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POR.nD

The Recent Evolution of Integrated Planning .ethods

In 1983, the u.s. Agency for International Development (AID)

reviewed requests for technical assistance that it had received

from its _issions. An analysis of the requests submitted through

AID's Environmental Planning and Management (EPM) Project showed

a need to integrate the project planning efforts by AID staff

with different interests and expertise. The EPM environmental

technology transfer project had received over 70 requests, and 22

percent involved integrated system issues. There was a strong

consensus to use holistic approaches to accommodate the

complexity which is characteristic of Agency work in the

environmental aspects of economic development. The desire to

have integrated approaches and tools was repeatedly expressed at

a series of USAID meetings during the winter of 1983. It was

also clear that no tools accessible to AID staff at that time

satisfied their need for methods to objectively integrate

activities at all stages of their projects--planning, research,

implementation, and evaluation.

The response to this analysis was the development of

Integrated Planning Technology (IPT). The IPT project which

developed the planning tool reported here, was a cooperative

agreement between the World Resources Institute (WRI) and AID. A

cooperative agreement differs from typical consulting contracts

in that AID uses the completed work to improve the policy,

planning, and implementation capabilities of the Agency. This
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policy dimension of cooperative agreements is one way the Agency

educates itself through an iterative dialogue with its friends

and critics, while the contractor improves its capabilities in

these areas. This is considerably different than most consulting

jobs, where the contractor moves on to other work at the.

completion of the contract.

In the spirit of such a cooperative agreement, IPT was

designed to find a better, more economical !~¥ t~ ~~dr~~~

policies, programs, and projects by better understanding goals,

issues, and information requirements, and by testing alternative

policies. EPM projects treating land-use conflicts near a

national park in Nepal, a dam and irrigation project in the

Philippines, coastal resource management in ASEAN nations, and

the integration of discrete, resource~specific ch~pter~ i~ a

National Conservation strategy for Botswana all contributed to

our perceptions of where an integrated planning tool could be

helpful, and the form such a tool could take. These were the

Alo-to-EPM elements of the cooperative agreement. This book is

one of the returns to AID. It assists Agency efforts in planning

which can be enhanced and sustained beyond the completion of

individual projects.

The fir~t c~=~~th~r ~nd tb~ ~D~rgytEn~ironmentDirector for

AID's Asia Bureau (as the Agency was then constituted) began

development of what has ~ec~~~ I~t~gr~t~~ ~1~~~i~9 ~~~bnQlQgy

(IPT) in 1983. The first trial (in 1984) attempted to use many

8



of the methods described here to plan, after the fact, the USAID

portion of the Mahaweli River Basin Development Program in sri

Lanka. The Mahaweli was a project which had been planned and

replanned by the government and at least seven donors for some

twenty-five years. We hypothesized that a new, inteqrated method

could offer some measurable improvements and provide a better

record of planning than had been the case. For example, it

incorporated forestry and wildlife in the assessment of

environmental impacts and project costs and benefits. We

marveled that foresters had not been a part of planning for the

Mahaweii project for twenty years. Although larger than many

international devel~pment projects, the Mahaweli served well as

an example of discipline-speeifie, modular, and reductionist

planning.

After the 1984 Mahaweli workshop, subsequent development of

IPT was led by the Office of Forestry, Environment, and Natural

Resources of the Bureau for Science and Technology, USAID

(S&T/FENR). S&T is responsible for the development and

dissemination of scientific and technological information,

analyses, and tools required by the Agency. S&T/FENR originally

charged the authors with employing IPT to develop a prioritized

research agenda, based upon workshop-derived models of their

primary existing areas of activity and interest: forestry,

coastal resources, range, and wildlife management.

9



In March 1986, an Agency-wide workshop addressed these

resource sectors and several others which are closely linked.

Flow diagrams of conceptu~l models representing nine sectors were

produced. These included agriculture, socioeconomics,

population/health, watershed/soils/hydrology, as well as the

resource program areas of S&T/FENR. Ultimately, many of the

demographic, economic, agricultural, and other structures were

incorporated in the models of focus for FENR: forestry, coastal

resources, range, livestock, and wildlife management. Twelve AID

offices, as well as several experts representing contractors and

other agencies such as the Department of Agriculture,

participated in describing the goals most often expressed and the

problems and systems most often encountered on AID projects in

these sectors. scientists were then hired to locate, interpret,

and report the data for the identified parameters. The

participants developed flow diagrams to represent the resource

system structures they defined

considerable experience.

Since the effort to develop IPT began and the products of

the Mahaweli Bioresource Systems Workshop were produced in 1~85,

hundreds of participants at seminars and workshops around the

world have contributed to the latest version of IPT described in

the book. This has been a peculiarly pUblic and interactive

process.
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In 1987, a mid-term evaluation of the IPT project determined

that f~rth~r ~~r~ to produce a prioritized research agenda should

await a careful validation of one important sector. IPT needed a

"reality check." Because of the training and field experience of

the IPT staff, the Range, Livestock, and wildlife model was

selected for validation, and data on tropical semi-arid

rangelands were collected for East and southern Africa. In early

1988, the staff visited Zimbabwe and Kenya to contact managers,

administrators, and operators, revise original data in files,

inspect the sites, hold workshops to involve the users, and build

the model structure. These visits provided much of the

information required to validate the model, which is reported in

Chapters 5 and 6.
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1.1 ~he Need for Integrated Planning

Many of the horror stories in development assistance are

attributed to the consequences of modular or open-system

planning. The cause and effect logic used in this type of

planning is occasionally useful to solve engineering problems,

but such approaches do not reflect the feedback controls so

common in biological, social, and economic closed systems. This

lack of integration and feedback were themes in an early

collection of development gone awry (Farvar and Milton, 1969),

but unfortunately, since the pUblication of the book Careless

Technology, the list of examples has grown. The Aswan Dam and

its effects in Egypt were described in their book. Other

examples include:

o In Indonesia, agricultural lending policies encouraged
farmers to buy the high-yielding rice of the Green
Revol~ti~n, ~~t th~ l~~~ ~f ya~i~t~l giy~~~ity ~ng tb~
resulting devastation by pests severely affected many small
farmers who were part of the program.

o The Livestock II project in Botswana fell far short of its
objectives. Instead of fosteriiiifranqeland- conservation 
with a "stewardship through ownership" approach to rangeland
allocation of the grazing commons, the vested interests did
exceedingly well, traditional social structures dissolved,
and neither the-intended-economic-nor-environmental------
projections were measurably achieved. Yet this project is a
starting point to plan a similar intervention -- Livestock
III.

o Migration of people from crowded areas in Indonesia to less
populated islands did not enhance their quality of life to
the degree planned. Three tenets of successful rural
rlpvp'nnmpn~ wp~p U;~'.~A~' ~~~~ (~~ ~~\ .~U.~~A
-- • ---~-_ •• _ _ -- _ 'W".IIiII6 I!'~,.,.,... \....,... ..'-" I ..~ ...

characterization of the site to be developed with knowledge
of the migrants' capabilities; inadequate determination and
provision of appropriate approaches and technology; and no

13



long-term support ~~YQng tb~ ~~~al borizons of development
ancfproJectplans (Richards, pers. comm.).

Without delving into the details ~~d controy~r~i~s ~~~~Q~n~in9

the numerous development disappointments, these projects lacked

the planning approach implied by 1PT. Recently several new

technical developments have evolved which make an 1PT now

possible.

o Ecosystem approaches, analyses, and methodology has revealed
,some resource system connections (Van Dyne, 1969; orians,
1986).

o General system concepts such as control engineering (system
self-regulation), cybernetics (the nature and role of
information), and organization theory (structure and
~~ci~i~~:~~ki~9) h~Y~ ~~~~~~g tQ ~ppl~~~tion.

o Computational capacity (microcomputers and simulation
modeling software) has made the necessary computational
power easy to use and available to many planners and
technicians on an interactive basis.

1A.....



1.2 System Definitions

In describing flaws in historic approaches to developing

renewable resource systems, we have used some terms which need

g~finition. A sYstem can be considered a bounded collection of

interacting elements which function together for some common

purpose (~ob~rt~ ~t ~l., 1~~3). A l~~ ~Q~~~ ~DgiDe i~ not a

system by this definition, but a lawn mower, lawn, and operator

is a system. A model is a simplified representation of the
- - ---

system which lets us test our beliefs about the system and

enables us to make decisions about its management. For example,

we probably do not need information about soil fauna to decide to

mow the lawn. A simUlation is a projection of the behavior of

the system as expressed by changes in the elements (variables) in

response to goals and a management decision, for example, whether
---- ----- ----

to mow the lawn once a day or once a month. These projections

change over time depending on the changing values of the

variables. The projections describe the behavior of the

variables of interest, such as the plant biomass.

In fact, we employ mental models of systems to make most of

our g~ily g~~i~iQD~, such as when we decide to cash a check, play

a game, or make an investment. We are all habitual modelers, and

those who are more ~~ill~~ ~t ~~tting ~Q~ng~~i~~ Qf ~ ~~stem,

identifying the right elements, remembering important facts about

the elements (data), or past ~i~t~r¥ of their ~cti~~s and ~Y~~~m

15



responses (validation), win. They "win" because they are better

informed modelers -- better planners and problem solvers.

The use of more formal approaches to systems analysis for

testing policies becomes advisable as the elements and relation-

ships increase to the point where:

o there is too much information to keep track of to make a
sound decision, and

o management costs and consequences increase. It is advisable
to test airplane designs ina--wind-tufiner before -- -
construction, or to give new pilots time on a flight
simulator before they take us up. The same care is
warranted for the design of a development project affecting
the well-being of people.

The over-focused planning of the previous generation ignored such

common and ~~~t~c~l system determinants as change over

intra-system linkages, and feedback controls. IPT was conceived

as an attempt to integrate many elements and fields of knowledge

with the consequences of management costs to achieve more

infQrm~g, efficient planning.

16



1.3 Historical constraints in systems Planning

IPT was developed on the premise that satisfactory tools for

applying systems analysis during planning had never materialized

because none of the many approaches were specifically tailored

for the development pragmatist. These people may possess a

legitimate and healthy skepticism about:

o

o

o

o

o

estimates for missing or suspect data;

computer-oriented specialists who have not researched and
managed the systems in the field which they have
characterized from the office (an academic approach, the
"black box");

a computer-oriented planning technology which is not
understood (analogous to the suspension of belief
experienced at a magic show);

past modeling exercises which produced trivial or erroneous
analyses; and

any technology which produces quantitative information about
the future. If modelers possess such powers, why aren't
they at the race track?

The main issue is confidence and credibility in what is partially

a predicative tool.

The principal means by which IPT addresses these important

build the model. By using a

well-defined analytic p~ocess, the users generate a model which

addresses the correct issues and system. ~be !~~~@~ ~~g ~~~~~~

are defined in an interdisciplinary workshop assisted by IPT

staff, wbo will f~~tb@~ @l~~Q~~t~, ~~4 if ~ppr~pri~t~, encode the

system which is developed. The user can provide the units of

17



measure for the data and even some of the data points required by

the model. The user helps build the system representation

(model) and should therefore understand it. The quality of data

used for the model's parameters is assessed, and data are entered

on a large, accessible database. This stored information now

exists for many elements of the systems (variables) which have

been identified (See Chapter 3, section 3.4). IPT workshops can

affect the objectives, variables, and system construction by

f'.; .....~.. , ,,,
................... w.a...a..~ a~~ering to the workshop protocol described in Chapter

Three. One of the evolutionary trends in the IPT process has

been the immediate encoding of portions of the suqqested model

with the users present. This process demystifies the procedure

~~~ 9~~~~~~~~ ~ feel for cause and effect between model

structure, analysis, and output.

Despite the involvement of those who will use IPT in

depicting the system to be developed, the issue of credibility

can never be completely resolved because the projection of future

behavior can never be proven in the present, at least not in the

way a statistical test can identify the level of confidence in

observable phenomena. However, we can feel reasonably confident

about using a model's simulation of the future if:

o the structure is credible in the experience of those who
construct and use it, and in the opinion Q~ @~i~~tist$ who
should-ktiow--aet.ails -of-system-pattern -and process;

o the structure is consistently rebuilt by other users at
other workshops without prior knowledge of the pr~yi~~s
depiction; --------- ----

o assumptions and poor data are minimized;

18



o the model is validated by using a data set collected for a
similar system over a long period to test its accuracy
l"pred1ctinq-history"),-and------ -- ---- --- -------

o the entire process -- workshop, protocol sequence, encoding,
testing, data collection, and policy testing -- is at least
as logical, efficient, and useful as other existing ways of
planning which it would augment, but not necessarily
replace.

The authors, who are typical applied science users, do not view

IPT as an end in itself, but rather a means. IPT is one of

several useful tools in the research/management/planning tool

kit.

19



1.4 CUltural Constraints in Systems Planning

System dynamics and its tailored computer simulation

languages Dynamo (for IBM) and STELLA (for Macintosh), have been

applied to the management of industrial dynamics and engineering

systems since their development in the 1950's. System dYnamics

{~hich is ~~scri~~d i~ Ch~pt~r 3, ~~cti~~ 3.~), i~ ~~ ~~~l¥tic

approach developed at the Massachusetts Institute of Technology

which is used to manage integrated systems (Forrester, 1969).

Dynamo is a computer language particularly suited to system

dynamics. It was originally used on main frame computers, but

the latest versions are written for microcomputers.

Forrester and his many students, like many developers of

mathematical models, were unified by a culturally consistent

approach to problem solving, which is reflected in its filial

product, IPT. These early users often modeled elements of human

behavior central to many developments or industrial improvement.

The approach is generally dominated by rational, logical methods,

a managerial rather than a passive or fatalistic view~ the use of

computers, and the assumption that human action can be

predictable and thus managed, at least in the aggregate. Meadows

(1980) quotes Schumacher (1973, page 213): "In principle,

like the movement of the stars, is predictable. Does that mean

that all human actions are unpredictable? No, because most
- - - - - - - - - - - - - - - - - - - -

people, most of the time, make no use of their freedom and act

20



mechanically. Experience shows that when we are dealing with

large numbers of people, many aspects of their behavior are,

indeed predictable -- only a tiny minority are using their power

of freedom, and they often do not significantly affect the total

outcome."

Schools emphasizing engineering and economics have produced

some brilliant and widely employed research and planning models.

~~~~y~~, ~h~ ~h~ll~ng~~ ~f pl~nning f~~ the p~~~ly ~ng~~~t~~~

biological systems and cultures outside western logic confound

our rational approaches to "averaged" people. Furthermore, in

spite of Schumacher's hyperbole, not everything immune to human

intrusion (such as a typhoon or earthquake) is currently

predictable. Such events can be much more significant to the

less ~uff~r~d hU~~~ communities in th~ ~~y~1~pi~9 ~~rld,. ~nd

require different visions of need, cause, effect, and success or

resolution. CUltural or religious diversity, fatalism, and other

unfamiliar (to foreign observers) behavioral drivers can confound

the logical managerial modeler seeking to understand an

unfamiliar development environment. This presents a challenge to

planners using such standard planning techniques as mental .

models.

One move toward a solution is to devise a structure for

translating and compiling an unfamiliar world view into a format

wh~~h w~ll ~nfQrm tb~ pl~nn~r~. ~b~ I~ wQrk~bQP g~~gr1b~g in

Chapter 3 was designed not only to elicit the views of the hosts

21



and presumed beneficiaries of our technology, but also to serve

as an effective vertical communication technique for all the

strata affected by a development, from peasant to administrator.

These strata are also often different within a host country -- in

language, material culture, world view, vocational pursuits, etc.

This local diversity can pose the same problem for planning and

modeling as the western vs. endemic dichotomy.

Furthermore, complex biological systems, like behavioral

systems, are less tractable than physical systems which may yield

to engineering solutions. Relatively recent efforts in systems

ecology attempt to clarify ecosystem function and management.

The use of simulation modeling by ecologists and the genesis of

1PT are natural milestones in the evolution of systems science

and system dynamics. As ecology continues to benefit from

mathematical modeling techniques developed for other disciplines,

such as engineering, and as methods emerge from constraints

imposed by a western tradition addressing non-western people and

issues, development assistance can begin to make good use of this

new approach.

22



1.5 AD IPT Case from the Philippine.

Although IPT has been in a development phase leading to the

pUblication of this report, several applications at workshops

have indicated the benefits IPT may provide.

Very few international development projects are easy.

Certainly one of the most difficult planning environments now

challenges the new government of Negros Occidental, an island

province in the central Philippines. Negros was originally

characterized by humid tropical forests and seagrass-mangrove

reef environments. The elimination of the American sugar import

qUota, new substitutes for sugar, and corruption, coincided

during several weeks in 1986 to cause a dramatic collapse of the

economic backbone of the province, sugar growing and processing.

Nearly all sugar workers and their families housed in the sugar

haciendas were already suffering clinical evidence of

malnutrition when virtually all sugar workers were fired.

starvation and recruitment to a national insurrection became a

reality. The new governor attempted to redress the interrelated

problems of the bar~r~ptcy of plantation o~~ers, worker poverty,

growing guerrilla and reactionary armies, tenure inequalities,

and environmental deterioration. His land-use plan proposed·

forgiving a fraction of the plantation owners' mortgage in trade

for 1Q p~rgeDt of tbeir lana to be giyeD to tbe p~a8aDt workers

for subsistence agricUlture. He would diversify the disastrously

23



vulnerable sugar monocrop on 30 percent of the land, and the

remaining 60 percent would continue to grow sugar to satisfy

domestic markets and keep the processing facilities alive.

In the fall of we were invited to evaluate the

governor's plan and employ IPT to suggest alternatives. A

_ ~Q~~~bQp with enthusiastic local planners generated useful

evaluations which had not as yet been factored into planning.

Per~~p~ th~ ~~~t pr~y~c~tiy~ p~~~~~t~ ~~~~g~g !~Q~ ~~~~~ning ~b~

simulated behavior of the Negros Occidental system. Model runs

indicated that the governor's diversification policy would not

produce the anticipated benefits above a base case or "do

nothing" scenario for some of the important goal behaviors tested

(See Figures 1-1 to 1-4). A goal behavior is the behavior over

time of an important ~l~~~nt (9~~l y~ri~~l~) in ~ ~yst~~. Such

change responds to a particular policy. It is essential to know

the response of variables in order to assess the value of the

policy. As examples, two natural resource indicators (forests

and mangroves) and two socioeconomic indicators (food and

economic benefits) were examined.

To explore a possible land-use strate~i which the

planners had not yet considered, we evaluated the comparative

beDefit~ of ~ regeneration program to reclaim the larqe area

degraded because of past land abuse. The allocation of

tr~~~iti~~~l ~i~~n~i~l ~~ppo~t for 5,000 f~milies a year to spend

three years transforming the noxious Imperato grass (cogon or

24



alang-alang) to food crops was costed, and the costs and benefits

displayed in the net present value analysis.
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I'iqure 1-1. Forest loss on Negros Occidental as landless,
unemployed sugar workers resort to slash and burn subsistence
farming on erosive slopes with short crop rotation. (Simulated
results.)
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Figure 1-2. Land tenure effects on mangrove mortality due to
prop root suffocation from sedimentation. Reclamation defleets
slash and burn forest conversion, and reduces sediments relative
to other land uses tested. (Simulated results.)
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Piqure 1-3. Food adequacy relative to 1,850 calories per day.
Index (1.0 = 100 percent)illustrates-a-shortfall-in-the-base
case with the governor's 10:30:60 plan, and a four-fold saleable
surplus with a regeneration scenario. (Simulated results.)
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Fiqure 1-4. Return on the investment in a regeneration scheme
compared to investing the money at 10 percent-interest elsewhere.
The project begins at year three, breaks even in less than ten
years, and shows a substantial economic return by twenty years.
The assumptions are conservative. (Simulated results.)

Secondary Closed Eorest Land. If the economic refugees from the

haciendas were forced to the forest to practice subsistence slash

~~~ ~~r~ ~gri~ultu~~ Wi~bQ~~ ~~y r~g~D~r~tiQD, tb~ fQrest ma~ be

decimated. By reducing the pressure from shifting agriculture

!ith the reclamation ~c~n~rio, it ~~y ~~ p~~~i~l~ t~ pr~~~ry~

about two thirds of the pre-crash forest area (See Figure 1-1).
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Mangroves. Land use changes in the watershed can affect this

r~s~~r~~ thr~u9h erosion and sedimentation. If the mangrove prop

roots are covered with silt, the trees soon suffocate. Increases

in such land uses as shifting agriculture, forest fallow, and

unproductive land lead to substantial erosion and sedimentation

of the mangroves, with the sUbsequent loss of mangrove-dependent

fisheries. Two thirds of the protein for human consumption on

Negros Island comes from fish, and about 85 percent of these

species depend on the mangroves during some part of their life

cycle. The preservation of forest land and the reclamation of

unproductive land have a much more benign effect on this

important resource (See Figure 1-2).

Human Nutrition. An index of food adequacy demonstrates the

implications of the three policies. In tbe b~~e g~~~,

unemployment and the inability of the people to make up a food

g~figi~ ~h~~ugh ~hifting ~gricultur~ l~~y~ them without en~~~h

food. In the diversification scheme, the 10 percent of the land

allocated to subsistence agriculture is enough to produce a small

surplus, but in the regeneration scheme, rehabilitation of

unproductive land allows an almost four-fold surplus (See

Figure 1-3).

Bet Pres&nt Value. Using the World Bar~'s criteria for

discount rates (10 percent), the regeneration scheme may be

financially as well as enviro~~entally sound (See Figure 1-4).
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Although the accuracy of the numeric output had yet to be

tested, the planners were challenged to rethink existing dogma

and plans. For example, neither the potential effects of upland

uses on vital coastal resources, nor the costs associated with

ignoring these links during planning had been considered .earlier.

The planners welcomed IPT as an organizing concept and process.

Although they had considerable anecdotal knowledge and a feel for

local processes, planning tools did not exist to help structure

and efficiently use their insights.

The model was not left with the planners on Negros Island

because the abbreviated workshop and data collection effort could

result in possible misuse of the results and the process.

Furthermore, IPT had not yet been validated as a process which

could generate reasonable confidence in the future behavior of

variables. Although the logic of the process was clear, the

credibility of the products had not been established through

validation, and care had to be exercised to avoid overselling a

yet-to-be tested tool.
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1.6 IPT Products

1.6.1 xanaging Risk

Reducing uncertainty in some high-risk activities and

environments is a goal of most planning and some IPT products.

In fact, the reduction of risk subsumes impact assessment,

planning, monitoring, and training, and is both an 1PT product

and a dominant goal. Reasons for uncertainty in the development

of natural resources include:

o Changes in social preferences, policies, and goals. In the
United states, pUblic perceptions and environmental
~~gulation experienced great changes between 1960 and 1970,
andpri6ritresreflectirig-these-att.ituaes-alsochanged~.....
Government programs, which are expressions of ideologies,
changed elsewhere as well -- as, for example, in Indonesia
in 1965, and in Zimbabwe in 1980.

o Poor data, which makes policy analysis difficult. The
knowledge to jUdge between alternative policies is
necessary.

o

o

Imperfect or erroneous knowledge of structure and function.

Unpredictable conditions such as catastrophes which can
ariseana-confourid·aplan~

A planner's goal is to cope with uncertainty and to minimize

surprises. Response to surprises tends to be reactive, and the

likelihood of an inappropriate response increases. Humans and

their institutions have generally attempted to reduce uncertainty

through trial and error. Holling (1978) identifies three types

of uncertainty:

stocbastic Events. Existing analytic tools can help plan for

these random events (e.g. typhoons and droughts). Their
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occurrence can be estimated by statistical procedures (e.g.,

Monte Carlo simulations) .

• 0 Empirical .ecord. Imaginable and partly describable possible

occurrences make this class ..,"-._--
-... UII:.1. II: 1s no

prior knowledge of outcomes or probabilities of occurrence. Once

such events do occur; they can move to the first category. A

nuclear plant or weapons system failure can be in this category.

Unimaginable Bvents. These events are without precedent and have

unknown processes, such as AIDS for the world of fifty years ago.

uncertainty is part of our condition. Since it can not be

wished away by those who engage in the uniquely human activity of

planning for the future, our institutions are attempting to cope

~ith ~~c~rt~i~ty ~y traqi~g ~ff t~~ ~~~i~ ~~~~~~gi~~: p~~~~n~ing

failure or surviving failure (Holling, 1978).

An activity to support the strategy of preventing failure

might be the collection of the best data possible to form

deeisions. The strategy of surviving failure would be supported

by the jUdicious use of trial and error (sticking your toe in the

water). We can never completely replace experience, because we

can never hope to eliminate uncertainty. Given the importance of

this strategy; it is useful to summarize Holling's

conditions for the employment of trial and error:

~ it ~~DDQt de$trQ~ the experimenter;

'1Q7R\ ""-4,..;"",, .....\ __ I' _, ...... 6 .......W. U

o the experimenter must be able to analyze and learn from the
errors;
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o the trial cannot completely change or destroy the
environment (or the lessons learned will not be of use); and

o the experimenter must be willing to try again.

The aqent in these experiments must be sometbing of ~ ~i~~=

taker and entrepreneur. Memory, analytical, and problem-solving

~~ili~y ~ng ~ ~~~t~ f~~ ~~y~~t~re are c~~r~ct~ri~tic. Memories

can be transcribed as history in books or fables, and experience

can be socialized or ritualized for all generations. Military

historians will certify that battles rarely go as planned. Even

with the best data, uncertainties creep in, and, ultimately,

experience is a useful ally. Eliminating uncertainty is rarely

possible and, therefore, successful planning requires the use of

experience, worst-case assumptions, and quantitative forecasting

and policy testing.

IPT is a technique which bridges the decision to emphasize

either planning or .._.:_, --~ ----
~L .L G.L GUY 'CL L"'L •

experience of many risk-takers while using a technique of

forecasting and data collection favored by planners. It requires

prior information to develop good policies, but tests alternative

policies using models before a massi~e commi~.ent i~ m~g~. i~~'§

primary contribution to development planning is the capability it

Qff~~~ ~Q ~he trial and ~~~~~ pr~~~~~ ~~f~r~ t~~r~ i~ ~ny massive

commitment to implementing a project. Policies are tested and

~i~~~ct~~ ~~f~r~ t~~y are implemented. IPT can identify

unexpected relationships and behaviors for further inspection by
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techniques such as risk analysis. As long as the model is good

and the planners discover some errors and learn from them, the

model is contributing toward planning the project and future

actions.

I.pact A•••••••nt

A major product of an IPT simulation is the identification

and analysis of environmental impacts which may result from

pr~j~~t=~~lat~~ envirQ~~D~~l ~h~D9~~. Ig~~lly, ~t ~~ used

proactively. An environmental assessment, as a disclosure

document, is required to predict project effects on measurable

attributes of the system being developed, assess their impacts,

and the significance of these impacts (Berwick and Soewardi,

1991). The cumulative effects of numerous project actions over

ti~~, ~iti9~tion, ~~d ~lt~rn~tiy~ pr~j~ct ~~~fi~r~ti~~~ are also

generally required in an assessment.

MUltidisciplinary teams have not often generated a realistic

view of either the baseline or the future because of their

modular, reductionist approaeh. Exeept for informal

communications, the lack of an integrated systems approach

precludes timely transfer of information addressing specific

links between disciplines. scientists labor in relative

isolation while producing their chapters on each important

resource. These chapters may be delivered under one cover, but
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IPT workshops inform each participant of the specific

~~~i~~~~Dt~ (y~ri~bl~~, r~te~, information) of the other

disciplines. Such an integrated view should be developed early

enough in the process to influence the selection of resources and

attributes to be measured, scheduling of products, data

priorities and exchanges, and other parts of the environmental

impact process.

