respond in the required manner 

At such times, when destocking is necessaryrainfall shortages. 
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to relieve the grazing intensity, the herdsmen respond in the opposite 

manner by enlarging their herds to increase milk production. 

A final problem with the conventional programs mentioned 

above remains. This is the problem that the herdsmen's time 

horizon may be much different than the time horizon of the overall 

society of the sahel nations. The production of beef represents an 

important national product which benefits the nation as a whole both 

at present and far into the future. Thus, the larger society may be 

much more concerned about the benefits of sustained yield range 

management and willing to incur much more expense in protecting 

and restoring the resource base than the individual herdsman. This 

means that the society at large has a much longer time horizon than 

the herdsman and would give a greater weight to future benefits of 

range management than the herdsman. Only by adopting a time 

horizon significantly longer than the individual herdsman's will the 

long-term benefits of preserving the resource base as a vital part 

of the national economy be realized. 

There are probably many national and regional institutions which 

could, together with the appropriate infrastructure and management, 

accomplish a sustained yield range management. Whatever solution 

is adopted to the overgrazing problem, the analysis of the structure 

and behavior of the pastoral system so far suggests some design 

criteria. First, it is absolutely essential that a range management 

program include a viable feedback from the range conditions to the 

allowable grazing pressure; the sustainable yield of the rangeland 

must not be exceeded. Second, the conservation ethic must reside 

in an institution which transcends the short-term priorities of the 

herdsmen; the merits of range management programs must be 

evaluated with a long time horizon. These are necessary design 

criteria for any range management institution. 
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Although it has been possible to show that a number of conven

tional programs will probably not meet these criteria, the detailed 

design of a workable range management institution is beyond the 

scope of this study. Such a design is the proper concern of range 

ecologists, anthropologists, and economists working together with 

the political leaders of the countries and regions involved. The 

design would necessarily include provision for monitoring the range, 

translating this into stocking rates, providing feeding, veterinary 

and watering services, enforcing the necessary destocking, providing 

for marketing the offtake and ensuring an equitable distribution of the 

profits. 

In their study of the long-term agricultural potential of the six 

sahel countries in west Africa. Matlock and Cockrum (1974, p. 141-175) 

have shown that the integration of the sahel livestock producing region 

with the more southern sudan and riverine areas is necessary to 

raise the efficiency of beef production. In this plan, the sahel would 

serve as a calving ground, supplying stock to the sudan region where 

they would be fed agricultural by-products on ranches. From there 

they would go to feed lots to be fed by-products of intensive, often 

irrigated, agriculture along the rivers. The contribution of the 

sahel region is a necessary part of this plan. To sustain its output, 

however, it is necessary that the resource base of the sahel and 

subdesert regions be managed correctly. Thus, a sustained yield 

management program in the sahel is necessary, but not sufficient, 

for any integrated livestock program in west Africa. The purpose 

here, however, is not to advocate an integrated livestock program. 

The details of such a program are contained in the agricultural study 

by Matlock and Cockrum and are beyond the scope of this analysis. 

The merits of sedentarizing the traditionally jaowadic and 

pastoral people are much-debated topics. The problems of 
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sedentarization are vastly different than the problems the simulation 

models in this study were designed to deal with. As stated above, this 

study deals only with the essential effects of such a program in order to 

achieve a given ecological, economic or demographic goal. Once 

such goals have been defined and the necessary aggregate policies 

formulated, it will then be possible to investigate whether seden

tarization is required and to define some problems surrounding the 

sedentarization process; Simulation models could then be constructed 

to aid in the formulation of much more detailed policies. 

At this point it should be clear that policies requiring the 

voluntary cooperation of the herdsmen will probably not succeed in 

implementing the maximum sustainable yield of the resource base. 

The only alternative is to impose a stocking rate regulation from 

outside the traditional social and economic system. This is 

essentially the same type of policy which was simulated in Section 

5. 3, where the stocking rate was fixed solely on the basis of what 

the range could support at any one time. 

Such a direct stock control policy meets the two criteria 

described above for a successful managment policy. First, it 

establishes an immediate feedback from the range condition to the 

stocking rate. Since it is impossible to forcast the rainfall a year 

in advance and since the time increment for the simulation is one 

year, the necessary destocking is carried out at the end of the rainy 

period. At that time the stocking rate is reduced so that the animals 

carried over the dry season, plus the next year's expected calves, 

will not exceed the range capacity in the present year. Thus, 

actual forage utilization intensity may exceed the allowable 50 percent 

but such excesses are small and immediately correctable and, thus, 

do not affect the long-term range condition. On well-managed 

ranches the stocking rate may be more closely controlled than a 
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once-a-year adjustment indicates. It is doubtful whether such "fine 

tuning" could be achieved in the sahel. In years of rainfall excess 

no "real tax" may be assessed to maintain the stocking rate. 

The second criterion of a successful range policy is met because 

the necessary conservation behavior- -monitoring the range and 

defining an allowable stocking rate--is exogenous to the herdsmen's 

decision structure. Excess cattle are offtaker immediately according 

to the priorities of the range management institution only. 

The missing feedback loop from the range condition to the 

allowable grazing pressure was designed and simulated with SOCIOMAD. 

This direct stock control policy augments the herdsmen's normal 

offtake rate each year by the number of animal units necessary to 

adjust the stocking rate to the sustainable yield stocking rate for 

that year. Although this program could be envisioned as a governnent

administered and enforced "real tax" which is collected each year at 

the end of the rainy season, no claim is made as to the feasibility of 

doing this. 

The effect of destocking according to the priorities of the range 

management institution can be seen in Figures 7. 3-2 to 7. 3-4, in 

which the livestock and consequently the population levels vary greatly. 

This is necessary to maintain the requ:red stocking rate in the face 

of highly variable yearly rainfall. The high offtake rate which causes 

the livestock reductions just before the year 2030 and thereby 

prevents severe overgrazing is also shown in Figure 7. 3-2. 

The direct stock control policy simulation is successful in 

restoring the rangeland to its full productive capacity. It must be 

noted, however, that this restoration process takes 80 years. This 

is indeed the time required to re-establish the perennials on the 

range and to restore some friable structure and fertility to the 

soil. Matlock and Cockrum (1974, p. 76-78) have observed that 
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times this short may be optimistic recovery times for some arid 

areas, on the basis of some'subdesert areas in Arizona which have 

not even restored their ground cover 30 years after defoliation. 

Section 7.4 will explore some possible policies which prevent 

further periodic reductions in the population and stock levels and 

which maintain the offtake rate at a much more reliable level. Along 

with all these policies, however, will be a direct stock control policy 

which effectively prevents a further deterioration of the sahel rangeland 

and fosters its long-term improvement. 

7.4 Long-Term Trade-Offs for the Sahel 

The purpose of this section is to examine the carrying capacity 

of the Tahoua study area for population and livestock under the 

assumptions that the population is supported by livestock production 

and that the stocking rate is maintained at the maximum sustainable 

yield level by means of a direct stock control policy as explained in 

Section 7.3. Since the structure of the SOCIOMAD model is general, 

the results of this section will be considered to apply.qualitatively to 

the sahel. 

With a fixed quantity of forage available each year, the stocking 

rate is easily computed. The number of people that can be supported 

by the animals, however, depends on the efficiency of the populatiop's 

herding operation and their level of welfare; Thus, a herd which 

is diseased, undernourished, and producing few calves will provide 

little milk and few animals for sale for a given population. With 

the investment of money to operate veterinary and nutrition programs 

and to breed healthier, more productive animals, more people could 

be supported at the same standard of living by the same number of 

animals. The "trade-off" implicit here is between the lack of a long

term financial commitment on one hand and the larger population on 
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the other. Similarly, if the herd size and efficiency remain the same, 

the number of people must decrease If the standard of living is to 

rise. The trade-off here is between numbers of people and their 

standard of living. 

Thus, various objectives, such as increasing the stock production 

efficiency, can be attained through jpolicy sets, such as combinations 

of veterinary and herd management programs. Over the long-term 

these policy sets have consequences which can be evaluated in light 

of the objectives. When numerous objectives exist and when some 

objectives can be attained only at the expense of others, then trade

offs exist between those objectives. 

Policy sets are formulated from one or more individual policies. 

There are at least 44 equations which could be used to simulate 

individual policies in the SOCIOMAD model. If, for example, each 

policy can be simulated in either one ef only two conditions-

implemented at some level or not implemented- -then the possible 

number of policy sets that can be simulated is 8 trillion! It is 

therefore necessary to clearly specify a limited number of objectives 

and to select policy sets to attain them on the basis of a prior know

ledge of the system's causal structure and probable behavior modes. 

The following exercise is an example of how one may proceed 

from the specification of objectives to the selection of policy sets, 

then to simulation and evaluation. This will demonstrate the model's 

utility as an analytical tool for decision makers-- as a reference for 

conceptualizing the pastoral system and as an identifier of long-term 

trade-offs. 

Table 7.4-1 lists six objectives for this example. The single 

policies that were simulated to attain each objective are listed with 

the objective. These policies and their levels were selected because 



TABLE 7.4-1 

Objectives, Policies, and How These were Simulated in SOCIOMAD 

Objective Single Policies 	 Parameter Changes in SOCIOMAD 

1. 	 Sustained improvement in range- -- Direct stock control Stock decreased to sustainable stocking level at end of each w 
land productive capacity season starting in 1975 

2. 	 Prevent sudden destocking with -- Supplemental feeding Yearly forage deficit met with imported forage started in 1975. 
resulting population starvation
 
and exodus
 

3. 	 Increase stock production -- Veterinary programs Intrinsic stock death rate reduced by 19% between 1970 and 1990;efficiency -- Herd management programs calv!ng rate Increased by 6-1/2%; fraction of herd adult females 
increased by 8.3% in 1975 

4. 	 Attenuate large variations in -- Increase material wealth Perceived wealth target Increased to four times Its 1970 value by 2020
yearly offtake aspirations 

5. 	 Decrease amount of forced -- Time phasing of programs Supplemental feed program delayeod until 1984; total offake discountedofflake -- Price clanges at 4%; real price per animal unit tripled between 1970 and 2010; 
-- EvaJ', ion using long-term perceived wealth target raised at same rate -s price per animal unit. 

time horizon 

6. 	 Increase health status, minimize -- Public health program Normal average lifetime increased 3 years each decade to 55 years in
out-mig~ation, sustain levels -- Nutrition program 2020: normal fertility decreased 10% between 1980 and 1990; desired 
of wealth -- Family plnning program market food Calories increased 33% by 2010; normal social infrastructure 

-- Decrease social importance herd decreased by 80% between 1980 and 2020 
of cattle 
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they seemed most reasonable on the basis of the present state of 

the socio-economic system. 

Table 7.4-2 shows the simulation and evaluation steps as each 

policy set is simulated and the results are evaluated in terms of the 

objectives of Table 7.4-1. Thus, Policy Set 1 (continue present policies 

at their present levels)--shown in Figures 7.2-1 to 7.2-3--results 

in a destruction of the resource base. In view of objective 1, this 

is unsatisfactory. Policy Set 2 is the direct stock control discussed 

in Section 7.3 which is shown in Figurea 7.3-2 to 7 3-4. This policy 

set achieves objective I, but the necessary sudden destocking causes 

mass population starvation and excd-js. Therefore, in the "suggestions" 

column of Table 7.4-2. i is suggested that a supplemental feed program 

be added which is based on some long-term average sustainable stocking 

rate. Under such a supplemental feed program, the allowable stocking 

rate changes only very slowly according to some long-term average 

carrying capacity of the range, instead of the yearly carrying capacity 

(which has a standard deviation of 26 percent of the mean). In years of 

rainfal shortage, forage deficits are made up from imported or 

ir-gated forage. Policy set 3, then, consists of direct stock control 

in eonjunction with a supplemental feeding program in an attempt to 

attain both objectives I and 2. It is thus possible to follow the procedure 

of policy set evaluation by reading down Table 7.4-2. 

The reader should note that the results of these policy simulations 

are presented in the figures indicated in the last column of Table 

7.4-2 and in Table 7.4-3. 

The effect of the direct stock control, shown in Figure 7.4-1, 

is improved range condition, regardless of what other policies are 

implemented. This improvement is gradual; the range is not restored 

to its maximum sustainable yield level until after about 80 years of 

strictly controlled grazing. Figures 7.4-2 and 7.4-3 show the increased 



TABLE 7.4-2 

Policy Sets, Intended Objectives, and Evaluations 

Intended 
Objectives Output 

PoUcy Set (see Table 7.4-1) Comments Suggestions Figures 

1.-Continue present policies at Rangeiand almost conpletely Strict control of grazing intensity 7.2-1 to 7.2-3; 
present levels destroyed 7.4-1 to 7.4-5 

2.-Direct stock control 	 Sudden large destockings. Add supplemental feed program 7.3-2 to 7.3-4;
population starvation and exodus, based on long-term sustainable 7.4-1 to 7.4-5 
soci,!l Insecurity stocking rate 

3. 	 -- Direct stock control 1. 2 Inefficient herd management, no Add veterinary and herd manage- 7.4-1 to 7.4-6 
-- Supplemental feeding Increase In par capita ofitake ment program 

rates 

4. 	 -- Direct stock control 1. 2. 3 lArge forced offtnke rate. Increase Intrinsic offtake 7.4-1 to 7.4-5 
-- Supplemental feeding little improvement in per cspita 
-- Veterinary and herd welfare 

management 

5. 	 -- Direct stock control 1, 2, 3, 4 Little Improvement In per capita Add health, nutrition, family ' 7.4-1 to .4-5 
-- Supplemental feeding health, high cost of supplemental planning and education progrrnm 
-- Veterinary and herd feed to policy set 5 

management
 
-- Increased material
 

wealth aspirations
 

6. 	 -- Direct stock control 1, 2, 3. 4, 6 Per capita wealth increases not Add economic policies to increase 7.4-1 to 7.4-5 
-- Supplemental feeding sustained, high population and present value of stock and 
-- Veterinary and herd out-migration, high cost of decrease present value of feed to 

management supplemental feed policy set 5
 
-- Increase material
 

wealth aspirations
 
-- Health. nutrition, family 

planning. decrease social
 
importance of cattle
 



TABLE 7.4-2 

Policy Sets, Intended Objectives, and Evaluations 

(Continued) 

Policy Set 

Intended 
Objectives 

(so Table 7.4-1) Comments Suggestions 
Output 
Figures 

7. -- Direct stock control 
-- Supplementay feeding 
-- Veterinary and herd 

management 

-- Increase material 
wealth aspirations 

-- Eoonomlc phasing, price 
and evaluaUon policies 

1. 2. 3. 4. 5 Uttle improvement In health and 
nutrition, large, Initial destocking 

Add health. nutrition, 
f:mily planning and 
educntion programs 
to policy set 7 

7.4-1 to 7.4-5 

8. -- Direct stock control 
-- Supplementary feeding 
-- Veterinary and herd 

management 
-- Increase material 

wealth aspLr,.tLons 
-- Economic policies 
-- Health, nutrition, 

family planning. 
education 

1. 2. 3, 4, 5. 6 Largo periodic population out-
migration, per capita wealth 
not sustained, largo initial 
dostocking 

7.4-1 to 7.4-5 



TABLE 7.4-3 

Long-Term Tradeoff Matrix 

Selected 

Parameters 

Base Run Parametars 

1920 1974 Policy I Policy 2 

ParameterValues in 2070 Under Different Policy Sets 
Policy 3 Policy 4 Policy S Policy 6 Policy 7 Pol-ay 8 

Production Potential 450. 240. 120. 370. 390. 390. 390. 390. 390. 390. 
from soil condition,
PPSC KG/HA 

Population, 
Persons 

Pop, 70,000. 93,000. 10,0CO. 42.000. 83.000. 96,000. 89,000. 142,000. 90,000. 143.000. 

Crude Birth Rate, 
CBR, Bfrths/OflO/yr 

64. 52. 54. 43. 57. 56. 41. 37. 29. 34. 

Crude Death Rate, 
CDR, Death/1000/Yr. 

44. 28. 42. 27. 32. 32. 29. 20. 27. 18. 

Per Capita Animal Units, 
PCAU, Animal Units/
Person 

4.3 3.2 8.0 4.9 5.1 4.3 4.7 3.1 4.6 2.9 

Animal Units, AU 
Animal Units 

300,000. 290,000. 90,000. 215,000. 410.000. 415,000. 419,000. 44S.000. 425.000. 415.000. 

Percent Offtake 9'O, .. 
%AU Offtaon Pbr Yea7 

S. S. 7. 10. 17. 17. 17. 17. 17. 

Desired Per Capita 
Wealth, DPW, CFA/ 

12,000. 12,000. 13,000. 23,000. 12,000. 12,000. 36.000. 17,000. 67.000. 30,000. 

Person 



TABLE 7.4-3 

Long-Term Tradeoff Matrix 

(Continued) 

Selected 

Model
Parameters 

Base Run Parameters 

1920 1974 Policy I Policy 2 

Parameter Values in 2070 Under Different Policy Sets 

Policy 3 Policy 4 Policy 5 Policy 6 Policy 7 Policy 8 

Present Value of 

Total Offtake, PVTOR, 

-- 1.5 3.6 3.0 5.6 5.6 5.6 28. 28. 

CFA, (Billions) 

Present Value of 

Supplemental Feed, 
0. 0. 110. 111. 111. 111. 20. 20. 

PVELSF. CFA, (Billions) 

Present Value of 
Stock Control 'Taxes" 

0--. 2.0 0.2 1.9 0.9 0.8 4.2 4.0 

PVT, CFA (Billions) 

Migration Rate, PM, 
Percent Per Year and 
Variation 

+1 to -12% 
Periodic 
Mass 
Migration 

+1 to -18% 
Periodic 
Mass 
Migration 

+1 to -17% 
Periodic 
Mass 
Migration 

-2% 
Chronic 
Out-
Migration 

-2% 
Chronic 
Out-
M1grai;.-. 

-1% 
Chronic 
Out-
Migration 

-1 to -2% 
Chronic 
Out-
Migration 

Negligible 
Net 
Migration 

-1 to -2% 
Chronic 
Out-
Migration 
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FIGURE 7.4-1: Production Potential from Soil Condition Resulting
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carrying capacity for both population and livestock with policy 2, 

although large variations typical of drought periods still occur. The 

large variat'.ons in offtake rate under policy 2, which cause these 

population oscillations, are shown in Figure 7.4-4. 

The principal effect of policy set 3, which includes a supplemental 

feed program, is to smooth out much of the variation in offtake rate 

(Figure 7.4-4), and consequently the variations in livestock (Figure 

7.4-3) and population (Figure 7.4-2). A sustainable carrying 

capacity of 415, 000 animal units is achieved in 2070 when the Tahoua 

range has completed its recovery. This represents 72 percent of 

the simulated pre-drought stocking rate (see Figure 6.4-1) and 

62 percent of the stocking rate officially recorded for the Tahoua 

district (see Table 5. 1-1). There is no significant difference in the 

eventual stock carrying capacities between policy set 3 and the 

remaining policy sets. The combination of strict stock control and 

supplemental feed restores the range and achieves a maximum 

sustainable stocking level. 

In an effort to increase production from the fixed biological 

resource, veterinary and herd management programs were added in 
policy set 4. Figure 7.4-4 indicates that the resulting offtake rate 

of about 20 + 3 percent is the same as the maximum potential offtake 

derived in Section 5.1 (see also Appendix B). From Figure 7.4-3 it 

is clear that the effect of veterinary programs is not to increase the 

standing herd in a well-managed range, but to make possible a larger 

offtake from the same size herd. 

The desired per capita wealth is shown in Figure 7. 4-5 because 

it is a long-term delayed average of the per capita wealth of the 

population. It is used here as an indicator of material welfare of the 

population. If, for example, the desired wealth is rising, the feed

back loops presented in Section 6. 5 indicate that material welfare is 
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increasing and that the population has high aspirations. If the desired 

wealth is declining, then a period of increasing poverty and frustration 

is indicated. 

Policy set 5 contains a program to increase the wealth 'carget 

of the population and, thus, motivate them to sustain higher overall 

offtake rates by themselves. In this way more stock would be sold 

voluntarily by the herdsmen, and less would be forcibly taken by 

the range management authority. Figure 7.4-5 shows that this 

program is effective in sustaining a higher material , elfare 

for the herdsmen and Table 7.4-3 shows that the present value of 

all the stock "taxed" away by the range management authority is 

about half that under policy set 4. 

Programs oriented toward increasing ihe health status of the 

population were added in policy set ' The effect is shown in 

Figure 7.4-2 where, due to its much 1,: 'ter health and nutritional 

status, the eventual population is considerably larger than with 

previous policy sets. Figure 7.4-5 i acates that, although the 

wealth target and education programs are useful in motivating the 

population to a higher material welfare for a while, all such wealth 

increases are dissipated in the long run by the continued population 

growth. Such growth occurs in spite of family planning and public 

health programs which have both immediate and delayed negative 

effects on the fertility rate. 

In these policy simulations, the effect of a family planning program 

is to reduce the normal fertility rate by 10 percent. The reason why a 

family planning program is assumed to have such a small effect is that 

the fertility control effectiveness of developing rural populations is 

typically high even before family planning is implemented. Aggregate 

fertility control effectivenesses in the range of 75 to 85 percent have 

been derived by Donella Meadows (1974b) for a number of 



-189

developing countries. Increasing this effectiveness to 95 percent 

(typical of the developed countries where the populations are highly 

motivated to use advanced contraceptive techniques) will have a small 

effect on the overall fertility. This is true for the sahel region be

cause the desired fertility rates are very high due to the desire for 

large families and the high child mortality rate. With such high 

desired fertilities in the first place, few pregnancies are "unwanted" 

and little reduction in the overall fertility rate is accomplished by 

increasing the ability of the populationto have its desired number of children. 

So far, all supplemental feed policies have resulted in a 

discounted present value of supplemental feed that is much greater 

than either the discounted present value of the stock offtaken for range 

control or the discounted present value of all of the stock offtaken for 

any purpose (see Table 7.4-3). At the present relative prices of feed 

and animal units and with the discount rates used to calculate the 

present value of the time streams of costs and revenues, the supple

mental feed program would have to be highly subsidized. Policy sets 

7 and 8 include a number of economic programs to reduce the present 

value of supplemental feed costs and to increase the present value of 

the program benefits. 

The costs of the supplemental feed program were reduced by 

starting the program nine years later than in previous runs. This 

eliminates the immediate high costs of maintaining large herds while 

the range is in the process of recovering from the 1970s drought. 

Figure 7.4-3 shows that the effect of this delay is to necessitate a 

large immediate destocking in the years prior to 1990. 

The benefits of the program were increased in several ways. 

First, the price of stock was increased. This raises the revenues 

to the range management authority and also the total value of livestock 

production in the sahel. The wealth target of the population was 
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raised a proportionate amount. This gives the herdsmen both the 

ability and the desire to sustain increases in their material welfare. 

Second, the benefits of the program were weighted in a way 

which more accurately reflects the true social value of improving 

the range and sustaining a reliable livestock production program. 

This was done by using a social rate of discount of 4 percent to 

calculate the present values of the offtake rates, instead of the private 

market interest rate of 10 percent. The justification for using the 

discount rate as a weighting factor for public investment decisions 

and the criteria used to identify public collective goods are discussed 

in Marglin (1967) and will not be reviewed here. It is important here 

only to offer some reasons why the offtake rates may be considered 

public goods and to offer a basis for the selection of four percent as 

the social rate of discount. 

If the recovery of the range and the establishment of a reliable 

are viewed as national priorities by thelivestock production system 

the rangecentral government then, as discussed in Section 7. 3, 

management authority must embody a considerably longer time 

horizon to make its decisions than the herdsnmen. Such a time 

horizon implies that the range condition, when recovered, enters in 

some way into the calculations of the management authority. Since 

the stock production is proportional to the range condition and is, 

after all, the object of restoring the range, stock production 80 years 

in the future must then have value. It is therefore necessary that the 

discount rate on offtaken cattle be no larger than 4 percent if increments 

to the present value of cattle are to be significantly different from zero 

in 2050. This establishes an upper bound on the social rate of discount 

for restoring the range. 

There are numerous reasons why reliable stock production in the 

sahel could be considered a public good, not the least of which is that 

the existence of a sizeable portion of the population depends on the 



-191

maintenance of that biological resource. Additionally, stock production 

is a vital component in the national trade balance and the implementation 

of an integrated stock production system depends on the sahel as a 

necessary component. 

Table 7.4-3 shows that, when offtake is discounted at 4 percent, 

the present value of the offtake rate computed through 2070 exceeds 
the present cost of the feed program. Therefore, the above economic 

policies are successful in changing the economic feasibility of the program. 

Figure 7.4-5 shows that, under policy set 7, the desired wealth 

of the herdsmen continues to increase over the long-term at about 

the same rate as the range condition. Since the population level 

remains constant after 2050 and the herdsmen are highly motivated 

to acquire wealth, all the increases in production that accrue due 

to range improvement are invested in personal wealth. 

Finally, the health, nutrition, family planning, and education 

policies were added in policy set 8. As with policy set 6, Figures 

7.4-2 and 7.4-5 show that the greatly increased population levels 

effectively dissipate gains in material welfare over the long-term. 

A contributing factor to this wealth dissipation is that the nutrition 

program has convinced herdsmen to change their diet and consume 
more food bought in the market place. Thus, when per capita herd 

sizes diminish due to population growth, the utility of goods declines 

faster than the utility of market food and more of the herd is allocated 

away from goods to food. 

Table 7.4-3 is a summary of the model parameters in the year 

2070 for policy sets 1 through 8. This trade-off matrix serves to 

clarify the extent to which the various policy sets accomplish the 

objectives of Table 7.4-1 and to what extent the objectives are 

compatible. Thus, by examining Table 7.4-3 it is possible to see 

what the benefits of a policy set are and also what some of the 
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consequences are for other parts of the system. (Most of the purely 

economic costs of the programs are not determined in this study. ) 

As an example of how Table 7.4-3 may be read, consider the
 

following. Policy 2 restores the range condition at the expense of
 

money, scarce managerial skills and the social costs of forcible
 

offtake. Policy 3 somewhat mitigates the social costs of forcible
 

offtake and eliminate periodic mass starvation, but is extremely
 

expensive. Policy 4 increases the stock production, again with an
 

expense of scarce funds. Policy 5 improves the material welfare 

of the herdsmen. Policy 6 improves the health of the herdsmen at 

the expense of their material welfare and also increases the migration 

burden to adjacent regions. Comparison of policy sets 5 and 6 shows 

the material welfare and health objectives to be incompatible. Policy 

7 improves the economic feasibility of sustaining reliable offtake 

rates over the long term, slows out-migration to a trickle, and 

sustains improvements in the wealth and health status of the 

herdsmen. The necessary forced offtake for this policy must be 

borne by the herdsmen and the international community must pay an 

increased price for beef. Policy 8 improves the herdsmen's health 

status at the expense of their material welfare and higher chronic 

out -migration. 

The object of doing a trade-off analysis is to be able to clearly 

define alternative futures which then may aid decision-makers in 

choosing what seems to them to be the best policy set. Thus, no 

recommendations as the "bestt policy set for the sahel are called 

for. The choice of the alternative future which best fits the objectives 

of the sahel people is a subjective choice, where a broad range of 

damographic, economic, ecological, political and cultural factors 

must be considered. Some of these factors have been considered in 

this analysis. This choice is best left to the people or the 
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representatives of the people who are affected and who must implement 

the required policies. Since this exercise was simply an example of 

how the SOCIOMAD model could be used to generate trade-offs, the 

original objectives were chosen because they were useful to show this, 

not because they would, or should, be most relevant to pastoralists 

or government officials in Africa. 

Without making recommendations as to what is the most
 

desirable policy set, it is possible to draw some general conclusions
 

as to the nature of the trade-offs involved. Once a sustainable yield
 

management system is implemented in the sahel the principal trade

offs are between the population level and the welfare parameters. In
 

particular, once the production potential of the sahel is mobilized, the 

population growth rate is the prime determinant of whether increases 

in the material welfare of the population can be sustained into the 

long-term future. If the relationships between fertility rate and income 

and expected lifetime assumed in the SOCIOMAD model are correct, 

then it appears that the production potential of the sahel identified in 

Chapter 5 can be transformed into a permanent increase in the herds

men's material welfare only by stressing economic welfare at the 

expense of further increases in the average lifetime. Even with the 

rather optimistic economic policies assumed in the policy set 7 runs, 

a permanent increase of less than ten times the present wealth 

level is achieved. (Variations in the level of this permanent increase 

will be discussed in Chapter 8.) 