1FT has an unusual role to play in tbe el~~~n~ of the

environmental impact assessment process known as scoping.

Seoping is the p~pli~ ~Dg ~~~~~Dal ~9~ncy r~yi~~ and comment

process designed to identify and accommodate pUblic, national, or

int~~D~ti~~~l c~nc~rns and ~~~~e~~i~~~ at the early design and

siting phase of a project. At minimum, early and tentative

design alternatives must be tendered fQ~ p~Qli~ ~~yi~~ i~ an ~p=n

hearing. In theory, early consultation will educate both the

affected p~blig ~ng P~Qj~~t pr~p~~~~t, ~~t~rially assist project

planning, and co-opt possible future opposition to the project.

IPT could pr~vi~~ ~ ~tructure for scoping sessions which have

tended toward unfocused personal statements. The process

generates an orderly, focused public expression. Because of

early and structured pUblic participation, the eventual project

would be more explicable to the typically diverse lay pUblic.

This is important because it helps to address a consistent flaw

in the environmental assessment process -- the inability of the

general pUblic to understand the often quite technical
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feasibility study and draft assessment upon which they are later

asked to comment.

1.1.3 Enfranchisinq Onder-Appreciated Disciplines

a~~~g~~ ~b~ I~T P~Q~~~~ ~g~n~iti@~ ~h@ n@@g ~Q in~Q~Q~~t~

specific variables related to resource sectors and disciplines

such as forestry, economics, or wildlife, contributions to the
--- --------- -- - -- --- ------

system and specific links to other sectors are explicit. The

important contributions of politically or historically weak

disciplines such as range or wildlife will be clear. The

agricultural engineer will know how much information or

productivity will be lost if the wildlife ecologist is not

consulted.

Economic and Pinancial Consequences

International development assistance operates in a difficult

fiscal and bureaucratic environment. For example, large

projects, intractable enviror~ents, catastrophes, politics, and

new Mission or project staff will frequently generate change-

orders and the need for rapid replanning and costing. Most staff

would enjoy a participatory planning technique such as IPT, which

~~pigly P~Qg~~@~ gg~n~i~~~i~@, QQj@~~i~@ ~n~ly~@~ i~ ~Q~~h~-

rather than years (two years is an average gestation period for a

USAID project paper). The project will also be evaluated during
- ----- -------- - ------- - ---- -------- - --- ------------- ----- -----

its life, and the staff will need to justify planninq rationale

and finances. In other words, more tools to promote objective
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outputs and enhance planning efficiency are required in an

environment with rapid planning requirements.

The financial implications of a development policy are also

evaluated in 1PT models. Of obvious concern to the individual

rancher as well as to a large donor are the costs and benefits of

The Range, Livestock, and Wildlife model described in this report

proauces a financial analysis for the rancher= IPT qenerates a

net present value estimator using the discount rate assumptions

features to such analyses.

First, IPT functionally integrates the several hundred

elements and processes which the workshop experts have determined

define the system. This should presumably account for often

ignored contributions of a variety of interacting resources, as

well as some of the costs of their depletion. For example,

overgrazing seems to interact with drought in ways that reduce

cattle productivity, even during later post-drought periods of

normal rainfall. This reduction in productivity is accounted for

in annual ranch income statements in the model (See Chapters 5

and 6, Sections 5.3, 6.3).

The value of profits discounted at a 10 percent compound

interest rate (What the money would earn in a bank over the life

of the project instead of being used in the project or ranch

investment) is computed. This calculation shows whether the
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project investment will be profitable, and when it will break

even (when the initial outlays are paid back including interest

which would have been earned). Again, changes in all the

interacting elements and resources of the system are accounted

for, not just the fifteen or twenty isolated (i.e., not

interactive) inputs and outputs usually used in a project's

benefit-cost analysis.

The second uncommon feature of the IPT net present value

(NPV) analysis is that it is dynamic and displayed throughout the

life of the project, showing its behavior in a way that can be

compared with the NPVs of alternative policies (See Figure 1-5).

Most NPV analyses do not project cost-benefit performance

annually, but at the beginning, break-even point, and end of a

project. Analysis can also be done to determine the internal

rate of return, which is the interest rate the investment would

earn if put in a bank.
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Piqure 1-5. Net present value of a project over its life.
a. Total costs. b. Sum of the discounted costs and returns.
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curves in b).
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•1.6.5 Prioritization of Variables and Allocation of Resources

A process of analyzing each variables' contribution to the

behavior of the system is known as "Sensitivity Analysis" and is

described in the Appendix. Those variables or feedback processes

which are major contributors to system behavior are candidates

for later data collection, research, or monitoring efforts.

When a system has been characterized and a simulation model

used t~ ~ddr~~~ t~~ pr~j~ct 9~~ls ~~~ ~~Y ~~~~iQn~, g~B~~t~~~~

from the anticipated behavior of goal variables can be analyzed

by comparing actual monitored data with model projections, and

inspecting model structure and linkages. This process may reveal

extends the values of the original analysis in time and can

produce new proj~cti~n~ ~~pl~yi~9 ~~~ ~~t~ ~~~ p~rtial

validations. The effort of project staff and supporters (e.g.,

donors) to adapt and refine the efforts in progress, fosters

continued interest and obligation. The financial implications of

mid-term adjustments can also be evaluated. IPT facilitates such

evaluations by providing an objective process and a record of

original planning assumptions through the products of the

original IPT workshop, for example, goals, issues, and in

particular, the flow diagram with a supporting data base.
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1.1.7 Education and Traininq

One of the reasons 1PT was developed is because there are so

few planning tools available for an integrated approach, but the

utility of a systems approach is not universally appreciated.

Although 1PT workshops around the world have involved hundreds of

participants, by no means is there universal appreciation of the

need to work with experts outside of one's discipline. The

advantages of doing so are not always clear. ~~other common

characteristic of project planners and participants, particularly

more isolated areas, is a near tot~l l~~~ of

formal knowledge about the resources to be developed or

conserved. There i~ Dot much chance t~~t y~~r~ ~f formal

training in such applied sciences as forestry and wildlife

ecolo~i, or in fields such as policy analysis and economics will

occur in time to assist planning or implementation, yet an

appreciation of resource pattern and process, tb@o~y, ~~~

practice is important. The 1PT workshop protocol provides one

can quickly acquire a useful level of understanding. For

@~~~~1~, Ch~pt~rs 3 and 4 discuss the functioning of rangeland

ecosystems, while the explanation of the Range, Livestock, and

~il~lif~ ~~~el ~~i~h ~ccompanies the flow diagrams in Chapter.s

are a primer on the topic. Participants will understand the

contributions which are necessary from disciplines linked to the

range sector, and the necessity of studying and managing resource

A'....



systems. The workshops and participants' evaluations have

repeatedly demonstrated the educational potential of 1PT.

Education of both the participants and facilitators is a

predictable product of a well-run 1PT workshop. Of particular

use is the identification of specific links between disciplines

and sectors which had not ~~~ ~~~n gl~~~lX identified. These are

specific portions of the system which require cross-disciplinary

information exchanges for ~~od ~lanning. T~i~ exc~~ng~ i~ ~~t

only a general, long-term educational benefit of viewing whole

systems and enfranchising under-represented essential

disciplines, but the true interdisciplinary nature of the

workshop produces a better product.

However, the significance of enhanced understanding and

jUdgment about systems processes transcends any particular

project. The most effective use of 1PT workshops may be as an

for development professionals in donor agencies.

These people are often highly trained in one science or skill,

such as economics or management, lack a background in

ecology or applied sciences.

1.'.8 Bnvironm.ntal Data and •••ourc. A•••••••nt.

Attempts to inventory data and record historic trends for

natural resources and environmental issues can be expensive and

time consuming. A variety of environmental profiles,

conservation strategies, environmental assessments, and

environmental sector reviews (among other labels) have been
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produced. These efforts attempt to document the environmental

st~tistics, ~n~ly~~~, ~nd recommendations which should be

available for use by resource policy makers, planners, and to a

degree, scientists. These documents are useful because the facts

required for informed decisions and planning are rarely available

in such an accessible form.

However, after a recent surge in production, these documents

are candidates for improvements. Some contain old data Q~ g~~~

in a variety of units and scales. Most data are aggregated and

of limited u~e tQ ~ P~Qj~g~ pla~~~r ~~~c~r~~d ~ith p~tt~rn and

process at specific sites. Data in some do not appear in others,

~~~i~g r~gi~n~l analysi~ difficult, and most data are of suspect

quality. Furthermore, the reports and the information they

contain are generally frozen at tbe time of P~Qg~g~iQn and ~re

not easy to update. The data in the reports are not interactive

with the ~~~~, nQ~ ~a~ th~ir s~pp~rti~g ~~t~ bases be queried for

original data which is useful at some levels of development

pl~lllli~9·

Perhaps the most difficult task in producing such

inventories and analyses is deciding what data are important to

include. This can be an eccentric process reflecting the

knowledge or interests of the document.

Important data may be omitted and superfluous data included.
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To enhance the utility of such profiles and assessments,

they should include contributions from diverse experts, but in a

way which:

o removes personal bias or personal research interests,

o is inclusive beyond the sum of individual knowledge (this is
the only way many links in a system can be identified), and

o selects the most important items from a large constellation
....~ ..::_&_-_.. ..:_
\J.L. ~ll.L.\J.L.lllal.~\Ju.

A model should embody the minimum subset of elements

required to achieve a desired level of or analysis.

The 1PT workshop will achieve this distillation, yet be inclusive

~~~~~~~ of the protocol wbicb structures the identification of

all significant elements. One of the products of the conceptual

~~~~l ~~!~loped ~t ~~ 1~T ~or~~~~p i~ ~ li~t of model elements

(variables and parameters), and the units used to measure these

elements. Eventually, sensitivity analyses of the simulation

model will prioritize these model elements by how important they

reveal the data which are missing and of questionable quality.

In t~i~ ~~YI IPT c~n 9~n~r~t~ ~n ~~~i~~~~, ~~j~ctiy~ list of data

requirements for planning, as well as prioritize these

requirements. The data search and sensitivity analyses will·

produce an objective estimate of the importance of data and

processes as well as a sUbjective assessment of information

quality. The data base which contains the information can be

accessed interactively (e.g., by modem) for the most current data

sets.

44



Another obvious IPT use is to identify specific links and

points of cooperation among the authors of a profile or ~trate~.

This is an effective use only if it occurs at the earliest stage

'of research and production of the document. An IPT workshop is

needed to identify the system structure, elements, and

interactions. We once attempted to use IPT to point authors

toward each other after they had completed their discipline-

specific contributions. predictably, nothing changed.
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1.7 WboKiqbt Find IPT Useful?

1.7.1 Donor Aqencies and Development Institutions

Development goals change over time, even over the life of a

project. Since the 1950's, USAID has changed its emphasis from

extension and training, to capital-intensive infrastructure

development, to rural development, alleviation of poverty, and

sustainable resource use. Gradually, capital transfer and the

management of this process became a very important concern at the

Agency. Such concerns are reflected in a reduction of technical

staff and an emphasis on managers, aeeountants, and eeonomists

(Freeman, 1988). Environmental concerns are a new factor. These

changes will not deflect for

whatever the system is. In fact, the need for a very efficient

use of technical insights may have been enhanced by relative

reductions in technical staff. Although goals may evolve, the

re~wirement to plan for achieving these goals does -_ ....
nol... Given

the diverse nature of Agency staff, a planning process which

offers a common lan~Jage and a clear history for different future

users is a tool to enhance communication.

IPT is also designed to integrate the varied styles and

knowledge of the different quilds within the Agency which must

cooperate to plan a project. As described in Chapter 3, the use

of IPT helps to organize planning in a logical fashion by using a

workshop, a precisely defined protocol in the workshop, and a

common lanquage.
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a.s.arch and Training Institutions

An obvious role of the 1PT workshop is to identify the most

critical elements of a system and then prioritize them by the

contribution they make to the functioning of that 'J'hA....-..

workshop protocol ensures the a logical and economical approach,

and is essentially a research identification exerci&e. In

addition to the utility of the systems approach, the pUblic

system and learning to be productive in an interdisciplinary and

~ft~n intercultural ~~tti~~.

An example of the benefits the 1PT process can bring to a

research organization was demonstrated at a i986 workshop for

research officers of the Namibian Nature Conservation Department.

Twenty biologists and veterinarians examined the problem of

rabies in kudu, a commercially important game animal. One

officer had been investigating this issue for nearly two years.

Workshop participants proceeded through the protocol and defined

their goals, issues, system structure, and variables. After

attaching units of measurement for the critical variables and

parameters which the research qroup had identified, they

discovered that less than half of the data points required were

being investigated. The model had not been logically developed

before the data were collected. Data were lacking for many of
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as the critical information set necessary to understand and

The IPT workshop in Namibia exposed an instance of such

inefficiency. Time and resources had been unnecessarily

squandered. The workshop should have preceded the work and

helped foeus other data collection and coiiation efforts

suffer from such a shotgun approach, and the resultant lack of

focus and decay of analytic

1.7.3 Resource Xanagers

Often those who are charged with managing resources are also

involved in the management planning. They need the best planning

and management tools. The use of IPT, particularly participation

in the planning workshop, will enhance the managers'

understanding of the system being managed. Ultimately, any

process which clarifies the consequences (system behavior) of

management actions and helps to explore management alternatives

is of value to a manager.

In addition to the simulation model, characterizing the

system facilitates the production of ~~~r ~~~~~~ri~l t~~l~ ~uch

as critical path management products (work calendars, bUdgets,

milestones), and better identification of staffing requirements.

The utility of IPT to managers was also demonstrated at a

1985 short course for mid~ to upper~level forest manaqement

officers from 24 countries. They examined the forestry model
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structure which had been created by the USAID foresters. Two

small but possibly significant amendments were suggested:

o examining the contribution of political support for a
forester to general forestry goals (such as increased timber
sales), as reflected in increased tenure at a posting,
~ff~ctiy~~~~~, ~~~ ~th~r c~~~bilities; ~~d

o testing the effect on forestry goals of continuing education
opportunities such as the one in which they were partici
pating.

We compared the effects of these two policies on forest

management and found them to be significant. The relative

benefits of each pOlicy were then compared. Such evaluations

were of obvious utility to those managers who seized upon the

approach as of great potential in their work.

Many of the comments describing the uses of IPT to donors

apply to polic}~akers as well. ~~ example is. the efficacy of

different, alternative approaches to game ranching, product

diversity; land management; and research generated by Q~r

application of IPT to the Buffalo Range Ranch in Zimbabwe,

described in Cbapters ~ ang 6. Tbi~ wQulg be of p~~ti~~l~r value

to policy formulation by the ranchers. However, macro-policy

~~~ls tr~~ti~9 ~~ti~~~l and r~9i~~~1 issu~~ ~~uld ~~~r~gate- such

specific evaluations for policymakers at national or regional

levels. The workshops and their products would also focus on

sub-sectors not incorporat~d in site-specific examinations (such

as macroeconomic links).
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In the application of IPT to larger policy issues, the

effects of political motivation, exogenous inputs (e.g.

international economic policies), random events, and other

variables and parameters difficult to control or objectively

assess, bring IPT analyses closer to such early applications of

system dynamics as industrial and urban management, and global

limits to growth. IPT is also useful in these larger policy

areas because it captures less predictable and more sUbjective

parameters and insights during the workshop.

1.7.5 aesource Users

User construction renders IPT unusually useful for the

stratum most often ignored in planning -- farmers, fishermen, and

ranchers. The consultation necessary with IPT represents an

attempt to accommodate t~~ vi~ions of a ~y~~@~ ~b1~b ~ay be

unique to a place and the people in it. This involves perhaps

the most important parties in the planning process, ~h~ ~r~ ~ft~~

not consulted. A method for soliciting informal but important

knowledge from local users has always been elusive and is often

ignored at the risk of informed planning. Highly trained western

scientists have particular difficulty in accessing useful local

knowledge. The value of such information has been repeatedly

confirmed. An example is the utility of customary law (~) in

Indonesia for informed planning. By involving local resource

users in the workshops, the process can take advantage of their

perspectives and knOWledge.
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2.1 Immature Uses -- Causes and Consequences

Integrated Planning Technology (IPT) is a means to improve

pl~~~i~g ~Q~ ~~t~~~l ~~~Q~~~~ ~Q~~~~y~tiQ~. ~~ ~~~h, it i~ Q~ly

a tool -- one which can be misleading if misused without a real

understanding of why it was selected. Likewise, impatience to

generate results may lead a user to skip necessary steps, which

would be analogous to not reading the instructions on the box.

Either omission can lead to what we describe as immature uses.

Therefore, before describing the mechanics of how IPT works;

an examination of its foundations is important for full

understanding ana proper application. 8ecause ot I~T's pow~~

(through its logic, sophisticated software, predictive capacity,

and ~yantitative expression), misuse could be just another form

of bad planning. IPT is based upon the ability of the resource

planner and scientist to make best use of the tool. Their

training and experience should help ensure they will not become

prisoners of the technique, or merely fancy tool-using mecbanics.

In this Chapter, we attempt to reinforce existing technical

suggesting. A desire to immediately use the model should not

short-circuit an appreciation of its foundation.
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2.2 u•• of IPT in ••w Problem Areas

The application of general principles is of greatest benefit

when solving new problems and working in unfamiliar areas.

Presumably, general theory is portable while specific

observations might not be. Systems theory is an excellent

example of an adaptable and broadly useful body of knowledge for

the natural sciences and for natural resources management. For

example, the concepts of structure, feedback, stability, and

other features of systems mentioned in this book (particularly

Chapter 3), are useful for understanding any natural system. The

1PT process is designed to exploit common attributes of systems

to produce analyses for renewable resource maDager~.

Furthermore, the process incorporates a protocol which

efficiently extracts relevant information about the system under

examination from the wide variety of participants which the

process re~~ires. It does so by using systems theory at precise

stages in the IPT process through the protocol. This process

identifies the smallest useful set of ke~ ~e~tiQn~ ~Dg th~

information required to answer them, and filters out extraneous

knowleage. In Qtber ~Q~g~, ~h~ 1~r ~~~~~~s ~~~ ~~lp i~~~tif¥ and

use old knOWledge for new discoveries or novel applications. We

call t~i~ ~ttri~~t~ "bootstrapping" your knowledge.

Early, less managerial societies simply adapted in response

to what were believed to be divinely managed systems beyond

mortal control. As agricultural and industrial societies emerged
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and natural systems required manipulation, management

responsibilities dictated an understanding of how productive

systems worked. Understanding and managing productive systems

have always been closely related in the applied sciences.

Unfortunately, management can occur with little or no

understanding. The divergence of management and understanding

varies over time and within different organizations. A link

between experience, accumulated knowledge, and good management is

posited. FUrthermore, as the cost of failure increases and is

more directly borne by the planner and manager, inadequate

understanding and

The need for understanding has generated both a search for

better ways to describe systems (their structure), and a search

for general principles to clarify how they function. The effort

to understand systems has led to discoveries of unimagined and

subtle complexities and vast accumulat-ions of descriptive data.

The search for systems understanding has tended to overwhelm the

discoveries, paradoxically frustrating the investigator whose

files overflow with the accumulated products of the search.
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2.3 U••• of structure

Without ~r9~~izing the ~~~~~nent parts of a system,

structure does not exist, and goal-directed functioning of the

system is not possible. Without organization, knowledge is for

collectors, not managers or scientists. Forrester (1969).

describes the observations of Brumer (1960) on the educational

value of structuring information. Brumer believes that grasping

the way a structure is organized confers understanding of how

other things are related to it. Furthermore, understanding the

components of structure and how things are related insulates the

observer from being intimidated by complexity. By structuring a

system, less importa~t elements can be dropped and the structure

can be simplified for better understanding. Therefore, teaching

structure and relationships is important for less (or normally)

gifted observers -- which describes most of us. Since systems

have goals toward which their many elements function,

organization of their structure is critical to first simplifying

the system (a model) and then understanding it. Dealing with

systems is important because most of us need to understand enough

about the systems we must manage every day to achieve goals for

our family, investments, business,

Simple observations of the environment, and the ensuing

appropriate reactions, involve in the most primitive case

repeated, often sequenced, familiar tasks. In many animals, such

as birds, the behaviors are ritualized. Learning by rote,

imprinting, and stereotypy are examples of this simple form of
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observing, classifying, and reacting to observations. A second

way of learning, according to Brumer, is through the transfer of

principles, which is predicated upon first mastering the

sUbject's structure by observing not just environmental pattern,

but understanding process as well. Teaching for understanding

involves analyzing the structure -- the elements, cause, effect,

reiatedness, and feedback -- which can uncover the process.

Understanding is the prerequisite for managing the structure.

BrYmer also notes that understanding structure can place details

into patterns which facilitate memory or recall of the facts.

that classification helps memory, and

without such a structural pattern, detail is quickly forgotten.

Tbe method which has evolved for obserJin; systems and

discovering structure and function has been formalized in the

scientific method, of which 1FT is an emulation (See Figure 2-1).

Observation. Classification Analysis ~ Procell Understanding

'" /
Manaaement
~-" ~SYltem C.alle

Figure 2~1. Prerequisites of management.

56



Examples of structure and the necessity for structuring

systems are common. The Linnean binomial system of classifying

plants and animals hierarchically to reflect genetic and

evolutionary relationships is an example of organizing a

potentially overwhelming structure (there may be over 30 million

higher plants and animals to be classified). We can then begin

to investigate functions or processes which control the systems

comprised of some of these plants and animals.
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2.4 Time -- using Systems to Analyze Dynamic Problems

Efforts to understand systems are not only complicated by

structural complexity. The passage of time brings change, and it

is important to observe how the system changes in order to

understand its structure, relationships, and processes,

.........~ i~,,' .... , u iT IJO lJi en ~n m.nAno Tn&> II::vII::T&>m _ n_yn••A_m_ i l"!__ h_iI"!__ha_v. i o_r
~~ .. '-",,",,~-'IWL"'·Z ~ -- -_••_~- _ ••- -~ - _ -- _ ~ £

simply means change over time, and the analysis of changes in

natural systems is clearl~ i~pQrtaDt. QeYelQP~ent p~Qjegt~ ~E~~

a time period, yet many important management decisions and

pr~j~ct ~~si9n~ ~r~ b~~~d upon ~~~~li~~ ~~~p~hot~ -- ~ fatal flaw

of many feasibility studies which describe the natural resource

base. In fact, the terms planning, stability, and

prognostication imply a temporal element. An example of the

gQ~ple~~ty ~nt~Qg~g~g ~b~~ ~y~~~~ gy~~~i~~ are used i~ pl~~ni~9

includes time lags in cause and effect. A predator and its prey,

or pollution and dilution, do not generally change simultaneously

in the same direction. Over-exploited prey become extinct before

their obligate predators. We worry now about the eventual

consequences of such time lags with the greenhouse effect.

The analysis of change is further

elements in a system change at different rates. Differences of

scale which are critical to understanding a system are often

overlooked. Soils, plants, and animals are elements of some

natural system structures. However, soils may take one tbo~saDa

years to return to an initial state, plants may require ten
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years, and animal populations, two or three years. It is

difficult to fing ~~ny studies ~hi~h h~Y~ ~~j~ctiy~l¥ ~onitored

change over time. The model validation of a range system

r~p~rt~~ ~~r~ used data recorded over twenty-six years at the

Buffalo Range Ranch in southern Zimbabwe to capture the dynamics

of the structure. These data, however, are a rare example of

record keeping fidelity.

A fascinating example of the effect which the choice of

temporal boundaries and scale have on natural resource

development is described by Elli~ ~ng ~~ift 'l~~~). The dominant
------- - ----

paradigm for African pastoral systems is an inherently stable

r~ng~l~D9 ~y~t~~ ~~~t~~ll~~ ~¥ ~~~~it¥:~~~~~~~~t feedback

controls, stability through diversity, adaptive fine-tuning

through evolution, and other familiar ploys of Mother Nature. In

this generally accepted view, the equilibrium is upset by the

scramble for scarce common r~~Q~r~~~ '~~~h ~s f~r~9~) ~¥

increasing numbers of pastoralists and their livestock, which

l~~9 ~9 9y~~g~~~i~9, ~~~~rtific~ti~~, ~c~logical refugees, etc.