Finally, chronic out-migration from the region accompanies all 

policy sets except 7, in which maximum pressure is brought to bear 

on the fertility rate through per capita wealth increases. The magultude 

of this chronic out-migration averages 1. 5 percent of between 

100, 000 to 140, 000 people -- or between 1, 500 and 2,100 people per year. 

If only half of these out-migrants (a conservative estimate) seek 
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permanent employment in cities or alternate grazing lands in the 

and if their expected lifetime remainsagricultural region to the south, 

constant, then an order-of-magnitude estimate of the number of 

permanent jobs that will have to be created in the long-term can be 

This ranges between 23, 000 and 32, 000 agricultural ormade. 

urban jobs. 

This discussion is an example of how a trade-off matrix such 

as Table 7.4-3 can be used to stimulate discussion about the political 

After a range of trade-offs betweenimplications of policies. 
consideration can beincompatible objectives has been defined, 

given to long-term priorities. Thus, while not dealing explicitly with 

the SOCIOMAD model may enter the politicalthe political process, 


priority-setting process as an analytical tool.
 

7. 5 Conclusions 

The SOCIOMAD simulation model is rich in possibilities for 

defining long-term trade-offs. It is possible to include structures in 

the model to simulate long-term changes in some relevant social 

values. 

Conventional approaches to managing the range based on the 

herdsmen's voluntary cooperation are not capable of improving the 

This is because the traditional sociobehavior mode of the system. 

economic system lacks a strong enough feedback from the range 

condition to the behavior of the pastoralists to cause them to manage 

their resources for the long-term future. 

Under all policy sets, the maximum sustainable yield of the 

Under a set of strict management policies,resource base is limited. 


about 80 years is needed for the development of the maximum
 

sustainable yield.
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Trade-offs exist in how the production potential of the sahel is 

allocated. Because of the limited production potential, improvements 

in per capita wealth cannot be sustained along with large increases in 

expected lifetime, because of the large population levels that result 

from health programs. Out-migration is chronic under almost any 

program, but is especially significant when large increases in average 

lifetime occur. 
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8. VALIDITY CONSIDERATIONS 

Validation is a process by which confidence is increased in the 
inferences drawn from the simulation model. 

"Valid is not synonymous with useful or significant.
Significance refers to problem topic. A significant
model is important to someone. A valid model 
captures part of the real world; it does a proper job
of deal1ng with some problem area. A useful model 
is one ihat is helpful in dealing with a decision 
problem." (Wright 1974, p. 271) 
This chapter considers some aspects of the validation process as 

an example of how one may refine and gain confidence in the inferences 
of a complex simulation model like SOCIOMAD. The validation
 
process was not pursued in depth in this study for two reasons 
-- first, 
due to lack of time, and second, because the people necessary to 
judge whether the model does a proper job of dealing with their
 
problem were simply not involved in the study. Both of these points
 
will be discussed in Section 8. 5. 
 This chapter therefore defines some 
broad validity considerations as an indication of how the process 

proceeds.
 

First some of the possible analytic and subjective elements of 
the validation process are summarized. After this, the issues of 
robustness under exogenous stochastic variation in parameters and 
sensitivity under numerical uncertainty of parameters are consider
ed. Some fundamental underlying assumptions implicit in the model are 
enumerated. This, along with a discussion of some scope-limiting 
assumptions, serves to indicate how the issues of structural validity 
may be approached. Finally, some limitations of the study are 
mentioned for the purpose of informing the reader that the author 

is aware of them. 
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8.1 Validation of Non-Linear Dynamic Feedback Models 

Validation of simulation models can be approached in two ways. 

The easiest and most appealing method is to develop mechanical 

measures of how well the model parameters match the parameters 

of the real system being modelled. In this way, validation is 

automatic, and the model can be tailored to perform well on the 

validation tests by which it is judged. This methodology employs 

statistical tests for which large amounts of reliable data are necessary, 

and generally cannot be applied to non-linear systems with complex 

dynamic structures. 

Some techniques are presently being developed to estimate the 

most likely numerical values of model parameters for non-linear dyna

mic simulation models (Peterson and Schweppe 1974). The utility of 

state-of-the-art whole model tests for summarizing how well a model 

reflects the real world are discussed by Wright (1974), who findu major 

difficulties with each class of test which render them individually 

inadequate for comprehensive appraisal purposes. The usefulness 

of these techniques, however, still depends on the availability of 

data on the state variables. Models of interacting social-economic and 

environmental systems typically have very real and dynamically impor

tant parameters w*hich have never been or could never be measured 

in any fashion. Yet these parameters may be generally recognized 

key variables in the functioning of the system. (The perceived per 

capita wealth target is such a variable in the SOCIOMAD model.) 

The intractability of model parameters is no excuse for ignoring these 

variables nor does it pose an impossible barrier to modelling social 

systems. Such intractability and the uncertainty of data on the tractable 

parameters (historical population and livestock levels, for example) 

only mean that considerations of validity must proceed on a less 
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mechanical level than statistically-based models, requiring both more 

effort and more understanding of the process being modelled. 

Some guidelines have been offered by Forrester (1973, p. 47-69) 

and Randers (1973, p. 247-283) on such qualitative methods of 

evaluating a complex model and its behavior. These consider the 

validity of the model in the context of how it is to be used, the 

available alternatives and the dynamic process of model conceptualiza

tion and evaluation. Two of the more important evaluative criteria 

considered here will be how the behavior modes of the model are 

affected by stochastic variation and numerical uncertainty. Emphasis 

is placed on behavior modes because the inferences of this study are 

drawn from the model's observed behavior modes rather than its 

point predictions. 

Of paramount importance in considering the validity of a simula

tion model is that the model and its results be judged relative to the 

purpose for which it was constructed. A model is constructed to 

reflect the dynamics of a problem rather than all of the details of the 

system which has problem behavior. Thus, how well the structures 

of SAHEL2, ECNOMAD3, and SOCIOMAD model reflect the true 

underlying causes of the problem behavior and how they afford 

opportunities for policy simulation is of prime concern. One should 

ask whether the simulated problem behavior arises from the same 

mechanism in the models that produces the real world problems and 

whether the results of policy simulations derive from a reasonable 

interaction of the system elements. The reader is advised to 

evaluate for himself whether the structures defined in Sections 4. 2, 

6. 3, 6. 5, 7. 3, and the appropriate Appendices adequately define the 

causes of the problem. How well these models replicate the real 

world in all its definable detail is irrelevant. Most of these issues 

can be considered by the reader independently so will not be further 

elaborated here. 
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8. 2 Robustness of the Inferences 

Robustness means that confidence in an analytical model's 

inferences is maintained in a variety of operating environments and in 

spite of uncertainties in its parameters. A robust model is thus 

a versatile model; it has generality without loss of positive 

inferential ability. 

The most important question conce'ning model robustness for 

this analysis is how well the basic system behavior modes are 

maintained in spite of stochastic variations in rainfall. The basic 

conclusions of the chapters so far are that the forces internal to 

the pastoral system are primarily responsible for its problem behavior 

mode. Further, these same forces are responsible for the system's 

self-destructive response to historical interventions and conventional 

aid programs. Exogenous stochastic influences like rainfall were 

not found to be primarily responsible for the problem behavior. If 

changing the rainfall pattern in the next 100 years resulted in different 

behavior modes of the model, then, since rainfall patterns are com

pletely unpredictable, the model itself would have very little inferential 

ability. All conclusions would be tied to very specific rainfall patterns. 

The simulations of the ECNOMAD3 model with eleven different 

rainfall patterns in Section 6.4 showed that a basic behavior mode 

of the pastoral system does exist. The purpose of this section is to 

determine whether the different behavior modes resulting from the 

policy sets of Chapter 7 are robust under different assumptions 

about rainfall patterns. To do this, six simulations of the SOCIOMAD 

model were made with six different rainfall patterns including the 

base run pattern shown in Figure 7. 2-1. The results of these simula

tions for five important parameters of the system are shown in 

Figures 8. 2-1 to 8. 2-5. 
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Figure 8.2-1 shows the characteristic change in behavior mode 

of the soil condition as a strict stocking rate control policy is 

implemented (policy set I to policy set 2). Notice that there are 

some rainfall regimes where some overgrazing occurs under policy 

set 2 because the range is destocked at the end of the year. There 

is a definite difference in behavior mode, however; the band of 

possible soil conditions under policy set 2 lies definitely above the 

band resulting from policy set 1. The behavior mode of the soil 

condition under policy set 3 (the addition of supplemental feed) is 

different again; the variation in soil condition is virtually eliminated. 

In policy set 7, when the supplemental feed program is delayed until 

1984, the resulting behavior mode is a composite of the previous two; 

the initial variation in soil condition is attenuated in time as the range 

condition approaches its maximum sustainable yield condition. 

An important characteristic oZ these behavior mode bands should 

be noted at this point. Since the SOCIOMAD model is a dynamic feed

back model, the trajectories of the state variables do not diverge as 

is common with statistical point-prediction models. This is because 

the model contains an internal causal structure of a social and ecological 

system that transcends stochastic perterbations. Indeed, even though 

the environment is variable, radical and sudden changes in the reasons 

things happen in the sahel have not been observed in either the social 

or ecological system. 

There are four identifiable behavior modes for the population, 

shown in Figure 8.2-2, which occur regardless of rainfall pattern. 

Under policy set 1, the population dwindles to a low level with little 

variation. Policy set 2 is characterized by ar. average level of 

population above that of policy set I but with large variations. Policy 

set 3 results in a highly stable population which increases only very 

slightly over the time horizon of the simulation. Policy set 8 shows 
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the population in a growth mode which gradually levels off as limited 

resources are spread among ever-increasing numbers of people. 

In particular, the higher population levels in policy 8 become 

increasingly sensitive to rainfall variation as they level off. This is 

due to their return to a subsistence level of welfare where they lack 

per capita wealth reserves which can be reallocated to food in times 

of scarcity. Indeed, the per capita herd sizes associated with the 

highest population levels are the lowest of all the policy set simulations 

(see Table 7.4-3). 

As with population, there are four distinct behavior modes of 

the animal units shown in Figure 8. 2-3. The first three are charac

terized by low levels with medium variability, intermediate levels with 

high variability and high levels with low variability as one proceeds 

from policy 1 to policy 3. Since livestock numbers do not have a 

population -welfare trade-off, their numbers more intimately reflect 

the range condition, as shown by the gradual increase in animal 

units under policy set 3. The behavior mode under policy set 7 is a 

composite of the behavior of policy set 2, before 1984, where stock is 

immediately offtaken and policy set 3, after 1984, where the large 

variations in stocking rate are attenuated by a supplemental feeding 

program. There is no behavior mode in which the stocking level 

increases beyond an average of 415, 000 animal units. This is the 

long-term maximum sustainable yield stocking rate. 

Figure 8. 2-4 shows the behavior modes of the percent offtake. 

Again a low-level offtake of medium variability is transformed into a 

highly variable offtake as one proceeds from policy set 1 to policy set 2. 

The addition of a supplemental feed policy in policy set 3 greatly 

attenuates the variability, however, at a low average level. Policy 

set 7 is characterized by a composite of behavior modes due to the 

individual policies which constitute it. After an initial highly variable 
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offtake, the resulting long-term offtake level is high with relatively 

little variability due to both supplemental feed and veterinary 

programs. 

Figure 8.2-5 shows -that the desired per capita wealth has only 

three distinct behavior modes. Until the wealth target is stimulated, 

the per capita desired wealth remains at a low level with little 

variation. When a set of economic policies is included that induce 

the wealth target to increase, the per capita wealth continues its 

growth until the full potential of the range is realized. At the poin't 

where the desired per capita wealth levels off, no more production 

can be allocated to goods without reducing the population level. Indeed, 

a small part of the increase in the wealth levels under policy set 7 is 

attributable to a slight net out-migration of herdsmen because they 

cannot supply their dietary needs while at the same time striving to 

attain a material standard of living which they feel is necessary. 

Under policy set 8, the behavior mode is one of growth and decline. 

The decline sets in as soon as the wealth target stops being exogenously 

increased. After this, high rates of population growth frustrate the 

further accumulation of material wealth. 

This exercise has shown that all the basic behavior modes shown 

in Chapter 7 result from the system's internal dynamics and not the 

particular rainfall pattern simulated for the trade-off matrix in Table 

7.4-3. Futhermore, the parameter trajectory envelopes do not 

diverge with time. Since this is the case, the model's inferences are 

robust with respect to rainfall patterns and confidence that the 

qualitative trade-offs of Chapter 7 (Table 7. 4-3) are real and significant 

is enhanced. 

Most of the parameters of the SOCIOMAD model (and system 

dynamics models generally) are determined in part by endogenous 

forces and in part by exogenous forces. To the extent that the 
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parameters are determined by exogenous factors, they are subject to 

stochastic, unimodal or cyclical variation. It has been assumed in this 

study that, with the exception of the policy parameters so identified, 

the yearly rainfall is the only parameter which is significantly deter

mined by dynamic exogenous factors. 

8. 3 Sensitivity to Numerical Uncertainties 

The purpose of this section is to investigate the sensitivity of the 

simulation models with respect to endogenous parameters. Due to lack 

of both time and funding for this study, a complete sensitivity test of 

the final SOCIOMAD model was not done. This section will outline 

some general areas where further sensitivity testing would be useful. 

Uncertainty in data-based numerical parameters can be a source 

of error in the model results when the model behavior mode is sensi

tive to variations within the range of "reasonable" numerical values 

for these parameters. There are numerical parameters in the 

SOCIOMAD model which are uncertain in the sense that only qualita

tive evidence could be found to substantiate their values. It was always 

possible, however, to define.the bounds of these parameters within 

which their real values would probably be found. Most of these para

meters could be varied anywhere in this range without causing the 

mrdel to change behavior modes. Outside this reasonable range, both 

the actual parameter magnitude and the model behavior become absurd. 

The sensitivity tests of certain cultural parameters of Section 

6.4 are examples of this. Here the decision time constants were both 

doubled and halved with very little effect on the base run simulation 

results and with absolutely no effect on the behavior mode of the 

ECNOMAD3 simulation. Likewise, the shapes of the marginal utility 

curves had little effect on the model behavior. These are examples of 
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uncertain parameters to which the behavior of the model is not 

sensitive within a broad range of reasonable numerical values. 

Some other numerically uncertain parameters to which the models 

are insensitive within a broad range of values are the per capita 

wealth depreciation fraction, the achievement ratio frustration time, 

the average lifetir.e perception time, the per capita wealth adjustment 

time, the sustainable stocking rate adjustment time and the food 

deficit memory time. 

Care must be taken not to confuse sensitivity tests within a 

culture to simulations of different cultures. Also in Section 6.4, 

some cultural parameters were changed radically to values outside the 

reasonable range for the culture being considered, for the purpose 

of simulating a different culture. In this case, a different behavior 

mode was observed, but it was considered to be a reasonable 

consequence of the social characteristics of that culture. 

The functional relation between food supply and out-migration is 

an example of a parameter which, within its reasonable range, could 

have a slight effect on the behavior mode of the model. When migration 

rate is made less responsive to food supply, population levels increase, 

death rates inCrease, and no change in the behavior of the base run 

tiimulation occurs. Slight increases in the propensity of people to 

out-migrate, however, do in fact increase the chance that the per 

capita wealth will experience sustained growth. Continued growth in 

wealth increasei3 the desired wealth, resulting in higher marginal 

utilities of goods and relatively less and less of the herd being allo

cated to food. This further encourages out-migration. This pheno

menon is only apparent after a detailed study of the consequences of 

policy set 7, which is the only policy set in which this happens. 

This prompts an important question. If this very slowly decreas

ing population is a definite characteristic of the behavior mode then, 
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since this behavior mode is sensitive to variations in the migration 

function within the reasonable range, it would seem that some of 

the validity (or confidence) of the simulation model is lost by this 

uncertain parameter. Before concluding this, however, a second 

look should be taken at the resulting behavior mode. 

Is it unrealistic that a population which has become highly 

dependent on increasing amounts of material goods to sustain its 

lifestyle may find that it simply can't satisfy both these and its dietary 

needs, and thus out-migrates? In this case, consideration should be 

given also to the realism of a policy which induces a four-fold increase 

in the wealth target hi a period of 50 years. Finally, when such 

extreme wealth target increases are simulated, consideration should 

be given to extending the structure of the model to include a feedback 

from the per capita wealth level to the desired per capita caloric 

incake. Such a feedback would prevent the food situation from 

deteriorating and producing out-migrants. 

Consideration of this parameter sensitivity test has now led to 

a reexamination of model structure. The fact is that it is impossible 

to say without more information about the real situation: (1) whether 

the migration function is too elastic; (2) whether the behavior of the 

model is unrealistic; or (3) whether the model lacks an important 

feedback. An answer can be obtained only through consultation with peo

ple intimately acquainted with the simulated populations, since these 

questions have not been systematically addressed in the literature. 

If it should happen that experts on the pastoralists cannot supply 

definite answers to questions such as these, then three options are 

available. If the difference in behavior modes caused by varying 

uncertain parameters (such as the migration function) within their 

reasonable range is slight (as it is in this case), then the difference 

can be ignored; the inferences generated by the model are not changed. 
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If the difference is significant, then it is always possible to conduct 

anthropological field experiments to determine more precisely what 

tle real function is, or at least to narrow the reasonable range. 

Finally, if the difference is significant, field experiments can't be 

done, and the structure of the model is as complete as possible, then 

the decisions made based on the model will be at least as good as if 

no explicit model existed. Fortunately, uncertain parameters 

seldom produce significant differences in behavior modes when 

varied within their reasonable ranges. 

On the basis of the simulation runs that were done for this study, 

SOCIOMAD's behavior modes were not sensitive to parameters within 

the bounds that seemed warranted by the available empirical evidence. 

There w-Rs generally some independent numerical evidence upon which 

most functional relationships could be based. 

Parameters in addition to the migration rate that should be given 

high priority in efforts to collect meaningful data from the field are, for 

example, the normal stock death rate, the effect of per capita wealth 

and life expectancy on fertility rate, the extent to which wealth targets 

can be exogenously increased, the role of dead and dying stock in the 

herdsman's diet, the effective magnitude of taxes and the size of the 

social infrastructure herd. 

8.4 Validity of Structural Assumptions 

Of far more fundamental importance for validity than the actual 

numerical values of the parameters is their functional form and the 

internal assumptions of causality in the model. The purpose of this 

section is to enumerate the broad assumptions upon which the SOCIOMAD 

model is based and then to enumerate some of the simplifying 

assumptions that were made. This 'section is a catalogue of the 
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established theories that were incorporated into SOCIOMAD about the 

basic mechanisms of the various sectors. 

In the forage production sector, the fundamental assumption was 

that the processes of degradation and regeneration of the range are 

asymmetrical; it takes much longer to restore the range than to 

degrade it. Also there is an annual cropping rate that can be tolerated 

by the range forage which, if exceeded, results in rapid destruction 

of the plants' regenerative powers. 

In the economic sector it was assumed that the herdsmen behave 

according to a set of priorities which maximizes their expected welfare. 

Furthermore, these relative priorities can be deduced from their 

behavior. 

It was assumed that livestock health was determined primarily 

by the availability of forage, and not water. 

People were assumed to control their fertility according to a 

set of social norms which depend on their aggregate welfare. They 

have no direct control over their death rate except to strive for 

dietary sufficiency, which is always their highest priority. 

It was assumed that aggregate social values could be described 

as the integrated result of a set of environmental pressures, and that 

some of these social values were important determinants of the 

pastoralists' economic and fertility behavior. 

All of these above theories about how the important pastoral 

processes work are fairly well-accepted. It was not the purpose of 

this study to prove any of these fundamental assumptions or to develop 

new ones. Instead, it was proposed to show the long-term consequences 

of these accepted theories when they were combined in a consistent 

framework. 

An effort was made to keep each sector of the SOCIOMAD model 

at the same level of structural complexity. Thus, it was inappropriate 



-214

to disaggregate the livestock sector into age-sex classes of the 

various grazing animals while maintaining the population sector as 

one level, since both sectors were assumed to be of equal causal 

To maintain a uniform structuralimportance for the problem. 

classes of things were aggregated together based oncomplexity, 

Thus all animals that functioned as grazers,their similar function. 

sheep, goats or wild animals (negligible after aboutwhether cattle, 

Camels were excluded because1930) were included as animal units. 

they were browers. All vegetation which could function as forage 

was assumed to behave in the same asymmetrical way to cropping 

whether theand was included as forage production potential, 

potential derived from annual seeds or perennial root biomass. 

Some simplifying assumptions were made on the basis of 

Thus, the timing of rainfall within the year was response time. 

neglected because the intra-year dynamics did not seriously affect 

the behavior of the long-term model. On the other hand, very long

term dynamics were also excluded. 

A long-term trend of increasing aridity is shown in the 

Widespread changes ingeological records for the Sahara Desert. 

the vegetative cover and hence the surface albedo may have been 

partly responsible for these climatological changes. This implies 

that there may be a very long-term feedback between the widespread 

This feedbackecological state of the sahel and the expected rainfall. 


has not been included in any of the simulation models of this study.
 

The effect of including such a possibility of climate change in
 

for example, would be to
the simulation shown in Figure 6.4-10, 


reduce the mean rainfall level over the long-term and thus reduce
 

This would cause the soil
the regenerative capacity of the range. 


indeed to near zero,
production potential to continue to decline, 
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resulting in a genuine desert with no possibility of recovery. In the 
simulation models it is always possible to restore the range to 
its original condition. If desertification is widespread, however, this 
feedback might cause accompanying climate changes that would render 
this recovery impossible. 

The model retains its validity for examining long-term conse
quences of range management programs initiated in the near future 
before the entire sahel and subdesert region undergoes significant
 
irreversible climatic change. 
 The base run simulations indicate that 
almost complete desertification results if range management is not
 
initiated in the next two decades. 
 By allowing for long-term climate 
change, the base run behavior mode would be one of complete 
desertification and disappearance of virtually all productive capacity
 
from the sahel and subdesert, 
 instead of the chronic low-level boom
and-crash mode shown in Figure 6.4-10. The exclusion of long-term
 
climatological feedback therefore results in base 
run behavior which is 
decidedly optimistic over the very long term. 

Some other simplifying assumptions were made for the purpose of 
keeping the SOCIOMAD model at an understandable level of detail. The 
effect of per capita wealth in raising the desired Calorie requirement 
was ignored in an effort to keep the demographic sector to a manageable 
size. Also, the species composition of range grass as it responds to 
forage utilization intensity was omitted because there was not enough 
detail in the rest of the model to define the causal mechanisms of 
species compo sition changes. 

If these and other structural details had been included in the 
model, more detailed policies could have been tested and more 
discriminating results obtained. The cost of such detail would have 
been, however, a model of several times the complexity of SOCIOMAD 
which would have taken much longer to complete. Including more 
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detailed structure in the demographic, economic or social values 

sector could only have proceeded with the active participation of 

knowledgeable experts to resolve such issues as whether the 

simulation results reflect reality. 

8. 5 Limitations of this Study 

The primary limitation of this study's usefulness to date is the 

almost total lack of a client. This is considered a limitation because 

one of the objectives of the research was to develop a framework 

that is useful for decision-making, not necessarily one of maximum 

validity or detail. Usefulness, however, can only be achieved in 

the context of the client-consultant relationship, especially since 

the usefulness of a decision framework is proportional to the degree to 

which it addresses what the client believes to be his more important 

problems. The probable consequence of not having clients identified 

and intimately involved in the construction of the model is that little 

change is likely in the way decisions are made among either the 

sponsors of this project or in the African countries it concerns. 

The consequences for the sahel pastoralists can be surmised from 

this study. 

Although less severe, time was a constraint because a complete 

policy exploration or sensitivity analysis for better identification of 

areas for field research could not be done. Field investigators 

should be able to identify those parts of the model which are in need 

of both structural and numerical data, however, without a formal 

complete sensitivity -analy ; . 

Finally--even though three working models were presented which 

went progressively deeper into the problems of the sahel in an attempt 

to provide a richer opportunity for policy analysis--it can still be 

protested that the SOCIOMAD model is far removed from the practical 
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implementation problem. This is partly true. Analytical modelling 

can only show the consequences of effective policies. At each level 
of detail one asks, "How do we make policies effective?" The answer 

lies only in extending the model still further to encompass more and 
more of the determinants of what may make a policy succeed or fail. 

Whole new problem areas are defined in this process. The process 

is virtually infinite. 

Eventually political decisions will be made about what is to be 
done. There is no way of avoiding such decisions, for even inaction 

is political and has consequences. In general, it is fairly clear at 

this point that no course of action will be easy. The more elegant 

programs that may be socially easier to implement because they 
preserve more individual freedoms will be generally more costly 
in economic terms. This is clear from the difference in the policy 

set 2 and policy set 3 simulations, in which the high present value of 
supplemental feed is calcu.ated. Thus, protestations about the lack 

of detail of the analytical models should not be confused with an 
implicit political decision to continue the same type of programs that 

have historically been pursued in the sahel. 

8. 6 Conclusions 

Validation of the SOCIOMAD model is a process requiring a 

number of quantitative and qualitative procedures. 

Confidence is maintained in the model's inferences under varia

tions of the principal exogenous stochastic parameter (rainfall) and 

variations, within a reasonable range, of the endogenous parameters. 

The structures of the major sectors are all based on well

accepted theories of how their basic mechanisms work. The model 

retains its validity for policies initiated in the next decade in the face 
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of simplifying assumptions made to maintain a balance of detail in 

the model structure. 

A primary limitation of the study's usefulness is cited as the 

lack of a client interested in implementing the model in an actual 

decision-making or project-evaluation process. I-ck of time 

prevented a complete policy exploration or sensitivity test but, 

since this study is exemplary, this is considered a less severe 

constraint. 



-219

9. 	 SUGGESTIONS FOR FURTHER RESEARCH
 
Further research on this tragedy-of-the-commons problem
 

will be useful only if it enlists the participation of policy-makers 
responsible for long-term decisions in the sahel and of experts with inti
mate knowledge of pastoral and ecological dynamics.
 

The reason why experts must be involved in the study at this
 
point is that it 
 is becoming difficult to jud;ge whether increasingly com
plex models are behaving like the real system. The literature on the 
area simply does not contain information useful in extending the causal 
model of the pastoral system, nor does it contain information on the 
system's behavior under the types of policy pressures which would be 

simulated. 

Even more important is the fact that the present study is well 
into the stage where more detailed problem definition is required. No
 
further analytical frameworks will be useful unless the public officials
 
responsible for decisions feel that these frameworks will help them
 
make 	decisions on their important long-term problems. Therefore, 
the direction of possible and useful future research simply cannot be 
stated at this time.
 

As an example of how the problem focus of the present study may
 
be redirected, 
the following sets of problems are mentioned. All these 
could be further explored either by further extending the complexity 
of the SOCIOMAD model or by constructing entirely new models. 

The chronic out-migration pressure identified in the SOCIOMAD 
simulations represents a significant long-term externalit,. Questions 
of who migrates, why, and what could be done to encourage or discourage 
this dynamic social phenomenon could be usefully investigated with a 
small system dynamics simulation model. Other models could b, 



-220

as aconstructed to examine the development of social values such 

conservation ethic on supervised ranches. 

The SOCIOMAD model could be further extended to include 

the dynamicsfeedbacks between levels of wealth and dietary changes, 

of millet and cattle prices during droughts, and feedbacks between 

Finally,wealth and the non-diet components of expected lifetime. 

a long-term feedback between the range condition and the climate 

could be included. 

One of the most important problems for the future of the sahel 

will doubtless be the practical problem of motivitating the herdsmen 

Since this is so,to cooperate with large regional ranching schemes. 


a few ideas will be offered here on how a system dynamics model
 

of the herdsman's Bayesian decision process could be constructed
 

and used.
 