Ellis and Swift challenge the assumption of a dominant

~~ili~rium, and contend that pastoral systems are upset by .

large-scale, longer-term destabilizing forces of climate, or

reinforcing and therefore destabilizing strong feedbacks.

Acceptance of the stable system paradigm by development

assistance agencies (for example, a three-year project) can

explain their consistent failures in the range sector. Ellis and

Swift contend that pastoral systems management efforts employ the
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wrong paradigm, a poor model, the wrong boundaries -- an example

of the importance of understanding process and dynamics, as well

as pattern and structure.

Field work in natural resources, whether in support of

research, project implementation, or commercial property

~~~~~~~~~t, i~ ~~t ~ ti~y ~ctiyity. ~~t~r~l ~y~t~~~ ~~~h as

rangelands invariably surprise even the well-prepared planner.

Only with transformation to tame cultures such as a hay or bean
- -- - - ---

field can a degree of mastery be forced. The systems approach

described here is another way the student can whittle away at the

unpredictability of natural systems whose structures have not

been observed over a time period sufficient for good management.

The IPT workshops, which are described in detail in

Chapter 3, and in fact the entire IPT process, were developed to

accommodate and reflect the peCUliar requirements of the applied

natural sciences (such as forestry, fisheries, agriculture,

range, and wildlife) which deal with the greater complexity,

dynamism; and unpredictability of natural systems. They contrast

with physical systems which have been transparent to the

~~tb~~~ti~~l ~Qdel~ and predictions of a Heisenberg or Einstein.

IPT elicits communal insights which depend upon the participants,

rather than individual brilliance.
- -- - - -- - - - - - - - - - - - - ---
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2.5 Feedback and Control in Ecological Systems

~~ny ~ff~rts to solve a problem respond to a mental model of

an open system. Typically, in open-system planning a problem is

perceived, a remedial action occurs, and a solution ensues.
- -_. - - -

Generally, the effect from the outputs of the action (th~

solution) is not assessed for its influence on the original state

of the system and its problems. In other words, the problem

solver assumes that the system has no memory. The outputs have

been isolated from the original system and its problem and the

problem solver moves to other issues (See Figure 2-2).

Cattle (-) ..
~(+)

Drought

Number of Pastoralists
Fi~~re 2-2= An open rangeland system; mQ~@ g~Q~ght, fewer
cattle (they change in opposite directions, hence the mInus
sign), fewer pastoralists (they change in the same direction,
~ence the plus signs).

An open system does not react to a changed state, and is

unaware of its performance. There is no feedback. nn~n_-r-··
system solution to the situation represented in Figure 2-2 might

be the provision since it assumes that drought cannot be

managed, or that changes in pastoralists do not cause changes in

cattle or drought. As an example gf an open s~stem, fQ~~~~te~

61



(1969) notes that a watch does not observe its inaccuracy and

adjust itself. It is an open system, and exhibits no feedback.

However, many management efforts to control system outputs

invol~~ th~ 9~~~r~l occ~rr~~c~ of f~~~~~~~ l~~p~ ~h~ther ~h~Y are

considered or not. Not enough is known about the system in

Figure 2-2 to properly manage it. Figure 2-3 shows that the

population of pastoralists responds to the availability of food,

which responds to drought. However. the management strategy

must consider a more comprehensive picture which may not react as

open-system planners tend to believe.

/. - Droulh t ",

!~ 1
\ (~) /

--- \ /
- ~---- --''::- Foraoe - _/...----- --....... ( ) ..

~ .. C.:tt~e H /
Pastorallst (+) ) ~-_---

"- ~---
FigUre 2-3. An elaboration of Figure 2-2.

~~ ~~~tle increase, ~~ ~~ p~~t~r~li~t~, ~~~ t~~ p~st~~ali~t~

keep buying cattle. Cattle and pastoralists increase or decrease

together (hence the "+" sign), which means both can increase
------ - - -----

explosively or decline to extinction. Similarly, as drought

increases, forage decreases, and as forage increases, drought

decreases due to reduced reflection from the bare ground and more



rainfall, as well as the ability of perennial plants to capture

more precipitation than the annuals which result from

overgrazing. The sum of both negatives is a positive. Once this

SUbsystem is actuated, endless forage enhancement and drought

elimination, or an increasingly dry environment and forage
•

elimination are the only possible outcomes. The system is given

-stability by the negative feedback of the cattle-forage system,

which can control the whole oversimplified pastoral system in

Figure 2-3. As depieted, drought-related decrease in forage will

reduce cattle, but fewer cattle will permit forage to recover

(they are inversely related, hence the II~" sign). If assistance

maintains cattle during drought (or raises the number of cattle

~bQ~e ~~~~~inq capacity in wetter years), this foraqe-cattle

feedback control is eliminated at the risk of fostering endless

droughts. It becomes an open~system solution based On Figure 2-2

which emphasizes cause and effect but omits feedback.

The policy and management approaches available to each of

the different managers (open or closed systems) are also

different. An open-system manager might import or supplement

forage during a drought to sustain the cattle popUlation. A

closed-system manager would attempt to provide long-term

alternatives or amendments to cattle keeping, perhaps commercial

game harvest. IPT would be most useful for closed-system

management environments, but most resource issues are approached

as an open system in a direct, sequential, and linear way.

Changes over time are not incorporated to reflect the dynamism

63



and time lags anticipated in the system. The common approach is

to fix the problem and move on.

The African ranchers we visited do not measure the subtle

responses of the range to & dry year. The accumulated effects on

range c~ndition and income over the years are not reflected in

the current one-year-at-a-time planning and management by the

operators. They have not closed the loop. The deleterious open

~y~t~~ f~~~~~~~ ~ff~~ts ~~s~ri~~~ i~ C~~pt~r §, Section 6.3 ~~~~k

up, and in effect, constitute a time bomb.

Many projects have suffered this approach. The Mahaweli

planners (see Forward) did not anticipate feedback. The

conse~uences of fuel re~uirements, the resulting uncontrolled

fuelwood harvest, forest depletion, and ultimately the effects of

exhausting fuelwood supplies and burning crop residue and manure

for fuel were not anticipated. As a result, soil tilth and food

production were reduced. Migration from the farm to new towns in

the project command area was another unforeseen result and,

therefore, not planned for, with resulting shorfalls in schools,

clinics, pUblic finance, and infrasctructure.

Development assistance projects do not typically plan for

systems, much less closed systems. Planning does not feature

project or program responses to the altered states generated by

the project itself. The logical framework ("Log frame") often

used for mapping the assumptions, conduct, products, and

assessment of a project does not emphasize or incorporate closed-
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loop planning as described here. Current practices foster a

linear, open-systems problem-solving approach -- e.g. spread

sheet projections. As individuals we remember, evaluate, and are

influenced by our own performance, but curiously we do not always

behave in as careful or reasonable a way when we plan or evaluate

our projects.
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2.6 style: Differences in Planning as Paradigm

Professional specialties may employ identifiably consistent

planning approaches (See Chapter 3, Section 1). Do engineers, or

lawyers, or ecologists each have their own to

conceptualizing and solving a problem? Do preconceptions flavor

~ng ~~~~ tbe Qb~er~~tions and interpretations which are applied

to a problem? Even statistical procedures do not cleanse a study

of the bias which each ~c~~~l ~r ~il~ ~ri~9~' Different schools

of modelers also bring their world view, approach, or paradigm.

Meadows (1980) pointed to the pitfalls of selecti~e blind~~~~,

competitive approaches, and mutual disdain of different schools

of thought.

Ecology also has a point of view. Ecology is a science

which reflects the power of synthesis and interactions in an

ecosystem, and systems analysis was a natural path in the

evolution of ecological science. 1PT must be influenced by our

own underlying assumptions and backgrounds in applied ecology.

However, one function of the IPT workshop is to elicit and use

the perspectives of all workshop participants. Participants can

be quite explicit; for example, .in describing their best I priori

guesses of system behavior. The participation of every guild or

PQin~ Qf ~~@W germane to the issues and system is desiqned to

greatly reduce bias, which compromises many centrally planned

efforts.
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There may be several explanations for bias. First, it could

be hubris -- such a firm belief in one's own knowledge and

capacities that contributions from others seem presumptive,

inconvenient, and redundant.

Second, the daily pace and pressure of business on a

development planner can be so qreat that inYentQI'ying ~l'lcl

securing technical consultants is a hassle, and can appear to

impede rather than fagili~~~~ p~~9r~~~. This leads to the cozy

sho~t list, which implies that several wise consultants known to

~b~ pl~l'll'l~r can pr~vide all necessary insights and services. In

fact, it may be very difficult to find consultants with certain

technical skills and the corresponding foreign language

capability or experience. There tend to be many Spanish-

speaking Wilglif~ ~i~l~gist~, ~~t not many environmental

engineers who speak Indonesian.

Third, the operating paradigm influences the targeted needs.

A planner without experience appropriate to a specific project

may make management errors, as described in the discussion of

system understanding above (2.2). Often, the help necessary to

plan a development project .; c:! Y'ln+" cnnnh+_........,.., .......--":1'.. _, which abridqes or -

diminishes the technical consultation process.

Finally, the policymaker/planner and the technical expert

often have problems communicating. The knowledge of a scientist

can be an important contribution, but a good researcher may not

have the ability to communicate the research. Communication
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problems may be compounded by divergent agendas. A research

biologist may be interested in the natural, unmodified system and

in supporting graduate students to study it. The developer is

interested in altering the system for some greater economic good.

The world of international development assistance is opaque to

many research scientists, which can make mutually useful

interaction and communication difficult. Likewise, the developer

can be immune to the insights and desires of the end-user or

presumed beneficiaries of projects. There are several different

world views to be identified, if not reconciled, for effective

support and communication to occur during development planning.

Management responsibilities, environments, and styles are

different in organizations as diverse as various international

agencies, private sector groups, and families. The focus is

different, and the project control for each group is very much a

reflection of both focus and culture. The manager of an

international organization must deal with many people of various

backgrounds. The head of a family deals with a few people who

are more homogeneous. Planning, coercion, review, accounting,

and other management-related tasks are often much different.

Vertical planning involves people at various levels who are all

important to a project's success. Ministers must understand an

aetivity whieh competes with others for attention and support

nationally. Any development activity will generally be important

to a larger strategy not always evident to those at the point of

application. However, those on the ground have knowledge which
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is important to the goals, and therefore focus, of an

intervention. They may well be the essential source for defining

the structure of the system.

The failure to solicit and use indigenous knowledqe is

common. The planner often assumes adequate knowledge of goals,

attitUdes, and decision-makinq processes and decide~ wb~~ i~ best

for the people being targeted as beneficiaries. For example,

In such cases, projectwhat is possible (Zerner, 1987).
\
I
I

ilcc~J?tilbility f:iuffers because local "ownership" was not generated

by participation in planning the project. The Chiredzi, Zimbabwe

ranchers with whom we had an IPT workshop (See Chapter 5)

reinforced this impression of a current emphasis on top-down

pl~DDiD9. W~ ~~~~ t~l~ thilt PilrticiJ?~tion in our ~~r~~hop,

although inconvenient (some had to travel 150 kilometers a day on

dirt roads to attend), was partly in response to the highly
-- ---

unusual fact of our mere presence. The planner and technocrat

have much to gain from such local consultation. Numerous IPT

workshops have demonstrated to us that any single workshop will

omit something important. Although omissions are often obvious,

important endemic contributions are not often anticipated. An

example is the importance of game purchases to the wildlife stock

on game ranches in southern Africa. Birth (but not purchases)

had been assumed to be the only source of increases in wildlife

numbers. A workshop in Botswana proved this assumption

erroneous.
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As described earlier, system dynamics was used to improve

the planning and management capabilities of industrial

organizations. IPT is being developed to do the same for

international development assistance agencies. Incidental to

this original goal for IPT, the necessity of dealing with real

cases, such as the management of a ranch, demonstrated how the

focus could change. We saw how micro uses could be extremely

important to developing IPT's application to more extensive uses

(for example, regional) -- an information flow generated from the

bottom-up with the IPT process.

In this sense, IPT is a vehicle to vertically integrate

planning and to use the diverse styles and knowledge of the

various parties to planning. AID needs to be very well informed

about the goals, problems, and systems of target groups to plan

its own interventions. At the management level, knowledge of

other strata becomes essential for communication. People will

need to deal with each other -- from the developer to potential

beneficiary. Does the developer (e.g., project manager) have an

open-system paradigm while the farmer perceives closed systems?

Can they communicate? Each would likely define the same problem

and potential solutions quite differently.

Thi~ bri~f ~i~~~ur~~ ~~ th~ ~~f~rt~~~t~, ~ft~~ c~~tl¥,

communications gap between planner, user, and technical staff is

offered to clarify some of the motives behind the design of IPT.
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To be useful, 1PT should not only consider systems, but must also

bridge aisgiEli~~s and cultures by:

o providing a common comprehensible lanquage, and

o providing a process which can identify important but often
overlooked planning milestones necessary for technical
research and analysis. For example, the IPT process, if
logically and sequentially undertaken, will help tell the
scientist the variables to investiqate and tbe ~Q~n~~ri~s
of the investigation. -

There are other means to bridge tb~ PQli~Ylt~chno16gy/user

gap. However, some of these approaches, such as technology short

courses or scieDti~tLpla~~~r site visits, are too often deferred

because of the daily press of business, or the lack of immediate

~EEli~~ti~~ t~ a real problem of the participant. Required in

service training currently tends to emphasize project management

and evaluation; high-profile gQn~~~y~tion issues, the office

environment, or the politics and protocol of international

development (F~~~~~n, 1~~~). A sy~t~~~ overview Which selects

and develops certain specific details of different fields can

E~Qyi~~ ~ c~~on language and educate the policy and planning

experts, the resource scientists, and the on-site users so they

can communicate effectively.
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2.7 Three Generations of Planning

2.7.1 Firat Generation -- the Dominant Expert

In the first generation of development planning, projects

were designed and implemented by

who ignored most factors outside their discipline. The Mahaweli

Riyer Basin Development Program was designed to store and

distribute water in generally undeveloped dry areas of Sri Lanka

planned by engineers who built impressive structures designed to

do what they are supposed to do with the water. But there was a

downside to this development unforeseen effects and consequent

costs to humans, and the economy and ecology of the area. The

gradual perception of these unforeseen ripple effects changed the

approach which was ~~~~ ~uri~9 thi~ fir~t 9~~~r~ti~n: pl~~~i~9

dominated by a single discipline such as civil engineering or

wildlife preservation (more often the former).

2.7.2 Second Generation -- the Xodular XUltidisciplinary ~eam

Single~disciplineplanning produced a painful mix of

anticipated success and unanticipated problems. The concrete in

a dam would harden but the

dislocation, river blindness, reduced flood plain productivity,

estuarine erosion, loss of biological diversity; boom-bust

construction economy, blocked wildlife migrations, required

and gave the single-discipline planner a bad name. To take one
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type of enterprise, the litany of failed game ranching

enterprises in East Africa (See Chapter 4, Sections 4 & 7) is a

good example of poor, or more precisely, incomplete planning.

Almost everyone of these failures was avoidable. Potential

problems were entirely predictable if the right people h~d been

part of the planning. They would have known that shooting all

,the elephants around a fixed-base abattoir would increase

transport costs, or that animals would seasonally migrate out of

a harvest command area, reducing the off-take.

The most obvious reaction to such focused development was

recognition of the broader planning requirements of whole

systems. Experts representing disciplines that reflect the major

resources of a system to be developed assemble in a team. The

~~lti~iscipli~~ry team approach is an effort to minimize the

unexpected impacts of development by attempting to account for

nearly everything of potential significance which a system might
-- - -

incorporate. This approach became increasingly popular over the

last thirty years and is the current typical planning strategy.

Planning of the Mahaweli actually transects the transition in

planning approaches from the dominant single discipline to

multidisciplinary. The Mahaweli did not enjoy the perspective

afforded by a mUltidisciplinary approach when planning began

about thirty years ago, but recent amendments to plans have

attempted to rectify potential problems related to single

discipline thinking. For example, USAID supported the first

environmental assessment of the Mahaweli project in 1980 -- after
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twenty years of planning. Of course, the assessment could have

no fundamental contribution to make in project siting,

construction technologies, or other project features and

activities planned twenty years earlier. Instead, it had to

explore the environmental mitigations still possible. It became

clear that the endangered Asian elephants would soon find the

food provided by new farming in their home ranges, and a

confrontation of elephant and farmer was virtually set up by the

project. A massive and costly animal damage control problem is

quite likely, similar to the problems encountered by migrants to

Sumatra, Indonesia, who were located in elephant range

(Seidensticker, 1983). The Kahaweli environmental assessment

~@~glteg in protected areas to harbor many of the elephants,

thereby mitigating some effects of the project (TAMS, 1980).

Concern over the single-discipline approach led, in part, to

the regulatory requirements for a "systematic, interdisciplinary"

environmental impact assessment process in the United States.

The National Environmental Protection Act of 1970 initiated the

environmental assessment of projects, focused on

mUltidisciplinary planning, and with mOdifications, soon spread

to other parts of the world (Berwick and Soewardi, 1991). One

large environmental assessment project on which the first co

author worked employed over four hundred scientists and engineers

from numerous disciplines working on thirty-four different areas

from quality of life to range management. Unfortunately, the

mUltidisciplinary approach and the press of deadlines does not
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ensure that these resource-specific analysts speak to each other

to identify key links. The wildlife biologist must find out from

the demographer how many in-migrants will use wildlife resources.

~he biologist will then ask the sociologist if in-migrants will

hunt for meat or trophies, which are often different animals.

Only with extensive consultation and data exchange at the right

time can an impact assessment of the wildlife resource be

developed.

However, what happens is generally much different.

Consultations are informal, the specific links are not identified

by any objective process and are likely to be overlooked. Under

the production deadline pressure, the scientist works on the

topic until just before due date, and that one part is bound as a

module with the rest of the resource assessments. Although the

process was mUltidisciplinary, it was not really

interdisciplinary. An organized, timely, iterative, interactive

information exchange is rarely accomplished. The impact

assessments produced in this way give an eccentric and

modularized view which can not reflect a world in which the bits

and pieces somehow work together. The result is a strange view

of the current state of the resource. The predictive power of

the analysis of the projected impacts is very much reduced and

suspect. The lack of integration precludes identification of

feedback and ensures an open-system approach to complex closed

systems. However, at least the various elements did receive

consideration, which is a step forward from the single-discipline
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emphasis of the first generation. Problems with

mUltidisciplinary planning are evident in the large river basin

development plans which rarely work as planned. These include

the Gambia and the Senegal of West Africa, the Mekong of

Southeast Asia, and currently, the Narmada of India (See, for

example, Freeman, 1974).

2.7.3 The Next oeneration -- Interdisciplinary Planning for
Integrated systea.

In spite of general agreement

interdisciplinary ("holistic") approaches to planning, examples

~~~ ~~~~, ~h~l~ there is abundant evidence gf the costs of not

doing so. Multidisciplinary planning is straightforward. It

r~quires a team ~nd r~p~rt~ ~t t~~ ~~~ Qf ~h~ pl~nning prQce~~.

Interdisciplinary planning requires new, more sophisticated

tools. The gap between the desire for interdisciplinary ....... 1 __-.:--
l-'~QUU~UY

and actually using interdisciplinary methods persists at AID and

~t~~r institutions for ~~n~ reasons: lack of the necessary

technology, fear of the technology by some users, lack of a

mature and tested ~ppr~~ch, ~~d oth~~ reason~ gi~g~~~eg in

greater detail in the first chapter. Very few concentrated

efforts have addressed the specific mUlti~~ct~r~l ~~~

interdisciplinary requirements of international development.

Very few efforts have been able to shift the creative aspects of

modeling from the trained systems analyst to the end user.

Likewise, a minority of planning or modeling approaches employ

feedback to close the system, thus enabling the system to be
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aware of its own state and trends. This time-dependent feedback

i~ ~@~@~~~ry to achieve system stability.
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2.8 Models Featuring structure, Time, and Feedback

Models are simplifying representations of real~world

systems. For natural resources, a real system is described by

elements and processes which are infinitely complex. Systems are

often simplified most efficiently when models are designed to

~gg~@@@ @p~~ifig p~Qbl@~@ Qf ~b@ @y@~@~.

Models can be used by scientists much like spectrophoto

meters, binoculars, or other tools. However, unlike other tools,

their creation depends upon observing the protocol of the

scientific method described at the beginning of the next chapter.

We use these models, or distillations of complex reality, not

only to help us better predict system responses to interventions,

but also because the process helps us organize our thoughts

around the systemis structure and problems with it. The process

also generates new understanding and can provide a tool to test

that understanding. structuring knowledqe and info~mation in a

patterned way organizes confusing detail, which fosters

understanding principles, rather than memorizing details the

prerequisite for problem analysis (Brumer, 1960).

2.8.1 Definitions and U.e.

The vast majority of models in use today are mental models

of the environment of individuals for people confronted with the

need to understand or make a management decision about that

particular environment. Daily decisions addressing such near

term requirements as reproduction, feeding, and survival, as well

78



as longer-term requirements such as investments, culture, and

management, are based primarily upon the mental models formed

through experience and education.

and formal models, which have some advantages over mental models.

Th~Y are more ~xplicit ~~d ~r~ ~~c~e~t~d on paper (or sh~~l~

be), exposing the construction process, encoding algorithm, data

used, and assumptions. Hence, they are easier to communicate,

reformulate, and improve. Formal models can also be translated

into code for use by computers, further enhancing their utility

because of the rapid treatment of computational complexity made

possible by the computer.

Holling (1978) diagramed the interplay of data, understand-

1ng, and complexity (See Figure 2-4). Adopting Holling's

classification, the region of good understanding but poor data

(region 2) is encountered in numerous sites and projects.

Examples include many developing country sectors where

inventories are lacking and very little information specifically

applicable to a site is known, but much work has been done on

has been conducted on rangeland systems at several East African

~it~~, ~r on c~r~l ~y~t~~~ ~~ th~ ~r~~t Barrier Reef of

Australia. These two systems are representative of similar

systems elsewhere in the world which face development challenges,

however. In some of the very complex natural systems which have
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been investigated, understanding remains low, and more (or

better) work must be done (region 5).
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Figure 2-4. The relati~~~hip b~tw~eD increasing understanding,
complexity; and-data-characteristics of certain areas. These
domains are particularly suitable to a specific mix of analytic
and management approaches (after Holling et al., 1978).

In the domain of good data, good understanding, and low to

moderate complexity (region 3), we find many of t~~ ~~~i~~~ri~9

problems so successfully resolved using physical and mathematical
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models. Examples are applications for military weapons and

construction, space exploration, nonrenewable energy development,

and process management.

Are~~ of poo~ ~ng~~~~~nging ~n~l~~ ~~~~ ~~t~ (r~9i~~~ 1 and

4) tend to describe the condition of the renewable resource

~ci~~c~~, p~rticularl¥ ~¥stems ~o~i~~~~~ by ~i~l~~~~~! ~~~

cultural elements. These are the most commonly encountered

important systems in development assistance, and are the least

tractable using traditional approaches. Policy, planning, and

management decisions are often made under the stresses and

urgency of immediate needs. How are sound, objective decisions

to be made with poor data and little understanding, particularly

in the extraordinarily complex developing tropics? The luxury of

postponing development decisions until the data are assembled is

not often an option. The models and methods described are

efforts to improve understanding and focus data collection. One

curious but consistent response to the lack of understanding

described by regions 1 and 4 is to collect and accumulate all

data on a topic without much analytical focus for specific

problems. This leads to a region 5 situation.

The IPT workshop in Namibia described earlier (Chapter 1,

~~cti~~ 1.7.2) ~xp~~~~ an example of such inefficiency.

Another example of an undirected response to predictions of

poorly known environments and processes are the pre-1977

environmental impact assessments conducted in the United states.
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Before the 1977 regulations, a paper blizzard produced

overwheiming (and often useless) amounts of raw data used as

filler in the assessments. We suggest that an Integrated

Planning Technology be used to focus on the data collection so

that the key questions can be objectively and credibly pursued

(Berwick and Soewardi, 1991).

2.8.2 U.e. of Different Hodel.

There are a variety of modelling approaches which respond in

different ways to different uses and requirements. As context

for IPT, a brief typology of models is attempted here.

Xental Xodel. are used to make daily decisions. They are often

~~~@g ~pon ~n informal, ~ndQcumented mix of experience, bias, and

environment. Mental models are often expressed verbally and,

useful rhetorical talent. These models are the precursors of

other; more formal modeling attempts. These models differ from

descriptions; they distinguish structure and process, and

iD~ol~@ ~ logical, bierarcbical problem-solving sequence

(beginning with goals), which is similar to the protocol

descri~~~ for I~T. ~~~t~l ~~~~ls ~ust ~~ f~irly si~pl~ ~~~~~~~

complex relationships become lost, particularly the feedback

loops. Also, words often have more than one meaning and mental

models can be vulnerable to misinterpretation.

Mathematical H04el. employ symbolic logic capable of dealing with

complexity in a more objective, parsimonious, and less ambiguous
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way than unrecorded words. Predictive statements are derived

from clear rules for manipulating relationships. An example:

carrying capacity for hoofed game is calculated by mUltiplying

the forage available by its percent proper use, and then dividing

the result by the forage required per animal mUltiplied by the

length of their residency. These predictions can be tested

against reality using the scientific method as described earlier,

and validation techniques discussed in Chapter 6. The precision

of a mathematical model allows it to be tested. The models

described below are all mathematical.

Deterministic Hodels have predictable answers based upon

mathematical relationships and calculations -- the values are

completely determined because the mathematical terms,

r~l~ti~~~hip~, ~nd c~lculations do not change. A point on a

regression is an example.

stochastic Hodels can reflect and accommodate the variability

found in nature, where values can vary in unpredictable ways.

The values are therefore chosen randomly according to likely

probability distributions for the phenomenon being evaluated,

e.g., from a binary, normal, or Poisson distribution of

observations. Climate, biogeographical events (such as

dispersal) and other important model ele~en~~ ~~~ y~~y.

Analytical Hodels employ explicit formulas to derive predicted

values, for example, regressions of weight (dependent variable)
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on age (independent variable). Statistical and deterministic

models tend to be analytic models.

Simulation Hodels are designed as an algorithm or procession of

calculations to repre~~nt ~ ~¥~~~ic ~¥~t~~. The ~t~p=~y=~t~p

solution of .equations from an initial state to a future state is

the process of simulation, and the representation of the systems

in equations derived from the flow diagrams is the simulation

model. Simulation models use equations which are interdependent,

with the values changing through the solution of simultaneous

differential equations, or by adding or sUbtracting from levels

or variables during every discrete time step (difference

equations). simulation models can best reflect real world

interactions of stocks and flows (levels and rates), and tend to

be easier for the non-mathematician to understand than other

mathematical modeling approaches. They also tend to be more

difficult to fit to empirical evidence (Jeffers, 1978).

Dynamic Models show the behavior of variables over time.

~~~~pl~s ~r~ th~ ~~Q~~ of ~ilg ~Dim~l~ Q~er tbirt~ ~ears, or the

net present value of an investment over the life of a project.

Dynamic models almost 2ll!2l¥~ f~2lt\lr~ f~~ci):)~cJc~ (c~\l~~l le>e>ps.,

servo-mechanisms, etc.) which result in explicable behaviors

(e.g., explosive growth and declines to extinction, or,

alternatively, equilibrium from negative feedbacks). Dynamic

models contrast with static representations of a phenomenon or a



system such as a highway map or the regression of litter size on

nutritional levels.

Spatial Modeling is a relatively new field and has enjoyed rapid

development, paralleling developments in remote sensing, re~Q~~~~

inventory requirements and techniques, geographic information

systems, and computer hardware and ~Qf~~~~~ ~~y~l~p~~~t. Berwick

(1984) describes several applications in identifying the region

of influen~e of ~ P~QPQ~~~ pr~j~ct ~n the natural resources in

its "neighborhood". Predicting the location of poorly

i~y~nt~ri~d, but significant biological resources, is another use

of great interest in development (Nisbet et al., 1982).

Hybric Mocels from the marriage of these various techni~~es will

ultimately be the most significant developments in modeling.

Some of the processes or variables described in a dynamic

simulation model show transitions to other states. Bazykin

(1974, cited in Holling, 1978) shows several possible system

responses to disturbance -- different states called phase

portraits of system stability. such as overgrazing

can change the state of an ecosystem to a new equilibrium with

new species mixes, productivity, stability, etc. It ~ill DOt

recover to the old stability region or equilibrium (West, pers.

comm.; Noy-Heir, 1925). Holling (1978) ~~~~~i~~s s~y~r~l

fisheries which exhibit what he calls the "mischievous nature" of

state transitions. Tb1~ ~1gh~ p~~y~ critical to understanding

the changes in woodlands, elephants, and fire in East Africa
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which are described in Chapter 4 (Norton-Griffiths, 1979), as

well as the pastoral systems described by Ellis and Swift (1988).

The hybrid models must eventually reflect such consequences

of unpredictable, nonlinear interactions and thresholds which are

not intuitive or expected, and which defy existing tools of

p~li~y ~~~i9~ an~ ~y~luation. f~Qj~gt-~~l~tea impact assessments

should examine the likelihood of such instabilities through

simulation models which incorporat~ pr~~~~ility. A ~i~gl~ typ~

of model could not explain or help manage these systems, and more

than one type of model was required.

2.8.3 Can •• Trust Hodels? If Not, Can •• U•• Th..?

In an earlier discussion of the scientific method, we asked

how we could be confident that we know what we say we know. The

method and statistical tests, if properly employed, can tell us

just how much confidence can be put in an answer. For example,

times out of twenty (95%) we may believe a result based

upon the variability of recorded observations.

However, the use of models for insights into future system

behavior employs recorded observations to predict the worki~gs of

a simplified and imperfect representation of a system. The model

employs initial Observations, or a mixture of initial

observations from several studies, but from these initial

empirically-observed data points all others are calculated and

not measured. The use of data is therefore stretched far beyond
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the common uses of most observations which seek to explain

contemporary phenomena.

Three sources of potential errors exist which might confound

~nterpretation, generate suspicion, and make model validation

very important if it is to be of practical use:

o t~~ r~li~bility of the data ~~ll~~~~gi

o the structure of the model as an abridgement of the real
system; and

o the reliability of system behavior projections.

These requirements for trustworthiness are greater for establish-

ing a tool which is much more vulnerable, because of its uses in

forecasting, than most other technical tools which resource

planners use. Yet there is little agreement on how best to

validate models. In fact, there is even a semantic disagreement

over using the word validation, which implies truth. Some

students of systems would suggest that we can only disprove or

invalidate models and that a useful model is one which survives

ltinvalidation. 1t

The whole question of validity turns on the purpose of the

~Qgel. If, for example, a rancher would like to predict the

behavior of a system to assist in selecting between alternative

~~~~9~~~nt p~li~i~s, t~~ p~~~i~~ preg~gt~QD Qf 0 Yol~e ten years

hence is not required. Assessing the uses of precision,

Richardson and Pugh (1987) r~c~ll Le~i~ C~rr~ll'~ ob~ervation

that a clock which never runs is more accurate (it is correct
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twice a day) than one which loses a minute a day -- but it is

less useful for keeping appointments. Forrester (1986) noted

that simulation models and the process which generates them

should not be jUdged against some magical perfection, but rather

in comparison to the existing alternative planning methods which

are being used. The question of whether a model improves our

understanding and capabilities over mental models is more germane

than the question of whether it is right. Ultimately, enhanced

understanding should increase net income on the ranch as much as

a specific prediction.

since the future can never be proven, true validation is

really not possible, but models can be invalidated. We can

demonstrate flawed behavior. If the model is rigorously tested

and its beba~ior is s~itable for the ~~Qbl~~ and consistent with

reality, increased confidence in its utility is warranted.

Ylti~~t~ly, th~ r~c~r~ ~ill ~~~~ if t~~ pr~dicted outcomes were

consistently generated by policies suggested by the model.

However, confidence in a model can be generated by other methods

which are useful in the present. A number of these Dethods are

demonstrated with the Range, Livestock, and Wildlife model

discussed in the next chapters.

The structure of & medel can evaluated by examining:

.echanica. What is the behavior of a model on which extreme

conditions are imposed?
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CODC.ptS. Checks on conceptual validity -- similar structures

~~y~l~p~~ i~~~pen~e~~ly by ~ifferent groups familiar with the

same real system will enhance confidence.

Bzp.ri.DC••• Based upon prior L~owledge and .
exper~ence, does the

model behavior replicate the reference modes or differ in

explicable ways? If so, it is more trustworthy.

surpri.... If unexpected, surprising ("counter-intuitive")

behavior is suggested and is eventually observed, a powerful

boost to the credibility of a model is given. Such disclosure of

surprises is an asset in combating risk. Consistently long-term

responses are generally much different than short-term behaviors

in a system rich in feedback. It has been observed that

institutions tend to reflect either long-term or short-term

perspectives, but rarely both. People also have long-term or

short-term views of their environment or that of the

organization.

validity.
- - -- - -

Finally, the behavior can be tested against the

measured behavior of a real system -- predicting history. It is

difficult to find a good data set -- one with a sufficient r~nge

of variables measured over a long enough time period (in terms of

the time boundaries and time steps of the model) to divide the

run into segments, perhaps halves. The first half is used to

observe the fit of model behavior against observed behavior. The

Range, Livestock, and Wildlife model was validated in this way

(See Chapter 6). The model is initialized with real data --
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first year values for the actual system -- and then it is run.

Discrepancies in the behavior of the measured (real) system and

the simulation should be investigated (if they exist), explained,

and the model reformulated to produce a better fit. This is a

revealing process to improve the _odel (if· it. is reasonable

enough to be improved) and understand the system. The process is

called calibration. The actual data for the last half of the run

are not even read or plotted until the model is tuned, and has

simulated the full range of years of the entire data set. Oniy

then are the actual observations of the last half revealed and

the behavior of the simulation compared with empirieal

observations of the real system -- predicting history! The

then be determined. statistical comparisons can be made to

assess the degree of departure, similarity, and confidence. Can

the inevitable quantitative discrepancies be endured if

qualitative behavior addresses the key questions? Do simpler or

different kinds of models yield better comparisons?

One caveat is the obvious lack of a known relationship

between correlation and causality. However, if the last half of

a simulation corresponds with the actual data, confidence in the

model is greatly enhanced, particularly if some of the behavior

is complex. Credibility is further enhanced if a compatible

reaction to a significant and unexpected _id-run difference (such

as a severe drought) is generated by the model. If a model which

is rich in feedback and process shows agreement with the observed
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system, it is less likely to be accidental than would be

agree~eDt f~Q~ a ~~t~~ini~tic, simple model.
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3.1 IPT.s an Analoque of the Scientific Xethod

Baker and Allen (1977) pose the interesting question: how do

we know what we know? A responsible planner (of anything) must

know as much as possible about the area or system being

developed. The planner must have access to information about the

sUbject, and an indication of the confidence which can be placed

in that information. Such trust turns upon how the information

was derived, and the bias brought to its interpretation and use.

There are two broad distinctions in the use of information:

mechanical application (sometimes seen in primitive and

traditional resource uses), or understanding and use of processes

and causality. Although the former approach can work quite well,

the l~tt~r i~ i~port~nt in directing an intervention or outcome

for a system, particularly since individual "facts" and "truths"

evolve and change. A so-called fact can change, for example, as

natural systems are studied and more becomes known about them.

Science is a process of developing insights by collecting and

using information generally related to the insights. The

application of these systematically derived insights is a goal of

the applied sciences, such as agriculture or wildlife management.

Furthermore, such a manipulation of natural systems toward goals

implies a concern for the future (such as maximum corn production

by the end of the growing season). Science has long struggled

with prediction and other risk-related behavior.
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Approaching science as a process requires participation by

the student (planners, researchers, or any jUdicious users of

facts) with a process commonly described as the scientific

method. Using this method in solving problems enhances our

confidence in an uncertain and sometimes devious -- world.

The approach required by this method is not only useful in

managing natural systems, but also to question current facts and

dogma. At some point, both forms of technical progress require

the employment of the scientific method, which is problem solving

in the most logical possible way. The four steps of the

scientific method are generally eonsidered to be observation,

hypothesis, experimentation, and communication. Having a method

The biologist Szent-Gyorgi noted that the best scientists see

what others may have seen, but aided by the scientific method,

think what no one else has thought.

The foundation and initial step of scientific thinking is

accurate, objective observation. These often undirected

observations give rise to an idea -- maybe an explanation about

the way things work. The observation process should minimize

observer bias and employ the accumulated technical knowledge of

the observer and the observer's predecessors. A requirement of

the process which enhances confidence in the observations is that

the observations (data acquisition) are repeatable.
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Imagination, creativity, prior knowledge, and observation

then interact to suggest explanations for observed phenomena.

The untested explanations for the observed phenomena are called

. hypotheses. A hypothesis is formulated through inductive

~ reasoning. Induction employs a number of specific observations

which are summarized to formulate a general synthetic and

predictive explanatory statement about the observations -- a

hypothesis.

The hypothesis must be tested, often by an experiment.

Experiments attempt to test the validity and utility of

prediction{s) embodied in the hypothesis. Hypotheses are tested

~~i~g deductive logic. The deductive syllogism employs the

familiar "if .•. then ll progression from a general hypothesis to a

specific statement of predicted truth which must clearly follow.

Deductive reasoning is the heart of mathematics, and

mathematicians can conveniently manipulate symbols to prove (or

more correctly, disprove) a hypothesis. Natural systems cannot

be manipulated with such facility, and research to test

hypotheses must therefore rely heavily upon experimental design

and statistical analysis- of the variance and confidence in the

results.
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Inductive reasoning is a method for discovery. Deductive

reasoning is a method of verification. How does this immodest

review of the epistemology of science bear upon the issues at

hand -- renewable resource development planning and the uses of

IPT? One model of program development generally employs the

scientific method because it is useful in the logical development

of programs and projects (See Figure 3-1).

Although both inductive and deductive reasoning have

important roles in research and development, the observation and

88experimentation required for inductive reasoning can be time

consuming and demanding of expertise and money. These elements

are often short-circuited in favor of action.

Observatlon/'--' Hypothesis [OII,iCY I Proerams/Projects
Insight -Actions

lperlmenUTest
I

Piqure 3-1. Elements of policy and program formulation. The
idealized planning process depicts the iterative (inner loop)
enhancement of hypotheses (including predictions) to the ~~in~

where confidence generates· a]j611:cy: ·Tlie actions effect a change
in state or environmental modifications which leads to new
observations (outer loop).



Start
Observation/---
Insiaht

I
Policy

Hypothesis I" (C-oDc}usions)

I---Exlerlment/TeatT--
Pigure 3-2. The inductive loop begins with initial observations
and insights. Elements of inductive reasoning in planning
proceed from a number of observations to a credible synthetic
theo~i explaining the phenomena observed ~~ & policy. ~~ example
statement: "People are hungry. Food can be grown with the
application of a limiting mineral. Therefore fertilizers should
result in higher crop yields and human nutrition will be
er~anced. Gover~~ent should foster intensified agriculture
(fertilizer, tenure, conversion, etc.)." An important goal of
inductive reasoning is understanding.

Start

ObservatioD/-l-- Policy • P A tl

IDSl_gh_t " __(C_O_D_C_l_U_S_iO_D_S_) r_o_g_ra_i cons

1. f
Figure 3-3. Elements of deductive reasoning in planning which
proceed from the general (policy conclusions expressed in
programs, for example, a sector strategy) to the specific
Q~~~~y~tions. An example of a deductive statement: "If we
intensifyagricultiire,agrlcultural ameiidJientiwill be·
transported downstream which will poison fish. Fish are a major
source of protein. Intensive agriculture leads to malnutrition."
Therefore, the policy of agricultural intensification has
generaeea-a-preaietion-lwnlcn-snows-some-of-the danger of
deduction) through deductive logic. An important goal of
deductive reasoning is action.
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j/ -J

2!!
Pi9Ure 3-4. some breaks (1 and 2) in the planning process. The
planning process has regularly exhibited three weak points.

Analogues of the scientific Xethod in Planning

Figures 3-2 and 3-3 display the elements of inductive and

deductive reasoning embodied in the planning process. Where

might planning errors occur in the idealized picture of

Figure 3-1? Clearly, action without understanding (i.e.,

deduction without induction) is dangerous. Understanding without

action can be trivial. Fig. 3-4 suggests some short cuts which

occur in the planning process from time to time. The planning

process has exhibited three weak points:

o The absence of keen, creative observers at the outset.
Without such t~leDt~, activities are either reactive (fire
fighting) or inertial repetition of past action(s)
(bandwagon).

o Skipping hypotheses testi~g ~~g ~efinement (No. 1 in Figure
J~4)intheserene-assurancethat the observer knows enough
to leap directly from an insight to policy conclusions.
Variations on this short-cut can include consultation only
within a like-minded group. The feedback ~fforded ~~
nypothesis-testincrls--eliminated. -------

o Failure to realize or incorporate the effects of an altered
environment (No.2 in Figure 3-4), which results from
program implementation-;--A:gain, -feedbacK is-iiissing. Often,
Nos. 1 and 2 occur, and planning is open-system, a common
fatal flaw.
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Depending upon the user, IPT can begin at one of two points
- -- - -- - --- - ---

in Fiqure 3-1. Each point coincides with a particular type of

participant in development planning, either a development planner

or a research scientist.

Development planners begin ~b~ IPT ~~r~~h~p by emphasizing

the goals and issues whick attend their development schemes -

the Progra.$l~g~~~n ~l~~s p~i~t in Fiqure 3-1. The workshop

protocol then asks them to characterize the system they presume

to affect -- which observations are important and intriguing? In

this way, IPT assists in closing a loop, squeezing out

evaluations of the past and present by examining existing or

historic issues, constraints, and problems. IPT becomes a tool

in tbe g@guctive pr~c~~~es of development planning. It's

ultimate contribution is to test alternative policies.

The use of 1PT generates an additional potential source of

feedback not otherwise available to the planner -- new insights

from policy tests of the system model. This new feedback SQ~~g~

is not depicted in the figures. CUrrently, development

assistance policies are tested in real time witb ~g~~~l

experience -- a long and costly process, sometimes aborted

because of policy changes during ~mpl@~~~t~ti~~. The test of.a

well-considered policy generated by the planning process

described in Fi~~~ 3-1 ~~~ ~ri~9~ ~ c~reer, or at least many

assignments. Feedback is therefore difficult. A contribution of
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IPT is policy testing by using models. These indoor tests permit

a feedback path to be drawn between Policy (Conclusions) and

Observations/Insights in weeks or months rather than years (See

Fiqure 3-1).

The second type of user is the applied research scientist

who begi~~ ~ith ~~~~ry~ti~~~ and i~~i9ht~, ~~yi~9 t~ ~yst~~

characterization and hypotheses. The use of simulation models to

test and clarify scientific hypotheses is perhaps more common

than for testing policies. System dynamics may be an exception,

because of features generated by early uses which linked

"quantitative" with "subjective" disciplines and information

important to assess policy. IPT can be very helpful in testing

hypotheses and employing inductive reasoning. However, IPT is

less important to scientific research than to development

assistance. Scientific experimentation and hypothesis testing

can often be conducted in the lab or field at bearable costs --

including human. There is often no substitute for the testes),

and trial and error risk classification is built into the

process. However, such interaction with the test, tuning and

tinkering with it, is rarely possible if a large, complex

development is the test, and it has already bequn. Policy

testing in development is really only possible with techniques

such as simulation modeling. Perhaps IPT's highest use is to

assist the development planner in incorporating feedback and

deductive reasoning in an analoque of the scientific method,

which reduces some of the historic risks and flaws of planning.
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How does 1PT employ the logic of the scientific method to

explain observations in a useful way? What is the analogy to the

scientific method? The 1PT workshop protocol produces a system

structure in the form of flow diagrams depicting the

relationships between the variables and parameters. These

processes, the boundaries which limit them, and the elements

which are embodied in the structure, are all explicit

representations of the system details. The elements and

processes (system "structure") also represent the collective

knowledge and assumptions of workshop participants -- their

mental models. The elements and processes constitute their

hz~otheses -- informed, but possibly imperfect view$ of ~

specific natural system. Using, testing, and validating the

model against historic, empirical behavior are the

which test the hypotheses.

These can be research hypotheses about system functioning or

policy hypotheses emphasizing system management. The predictions

derived from hypotheses about the modeled system can be found in

the reference modes of predicted behaviors of important variables

("goal variables") sketched by model designers and users during

the workshop. These predictions are compared with results

generated by the model runs for the goal variables defined as

important by users. For example, "If more rain results in more

forage, and if more forage produces more cattle, then more rain

will eventually result in more cattle" -- a deductive syllogism.
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Workshop participants are asked to draw a curve of cattle

densities as a function of different amounts of precipitation.

This will be a reference, or control, against which the same

behavior generated by the model will be compared.
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3.2 Users' Needs

One fundamental flaw in developing a systems ~pp~Q~~h to

analyze and formulate natural resource management policies was

the attempt to use the inducti¥8 ~pp~Q~~h of research scientists

and their models from academic settings. This common method of

systems modeling ~Qst Qft~~ 9~~~r~ted mathematical models created

in relative isolation by technical people, who at best had

~EQ~~~i~ ~~~~i~~~ ~ith system developers and managers. The end

users (e.g. farmers and ranchers) rarely helped build the model,

knew little of its structure, and could therefore not assist

during the evaluation of the model. A critical review was not

available from those with empirical knowledge of the system. One

of the most evident results of this model building method was a

l~~~ ~f ownership and understanding by users and others most
- ------- --- ------ ---

affected by the development. The analysts and programmers

offered the answers and a "trust me" approach.

Holdgate (1978) contends that "because of uncertainties,

environmental sc~ence can be used to guide the de¥elQP~~nt ~~~

management of natural resources only if there is a continuing

interaction between the scientist and tb~ ~~n~g~r. ~i~l~~~ i~

needed at the outset to identify the key questions posed by a new

development -- s~cb di~lQ~~ ~i~~~ fi~l~ ~tudy, analysis and

modeling -- the building of the model is an integral part of the

study, fQ~ it ~~lp~ t~ ~tructure the processes of both sampling
---- -

and evaluation." Holling (1978) describes one such process
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called Adaptive Environmental Assessment, a progenitor of 1PT.

He describes his group's" bias that process and product are

inextricably linked; the sequence and design of workshops -

and -- different modes of communication are as important as

models and the analysis."

1PT is predicated on the conviction that systems analysis

will never be embraced as a widespread policy planning tool

unless the goals, issues, and system are defined by the users in

a simple, efficient process. Both Holdgate and Holling are

referring to such a process. The users (not imported modelers or

managers) must help define their own needs, and with initial

assistance, answer their own questions. They must understand the

products and options generated by the method and understand the

limitations of the method. They must know how best to

incorporate 1PT into the spectrum of other methods for solving

problems and addressing development issues. The method must

feature involvement, which will require relative simplicity,

availability, realism, flexibility, and accountability.

Simplicity is afforded primarily by the model itself. The

logic ~f t~~ I~T ~~~~li~9 ~~t~~ (~s ~it~ t~~ ~~i~~tifi~ ~~~bQg)

fosters and enhances the simplest, most understandable process of

model development and analysis. The process proceeds almost
-- - ---- ------ - -- -- -- ---

inevitably, in a logical progression through the workshop

protocol. Systems analysis fosters understanding the linked

processes of the system, and provides a structure to help
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categorize information and phenomena. The model must be simple

enough for a user to trace through it's structure and explain

unexpected behavior. In fact, this requirement is what sets the

upper limit on model size and complexity. If it is too

complicated to explain the behavior, it is too big. The~efore,

we must employ simple models which render analysis more

affordable or socially acceptable.

~h~~ QQ~i~ati~n ~f 1~9ic, structure, and thrift reveals a

more tractable and simpler representation of a potentially

infi~it~ly c~~ple~ world to people familiar with the system. The

parsimonious structure fosters organization, recall, and

understanding as well as later modifications. Furthermore, once

the model is built and running to satisfaction, it can be pared

gQWD to its ~~~t basic elements -- just those necessary to retain

its behavior. This reduction is done through a sensitivity

~~~l¥~i~ of the model to its different feedback loops, variables,

and parameters. Those which have little influence on model

behavior are excised.

Availability and access to any technology such as IPT turn

upon A particular challenge cODfroDt~ tbQse

who would presume to make it internationally accessible. The

presumption is that common need and tbe IQgiQ Qf th~ ~ppr~~c~·

will transcend the geographical and cultural distances between

end users aDd the IPT g~~~l~~~rs. ~~!~y~r, a strategy for access

includes wide publication, dissemination through the USAID
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Missions, use of existing central training programs at AID and

other donors, and continued response to educational, research and

development centers such as the Asian Institute of Technology and

the Wildlife Institute of India. It is important that continued

validation be conducted on new and evolving models. Most

important, now that an initial development and validation has

been achieved, the process shouid be increasingiy used in the

field and benefit from regular evaluations.

Realism is derived from technical credibility of the

structure, reflection of first-hand insights about a specific

place, decisions about what to exclude, and the data used. This

requirement virtually dictates the user workshop feature of IPT,

but also requires the contributions of knowledgeable scientists.

Adaptability and fl=:i~ility are important re~~irements fer

development planners. Development proceeds with a large dose of

uncertainty -- for example, uncertainty about the data upon which

the development strategy is predicated. However, development

For example, soil analyses for the Mahaweli Project upon which

largely erroneous (C. Anthold, pers. comm.). There is also

political uncertainty, climatic uncertainty, market

uncertainty -- the list is long. Uncertainty cannot be

eliminated, but can be reduced and accommodated with an

objective, flexible, and inclusive planning process. 1PT is
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designed to enhance flexibility at the outset, and embody the

best collective understanding of a system through its reliance on

the perspectives of users, managers, and scientists offered in

the structured workshops. It is the antithesis of one modeler's

limited perceptions (the "renaiss~nce modeler"). The system's

structure and model software are easily adapted as additional

insights and understanding suggest changes t~Jcugh the

implementation phases (See Figure 3-1). Data requirements are

identified and prioritized available data ranked fQ~ ~~lity

so that key information can be secured or suspected. IPT focuses

upon testing different alternatives -- PQl~~~~~, ~~t~, ~~~

project configurations. An evaluation of plausible alternatives

is useful should they ~ri~~ as considerations.

Finally, accountability and the depiction of design

rationale through text and graphics is a feature of IPT. Since

many projects have planning horizons which outlive key

participants in the planning process, it is important to know why

(or even what) decisions were made to structure a development

policy and project. The Mahaweli Project was planned over two

decades by several independent donors and numerous consultants.

Some development efforts go into a holding pattern between

planning and implementation during which time conditions may

change. We encounter gaps in institutional memories which impede

redesign or adaptation to feedback. Flow charts with

descriptions and accompanying data and assumptions preserye ~

clear picture of planning at a specific time in the project life.
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If .these features of IPT had co-evolved with system

gyn~mic&, it is likely that system dynamics would enjoy much

wider application than it does. Historically, system dynamics

1961; Roberts 1977, 1980), urban planning (Forrester, 1969),

globa! resources ~~~ c~rryi~9 c~p~~ity (~~~gQ~& et al., 1922),

and a host of other issues from law to ecology. Unfortunately

although the development and uses have been innovative and often

brilliant, active use of system dynamics has remained in very few

centers driven by a few talented individuals. This has generated

uses with only rare validation. System dynamics also exhibits an

inbred literature which cites itself too often to break out of a

few regional groups to the universal applications which require

such a useful tool. A very thoughtful review of the history,

uses, and shortcomings of system dynamics is given by Meadows

(1980).