The underlying theory of the model would be that herdsmen 

seek to maximize the expected outcome of their behavior. They 

measure outcomes in terms that are meaningful to them and they 

averse in their decisions. Herdsmenare significantly risk 

perceive the probabilities of future outcomes as functions of past 

states of the system, particularly the probability of drought. 

First a decision tree defining the outcomes of various decisions 

and their associated probabilities could be constructed for the herds

men. The perceived probabilities as weJl as the outcomes would be 

dynamic functions of the herdsmen's past behavior. Outcomes would 

be evaluated in two dimensions to reflect the intrinsic values of 

These expected outcomes would then be transformedcattle and cash. 


by the herdsman's utility curve which defines his risk averseness.
 

In this way the herdsman's perceived expected outcome for all the 

alternatives open to him could be calculated and his behavior simulated. 

The effects of education, the spread of new ideas, security programs, 
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banking policies and demonstration ranches, for example, could all be 

simulated by changing the herdsman's risk averseness, his perceived 

probabilities, the dimensions he uses to measure his outcomes, and 

his decision times. 

At this point the tragedy-of-the-commons syndrome in the sahel 

is well-understood from an academic standpoint. What is denperately 

needed by managers of all common property resources is that they 

begin to use some very simple frameworks (like the ones outh-ied in 

this study) so the long-term consequences of their decisions do not 

continue to be neglected. 
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EPILOGUE 

The following poem is a commentary on man's perception of 
the past and present and the difficulty one has in dealing with the 

future. 
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"Three Horses" 

by 

Joan Baez 

In the earr dawn 
A stallion white 
Prances the hills 
In the morning light 
His bridle is painted 
With thunder and gold 
Orchids and dragons 
Pale knights of old 
He's the horse of the ages past. 

And now the children run 
To see the stallion on the hill 
Bringing bags of apples 
And of clover they bave filled 

And the white horse 
Tells his stories 
Of the days 
Now past and gone 
And the children stand 
A-wondering 
Believing 
Every song
 
How brightly glows the past. 

When the sun is high 
Comes a mare so red 
A-trampling the graves 
Of the living and dead 

Her mantle is heavy 
With mirrors and glass 
All is reflected 
When the red mare does pass 
She's the horse of the here and now. 

And now there is confusion 
'mongst the children on the hill 
They cling to one another 
And no longer can be still 
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While the red mare's
 
Voice is trembling
 
With a rare and
 
Mighty call
 
The children
 
Start remembering
 
The bearers
 
And the pall
 
And though their
 
Many-colored sweaters
 
Are reflecting
 
In the glass
 

And though the sun
 
Shines down upon them
 
They are frightened
 
In the grass
 
How sta,k is the here and now.
 

When night does fall 
Comes a stallion black
 
So proud and tall
 
He never looks back
 

He wears him no emeralds 
Silver or gold 
Not even a covering 
To keep him from cold 
He's the horse of the years to come. 

And Twill get me down
 
Befcre this steed upon my knees
 
And sing to him the sorrows
 
Of e thousand centuries
 

And the children 
Now will scatter 
As their mothers 
Call them home 
For the sadness 
Of the evening horse 
No child 
Has ever known 
Anal I will 
Hang about him 
A bell that's 
Never rung 
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And thank him 
For the many words 
Which from his throat 
Have never sprung 
And I'll thank God 
And all the angels 
That the stallion 
Cf the evening 
The black horse 
Of the future 
Comes to earth but has no tongue. 

Reprinted by permission of Chandos V' sic, ASCAP. 
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APPENDIX A: SAHEL2 DYNAMO Flow Chart,

Variable Definitions, 
 Documented Model Equations, and Table Functions 

All equations are identified by the same number in the flow chart,
the variable definition list, and the documented model listing. The 
letters in column T in the variable definition list and tihe letters at the 
right following each equation in the model listing denote the equation 
type where: 

A = auxiliary eqruation 
L = a level 
R = a rate equation 
N = an initial value 
C = a constant 
T = a table function 
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FIGURE A-1: A DYNAMO Flow Diagram of the SAHEL2 Simulation Model. 
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SAHEL2 Variable Definitions 

NAME NO T DEFINITION
 

AL 95 A 
AVERAGE LIFETIME, YEARS
 
ALT 97 
 T AVERAGE LIFETIME TABLE
 
BR 90 
 R BIRTH RATE, PEOPLE/YR

CBR 92 A CRUDE BIRTH RATE, I/YR

CDR 94 A CRUDE DEATH RATE, 1/YR

CR 57 A CALVING RATE, I/YR

CRM 59 A 
CALVING RATE MULTIPLIER, DiMENSIONLESS
 
CRT 58 T CALVING RATE TABLE
D 26 A DAYS SPENT IN THE SAHEL DURING
 

TRANSHUMANCEt DAYS

DAYT 29 T 
DIYS IN SkHEL TABLE
DISM 30 
 A DAYS IN SAHEL MULTIPLIER, DIMENSIONLESS
 
DMT 30.1 T 
DAYS IN SAHEL MULTIPLIER TABLE
 
DR 93 R DEATH RATE, PEOPLE/YR

EHI 77 A EXPECTED HERD INCREASE, SSU/YR
FA 32 t 
FORAGE AVAILABLE FROM PASTURES, KG
FAF 55 
 A FRACTION STOCK ADULT FEMALES, DIMENSIONLESS
FAP 10L. A 
FOOD AVAILABLE PER PERSON-DAY, CALORIES/
 

PERSON-DAY
FFHM 125 C 
FRACTION OF FOOD HERD ALLOCATED TO MILK,
 
DIMENSIONLESS
FLM 98 A FOOD-LIFETIME MULTIPLIER, DIMENSIONLESS
 

FLT 99 T FOOD-LIFETIME TABLE
FOF 70 A 
FRACTION OF OFFTAKE ALLOCATED FOR FOOD,
 
DIMENSIONLESS


FPCT 22 A FORAGE PRODUCTION CHANGE TIME, YFARS
FPCTD 25 C DECREASING FORAGE PROCUCTION CHANGE TIME,
 
YEARS
FPCTI 23 A INCREASING FORAGE PROCUCTION CHANGE TIME,
 

YEARS
 
;PP 18 L FORAGE PROD6-.TION POTENTIAL, KG/HA


133 N
FPPCR 19 R FORAGE PRODUCTION POTENTIAL CHANGL RATEqKG/
 
iA/YR
FRS 60 A FORAGE REQUIRED BY STOCKt KG


FSDRM 
 67 A FORAGE SUFFICIENCY-DEATH RATE PULTIPLIERt
 
DIMENSIONLESS
FSF 126 
 C FRACTION OF STOCK ALLOCATED TO FOOD,
 
DIMENSIONLESS


FSG 127 C 
FRACTION OF STOCK ALLOCATD 10 GOODS,
 
DIMENSIONLESS
 

FUI 
 17 A FORAGE UTILIZATION 
INTENSITY, DIMENSIONLESS
 

HAAS 36 A HECTARES ACCESSIBLE FOR GRAZING STOCK, 
HA
HAAT 37 T 
HECTARES ACCESSIBLE FOR STOCK TARLE
HMP 56 C DATE OF INITIATION OF HERD MANAGFMFNT
 
POLICV, YEAR
IFPCTT 24 T 
INCREASING FORAGE PRODUCTION CHANgE TIME
 
TABLE
IFPP 134. C INITIAL FORAGE 
PRODUCTION POTENTIAL, KG/

HA
ILTSC 12 A 
INDICATED LONG TERM SOIL CONDITION, KG/HA
ILTSSR 145 C 
INITIAL LONG TERM SUSTAIARLE STOCKING RAlE


IMPF 80 
 A STOCK IMPORT FRACTICNt 1/YR

I.4PR 79 R STOCK IMPORY RATE, SSU/YR

IMPT 81 T 
STOCK IP'jRT TABLE
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IMTF 112 R I MPORTED METRIC TONS OF FOOD, METRIC
 
TONS/TR
 

IPOP 142 C INITIAL POPULATION
 
IPPSC 132 C INITIAL PRODUCTION POTENTIAL FROM SOIL
 

CONDITION, KG/HA
 
ISFUI 138 C INITIAL SMOOTHED FORAGE UTILIZATION
 

INTENSITY* DIMENSIONLESS
 
ITSSU 140 C INITIAL TOTAL STANDARD STOCK UNITS
 
LTSSR 74.1 A LONG TERM SUSTAINABLE STOCKING RATE IN THE
 

144 N GRAZING AREA, SSU
 
MD 119 C MIGRATION DELAY, YEARS
 
MPPC 82 A YEARLY MILK PRODUCTION PER COW, KG/YR
 
MPI 83 T MILK PRODUCTION TABLE
 
MSC 110 C MINIMUM SUBSISTANCE CALORIES, CALS/PERSON-


DAY
 
NALT 96 A NORMAL AVERAGE LIFETIM-, YEARS
 
NOR 91 C NORMAL BIRTH RATE, I/YR
 
NCPO 100 C NEEDED CALORIES PER DAY, CALORIES/PERSON-


DAY
 
NIPFC 109 A NEEDED IMPORTED PER CAPITA FOOD CALORIES,
 

CALS/PERSON-DAY
 
NMT 121 T NUTRITION-MIGRATION TABLE
 
NOMR 120 A NUTRITION EFFECT Oh OUT MIGRATION RATE, 1/
 

YR
 
NSOR 65 A NORMAL STOCK DEATH RATE, 1/YR
 
NSDRT 65.1 7 NORMAL STOCK DEATH RATE TABLE
 
NSF 78 A NEEDED STOCK FORAGE, KG
 
NTIME 136 C START OF SIMULATION, YEAR
 
OMR 117 R OUT-MIGRATION RATE, PERSONS/YR
 
OPOL 71 C TIME OF INITIATION CF OFFTAKE MANAGEMENT
 

POLICY, YEAR
 
PO 84 A PERCENT CF STOCK OFFTAKEi, DIMENSIONLt.SS
 
POP 89 L POPULATION, PEOPLE
 

141 N
 
PPH 103 C PRICE PER HEAD OF LIVESTOCK, CFA/HEAD
 
PPKM 104 C PRICE PER KG MILLET, CFA/KG
 
PPSC 10 L PRODUCTION POTENTIAL FROM SOIL CONDITION,
 

131 N KG/HA
 
PSOR 54 A PERCENT STOCK BIRTH RATE, PERLENT
 
PSDR 64 A PERCENT STOCK DEATH RATE, PERCENT
 
RODY 47 A RAINFALL DEFICIT IN PERIODIC DROUGHT YEARS,
 

MM
 
RDT 48 T RAINFALL DEFICIT TABLE
 
RQM 34 A RAIN QUANTITY MULTIPLIERt DIMENSIONLESS
 
ROT 35 T RAIN QUANTITY TABLE
 
SBR 53 R STOCK BIRTH RATE, SSU/YR
 
SCCTD 15 C DECREASINS SOIL CONDITION CHANGE TIMEYEARS
 
SCCTI 16 C INCREASING SOiL CONDITION CHANGE r1MEYEARS
 
SCOR 11 R SOIL CONDITION DETERIORATION RATE, KG/HA/YR
 
SCT 14 A SOIL CHANGE TIME, YEARS
 
SCTAB 13 T SOIL CONDITION TABLE
 
SDR 63 R STOCK DEATH RATE, SSU/YR
 
SOT 67.1 T STOCK DEATH TABLE
 
SFPOL 61 C INITIATION DATE OF SUPLIMENTAL FEEDING
 

POLICY# YEAR 
SF4 62 . STOCK FORAGE REQUIRENT , KG/SSU-DAY 
SF11 27 A SMOOTHED FORAGE UTILIZATInN INTENSITY, 

137 N DIMENSIONLESS
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S~iI% 85 A STaCK GROWTH RATE, 1/YR
 
SNOMR 118 A SMOOTHED NORMAL OUr-MIGRAtION RATEPERSONS/


YR
 
SSR 73 A SUSTAINABLE YE!LD STOCKING RATE IN THE
 

GRAZING AREA, SSU

Sr .T 76 C SUSTAINABLE STOCKING RATE ADJUSTMENT TIME, 

YEARS
 
SWI 148 C SWI=O INDICATES 10 YR. AVE. RAINFALL, SWI:I
 

INDICATES DROUGHT IN YEARS 071,172,73 
SW2 150 C SW2=O INDICATES FPP AND TSSU FIXED 
SW5 152 C SW5=O INDICATES POP IS FIXED 
SW6 154 C SW6=O INDICATES NO OUT MIGRATION 
SW? 156 C SW7=O INDICATES NO 1-YR. DROUGHTS AT 15 YR. 

INTERVALS
 
SYHF 74 C SUSTAINABLE YEILD HARVEST FRACTION,
 

DIMENSIONLESS
 
SYO 72 A SUSTh'iWABLE YEILD OFFTAKE, SSU/YR
TIFP 114 C TIME OF INITIATION OF FOOD POLICY, YEAR 
TIME 135 N TIME OF INITIATION OF SIMUL-TION, YEAR 

TIMTF III L TOTAL IMPORTED METRIC TONS OF FOOD AS 
i43 N MILLET OR SORGHUM, METRIC TONS 

TOR 69 R TOTAL OFFTAKE RATE, SSU/YEAR 
TPFC 116 A TOTAL PER CAPITA FOOD CALORIES FROM ALL 

SOURCESPCALOR IES/PERS ON-DAY 
TSSU 52 L TOTAL STANDARD STOCK UNITS=1.67 CATTLE=1O 

139 N SHEEP OR GOATS=0.77 CAMELS 
TTFP 115 C TIME OF TERMIMATION OF FOOD POLIC.Y, YEAR 
UID 28 C UTILIZATI3N INTENSITY DELAY, YEARS 
UIPPM 20 A UTILIZATION INTENSITY-PRODUCTION POTENTIAL 

MULTIPLIRRDIMENS IONLESS
 
UIPPT 21 T UTILIZATION INTENSITY-PRIoUCTION POTENTIAL
 

TABLE
 
YFP 33 A YEARLY FORAGE PRODUCTION, KG/HA 
YR 41 A YEARLY RAINFALL, PM 
YRTI 45 T YEARLY RAINFALL TABLE 1, 10-YR AVERAGFS 
YRTZ 46 T YEARLY RAINFALL TABLE 2, USEP WITH EXPLICIT 

DROUGHT IN '71,'72 AND'73
 

http:GOATS=0.77
http:UNITS=1.67
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FORAGE PRODUCTION POTENTIAL
 

109 LPPSC.K=PPSC.J+DT*I SCDR.JK) 
PPSC - PRODUCTION POTENTIAL FRCM SOIL CONDITION, 

K(01HA 
SCDR - SOIL CONDITION DETERIORATION RATE, KG/HA/YR 

LI, RSCDR.KL=IILTSC-K-PPSC.K)/SCT.K 
SCDR - SOIL CONDITION DETERIORATION RATE, KG/HA/YR 

INDICAIED LONG TERM SOIL CONDITION, KG/HA
ILTSC -
FRCM SOIL CONOITIONtPPSC - PRODUCTION POTENTIAL 

KG/HA
 
SCT - SOIL CHANGE TIME, YEARS 

12, AILTSC.K=TABHL(SCTABFUIoKO,1l.21 
INDICATED LONG TERM SOIL CONDITION, KG/HA
ILTSC -

SCTAB - SOIL CONDITION TABLE 

- FORAGE UTILIZATION INTENSITY, DIMENSIONLESSFUI 


13, T
SCTAB=160/150/138 /1I3/75/50 
SLTAB - SOIL CONDITION TABLE 

149 ASCT.K=CLIP(SCCTItSCCTDILTSC.KPPSC.K) 
SCT - SOIL CHANGE TIME, YEARS 

SCCTI - INCREASING SOIL CONDITION CHANGE TIME, 
YEARS 

SCCTD - DECREASING SOIL CONDITION CHANGE TIME, 
YEARS 

INDICATED LONG TERM SOIL CONDITION, KG/HAILTSC -
PPSC - PRODUCTION POTENTIAL-FROM SOIL CONDITIONt 

KG/HA 

SCCTD=6 
SCCTD - DECREASING SOIL CONDITION CHANGE TIME, 

15, C 

YEARS 

SCCTI=80 16, C 

SCCTI - INCREASING SOIL CONDITION CHANGE TIME, 
YEARS 

1?1 AFUI.K=CLIP(ItFRS.K/FA.KtFRS.K/FA.Kt) 

FUI - FORAGE UTILIZATION INTENS!TY, DIMENSInNLESS 
FRS - FORAGE REQUIRED BY STOCX, KG 

FA - FORAGE AVAILABLE FROM PASTURESt KG 

r'rp.K=FPP.J DT*(SWITCHIOFPPCR.JKtSW2)) 18v L 
FPP - FORAGE PRODUCTION POTEtNTIALe KG/HA 
FPPCR - FORAGE PRODUCTION POTENTIAL CHANGE RATE9 

KG/HA/YR
 
SW2 - SW2=0 INDICATES FPP AND TSSU FIXEL 

http:FUI.K=CLIP(ItFRS.K/FA.KtFRS.K/FA.Kt
http:ILTSC.K=TABHL(SCTABFUIoKO,1l.21
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FPPCR.KL=(PPSC. K*UIPPM. K-FPP.K)/FPCT.K 19, R 
FPPCR - FORAGE PRODUCTION POTENTIAL CHANGE RATE, 

KG/HA/YR
PPSC - PRODUCTION POTENTIAL FROM SOIL CONDITION, 

KG/HA
UIPPM - UTILIZATION INTENSITY-PRODUCTION POTENTIAL 

MULT I PL IRR, DIMENS IONLESSFPP - FORAGE PRODUCTION POTENTIAL, KG/HA
 
FPCT - FORAGE PRODUCTION CHANGE TIME, YEARS 

UIPPM.K=TABHL(UIPPTFUI.KO,1.2) 
 20, A 
UIPPM - UTILIZATION INTENSITY-PRODUCTION POTENTIAL 

MULTIPL IRRDIMENSIONLESS 
UIPPT - UTILIZATION INTENSITY-PRODUCTION POTFNTIAL 

TABLE 
FUI - FORAGE UTILIZATION INTENSITY, DIMENSIONLESS
 

UIPPT=1/1/1/.R/.4/0 

21, T
UIPPT - UTILIZATION INTENSITY-PRODUCTION POTENTIAL
 

TABLE
 

FPCT.K=CLIP(FPCTI.KFPCTDtUIPPM.KPPSC.KFPP.K) 

22, AFPCT - FORAGE PRODUCTION CHANGE TIME, YEARS
 

FPCTI - INCREASING FORAGE PROCUCTInN CHANGE TIME,
 
YEARS
 

FPCTD - DECREASING FORAGE PROCUCTION CHANGE TIME,
 
YEARS
 

UIPPM - UTILIZATION INTENSITY-PRODUCTION POTENTIAL
 
MULTI PLIRRDIMENSIONLESS
 

PPSC - PRODUCTION POTENTIAL FROM SOIL CONDITION,
 
KG/HA 

FPP - FORAGE PRODUCTION POTENTIAL, KG/HA 

FPCTI.K=TABHL (IFPCTT,TIME.K,1970,1990,5) 
 23, A
FPCTI - INCREASING FORAGE PROCUCTION CHANGE TIME,
 
YEARS
 

IFPCTT - INCREASING FORAGE PRODUCTION CHANGE TIME
 
TABLE 

TIME - TIME OF INITIATION OF SIMULATION, YEAR 

IFPCTT=20/20/20/20/20 

24, T
 

IFPCTT - INCREASING FORAGE PRODUCTInN CHANGE lIME 
TABLE
 

FPCTC=3 

25, C


FPCTID - DECREASING FORAGE PROCUCTION (.HANGE I IME, 
YEARS
 

D.K=TABHL(DAYTtSFUI.KO1t,.2)*DISM.K 

26, A


D - DAYS SPENT IN THE SAH L URING 
TRANSHUMANCEt DAYS
 

DAYT - DAYS 
IN SAHEL TABLE 
SFUI - SMOOTHED FORAGE UTILIZATION INTENSITY, 

DIMENSI ONLESS 
DISM - DAYS I4 SAHEL MULTIPLIER, DIMENSIONLFSS
 

http:UIPPM.K=TABHL(UIPPTFUI.KO
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SFUI 	,K=SMOOTH(FUI.KtUID) 279 A 
SFUl - SMOOTHED FORAGE UTILIZATION INTENSITY, 

DIMENSIONLESS 
FUI - FORAGE UTILIZATION INTENSITY, DIMENSIONLESS 
UID - UTILIZATION INTENSITY DELAY, YEARS 

UID=2 28, C 
UID - UTILIZATION INTENSITY DELAY, YEARS 

DAYT=17OILOO/160/144/11O/70 29, T 
DAYT - DA.YS .1'4 SAHEL TABLE 

DISM°K=TABHLIDMTTIME.K1920,1980,101 	 30, A 
OMT=I/LI/1.05/1.1/1.2/1.3/1o 3 30.1, 

DISM - DAYS II SAHEL MULTIPLIER, DIMENSIONLESS 
DMT - DAYS IN SAHEL MULTIPLIER TABLE 
TIME - TIME OF INITIATION OF SIMULATICN, YEAR 

FA.K=YFP.K*HAAS.K 32, A 
FA - FORAGE AVAILABLE FROM PASTURES, KG 
YFP - YEARLY FORAGE PRODUCTION, KG/HA 
HAAS -'HECTARES ACCESSIBLE FOR GRAZING SIOCK, HA 

YFP. 	 K=F PP. K*RQM. K 33, A 
YFP - YEARLY FORAGE PRODUCTION, KG/HA 
FPP - FORAGE PRODUCTION POTENTIAL, KG/HA 
RQM - rAIN QUANTITY MULTIPLIER, DIMFNSIONLESS 

RQM.K=TABHL (RQTYR.KO,600 300) 349 A 
RQM - RAIN QUANTITY MULTIPLIER, DIMENSIONLESS 
ROT - RAIN QUANTITY TABLE 
YR - YEARLY RAINFALL, MM 

RQT=O/i/2 	 35, T 
ROT - RAIN QUANTITY TABLE
 

HAAe.K=IOE6*TABHL|HAATtTIME.K,1920,I98O,20) 36, A 
HAAS - HECTARES ACCESSIBLE FOR GRAZING STOC', HA 
HAAT - HECTARES ACCESSIBLE FOR STOCK TABLE 
TIME - TIME CF INITIATION OF SIMULATION, YEL 

HAA T1. 6/. 6/. 8/. 8 37, T 
HAAT - i'.TARES ACCESSIBLE FOR STUCK TARLE 

http:RQTYR.KO
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RAINFALL SECTOR
 

YR.KZSWITCH(TABHLIYRTlTIMEoKt19|5,1985,0), 419 A 
TABHL(YRT2,TIME.K,1915,1985•, O.STEP(-130919711, 
STEP(13091974)tSWI )+SWITCH(O PULSEiRDOY.Kt1925t 
1S),SW7)
 

YR - YEARLY RAINFALL, MM
 
YRTI - YEARLY RAINFALL TABLE 1, 10-YR AVERAGES 
TIME - TIME OF INITIATION OF SIMULATION YEAR 
YRT2 - YEARLY RAINFALL TABLE 2v USED WITH EXPLICIT 

DROUGHT IN '71,t72 AND'73 
SWI - SWIzO :NDICATES 10 YR. AVE. RAINFALL, SWI=i 

INDICATES DROUGHT IN YEARS 0719'72,173 
RDDY - RAINFALL DEFICIT IN PERIODIC DROUGHT YEARS, 

MM 
SW7 - SWT=O INDICATES NO 1-YR. DROUGHTS AT 15 YR. 

INTERVALS 

YRT1300246/300/3001369/3271264/300 45t T 
YRTI - YEARLY RAINFALL TABLE 1, 10-YR AVERAGES 

YRT2=300/2461300/300369/327/3001300 46, T 
YRT2 - YEARLY RAINFALL TABLE 2, USED WITH EXPLICIT 

DROUGHT IN 1719072 AND73 

RDDY.K=TABHL(RDTTIME.K,1925t20OOt5) 47t A
 
RODY - RAINFALL DEFICIT IN PERIODIC DROUGHT YEARS,
 

"M 
RDT - RAINFALL DEFICIT TABLE 
TIME - TIME OF INITIATION iF SIMULATION, YEAR 

ROTx-60/-i30/!0,;-130/-130 48w T
 
RDT - RAINFALL DEFICIT TABL.
 