108



3.3 ~h. Worksbop

3.3.1 Goals

IPT employs a workshop of knowledgeable contributors

(experts) and eventual users to define a 8~8te~ ~ng the issues

which surround its management toward certain goals. IPT

workshops are designed to prod~Qe ~n ~~jective and graphic
----- - --- ---- --- --------

representation of a natural system. This model should be the

simplest repre8en~~~i~~ ~f ~ ~¥~t~~ which can incorporate and

address the problems which users have. The users often are

~~n~g~r~ of t~~ ~¥~~~~. Integrating the elements is the primary

focus of the workshop and is necessary to understand and plan for

the development or preservation of that system. These elements

are the measurable variables which define a particular system.

They can be ~~~t1e ~~~~~r~, net profit, amount of water

infiltrating into the soil, soil eroded, or other such variables.

Y~ri~~l~~ can be a measurable quantity or a rate which feeds

(input) that quantity, or drains (output) the level. The first

assumption is that conventional planning unrealistically

segregates these elements, and therefore has not worked well.

Producing a graphic representation of a system's structure

created by a knowledgeable group yields the basic product of the

workshop -- a conceptual model specifically conceived to address

certain issues. The mutual education of participants about

important system elements and processes is another valuable

product of the IPT workshop. The conceptual model may also be

the precursor of a simulation model.
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A second assumption is that experienced people are very good

at constructing a reasonable representation of very complex

systems, but have an extremely difficult time assessing more than

intervention. People are better at structure than process. The

interactions, such as the second- and third-or~~r rippl~ ~ff~ct~

which feed back and through linked variables and processes, are

difficult or impossible to anticipate, particularly in ways

useful to a manager such as timing, quantities, or relative

magnitude. We have difficulty predicting changes in a two- or

three-variable system, yet the typical systems of hundreds of

elements which emerge from the workshops are those which must be

addressed in the real world. We therefore use the workshops to

define problems and systems which will later be manipulated by

the computer if the issue warrants a computer simulation for

policy testing.

Through the device of a relatively pUblic workshop attended

b~ people with a variety of skills; interests; and experience; we

hope to minimize the biases and value-laden agendas which might

i~fl~~~~~ g~al, p~Q~I~~, ~~g ~y~te~ gefinition. In addition- to

minimizing bias, we hope to maximize objectivity, aUditability,

and credibility.

capabilities and weaknesses. The IPT process attempts to account

for our limitations, just as sampling design and statistical

tests do. Another goal of the IPT workshop is to convey a sense
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of participation in constructing the product. The interactive

aspects.puilt into the 1PT workshops confer a sense of ownership

in the products which is notably . . .
iii~ss~nq ~n those who miss or

abridge their involvement in the workshop. This is significant

because skepticism and apprehension about the process ang

products (generally not the need, however) are inversely related

c to participation in the workshop ($~~ fi~~~ 3~~).

Need for
Product

Judgement clouded
(-over-em:b:r~a:c~e~-~)~~~~l

Judgement clouded
(-insular conser
vatism- )

Domains f
likely u e

A __ .ft.~+.""""A"""''''''C:tJ "gl IV ....

of products
(e.g. a preferred
development plan)

Need for
Product

Degree of Participation in Workshop

Figure 3-5. The relationship between workshop participation, need,
and product acceptance.

Acceptance is related to both need and workshop attendance

and participation. The slopes of need and acceptance are not the

same ~~ a certain degree of need will generate a Qe~~~i~ ~Q~~t

of acceptance -- even without workshop attendance (See Figure 3-

5). This was the case at Ne9rQ~ 1~l~n~ i~ th~ ~hilippin~s, where

a rational planning tool such as 1PT was accepted without
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adequate local participation in the process because of the

desperate situation: land-use conflicts, malnutrition, and

insurrection. Two areas of Figure 3-5 indicate the maximum

likely appropriate use of IPT products. Where there is no

immediate need, user interests and curiosity allow some dabbling,

and time constraints and the stress of a deteriorating operation

do not dominate, then rationai interpretation and use of IPT

products are more likely. Likewise, the best uses are likely to

occur where increased need has captured and focused the attention

of the user, but has not yet reached the point' of desperation.

The IPT workshop is designed to produce a graphic

representation of the system on paper, with its elements, links,

feedback, and boundaries. The paper copy is primarily lists of

goals, problems, key questions, assumptions, as well as the flow

diagrams of the system (See Figures 5-6 through 5-32). These

diagrams depict the minimal set of elements and relationships

useful to answer the key questions, which in turn address

problems frustrating the achievement of participants' goals. A

vision of the products and their utility is essential to keep the

workshop on target. Whether the flow diagrams are used to

construct simulation models or just to clarify the problems,

system, and links, this basic requirement of graphic workshop

products is firm. Use of the protocol which is described in

Section 3.3.3 ensures targeting and efficiency in extracting

information from participants. Different workshops may have

different foci, even when addressing biophysically similar



systems. A university research team may have a different set of

goals than a development assistance planner. This is important

because the goals are the initial inputs which determine the rest

of the products.

3.3.2 Workshop participants

Just as a host is careful to construct invitation and

~~~ting li~ts f~r ~ dinner party, the conveners and facilitators

of an IPT workshop must take care to ensure representation of

required expertise and those who will actively and productively

participate. The organizers of a workshop are driven by the

knowledge that all insights and eventual uses will ultimately be

at the pleasure of the participants (who are the clients).

Capturing participants' expertise and experience ~s

predicated upon finding the right participants. An honest effort

to reflect the realities of the system; its users, and occupaDt~

will dictate the workshop participant list. In the Range,

Livestock, and Wildlife model, we have enjo~ed tb~ p~~ti~ip~ti~n

of veterinarians, range scientists, animal scientists,

ranchers, systems analy~ts, government planners, non-governmental

orgaDizatiQn p~in~ipals, professional hunters, and others. Every
- ------------- ------------

workshop in which the authors have participated has been

p~~~~ctiy~ ~~~ fun -- possibly because the process was engaging

and enjoyable. However, we know of other instances (described



below in 3.3.4) when this was not the case, participants left

early, and goals were not achieved.

The Protocol

identifies and develops the goals, problems, key questions,

vari~~l~~, b~u~~~ri~~, r~ferenc~ ~~~~~, ~~~ ~t~~~~~~. G~~~~~lly

participants are impatient to depict the structure, which

generates a fascinating interplay of ideas, and fulfills the pre-

workshop image of what modeling is all about. However, without

slogging through the initial steps needed to focus the structure,

few useful insights can be produced. The protocol is discussed

now, although its use in an actual workshop and the products it

generated are described in Chapter 5.

Goals. Profit enhancement is one example of a goal. Planning

for such a complex and partially understood system as a river

basin, or game and cattle ranch requires an efficient and focused

definition of the goals of the endeavor. Our first workshop five

years ago addressed the Mahaweli-River Basin development scheme

in Sri Lanka. The specific goals of the project included, for

example, irrigating 117,000 hectares, resettling 500,000 people,

producing 550,000 tons of food annually, and maintaining existing

natural resource systems (TAMS, 1980). The goals of a later

workshop (to produce the model validation described in Chapter 6)

reflected the desires of the ranchers of Chiredzi, Zimbabwe to

make a profit, satisfy local meat demands and therefore enhance
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relations with indigenous neighbors, access the appropriate

production tec~nologies which are unknown or unavailable to them,

and maintain maximum biological diversity and sustainability.

Probl.... The inaccessibility and slow development of required

infrastructure for both the Mahaweli and Chiredzi cases are

examples of problems which frustrated the achievement of goals.

Hospitals, schools, and farm-to-market transport could not keep

up with in-miqration at ..... - --._-
\dl~ .LG"'~D

Securing foreign currency and the foreign-made goods required for

operations, impeded the Chiredzi ranchers.

Precisely defining issues is eventually important to focus

and structure a potentially unwieldy model in order to address a

discrete set of questions. Without focus the desired policies

cannot be tested and the right questions can't be answered.

Without the protocol, issues of personal concern can subsume some

corporate or project-related issues. Rarely is care taken to

objectively define the real issues (among, typically, many shadow

issues) which attend a development goal. The process is designed

to foster enhanced efficiency through enhanced focus.

The issues appropriate for IPT applications can be partially

classified by the point in the IPT process reached when the

process is terminated. Many problems can be usefully addressed

in the workshop, but the process is terminated before any

simulation model is built. It is estimated that 45 percent of
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the understanding of a system which occurs through the system

dynamics process can be gleaned at the workshop before any

computer use. Another 45 percent occurs during encoding and

debugging, and 10 percent of the new knowledge of a system comes

from computer-assisted policy testing of the model. The

workshop-generated products are useful for dealing with most

probiems (See Figure 3-6) and the process may terminate at its

conclusion. The SUbsequent activities and requirements may

differ depending on where the IPT process is terminated. For

example, simulation modeling to evaluate the impacts of

alternative policies will require data, but building a conceptual

model in a workshop may not require data. A simulation model

~ill ~e~ire site familiarity, but a conceptual model may not

(depending on its scope and purpose).

Clearly the structure of Figure 3-6 can apply to many

problems which could benefit from IPT, not just exclusively
- - - - - - - - - - - - - - -- - - --

natural resources. Therefore the appropriate problem is very

much a reflection of the interests, competence, and mandate of

the users and facilitators. An A priori taxonomy of uses cannot

be divined, although some productive kinds of applications for

IPT were described in Chapter 1.

Key Questions. ~~j~r p~Q~le~~ must be addressed by asking key

questions. For example, to clarify or resolve the issue of

carrying capacity, a questi~~ ~ight ad~e~~ tbe deqree gf
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competition for forage between domestic stock and wild grazers.

These are the questions which the model must be able to answer.

Posing key questions guides efficient model development. For the

Mahaweli, a few of the key questions posed by the group were:

- Will crop production targets be achieved and sustained? Is

- sufficient energy available for the popUlation anticipated over

the life of the project? Will popUlation growth exceed carrying

capacity with respect to infrastructure and natural resources?

Examples of key questions which were defined by the Chlredzi

ranchers included: Where will the break-even point of a given

investment occur? Is it more profitable to chanqe the mix of

animals to suit the vegetation, or the vegetation to suit the

animals? wnat kind of information is most important to achieving

the goals?

Variable. and Param.ter.. To answer key questions the model must

incorporate a minimum set of variables and parameters. These

elements are later linked in appropriate ways with various

feedback loops. Necessary elements might include the number of

wild grazers, their birth and death rates, or drought periods.

With the goals and questions as a foundation, the more familiar

and traditional tasks of model development begin.

Initially, the workshop participants deQideg ~b~~b ~~~e~~~

of the project (a river basin development, or the management and

deYelopment of ~ r~nQb) ~bQ~lg ~e ~ep~e~e~te~, ~~~ ~~!. The

system should initially be grouped by large categories called
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~bi~ Q~g~niz~tion reflects the advantages

of structuring information. These groupings are linked and are

also somewhat arbitr~rr, but t~~y are useful t~ b~lp ~Qn~@p~~~lly

organize the system into familiar taxa, and also to divide the
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work. The Mahaweli had agriculture, wildlife, forestry,

socioeconomics, irrigation and water supply, and land use

sectors. The Chiredzi Range, Livestock and Wildlife model

embraced subsectors called livestock, wildlife, veld, and

economics. If warranted by the number and interests of

participants, each sectoral group represented at the IPT workshop

can meet separately to develop their part of the system. The

groups must eventually meet together to define specific links

between each group, assisted by a rapporteur for each group.

This was the approach taken during the Mahaweli workshop when

each rapporteur described the model developed in his or her

group, while members from all of the other groups noted which of

the specific variables linked to their own subsector variables.

At Chiredzi the workshop was small enough to be conducted as a

single group.

Boundaries. Temporal and spatial boundaries of the system are
--------- ---------- - - ----- ----- -- - ----------_._- --- --- - --- ---- ---- ----

established, and could include a single ranch and two drought

periods for the area, if such boundaries will permit the model to

address the key questions.

Reference modes are educated ~uesses about a

system's behavior based. upon mental models of the system. They

are educated because the participants include scientists and

those with local expertise -- often users of model outputs.

Participants qraph the expected behavior gf system elements gver

time before they see any simulated behavior generated with the
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assistance of a computer. A reference mode could graphically

depict the anticipated forage production over a time period which

embraces two droughts (e.g., twenty years). These sketches of

the postulated behaviors of an important element -- called a goal

variable -- mark the level of the participants' understanding

prior to full development of the models. They are "references"

or controls against which to compare the model behavior later

generated with computer simulation runs.

As the model is developed, we ask what might be lacking in

our understanding, in the model's structure, or in the data

quality to account for the differences between our reference

modes and model output. There are three possibilities: the

reference modes could be wrong, the model could be wrong, or

both. Figure 5-1 also illustrates the range of mental models for

a single variable of the system or project within the group.

There is no unanimous view of system outcomes, even among the

most experienced participants and even with the simplest test

models. We use such simple tests at the beginning of a workshop

to demonstrate how experience or bias leads to many differing

behavior estimates of the variables generated by our mental

models. The need for an IPT-like tool to assist us in planning

the development of much more complex real systems quickly becomes

clear.

structure. ~~i~~ ~~ ~t~p~ i~ t~~ pr~tocol d~~cri~d above, the

structure is schematically represented by flow diagrams of the
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theories and concepts embodied in the model. Construction of

flow diagrams is the last step in the workshop agenda. The flow

diagram is built from the elements defined by the group.

Diagraming proceeds one step at a time, one variable at a time.

The basic stocks (levels) and flows (rates) are identified, as

well as the auxiliary variables which elaborate each rate. A

stock might be the number of small wild browsing animals, an

inflow rate might be births, and two auxiliaries which influence

the realized birth rate might be nutrition and.illness. These

auxiliaries might be further broken down, before data are

gathered for them. Particular care is taken to identify major

feedback loops which will control the behavior of the system. To

place IFT in context, an expanded discussion of models and

modeling is given in Section 3.4.1. Examples of flow diagrams

and their rationale are given in Chapter 5.

In keeping with the IPT tenet of user-construction, the

existing depiction of a rangeland system and the community of

human and animal populations it supports was derived during

several IPT workshops in the United States (viz. USAID and

several universities) and Africa (Botswana, Kenya, and Zimbabwe).

In each instance, the system's structure has changed very little.

The few changes tend to reflect essential, often unique

characteristics of the site· and of local, endemic issues. In

other words, there appears to be a basic, common body of

knowledge and perception of such a system and its components,
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driven by a recurring core of problems. What is taught in range

and wildlife ecology and management courses, or observed in the

field, appears to reflect some general theory. The structure of

the Range, Wildlife, and Livestock model has been rebuilt and

confirmed repeatedly in different places by different groups.

Each group begins with a clean slate, with little input from the

IPT staff facilitator, yet winds up near the structure of other

groups.

Furthermore, certain "generic" structures reappear in the

description of most system processes. Richmond et ale (1987)

describe seven such processes which characterize most process

generated behaviors exhibited by systems. One common example is

"compounding", a process which feeds upon itself to produce such

biological phenomena as exponential growth.
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3.3.4 Workshop Requirements: Pacilitators and Logistics

The workshop usually requires two ~~~s. It sbo~lg ig~~lly

enjoy the participation of four to fifteen contributors

representing ~ ~~~~~~~ of user ~~~rti~~ ~~~ p~i~t~ ~f !i~~,

such as rancher, ecologist, veterinarian, anthropologist', range

~c~~~~i~t, and development specialist. Some participants (at

least one, preferably more) must be very familiar with the site

and situation in question. The IPT facilitator(s) must be

experienced and able to evoke fruitful participation while

avoiding the imposition of personal knowledge or opinion. The

facilitator must also keep the goals and trajectory of the

discussion in mind and act as a prod, scribe, ombudsman, and

moderator.

One early 1PT workshop involved sixty participants divided

into nine sectors. Exceptionally complete and insightful

coverage was generated by six of the groups. Although the

remaining three groups were run by technically qualified

scientists, the results were disappointing. A review and

debriefing revealed that some technical competence was very

~sef~l. ~Q~l~gg~ ~~~yi~~s i~~ig~t~ ~~~f~l t~ ~~and the

considerations as well as to question the developing model and

pr~d p~rticip~~t~. However, it became clear at these workshops

that technical competence alone is not sufficient to guide the

protocol. Among the flaws encountered in the conduct of the

three sectors (which had to be redone later) were:



o A deferential and submissive leader who could not keep the
group on track or stick to the protocol. Unfortunately,
this flaw was compounded by the dominance, knowledge, and
enthusiasm of one very experienced-and--vocai--partteipant-who
had a different agenda. Although the group leader knew
system dynamics and the topic under consideration, he was
bulldozed into changing the goals and tactics. The product
was of interest to the laader of the coup, but useless to
.uch of the structure being produced in the other groups.
This became evident in the plenary sessions where links
between system elements were identified.

o Lack of experience in conducting the workshops revealed how
important such experience can be in achieving constant,
timely progress to clear goals. This is particularly
i~EQ~~~n~ in l~~g@~ 9~Q~E~ (~Q~@ ~b~~ fQ~), ~i~b ~Qg~l and
contentious participants who are usually the major
contributors, but who also have the potential to deflect the
'discussion. Controlling without dominating, irritating, or
constraining the participants who are generating the
product-sis-enhanced wlttfsome-eXperlence-andnatural flair.
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3.4 Post-Worksbop computer Siaulation

3.4.1 Model Development -- Plow Dia;r..

The requirements of the IPT process were described earlier

(simplicity, availability, realism, flexibility, and

accountability). Several of these qualities are also required

for an IPT-generated simulation model. However, the simulation

model, if it is desired as an additional product sUb.equent to

the workshop, needs some additional definition. It must be a

dynamic ~odel because all systems change ever time -- populations

grow, businesses fail. Many of our planning tools provide static

analyses and projections {such as a map, some regression

analyses, linear programming, etc.) which do not facilitate

dynamic planning. System d~D~m~g~ m~~l~ acc~~l~te inflow and

outflow rates in short time steps over a longer period. They

integrate these changes in variables by s~mulationii

Furthermore, these changes are related to each other in cause-

effect feedback loops; such as When room temperature is

controlled by a thermostat, supply and demand interact, as do

dynamic behavior and system stability are determined by feedbacks

The possible modeling approaches useful to extend workshop

products to a simulation model were considerably narrowed by the

variety of modeling techniques available, the constraints imposed

by the requirement to have the user define and design the medel,

and the need to model both subjective and quantitative



Therefore,

relationships. We chose the system dynamics method and the

Dynamo computer simulation language for MS-DOS microcomputers to

develop the model in this book. Other simulation languages for

system dynamics models are available, such as STELLA for the

Appie Macintosh (Richmond et ai., 1987). Dynamo and STELLA are

dynamic simulation languages because they show "level" (variable

or element) over time (e.g- two drought periods or <the lif.-of~

project). The algorithm simulates by addition or subtraction to

a countable quantity of the level (mathematically, integrates)

such as number of cattle or kilos of forage. Quantities are

~~@~@~~~@ly g@lg~l@~@g f~Q~ ~i~pl~ ~gy~tiQD~ (~~~ b~lQW) Q~~~ @

defined time-step or "dT". This can be every six weeks for one

version ~f t~~ ~~~~~, ~i!~~tock, and ~il~lif~ ~~~~l.

each of the 300 or so equations generated by the workshop-derived

model is calculated every six weeks for 30 years (about 260

times)! This is Why the computer is used.

One feature of Dynamo and STELLA which makes them suitable

for workshops, as well as for conferring the ability to

graphically define dependant relationships, are their ability to

graph tables. The lay user may be knowledgeable about the

system, but is not iikely to think in terms of equations to

describe the curve of a relationship such as birth rate to

nutritional state or qrow~h over ti.e. Workshop participants can

draw the curve of a relationship (See Figure 3-7), and Dynamo

then uses the table function to look up the encoded coordinates

describing the curve on the x-y axes. With STELLA, the curve is
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simply drawn with a mouse and the coordinates are automatically

inferred! A picture is worth a thousand equations. It is much

easier for most of us to draw a curve of a relationship than to

depict that curve as an equation with three or more terms.

Equations are particularly awkward to use as a communication

"medium in a workshop.
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Figure 3-7.

Important facets of many systems describing the development

environment are often fairly sUbjective. These can include

social, economic, and cultural cause and effect --, .~.; "'Plchl.'nG.......... a ..... -...••_ •• r- =

For example, a feeling of equity and participation by residents

of a project command area to successful aqricultural extension

efforts may be critical to the effectiveness of extension



programs. Extension may be critical to achieving project goals

in agriculture, forestry, fisheries, or wildlife conservation •

. Such sUbjective relationships can be accommodated with Dynamo or

STELLA tables as well. Experienced extension .agents can graph

these relationships. Later, sensitivity analysis can be used to

determine the importance of the sUbjective variables.

The system dynamics approach and the Dynamo or STELLA

software could, with accommodation and modification to the

demands of development assistance, provide users with a

reasonably accessible technical tool. 1PT provides the

modifications and environment for them to use these existing

tools.
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Data

One of the trickiest steps for the modeler comes just after

the workshop. processing the products of the workshop so that

the coarse representation of the system which inevitably

resembles a laundry list of variables, cause and effects, 1s

transformed into a flow diagram which accurately reflects process

and which is useful in writing equations, is a real intellectual

challenge. The workshop will indicate the many feedback loops to

be incorporated into the flow diagram -- the positive loops wbigh

generate boom growth or unrestrained decline, the negative loops

conferring stability to the system. The challenge for ~b~

modeler at the post-workshop step is to envision the type of

curve (behavior) a process can produce. Tbe~e ~~y i~clude

exponential growth of a stock, oscillations with increasing

amplitUde, convergence of a stock to a goal level, logistic

growth to and asymptote, or seven other "curves" which represent

about all of the processes which can be exhibited by a ~yst~~.

For example, an unrestrained population growth curve can be

represented by a curve. Each of the eleven g~~ye forms has a

characteristic structure which is represented in the flow

diagram. Each displays certain loop~ ~hic~ ~ill determine model

behavior. A certain vision and experience is useful in this

process of defining worksbop p~~~ct~. Once a good flow diagram

is produces, the equation writing is relatively straightforward.

STELL~ software ag~~~lly ~~~~ the diagram drawing process to

identify the logic for the modeler - i.e. suggest the equations.
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This represents a systems way of viewing and representing the

world. It is a way of thinking and problem solving. It is

beautifully and fully described in Richmond et ale (1987).

Typ•• of Data. Taking a conceptual model to the point ot

simulation capability requires reliable data for the constants,

parameters, and initial values. Models are data demanding.

Rarely does a model enjoy the use of data collected specifically

for the model. Ideally, the data would be collected for the

particular model and issues it is designed to address, as well as

being appropriate for the site and time. The users would know

how the data were collected and reduced. More often, the data

collection uses products from other studies of related issues and

sites. Sometimes data are so derivative and suspect that they

are part of the negative aura which taints all models. The

collection of useful data represents a qualitatively different

set of activities than modeling -- even to the extent that it

involves a different cast of scientists with different styles,

agendas, and skills. Data can often be collected as

afterthoughts to the model.

The data for the range, livestock, and wildlife model's

elements are collected or selected from the existing Lotus data

base. The data base now contains about 1,000 data points for the

Range, Livestock, and wildlife model. These data are put in to

the model, which is then compiled, debugged, run (the

simulation), and tested. The behavior of variables is critiqued.
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In the situation described in this report, it was also validated
. .....

a9a1ns~ empirical Qb~~~~~ti~~~ as a credibility check. The model

is then ready for policy testing. The post-workshop process can

take &eYe~~l ~onths, depending largely upon the existence of a

useful model and the alterations required.

Data probiems can become communications probl~~~. We

witnessed one expensive demonstration of a communications

breakdown between modelers and data ~oll~~t~r~ ~nd users. Over

$2 million of Landsat imagery and analysis proved useless when

the elegant clustering of ~~~~tr~l ~iqnatures into 26 colorful

"types" had no meaning for analysts and data collectors who

wanted a map of ~~~9~ y~~~tation and use for about 125,000 square

kilometers. The modelers had produced an elegant, statistically

valid, but useless product beca~~~ ~h~ people with site knowledge
--------- ------

did not have input at the beginning of the analysis.

The modeler-data collector dichotomy is not the only problem

encountered while trying to construct a simulation model. Often

the experience of the modeler or modeling team focuses on the

careful collection of only certain kinds of data. A complex,

multisectoral model may represent the wisdom and inputs of ~~nY

disciplines represented.at an IPT workshop. However, after the

model construction crew departs, ~~ose remaining ~~y t~~~ to do

best what they have done before. For example, collecting

SUbjective but critical information fro~ ~Q~i~l ~cientists for a

Dynamo table relationship may be sloppy (or overlooked) if there
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is a focus on quantitative data. Such subjective information may

be collected with a poll or Delphi-produced graph of, for

example, the feeling of equity or participation on the part of

project command area residents in making an extension program

work. Soliciting information from those with. experience becomes

very important for this type of relationship, which is rarely

measured.

The simulation models discussed here require two of the many

kinds of information important in natural resource planning.

Examples of the variety of information types include:

o spatial data (in Landsat's binary code for spectral
signatures, or in habitat maps),

o ~i~liQgraphic data (technical reference articles),

o registries (consultants for specific resource fields,
cataloged museum specimens, endangered species, laws),

o graphic support (reference photographs of vegetation plots
over time),

o processes described in text and graphics (flow diaqrams,
decision trees), and

o numeric data and thematic on-line data bases (electronic
data bases accessed by computer and modem).

Simulation models typically require:

initial valu.s for the beginning of the run (e.g., number of

small wild browsers in 1~5~);

constants such as pi or unit conversion mUltipliers;
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parameter value. which are system specific, such as the maximum

birth fraction of small wild browsers; and

ta~le., which define dependant relationships of one variable to

another.

Data Collection and Bvaluation. Skeptics of modeling as an

appropriate approach to resource planning and research in the

developing world will invariably focus on the data issue. The

assumption is that useful data rarely exist. We have found that

this is not an issue. The first 1PT workshop four years ago

began and was finished in a week. A very ~~ick collection of

necessary data yielded 90 percent of the required information,

and the rest was supplied with educated assumptions. Technic~l

experts know where to locate data. Modeling efforts since the

Mahaweli workshop have employed skilled data collectors with more

time. All the data points which the various 1PT models require

have been found. Data are not required for all 250 variables in

the Range, Livestock, and Wildlife model but are required for

initiai values, constants, and tables. Many variables are

calculated by the model, for example, rate variables such as

births per

Collecting the necessary information is a chore requiring

knowledge of a specific resource topic and its literature. It is

important to know Where to look and whom to ask. Another

significant reason technical competence is essential in the data

provision stage is that the data often require transformation to
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units which the model can accept. These transformations can be

mathematical (e.g., log or arc-sine), or involve aggregating raw

values (e.g., using daily forage intake of impala, klipspringer,

and duiker to get a weighted average of daily forage consumption

by the level category "small wild browsers"). Of course

experience in the applied sciences to which the data relate is

useful to evaluate data quaiity and availability.

The real issues are data quality and portability. For IPT,

an attempt to assess quality by crudely scoring data between 1

(poor, e.g., anecdotal), and 5 (good, e.g., in a refereed

journal) has identified where the data may be weak. However, if

a sensitivity analysis shows that the model element has little

influence on model behavior, suspect data are of little concern,

and increased collection efforts are probably not warranted. The

element or loop may even be dropped from the model. If the

element or process (feedback loop) has a significant effect (for

example, in magnitude and its ramification through effects on

distant variables) and data are suspect, some field inventory or

research may be indicated. The process can distill and focus

data collection requirements and help prioritize research.

A method such as IPT, which can identify and prioritize data

requirements, can discover ~onsi~t~nt, r~c~rr~~t ~~t~

requirements and suggest research in anticipation of specific,

regularly occurring data needs. Data would then be available for

project planning when such planning occurs. IPT can also clarify
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the point in the project cycle when information must be provided

to or receiveQ f~Q~ ~t~~r sectors as determined by linkages

identified in the system workshops. These later data

re~ir@~@~t~ ~r~ identified and sequenced in the collection

effort, which makes their collection more likely. Many more

~~~ful, trustworthy sources of key information must be available

when needed for planning to improve availability and data

quality. This means much information can be collected in advance

of a particular need.

Engineering propl@~~ and solutions can pose fundamentally

different time constraints on planning than environmental

questions. Qn ~~ ~~~~ssment familiar to the authors, the

deadline for an initial project operating capability was dictated

by a variety of political, str~~~gic, ~conomic, and other

factors. This date was fixed. All of the planning, assessment,

construction, ang t@~ti~9 ~~ich would lead to this target date

was planned by working back from the target date. Each task was

assigned ti~@, st~ff, money, and other resources. Tasks which

had to begin and end on time because subsequent work depends upon

tbe~ (i.~. on the critical path) have stringent requirements for

timely provision of data. An endangered bird species migrated

into the impact region in october, but the assessment report was

due in August. An engineer can test rock for its specific

gravity throughout the year. Project management could see no

reason why more money and some overtime couldn't finish the

analysis before August! Seasons have a fundamental influence on
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the ability to collect biological (and sometimes physical)

i~fQ~~~iQ~, ~~Q ~~ th~ ~i~~~ ~f i~f~~~ti~~ ~y~il~~l~. This is

why most projects and planning models can accumulate a small

amount of project and site-specific physical information, but

often rely on the literature for many biological inputs.

its

workshop, IPT indicates the information which is required to plan

a project, and makes use of that information to test various

development policies through a simulation model. Although the

first part of the proce&&, tbe wQrk~bQP, ~~l~~n~~~~ ~n ~

conceptual model of the system being developed, it does not

r~~ir~ ~~t~. Th~ i~f~~~tion r~~ir~~~nt~ in t~~ ~~rl¥ ~tages

of IPT are perceptions, insights, and technical knowledge. The

creative interaction of first-hand observations and technical

knowledge fosters the appropriate picture of the system

r@pr@~@nt~t~on. Lack of ~nform~tio~ at the ~~~~~h~p is r~~lly a

result of inexperience, deficient technical expertise, or a

communication breakdown.
-- -------------

It is not really due to a lack of data
- -- - --

to set parameters for the model.

Once the workshop portion of the IPT process is finished,

information requirements center around data. Data can be

elassified in various ways (See above, with

information at this stage center on five characteristic

information envircr~ents:

o Lack of data: spotty, suspect, or poor quality.
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o Data at the wrong scale, for example, too aggregated, too
short a time frame.

o Data from other sites.

o Too much data, too difficult to sort or access.

o Inability to use the data; for e~~pl~, because of equipment
limitations, embargoed information, knowledge-limitations,
communications breakdown.

The challenging information environments encountered in

international development work can be addressed partly by a

direct attack on the problem: collect good data, provide mor~

training, or acquire a computer. However, the direct approach

may not always be feasible. Many common recurring dot~ ~~~~~

suggests research in anticipation of specific needs for a

project. A certain amount of information i~ g~~~ric, can be

anticipated and be available on the shelf. The use of techniques

to compensate for poor information are discussed in this bQQ~.

Models, statistical tests, devising a common "language to enhance

communication, and employing a step~wise logical prQg~~s can all

help to improve a difficult information environment. IPT

functions to provide such a tool. Howeve~, ~~~~ limitations of

an information-deficient environment may not be overcome. If

assumptions, extrapolations; or jUd~~nts ~~~t be made to

generate the information required by the simulation portions of

the IPT process, they must be ~~~~~d <as they should with any

planning method).

If feasible, the results should be validated (see Chapter 6,

Section 2.2). The uses and interpretations of the products of
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casual simulations should not carry the same weight as a

validated simulation from a better-researched and better-known

area. Also, the uses of unverified or quickly constructed

simulations should become less precise. If a more trustworthy

model with better information can generate useful numbers, a

simulation employing unconfirmed information should be used for

indications of trends, orders of magnitude, and general behavior.

Working within a given information context requires some jUdgment

about appropriate application of model results. Precision and

accuracy may be less useful than the coarse behavioral patterns

and relative timing of the behavior of important variables.

Acc•••ion, storag., and coamunication of Data. The ability of

simUlation models to help focus data requirements, and through

sensitivity analysis, help ~rioriti~e t~~~~ r~quir~~~~t~, ~hould

greatly ease the task of those who inventory and manage data.

Each simulation model generated with IPT should be in a position

to help manage the data for other users. A Lotus data base is

the current repository and data manager for the IPT models,

although others may be useful.

Data extrapolation is important to development

which have many large projects that will proceed whether the data

~~~ gQQg Q~ PQQ~, o~oilable or not available (or whether the

specific data needed are even identified). It is likely that

~~~~ t¥P~~ ~f ~~t~ ~r~ li~~ly to ~ ~Q~~ g~~~~~lly Q~ ~~g~ly

usable than others. Identifying these more "portable" data types

138



is important because data collection efforts will not always be

possible, particularly during the early stages of using a model

as a project or policy planning instrument. Estimates of the

statistical variation in existing and available data for data

types would be useful. For example, less variance and more

utility may be expected from extrapolated productivity figures

for coral reef fisheries many kilometers apart but in a

relatively constant environment, than for grassland productivity

on the north and south slopes of a mountain only meters apart b~~

with very different microclimates.

3.4.3 M04el Development -- Bnc04iug the ~lov Diagram

Modeling and encoding a model are different but related

activities. Elaborating a bit on the structure of Figure 3-7, we

will illustrate the code for the birth rate inflow to the

livestock variable from the existing code of the IPT Range,

Liy~~tock, and wildlife model, .and illustrate the fundamentals of

encoding from a flow diagram drawn with standard System Dynamics

icons. In Figure 3-8, each acronym is defined below each

equation in which it appears, and again in an alphabetized

documentation at the end of the model. Begin with the level

(stock) variable Immature Livestock represented by the rectanqle

in Figure 3-7. Dynamo software uses arrays so that all four

categories of domestic stock (large grazer, large browser, small

grazer, and small browser} are represented by Liyestock, although

all equations are run for each ciass of stock separately with

data collected for that type of animal. Since births increase



the number of Immature Livestock, that level variable is shown

here.

For the sake of this example, let's iqnore all but the

inflow or Livestock Births, and break it doWn as an illustration

of how to read and code the model in Dynamo. The variables which

determine the birth rate are Mature Female Liyestock and the

Livestock Birth Fraction. Mature male livestock are not included

because their absolute numbers are not important in determining

the birth rate.

The livestock birth fraction is ~h~ p~~~~n~~g~ Qt ~ b~~g

which is born each year. This is somewhat less than the genetic

potential reflected in the constant, Maximum Birth Fraction,
- -- --- - - -

which embodies variations in age at first calving, twinning rate,

~ng Q~h~~ nQn-~n~irQnmentall~controlled constraints to birth

rate. The two major influences which modify the birth fraction

are illness Effect of Morbidity on Births, and ~~t~iti~n, Effect

of Nutrition on Births.

These concepts of the model structure are encoded. Refer to

the letters for the lines of code to each number in Figure 3-8.

Line R,lS, livestock births (LB.KL(RANGE» (for both range areas

-- cattle and game) between the current time (designated time X)

and ~~e next time we want to L~OW (designated time L and over the

interval KL), equals the number of mature female stock now,

LI~STK~K(ME, RANGE); multiplied by the current livestock birth

fraction (on both ranges), LBF.K(RANGE).
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On line A,16, livestock birth fraction (LBF) equals the

maximum livestock birth fraction times the effects of nutrition

and morbidity. The value for the maximum birth fraction is given

as 0.9 in ,:_- 'D '11:. 1
.L..LJ1C r, ..... "" .....

Line A,l? ·defines the effect of nutrition on livestock

births (ENLB), which is expressed as a relationship dependent

upon protein consumption. The effect of nutrition on livestock

births (ENLB) is given by the DYNAMO table-look-up fUnction

TABHL. The nutritional effect is the dependent variable on the y-

axis (values are 0,0,.1,.6, and 1 ana are qiven in line Ttl?l)

as it responds to changes along the x-axis of the independent

variable (which go from 0 to 1 in steps of .25). The indepengeD~

variable is the fraction of the optimal consumption of crude

protein for mature females: protein consumption per

animal divided by optimum protein consumption per domestic animal

(PCPDA/OPCPDA). (See Figure 3-9.)

The effect of morbidity on livestock births (EMLB) isw

defined in equation A,lS. EMLB is shown to be an inverse function

of livestock morbidity among mature females. As the fraction of

mature female livestock (FLM.K(MF) increases, the mUltiplier

decreases thereby lowering livestock births.
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PIGURE 3-8 KODEL CODE POR LIVESTOCK BIRTHS

Ib.kl (range)
Ib
ra.!lge
IIvstk
mf
Ibf

Ibf.k(range)
mlbf=.9

Ibf
ranoe
mlbf
enlb
emlb

.. (livstk.k(mf,range)*Ibf.k(range»
- Livestock Births (headIyear) < 15>
~ Ra.'lge NP..5 <3>
- livestock (head) <11,12,13,14>
- Mature Females < 1>
- Livestock Birth Fraction {fractionIyear) <16>

= mlbf*enlb.k(range)*emlb.k(range)

- Livestock Birth Fraction (fraction/year) <16>
- Banoe Areas <3>-Maximum-Livestock Birth Fraction (fraetionlyear) <16>
- Effect of Nutrition on Livestock Births (dimensionless) <17>
- Effect of Morbidity on Livestock Births (dimensionless) < 18>

R,15

A,16
P,16.1

enlb.k(range) = tabhl (tenlb,pcpdak(mf,range)/opcpda(mf),O,1,.25) A,17
tenlb..O/O/.1/.6/1 T,17.1

enlb - Effect of Nutrition on Livestock Births
idimensionless}· ~17'>- ---- _ .. _.

range - Range Areas <3>
tabhl - DYNAMO table Iook-up.
tenlb - Table of effect of Nutrition on Livestock Births <17>
~pgli - P[oteio Consumption .eer Domestic Animal (kglhd,Lyear) < 59;>
mf - Mature Females < 1>
opcpda - Optimal Protein Consumption Per Mature Domestic Animal

(kglanimal/year) < 127>

emlb.k(range) = tabhl(temlb,tlm.k(mf,range),O,1,.25) A,18
temlb=1/.75/.5/.25/0 T,18.1

emlb - Effect of Morbidity on Livestock Births (dimensionless) <18>
r~gEl - ~9@ &~ <:3>
tabhI - DYNAMO table Iook-up.
temlb - Table of Effect of Morbidity on livestock Births <18>
tim - Fraction of Livestock Morbid (fraction) <28>
mf - Mature Females < 1>
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Figure 3-9. Effect of protein consumed on livestock births.
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3.4.4 Hodel Development After Encoding -- compiling, Debugging,
and Testing

Dynamo will not compile without elimination of the errors in

the code (debugging). These can be inconsistencies in the

spelling, syntax, and grammar of the code, illogical

construction, missing or unacceptable data, or other mechanical

and conceptual errors. Although the Dynamo error checker

produces error statements which are easy to follow and permit

rapid identification and location of errors, modelers strive to

avoid mistakes. As the modeler attempts to compile the model

after typing in the code, Dynamo searches through the code

several times, hunting for errors in equations. The Dynamo error

checker ranks severity of errors from fatal to warnings.

The behavior of variables can show errors even when the
-- -- - - --- - - - - - - - - -- ---- ------- - ---

model has been compiled and a Dynamo simulation proceeds without

error statements. Bizarre behavior, such as negative numbers,

can indicate conceptual problems such as an inappropriate time

step (DT) , or no minimum possible quantities (the MIN statement)

put into the code to stop a variable from becoming negative. For

example, if a model generates negative numbers of animals, it may

be mathematically correct, but structurally incorrect.

One method of minimizing errors is to eonstru~t a ~Qgel,

particularly a complex model, in small discrete, logically

consistent pieces, one ¥ariable at a ti~e. When it is ~~~~i~9

well and exhibits the expected or reasonable behavior, other
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pieces are similarly constructed. Eventually, the whole model is

assembled and tested for consistent, explicable, and reasonable

behavior. In addition, errors can be checked by cutting feedback

loops and exploring the behavior of specific model elements.

The modeling process, beginning with the IPT workshop, is

iterative. Even the prog~g~~ ~f th~ ~orkshop can provide

insights which influence a reformulation or restatement of the

qoals and probl~~~ == ~ f~~~back type of educational process.

Once the model has compiled, testing the model by trying

giff~r~nt policies or data produces insights as the behavior is

examined and data or formulas are altered. While the modelers

pr~~re~~ toward a better understanding of the system, the model

progresses toward utility for planning.

Explanations for simulation behavior can be found by working

back through the structure and associated code. They can also

emerge by analyzing the effects of structure -- partig~l~~ly

single feedback loops -- as agents of behavior. The loops can be

isolated from the model one by one to assess tbei~ role and

importance in the behavior (as can individual parameters and

variables). Some loops are initiallY g~~i~~~t o!er others, -but

this can change over time (the course of the run), as in the real

Such tests are accomplished, for example, by making a

variable a constant, or by using one of Dynamo!s test functions

(steps, pulses, ramps, etc.). Another way of testing a model's
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behavior is to set a single value extremely high or low so that

the expected effect can be clearly assessed. In general, the

loops and alternative structures for specific portions should be

tested before the parameters are changed.

As noted previously, the tables represent auxiliary

variables. They are a particularly powerful and ~~~f~l f~~t~r~

of Dynamo and can be viewed as a related group of parameters.

Dynamo curves are constructed and reviewed as they are projected

from the computer to a screen at the IPT workshops. The table

relationships are easily altered in the workshop by moving the

projected line describing a relationship (for example,

Figure 3-10) from the computer keyboard. Different slopes and

shapes can be tested for the effect on important goal variables.

~@@tiDq a complex model is for precisely the same

reason it is needed. The many feedback loops, variables, and

paramet~r~ c~~ muddle the Q~~&e and effect relationships.

the complexity lead to anarchy, testing should be planned and

proceed through a checklist of ~~@~i~eDt&, recorded

observations, and explanations of the behavior. The analogy with

inductive reasoning and the scientific method is Q1e~~. It is

prudent to examine only one change at a time. Neither the model

nor actual system interventions are likelY to provide ~~~f~l

behavior if we randomly prod it because we don't understand it as

a system.

1 AI:..........



Stock/state variable/
level VhlCh can be
counted. veighed or
likewlse measured
like the level of
llquid in a tub.

LEVEL

Flows of inputs and
outflows to a level
VhlCh constitutes the
action or POllCY RATE

Information which
helps to formulate
Dr determine the rate
eguation. Agr~ph~d

relationship and Table
lS a non-algebraic
axillary

Aconstant input
often exogenous to
the systelD.

Yhere aD inventory
comes from or goes
to outside of
the system

AXILLARY

~~ CONSTANT
//

/'o
lfATERIAL

----- ~ FLOW

----- ~ INFORlfATION
FLOW

SOURCE OR
SINK

Figure 3-10. Standard icons used in the system dynamics.
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3.4.5 sensitivity Analysis

Richardson and Pugh (1981) identify three kinds of model

sensitivity which can be tested: numerical (changed output

values), behavioral (changed patterns, timing, shapes of curves),

and policy (can enough confidence be placed in output which is

stable enough to warrant its use).

These approaches to testing the model ~~~i~t in j~~~i~~ it~

validity or credibility. Another product of such sensitivity

testing is the determination of the relative importance of

specific structural pieces (e.g., a certain process described by

a causal loop) or individual parameters. This can be a very

efficient and unbiased way of identifying critical system drivers

for setting research priorities and acquiring information on

these elements of the system. Both the corporate inputs of the

workshop and the complexity of the system in its operation can

largely rule out any chance that the outcome had been

anticipated, or that bias or other corrupting forces dictated the

research priorities. If the whole model behavior turns on a

narrow range of values for several parameters, these are

candidates for research or may be productive areas for policy

intervention.

A judgment will need to be made about when it is best to

fr~~ze t~~ ~~~~l, ~~~~i~9 th~ ~~h~yi~r i~ ~~ti~f~~t~~y ~~~ tb~

key questions can be addressed. It is an issue of human and
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monetary resources as well as common sense, since the model will

never mimic the real world p~rfectly. The perfect model will

never be built.

3.4.6 Model Develop.ent -- Requirea.nt=

Professional Dynamo, which is used on MS-DOS microcomputers,

costs about $2,000 (1989) and re~~ires several ~Q~t~~ of reading,

use, and tutoring to acquire some encoding facility. Obviously,

the ability to depict structure in ~Qg~ ~ppreciates with
--- -- -- - -- - - --- --

knowledge of the system under consideration and experience with

Dynamo. A run-only VerSiQD, ~hi~h p~rmits policy testing by

changing initial values, does not require encoding ability but

does assume systeID ~nderstanding. Our run-only Range, Livestock,
-- - - - - - - - -- - - - -- -

and Wildlife model requires only that the user type "range" and

follow instructions in a series Qf ~~~~~. It is important to

understand the structure and theory of the model to best

appreciate and interpret its ~utput. This run-only model can be

requested from the authors. It is the same system depicted in

the following cbapt~~s.

STELLA, a computer language for Apple Macintosh

microcomputers, costs about $350 also req~j.~~!; a

significant investment of time. Most inputs employ a mouse to

construct graphic representations of a system ang t~ ~~l~ct the

coding and analysis alternatives. Dynamo uses a keyboard,

textual instructions,. and menus~ STELLA ~Qg~l~ are constructed

by building flow diagrams with the computer and mouse, and then
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defining the equations from prompts derived from the structure.

The software cleverly assesses the structure and informs the

modeler of the terms required for each equation. The use of full

words rather than the acronYms of Dynamo also render the model

explicable to those who did not personally bqild it. The model

is build in STELLA by associating icons, thereby eliminating the

need to use additional software in the additional chore of

rendering Oynamo code into graphic flow diagrams.
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4.1 Pocusinq on Ranqe, Livestock, and Wildlife

During the evolution of the Integrated Planning Technology,

we analyzed several of the renewable natural.resource sciences

with IPT for potential research and project applications.

Forestry, coastal resources, and significant elements of the

social, economic, and agricultural sciences had been developed

from workshops, through data collection, to simulation models.

These areas of the applied sciences reflected current interests

of the Office of Forestry, Environment, and Natural Resources

(EENR) of USAID's Bureau for Science and Technolo~i.

an interim assessment, the review committee suggested that we

wildlife sector for intensive development and field validation

tropical rangeland attributes

currently warrant treatment by a method such as IPT:

o apparently intractable management problems have made
international assistance generally ineffective, and
development agencies are retreating from involvement in this
biome;

o rangelands are deteriorating at an alarming rate due to
desertification, which degrades spectacular natural systems
and reduces millions of people to starvation;

o these areas (including range outside of the tropics) are
extensive, and cover half of the earth's land surface;

o excellent, long-term data sets exist;

o pastoral systems are not only threatened, but display the
complexity and diversity which are the precise
characteristics an Integrated Planing Technology should be
able to best address,-------- --------- ------------
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o rangeland systems are clearly linked to the sustainability
Of productive adjacent or downstream systems such as
agriculture and fisheries;

o the likelihood of new management initiatives and approaches
being accepted, used, and dispersed is greater because of
the problems experienced by the institutions attempting
rangeland interveDtiQD~i

o a nascent move toward conserving the enormous productive
potential of natural rangeland products (for example, game
rancbiD9) h~~ both stagnated and paved the way for further
development andwider-accepeance of new approaches;