L IVESTOCK 

TSSU.K=TSSU.J+DT*(SWITCH(O0SBR.JK-SDR.JK-TfR.JK+ 52, L 
IMPR.JKSW2)) 
TSSU - TOTAL STANDARD STOCK UNITS=1.67 CATTLE=LO 

SHEEP OR GOATS=0.77 CAMELS
 
SBR - STOCK BIRTH RATE, SSU/YR
 
SOR - STOCK DEATH RATE, SSU/YR
 
TOR - TOTAL OFFTAKE RATE, SSU/YEAR
 
IMPR - STOCK IMPORT RATE, SSU/YR
 
SW2 - SW2=O INDICATES FPP AND TSSU FIXED
 

SBR.	KL=ISSU.K*FAFoK*CR.K 53, R 
SBR - STOCK BIRTH RATE, SSU/YR 
TSSU - TOTAL STANDARD STOCK UNITS=1.67 CATTLE=1O 

SHEEP OR GOATS=0.77 CAMELS
 
FAF - FRACTION STOCK ADULT PEPALES, DIMINSI:INLESS
 
CR - CALVING RATE, 1/YR 

PSBR.K*FAF. K*CR.K*100 54, A 
PSBR - PERCENT STOCK BIRTH RATE, PERCENT 
FAF - FRACTION STOCK ADULT FEMALES, DIMENSIONLESS 
CR - CALVING RATE9 1/YR 

http:GOATS=0.77
http:UNITS=1.67
http:GOATS=0.77
http:UNITS=1.67
http:TSSU.K=TSSU.J+DT*(SWITCH(O0SBR.JK-SDR.JK-TfR.JK
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F 4F.K=CLIPl.48t.43bTIME.KvHMP) 55, A 

FAF - FRACTION STOCK ADULT FEMALFS, DINENSIONLESS 
TIME - TIME OF INITIATION OF SIMULATION, YEAR 

HMP - DATE OF INITIATION OF HERD MANAGEMENT 
POLI:Y, YEAR 

HMP-2500 56, C
 
HMP - DATE OF INITIATION OF HERO MANAGEMENT
 

POLI.Y, YEAR
 

CR.K=TABIL(CRTFUI.KtOt .2 )*CRM.IK 57, A 
CR - CALVING RATE, I/YR 
CRT - CALVING RATE TABLE 
FUI - FORAGE UTILIZATION INTENSITY, DIMENSIONLESS 
CRM - CALVING RATE MULTIPLIFR, DIMENSIONLESS
 

CRT-.73/.7/.671/.6/.5/.3 58, T
 
CRT - CALVING RATE TABLE
 

59, A 
CRM - CALVING RATE MULTIPLIFR, DIMENSIONLESS 
TIME - lIPE OF INITIATION OF SIMULATICN9 YEAR 
HMP - DATE OF INITIATION OF HERD MANAGEMENT 

POLICY, YEAR 

CRM.K=CLIPIL.15,1.,TIME.KoHMP) 


FRS.	K=TSSU.K*D.K*SFR-CLIPINSF.K,OTIME.K ,SFPOLI 60, A
 
FRS - FLIRAGE REQUIRED BY STOCK, KG
 
TSSU - TOTAL STANDARD STOCK UNITS=1.67 CATTLE=iO
 

SHEEP OR GOATS=0.77 LAMELS
 

D - DAYS SPENT IN THE SAHEL DURING
 
TRANSHUMANCE, DAYS 

SFR - STOCK FORAGE REQUIREMENT , KG/SSU-DAY 
NSF - "|EEDED STOCK FORAGE, KG 
TIME - TIME OF INITIATION OF SIMULATION, YEAR 
SFPCL - INITIATION DATE OF SUPLIMENTAL FEEDING 

POLICY, YEAR 

SFPL=2600 61, C 
SFPOL - INITIATION DATE OF SUPLIMENTAL FECOIjir; 

POLIY YEAR 

SFR=5 62, C 
SFR - STOCK FORAGE REQUIREMFNT , K,/SSiU-OAv 

SDR.KL= TSSU.K*NSDR.K*FSDRM.K 3, 
SOR - STOCK DEATH RATE, SSU/YR 
ISSU - TOTAL STANDARD STOCK UNITS=1.7 CArIL- =i0 

SHEEP OR GOATS=.77 CAMItS 
NSDR - NORMAL STOCK DEATH RATE, I/YR 
FSDRF - FORAGE SUFFICIENCY-DEATH RAT' MULl IPLILR, 

DIMENSIONLESS
 

PSUR,.K=NSDR.K*FSDRM.K*100 64, A 
PSDR - PERCENT STOCK DEATH RATi , PER(hlN 
NSDR - NORMAL STOCK DEATH RATE, 1/YR 
FSDRM - FORAGE SUFFICIENCY-DFArH RArr MULl IPL ll ., 

DI MENSIONLEfSS 

http:GOATS=.77
http:GOATS=0.77
http:UNITS=1.67
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FSDRM FORAGE SUFFICIENCY-DEATH RATE MULTIPLIER,
 

NSDR.KETABHLINSDRTTIME.Kt1920,2000,101
4ISDRTC.26/26/26/241 22/.21/.211. 21/.21 65, A65.19 T 

NSDR 
NSDRT 

- NORMAL STOCK DEATH RATE, I/YR 
- NORMAL STOCK DEATH RATE TABLE 

TIME - TIME OF INITIATION OF SIMULATION, YEAR 

FSDRM.K=TABHL(SOT#FUI.KO91,.21 
SDTz./.8/.9111.09/1.3/2 

67, A 
67.1, 

-

DIMENS IONLESS
 

SOT - STOCK DEATH TABLE
 
FUI -
FORAGE UTILIZATION INTEN4SITY, DIMENSIflNLESS
 

TOR.KL=CLIP(SYO.KTSSU.K*IFSGOFOF.K),TIME.KtOPOL) 
 69, R 
TOR - TOTAL OFFTAKE RATE, SSU/YEAR 
SYO - SUSTA14ABLE YEILD OFFTAKE, SSU/YR
TSSU - TOTAL STANDARD STOCK UNITS=1.67 CATTLE=1O 

SHEEP OR GOATS=0.77 CAMELS 
FSG - FRACTION OF STOCK ALLOCATED TO GOODS, 

DIMENSIONLESS 
FOF - FRACTION OF OFFTAKE ALLOCATED FOR FOD,

DIMENSIONLESS 
TIME - TIME OF INITIATION OF SIIULATIONt YEAR 
OPOL - TIME OF INITIATION OF OFFTAKE MANAGEMENT 

POLICY, YEAR 

FC:.K=FSF*( I-FFHM 1 70, A
 
FOF - FRACTION OF OFFTAKE ALLOCATED FOR FOOD,


DIMENSIOTNLESS 
FSF - FRACTION OF STOCK ALLOCATED TO FOOD,
 

CIMENSIONLESS
 
FFHM - FRACTION OF FOOD HERD ALLOCAT,-0 TO MILK, 

DIMEISIONLESS 

OPOL=2500 
 71, C 
OPOL - TIME OF INITIATION OF CFFTAKE PANAGEMENT 

POLICY, YEAR 

SYO.K=CLIPIT'"SU.K+EHI.K-LTSSRKOTSSIJ.KEHI.K, 
 72, A
 
LTSSR.K)


SYO - SUSTAIIABLE YEIL OFFTAKE, SSU/YR 
TSSU - TOTAL STANDARD STOCK UNITS=1.67 CATTLI-IO
 

SHEEP OR GOATS=0.77 CAMELS 
EHI - EXPECTED HERD INCREASE, SSU/yr 
LTSSR - LONG TERM SUSTAINABLF STOCKIJ, RATE IN "THE 

GRAZING AREA, SSU
 

SSR.K=(FA.K*SYHF)/ID.K*SFR) 
 73, A 
SSR - SUSTAINABLE YE L STOCKING RATE IN THE 

GRAZING AREA, SSU 
FA - FORAGE AVAILABLE FROM PASTURES, Kr 
SYHF - SUSTAINABLE YEILD HARVEST FRACTION, 

DIMENSIONLESS 
0 - DAYS SPE4T IN THE SAHEL OURINq 

TRANSHUMANCF, OAVS 
SFR - STOCK FORAGE REQUIRFMt NT , KG./SSU-DAY 

1 

http:GOATS=0.77
http:UNITS=1.67
http:GOATS=0.77
http:UNITS=1.67
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SYHF*O*45 749 C 
LTSSR.KUCLIP(SMOOTHISSR.KSSRAT),SSR.KTIME.K, 74.1, A 

SFPOL) 
SYHF - SUSTAINABLE YEILD HARVEST FRACTION, 

DIMENSIONLESS 
LTSSR - LONG TERM SUSTAINABLE STOCKING RATE IN THE 

GRAZING AREA, SSU 
SSR - SUSTAINABLE YEILD STOCKING RATE IN THE 

GRAZING AREA, SSU 
SSRAT - SUSTAINABLE STOCKING RATE ADJUSTMENT TIMEt 

YEARS
 
TIME - TiME OF INITIATION OF SIMULATICN, YEAR
 
SFPOL - INITIATION DATE OF SUPLIMENTAL FEEDING
 

POLICY, YEAR
 

SSRAT=5 76, C 
SSRAT - SUSTAINABLE STOCKING RATE ADJUSTMENT TIME, 

YEARS 

EHI.K=SBR.JK-SDUR.JK 77, A 
EHI - EXPECTED HERD INCREASE, SSU/YR 
SBR - STOCK BIRTH RATE, SSU/YR 
SDR - STOCK DEATH RATE, SSU/YR 

NSF.K=CLIP((LTSSR.K-SSR.KI*D.K*SFROLTSSR.KSSR.K) 78, A 
NSF - NEEDED STOCK FORAGE, KG 
LTSSR - LONG TERM SUSTAINABLE STOCKIN3 &ATE 114 THE 

GRAZING AREA, SSU
 
SSR - SUSTAINABLE YEILD STOCKING RATE IN THE
 

GRAZING AREA, SSU
 
D - DAYS SPENT IN THE SAHEL DURING
 

TRANSHUMANCE, DAYS
 
SFR - STOCK FORAGE REQUIREMENT , KG/SSU-DAY
 

IMPR.KL=TSSU.K* IMPF.K 79, R
 
IMPR - STOCK IMPORT RATE, SSLJ/YR 
TSSU - TOTAL STANDARD STnCK UNITS=1.67 CATTLE=1O 

SHEEP OR GOATS=O.77 CAMELS
 
IMPF - STOCK IMPORT FRACTION, I/YR
 

IMPF.K=TABHL(IMPTTIME.KI973,19t0,11 80, A 
IMPF - STOCK IMPORT FRACTION- I/YR 
IMPT - STOCK IMPORT TABLE 
TIME - TIME OF INITIATION OF SIMULATION, YEAR 

IMPT=/0///O/O/O/O I1, T
 
IMPT - STOCK IMPORT TABLE
 

MPPC.K=TABHLIMPT*FtJIoKvOIt,.2) 19, A 
PPPC - YEARLY MILK PRODUCTION PER COW, KG/YR 
tPT - MILK PRODLCTION TABLE 
FUI - FORAGE UTILIZATION INTENSITY, OIMFNSIr1NLESS 

MPI=500/400/400/SO nO/200/I00 83, T 
MPT - MILK PRODUCTION TABLE 

http:GOATS=O.77
http:UNITS=1.67
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PO.K= ITOR.JK/TSSU.K )*100 	 84, A
 
PO - PERCENT OF STOCK OFFTAKENt DIMENSIONLESS 
TOR - TOTAL OEFTAKE RATE, SSU/YEAR 
TSSU - TOTAL STANDARD STOCK UNITS=1.67 CATTLE=10 

SHEEP OR GOATSzO.77 CAMELS
 

SGR.K= ISBR.JK-SDR.JK-TOR.JK+IMPR.JK)/TSSU.K)*[00 
 851 A
 
SGR - STOCK GROWTH RATE, i/YR
 
SBR - STOCK BIRTH RATE, SSU/YR
 
SDR - STOCK DEATH RATE, SSU/YR
 
TOR - TOTAL 3FFTAKE RATE. SSU/YEAR
 
IMPR - STOCK IMPORT RATE, SSU/YR
 
TSSU - TOTAL STANDARD STOCK UNITS=1.67 CATTLE=10
 

SHEEP OR GOATS=0.77 CAMELS
 

POPULATION
 

POP.K=POP.J+DT*(SWITCHI0,BR.JK-DR.JK-OMR.JK,SW5)) 89, L 
POP - POPULATION, PEOPLE 
BR - BIRTH RATE, PEOPLE/YR
 
OR - DEATH RATE, PEOPLE/VR
 
OMR - OUT-MIRATION RATE, PERSONS/YR
 
SW5 - SW5=O INDICATES POP IS FIXED
 

BR.KL=NBR*POP.K 
 90, R 
BR - BIRTH RATE, PEOPLE/YR 
NBR - NORMAL BIRTH RATE, I/YR 

.
POP - POPULATION, PEOPL
 

NBR=.05 
 91, C 
NBR - NORPAL BIRTH RATE, 1/YR 

CBR.K=NBR*1000 
 92, A
 
COR - CRUDE BIRTH RATE, 1/YR
 
NBR - NORMAL BIRTH RATE, 1/YR
 

DR.KL=POP.K/AL.K 
 93, R 
DR - DEATH RATE, PEOPLE/YR 
POP - POPULATION, PEOPLE 
AL - AVERAGE LIFETIME# YEARS 

COR.	K=1 000/AL.K 44, A 
CDR - CRUDE DEATH RATE, I/YR
AL - AVERAGE LIFETIME, YEARS 

AL.K=NALT.K*FLM.K 
 45, A 
AL - AVERAGE LIFETIME, YEARS 
NALT - NORMAL AVERAGE LIFFTIME, YI-AR. 
FLM - FOOD-LIFErIPF PULTIPLIER, DIM NSIIJNLSS 

NALT.K=TABHLIALTTIME.K,1920,1980IO) 
 96, 	 A 
NALT - NORMAL AVERAGE LIFETIMF, YFA4'-
ALT - AVERAGE LIFETIME TARL9 
TIME - TIME OF INITIATION OF SiMULAIICN, YEAH 

ALI=22.5/24/27/31/371/40/0 
 97, 	1
 
-ALT - AVERAGE LIFETIPE TABLE 

http:GOATS=0.77
http:UNITS=1.67
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FLM.K=TABHLIFLTTPFC.K/NCPDO,21) 9J89 A
 
FLM - FOOD-LIFETIME MULTIPLIER, DIMENSIONLESS
 
FLT - FOOD-LIFETIME TABLE
 
TPFL, - TOTAL PER CAPITA FOOD CALORIES FROM ALL
 

SOURCESCALOR IES/PERSON-DAY
 
NCPD - NEEDED CALORIES PER DAY, CALORIES/PERSON-


DAY
 

FLT=O/ /A.25 99, T
 
FLT - FOOD-LIFETIME TABLE
 

4CPD=2200 10, C
 
NCPD - NEEDED CALORIES PER DAY, CALURIES/PERSON-


DAY
 

FAP.K=TSSU.K*FSF*(FFHM*MPPC.K*CR.K*FAF.K*6604(I- 1l0 A
 
FFHM)*3270*PPH/PPKM)/(0.6*POP.K*365)
 

FAP - FOOD AVAILABLE P.R PERSON-OAYt CALORIES/
 
PERSON-DAY
 

TSSU - TOTAL STANDARD STOCK UNITS=.67 CATTLE=iO
 
SHEEP OR GOATS=0.77 CAMELS
 

FSF - FRACTION OF STOCK ALLOCATED TO FOOD,
 
DIME4SIONLESS
 

FFHM - FRACTION OF FOOD HERD ALLOCATED TO MILK,
 
DIMENSIONLESS
 

MPPC - YEARLY MILK PRODUCTION PER COW, KG/YR 
CR - CALVING RATE, I/YR 
FAF - FRACTION STOCK ADULT FEMALES, DIMENSIONLESS 
PPH - PRICE PER HEAD OF LIVESTOCK, CFA/HEAD 
PPKM - PRICE PER KG MILLETt CFA/KG 
POP - POPULATION, PEOPLE 

PPH=6000 103, C
 
PPH - PRICE PER HEAD OF LIVESTOCK, CFA/IE2r
 

PPKM=13 104, {
 
PPKM - PRICE PEr. KG MILLET, CFA/KG
 

NIPFC.K:CLIP(MSC-FAP.KtOMSCeFAPoK) L04, A
 
NIPVC - NEEDED IMPORTED PER CAPITA FOID CALORIES,
 

CALS/PER SON-DAY
 
MSC - MINIMUM SUBSISTANCE CALORIFS, CALS/PERSON-


DAY
 
FAP - FOOD AVAILABLE PER PERSCN-DAY9 CALORIES/
 

PERSON-DAY
 

MS,,1900 L10,
 
MSC - MINIMUM SUBSISTANCE CALORIES, CALS/PERSON-


DAY
 

TIMTFoK:T]MTF.J+DTTMTF.JK It[, L
 
TIMTF - TOTAL IMPORTED METRIC TONS OF FOOD AS
 

PILLET OR SORGHUM, METRIC TONS
 
IMTF - I PPORTEO METRIC TONS OF FOOD, METRIC
 

TONS/TR
 

http:GOATS=0.77
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IMTF.KL=CLIP(CLIP(O(NIFC-.KPrJP.K)/13270*IO00), 112, R 
TIME.K tTTFP )OT IME.KT IFP) 

IMTF - I MPORTED METRIC TONS OF iODC, METRIC 
TONS/TR 

NIPFC - NEEDED IMPORTED PER CAPITA FOOD CALORIES, 
CALS/PERSON-DAY 

POP - POPULATION, PEOPLE 
TIME - TIME OF INITIATION OF SIMULATION, YEAR 
TTFP - TIME OF TERMIMA71iON OF FOOD POLICY, YEAR 
TIFP - TIME OF INITIATION OF FOOD POLICY, YEAR 

TIFP=2100 
 L14t C
 
TIFP - TIME OF INITIATION OF FOOD POLICY, YEAR
 

TTFP=21CO 115, C 
TTFP - TIME OF TERMIMATION OF FOOD POLICY, YEAR 

TPFC.K=FAP.K IMTF.JK*1000*3270/POp.K 116, A 
TPFC - TOTAL PER CAPITA FOOD CALORIES FROM ALL 

SOURCES,CALOR IES/PER SON-DAY 
FAP - FOOD AVAILABLE PER PERSON-DAY, CALOR::S/ 

PERSON-DAY 
IMTF - I MPORTED METRIC TONS OF FOOD, METRIC 

TONS/TR 
POP - POPULATION, PEOPLE 

OMR.KL=SWITCH(OPOP.K*SNOMR.K,SW6) 117, R
 
CMR - OUT-MIGRATION RATE, PFRS3NS/YR
 
POP - POPULATION, PEOPLE
 
SNOMR - SMOOTHED NORMAL OUT-MIGRATION RATE,
 

PERSONS/YR
 
SW6 - SW6=O INDICATES NO OUT MIGRATION
 

S'IMR.K=SMOOTH(NOMR.K,MD) IIH, A 
SNOMR - SMOOTHED NORMAL OUT-MIGRATION RATE, 

PERSONS/YR 
NOMR - NUTRITION EFFECT ON OUT MIGRATION RATF, 1/ 

YR 
MD - MIGRATION DELAY, YEARS 

MD=3 W)(4, C 
MD -MIGRATION DELAY, YEARS 

NOMR.K=TABHL(NMTTPFC.K/NCPD,.4,1.6,.2) L2(,, A 
NOMR - NUTRITION EFFECT ON OUT MIGRATION RATE, It 

YR 
NMT - NUTRITION-MIGRATION TABLE 
TPFC - TOTAL PER CAPITA FOOD CALORIES FROM ALL 

SOURCESCALOR IES/PER SUN-DAY
 
NCPD - NEEDED CALORIES PER DAY, CALORIES/PERSOdN-


DAY
 

NMT=.25/.I/.04/.005/0/-.005/-.02 t21, I 
NMT - NUTRITION-MIGRATION TABLE 

http:NMT=.25/.I/.04/.005/0/-.005/-.02
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SOCIAL AND CULTURAL VALUES
 

FFHN=.92 125, C 
FFHM - FRACTION OF FOOD HERB ALLOCATED TO MILK, 

DIMENSIONLESS 

FSF=.68 126, C 
FSF - FRACTION OF STOCK ALLOCATEO TO FOOD, 

DIMENSIONLESS 

FS,;=O 121, C 
FSG - FRACTION OF STOCK ALLOCATED TO GOOCS, 

DIMENSIONLESS 

INITIAL VALUES AND CONTROL SWITCHES
 

PPSC=IPPSC 131, N 
PPSC - PRODUCTION POTENTIAL FROM SOIL CONDITION, 

KG/HA 
IPPSC - INITIAL PRODUCTION POTENTIAL FROM SOIL 

CONDITION, KG/HA 

IPPSC=1 60 132, C 
IPPSC - INITIAL PRODUCTION POTENTIAL FROM SOIL 

CONDITION, KG/HA 

FPP=IFPP 133, N 
FPP - FORAGE PRODUCTION POTENTIAL, KG/HA 
IFPP - INITIAL FORAGE PRODUCTION POTFNTIALt KG/ 

HA 

IFPP=160 134, C
 
IFPP - INITIAL FORAGE PRODUCTION POTFNTIAL; KG/
 

HA
 

T ItE=NT IME 135, N 
TIME - TIME OF INITIATION OF SIMULATION, YEAR 
NTIME - START OF SIMULATION, YEAR 

NT IME=1920 136, C 
NTIME - START OF SIMULATION, YEAR 

SFUI=ISFUI 137, N
 
SFUI - SMOOTHED FCRAGE UTILIZATION INTENSITY,
 

DIMENSIONLESS
 
ISFUI - INITIAL SMCOTHED FORAGE UTIL17ATION
 

INTE4ISiTYt DIMENSIONLESS
 

I SFUI=. 2 13li, C 
ISFUI - INITIAL SMOOTIED FORAGE UTILIZATION 

INTENSVTYt DIMENSIONLESS 

TSSU=ITSSU 13), N 
TSSU - TOTAL STANDARD STOCK UNITS=1.67 CATTLF=10 

SHEEP OR GOATS=O.77 CAMELS 
ITSSL - INITIAL TOTAL STANDARD STOCK UNITS 

http:GOATS=O.77
http:UNITS=1.67
http:FFHN=.92


ITSSU=25CE3 

ITSSU -

POP=IPOP 
POP -
[POP -

I POP=54.6E 3 
IPOP -

TlPTF=O 
TIMTF -

LTSSR=I LSSR 

LTSSR -

ILTSSR 

ILTSSR=450E3 
ILTSSR -

SWI=1 

SWI -


SW2= 	1 
SW2 -

SW5= 
SW5 

SW6=1 
SW6 -

S 7:I 
SW7 
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140, C 
INITIAL TOTAL STANDARD STOCK UNITS
 

141, 'J 
P')PULATION, PEOPLE 
INITIAL POPULATION 

142, C 
INITIAL POPULATION
 

143, N 
TOTAL IMPORTED METRIC TCNS OF FOOD AS
 

MILLET OR SORGHUM, METRIC TONS 

144, N
 
LONG TERM SUSTAINABLE STOCKING RATE IN THE
 

GRA2ING AREA, SSU
 
INITIAL LONG TERM SUSTAINABLE STOLKING RATE
 

145, C 
INITIAL LONG TERM SUSTAINABLE STOCKING RATE
 

148, C 
SWI=O INDICATES 10 YR. AVE. RAINF-ALL, SWI=1
 

INDICATES DROUGHT IN YEARS '71,'72,'13
 

15 , C 
SW2=O INDICATES FPP AND TSSU FIXFO 

1'i2, C 
SW5=O INDICATES POP IS FIXED
 

154, L
 
SW6=O INDICATFS NO OUT MIGRATION 

15-,,
 
SW7=O INDICATES NO I-YR. DRO'JG4TS AT I Y'. 

INTERVALS
 

SPECIFICATIONS
 

http:POP=54.6E
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FIGURE A-3: Utlizati 'n Intensity-Production Potential Table, UIPPT 
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FIGURE A-4: Rain Quantity Table, RQT 
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FIGURE A-7: Calvitig 	Rate Table, CRT 
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FIGURE A-8: Days in Sahel Table, DAYT 
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FIGURE A-9: Days in Sahel Multiplier Table, DMT 



-258

0.28

cp 0.266 0-

C0


S0.24

0
*- 0.22 

.0.20-

Effect of
0 "Continuing 

zo 0.18- Veterinary 

.16 -- Services -... __ 

zm1 4 I I14! ! 
1920 1930 1940 1950 1960 1970 1980 1990 2000 

Time 
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FIGURE A-12: Milk Production Table, MPT 
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FIGURE A-13: Average Lifetime Table, ALT 
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FIGURE A-14: Food-Lifetime Table, FLT 
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APPENDIX B: CalcUlation of the Maximum Attainable 
Live Weight Offtake Rate 

1. Assuming a mature herd of one cow and 0. 05 bulls, it is possible 

to calculate the rest of the herd and offtake rates as follows: 

mature immature young 
08 	 females=l -0. 08 herd=0. 2 0. 08 0.72 to be 0.72 

I offtaken yo-ungo10.72 animal 
offtake 

mature mature 
animal males=. 05 

0. 8 Calving Rate 

2. Mature animals have a useful lifetime of 12-14 years (Matlock, 

1974), yielding a mature animal offtake 	rate of: 

1.05 = 0.08 
13 

3. In a stable herd, the immatures just replace th:e mature offtake. 

It takes immatures 2. 5 years to become useful, leading to an 

immature herd of: . 08 x 2. 5 = 0. 2. 

4. An excellent calving rate is 80 percent, all of which is allocated 

between the immature herd and young awaiting offtake. Young calves 

stay in the herd for one year before offtake, leading to a young calf 

herd of: 0. 72 x 1. 0 = 0. 72 and a young calf offtake rate of 0. 72. 

5. A young calf weighs 140 kg, immature animals average 300 kg, 

and mature animals 450 kg over the entire year, leading to a total 

standing stock weight of: 

mature 1.05 x450 = 470.
 

immature 0.2 x300 = .60.
 

young 0.72x140 = 101.
 
Total 631.
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6. 	 Total live weight offtake is: 

mature 0.08 x 450 = 36. 

young 0.72 x 140 = 101. 

Total 137. 

7. 	 The offtake ratio is: 137 = 22% 
631 

8. This is optimistic because death rates were not included for any 

of the age groups. 
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APPENDIX C: Irrigated Forage Production Calculations 

1. There are two sedimentary basins which underlie the Tahoua 
district and may be useful for irrigation purposes. The following
 
information 
was found in Ground Water in Africa (U. N. 1973) and
 
Les Eaux Souterraines (Archambault 1960). The details of the
 
SEDES pastoral units were found in Projet De Modernisation de
 
l'Elevage en Zone Pastorale, (SEDES, 1973).
 

a) The Continental Intercalaire, in the northeast of the Tahoua 
district, underlies 20 percent oi the district, has good water, 
and is composed of sand, clay, and sandstone indicating 

a five percent specific yield estimated from Chow (1964) and 
an average thickness of 500 m. See Figure C-1 for its 

orientation.
 

b) The Continental Terminal, in the southwest of the Tahoua
 
region, underlies 10 percent of the region, 
has good water, and 
is composed of sandstone, sand, and clay indicating a specific 
yield of 10 percent, estimated from Chow (1964) and an avsrage 
thickness of 100 m. See Figure C-1 for its orientation. 

2. 	 The area of the Tahoua district is:
 

101 1 m 2
10 x 106 HA x 104m2 = 1.0 x 


HA
 

3. 	 The volume of water accessible in both of the basins is: 
l m 3a) 1 x 10 m x 20% x 500m x 5% yield = 5 x 10

111 2 111 3 
b) 1 x 10m x x 10x l0m x10%yield = 1 x10 m 

= 6 x 1011 m3Total water 

4. If, because of the extremely low apparent recharge rate of these 
reservoirs and our interest in a sustainable yield, we require that 
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FIGURE C-I: 	 Aquifers Underlying the Tahoua Study District. From: 
Ground Water in Africa (U. N., 1973). 
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these reservoirs last tu- 100 years, then there is available 

6 x 	10 9m 3 water/year. 

5. With an average surface area of 31. x 10 3HA/pastoral unit, and 

approximately 40 such units, the SEDES project covers: 

40x 31.0 x103 = 1.2x10 - 1 = 12. % of the Tahoua area. 

10. 0 x 106 

6. 	 Of the possible 6. x 109 m 3/year water available, the SEDES53
 

projects use 42. x 10 5m or:
 
5 3 - 4
42. 	 xl105m 3 - 7. xl0 = .07%.
 

x l09
6. 

7. 	 The total yield of irrigated forage from the 40 pastoral units is 

4. 6 	x 106 kg. The yield of natural forage is 13. x 10 8kg, using 

150 kg/HA for the rest of the Tahoua area. This yields an increase 

in the aggregate average kg/HA due to the pastoral units by a 

factor of
 
6 	 6

4.6x10 + 1300x10 6 1.
 
x 106
1300. 

8. Now, if all the 6. x 109 m3/yr. water is used to produce forage 

at 2. 5 x 104 kg/HA needing . x 104m3 /HA water, then the surface 

area irr-,gated would be: 

6. x 10 9m 3 6 x 105HA 

1. x 104m3 /HA 

and the irrigated forage production would be: 

6. xl 09m x2.5xl04kg/HA = 15. xl09 kg. 

1. x 	10 4m3 /HA 

9. Using all the apparently available water to produce irrigated 

forage yields an increase in the aggregate average forage production 

by a factor of: 
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natural forage production = (10-,, 6) x 106HA x 150kg/HA = 

14. x 10 8 kg. 

increase factor =1.4x109 + 15x10 = 12. 

1.4 x 10 9 

Note: All of these figures are used in Section 5.1 in the 
discussion of the possibility of irrigated forage production. 



-267-


APPENDIX D: ECNOMAD3 Model Equations 
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,q TE F C N C'M A D 3 
NCTE 11w* 9*3 R tw*** * x v k, * t witi 
NOT E AN ErGHT-IEVEL 4COFL CF THE RANGELAND-LIVFiTJCK-P~qULATIN
NCTE ECCNCMY INTERArTICNS IIKSAHFLIAN WEST AFRICA 
NOTE 4c*7 9*A t*i t******i N'4 *C:*t*kg ;XV o 

NOTF RANGFLANl SECTC-1
 
NOT E
 
L PPSC.K=I'PSC.J.DT*SCC.jK
 
R SC)R.KL=(CI1TSC.K-PPScC.K)/SCT.K(
 
A SCT.K=TABH1(SCTT,([LTSC.K-PPSC.JtPPSCK..1,1,.)
 

A ILTSC .KTAPH~L ( SCTAII 9FUJII. t U91 .2 1
 
T SCTAR=451/435/423/380/253/14
 
A FUI.K=CLIPCAJ.KDS.KSFR/(FPP*..Q..KI.HAAS.K),
 
X AU.KI'I)ISKASFP/tFPP.K*RJ4.K*I..AAS.K),1I
 
A HA AS. K=TAIHL4(HAA ST,T I Iv-K 9 192) 1qd.), .)?wJE6

T HAAST=6/6/L8/9
 
C SFR=12.8
 
A DI S. K=TA i3HL (1)1S T ISF LI .K 
 , I l? I SMq. K 
T DI ST=17U/17t,/Ib3/145/110/70
 
A SF UI .K= SIJCTH(FuI.K9C ISI
 
C 0 1JSDDL=3
 
A 01!SM. K=TARIL (n ISV~T, 1VE K,102u,198 0 1
 
T 1)1 SMT= I/ 1/ 1.J5/1.1/1 .?/1.3,/l.* 3
 
L FPP.K FPP.J OT*(FPPCR JK)

R FP PCR KL=( PPSC .K IJIFFk.X-FrP.IKO/FFPCT.K
 
A UIPP14.K= TAEHL (U1IPPT,FUI aK 9 t19 .2)
 

A FPCT.K= T4HL (FPC TT , (U IPPM.K DPSC.K-FP.K)/FPP.K,~,1.
 
T rPCTT=3/3/3/3/5/15/20/21/2 2

A RQ M.K TA13HL (RQ T YR oK 9( 6CO 9300 1 

NOTF 
NOTE VFARLV RAINFALL 
NOT E 

C SD=7?
 

X ?5 4/27I/154/277/247/283/421/742/184/238/
 
X 215/225/ 164/289/2C6/3e4fl 1C/35'./2S3/lg9/

X 377/231/ 36c/374/388/31/2qj/252/e4 11/358/

X 23/9/5 2925/1/9i)32619/
 
X 25u/If?/ 171/ 16 1/
 
NOJTF
 
NOTE LIVFSTriCK SFCT)IR
 

1. AIJ.Kt.j4DT*( CR.JK-SCP.JK-TrK.JK(3 
R SDR.KL=AIJ.K*.NSDR.K1*F-rrQ.K 
A N4S').K=TARHLNSCTTM.K19J2.L,, i)
T 
A FS9R14.K=TABHL(SSTvFLI.(,C v1.2)
 

T CR T=.75/.7/dS5/.6/.5/.3 
C F-AF=.44 
k l'R.KL=AII.K*( FSC K+FSfF XI 

http:F-AF=.44
http:PPSC.K=I'PSC.J.DT*SCC.jK
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A MPPLC 0 K=TABIL( I MPTFL 1 .1( too 1.2) 

A MP PC K=MPPLi:.K*CR.JK*1 .61I66OkFSM.K/(POP K 365)
A PO).K=(TGP.JK/flELAYI(AUI.K.1, )*1.C

A SGR.e&=t( CR.JK-SflP.JK-TOR.JK)/)FEI 
 AI( AIJ.K? 111 IJ1)

A PC AU. KAU.K/ POP. K
 
N3T E
 
NOTE ECCNCMIC SECTOR
 
NOTE
 
A MU.=AH(NPiPCK 
 ~CKC25.liI
 

A TNMCC.K=(IAII.K*FSMF.KPPAIJK*32O)(P)KM.PP.KPl 
4 () J1 

C FMMF=.7
 
A 
 MIIMF.K=TABHL (41JMFT,TNMCC.K/CMFC.K,.#.5, S)
 

A MM.K~mPPLC.K*CR.JK*1.67*FSS!I.
 
A MUSI.K=TA8HL(MUSIT,AtJ.K-FSS,(/(DSIrPJP.K) 

,pC).5)5
 

L PW.K=PW.J+DT*(PWA.JK-PWCR.JKI
 
R~ PWOR.KL=PW.K*PWOF 
R PWA.KI=U(A(I.K*FSG.KIIPPAtJ.K)/(PPUG*POP.K))i-

X ((.41eK * IFM%1FIMPI)LP.K)( PPIGPCPk ))-(TAX.K)

A TAX.K=CL IP(PCAU.K*TR.CTPTimF .K#rITPI
 
C CTR=0
 
C TR=251j 
C TITP=25(Cc 
C PhOF=.17
 
A PPAU.K=TAt3I4IPPAJTTlmEeKl97Ci,2:-CA,5;
 
T PP4UT~ljE3/luE3/l3F3/lCFr/,#l 
 i/I'E4/l.jE3

A PPKI.'=TAHL PPKMTt TIME*K 9 B7'?vCV~Cv5)
 
T PPKM4T=30/3(0/3G/30/3C/3C,23
 
A PPMKTRH 
 iMTM.P97j,2LO(.,5;
 

C PPtJG=t
 
A MUG.K=TARHL(M~UGTPW*K/)Ph.Kf!,2.i..,j
 

A MIC.K=TAIHL(MUCTAF.K/DFI) 2.5,.5J

T MIJCT=4/2.2/i/.4/r* 

2 /* [

1. FS4.K=FSfr.J~flT*1..CFSS! .JK-CFS4IF.JK-CFSG.JKI 
L FSSJ.K=F-SSJ.J+I)T*ICFSSI.JK)
 
L FSMF.K=FS4F.JtOT*CFSMF.JK
 
L FSG.K=FSG.J*+TT*CFSG.JK 

R CFSM.KLtPMFM.K1*FSPF,,/%r 
R CFSG.KL=fRGM.K1I*FSG.K/ATGI,
 
A RSIM.K=4t.SI.K/MLM.K 
A RMFM.K=fwW14F.K/4LM.K 
A RGm.K=MIjG.K/NMUY.K 
C ATF=4 
C ATGlI=3 
NOT E 
NOTE SLJCIAL VALUES 
NOTE 
A OMC. K= TAI,-IL (rT TImE.c , 1 7,,2CC-0951 

A OMFC.K=TARK 
fDMcCT,TIME . N, IS7-19 ,'C ) -2 

http:FSG.K=FSG.J*+TT*CFSG.JK
http:FSMF.K=FS4F.JtOT*CFSMF.JK
http:FSSJ.K=F-SSJ.J+I)T*ICFSSI.JK
http:PhOF=.17
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T rwr-CT=120V,/1200/12).C/ t20C/12(',J/126C/120C 
C FDSE= .01 
C 0S1=1.17 

C flF=2jO 
NOUTE 
NnTF DEWGRAPHIC SECTCR 
NOTE
 
A TFPC.K=SWlt rH(TFPC2.K,TFPrl.',Sl%.K)
 
A SWL.K=TA4L(SWlTAiTIME.K,1971,ISE1, 1)
 

NOTE SWU11 FOR YEARS ~iTH F-10C RELIEF 
A TF-PCI.=LP1 .KTMCK1CCmP.+P"C.,8.l 
A TFPC2.K=TNMCC.I(*MPPC.K 
A IMFKSIC191C-PCKTMC.~(,PK~5/32F)S-lK 
L T!%TF.K=TIMTF.J~rflC:(CLIP(IMTF.JJP4TF.Jif)I 
L POP.K=PP.J+D)T*(PR.JK-CR.JK-CMR.JKI 
R I)R.KL=P3P.K/AL.( 
A AL.K=NAL.K*FLm.K 
A FLm.K=TABHL(FLTtTFPC.K/NCP'hO,2,1)
 
T FLT=O/1/1.25
 
A iNAL.K=TABHLINALTTIVE.Ktl?2J, 180, 1w)
 
T NALT=22.5/24/27/31/37/4f4)
 
R OMR.tLPtP.KvWSCMR.K 
A SOMR.K=SMOlTkilTAB3Hi (CMkTTFPC.K-iNCPrl,.5,1.759.25)tMf)I 
T CMT=.25/.U5/t)/-.GL/-.C?/-.C5 
C MP=3 
R 8P.KL=P3P.Kv-FIPAP'AF.K/JCj 
C FPAR=.25 
A AF.K=T~tHL(FTI,'JC,.,2.~l) 
A SRCG.K=SmOflTH(MIIC.K/MIIC.KFST) 
C NCPD=?)Vr 
T FTAz3=U/ZCU/3C.Q 
C FST~lol 
A DGR.K=I((3A.j(-fR.JK-CFR.JK)/OELAYtIP"P.KIJ ILC 

NOT E 
NO~TE INT'JIAL VALUES 
NOT E 
N PPSC=IPPSC
 
C IPPSC451
 
N SFU1=TSFOI
 
C I SFUI =. 2 
N PW=IPW 
C IPW=1140C
 

N FSN=IFSM

C IFS'4=.5C. 
N FSSI=IFSSI 
C JF-iS!=.4C
 
N FSF=IFSNF
 
C IFSMF=.02
 
N FSr,=IFSG
 
C IF SG=.3R
 
N SOMP=ISOMR
 
C TSCMR=O
 
N TIME=ITIME
 
C ITIMFi92O
 
N POP=IP91P
 

http:IFSMF=.02
http:JF-iS!=.4C
http:IFS'4=.5C
http:FPAR=.25
http:CMT=.25/.U5/t)/-.GL/-.C?/-.C5
http:FLT=O/1/1.25
http:0S1=1.17
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C IPOPf7OE3 
N AU=IAU 
C IAU=30OE3 
N FPP=IFPP 
C IFPP=451.
 
N SRCG=l 
.N T IMTF=O 
NOT E 
NOTE SPECIFICATIONS 
NOT E 
SPEC DT=1 
A PLTPERK=PPI-STEP(PPIRtPPST)

A PR TPER.K=PP I-STEP( PPI Rv PPST) 
C PP I=52
 
C PPIR=50
 
C PPST=1972
 
NOISE 1234567
 
C LENGTH=150
 
PLOT PPSC=S(0600)/POP=P(O,15E4)/AU=A(O,8E5)/
 
X PW=W(O,80E3)/YR=R(O,800)/TFPC=F(-IOOO,3000)
 
PLOT FSM=M FSSI=IFSMF=FFSG=GtFUI=U(O )/PO=C(O,40)
 





-273-

APPENDIX E: 	 SOCIOMAD DYNAMO Flow Chart 

FIGURE E- 1: 	 SOCIOMAD DYNAMO Flow Chart (on 
next page) 



-274

:
-- N, "
 
/ .. . "" *"5\- . . 

/ ,- - I .
$OI aMIS

'/ -- ........ S.
l 

I -,, '/\ 

..... ,E ,SSAM. 
US O 

S- - S- "50" -E--M 

* ** I I F ' ,I 

I
5I 
 I 

\A A Y%-1A' IT// 

M O M"IA-- .2 . ... . . . . ," , , ,' - N' I': 
> '\ i! 

lA 
. I !PEM'% ,, N. ,

'"' I SMI/AMASIPLIEu Uk T 

-' 
FIGURE v l % o u- El SM I 

I . . .. IA F 

Il~llr,, ,IIlUl~lI - Ii. I, -- SSSM aMAS -.
. n ..

/ ., I l OSSAIS. 
'A 

I 
, " I a /]llll

I liO oo+..k.........
. . . .. 
i PAS'- \ SI / ' / A...iOhi /''""# ~ 

*SOMI/CIAS _ rASI/I/ITI 
ASAIlSIIII I 'oi l/+, \"" I " 

I 
I MASAollll 5\. " - S.. k['AII 'A -: 

I IOO2 
M 

iiii \iIA /i, // MAS.ASu IS , I I // 515 \.......I --
N - ,.. ,, ", o.S 
 Al,' .. . ..
N 'A. '' :'La I S" 
I - . . N.i /N ._ I ii- MASAIM l hA/Ir/11 I 

5), \1 . FIAMREOEl: SOCIO*A DYNASMO FIA 



" I -o- - - - --

A21 AV 
A#00 iAC 


00*LALL. 

A A. . AA. OP 

\ S. "4 A.\ 

, L .... 

, - - -,- ..- . . . . . 
ASSi 

\% AA ....I., . L 

\T.0~ { - %~Pc0CCAP * 

LI . I 00,.. . . ..0*-.. 

", I " ?°I 

000 tk n l t tf 

-- ~ ~~ --- - - - - -hO-t- - - - - o 

/ 006 

AAti a I O , 
. 

Flow Char.t a0 





-275-

APPENDIX F: A Technical Description of SOCIOMAD 

The following is an equation-by-equation description of the 
SOCIOMAD model. All equations are written in DYNAMO (see 
Pugh 1973). The numbers following each equation can be used to 
reference them on the DYNAMO flow chart shown in Appendix E. 
Some of the purely descriptive equations which do not have a function
 
in the model, like the population growth rate equation, 
 are not shown
 
on the flow chart , 
to save space. All table functions can be found
 
following the text of this Appendix, 
 and should be referred to, along 
with the flow chart, as each equatinn is described. Persons wishing 
to run this model will find this text contains a complete set of the 

SOCIOMAD equations. 

The primary purpose of this Appendix is to describe the empir
ical data that wao used in SOCIOMAD. The theories and assumptions 
upon which the structures and levels of aggregation are based have 
already been discussed in the text proper with the aid of causal flow 
diagrams and will not be reviewed here. 

In most cases, some indication of the numerical values of the 
table functions and constants could be found. This data was regarded 
as providing a reasonable range for the model parameters, which 
often differed from the empirical values either because of slight definitional 
differences, or for the sake of consistency with the rest of the model. 
Since these data were not origirally collected for a single model, and 
since an explicit model of pastoralism has never been made, it cannot 
be assumed a priori that data, even when taken from the same source, 
are quantitatively consistent. 
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The Forage Production Sector 

The production potential from soil condition, PPSC, Is a 

measure of the ability of the soil to support plant growth in terms of 

soil texture, water retention ability, nutrients and depth. Soil pro

duction potential deteriorates through compaction by animal's hooves 

and by wind and water erosion according to the soil condition deteri

oration rate, SCDR. This process is called desertification. The soil 

condit-on may improve if conditions are favorable for soil improvement. 

PPSC. K=PPSC.J DT*SCDR.JK 2, L 
PPSC - PRODUCTION POTENTIAL FRCM SOIL CONDITION, 

KG/I-A 
DT - SiMULATION TIME INCREMET, YEARS 
SCDR - SOIL CONDITION DETERICRATIGN RATE, KG/HA/YR 

The soil condition deterioration rate, SCDR, is proportional to 

the difference in the present soil condition and the long-term soil 

condition indicated by the present forage utilization intensity, ILTSC. 

The magnitude of this change is averaged over the soil change time, 

SCT. 

SCDR.KL= (ILTSC.K-PPSC.K)/SCT.K 3, R 
SCOR - SOIL CONDITION DETERIORATION RATE, KG/HA/YR 
ILTSC - INDICATED LCNG TERM SOIL CCNDITION, KG/HA 
PPSC - PRODUCTION POTENTIAL FRCM SOIL CONDITION, 

KG/HA 
SCT - SOIL CHANGE TIME, YRS 

The soil change time, SCT, depends on the magnitude of the 

eventual change in soil. condition, as -shown in Figure F-i. This function 

causes the soil to deteriorate more rapidly as the soil is abused more, 

or as ILTSC decreases below the present value of PPSC. Conversely, 

the greater the indicated soil improvement, the longer the change takes. 

Many accounts reviewed by Kassas (1970) suggest a time constant of 

from 4 to 10 years for the desertification process. Odum (1971) has 

http:DT*SCDR.JK
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shown that successional changes in severe climates may take several 

generations at least, and Cockrum (1974b) has indicated that at least 

80 years would be needed for a significvnt successional change in the 

sahel and subdesert, based on experience in the southwestern 

United States. 

SCT.K=TABHL(SCTT,(ILTSC.K-PPSC.K/PFSC.K,-lp,I. 2 5) 4, A
 
SCTT=44/5/6/l O/4C/60/70/8C 4.1, T
 

SCT - SOIL CHANGE T IME, YRS 
SCTT - SOIL CHANGE TIPE TABLE 
ILTSC - INDICATED LCNG TERM SOIL CCNDITI3), KG/HA
PPSC - PRODUCTICN POTENTIAL FRCM SOIL CONI)ITION, 

KG/HA 

The indicated long-term soil condition, ILTSC, decreases more 

rapidly a. forage utilization increases, as shown in Figure F-2. The 

absolute value of this function depends very much on how one defines 

the area over which it applies -- whether it includes i ocky non-productive 

areas along with good pastures. Manetsch (1971) and Tyc (1974) have 

given estimates of 148 to 144 kg/ha for aggregate sahel areas. 

Reynolds and Martin (1968) have shown average productivities of 

between 150 and 1000 kg/ha, depending on the elevation, in Arizona. 

Walter (1964) has cited a productivity of 2700 kg/ha in grasslands in 

southwest Africa under similar rainfall conditions as the Tahoua area. 

It is not known whether the lower estimates of Tyc"and Manetsch 

represent the present degraded conditions or the ultimate productivity 

of the sahel. The higher estimates of Reynolds and Walter must 

pertain mostly to good pastures without large wasted areas. At a 

rainfall level of 300 mm and under a forage utilization intensity of 

0. 5, the ILTSC curve was calibrated at 150 kg/ha in the SAHEL2 

model and raised to 400 kg/ha in the SOCIOMAD model in order to be 

consistent with the number of animal units observed on the range, 

the forage they require, the observed desertification rate, and the 



-278

maximum likely fraction of the range accessible for grazing. 

5, AILTSC. K=TABHL(SCTAB, FU I.KC,1.2 

8 0 /2 5r3 /14 5.1, T
SCTAB=451/435/423/3


INDICATED LONG TERM SOIL CCNDITI]N, KG/HA
ILTSC -

SCTAB - SOIL CONDITION TABLE
 

FORAGE UTILIZATION INTFNSITY, DIMENSICNLESS
FUI -


Forage utilization intensity, FUI, is the ratio of the forage re

quired by livestock to the forage actually produced each year. This 

ratio has an upper limit of 1. Any supplemental feed is added to the 

yearly forage production as kilos per year supplemental feed used, 

KSFU. 

FU I.K=CL I P( ,AU.KDI S.K*SFR/ (FPPK'kPCV.K*IHiAAS.Kt 6, A
 

KSFU.K ),AU. KD I S .K**SF R/(FPP.Kn:RQM.K*HAAS.K+
 
KSFU.K) ,l)
 

FUI - FORAGE UTILIZATICIR INTENSITY, DIMENSICNLESS 
AU - ANIMAL UNITS, 450KG---1.67 CATTLE=I0 SHEEP OR 

GOATS=.77 CAMELS
 
DIS - DAYS IN THE SAHEL GN TRANSHUMANCE, CAYS
 

SFR - STOCK FORAGE REQUIPEMENT, KG/AU-CAY 
VpP. - FORAGE PRODUCTI)N POTENTIAL, KG/HA
 

RQr. - RAIN QUANTITY MULTIPLIER, DIMENSIONLESS 
HA,.S - HECTARES ACCESSIBLE TC STCCK, I-A 
KSFU - KILOS PER YEAR SUPPLIMENTAL FEED LSED, KG
 

The hectares accessible to stock for grazing, HAAS, is a function 

of exogenous well-drilling activities, the dynamics of which are shown 

in Figure F-3. Ty (1974) has indicated that approximately 80 percent 

of the land is now utilized in the sahel, and Ilouerou (1970) has indicated 

that this Is a typical maximum. The simulated history of HAAS is based 

on the time-phasing of the well-digging programs in Niger. The, -e

1940 HAAS is an hypothesis based on the distribution of ephemeral 

lakes and hand-dug watering points in the Tahoua area (INSEE, SEDES 

1966). 

The stock forage requirement, SFR, is the dry weight of forage 

needed to support one animal unit weighing 450 kg for one day. In the 

http:GOATS=.77
http:450KG---1.67
http:kPCV.K*IHiAAS.Kt
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SAHEL2 model, SFR was 5 kg/AU-day as given in Okorie et al. (1965), 

but increased later to 12.8 kg/AU-day in the SOCIOMAD model as more 
support was given to a higher value cited by Spector (195C). (This was 
the reason why ILTSC was changed to a higher value in the SOCIOMAD 

model mentioned above.) 

HAAS. K=TABHL(HAASTTIME.K,1920,20 2 0 2 0)9 IE6 7, A
HAAST=6/6/8/8/8/8 7. 1, T
SFR=12.8 
 7.2t C 

HAAS - HECTARES ACCESSIBLE TO STCCKI H 
HAAST - HECTARES ACCESSIBLE TO ST3CK TABLE 
SFR - STOCK FORAGE RECUIREMENT, KG/AU-[AY 

The days in the sahel on transhumance, DIS, can be one of two
 
functions, depending on whether a transhumance policy is initiated,
 

as in Figure F-4.
 

DIS.K=CL JP(DIS2.K, DIS. K,TIME.KTITPP) 8, A 
DIS - DAYS IN THE SAHEL CN TRANSHUMANCE, DAYS

DIS2 - DAYS IN THE SAHEL WITH TRANSHUMANCE tVGT., 

DAYS
 
DIS1 - DAYS IN 
THE SAHEL 6ITHCLT TRANSHUPANCE
 

MGT., DAYS
 
,TITMP 
 - TIME OF INITIATION OF TRANSHUHANCE MGT. 

POLICY, YEAR 

Bernus (1966) and Johnson (1969), who have studied the trans
humance patterns of the pastoralists in the Tahoua area, have noted 

that a maxi.num of 180 days is normally spent in the area, DIS1, and 

that as little as two or three months may be spent in the area if rain

fall is low and forage is scarce. In the dry season, the Tuareg move 

north to I-n-Gall, Agadez, and into the Air Mountains; and the Fulani 

generally move to the sudan agricultural zone south of Tahoua. DIS1 
also increases due to the effect of well-digging programs, DISM. 
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0 ISI. K=TABHL(DIS IT tSFUI *K,0,,-2*DISO-K 	 9, A
9 ,19 T
DlSiT=17T)/170/I60/145/11C/7Tn 

DAYS IN TP " SAPEL tWITI-CUT TRANSHUMANCE
DISI -
MGT., DAYS
 

IN THE SAHEL WITHOUT TRANSHUMANCE MGT.
DIS1T - DAYS 

TABLE
 

SFUI - SMOOTHED FORAGE UTILIZATION INTENSITY*
 
DIMENS IONLESS
 

DISM - DAYS IN SAHEL MULTIPLIER, CIVENSICNLESS
 

The effect of a transhumance management policy, DIS2, is to 

make the duration of the transhumance much more sensitive to forage 

utilization intensity, SFUI, as shown in Figure F-4. A minimum of 

several months must still be spent in the sahel, however, to allow the 

agriculturalists in the Air Mountains and the sudan time to harvest 

the first of their crops. 

DI S2.K=T ABHL( DIS2TSFUI.K O 1 .2) 	 10, A 
10.1, TDIS2T=170/130/100/80/65/60 


DIS2 - DAYS IN THE SAHEL WITH TRANSHUMANCE VGT., 

DAYS 
DIS2T - DAYS IN THE SAHEL WITH TRANSHUMANCE MGT. 

TABLE 
SFUI - SMOOTHED FORAGE UTILIZATION INTENSITY, 

DIMENSIONLESS 

DISI and DIS2 both respond to the smoothed forage utilization 

intensity, SFUI. Under a transhumance management policy, the 

decision delay, DISDD, is reduced from 3 to 1 years. Three years 

was taken as a reasonable response time for a decentralized population 

to respond to changes in environmental conditions. Indeed, Allan 

(1965) indicates that a certain reluctance to shorten the transhumance 

as conditions worsen may be due to a deliberate attempt to overgraze: 

"The maintenance of animals on a piece of land to the detri
ment of its carrying capacity is a necessary evil for the 
African pastoralist. It is the only way by which he can 
maintain a high standard of health among his herds, and 
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has been deliberately made use of by him from time im
memorial. Persistent vegetation favours ticks, flies, 
and worms, while overstocking favours aridity and re
duces the incidence of parasitic diseases." 

SFUI.K=SMOOTH(FUI.K,DISDD.K) 1I, A 
SFUI - SMOOTHED FORAGE UTILIZATION INTENSITY, 

DIPENSI ONLESS 
FUI - FORAGE UTILIZATION INTENSITY, DIMENSICNLESS 
DISDD - DAYS IN SAHEL DECISION DELAY, YRS 

DISDD.K=CLIP(1,3,TIME.K,TITMP) 12, A 
TITMP=2500 
 12.1, C 

DISDD - DAYS IN SAHEL DECISION DELAY, YRS 
TITMP - TIME OF INITIATION OF TRANSHUMANCE MGT. 

POLICY, YEAR 

The traditional transhumance time, DISI, was increased ex

ogenously by the days in sahel multiplier, DISM, to reflect the timing 

and hypothetical inpact of the well-digging program as shown in 

Figure F-5. A survey of the existing watering points in the Tahoua 

area (INSEE,SEDES 1966) indicates that 16 percent of these are 

either drilled wells with hand pumps or tube wells with pump stations. 

Seventeen percent of the 552 watering points are seasonal lakes and 

the rest are shallow hand-dug pits or traditional wells with draw

buckets. The fact that the multiplier DISM increases by a greater 

percent than the actual numbers of wells probably dug under the well 

program reflects the greater reliability and depth of tube-wells and 

cemented pumps. (The resulting number of animal days the pastoral

ists spend in the sahel after 1970 is approximately the same whether 

the whole. herd makes the transhumance or whether 25 percent is off

taken at three or four months and the breeding herd remains behind 

the whole year. ) 

DISM.K-TABHL(DISMTTIME.K,1920,I BG, C 13, A 
DISMT=1/1/1.05/1.1/. 2 /1. 3 1 1. 3 13.1, T 

DISM - DAYS IN SAHEL MULTIPLIER, DIMENSICNLESS 
DISMT - DAYS IN SAHEL MULTIPLIER T74LE 
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The forage production potential, FPP, is the biological re

generative potential of the range which resides in viable annual seeds 

and perennial root biomass. FPP changes according to the forage 

production potential change rate, FPPCR. FPPCR is the difference 

between the ultimate potential under existing utilIzation intensities, 

PPSCUJIPPM, and the present potential, averaged over the forage 

production change time, FPCT. 

FPP.K=FP P.J+DT *1 FPPCR .JK) 14# L
 
FPP - FORAGE PRODUCTION POTENTIAL, KG/i.A
 
DT - SIMULATION TIME IKCPEEN7, YEARS 
FPPCR - FORAGE PROCUCTION POTFNiTIAL CHANGE RATE, 

KG/HA/YR 

FPPCR.KL=(PPSC.K*UIPPM.K-FPP.K)/FPCT.K 15t R
 

FPPCR - FORAGE PRODUCTION POTENTIAL CHANGE RATE,
 
KG/HA/YR
 

PPSC - PRODUCTION POTENTIAL FRCM SOIL CCNCITION9 
KG/HA
 

UIPPM - UTILIZATION INTENSITY- PROCLCTION POTENTIAL 
MULTIPLI ERDI MENS IONLESS 

FPP - FORAGE PRODUCTION POfENTIAL, KG/HA
 
FPCT - FORAGE PRODUCTION CHANCE TIMEt YRS
 

The utilization intensity-production potential multiplier, UIPPM, 

measures the extent to which present forage utilization intensities, 

FUI, reduce rPP below the maximum PPSC. The curve in Figure F-6 

shows that, at FUI values above 40 to 50 percent, the biological re

generative capacity of the range becomes severely impaired (Arizona 

Interagency Range Committee, 1972). 

UIPPM.K=TAI3lL(UIPPTtFUI.K,( 1t,2 16, A 
UI PPT=1/1/.9/. 7/o4/.05 16.1,T 

ULIPPM - UTILIZATION INTENSITY- PRODUCTICN POTEN;TIAL 
NUL fIPLI ERqDI MENS ICNL ESS 

UIPPT - UTILIZATION INTEN'SITY-PRCDUCTICN POTENTIAL 
TABLE 

FUI - FORAGE UTILIZATION INTENSITY, DIMENSIONLESS 

http:7/o4/.05
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The forage production change time shown in Figure F-7 indicates 
that, under severe overgrazing, FPP deteriorates with a time constant 
of 3 years, but that it takes about a generation to restore plant cover 
to a severely denuded range (Kassas 1970; Matlock and Cockrum 1974). 

FPCT.K=TARHL(FPCTTP(UIPPM.K~rPPSC.K-FP.K)/FPP.K-I 

17, A
 

1,.251

FPCTT=3/3/3/3/5/15/20/21/22 


17.1, T
FPCT - FORAGE PRODUCTION CHANCE TIME9 YRS
FPCTT - FORAGE PRODUCTION CHANGE TIME TABLE
 
UIPPM - UTILIZATION 
INTENSITY- PRODUCTICN POTENTIAL
 

MULTIPLI ERDIMENS ICNLESS
 
PPSC - PRODUCTION POTENTIAL 
FRCM SCIL CCNCITION,
 

KG/HA

FPP - FORAGE PRODUCTICN POTENTIALP 
KG/f-j
 

Yearly rainfall influences the yearly production of forage through
 
the rain quantity multiplier, RQM, shown in 
 Figure F-8. Within the range 
of rainfall 4a the Tahoua study area, this relationship is linear, as
 
shown empirically by Walter (1964) 
 and Reynolds and Martin (1968). 