o the authors bring some personal experience, training, and
~~~rtise in these particular areas of applied ecology.



4.2. Range Ecology and .anag..ent

It is important to understand enough about rangelands to

appreciate the goals, issues, and the structure of the Range,

Livestock, and Wildlife model described in this book.

4.2.1 Definition

The earth's rangelands are generally arid, rough areas with

natural, largely unmanaged vegetation unsuitable for conversion

to other uses. Nearly 60 percent of all range is considered arid

to semi-arid. Rangelands occupy nearly half of the earth's land

surface (Heady, 1975), which is comparable to the percentage area

grazed by livestock in the United states (Stoddart and Smith,

1955). By far the largest rangeland area occupies the second

largest continent. Over two thirds of Africa constitutes 30

percent of the earth's rangeland. The worldls rangelands are

inhabited by about 250 million pastoralists (Western and Finch,

1986), who are threatened by a complex of modern changes. To the

range manager, rangelands are primarily used to produce

vegetation (primary production) for grazing (grass eating) and

browsing (woody plant consuming) livestock and wildlife, which

convert their food to meat in a process called secondary

production. Other important considerations such as maintaining

watersheds, biological diversity, and recreation, -.-- -~a~,= UL

increasing importance and require careful definition of the term

"cilrryil19 c:~~~c:::i~y" (i.e. for what1)~
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Rangelands, as much as any land category, are defined by an

~y~r~~elming issue -- they are rapidly disappearing as productive

systems through the process of drying to deserts, most of the

time because of inappropriate use. Estimates of desertification

rates vary. Dregne (cited in Grainger, 1982) contends that

desertification claims 200,000 square kilometers each year, an

area the size of Senegal. Estimates of desertification in the

Sudano-Sahalian and southern African regions range between 80 and

90 percent of all rangeland (Mabbut, 1984). Although

desertification is an unsatisfactory description (it impugns

deserts, which are a perfectly healthy, functioning; and

interesting natural system), it is commonly used to describe a

human-assisted process of the soil and vegetation g~yiDg

(actually xerification), which greatly reduces productivity.

Although the definitions are disputed (some re~~ire that reversal

or rehabilitation is not naturally possible and requires

substantial interventions), and data regarding the phenomenon ~~~

spotty and questionable (Nelson, 1988), there is no doubt that it

is a serious global problem. Desertification ba~ g~g~a4~4 over

80 percent of all rangelands and contributes to ecological

stresses and famine, for example, tbe g~aths of ~~~rly 500,'000

Ethiopians during the 1~84-85 drought and mortal risk to 5

million people in the Sudan ~Dg ~~~r~~~~i~9 areas in 1988-89

(ERS, 1989).
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•• 2.2 Bcoloqy

Several well-known ecological processes must be understood

and managed for most rangeland development activities to achieve

their goals. How these systems may work and why the Range,

Livestock, and wildlife model is structured as it is (Chapter 5)

are discussed in the next five subsections.

Each principle described is linked to some rangeland

processes, and with management activities which should consider

the principle and process.

Di.tur~.nc. &n4 Succ•••ion. Rangeland vegetation reflects the

influences of weather, climate, topography, edaphic (soil)

f~ct~r~, fir~, ~~~ ~~~. Typic~lly, ~~~~9~~~~t ~~its ~f 1,~~~ to

10,000 hectares reflect these influences, and the vegetation is

in different stages of succession from the effects of

disturbance. It matures through a series (more accurately a

theoretical equilibrium (climax), each with a characteristic mix

~f ~p~ci~~ ~~~ pr~~~~tiyity. Thi~ l~~~~~~p~ ~~sai~ ~f ~~~iy~~

and more mature vegetation communities supports closely

associated faunal communities: Typically, productivity is higher

near the climax stage with a high proportion of palatable,

productive, nutritious, and available perennial plants. The

extent to which this holds in tropical African rangelands needs

evaluation because of millennia of anthropogenic manipulations.

These late successional plants are more nutritious to ungulates
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and tend to decrease under excessive grazing. Hence, they are

known as decreasers and are supplanted by' increasers, which are

generally less useful as forage (Dyksterhuis, 1949). Continued

overuse leads to greatly reduced productivity and introduction of

invaders, which are often exotic, unpalatable, or poison~us

annual weeds. The condition, carrying capacity, and trend of

rangelands is in part defined by the species mix from these

successional stages found on a particular site. In the united

states, the species are scored to determine prescrip~i~@ 9~t~il~

of such management practices as desired species mix, stocking

rates, dates of allowable use by li~@~t~~~, ~~~ rehabilitation

treatments. This evaluation of the successional stage or health

of the range $y$~@~ i~ ~s~~ ~y l~~d management agencies in the
- -

United states in a process to determine proper use and stocking

rates called range allotment analysis (USFS, l~~Q).

Cycles of vegetation disturbance and succession on a habitat

(for example, small watersheds) may reach an equilibrium over ten

to twenty years.

On a smaller scale of one to one hundred hectares, the

~~t~r~l ~~~~onal use patterns of low relief features such as

ridges, slopes, and swales (known as a catena) typical of large

rangeland areas also result in different stages of forage

availability and succession. When coarse feeders such as zebra

eat large stemmy forage, smaller, aore delicate and digestible

plants (or their parts) are available to a sequence of smaller
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herbivores. At the end of the year, only short grasses and forbs

(wide-leaf herbaceous plants or "weeds and wildflowers") are

available to more selective small herbivores such as gazelle

(Bell, 1971). This process facilitates use of a single area by

many species, and the resulting small-scale successional

processes recur each year.

On the other hand, range ecologists are just beginning to

see evidence for much longer cycles of vegetation and habitat.

Sinclair (1978) and Ellis and Swift (1988) note evidence for

longer cycles on the order of a century or more. Herds of

browsing animals such as rhino and elephant use and modify

woodland habitats so that slash, debris, and grassy trails render

such vegetation types vulnerable to fire. Eventually, the

woodlands recede under heavy use and fire, and give way to

expansive grasslands. Elephants disperse and die (as at Tsavo

Park in Kenya) to be replaced by grazing herds of wildebeest,

gazelle, zebra, hartebeest, ostrich, and other animals, which

increase in response to increased grassland forage. They then

begin to modify the grassland. Their increasing use generates a

competitive advantage for shrubs and trees. Many animals in this

grazing community disperse, die, and the cycle is repeated on a

large scale (Sinclair, 1978).

For example, wildebeest increased in the thousands of square

kilometers of the Serengeti ecosystem of Tanzania and Kenya, from

about 250,000 in 1961 to nearly 1.5 million in 1977 (Sinclair and
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Norton-Griffiths, 1982). Such long-term dynamics may not be

perpetuated by density-dependent biological agents such as

grazers and browsers. Ellis and Swift (19SS) invoke possible

climatic shifts or very strong feedbacks (described below) as

initiators of change. Although they consider 4en&!t~-

independent catalysts such as drought to be random, in fact their

occurrence is. an eventual certainty ang ~y~~ seems to exhibit
_ .. ------ - - - - - - --

some cyclic pattern (See Figure 6-3). It appears that several

simultaneously on different scales of time and space. These

scale$ ~~n i~E~S~ i~~~rtant constraints on rangeland management

efforts. Many interventions have failed because one or more of

these cycles and their agents have not been recognized -- hence,
- --_._- - - - -- - ------

it appears as though development has employed an erroneous

paradigm (Ellis ang Swift, 1~7~).

Foraqe Defoliation. Generally, many plants react to partial

removal of live herbage (defoliation) by elaborating plant and

growth hormones which stimulate growth, branching, or seeds

(Heady, 1975). McNauqhton (1978) describes e~~anced growtb of

up to 50 percent due to the application of saliva by animals

while they qraze. Banyikwa (1976) measured a 60 p@~g~~t f~r~9~

increase when ungulate dung enhanced fertility. In other words,

proper use er~ances the productivity of f~v~red f~r~ge, and

managers attempt to define appropriate use levels and stock to

them. If, however, grazing ~ng ~~~~~i~9 l~ad to defoliation

levels beyond the capacity of the plant to restore itself, the
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plant's effort to produce more leaf area for photosynthesis

increase~ physiological stress and decreases root and seed

production. The plant robs its roots, which drastically decrease

in density, and are therefore unable to capture as much soil

moisture == a critical factor in typically dry rangelands.

Various experiments have shown root reductions of 80 percent or

more after clipping to simulate grazing (Robertson, 1933;

Harrison, 1931; Oswalt et al., 1959). The amount of herbage

~~~~y~g (~~~@~~~~y of 4efoliotion) interacts with the

characteristics of each species. Observations indicate that

timing, frequency, and species) of annual production can be

removed before consumption-induced stress leads to such loss of

vigor that less palatable competing plants increase and take

(257 hectares), Johnson (1953) compared the effect of grazing by

53, 47, and 27 cattle. Halving th~ c~ttl~ ~ct~~lly r~s~lt~4 in a

one-third increase in dollar return for beef and directly

reflected changes in the vegetation and weight gain of the cattle

feeding on it.

Most plants are extremely sensitive to the season of

defoliation; they are most vulnerable in early growth stages at

the onset of rains; or in L~e sprir~. Fer =xample, experimental

clipping of wheat grass in the spring reduced yield by 85 percent

(Blaisdell and Pechanec, 1949). Fortunately, the entire
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community of forage species at a site exhibits staggered growth

and maturation. Animals can impose proper use (a term implying

maintenance of the diversity, structure, and productivity of the

system) on this phenological schedule. To minimize damage, they

can rotate their use if early season initial use is deferred or

dispersed. Migrating wild herds can arrive at a particular time

to accomplish this, or rotate the areas of use trom year to yea~.

Observations of the intensity, frequency, and seasonality of

forage defoliation by wildlife have led to several liYe~~Q~~

grazing systems. For example, short-duration and deferred-

rotation grazing systems exploit these cha~a~~~~istic~ of

vegetation response to use (Savory, 1988). Short-duration (or

mUlticamp) qrazing schemes f~Q~ ~~~t~~rn Africa promote brief,

intense periods of overgrazing and trampling punctuated with rest

periods. They depend on fairly elaborate and eXpeD~iy~ f~ncing

and pasture design (Goodloe, 1969; Roux and Skinner, 1970;

Savory, 1988). Such a regime prepares the ~~il, pl~nts ~~= seed,

and eliminates selection of decreaser species through near-

complete and e~~itable use of all y~q~t~tion, reducing the

grazing-induced competitive advantage of increasers and invaders.

This grazing syste~ i~ ~~~tr~y~r~ial, and measurements of its

effects have not been conclusive. A deferred-rotation grazing

system h~~ ~~~~ ~~~~ in Texas and East Africa with "impressiv~

results" (Heady, 1975). It employs three herds and four

22~p~~t~r~~", ~~~~ ~:azed year-long for one year in a four-year

cycle, ungrazed for four months twice in the cycle, and deferred



when most vulnerable (in the spring) once in the cycle (Merrill,

1954).

Co-evolution. Adaptation of vegetation and herbivores to using

each other has led to co-evolution. Co-evolved plant strategies

include:

o the deployment of spines (e.g., Acacias),

o needle-like awns (e.g., Sitanion squirrel grass),

o toxic chemicals (e.g., eymbopogon turpentine grass seed
b~~g~, ~~g~ l~~~~~),

o near-ground protective buds and stems (stolons), and

o below-ground stems (rhizomes) of sod-forming grasses where
herds-of bIson, -wildebeest-;-or-otner hoofedwilcUife would
have damaged plants above the ground (e.g., Buchloe buffalo
grass of North American prairies, or eynodon stargrass of
East Africa).

Productivity, 80il Integrity, and Desertification. Successional

increaser species in overgrazed areas are often annual grasses or

forbs which flower, set seed, and die in a single year. Annual

plants are often worthless as forage during the dry season when

they have matured and died. But since annuals disperse thousands

of seeds which can remain viable five to ten years (some to two

hundred years), they are valuable to establish cover and provide

forage after overgrazing, drought, or other catastrophes.

Perennials often provide good forage throughout the year, and

during the dry season the remaining stubble and roots provide

stores of energy for rapid growth when moisture becomes available

again. ~bese perennials provide highly productiYe forage, for

example, 2,000 kilograms per hectare in 700 mm rainfall belts
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compared to 300 kilograms per hectare for annuals on a similar

site (Berwick, 1976). Perennials are also relatively nutritious

(10 percent crude protein compared to 2 percent for annuals).

Perennials also enhance the productivity and conservation of

a site. The elaborate root systems bind the soil against" the

pressure of trampling and erosion, and capture scarce, infrequent

precipitation. A single grass plant examined had 13 million root

members, a root length of 387 miles, and a surface of 4,321

square feet -- 130 times the above-ground parts (Dittmer, 1937).

Although annual roots only penetrate the soil about 30

centimeters, perennial roots can penetrate to

weigh between 2 and 4 metric tonnes per hectare. Since roots are

rapidly replaced, they contribute significantly to the soil

organic content, and enhance its fertility (ShiVley and Weaver,

1939). These roots have an enormous effect on water infiltration

in dry areas, providing channels of rapid entry before

evaporation or erosive run-off render rainfall useless I ...
\ .

harmful). A comparison of under-grazed and over-grazed sites

showed a five-fold decrease in water infiltration (Flory; 1936)

and a sixty-fold increase in soil run-off loss on the heavily

grazed site (Craddock and ,Q'Ut\ _
~---,. A single year of

protection decreased the soil compaction of trampled, overgrazed

areas by one half and incre~sed water infilt~~~i~n ~i~:fold

(Bf!lrwick, 1976).
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Cycles, population Dynamics, and Density-Dependent Pee4back. The

challenge of range management goes beyond the manager's

perception of structure and process, and lies partly in

understanding the interaction of different rates or time scales

of events such as population grow~h. In an exeeedingly simple

example, the generation time of gazelle may be three years, of a

vegetation comm~~ity, thirty years; and of the

centimeter), three hundred years. However, management of these

resou~~~~ Qf~~n refle~t$ a project, bank, or political half-

life. Different rates of growth or weathering, the various

cycles and their i~t~r~ctin9 ~ff~cts, i.e., th~ facets ~f ~y~t~~

dynamism, do not command our attention in the way that structure

does. We are often surprised by the action of rates and cycles

in systems we attempt to manage.

For example I a foot and mouth disease control effort to

eradicate deer in a large forest in California was deemed

successful until two years later when as many deer were being

shot during the hunting season as before the "eradication."

~wenty-three years of an expensive eradication effort in Botswana

failed to eliminate large mammals from a tse-tse control area

(Child et ., 1n""'Jn\
Q.,L., .,L;II/UJ. These examples illustrate the enormous

productive capacity of populations below carrying capacity.

Thompsons gazelle can increase at 40 percent of ~~e herd per year

under such conditions. Furthermore, it has been well documented

tb~t ~~~b approaches to exponential growth; unless harvested by
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predators or man, will soon exceed the carrying capacity

(Rasmussen, 1941; Sheffer, 1951).

This tendency to exceed carrying capacity in the absence of

~~~l~ti~~ ~~pp~~~ ~~~~lly each year in the annual cycle of wild

animal populations. In a natural situation, .the excess animals

are removed by disease, starvation, predators, accidents, and
- - ---- - - - -~ -

other mortality factors (Leopold, 1933). These factors interact.

For example, if predators are removed, other factors compensate

so that at the beginning of the annual cycle (just before the

birth season), the number of animals in the population is the

same as it was in the spring of the previous year. This theory

of intercompensatio~was empirically observed and experimentally

measured in wild animals (Palmer, 1956), and is one basis for

harvesting the doomed excess, or "shootable surplus", which would

be lost to another factor such as disease. It implies sustained

yields of stable populations (Errington, 1938), however, the real

world is not always as predictable, and some of the management

challenges are difficult. For example, a hunter is not likely to

select the same animals which disease, predators and other

natural factors would cull. Therefore, in some cases population

genetics must be considered, which will depend on the size,

isolation, breeding habits, and other Characteristics of the

population. As we have already mentioned, nature is dynamic and

system changes rarely allow stable populations in constant

environments. sensitive and constant monitoring and manaqement
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are required as in the case of the Zimbabwean ranch and the

trends of its carrying capacity described in Chapters 5 and 6.

The consequences of population growth in the absence of

~~~1~t1on are dramatic because of the explosive nature of

exponential growth. With unregulated growth, carrying capacity

is exceeded over ~ ~~ch 1~~9~r ti~~ p~~iQg ~b~n g~ring the annual

cycle, with more long-term consequences for the ecosystem than

the boom and inevitable crash of the popul~ti~~. ~~¥ (1~73) h~s

modeled such systems to clarify the conditions of equilibrium.

Empirical observations, however, indicated that explosive

populations and overgrazing which occur when ungulates are not

controlled can lead to sudden dramatic die-offs to near

extinction of both forage and herbivore (Sheffer, 1951). Dasmann

(1981) notes that large herbivores "hang ~~ ••• and c~n c~~ti~~~

to depress forage plant production." However, because of the

difference in generation time in the plant community, it may take

many more years to recover than herbivores.

During the period of overuse, ercs~cn occurs, fundamental

site conditions change, and the initial system changes. These

differe~t rat@~ of cbange and the eventual effects of different

interacting time lags are difficult to project. Feedback is

1ikel¥ to ~ ~tr~~9~r ~h~~ ~@~~in 1ag~ coincige and interact;

even though their period and magnitUde aay differ: One example

of the management implications, d~~cri~~ i~ ~~pt~~ ~, Se~t1on~

6.3 and 6.4, is when the effects of the ranchers' inability to
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react to reduced soil moisture appear to be additive and depress

animal productivity well after a poor rainfall year occurs.

We have described a system characterized by a variety of

stresses to which it is ~e~~~~~~t ~~d to which it exhibits

restorative power but only up to a point, after which the

system changes. ~ f~c~~ upon the defoliation of characteristic

veget~tion illustrates some of the processes which underlie

maD~ge~e~t. The processes briefly described above include
---- ----------

selective herbivory, water capture, nutrient cycling,

productivity, succession, facilitation, niche segregation,
- -- - -- -- -- - - - --

competition, co-evolution, and life-history strategies of animal

populations. All of these ecological processes respond to

several scales of space and time. These factors and many others

~~e i~~~tricably linked and represent an elaborate structure

which describes rangeland ecosystems and opportunities for

~anaging them. They underlie the attempts to integrate wildlife

husbandry with livestock for subsistence and commercial gain.

The employment of these principles is still tentative and efforts

to do so will be described below.

Range management employs ecological principals such as those

described abQ~e, ~~ i~pr~~~ or protect the basic range resourge

variables such as soil, vegetation, and animals, while attempting

to acb~e~~ ~pti~~ production of goods and services in whatever

combination policy may determine is desirable (Heady, 1975).



Often, the emphasis of the range professional is on forage

production by the natural system, although agronomic practices

such as seeding, irrigation, and poisonous plant control are

practiced. Considerable skill is required not only to understand

underlying ecological principles, but also in selecting goals and

choosing alternative management techniques which consider these

principles.

The primary strategies employed by the range manager are:

o improving the range by removing invading shrubs to favor
.grazers such as cattle, seeding, water capture, and
prescribed burning; and

o altering grazing and browsing conditions by changing the mix
of animal species, manipulating animal densities, managing
animal distribution upon the vegetational mosaic, and
controlling the seasons of range use.

All of these efforts to manage grazing factors (Heady, 1975)

are designed to direct the vegetation and soil toward some

specific products which are sustainable. Sustainability implies

maintaining all range use options for future policies and uses.

The grazing factors include aspects of defoliation (the

intensity, frequency, selectivity, and season of vegetation use)

and the distribution of plants, minerals, and other herbivores.
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4.3 population -- the Hoat 8iqnifioant Boo10qioal El••ent

An examination of several current issues which relate to

African rangeland systems should tie the description of

- . .. ..... ~. i t' bl decolog1.Ca.L proeesses ",0 spec1.~1.c ex S 1.nq pro_. ~~t:;, Il!'\.. pr~l?~re

us to examine the responses of international development .

assistance in this sector.

For the millions of people living in unbuffered proximity to

African rangelands, the ecological principles just described are

important to their own population dynamics as well as to wildlife

populations. Human population growth, although clouded in

detail, will increasingly exceed the carrying capacity of large

areas of sub-Saharan Afriea. The human population will De~~ly

triple between 1970 and 2000, and is likely to stabilize at 1.8

billion if massive mortalities do not intervene. Kenya's

population will double every eighteen years at current rates.

The demand-supply shortfall of population and natural resources

is spotty in distribution, although for some areas the challenge

is stark and clear.

Over sub-Saharan Africa as a whole, population will grow, at

over 2 percent per year and cereal production at 1 percent, but

livestock production per person will decline at 10 to 15 percent

a year (Simpson, 1984). To merely maintain existing per capita

meat consumption (at one tenth that of Australia), sheep and

goats would have to more than double to 700 million animals,

unless substitutes for domestic stock can be developed. Recall
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the capacity of populations to overshoot their carrying capacity,

degrade long-generation resources, and change the existing .

equilibrium of the ecosystem.

An example of the absolute r~~ir~~~~t~ ~f ~ ~~b~!~teDce

pastoral" family in northern Kenya is given by Pratt and Gwynne

(1977), using figures which are typical for much of t~~ ~~~~l ~~d

eastern Africa. Milk supplies 75 percent of the food calories of

these sUbsistence, nomadic pastoralists (15,000 per day per

family). Such a food source requires keeping at least 44 cattle

and 100 goats or sheep for meat. Range carrying capacity is

often 1 cow per 15 hectares, or 3 people per square kilometer,

which is less than what is currently living in the area.

CUltural as well as economic factors often determine herd

~!ze. For example, pastoralists in southern Zimbabwe keep an

average of eleven cattle, five donkeys, six goats, and other

small stock. SQ~e of these assets are dictated by

draft power, milk, meat, and manure. A bride price, however,

dictates the gift ~f ~ ~~l~ ani~~l to tbe father-in-law and a

heifer to the mother-in-law (Chavunduka, 1985). Stocking rates

are about twice the calcul~t~~ c~rr¥i~9 c~p~~ity Qf the low ¥eld

(ARDA, 1983), range degradation is widespread, 80 percent stock

losses occur during drought periods, yet human population~ and

their cattle are growing at 3.6 percent per year.

,.,n
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4.4 Review of Range Develop.ent Approacbe.

Over the past quarter century, international assistance fo~

range development has been characterized by a number of

approaches whieh have clearly not worked as well as .n~i~ip~t~d.

Two types of activities dominated:

.anching. Attempts were made to reduce overuse of the common

range resource by conferring ownership and by encouraging

commercial rather than subsistence pastoralism -- ranching.

These policies reflect governments' desire to have more control

over the sector and sometimes over the pastoralists themselves,

as considerable cultural changes are a corollary in the shift to

commercial ranching. They also reflect the prior experience of

foreign advisors in ranching and animal sciences (as opposed to

other approaches such as watershed or range management).

policies were based on a positive correlation between ownership

and better stewardship as an expression of self=interest, but the

aftermath of such policies has included cultural dislocation with

reduced quaiity of life and cultural extinction. The Kalaha~i

bushmen, the Tswana chiefs in Botswana who have lost influence

(Bekure and Dyson=Hudson, 1982), the Mbeere of wes~ ~~ny~ ~h~r~

suicides and out-migration have become new demographic factors

(Sctu.eider, 1984), are a few examples. ~@~ ~~ l~~~ p~r~pective,

this is similar to the history of rangeland development around

~~e world. In the Uniteg ~~~~~~, f~r ~~~~~l~, government pOlicy

for native Americans had predictably disastrous cultural and
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ecological results. Rangelands in the United states lost much of

their integrity and productivity in the first fifty years after

livestock were introduced and the deterioration of tribal

rangelands exceeds the average. In 1936, 84 percent of American

rangelands were in unsatisfactory condition. Today between 60

and 81 percent remain in unsatisfactory condition (Barton, 1987).

Technical Package.. Imported approaches for range and livestock

in the developing tropics emphasized ranch management and animal

sciences. These technical packages require the skills of experts

such as veterinarians, hydrologists, nutritionists, economists,

and agricUltural engineers. Inevitably, the emphasis on the

product (meat), rather than the resource base upon which the

products depend (the range), has generated a very focused,

discipline-related, eccentric approach.

tse-tse control, farm-to-market infrastructure, and other

projects have almost always suffered fatal, unanticipated

surprises (USAID report of the expert committee on African range

and livestock" 1985).
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-4.5 Probl..s Result.ing I'rom Develop.ent. At.t._pt.s

The interaction of intense demands upon rangeland resources

due to human population pressure, along with top-down

modernization and archaic modular planning, has generated

problems. A partial list should demonstrate the consequences of

such approaches, and help to indicate what any proposed :olutions

would have to address .

• ev Skills. As tenure and hierarchy change with an emphasis on

ownersbi~ ~~~ sales, new skills and broader external relations
-- -- - - -----

are required. The meeting of cultures and the interactions which

~~9~ti~tions ~!mand can have different impacts, and to some, the

effects could be devastating.

Environment. and Develop.ent. An increasingly polarized de~~te is

occurring between advocates of complete protection (for example,

the 1977 law banning hunting and increasing park ang ~~~t~ct~~

areas in Kenya), and advocates of increased livestock production.

At their extremes, neither approach incorpQX~~~~ ~ ~ix:of

potential goods and services representing Whole-system outputs

refiected in the definition of rang~ ~a~~9~~~~t cited earlier.

This polarization is dictated by respective single-interest and

single=discipline approacbe~ ~Q ~ c~~plex natural system. Th~

choice has been environment ~ development, when for most areas

only both are possibl~. This is a familiar debate in many parts

of the world. The u.s. agency responsible for the largest area
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of rangeland, the BLM (Bureau of Land Management), has been

pejoratively called The Bureau of Livestock and Mining.

Planning for tbe Onezpecte4w The reductionist focus on one or

two product-centered elements of the whole range system has

yielded consistent failures because of the unexpected intrusion

and wildlife damage -- all of which could be planned for, if not

predicted. For example, of the ~ix ~fric~n r~ng~ ~nd liy~~tock

sector project audits evaluated by USAID's expert panel, the most

successful had dropped all range management components and

achieved less than 5 percent of its cattle marketing goals (the

AID audit for Senegal) &

Bot Enough Time. The project time frame is far too short to

effect meaningful ecologically-related interventions, measure the

results, employ personnel who return from training, or plan the

project while cognizant of the several kinds of natural cycles

noted earlier. Nevertheless, it reflects the dominant paradigm

of range development as described by Ellis and Swift (1988).

This inappropriate treatment of the time frame for planning

results in surprises. The ~~expected events may appear random

(e.g., Ellis and Swift's "stochastic" events or Hollings' first

~n~ @@~Qn~ typ@~ of risk, but can, in fact, be accounted for in

planning a program or project. Our analysis of several range
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investment, but it requires nearly 20 years. The system responds

on its own schedule.

Lack of Experti.e. The failure of interventions can generate a

retrenchment among tbe ~e~PQ~~i~l~ ~~~~ci~~. In the case of

USAID, this seems to have resulted in a circular, chicken~and-

egg problelD.. A near absence of AID staff with the skills needed
- ---- - -

to address rangeland development issues reflects a disengagement

from this difficult sector. Without direct-hire staff to
- - - - - - - -

identify issues and responses, write terms of reference, exercise

quality control and monitoring functions for projects, organize

internal advocates during budget debates and allocation, and

advance the field through development-related research, the

Agency insures further difficulty because of its reduced

c~~~bi1ities. It also results in a curious kind of amnesia about

past attempts to develop rangelands and prevent desertif-

ication -- a lack of analysis and memory. Reviewing the effects

of earlier meetings on the topic, one AID staffer noted that

"very few projects that reflected the (earlier) thinking • • •

could be cited (Atherton, 1979).

The quiet but clear gecision ~y some of the major donors.to

back away from the enormous areas of rangeland, its resources,

and people, ~ng ~Q f~~~~ on areas which they have been more

successful is difficult to document. USAID is not going to

~i9Q~~~~ly ~~g~ge itself in this sector. It will focus on the 10

percent of sub-Saharan Africa considered arable and to which it
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can apply its demonstrated skills in agriculture and forestry.

The World Resources Report (1988-9) notes that " ..• most

(rangeland development efforts) have failed to achieve their

objectives and have been abandoned." Thomas (1987) wrote that

" .•• the Administrator of USAID called.••us ••• to respond to the

following statement: 'in light of the failures of the past

fifteen years of interventions designed to manage the rangelands

in sub-Saharan Africa, should AID try to promote the development

of sustainable extensive livestock production systems in that

region? •• one alternative raised has been for USAID to desist

Needless to say our panel responded with strong recommendations

for USAID to continue ••• Our recommendations went virtually

unheeded. Over the past five years USAID has systematically

phased out nearly all range programs."

Nevertheless, parts of AID (for example, the Bureau for

Science and Technology) are concerned about the situation and are

making attempts to identify some useful next steps (e.g., an

animal agriCUlture meeting in 1988 and a White-paper consultancy

in 1989). In other donors (or offices within them), rangelands

are a forgotten half of the earth. The World Resources Report

notes that globally, mUltilateral and bilateral development

commitments to livestock-related projects, as a share of all

agriCUlture, forestry and fisheries, fell from 3.5 percent during

1977-79 to 2 percent in 1983-84 -- most in rangeland projects. A

March 1988 memo in the World Bank indicated that rangelands did
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not warrant attention in focusing initiatives of the Bank's

wildland p'ol~~y (~itt~~i~r, 19~~).