RkQ.K=TABHL(RQTtYR.KtO,6C0,300) 

18t ARQT=O/l/2 

18.1, TROM1 - RAIN QUANTITY MLLTIPLIER, DIMENSICNLESS


PQT - RAIN QUANTITY MULTIPLIER TAELE

Yp - YEARLY RAINFALL, MM/YR
 

Yearly Rainfall 

The yearly rainfall records for Tahoua and Agadez shown
 
in 
 Table F-l originated from the Office de la Recherche Scientifique 

et Technique Outre-Mer (1961) for 1921 to 1960 and after 1960 
from the Direction de l'Agriculture (1972) and the Direction de la 
Statistique (1973). The mean and standard deviation of the 53-year 
records were used to generate yearly rainfall levels from 1974 on, 
assuming a normal distribution about the mean. The long-term 
average rainfall level and the standard deviation (calculated 
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TABLE F-i 

Rainfall Data For the Tahoua Study Area 
(mm) 

Standard 
Tahoua Deviation, 

and Tahoua Tahoua & 
Agadez and Agadez 

Agadez Tahoua Mean Agadez Mean 
Yearly Yearly Yearly Average Yearly 

Year Rainfall Rainfall Rainfall Rainfall Rainfall 

1920 120.00 384.00 252.00 .00 .000 
1921 56.00 241.00 148.50 252.00 18. 385 
1922 170.00 369.00 269.50 200.25 76. 259 
1923 155.00 418.00 286.50 223.33 66.179 
1924 120.00 354.00 237.00 239.12 59.314 
1925 107.00 271.00 189.00 238.70 56.674 
1926 88.00 228.00 158.00 230.42 62.327 
1927 145.00 424.00 284.50 24.0.07 72.105 
1928 106.00 308.00 207.00 228.12 68.016 
1929 148.00 349.00 248.50 225.78 68.320 
1930 154.00 353.00 253.50 228.05 65.745 
1931 203.00 338.00 270.50 230.36 63.342 
1932 220.00 488.00 354.00 233.71 60.893 
1933 157.00 397.00 277.00 242.96 62.094 
1934 157.00 336.00 246.50 245.39 59.989 
1935 180.00 386.00 283.00 245.47 58.615 
1936 230.00 611.00 420.50 247.81 56.878 
1937 132.00 352.00 242.00 257.97 64.680 
1938 139.00 228.00 183.50 257.08 63.494 
1939 139.00 337.00 238.00 253.21 65.395 
1940 184.00 366.00 275.00 252.45 64.413 
1941 140.00 310.00 225.00 253.52 62.935 
1942 120.00 208.00 164.00 252.23 62.536 
1943 210.00 367.00 288.50 24C.39 65.493 
1944 107.00 304.00 205.50 250.06 64.204 
1945 245.00 434.00 339.50 248.28 64.543 
1946 140.00 480.00 310.00 251.79 64.433 
1947 270.00 438.00 354.00 253.94 63.560 
1948 55.00 530.00 292.50 257.52 64.029 

(continued) 
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TABLE F-i 

Rainfall Data For the Tahoua Study Area (continued) 

(mrm) 

Standard 
Tahoua Deviation, 

and Tahoua Tahoua & 
Agadez and Agadez 

Agadez Tahoua Mean Agadez Mean 
Y early Yearly Yearly Average Yearly 

Year Rainfall Rainfall Rainfall Rainfall Rainfall 

1949 118.00 280.00 199.00 258.72 63.009 
1950 262.00 493.00 377.50 256.73 63.587 
1951 108.00 353.00 230.50 260.63 65.011 
1952 210.00 528.00 369.00 259.69 64.550 
1953 288.00 461.00 374.50 263.00 65.480 
1954 230.00 546.00 388.00 266.28 66.568 
1955 194.00 468.00 331.00 269.76 68.149 
1956 162.00 397.00 279.50 271.46 67.784 
1957 116.00 388.00 252.00 271.67 66.886 
1958 288.00 534.00 411.00 271.16 66.155 
1959 238.00 478.00 358.(P0 274.74 68.624 
1960 147.00 315.00 231.00 276.82 68.924 
1961 216.00 582.00 399.00 275.71 68.483 
1962 151.00 555.00 353.00 278.64 70.153 
1963 175.00 343.00 259.00 280.37 70.266 
1964 129.00 441.00 285.00 279.88 69. 539 
1965 150.00 477.00 313.50 280.00 68.787 
1966 97.00 464.00 280.50 280.73 68.248 
1967 155.00 790.00 472.50 280.72 67. 534 
1968 165.00 408.00 286.50 284.72 72. 387 
1969 82.00 317.00 199.50 284.75 71.669 
1970 40.00 460.00 250.00 283.05 71.809 
1971 93.00 271.00 182.00 282.40 71.221 
1972 74.00 267.00 170.50 280.47 71.768 
1973 76.00 245.00 160.50 278.39 72. 590 
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using a mean of 27 8) are also shown in Table F-i. The aggregate 

yearly rainfall level for the Tahoua study area was assumed to be the 

yearly mean of the levels for Tahoua and Agadez. 

YR.K=CL IP(NORMRN(2 7, SD) ,TABI-L(R TAB,T I4E.K,192C, 19, A 
1973,1 ),TIME .K,1974)
 

SD=72 19., C
 
RTAB=252/149/27U/287/237/189!158/2E5/21/2 1 9/254/ 19.2, T
 

271/354/277/247/283/421/242/184/238/275/225/164/
 
JB9/206/340/31C/354/293/199/3771/23 1/36S/3T4/388/
 
331/280/252/411/358/231/399/353/259/285/313/281/
 
473/286/ 199/250/ 182/171/161/
 

YR - YEARLY RAINFALL, 'MM/YR
 
SD - STANCARD DEVIATION OF YEARLY RAINFALL, (M1)
 

x1/2
 
RTAB - YEARLY RAINFALL TABLE
 

Livestock Sector
 

Livestock are measured in animal units, AU, and change in 

response to the calving rate, CR, the stock death rate, SDR, and the 

total offtake rate, TOR. An estimate of the cattle, sheep, and goats 

is given by INSEE, SEDES (1966) as 441, 060 animal units. Estimates 

at other times by other sources are giver in Table 5.1-1. 

AU.K=AU.J+DT*(CR.JK-SDR. JK-T OR. JK)- 21, L 
AU - ANIMAL UNITS, 450KG=1.67 CATTLE=TO SHEEP OR 

GOATS=.77 CAMELS
 
DT - SIMULATION TIME INCREMENT, YEARS
 
CR - CALVING RATE, !U/YR
 
SDR - STOCK DEATH RATE, AL/YR
 
TOR - TOTAL OFFTAE RATE, AL/YR
 

The stock death rate is the product of the standing stock, AU, 

the normal stock death rate, NSDR, and the forage sufficiency - death 

rate multiplier, FSDRM. 

SDR.KL=AU.K*NSDR.K tFSDRM.K 22, R
 
SDR - STOCK DEATH RATE, AU/YR
 
AU - ANIMAL UNITS, 45CKG=1.67 CATTLE=1O SHEEP OR
 

GOATS=.77 CAMELS 
NSDR - NORMAL STOCK CEATH RATE, 1/YR 
FSDRM - FORAGE SUFFICIENCY- DEATH RATE MULTIPLIER, 

DIMENSICNLESS 

http:GOATS=.77
http:45CKG=1.67
http:GOATS=.77
http:450KG=1.67
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The normal stock death rate, NSDR, is the fraction of the herd 

that dies each year due to all causes except starvation. SEDES (1973) 

indicates this is slightly under 20 percent and INSEE, SEDES (1966) 

shows an aggregate death rate of 18 percent. The history of NSDR as 

it responds to the timing and magnitude of exogenous veterinary 

programs explained in Chapter 3 is shown in Figure F-9. When future 

veterinary programs are simulated, NSDR is assumed to drop to 

14 percent , slightly higher than Matlock and Cockrum's (1974) estimate 

of a possible 12 to 13 percent. 

rISDP..K=TABHL(NSDRT,TIME.Kl920,2COU,10) 23, A 
NSDRT=.2/.2/.2/.2/.18/.16/.16/.16/.16 23.1, r 

NSDR - NORMAL STOCK DEATH RATE, 1/YR 
NSDRT - NCRMAL STOCK DEATH RATE TABLE 

The response of the stock death rate, SDR, to forage sufficiency 

is measured by the forage sufficiency-death rate multiplier, FSDRM, 

shown in Figure F-10. Manetsch et al. (1971) use the same shape 

curve, but assume a slightly greater effect of forage insufficiency on 

the death rate. 

F SDRM.K=TABHL( SST,FUI .K ,C, 1,.2) 24, A 
SST=.8/.83/.9/1.1/1.3/2. 24.1, T 

FSDRM - FORAGE SUFFICIENCY- DE4Th RATE MULTIPLIER, 
DIMENSIONLESS 

SST - STOCK STARVATION TABLE 
FUI - FORAGE UTIL IZATION INTENSITY, DIMENSICNLESS 

The calving frequency, CR, of adult cows also responds to forage 

utilization intensity, FUI, as shown in Figure F-11. Allan (1965) cit es 

a 40 percent calf drop, Cockrum (1974b) a 60 percent calf drop, and 

http:NSDRT=.2/.2/.2/.2/.18/.16/.16/.16/.16


-288-


Manetsch et al. (1971) give a continuous function which varies from 

10 to 40 percent depending on nutritional status. On well managed 

ranges in the United States, Culley (1946) states that calving rates of 

90 percent have been achieved. Possible increases in the calving rate 

under herd management in west Africa are cited by SEDES(1973) as a 

6 percent increase, from 61 to 67 percent, and by Manetsch (1971) as 

an overall increase of approximately 20 percent. Under a herd manage

ment policy, CR increases 5 percent uniformly. 

CR.KL= TABHLICRTFUI.K,0,1.2),#STEP(. 5,9 M'T)) 25, R
 
FAFKXAU.K
 

CRT=.75/ .7/.65/.6/.5/.3 25.1, T 
CR - CALVING RATE, AU/YR 
CRT - CALVING RATE TABLE 
FUI - FORAGE UTILIZATION INTENSITY, DIMENSIONLESS
 
HMPT - HER) MGTe PCLICY INITIATICN TIME, YEAR
 
FAF - F kACTION STOCK ADULT FEMALES PER YEAR, 1/YR
 
AU - ANIMAL UNITS, 450KG=.67 CATTLE"-lO SHEEP OR
 

GOATS=.77 CAMELS
 

The overall adult female fraction of the herd, FAF, is 44 percent 

in the model, with a possible increase to 48 percent under a herd 

management policy. In the INSEE, SEDES (1066) study, the average 

herd was 43. 5 percent adult females. Allan (1965) cites 45 percent 

as a typical fraction of breeding cows and SEDES (1973) 43. 5 percent, 

with a possible 1. 5 percent increase under a herd management program. 

FAF.K=.44+STEP(.04 ,.HMPT) 26, A
 
HMPT=2500 26.1, C
 

FAF - FRACTION STOCK ADULT FEMALES PER 'YEAR, I/YR
 
.4PT - HERD PGT. PELICY INITIATICN TIME, YEAR
 

The total offtake rate, TOR, is the sum of the traditional offtake 

for goods and market food (see Chapter 6) and any additional offtake 

required under a direct stock control policy, TAX. 

http:FAF.K=.44+STEP(.04
http:GOATS=.77
http:450KG=.67
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TOR. KL=AU. K*(FSG.K+FSMF .K+TAX .K 279 RTOR - TOTAL OFFTAKE RATE, AU/YR
AU - ANIMAL UNITS, 45.)KG=1.67 CATTI.E=LC SHEEP OR 

GOATS=.77 CAMELS 
FSG -
FRACTION OF STOCK ALLOCATED TC GOCCS, /YR
FSMF - FRACTION OF STOCK ALLOCATED TO .'4ARKET FOOD, 

1/YR

TAX - DESTOCKING FOR RANGE tVGT. 
 PURPOSES9 AU/YR
 

The milk production per lactating cow, MPPLC, is a function of 
the forage utilization intensity as shown in Figure F-12. Brown (1971) 
has estimated the maximum milk yield from a cow to be 500 to 600 
liters per lactation, and Bremaiid and Pagot (1962) have estimated a 
400 to 450 kg milk yield. Nicolaisen (1063) corroborates this. The
 
curve 
in Figure F-12 represents the total milk available for human use. 
It may be slightly high, since some milk is always left for the calf. 

MPPLC.K=TABHL(MPTFUI.K,C,9,.2) 

28, A'PT=5003/ 45'.3/400/301/200/1O 
28.1, T

tPPLC - MILK PRODUCTICN PER LACTATING CC4, KG/COW/ 
YR
 

MPT - MILK PRODUCTION TABLE
 
FIji - FORAGE UTILIZAT ION INTENSITY, CIMENSIONLESS
 

The milk production per capita, MPPC, is the product of the 
milk production per lactating cow, MPPLC, the calving rate, CR, and 
the fraction of the herd allocated to milk production, FSM. This is 
divided by total person-days. The constant 660 is the caloric equiv
alent of one kg (= one liter) of milk and the 1. 67 converts the MPPLC 

from kg/cow/year to kg/AU/year. 

4 PPC.K=MPPLC.K CR.JK*1-67*66CFS.K/(POPK, 
3 5 ) 29, AMPP - MILK PRODUCTICN PER CAPITA, CALORIES/
 

PERSJN-DAY
MPPLC - MILK PRGDUCTICNl PER LACTATING COk' KG/COw/ 

YR 
CR - CALVING RATE, AU/YR
FSM -
FRACTION OF STOCK ALLOCATED TC MILK, 1/YR
POP - POPULATIJN, PERSONS 

http:GOATS=.77
http:45.)KG=1.67
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The percent offtake. PO, the stock growth rate, SGR, and per 

capita animal units, PCAU, are calculated for statistical purposes 

only; they play no role in the causal structure o the model. Section 

6.4 should be consulted for the offtake history of the ECNOMAD3 

model. The SOCIOIAD offtake varies between 7 and 10 percent from 

1920 to 1973. 

The simulated per capita animal units, PCAU, was typically 

close to -.in the 1920 to 1970 period. Since this is an important in

tensive star i variable of pastoral societies, a comparison with other 

pastoral groups is shown in Table F-2. The time history of PCAU is 

shown in Figures 7. 2-3 and 7. 3-4. 

PO.K=( TOR.JK/DELAY 1(AU.K,i )*l(G 30, A 
PO - PERCENT OFFTAKE, DIMENSICNLESS
 
TOR - TOTAL OFFTAKE RATE, AU/YR 
AU - ANIMAL UNITS, 450KG=l,67 CATTLE=l0 SHEEP OR
 

GOATS=.77 CAMELS
 

SGRK=((CR.JK-SDR.JK-TOR.JK)/DELAYI(AU.K,1) |=l0O 31 A 
SGR - STOCK GROWTH RATE, DIPENSICNtESS 
CR - CALVING RATE, AL/YR 
SDR - STOCK DEATH RATE, AL/YR 
]OR - TOTAL OFFTAKE RATEP AU/YR
AU - ANIMAL UNITS, 450KG=1.67 CATTLE=IC SHEEP OR 

GOATS=.77 CAMELS 

PCAU.K=AU.K/POP.K 32, A
 
PCAU - PER CAPITA ANIMAL UNITS, AU/PERSON
 
AU - ANIMAL UNITS, 450KG=1.67 CATTLE=lO SHEEP OR
 

GOATS=.77 CAMELS
 
POP - POPULATION, PERSOKS
 

Herd Allocation 

The total non-milk Calories consumed, TNMCC, is the sum of 

the Calories from market food and the dying stock eaten. Animal 

units and milk which are marketed are converted into kg of millet 

and then into Calories using the prices of the various foods and the 

http:GOATS=.77
http:450KG=1.67
http:GOATS=.77
http:450KG=1.67
http:GOATS=.77
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TABLE F-2 

Per Capita Hrd Sizes of Various Pastoral Groups 

Note: All livestock *vas converted to animal units and a 
family size of 5 was assumed when not explicitly 
statcd in the reference. 

People Per Capita Animal Units Source 

Fulani (Nigeria) 3.3 Hopen 1958 
Fulani (Niger) 3.4 Horowitz 1972 
Fulani (Nigeria) 6.0 Stenning 1960 
Baggara (Sudan) 3.6 Cunnison 1960 
Pakot (Kenya) 2.2 Schneider 1973 
Turkana (Kenya) 3.8 Gulliver 1963 
Bororo (Niger) 4.4 Dupire 1965 
Tuareg& Fulani (Tahoua 4.4 INSEE,SEDES 

study area) 1963 
Tuareg & Fulani (Tahoua 4.0 SOCIOMAD model, 

study area) for 1962 
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caloric equivalent of a kilogram of millet as 3270 Cals. Sixty 

percent of the animal carcass is assumed to be utilizable (Okorie 

et al. 1965). The social infrastructure herd produces milk also, some 

of which is marketed for millet and some for goods. In the SOCIOMAD 

model, the fraction of milk marketed for food, FMMF, from the social 

infrastructure herd is a constant 70 percent. Although the exact per

centage of milk and milk products which goes toward millet versus goods 

is not available, herdswomom do take charge of milking the cattle, and 

it is common for them to barter milk and butter in exchange for millet. 

"Comme ils campent ea saison s'che assez pres des villages, 
la femme se rend a pieri, quelquefois plusiers fois par 
semaine, pour y echanger son lait contre du mil; si les 
distances sont trop grandes. elle attend le jour du marche 
pour vendre son beurre. Parfuis des fernmes sedentaires 
viennent offrir leur mil dans les campements nomades 
(Dupire 1962). "* 

TNMCC.K=((AU.K*-FSMF.KPPAU.K93270)/(PFKt*POF.Kz 34, A
 
365) )+((SDR.JK*27Ux2000FDSE)/(POF.K*365))
 
((FMMF-3270.:MM.K PPLM)/(PPKkMGPCP.K*365 )) 

FMMF=.7 34.3. C
 
TNMCC - TOTAL NCN-MILK CALORIES CCNSUMED, CALORIES/
 

PER S)N-DAY
 
AU - ANIMAL UNITS, 450KG=l.67 CATTLE=lO SHEEP OR 

GOTS=.77 CAPELS 
FSMF - FRACTI)N OF STOCK ALLOCATED TO MARKET FO3D, 

1/YR
 
PPAU - PRICE PER ANIMAL UINIT, CFA/AU
 
PPKM - PRICE PER KILCGRAM MILLET, CFA/KG
 
POP - POPULATION, PERSONS
 
SDR - STOCK DEATH RATE, AL/YR
 
FDSE - FRACTION OF DYING STICK EATEN,
 

DI MENSi i'jLESS
 
FMMF - FRACTION OF MILK MARKETED FOR FOOD,
 

DIMENSIONLESS 
MM - MILK MARKETED, KG/YR 
PPLM -- PRICE PER LITER MILK, CFA/L (CR CFA/KG) 

*When they camp in the dry season close enough to villages, the wives 
go on foot, sometimes several times a week, to trade their milk for 
millet; if the distances are too great, they wait for market-day to .11 
butter. Sometimes sedentary wives come to trade their millet in nomad 
camps. (Paraphrase translation by A. Picardi). 

http:GOTS=.77
http:450KG=l.67
http:TNMCC.K=((AU.K*-FSMF.KPPAU.K93270)/(PFKt*POF.Kz
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The amount of milk marketed, MM, for both food -nd goods is 

the milk produced by the social infrastructure herd. 

MM-K=MPPLC.KCR. JK*1.67*FSSI .K 36, A 
MM - MILK MARKETED, KG/YR 
MPPLC - MILK PRODUCTION PER LACTATING COW, KG/COW/ 

YR 
CR - CALVING RATE, AU/YR 
FSSI - FRACTION OF STOCK ALLOCATEC TO S9CIAL 

INFRASTRUCTURE, 1/YR 

The structure and relative positions of the various marginal 

utility curves is explained in Chapter 6. Any comprehensive account 

of a pastoral society such as Dupire (1962), Stenning (1959), Gulliver 

(1963) or Allan (1965) is sufficient to establish the relative positions of 

the marginal utility curves shown in Figure F-13. These curves for 
the SC.CIOMAAD model differ from those of the ECNOMAD3 model shown 

in Figure 6. 3-5 only in that the marginal utility of non-milk food has 

been made explicit in SOCIOMAD. The marginal utilities of the various 

uses of the herd are all functions of the extent to which the present 

milk, market food, social infrastructure and goods satisfy the desired 

levels. --

MUM.K=TABHL(MUMTMPPC.K/DMC.K,C,2.5,.5) 
 33, A
 
MUMT=10/3.5/l .25/ .151.05 
 33.1, T
 

MUM -
 MARGINAL UTILITY OF PILK, CINENSIrNLESS
 
MUMT - MARGINAL UTILITY OF MILK TABLE
 
MPPC - MILK PRODUCTION PER CAPITA, CALORIES/
 

PERSON-DAY
 
DMC - DESIRED MILK CALORIES, CALORIES/PERSCK-DAY
 

MtMF.K=TABHL( MUMFTTNMCC.K/DMFC.K,0,2.5,.5 
 35, A
 
MUMFT=5/ 1.8/1/.4/.25/.2 
 35.1, T 

MUMF - MARG!NAL UTILITY CF MARKET FOOD, 
DIMENSIONLESS 

MUMFT - MARGINAL UTILITY OF MARKETE£ FOOD TABLE 
TNMCC - TOTAL NON-MILK CALORIES CCNSUMED, CALCRIES/ 

PERS)N-DAY 
DMFC - DESIRED MARKETED FOCD CALORIES, CALORIES/ 

PER SON-DAY 



MUSI.K=TABHL(MUSIT *AU.KgFSS.I.KI(DSI.K* POP.K)O92.5, 31t A 
.5) 

MUSIT=l.75/1.25/l/.85/.8/.75 37.,t T 
MUSI - MARGINAL UTILITY OF SOCIAL INFRASTRUCTURE, 

DIMENSIONLESS 
MUSIT - MARGINAL UTILITY OF SOCIAL INFRASTPUCTURE 

TABLE 
AU - ANIMAL UNITS, 450KG=1.67 CATTLE=LO SHEEP OR 

GOATS=,77 CAMELS 
FSSI - FRACTION OF STOCK ALLOCATED TO SOCIAL 

INFRASTRUCTtURE, I/YR 
DSI - DESIRED SOCIAL INFRASTPUCTUREs AL/PERSCN-YR 
POP - POPULATION, PERSONS 

MUG.K=TABHL(MIJGTtPW.K/DPW.KO,2.5,.5) 38, A 
MUGT=2.4/1.5/l/.77/.65/.55 38.1, T 

MUG - MARGINAL UTILITY CF GOCOS, CIMENSICNLESS 
MUGT - MARGINAL UTILITY OF COCOS TABLE 
PW - PER CAPITA WEALTH, UNITS/PERSON 
DPW - DESIRED PER CAPITA WEALTI-, UNITS/PERSCN 

The ratios of the three non-milk marginal utilities to the marginal 

utility of milk measure how each herd function compares to the need for 

milk. 

RS IM.K=MUSI .K/MUM. K 46, A
 
RSIM - RATIO OF SOCIAL INFRASTRUCTURE TO VILK
 

UTILITIES ,DIMENS ICNLESS 
MUSI - MARGINAL UTILITY CF SOCIAL INFRASTRUCTURE, 

DIMENSIONLESS 
MUM - MARGINAL UTILITY OF MILKY DI.ENSICNLESS 

RMFM.K=MUMF.K/MUM.K 47, A
 

RMFM - RATIO OF MARKETED FCOD TO FILK UTILITXES,
 
DIMENSICNLESS
 

MUMF - MARGINAL UTILITY OF MARKET FOOD, 
DIMENSIONLESS 

MUM - MARGINAL UTILITY OF MILK, DIKENSICNLESS 

RGM.K=MUG.K/MUM.K 48, A
 
RGM - RATIO OF GOODS TO MILK UTILITIES,
 

DIMENSIONLESS 
MUG - MARGINAL UTILITY OF GOOCS, CIPENSICNLESS 
MUM - MARGINAL UTILITY OF MILK, DIMENSICNLESS 

http:MUGT=2.4/1.5/l/.77/.65/.55
http:450KG=1.67
http:MUSIT=l.75/1.25/l/.85/.8/.75
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The allocation of the milk herd to another function, and back 

again, is proportional to the ratio of the marginal utility of that herd 

function to the marginal utility of milk. Changes in the herd fractions 

alloca';ed to social infrastructure, CFSSI, market food, CFSMF, and 

goods, CFSG, occur over adjustment times of three or four years, 
ATF, ATGI, for this aggregate social group. Although no empirical 

evidence for this decision time could be found in the literature, 

sensitivity tests on this parameter (see Section 6.4 of the text) indicate 
that reasonable variations here make no difference in the model 

behavior. 

CFSSI .KL=(RSIM.K-1),FSSI .K/ATGI 43, R 
CFSSI - CHANGE IN FRACTION OF STOCK ALLOCATED TO 

RSIM 
SOCIAL 

- RATIO OF 
INFRASTRUCTURE, I/YR/YR 
SOCIAL INFPASTRUCTURE TO VILK 

UTILITIES ,DIMENSICNLESS 
FSSI - FRACTION OF STOCK ALLOCATED TC SOCIAL 

ATGI 
INFRASTRUCTURE, I/YR 

- ADJUSTMENT TIME FOR GCCDS AND 
INFRASTRUCTURE ALLOCATION, YEARS 

CFSMF.KL=(RMFM.K-1)-FSMF.K/ATF 1 44, R 
CFSNIF - CHANGE IN FRACTION OF STOCK ALLOCATED TO 

MARKETED FOOD, I/YR/YR 
RMFM - RATIO OF MARKETED FCCD TO MILK UTILITIES, 

DIMENSIJNLESS 
FSMF - FRACTION OF STOCK ALLCCATED TO MARKET FO)D,
 

I/YR
 
ATF - ADJUSTMENT TIME FCR FCOC ALLOCATION, YEARS
 

CFSG.KL=(RGM.K-1)xFSG.K/ATGI 
 45, R
 
CFSG -
CHANGE IN FRACTION OF STOCK ALLOCATED TO
 

GOODS, 1/YR/YR
 
RGM - RATIO OF GOODS TO MILK UTILITIES,
 

DIMENSIONLESS 
FSG - FRACT ION OF STOCK ALLOCATEC TO GCICDS, I/YR
ATGI - ADJUSTMENT TIME FOR GCCDS AND 

INFRASTRUCTURE ALLOCATI-r\, YEARS
 

ATF=4 
 48.1, C
 
ATGI=3 
 48.2, C 

ATF - ADJUSTMENT TIME FOR FCCD ALLOCATICN YEARS 
ATGI - ADJUSTMENT TIME FOR GCODS AND 

INFRASTRUCTURE ALLOCATION, YEARS 
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The fractions of stock allocated to the various herd functions 

change according to the above change rates. Increases in any herd 

allocation are made from the milk herd first, since the change 

fractions for the milk herd are exactly opposite to changes for the 

other herd use fractions. Reductions in the milk herd, however, are 

reflected in a. increased marginal utility of milk and then a secondary 

adjustment in all the other herd fractions. The structure of the 

allocation sector, shown in Figures 6. 3-2, 6. 3-3, and 6. 3-4 is 

composed of a number of negative feedback loops that adjust quickly, 

through the milk herd, to changed social and environmental conditions. 

FSM.K-FSP.JIDT*(-CFSS .JK-CFSMF.JK-CrSG.JK) 39, L
 
FSM - FRACTION OF STOCK ALLCCATED TC MILK, i/YR
 
DT - SIMULATION TIME INCREPENT, YEARS 
CFSSI - CHANGE IN FPACTION OF STCCK ALLOCATED TO 

SOCIAL INFRASTRUCTUREt I/YR/YR 
CFSMF - CHANGE IN FRACTION OF STOCK ALLOCATED TO 

MARKETED FOOD, 1/YR/YR 
CFSG - CHANGE IN FRACTION OF STOCK ALI.OCATED TO 

GOODS, I/YR/YR 

FSSI.K=FSSI.JDT*(CFSSI.JK) 42, L 
FSSI - FRACTION OF STOCK ALLCCATED TO SOCIAL 

INFRASTRUCTURE, I/YR 
DT - SIMULATICN TIME INCREMENT, YEARS 

CFSSI - CHANGE IN FRACTION OF STCCK ALLOCATED TO 
SOCIAL INFRASTRUCTURE, I/YR/YR 

FSG.K=FSG.J-DT*CFSG.JK 	 42, L 
FSG - FRACTION OF STOCK ALLOCATED TO GOODS, I/YR 
OT - SIMULATION TIME INCREMENT, YEARS 
CFSG - CHANGE IN FRACTIC'N OF STOCK ALLOCATED TO 

GOODS, I/YR/YR 

FSMF 	.K=F SMF *J DT*CFS,4F .JK 41t L 
FSMF - FRACTION OF STOCK ALLOCATED TO MARKET FOOJ, 

1/YR 
DT - SIMULATION TIME INCREMEN7T YEARS 
CFSMF - CHANGE IN FRACTION OF STOCK ALLOCATED TO 

MARKETED FOOD, 1/YR/YR 

http:FSG.K=FSG.J-DT*CFSG.JK
http:FSSI.K=FSSI.JDT*(CFSSI.JK
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Dietary Values 

A dietary survey done by INSEE, SEDES (1966) indicates that 

65 percent of the caloric intake of p~storalists in the Tahoua study 

area is derived from grains, almost exclusively millet, and the 

remaining 35 percent almost exclusively from milk, with a negligible 

amount from local spices, sugar, and meat. Between 666 and 918 

Calories (Kcals) come from milk and between 1, 176 and 1, 592 

Calories from millet, yielding a total caloric intake of 1, 842 and 

2, 500 Calories for the Peuls and Tuaregs respectively. In addition, 

between 1 and 35 daily Calories are derived from meat. The insignificant 

fraction of meat in the diet of pastoralists is cited by all sources, 

notably Allan (1965): 

"Practically all accounts of pastoral peoples are agreed 
on one point; that meat constitutes only a small fraction 
of the regular human diet. " 

The fraction of dying stock eaten, FDSE, was set at I percent and 

the desired caloric intake of milk and rn arket food Calories was assumed 

to change only in response to exogenous forces as shown in Figures 

F-14 and F-15. (No policy to change the milk consumption was simulated 

with SOCIOMAD.) The total simulated desired caloric intake was 

1, 920 Calories plus less than 20 Calories derived from meat. This total 

desired Calorie intake is below that observed by INSEE, SEDES (1966) 

because the INSEE, SEDES survey took place in 1963 at the nadir of a 

very favorable rainfall period for the pastoralists (see Figure 3. 3-1). 

The actual simulated caloric intake does indeed increase in this period 

(see Figure 6.4-1). 
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FDSF= .01 52.59 C 
FDSE - FRACTION OF DYING STOCK EATENt 

DIMAENSIONLESS 

OMC.K=TARHLIOMCTT ME.Kt197Ot202lO) 53, A 
DMCT=720/72072'7201720/720 53.1# T 

DMC - DESIRED MILK CALORIES, CALORIES/P.ERSOIK-DAY 
DMCT - DESIRED MILK CALORIES TABLE 

DMFC.K=TABHL(DMFCTTIME.K,197O,2020,tO) 54, A 
=DMFC.T 12Uu/1200/120)/200/12UO/1290 54.1, T 

DMFC - DESIRED MARKETED FOOD CALORIES, CAL3RIES/ 
PE RSGN-PAY 

DMFCT - DESIRED MARKETED FCOD CALORIES TABLE 

INSEE, SEDES (1966) estimates that an average of 2146 daily 

Calories are required for the study area's population. In SOCIOMAD, 

the needed Calories per day, NCPD, is 2000. 

NCPD=2000 7Y.2, C 
NCPD - NEEDED CALORIES PER DAYt CALCRIFS/PERSON-

DAY 

Per Capita Wealth 

Per capita wealth, PW, is the level of non-livestock material 

goods resulting from additions, PWA, .and depreciation, PWDR. 

PW.K=PW. J DT*( PWA. JK-PWDR.JK) 50, L
 
PW - PER CAPITA WEALTH, UNITS/PERSCN
 
OT - SIMU1LATICN TIME INC&EMEINT, YEARS
 
PWA - PER CAPITA WEALTH ADDITICNS, UNITS/PERSON-


YR
 
PWDR - PER CAPITA ViEALTH CEPRECIATION RATE, UNITS/


PER SON-YR
 

A constant fraction of the per capita wealth depreciates each year. 

The per capita wealth depreciation fraction, PWDF, is 0.17 in 

SOCIOMAD which is equivalent to a 6-year average lifetime. This is 

a subjective estimate of the aggregate durability of the equipment, 

clothing, and tools of the pastoralists described in detail by 

http:JK-PWDR.JK


-299-


Nicolaisen (1963). The basic types of goods the pastoralist purchases 
regularly are described in a budget survey by INSEE, SEDES (1966) 
as: hatchets, mats, pottery, calabashes, kitchen utensils, swords, 
harnesses, agricultural tools, leather water skins, trousers, hide
 
jackets, indigo dresses, 
hats, sandels, iron and copper jewelry,
 
tobacco, saddles, bracelets, 
 tents, robes, headbands, and other
 
accouterments of the pastoral costume. 
 Whereas some of these items 
are ephemeral consumer items, some items like tents made out of
 
skins and heavy wool blankets may last a generation (Rupp 1973).
 
DWDR.KL= Pw.KPWDF 
 51, ROWDF=. 17 


51., C
PWDR - PER CAPITA kEALTH DEPRECIATICN RTE, UNITS/
PER S3N-YR 

PW - PER CAPITA WEALTI-, UNITS/PERS-3N
PWDF 
 - PER CAPITA WEALTH DEPRECIATION FRACTION, 1/YR
 

Additions to per capita wealth, PWA, result from stock sold or 
traded for goods and milk marketed for goods. Taxes and fines are
 
subtracted from this "income" 
 which, when they are collected, may 
be as much as 850 to 1100 CFA/person. Cattle sales constitute between 
90 and 100 percent of the source of revenue for market purchases in 
the Tahoua area with a small contribution being made from the sale of 
handicrafts among the Tuaregs. The yearly additions to per capita 
material goods in the Tahoua area, according to INSEE, SEDES (1966), 
ranges between 1170 and 2100 CFA/person. In order to maintain their 
desired wealth, the SOCIOMAD model requires a yearly wealth addition 
of 2050 CFA/person. 
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PWA.KL=((AU.K*FSG.K*tPPAIJ.K)/(PPUG POP.K)M|((MM.KM 52, R 

11-FMMF) *PPLM) 1[ PPUG*PCP.K) )-CFAT.K/PPJG 
PWA - PER CAPITA WEALTH ADDITICNS, UNITS/PERSON-

YR 

AU - ANIMAL UNITS, 450KG=1.67 CATTLE=Ilb SHEEP OR 
GOATS=.77 CAMELS 

FSG - FRACTICN OF STOCK ALLCCATEC TC GOCDSt 1/YR 
PPAU - PRICE PER ANIMAL UNIT, CFA/AU 
PPUG - PRICE PER UNIT GOOD, CFA/UNIT 
POP - POPULATION, PERSONS
 
MM - MILK MARKETED, KG/YR
 
FMMF - FRACTION OF MILK MARKETEC FCR FOOC,
 

DIMENSIONLESS 
PPLM - PRICE PER LITER MILK, CFA/IL (OR CFA/KGI 
CFAT - 14ONETARY TAXES, CFA/PERSCN-NR 

Desired Wealth 

The desired per capita wealth, DPW, is the product of the per

ceived per capita wealth target, PPWT, and the smoothed achieve

ment ratio, SAR. 

58, ADPW.K=PPWT .K*SAR .K 
DPW - DESIRED PER CAPITA WEALTI-, UNITS/PERSON 
PPWT - PERCEIVED PER CAPITA WEALTH TARGET, UNITS/ 

PERSON
 

SAR - SMOOTHED ACHIEVEMENT RATIG, DIMENSIONLESS
 

The achievement ratio, AR, is the ratio of the per capita wealth 

to the perceived per capita wealth target, PPWT. 

55, AAR.K=PW. K/ PPWT .K 
AR - ACHIEVEMENT RATIO, DIMENSIGNLESS
 
PW - PER CAPITA WEALTH, LNITS/PERSON 
PPWT - PERCEIVED PER CAPITA WEALTH TARGET, UNITS/ 

P ER SON 

The perceived per capita wealth target represents the level of 

material welfare to which the pastoralists hope to aspire. With the 

Aincome cited above of 2050 CFA/year for the purchase of goods, and a 

goods depreciation rate of 0. 17, a steady-state wealth level of 12, 000 

CFA/capita can be maintained. This is about 47 dollars per capita. 

http:GOATS=.77
http:450KG=1.67
http:POP.K)M|((MM.KM


-301-


The perceived wealth target can increase in response to policies as 
shown in Figure F-14 although different ethnic groups will differ 
widely in the extent to which their material aspirations can be in
creased by what they see around them. 
 The Bororo of Niger seem
 
particularly unmotivated by material wealth (Dupire 1965).
 

PPWT.K=TABHL(PPWTT,TIME.K,1970, 
2 02 0 10) 56, APPWTT=12E3/12E3/I2E3/12E3/12E3/12E


3 .5b.1, T 
PPWT - PERCEIVED PER CAPITA WEALTH TARGET, UNITS/ 

PER SCN 
PPWTT - PERCEIVED PER CAPITA WEALTH TARGET TABLE 

The achievement ratio is smoothed over the achievement ratio
 
frustration time, ARFT, 
 to produce.the smoothed achievement ratio,
 

SAR. In theory, wealth aspirations are long-term cultural entities.
 
Many of the psychologicz.i motivations underlying these 
are passed
 
down from one generation to the next (McClelland and Winter 1969).
 

Thus, a 
long term ARFT was felt to be appropriate.
 

SAR.K=SMOOTH(AR. K, ARFT) 
 579 A
ARFT=25 

57.1, C
 

SAR -
 SMOOTHED ACHIEVEMENT RATIC, DIMENSICNLESS
 
AR - ACHIEVEMENT RATIO, DIPENSICNLESS
 
ARFT ACHIEVEMENT RATIO FRUSTRATION TIME, YEARS
 

Desired Fertility 

There is a significant delay before changes in average lifetime 
are perceived by an aggregate population. The delayed average life

time, DAL, is the actual average lifetime delayed according to the 
average lifetime perception time, ALPT. Meadows (1974b) chose a 
perception delay of a generation for the population sector of the world 
model. Since the population in this model is highly traditional, which
 

puts a 
large premium on having enough children to help with the
 

herding, an ALPT of 35 years was used.
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59, A
DAL.K=DLINF3(AL.K, ALPT) 
59.1, CALPT=35 


DAL - DELAYED AVERAGE LIFETIIE, YEARS
 

AL - AVERAGE LIFETIME, YEARS
 
ALPT - AVERAGE LIFE T IME PERCEPTION TIME, YEARS
 

The fertility-perceived lifetime multiplier, FPLM, shown in 

Figure F-17 was derived from data from Keyfitz (1971). Since these 

data included the structural delay that is assumed to exist, the re

sulting FPLM curve was adjusted down slightly. 

FPLM.K=TABHL(FPL4tT,DAL.K,,207O,LO) 60, A 
FPLMT=1.O4/l./.94/.86/.68/.4 60..1, T 

FPLM - FERTILITY-PERCEIVED LIFETIFE MULTIPLIER, 
DIMENSIONLESS 

FPLMT - FERTILITY-PERCEIVED LIFETIME MULTIPLIER 
TABLE 

DAL - DELAYED AVERAGE LIFETIME, YEARS 

The aggregate normal fertility, NF, given by INSEE, SEP ES 

(1966) of 200 births/year/1000 women at risk, yields a crude birth 

rate of 50. This NF was changed in SOCIOMAD in response to family 

planning policies as shown in Figure F-18. 

NF .K=TABHL(NFT,TIME.K 197092020910) 62, A 
62.1,NFT=200/2030/200/2C0/2 )0/230 T
 

NF - NORMAL ,FERTILITYr EIRT-IS/YRtOC.0 WOMEN AT
 
RISK
 

NFT - NORMAL FERTILITY TABLE
 

Empirical data relating material standard of living to fertility 

rate are cited by Meadows (1974b) and Rich (1973). The fertility-per 

capita wealth multiplier shown in FigureF-19 followed more closely 

the empirical data cited by Rich (1973) in which increases in income 

status at very low incomes can significantly affect fertility rates. 

Since wealth was considered here to be a better measure of material 

welfare than the more variable income measure, the independent 

variable in Figure F-19 differs from Rich's. 
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FPWM.K=TABHLiFPWMTSMOOTH(PW.KPWAT) 
tC,8CE32,1E3) 
 63, AFPWMT=1.o21.9/78/.6b/.55 

63.1t TPWAT=7 

63.2, C
FPWM - FERTILITY-PER CAPITA WEALTH MULTIFLIER,

DIMENSI ONLESS 
FPWMT - FERTILITY-PER CAPITA WEALTH fVLLTIPLIER 

TABLE 
PW - PFR CAPITA WEALTH, UNITS/PERSCN
PWAT - PER CAPITA WEALTH ACJUSTMENT TIME, YEARS 

Finally, the actual fertility, AF, is a result of NF as multiplied 
by FPLM and FPWM. 

AF.K=NF.KFPLM .K*FPWM.K 6L, AAF - ACTUAL FERTILITY, RIRT1-S/YEAR/1OOO WOMEN AT 
RISK 

NF - NORMAL FERTILITY, RIRTHS/YR/ICOO WOMEN AT 
RISK 

FPLM - FERTILITY-PERCEIVED LIFETIVE MULTIPLIER, 
DIMENSIONLESS
 

FPWM - FERTILITY-PER CAPITA WEALTI- MULTIPLIER; 
DIMENSIONLESS 

Desired Social Infrastructure 

The food deficit, FD, is the difference between the desired
 
caloric. intake, DMC 
+ DMFC, and the actual total food per capita, TFPC. 

Fr).K=( DMC.KDMFC .K-T.FPC.K) 64,
FD - FOOD DEFICIT, CALORIESPERSCN-CAY
 
DMC - DESIRED MILK CALORIESP CALORIES/PERSON-DAY

DMFC 
 - DESIRED MARKETED FOOD CALORIES, CALORIES/ 

PERSON-DAY
 
TFPC - TOTAL FOOD PER CAPITA, CALORIFS/PERSCN-DAY 

The food deficit determines the social infrastructure he--d that is 
kept for the purpose of insurance. Decisions about how many cattle are 
to be sold and how many are to be kept each year are often made by the 
family elders who have lived through a number of food deficits. They 
make these decisions on the basis of an expected, or smoothed, food deficit, 
SFD, based on their memory of past droughts and famines. The memory 
time over which food deficits are averaged is therefore taken as 50 years. 

http:FPWMT=1.o21.9/78/.6b/.55
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The herdsman's typically conservative behavior based on a long 

memory of past catastrophies is noted by Swift (1973): 

"In a near-subsistence ,astoral economy, loss of a sub

stantial proportion of the family herd means immediate 
This is the risk that every herdsman facesdestitution. 

several times in his life and is a major determinant of 

his behavior." 

SrD.K=SMOOTH(FD.K, MT) 
!T=50 

65, A 
65.1, C 

SMOOTHED FOCD DEFICIT, CALGi;IES/PERSCK-DAY
SF0 -

FD - FOOD DEFICIT, CALORIES/PERSON-CAY
 

MT - MEMORY TIME, YEARS
 

Pastoralists accumulate insurance in good times in the form of 

excess animals as explained again by Swift (1973): 

"... . the Kel Adrar (the Tuareg) store food in the form of 

live animals, accumulating, where possible, herds beyond 

their subsistence needs, in order to have animals to sell 

or barter against grain when need is greatest. Such herd 

accumulation, sometimes wrongly attributed to arn 
is part of theirrational desire for prestige animals, 

Tuareg strategy against uncertainty." 

Because of the importance of the insurance function of the herd, the 

shown in Figure F-20 wasfood deficit-insurance multiplier, FDIM. 

made quite sensitive to SFD. 

66, AFDIM.K=TABHL (FDIMT ,SFD.K,O,IlOCO,250) 

66.1, TFDIMT=l/6/9/1iO/ll 

FDIM - FOOD DEFICIT-INSURANCE MLLTIPLIER, 
DIMENSIONLESS 

FDIMT - FOOD DEFICIT-INSURi'NCE MULTIPLIER TABLE 

SMOOTHED FOOD DEFICIT, CALORIES/PERSON-DAYSFD -

Pastoralists also accumulate excess cattle purely for social 

purposes. The normal sociel infrastructure herd, NSIH, shown in 

can be changed in response to education policies. LittleFigureF-21 

empirical evidence exists as to the numerical size of the social in

frastructure herd, although Murdock (1958) cites two cattle as being 
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required, among other small !:tock, as bridewealth. Gulliver (1963) 
lists the functions of the social infrastructure herd as: bridewealth, 

compensation for crimes, fines for fathering an illegitimate child, 

and gifts to a daughter at the birth of her first child, to a son upon 

setting up his household, and to the religious leaders on occasion. To 
this list may be added pack animals and pure social status (Dupire 

1965). Dupire (1962), in a list of the origins of each member of a 
herd, notes that a large percentage originated as gifts. Allan (1965) 
cites the use of cattle as loans for the purpose of creating a clientele 

among people that become thus dependent on one's generosity. Similar 

social uses of cattle are cited by Hopen (1958) and Swift (1973), but the 

following passage by Cunnison (1960) is the most concise: 

"In kinship, in marriage, and in politics, cattle serve a 
common purpose in that by investing in them, a man is 
... investing in social relationships; he is attaching 
followers to him. In short, cattle are power." 

NSIH.K=TABHL(NSI HT ,TIME.K,1920,202Ct20) 67, A
NSIHT=1.25tL.25/1125.11.25/1.25/1.25 67,1t T 
NSIH - NORMAL SOCIAL INFRASTRUCTURE HERD, AU/ 

PERSON-YR 
NSIHT - NORMAL SOCIAL INFRASTRUCTURE 1-ERD TABLE 

The desired social infrastructure, DSI, is the product of NSIH and 

FDIM. 

DSI.K=NS IH.K*FDIM.K 68, A 
DS1 - DESIRED SOCIAL INFRASTRUCTURE AU/PERSON-YR
NSIH - NORMAL SOCIAL INFRASTRUCTURE F-ERD9 AU/ 

PERSON-YR
 
FDIM - FOOD DEFICIT-INSURANCE ?PULTIPLIERp
 

DIMENSIONLESS
 

An important point remains as to how the initial desired social 

infrastructure was calibrated, if FDIM and NSIH are known qualita

tively but not quantitatively. Fortunately, the herd allocations for milk, 

market food, and goods could be calculated, so that an initial estimate 

http:NSIHT=1.25tL.25/1125.11.25/1.25/1.25
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of the herd fraction for social infrastructure could be obtained by 

subtraction. 

The yearly per capita wealth additions necessary to maintain the 

desired per capita wealth are, as noted above, 2050 CFA/person. 

Using a price of cattle of 10, 000 CFA/AU, this results in a 0. 21AU 

offtake for goods. 

Between 1000 and 1500 CFA/capita is needed to buy the desired 

market food Calories. Using the lower value of 1000, because some 

milk will be traded for millet, yields a 0. 1 AU offtake for market food. 

The milk production per animal unit-year is calculated as: 
0.44x 0.6 lactations 400 kg 1.6 cows = 170 kg milk 

cow-yr. - lactation AU AU-yr. 

The required milk per person-year is: 

720 Calories/person-day x 365 days = 400 Kg 

660 Calories/Kg Yr person-yr. 

and the required AU's are: 

400 x AU .- 2.4 AU 

person-year 170 Kg person
 

The per capita herd size in 1920 has been estimated at 4. 3 AU/ 

person, slightly larger than the 1963 value. Thus, the herd fractions 

allocated to these various uses are: 

goods: 0. 21/4. 3 = 0. 05
 
millet: 0. 1/4.3 = 0.02+
 
milk : 2.4/4.3 = 0.56
 

0.63 

The total offtake is thas 0. 05 + 0. 02, or 7 percent, and the social 

infrastructure fraction is, by subtraction, 1 - . 63 = . 37, or 1. 6 AU/ 

person. This does not seem unreasonable in light of the universally 
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acclaimed social importance of cattle. The dynamics of the social
 

infrastructure herd fraction are shown in Figures 6. 4-2, 
 7. 2-2 and
 

7.3-3.
 

Demographic Sector 

The population level, POP, changes in response to the birth rate, 
BR, death rate, DR, and out-migration rate, OMR, (which car. be 

positive or negative). 

POP.K=POPoJ+DT*(BR.JK-DR.JK-CMR.JK) 69, L 
POP - POPULATION, PERSONS 
DT - SIMULATION TIME INCREMENT, YEARS 
BR - BIRTH RATE, PEOPLE/YR
 
DR - DEATH RATE, PERSONS/YR
 
OMR - OUT- MIGRATION RATE, PEOPLE/YR
 

The death rate, DR, is simply the population divided by the
 
average lifetime. 
 The crude birth and death rates are calculated for
 

statistical purposes.
 

DR.KL=POP.K/AL.K 70, R 
DR - DEATH RATE, PERSONS/YR
 
POP - POPULATION, PERSOtKS
 
AL - AVERAGE LIFETIME, YEARS
 

CBR.K=FPAR .K*AF.K 71, A 
CBR - CRUDE BIRTH RATE, .1000/YR
FPAR - FRACTION OF POPULATICN ACULT REPRCCUCING, 

REPRODUCING WOPEN/POPULATICN 
AF - ACTUAL FERTILITY, BIRTPS/YEAR/1O0 WOVEN AT 

RISK 

CDR.K=1cO0/AL.K 
 72, A 
CDR - CRUDE DEATH RATE, 1CL0C/YR
AL - AVERAGE LIFETIME, YEARS 

In 1963 the Tahoua area had between 100, 000 and 125, 000 people 

who were 82 percent Tuareg and 18 percent Fulani. The crude birth 

rate was 50 and the crude death rate was 26 (INSEE, SEDES 1966 ).
 
The average lifetime, AL, is the product of the normal average
 

http:POP.K=POPoJ+DT*(BR.JK-DR.JK-CMR.JK
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lifetime, NAL, and the food-lifetime multlplier, FLM. 

AL.K=NAL K*FLM.K 73, A 
AL - AVERAGE LIFETIME, YEARS 

NAL - NORMAL AVERAGE LIFETIME, YEARS 
FLM - FOOD-LIFETIME MULTIPLIER, DIMENSICNLESS
 

The food-lifetime multiplier, shown in Figure F-22, was essen

tially the same function as that used by Meadows (1974b) which is 

empirically based on a wealth of cross-sectional data. (The needed 

Calories per day data have been cLted above). 

FLM.K=TABHL(FLTTFPC.K/NCPi.)9O2bl) 74, A
 
FLT=O/L/1.25 74.1, T 

FLM - FOOD-LIFETIME MULTIPLIERt CIMENSI.CILESS 
FLT - FOOD- LIFETIME TABLE 
TFPC - TOTAL FOOD PER CAPITAt CALORIES/PERSON-DAY 
NCPD - NEEDED CALCRIES PER DAYt CALORIES/PERSON

, DAY
 

The normal average lifetime, NAL, changes in response to 

public health and vaccination programs. The historical behavior of 

NAL, shown in Figure F-23, was derived from growth rate and ex

pected lifetime data, given by Conde (1973) for Senegal, assuming a 

constant historical crude birth rate of 50. In 1963 the expected lifetime 

in the Tahoua area was about 37 years (INSEE,SEDES 1966). 

NAL.K=TABHL(NALTTIME.K,l92020209LO) 75, A 
NALT=22.5124/27/31/37/40/40/40/4C/40/r, 75.1., T 

NAL - NORMAL AVERAGE LIFETIME, YEARS 
NALT - NORMAL AVERAGE LIFETIME TABLE 

The out-migration rate, OMR, is a slightly delayed response to 

the ratio of the per capita needed-to-desired food. The function shown 

in Figure F-24 allows for a low-level chronic out-migration as grazing 

pressure worsens and the food supply dwindles over a number of years. 

This chronic "drift" phenomenon has been observed recently by 

Stenning (1960) and historically throughout west Africa by Mabogunje 

(1972). When catastrophe strikes however, mass migration results, 

http:FLT=O/L/1.25
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as noted by Swift (1973), along with a hint that a certain amount ofmigration delay occurs as pastoralists try to wait out a bad year
rather than seek refuge with a neighboring clan. The curve of
Figure F-24 rises sharply as per capita food falls much below sub
sistence to allow for this exodus. 
 In times of abundance, 
 aslight in-migration of other clans or pastoralists who had left their 
former home grazing lands occurs. 

OMR.KL=POP&K*SOMRs K76RR OMR - OUT- MIGRATION RATE, PEOPLE/YR
POP - POPULATION, PERSONS 

R 
SOMR -
SMOOTHED OUT- MIGRATICK RATE, 
I/YR
 

SOMR;K=SPOOTH(TABHL(OMTTFPC.K/NCPDO.5,l.75P 
2 7 AMD)l 77,
GMT=.25/.0 5 /0/-.0l/-.C2/-.05 

MD=3 77.4, T
 
SOMR 77.2, C
- SMOOTHED OUT- MIGRATION RATE, I/YROMT - OUT- MIGRATION TAeLETFPC - TOTAL FOD PER CAPITA, CALORIES/PERSCN-DAYNCPD - NEEDED CALJRIES PER DAYP CALJRIES/PERSON-

DAY

MD - MIGRATION DELAY, YEARS 

The birth rate, BR, is the product of the population, POP, the
fraction of the population which is adult women 
in their repr6ductive
 
years, F'PAR, 
 and the fertility rate of these women at risk. 

BR.KL=POP.KFPAR.K*AFK/ 1000 78 RBR 
 - BIRTH RATE, PEOPLE/YR
POP 
 - POPULATION, PERSCNSFPAR - FRACTION OF POPULATION ADULT REPRCCUCING, 
AF -

REPRODUCING WOMEN/POPULATION
ACTUAL FERTILITY, BIRTF-S/YEAR/IO00 WCMEN AT
 
RISK
 

Since the population sector is an aggregate one-level sector,
fraction of the population which is 

the 
reproducing adults, FPAR, wasdetermined as a function of the average lifetime as shown in Figure F-25.

Data for this function is given by Hauser (1971) in a series of population
models which show statistics typical of populations undergoing a 

http:0/-.0l/-.C2/-.05
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demographic transition. The actual fraction of the population in the 

Tahoua area which was female in the reproducing years is given by 

INSEE, SEDES (1966) as 25 percent. 

79, AFPAR.K=TABHiL(FPARTAL.K,20,7Ct10) 

791, T
FPART=.3/.275/.25/.25/.27/.29 


FPAR - FRACTION OF POPULATICN ADULT REPRCCUCING,
 
REPRODUCING WOMEN/POPULATICN
 

FPART - FRACTION OF POPULATION IACULT REPRGCUCING
 
TABLE
 

AL - AVERAGE L!FETIME, YEARS
 

The percent migration, PM, and population growth rate are 

calculated for statistical purposes only. 

PM.K=(-,MR.JK/DELAYl(POP.Kvl))*C0 80, A 
PM - PERCENT MIGRATION, DIPEINSICNLESS 
3MR - OUT- MIGRATION RATE, PEOPLE/YR 
POP - POPULATION, PERSONS 

PGR.K=(( BR.JK-DR.JK-)MR.JK)/DELAYI(FOP.K l9))*CO 81, A
 
PGR - POPULATION GROWTH RATE, DIMENSIONLESS
 
BR - BIRTH RATE, PECOLE/YR
 

DR - DEATH RATE, PERSONS/YR
 
JMR - OUT- MIGRATION RATE, PECPLE/YR
 
POP - POPULATION, PERSCNS
 

The total fuod per capita depends on whether a food relief policy 

is ongoing. Figure F-26 shows the switch parameter which can be used 

to indicate whether exogenous inputs of food will be made in the event 

of shortages. 

TFPC.K=SWITCH(TFPC2,KtTFPCI .K, SW.K) 82, A 
TFPC - TOTAL FOOD PER CAPITA, CALGRIES/PERSCN-DAY 
TFPC2 - TOTAL FOOD PER CAPITA UNDER NC FOOD RELIEF 

POLICY, CALORIES/PERSCN-CAY
 

TFPCJ - TOTAL FOOD PER CAPITA UNDER FOOD RELIEF
 
POL ICY, CAL ORI ES/PERSON-CAY
 

SWI - FOOD RELIEF SWITCH, SVl=1 IKDICATES FCOD 
RELIEF POLICY, SW1=O INDICATES NO FCOD 
POLICY 

http:FPART=.3/.275/.25/.25/.27/.29
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SWI.K=TABHL(SWITABTIME.KT1971,1982,11 83, A
SWITAB=O/U/i/1 //O/O/O/O/lO//O/O 83.1, T 

SWI - FOOD RELIEF SWITCHt SW1=1 INDICATES FOOD 
RELIEF POLICY, SWI=O INDICATES NO FCCD 
POLICY 

SWITAB - FOOD RELIEF SWITCH TABLE 

Under a food relief policy, a minimum of 1800 Calories/person

day is supplied to the total food per capita, TFPC1, through the ex
ogenous import of millet across the boundary of the syitem. The im
ported metric tons of food, IMTF, is calculated for accounting purposes. 

TFPCI"K=CLIP(MPPC°K TNCC.K180OOI'.PPC.KTNMCC.K9 
 84, A

1800) 

TFPCI - TOTAL FOOD PER CAPITA UNDER FCOD RELIEF 
POLICYCALORIES/PERSCN-DAY 

MPPC - MILK PRODUCTION PER CAPITA, CALCRIES/ 
PER SON-DAY 

TNMCC - TOTAL NON-MILK CALORIES CONSLVED, CALCRIES/ 
PERSON-DAY 

I5TF6K=SITCH Ot 1BOO-MPPC-K-TNPCC.K) (PCP-K "365)/ 86, A 
(3.27E6) PSWI .K)

IMTF - IMPORTED METRIC TCNS CF FCOC, PETRIC TCNS/ 
YR
 

14PPC - MILK PRODUCTION PER CtFITA, CALCRIES/
 

PERSON-DAY.
 
TNMCC - TOTAL NON-MILK CALCRIES CONSUMED, CALORIES/ 

PERSON-DAY 
POP - POPULATIONt PERSONS 
SWI - FOOD RELIEF SWITCH, SWL=1 INCICATES FCOD 

RELIEF POLICY, SWl=O INDICATES KO FCOD 
POL ICY 

In the absence of a food-relief policy, the total food per capita, 

TFPC2, is equal to the per capita amounts of milk and non-milk 

Calories consumed. 

http:TNCC.K180OOI'.PPC.KTNMCC.K9
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85, ATFPC 2.K=TNMCC. K+MPPC.K 

TFPC2 - TOTAt_ FOOD PER CAPITA UNDER NC FOCD RELIEF
 

POL ICYCALORI ES/PERSCN-CAY
 
TNMCC - TOTAL N)N-MILK CALGRIES CONSUMED, CALOR.IES/
 

PER SCN-I1AY
 
MPPC - MILK PRODUCTIGN PER CAPITA, CALORIES/ 

PERSON-CAY
 

Prices 

The only variable price in SOCIOMAD was the price per animal 

unit, PPAU, which changes exogenously in responss to price policies 

as shown in Figure F-Q% There are many diverse accounts of cattle 

prices in Niger. Dupire (1965) cites a buying price in 1950 of 2,400 CFA/ 

AU, INSEE, SEDES (1966) cites prices between 6, 000 and 13, 000 CFA/AU, 

and prices cited for the market at Tahoua (Direction de la Statistique 

1973) were much higher, 16, 000 to 24, 000 CFA/AU. It was assumed that 

the relative prices of cattle, millet and milk have not changed 

significantly over the past 50 years. A price of 10, 000 CFA/AU was cho

sen for livestock and 30 CFA/Kg for millet--both approximately double 

that cited by INSEE, SEDES. (1966). The price of milk was 10 CFA/liter 

as given by INSEE, SEDES (1966). The price of supplemental feed 

transported to the sahel was set at 40 CFA/Kg as indicated by Roberts 

et al. (1974). 

PPAU.K=TABHL(PPAUT,TIME.K,1970,2U2O,lO) 49, A 
PPAUT=liE3/1OE3/1OE3/1OE3/1OE3/1OE3 49,1, T 
PPKM=30 49.2, C
 
PPLM= 10 49.3, C
 
PPUG=l 49.4, C
 
PPKSF=4C0 49.5, C
 

PPAU - PRICE PER ANIMAL UNIT, CFA/AU
 
PPAUT - PRICE PER ANIMAL UNIT TAPLE
 
PPKM - PRICE PER KILOGRAM MILLET, CFA/KG
 
PPLM - PRICE PER LITER MILK, CFA/L (OR CFA/KG)
 
PPUG - PRICE PER UNIT GOOD, CFA,/UNIT
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Range Management Institutions 

The yearly sustainable stocking rate, YSSR, is the number of 
animal units that can be supported by the forage produced on the range 
each year. This YSSR therefore fluctuates with yearly rainfall. The 
long-term sustainable stocking rate, LTSSR, is the average number of 
animal units that can be supported on the range over a period of time 
long enough to smooth out short term rainfall fluctuations. The LTSSR 
can adjust over this period of time, known as the sustainable stocking 
rate adjustment time, SSRAT, to long-term changes in the weather or 
to changes in the condition of the range. 

YSSR.K=(FPP.K*RQM.K HAAS.KASYHF)/(SFR*DIS.K) 
 89, A
YSSR - YEARLY SUSTAINABLE STOCKING RATE, AU
 
FPP - FORAGE PRODUCTION POTENTIAL, KG/HA

ROM - RAIN QUANTITY MULTIPLIER., DIMENSICNILESS
 
HAAS - HECTARES ACCESSIBLE TC STOCK, HA
 
SYHF - SUSTAINABLE YEILD HARVEST FPACTIO,
 

DIMENSIONLESS
 
SFR - STUCK FORAGE REQUIREMENT, KG/AU-CAY

DIS -
 DAYS IN THE SAPEL ON TRANSHUUMANCE, DAYS
 

LTSSR .K= SMOOTH (YSSR.K',SSRAT) 
 90, A
LTSSR - LONG-TERM SUSTAINABLE STOCKING RATE, AU
YSSR - YEARLY SUSTAINABLE STOCKING RATE, 81)

SSRAT - SUSTAINABLE STOCKING RATE ADJUSTMENT TIME,
 

YEARS 

SSRAT=10 
SSRAT 

-
- SUSTAINABLE STOCKIG -R-ATE-

D92.3,
-JUJ§TMEN'T--TIME, 

C 

YEARS 

The YSSR uses only a fraction of the total yearly forage production, 
the sustainable yield harvest fraction, SYHF. SYHF is the fraction of 
the yearly forage production which can be harvested without significant
ly decreasing the biological potential, FPP, of the range. This SYHF 
is no greater than 55 percent of the FPP, according to Reynolds (1954): 
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"The safest basis for proper stocking is annual adjust
ments in numbers so as to utilize no more than 35 to 
55 percent of total perennial grass herbage produced 
in any year. 

SYHF =.5 96.1, C 
SYHF - SUSTAINABLE YEILD h-ARVEST FRACTION, 

DIMENSIONLESS 

The needed offtake rate, NOR, is the offtake needed to keep the 

livestock on the range below the yearly sustainable stocking rate, 

YSSR, or, if a supplemental feeding program is initiated, below LTSSR. 

NOR.K=AtJ.K CR.JK-SOR.JK-CLIPILTSSR.K,YSSR.K,TIME.K, 91, A
 

TIE SF) 
NOR - NEEDED OFFTAKE RATE, AL/YR 

AU - ANIMAL UNITSt 450KG=1.67 CATTLE=IC SHEEP OR 
GOATS=.77 CAMELS
 

CR - CALVING RATE, AU/YR 

SDR - STOCK DEATH RATE, AU/YP 

LTSSR - LONG-TERM SUSTAINABLE STOCKING RATE, AU 
YSSR - YEARLY SUSTAINABLE STOCKING RATE, AU 

TIEISF - TIME OF INITIATION OF EXCGENOUS INPUTS OF 
SUPPLIMENTAI. FEED, YEAR
 

The livestock taken off the range each year by the range manage

ment authority in addition to the offtake that would result from the herds

men's individual decisions is called TAX. If the NOR is less than the 

traditional offtake rate, then TAX is zero. TAX is thus a "forced de

stocking". 

TAX.K=CLIP(CLIP(NOR.K-AU.K*(FSG.K FSPF.Ki ,O,NOR.K, 92, A
 
AU.K*(FSG.K+FSMF.KI),O,TIME.KTITPI
 

TI TP=2500 92.2, C 
TAX - DESTOCKING FOR RANGE MGT. PURPOSES, AU/YR 
NOR - NEEDED OFFTAKE RATE, AU/YR 
AU - ANIMAL UNITS, 450KG=1.67 CATTLE=1O SHEEP OR 

GOATS=.77 CAMELS
 
FSG - FRACTION OF STOCK ALLOCATED TO GOODS, 1/YR
 
FSMF - FRACTION OF STOCK ALLOCATED TC MARKET FOOD,
 

1/YR
 
TITP - TIME OF INITIATION OF TAN POLICY, YEAR
 

http:GOATS=.77
http:450KG=1.67
http:GOATS=.77
http:450KG=1.67
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TAX is an immediate destocking mechanism to bring the stocking 
rate back to the yearly or long-term sustainable level. Monetary
 
taxes collected in CFA's, CFAT, 
 which are payed out of the herdsman's 
yearly income can also be assessed. CFAT can be any function of the 
ratio of the actual stocking rate to the long-term sustainable stocking 
rate, LTSSR, as shown in Figure F-28. 

CFATCK=TAaHL(CFATT,(AU.K+CR.JK-SDR.JK)/LTSSR.K,1,2, 

.25) 88, A 

CFATT=OO/O//O/ 
 881, T
CFAT - MONETARY TAXES, CFA/PEPSCN-YR
 
CFATT - MONETARY -TAX TABLE
AU - ANIMAL UNITS, 450KG=1.67 CATTLE=IC 
SHEEP OR
 

GOATS=.77 CAMELS
 
CR - CALVING RATE, AL/YR

SDR - STOCK DEATH RATE, AL/YR

LTSSR -
 LONG-TERM SUSTAINABLESTCCKING RATE, AU
 

Animals taken off the range by the range management authority, 
TAX, may leave the system or may be converted into cash and held 
as reserves in a bank to be used to purchase supplemental feed when 
the natural forage production is unable to support the LTSSR. The 
kilograms supplemental feed reserves, KSFR, resulting from a policy 
of investing TAX in supplemental feed reserveq are increased by addi
tions to supplemental feed reserves, ASFR, and depleted by the kg 
supplemental feed reserves use rate, KSFRUR. 

KSFR.K=KSFR.J+DT*(ASFR.JK-KSFR(R.JKI 

93, L
KSFR - KG SUPPLIMENTAL FEED RFSERVES, KGOT - SIMULATION TIME 
INCREMENT, YEARS
ASFR - ADDITIONS TC SUPPLIKENTAL FEED RESERVES
 

FROM TAXES, KG/YR
KSFRUR - KG SUPPLIMENTAL FEEC RESERVES USE RATE, KG/ 
YR
 

http:GOATS=.77
http:450KG=1.67


-316-


ASFR.KL=CLIP(T/4X.KtOtTIME.K,TISFPI*PPAti.K/PPKSF 94 • R 
TI SFP=2500 94.1, C 

ASFR ADDITIONS TO SUPPLIMENTAL FEED RESERVES 
FROM TAXES, KG/YR 

TAX - DESTOCKING FOR RANGE MGT. PLRPOSES, AL/YR 
TISF!" -TAXES INVESTED IN SUPPLIMENTAL FEEC PROGRAM 

INITIATION TIME, YEAR 
PFAU -PRICE PER ANIMAL UNIT, CFA/AU 

Needed supplemental feed, NSF, is defined as the difference 

between the yearly and the long-term sustainable stocking rate, LTSSR-

YSSR, converted into kilograms of forage. 

NSF.K=CLIP(O,(LTSSR.K-YSSR.K)*DIS.K*SFRYSSP.K, 96, A 
LTSSR.K) 

NSF - NEEDED SUPPLIMENTAL FEEC, KG 
LTSSR - LONG-TERM SLSTAINABLE STCCKING RATE, AU 
YSSR - YEARLY SUSTAINABLE STOCKING RATE, AU 
DIS - DAYS IN THE SAHEL CN TRANSHUMANCE, DAYS 
SFR - STOCK FORAGE REOUIPEMENTt KG/AU-CAY 

The feed reserves are depleted by the kilograms supplemental 

feed reserve use rate, KSFRUR, which attempts to supply the NSF 

when the investment policy is in effect. 

KSFRI:R.KL=KSFR(I. K 95t R 
KSFRUR - KG SUPPLIMENTAL FEED RESERVES USE RATE, KG/ 

YR 
KSFRU - KG SUPPLIMENTAL FEED RESERVES LSEL, KG 

KSFRU.K=CLIP(CLIP(NSF.KtKSFR.K,KSFR.K ,NSF.K)h, 97, A 
T IME.K,T ISFP ) 

KSFRU - KG SUPPLIMENTAL FEED RESERVES USEr, KG 
NSF - NEEDED SUPPLIMENTAL FEED, KG 
KSFR - KG SUPPLIMENTAL FEED RESERVES, KG 
TISFP TAXES INVESTED IN SUPPLIvEKTAL FEEC PRCGRAM
 

INITIATION TIME, YEAR
 

When a supplemental feed policy is simulated, the needed ex

ogenous inputs of supplemental feed, NEISF, are equal to NSF minus 

any supplemental feed reserves that are stored and utiliz

able under an investment policy, KSFRU. The final supplemental feed 



-317

used, KSFU, which is added to the natural forage production in the 
FUI equation, is equal to NSF whenever an exogenous supplemental 

feed policy is in effect, and to KSFRU if only a feed reserves policy 
(T X converted to feed reserves) is in effect. Note that KSFRU may 
not be sufficient to supply the needed supplemental feed, NSF. 

TIEISF=2500 
 87, C

TIEISF - TIME OF INITIATION CF EXCGENUJS INIPLTS OF
 

SUPPLIMENTAL FEEC, YEAR
 

NEISF.K=CLIP(NSF.K-KSFRUK,NSF.KtTIE.K,TISFPI 
 98, A
 
NEISF - NEEDED EXOGENOUS IMPJRTS OF SUPPLIMENTAL
 

FEECt KG
 
NSF - NEEDED SUPPLIMErTAL FEEC, KG
 
KSFRU - KG SUPPLIMENTAL-FEED RESERVES USEC, KG
 
TISFP -
TAXES INVESTED IN SUPPLIEKTAL FEEC PROGRAM
 

INITIATION TIME, YEAR
 

EISF.K=CLIP(NEISF.KOPTIME.KTIEISF) 
 99, A
 
EISF - EXOGENOUS IMPCRTS OF SLPPLIF'ENTAL FEEC, KG
 
NEISF - NEEDED EXOGENOUS IMPORTS OF SUPPLIMENrAL
 

FEEDt KG
 
TIEISF - TIME OF INITIATION CF EXCGEOLS INPLTS OF
 

S[IPPLIMENTAL FEED, YEAR
 

KSFU.K=CLIP( NSF.K,KSFRU.KtTIME.KTIEISF) 
 IJO A
 
KSFU - KILOS PER YEAR SUPPLI]MENTAL FEED LSED, KG

EISF - EXOGENOUS IMPCRTS OF SUPPLIMENTAL FEEC, KG
 
KSFRU KG SUPPLIMEKTAL FEED RESERVES LSEC, KG
 
TJEISF - TIME OF INITIATION OF EXOGENCUS INPUTS OF 

SUPPLIMENTAL FCED, YEAR 

Included, for accounting purposes, in SOCIOMAD is a MACRO 
to calculate the present value, PV, of time streams of costs and 
revenues, Q, discounted at a rate R and having dynamic prices, PRICE. 
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MACRO PV(QtRPVSTt PRICE) 

PV=O .2, N 
PV - PRESENT VALUE IN 1975, CFA 

PV.K=PV.JDT*(SAPV.JK) It I 
PV - PRESENT VALUE IN IS75, CFA 
DT - SIMULATION TIME INCREMENT, YEARS 
SAPV - ADDITIONS TO PRESENT VALUE, CFA/YR 

SPVI.K=PRICE*Q/(EXP($T.K*LOGN( IRl) 2, A 
SPVl - PRESENT VALUE INCREMENT, CFA 
ST - ELAPSED YEARS, YEARS 

$APV.KL=CLIP( $PVI • K,OTI ME.K ,P ,ST) 
$APV - ADDITICNS TO PPESENT VALUE, CFA/YR
$PVI - PRESENT VALUF INCREMENT, CFA 

3, R 

ST.K=CLIP(T[ME.K-1975,0, TIME.K,PVSTJ 
ST - ELAPSED YEARS, YEARS 

4, A 

The present values of exogenous inputs of supplemental feed, 

PVESF, of the stock offtaken (TAX) for range management, PVT, of 

the total offtake rate, PVTO11, and of the imported metric tons of food, 

PVIF, ara all calculated. Any other costs or revenues can be dis

counted in this way, assuming prices can be assigned. Discount rates 

can be chosen to reflect either the market or the social rate of discount. 

DRSFP=t-I 
 130.1, C 
DRTOR=. l 
 100.2, C
 

DRSFP - DISCOUNT RATE FOR SUPPLIMENTAL FEED
 
PROGRAM, CIMENSICKLESS
 

DRTOR - DISCOUNT RATE FOR TCTAL GFFTAKE RATE,
 
DIMENSIONLESS 
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PVESF .K= PV(E) SF.Kt DRSFPt TIE ISF,PPKSF) 101 A
 
PVESF - PRESENT VALUE IN 1975 OF EXOGENOUS
 

SUPPLIMENTAL FEED, CFA
 
PV - PRESENT VALUE IN 1975, CFA 
EISF - EXOGENOUS IMPORTS CF SUPPLIVENTAL FEEC9 KG 
DRSFP - DISCOUNT RATE FOR SUPPLIVCENTAL FEED 

PROGRAMt LI"ENSICkLESS
 
TIEISF - TIME OF INI'lIfION CF EXCGENCUS INPUTS Oc
 

SUPPLIMENTAL FEED, YEAR
 

PVT.K=PV(TAX.KDRSFPTITPPPAU°.K) 
 102, A 
PVT - PRESENT VALUE IN 1975 CF TAXES, CFA 
PV - PRESENT VALUE IN 1975, CFA 
TAX - DESTOCKING FOR RANGE MGT. PURPOSES, AL/YR
DRSFP - DISCOUNT RATE FOR SUPPLIMENTAL FEED 

PROGRAM, DIMENSICNLESS 
TITP - TIME OF INITIATION OF TAX PLLIC\', YEAR 
PPAU - PRICE PER A&IMAL UNIT, CFA/tU 

PVTOR.K=PV(TOR.JKDRTOR,1975PPALI.K) 
 l3, A 
PVTOR - FRESENT VALUE IN 1975 CF TOTAL OFFTAKE
 

RATE, CFA
 
PV - PRESENT VALUIE IN ['75, CFA 
TOR - TOTAL OFFTAKE RATE, AL/YR
DRTOR - OISCOUNT RATE FOR TOTAL CFFTAKE RATE, 

DIMENSIONLESS
 
PPAU PRICE PER ANIMAL UNIT, CFA/AU
 

PVIF.K=PV(IMTF.K .[19975tppKu) 
 134, A
 
PVIF - PRESENT VALUE IN 1915 OF IP;PORTED FOOC, CFA
 
PV - PRESENT VALUE IN 1975, CFA
 
IMTF - IMPORTED METRIC TENS OF FOOD, METRIC TONS/
 

YR
 
PPKM - PRICE PER KILOGRAM MILLET, CFA/KG
 

Init-.al Values and Specifications 

The following initial value equations assign values to the state 

variables in 1920. 

The specification equations define the simulation start time, run 
length, time increment and plot and print periods. The specifications 
are wr'itten so that the simulation always starts in 1920 and plot and 

http:Init-.al
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print output may be started in any year without having to change initial 

values. 

Using an offline high-speed printer for output and making use of 

the rerun option for policy testing, the cost of Cn individual run with 

a reasonable output record averages less than forty cents. 

lIfITIAL VALUES
 

PPSC=IPPSC 
 1U4.4, N
IPPSC=451 
 104.5, C
 
SFUI=ISFUI 
 104.6, N
ISFUI=.2 
 104.79 C 
PW=IPW 
 104.89 K

I PW=11400 104.9, C 
FSM= IFSM 
 105.1, N
 
IFSM=.54 
 105.2t C 
FSSI=IFSSI 
 105.3, N 
IFSSI=.38 
 135.4, C 
FSMF=IFSP'F 
 105.5, N 
IFSMF=.C3 
 105.6, C 
FSG=IFSG 
 135.7, N 
IFSG=.05 105.8, C 
SOMR=ISOMR 
 135.9, K
I SON1R=u 106.1, C 
TIME=ITIME 106.2, K 
IT IME=192 106.3, C
POP=IPOP 106.4t N 
IPOP=7E3 106.59 C
AU=IAU 
 '106.6, N 
IAU=30OE3 
 106.7, C 
FPP=IFPP 
 106.8, N
 
IFPP=451 1069t C 
SAR=ISAR 107.1, N

ISAR=l 137.29 C 
DAL= IDAL 
 IU7.3, N 
IDAL=23 
 107.4, C 
LTSSR=I LTSSR 
 17.5, N 
I LTSSR=350E3 107.6, C 

http:IFSG=.05
http:IFSMF=.C3
http:IFSSI=.38
http:IFSM=.54
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PPSC - PRODUCTION POTENTIAL FRCM SCIL CChDITION, 
KG/HA


IPPSC - INITIAL PRODUCTICN POTENTIAL FRCM SCIL
 
CONDITION, KG/HA
 

SFUI - SMOOTHED FORAGF UTILIZATION INTENWITY,
 
DIMENSI3NLESS
 

ISFUI - INITIAL SMOOTHED FORAGE UTILIZATICN
 
INTENSITY, DIREISI, KLESS 

PW - PER CAPITA WEALTH, UNITS/PERSCN
 
IPW - INITIAL 
PER CAPIl1A WEALTh, UNITS/PERSCN

FSM - FRACTION OF STOCK ALLOCATED TO PILK, I/YR

IFSM - INITIAL FRACTION OF STOCK FCR MILK, i/YR

FSSI -
 FRACTION OF STOCK ALLCCATED TO SOCIAL
 

INFRASTRUCTURE, 1/YR

IFSSI - INITIAL FRACTION OF 
 STOCK FCR SOCIAL 

INF RASTRUCTUREPI/YR

FSMF -
FRACTION OF STOCK ALLOCATED TC MARKET FOOD,
 

I/YR

IFSMF - INITIAl. FRACTION CF STCCK FCF PARK.TEC
 

FOOC, I/YR
 
FSG - FRACTION OF STOCK ALLOCATEC TO GOCDS, 1/YR

IFSG - INITIAL FRACTION OF STOCK 
FCR GOODS, I/YR

SOMR - SMOOTHED OUT- MIGRATICN RATE, 1/YR

ISOMR -
 INITIAL SMOOTHE) OLT-MIGRATICN RATE, i/YR

ITIME - START OF SINULATICK, YEAR
 
POP - POPULATION, PERSCNS
 
IPOP - INITIAL" POPULATION, PERSCNS
 
AU - ANIMAL UNITS, 450KG=l.67 CATTLE=iO SHEEP OR 

GOATS=.77 CAMELS 

IAU - INITIAL ANIMAL UNITS, AU 
FPP - FORAGE PRODUCTION POTENTIAL, KG/HA
 
IFPP - INITIAL FORAGE PRODUCTICN PCTENTIAL, KG/HA

SAR -
 SMDOTTHED ACHIFVEMENT RATIC, CIMENSICNLESS
 
ISAR -
 INITIAL SMOOTHED ACHIEVEMENT RATIC,
 

DIMENS IONLESS 
DAL - DELAYED AVERAGE LIFETIME, YEARS
 
IDAL -
 INITIAL DELAYED AVERAGE LIFETIME, YEARS 
LTSSR - LONG-TERM SUSTAINABLE STCCKING RATE, AU

ILTSSR - INITIAL LONG-TERM SLSTAINABLE STOCKING
 

RATE, AU 
KSFR - KG SUPPLIMENTAL FEED RESERVES2 KG 
SFD - SMOOTHED FOOD DEFICIT, CALORIES/PERSGN-DAY

ISFD - INITIAL SMOOTHED FOCD DEFICIT, CALORIES/
 

PERSON-DAY
 

http:GOATS=.77
http:450KG=l.67


SPECIF ICAT IONS 

OT=l 108.49 C 

LENGTH=D 108.,5t C 
PPST=1920 108,7 C 

DT - SIMULATION TIME INCREMENT, YEARS.08.7,.C 
LENGTH 
PPST 

- LENGTH OF SIMULATION, YEARS 
- PRINT AND PLOT PERIOD START TIME, YEAR 

PRTPER.K=I PP-STE P(PPIR, PPST) 
PRTPER - PRINT PERIOD, YEARS 

109, A 

IPP - INITIAL PRINT AND PLOT PERIOD INCREMENr, 
YEARS 

PPIR - PRINT AND PLOT PERIOD INCREPENT REC'CTiON, 
YEARS 

PPST - PRINT AND PLOT PERIOD START TIME, YEAR 

1LD APLTPER.K=IPP-STEP(PPIRgPPST) 
110.1, CIPP=52 

110.2t C
PPIR=50 


PLTPER - PLOT PERIOn, YEARS 

IPP - INITIAL PPLNT AND PLOT PERIG9 INCREMENT, 
YEARS 

PPIR - PRINT 4ND PLOT PERIOD INCREMENT REDUCTION, 
YEARS 

PPST - PRINT AND PLOT PERIOD START TIME, VEAR 
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FIGURE F-I: Soil Change Time Table, SCTT 
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FIGURE F-2: Soil Condition Table, SCTAB 
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FIGURE F-3: Hectares Accessible to Stock Table, HAAST 
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FIGURE F-4: Days in the Sahel on Transhumance Tables, DISIT, 
DIS2T. 
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FIGURE F-5: 	Days in Sahel Multiplier Table, 
DISMT. 
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FIGURE F-6: 	 Utilization Intensity-Production Potential Table, 
UIPPT. 
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FIGURE F-7: Forage Production Potential Change Time Table, 
FPPCTT.
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FIGURE F-. Normal Stock Death Rate Table, NSDRT. 
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FIGURE F40: Stock Starvation Table, SST. 
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FIGURE F-11: Calving Rate Table, CRT. 
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FIGURE F-12: Milk Production Table, MPT. 
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FIGURE F-13: 	Marginal Utility Tables, MUMT, MUMFT, MUGT, 
MUSIT. 



-330

' 9001
0 

800 

700 

.':00 600
00
 

00 5001
 
1970 1980 1990 2000 2010 2020

Time 

FIGURE F-14: Desired Milk Calories Table, DMCT. 
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FIGURE F-15 Desired Marketed Food Calories Table, DMFCT. 
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FIGURE F-16: 	Perceived Per Capita Wealth 
Target Table, PPWTT. 
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FIGURE F-17: 	Fertility - Perceived Lifetime Multiplier Table, 
FPLMT. 
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FIGURE F-18: Normal Fertility Table, NFT. 
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FIGURE F-19: Fertility - Per Capita Wealth 
Multiplier Table, FPWMT. 
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FIGURE F-20: 	Food Deficit-Insurance Multiplier 
Table, FDIMT. 
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FIGURE F-21: Normal Social Infrastructure Herd Table, NSIHT. 
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FIGURE F-22: Food - Lifetiile Table, FLT. 
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FIGURE F-23: Normal Average Lifetime Table, NALT. 
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FIGURE F-24: Out-Migration Table, OMT. 
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FIGURE F-25: Fraction of Population Adult Reprodacing 
Table, FPART. 
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FIGURE F-26: Food Relief Switch Table, SWITAB. 

E 30- Beef Price Increase 
Policy . 0 

- . 

a. 
<L 

a- M 

0 
0 

1970 1980 

I 

1990 
Time 

I 

2000 2010 

I 

2020 

FIGURE F-27: Price Per Animal Unit Table, PPAUT. 
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