~op-DOVD Planning. A top-down approach to planning range

intervention rarely involves people at the .point of application,

and thereby loses the insights and acquiescence of the

stockowners who ultimately manage the range. The reasons fQ~

this planning mode are obscure. Top-down planning characterizes

efforts generated at a capitol city, or b~ pl~Dn@~~ ~h~ ~~¥ ~ot

be familiar with the topic, by cultural impediments (inclUding

lan~~age) to dealing witb ~~Q~~Q~~rs, ~y t~~ expense or

inconvenience of meeting, or by special interest lobbies. IPT is

an effQ~~ to ~~~~~ thr~u9h this impediment to informed planning

and informed acceptance.

PolariBation. An increasingly polarized debate between advocates

of complete wildlife/wildland protecti~n (e.g. the 1977 hunting

ban in Kenya) and advocates of increased livestock production

anywhere is deflecting attention from the remaining efforts to

sustain the mix of potential goods and services representing

whole system outputs. Single interest/single discipline uses

foster the polarization -- e.g. environment 2r development.

In summary, the overemphasis on bits and pieces of a system,

nearly exclusive product orientation, inappropriate time frame,

lack of expertise, parochial bias of the obtainable expertise,

training for commercial goals in temperate economic and range

systems, historical ignorance, and top-down approaches together
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illustrate an inability to either develop strategy or plan

projects for sustainable rangeland use. The failures become

explicable.
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4.6 Toward sustainable Ranq.land 0••• -- Gam. Ranching and IPT

Our work with African ranqeland issues since 19~3 h~~

pointed to useful and acceptable range conservation initiatives.

Views represented in this analysis include pe~~p~~ti!~~ from

subsistence and commercial pastoralists, and government and donor

development planners. They incorpo~~~~ i~~i~hts from the ground

up.

Broadly, three challenges need to be addressed:

o . population growth rates and resultant demands upon the range
resource,

o improved planning for rangeland use, and

o re~tQ~~ti~n of over half the range area which suffers
greatly reduced-productivity due to deqradation.

Although adapti¥e pl~~~i~9, re~~~~~~ion, and improvement

techniques exist, they have not been adopted by potential users.

They also teng tQ ~~ c~ncei~!~ as required at opposite ends of

the development process -- planning at the beginning of a project

and mitig~ti~~ ~f impacts and restoration at the end.

Unfortunately, shortcomings in planning make range restoration

O~~~s~~r¥ as a part of the planning process. Virtually every

rangeland region has simultaneous planning and restoration

requirements.
- - --- ---

In an honest analysis of past failures lie the seeds of

success in developinq rangelaog ~y~t~~ while at the same time

conserving them. More informed and better planned proactive
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involvement in development assistance is essential, or inevitably

it will be necessary to combat the symptoms of decay -- poverty,

food aid, political instability, loss of existing development

investments, and loss of biological diversity.

We must develop management levers immediately. The

not tolerable, and soon there will be no home on the range for

most of its inhabitants, human or animals. Two of the most

promising management technologies are described in this book:

Integrated Planning Technology and the commercial uses of

wildlife such as game ranching. These two management innovations

employ a modest amount of modern technology, and are also

related: game ranching can use IPT. Game ranching can be a

profitable test bed for using IPT toward sustained rangeland

uses.

4.1.1 Bocial aDd Economic consideration: F&VcriDq Wildlife

Humans emerged as hunter-gatherers in Africa, evidently in

the ecotones (intermediate edge habitats) of the woodland-

savanna. These areas still support a Pleistocene fauna

distinguished by its great diversit~ aDO ab~DoaDg~ (~~~~~~,

1971). Unless population growth and development rapidly change

lif~ ~ty1~s, ~~~y ~fri~~~s ~i11 continue to hunt ~~d ~~t~~r as a

significant activity. About 75 percent of sub-Saharan West

Africa still depends largely on traditional protein sources

not only large wild grazers and browers, but also birds, fish,
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maggots, snails, and insects. This surprising evidence of the

essential role of "bush meat" is summarized from data for Sudan,

Ivory Coast, Nigeria, Ghana, and Liberia (Assibey, 1977).

wildlife constitutes about 40 percent of the diet in most of

Botswana (Richter, 1969). About 2.5 million springhare are

killed each year in Botswana for food valued at $1.5 million.

For those tribes that have maintained a hunter-qatherer life,

game is not only essential but provides a sustainable yield most

appropriate for their habitat. The following fi~~res should be

periodically updated in the face of sUbsidies, deculturation,

miqraticn, and modernization. The Hazaa of central Tanzania ha~e

- a nutritionally adequate diet and spend less time obtaining it

than nearby agricultural tribe& (Fielg, 1~7~). Kalahari bushmen

average more protein than Americans, virtually all from wild

animals. During the scarce, other

protein sources such as termites are exploited, which takes about

half the week. Their caloric intake also exceeds caloric

requirements (Field, 1979; Silbauer, 1981). These relationships

for example, the Bisa of Zambia (Marks, 1977), although tradition

The modern proliferation of game preserves, hunting

concessions, and ranches have limited traditionai access to qame,

seen by the Waliangulu of Kenya. The local consequences can be

quite devastating. Asibey (1974) notes that some countries are

now importing protein to overcome deficiencies, which is not only
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a foreign exchange burden, but rarely does the meat reach those

who need· it and who can least afford it.

Most countries actively promote livestock as a replacement

for g~~~ pr~t~i~, ~ut t~i~ ~~lic¥ can have several unfortunate

consequences. Policies which encourage group ranches and tenure

changes generate changes in tribal hierarchies and expectations.

These changes alter traditional management and communications

practices. The ecological effects of uncontrolled (or

uncontrollable) grazing have also been reviewed, however

additional health and economic problems have surfaced as well.

Cattle are generally heavily subsidized by the government at

tbe peQple'~ @~@n~@. fQ~ ~~~~El~, to 9~~~r~t~ US$31 million in

foreign exchange through beef sales to Europe, Zimbabwe spends

over $100 million in local currency: roughly $45 million to

subsidize cold storage commission losses, $35 million for

veterinary expenses; and more for foot and mouth control f@nQ@~

and other activities (Rowan-Martin and cumming, pers. comm.,

1~aa). HQ~@~@~, ~Q ~~EEQ~t ~ ~~f~~i i~~~~try ~~ic~ ~ri~g~ ~bout

$7 million in foreign exchange, the government invests about $1

million. The ~iff~r~nce in the return of foreign currency for

the cattle and game investments is over twenty-fold. Game meat

in Zimbabwe is nearly all sold as local rations near the ranches.

It is priced at two thirds the cost of cattle. This local

protein source is extremely important, as a linear increase in

'R?
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poaching on the ranches is observed with decreasing availability

of ration meat (e.g., when exported).

Regardless of economics, fewer cattle are available for food

at a local level in Africa be~~~~e peQple in~~e~~~ f~st~r t~~~

the herds, carrying capacity is eroded, every'effort is made to

expor~, .ng ~~~~~ti~9 i~fr~~tr~ct~r~ r~~tri~t~ flexible, rapid,

and responsive, distribution. The growing disparity between

p~ople and cattle is easy to document. For example, the ratio

between cattle and people in Tanzania has decreased from 0.87 in

1948 to 0.71 in 1978, while per capita meat consumption declined

from 10 to 7 kilograms per year over the same period, compared to

99.6 kilograms per bushman and 38 kiloqrams per capita in Kuwait

(FAO, 1966-1984). The Tanzanian demand for meat (at very

conservative levels, two thirds that of Kenyans and one tenth

that of bushmen) was about 193,000 metric tonnes by 1982, with a

production level of 139,000 metric tonnes.

Beyond the economic, cUltural, and environmental costs of

domestic livestock, a much more intriguing and insidio~s effe~t

of the policy of replacing game meat with livestock is emerging

in recent research on hum~D n~tritiQD. H~~n~, ~s ~~ ~~~~, must

consume protein, about 50 qrams each day. However, several of

~be ~iDQ ~~igs es~enti~l in our ~i~t ~r~ found primarily in

animal products, and many tests show the need for animal protein

(i~cl~~i~~ milk) as a reqular supplement to food from vegetative

sources, even lequmes (Hunt, 1988). However, the animal protein
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source produces another dietary dilemma -- the ingestion of

either "good" fats or "bad" fats. Bad fats (saturated) are

deposited around tissues and waistlines and have been linked to

cholesterol-related heart disease -- the major killer of North

Americans and Europeans. The good fats are inside cells and

their membranes are essential for their construction and

function. Although not in the "bad fatR category, unfortunately

short-chain unsaturated vegetable fats do not help cell

construction and function. The requ.ired

polyunsaturated fatty acids are obtained through meat

consumption. This biochemical esoterica is siqnificant in that

long-chain unsaturated fatty acids constitute 50 to 70 percent of

the brain, incorporated ten times fos~~~ ~ha~

vegetable-source precursors. Crawford (1975) said that "Diets

deficient in essential lipids produce an irreversible reduction

in brain size and an irreversible impairment of the learning

ability". These effects of nutritional deficiencies are

particularly significant in childhood, and Hunt (1988) links

of children in Lesotho.

Much of the developed world is threatened by excessive

consumption of saturated fats. The U.S. Surgeon General

considers the reduction of saturated fats in the diet as the

first priority in his Report on Health and Nutrition (USHHS,

1988). This knOWledge has reduced beef's ahare of the seat
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market in the united states from 41 percent in 1971 to 31 percent

in 1987, a reduction of nearly 25 percent (Chadwick, 1988).

The predominance of saturated fats in cattle reflects the

woy ~ottl@ P~Q~~~s f~r~9~ i~t~ fat. How can animal protein be

provided, cholesterol reduced, and long-chain fatty acids be

i~corporated from any available source? Domestic animals have

from ten to twenty times more fat than wild game. Furthermore,

Crawford (1970) shows that meat from wild game, when compared to

cattle, contains from two to twelve times the percent of

polyunsaturated fat.

We suggest two strategies:

o Hunt (1988) said tb~t ~TQ @~ph~~i~~ g~me as an essential
element in diets of low-income indigenous-people-couldhave
staggering implications for a nation's development." This
conforms with Asibey (1977), who said that people prefer
wild meat and will continue to attempt to supply it. He
concludes that the "role of bush meat production be
recognized in development plans and patterns of land-use, if
it is not ultimately to fade away." It appears that people
were doing what was best for them befQr@ ~Qg@~n livestock
husbandry systems were imported. We do not advocate-a--
return to universal hunting and gathering or suggest that
cattle have no place, but they may have a different place,
as might wildlife in ~ ~Q~@ int~gr~t~~ ~~y~l~p~~~t str~te~.

o Supplying wild meat to the increasingly health conscious,
lucrative markets of the developed world makes sense because
~~ g~n~r~t~s foreign exchange, and the high technology
required to- maIntain aomestlc -stock-is costly;------ --

4.1.2 ~~~~oqical Consi4erations Favoring wil4life utilization

This review relates the five major ecological determinants

of rangeland productivity, diversity, and resilience (described

in 4.2.2) to characteristics of African wildlife. It clarifies
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the rationale for commercial uses of wildlife and points to

specific ·tactics.

In many native rangelands and forests, wildlife can make

more @ff~g~@nt ~~e than cattle of the native forage spectrum.

High production can be sustained without reducing the carrying

~~p~cit¥ ~f t~~ r~~~~. C~~p~ri~~~s ~t~~~~ ~ilglif@ ~~g

livestock primarily from research in East and southern Africa

support these conclusions.

Biomass. The total weight of wildlife is on average seven times

greater than cattle weight in similar habitats, or that of sheep

and goats in areas denied cattle by tse-tse fly (Talbot et al.,

1963).

Productivity. productivity (a better measure than biomass of

harvestable meat each year) studied in the low veldt of Zimbabwe

on a ranch with thirteen harvestable wild ungulates, was over

four times that of domestic livestock (Dasmann, 1964). In

addition to offtake, other indicators of efficient production

confer a large advantage to wild animals. For example, oryx have

a higher percentage of meat to body weight than cattle (57

compared to 50 percent), and calve a year earlier at a five

month interval. Data from Xenya suggest that gazelle and impala

produce about 30 percent more .eat in dressed carcass weight than

cattle because of their comparative efficiency in converting

forage to protein (Blankenship, Texas A'M, in press). Domestic
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cattle have less than one half the 'daily weight gain of eland

(Jaffe, 1976).

a••ourc. partitioning. Resource partitioning is exhibited by

wild species, which can thriye on portion~ ot tb~ ~~g~t~t~~n

spectrum which are either unavailable to livestock (for example,

out of ~~~~h) ~r ~~p~l~t~~l~. In the Gir woodlands of India,

during the dry region when forage becomes dry, fibrous, and

scarce, wildlife could browse leaves of woody plants with 12
- -- -- - - ---

percent protein, while cattle were obligate grazers on grasses

with 3 percent protein below the 7 percent minimum required

for maintenance (Berwick, 1976). A community of wild African

ungulates -- often 15 species as varied as giraffe and gazelle,

consumes a much larger spectrum of the vegetation, thereby

capturing more energy for production. Giraffe browse the tops of

thorny acacias, while gazelle eat the fresh shoots of short,

rhizomatous grasses made available by the lawnmower activity of.
. course grass feeders such as zebra (See Figure 4-1 and

Table 4-1). Even within one vegetation stratum (for example,

grass), adaptations permit wider use.

On the Buffalo Range Ranch to be de~~rib~d in tb~ next

chapters, Taylor and Walker (1978) found that wildlife consumed

~~~~ ~f th~ t~t~l h~~~~~~~~s y~g~t~ti~~ (~3~> than did cattle

(28'> and twice the number of grass species. Such a division of

capabilities and preferences works in various ways. Animals can

eat similar forage but live in different habitats, feed at
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different heights in the vegetation, while different species feed

in an area at different times of the year. Each species can

consume a characteristic proportion of browse, grass, forbs, or

fruits from specific species. Many investigators have measured

such differences in diverse ungulate communities around the world

(Berwick, 1976; Lamprey, 1963; Sinclair, 1985). Fine distinc

tions in plant structures consumed (e.g., stem, leaf, and sheath

of a grass) can further distinguish between animal species since

the nutritional content and digestibility varies for each part.

Physiological Adaptations. Physiological adaptations to local

environments are exhibited by numerous wild species. Wild

animals exhibit extraordinary adaptations to dry areas (except

for camels, which do not possess wildlife's tolerance to tse

tse). Oryx have one quarter the water requirements of cattle,

permitting a much wider use of forage resources away from

expensive water developments. Some wild species, inclUding oryx

and gazelle, do not require any freestanding water if none is

available. Eland require some shade, and turn over water nearly

twice as fast as oryx, which (like hartebeest) reflect over 40

percent of the incident radiation (Field, 1979). In contrast,

even the most-adapted local breeds of cattle, herded by the

hardiest African pastoralists, require some regular water.

Although local Zebu cattle appear to be able to reduce metabolism

Cat a cost to productivity) and range further than imported

breeds, they do not compare with the capabilities of hardier
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wildlife' species to survive drought by physiological or

behavioral means.
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Piqure 4-1. Habitat
frequency observations
(adapted from Lamprey,

preference and
along transects
1963).

food preference based on
in two areas of Tanzania

• SELECTIOJr OF
HABITAT PRETERENCE roop PLANTS

GRASSLAlIP OPElf 'fOODLANP PENSE VOODLAlfP GRASSES
BEUS SBRVBS.. SEDGES .. TREES

_ GRAlIT' S GAZELLE --I 90.67 •. 00 5.33
I

_'fILDBEEST' -l 9 •.•1l 3 .•5 2.07

t---- ZEBRA 1 I 92.57 5.53 1.90

~ HARTEBEEST -t 96. 25 2.50 1.25
I

I ELAJlD 70. 18 8.77 21.0S

~PE BUFFALO

- - - .-

93.6. 1.21 5.15

GIRAFFE -1 I 0 83 1.10 98.07

+-nfPALA I I 92.62 1.23 6.15

YART HOG . I il8.32 9.28 2.40

RINOCEROS 38.00 9.33 52.67

ELEPHAXT 12. 'l7 1.29 86.2"

VATERBUCJ: 95. 14 0.B1 •. 05
- -- - ------- - - - -- - -

_DIJ::DIJ: I 17.95 2.56 79.49

I--- LESSER X11P11 ---i 66.67 4.75 2e.S8

_CHEETAH
-_. -- - -

_ BURTING DOG I

I LION, "."".l'
~ LEOPARD

Stratification in
(Desmann, 1962.)
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TABlE 4-1 The ~1C8 C'I ecology In mnge m.1IIgIl1Wt 
eome relationships bMw_I p(.K:fpIBs, proc EEES, &~ IICtiVtiBs.

PBlNQPL.ES

Disturbance and Succession

HerblvorylOefoliation

Relative changes In productivity,
stability, and diversity.

Corresponding physical Changes
!n soil chemistry end develOpment,
a1bidO, n erosion

Energy transfer

ECOlogical erficiency

§E! ffiTfP MANAGEMENT ACDONCSl

o Evaluation C'I r8ng8 condition

o RehabIIIliItIon measures

o Manipulating class C'I atoek (e.g.
browser/grazer) to direct range
modifiC8tion

o Manipulating of species to maximize
secondary production

o Manage grazing Intensity and
--overuselfence;UIf;hefding, etc).

Co-evolution seasonal phasing of plant species 0 Control of noxious/poisonous plants
use by animals

o Selection c:A animals tolerant of plant
cJefel".ses

o Rehabilitation of .elected forage
species to maximize revegetation
(establishment)

Soil Structure

Cycles & their Interactions

Primary production, Infiltratory
erosion

Plant/animal population changes,
feedback In the system, habitat
change
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o selection of grazing system to
control compaction, ground cover

o Grazing control measures (fence,
18Il, herding, etc.)

o Park/Preserve management

o Flre/h8lblVory management

o Resource banking atrIIlegles
(e.g. forage, capitoO

o Investment ItrIIlegIes



Explanatiop of mJPber. ip Matrix of Tab1. 4-1.

Probl.ms Afflic~inq Effort. to RancA
wi141ife in Afrioa, 1910-1'75

1. Hippos became shy and were difficult target in the water if
culled during the day; they were lost and scavenged by hyena
at night.

2. Elephants were very difficult to see in dense commiphora
bush and conse~~ently could not be killed in the entire
family group required for humane culling.

3. At Tsavo/Mkomasi, the efficiency of kill was enhanced with
an airplane to ~pot ang b@l~9~P~@~ ~~ ~~iy~ g~~~, ~~t
availability of aircraft was low and cost high.

4. Immobilizing elephants with Sucostrin is inhuman (muscle
paralysis with awareness) and getting whole family
impossible-';"';'when· went -to shooting -it-was--more -efficient
(1.1-1.4 bUllets/kill) as with the Murchison kill of
12/minute.

5. Not enough lechwe to sustain necessary harvest (less than 2%
of abbettoirs' capacity was shot) compounded by difficult,
swampy terrain.

6. Elephants became very shy with high incident of poaching.

7. Plains game (primarily gazelle) became shy and dispersed
with shooting. Not enough animals in dry season to sustainnecessary harvest. ------ --- - ----- -- ---

8. Gazelle become very shy with shooting and moved or migrated
out of area.

9. Buffalo became very shy with shooting.

10. Found that canned meat was excellent product, very feasible,
................... - ---- ,,.-...__.... .: \ ...._~'!!!It.. ..~ ..... ,..""..."'''''' .... s+-.a.A .; "" 'IJ.:a ;"'Pl:ll1 .
IJU'- '-!!C QL CQ \ UL '-UUC '-.L J ~""QWC .LU"" ,L l" ,L g so.... &~ .

Park.

11. Night shooting only effective on moonless nights and found
round-up to boma for slaughter was effective, except for
Thompson's and Grant's gazelle, impala and Coke's hartebeest
which would not be herded.

12. Because of migration and seasonalit~, onl~ g~~ 2\ of b~~@~~

achieved (except for zebra); the eland quickly leave area
with shooting and are very mobile.
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13. Could not round up without bruises/injuries, particularly to
wildebeest which become vicious.

14. Grant's gazelle in project left area with much shooti~g,

though Tommy were easy.

15. Although no effect of long-term shooting harvest on impala
bebayiorL~ill ~~~e, snare trapping not very erfective (22\
accident/predator--loss)~- - ----- ----- -- - - -- - --

16. Good shooting is labor intensive and demands high skill and
stamina.

17. Rifle barrel distorts with heavy shooting, losing accuracy.

18. Wildebeest and impala can become vicious and bruise/injure
others-in-boma when rounded up.

19. Thompson/Grant's gazelle, Coke's hartebeest and impala
impossible to round up to boma with helicopter; similar
problems with lechwe.

20. Needs 50 man-days to erect wing trap/bema for chopper round
up.

21. Got 6 animals a day by trapping and 17 by shooting (still
only 20% by quota).

22. Got average of only about 40% of desired~~ota (Range was
between 12% for kob; 94% for waterbuck).

23. Fixed location of expensive facility which could not respond
to depletion of nearby sources of elephants on which it
depended.

24. Because of legal restrictions for roads, size of
trailer/abattoir had to be 1/2 capacity ~@g@~~~~y to
process/transport quote/day.

25. Though tried to integrate Hazda hunter-gatherers, area was
tOQ ~@~Q~@ ~Q E~Q~~~~ ~~~ tr~~~p~rt ~~~t.

26. Parasite loads generally acceptable; e.g. if less than 5
cysts can sell (3\ of carcasses).

27. Zebra fairly cyst-free (3' of carcasses condemned) though
23\ of gazelle and 21\ of wildebeest were unacceptable (none
of gazelles near Moshi; therefore, levels vary).

28. In swampy area 23& of carcasses condemned.
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29. Offal disposal problem solved by dumping in bush for
vultures in daytime as they sterilize cysts with high body
temperature; if dumped too late, hyenas/jackals eat offal at
night-and-tapeworm spreads.

30. Had to bypass existing abattoirs with own system due to
antagonism of cattle ranchers.

31. Cattle ranchers threatened butchers who accepted game.

32. ~ilton~ in best restaurants is a good product but too labor
1ntemnve.

33. Meat meal gets around any hygiene problems but only fetches
26\ of fresh meat value and 59\ of world meat price.

34. Could get 2/3 more than beef in butcher shop.

35. Exports probably precluded because of foot and mouth
regulations, although zebra are OK and desirable in France
ana--BeIgium~ -- ------ --- -- -- --- --- - - -----

36. Skins very valuable -- e.g. about 8 for wildebeest and much
more for zebra.

37. National Parks Department would not allow meat transport to
nearby market making long trip less feasible.

39. Successful harvest/market project area became incorporated
in National Park.

40. Although generally successful project, environmental
community-was- tmplac8:cly-opposeci~ --- - - --- --- ------ ---

41. Poaching increased and hurt possible offtake when area de
gazetted for wildlife use.

42. Resistance by local ranchers/cattle industry.

43. Low esteem of local market for game meat.

44. Opposition of environmentalists.

194



For example, some wild species can satisfy all of their

water requirements by browsing at night on leaves which absorb

moisture when cooling increases moisture in the air. In similar

dry envir.onments, cattle would suffer high predation (Taylor,

1969). Furthermore, a Kenyan study indicates that wildlife are

nearly twice as efficient as cattle when diqestinqthe same

amount of similar forage (Blankenship, Texas A&M, in press).

~~ice as many gazelle or impala could exist on the

forage consumed by an equivalent weight of cattle. This is a

reflection of a much more efficient digestive process, since the

smaller animals must consume relatively more to feed a higher

metabolism.



4.7 status of Gam. Ranching

4.7.1 Meat Production -- Cattl. and wildlife

In the Zimbabwe study to be described later, the real costs

of cattle to the environment only became evident after several

drought episodes. Even in subsequent periods of adequate rain

after each dry year, cattle performance as an environmental

indicator began to slip, for example, calves produced per female

declined by one third and weight gain decreased nearly 50 percent

(Child, 1988). The reasons are suggested by computer simuiation

runs (see Chapter 6) which show a decline in carrying capacity on

low veldt of Zimbabwe, ._. .&......... ..__..
• .&.'-u VC:L~ slow

recovery after the dry years. In contrast, the effects of

drought on carrying capacity and on immediate recovery in the

wildlife area were not as severe. This is ultimately expressed

in the finances of the ranch. Following a very serious drought,

raising cattle was no longer profitable, and all range condition

Child,

1988). All indicators in an adjacent game-only section were

stronger, including forage production (plant cover actually

increased) .

Commercial cattle ranchers in Zimbabwe perceive these post

drought indicators and are committing all or part of their

operations to wildlife utilization at the rate of 8 percent of

the commercial ranches per year (Child, 1988). The RepUblic of

South Africa has about 5,000 commercial wildlife ranching

enterprises (P. Small, 1988, pers. comm). Although data are
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still being collected, perhaps the best indication of the

potential for using wild products lies in the increasing

commitment of resources by those who have the most to gain or

lose -- the farmer and rancher. One feature of the success of

the large commercial properties is that the approaches have yet

to spread to the commercial areas so important to wildlife

resources in southern Africa.

In contrast to southern Africa, game cUlling and ranching in

East Africa is much more variable (See Table 4-2). The reasons

for the successes in southern Africa and the problems in East

Africa are not yet clear. They appear to be more political than

biological, e.g., ephemeral policies, control over investments,

land tenure, etc.

One ranch which has profitably harvested wildlife is

wildlife Research and Ranching (WRR) in Kenya, a lone survivor in

the regional game industry. It has been servicing the

restaurant market in Nairobi (which it had to develop) for over

nine years. During this period cattle and sheep were reduced on

the property by more than half to 1,100 head and wildlife

maintained at about 1,500 head. At prices 50 to 100 percent

above beef, sales indicate a gross income double that of

comparaple rangbe~ _ng _ net ~@_rly ~@~ ~i~~~ th~t of ~~~r~y

ranches. However, these figures are confounded by some capital

~~~~i~i~~ ~~c~ ~~ f~~ci~~, t~~ restrictions on hide sales, and a

drought which resulted in an over-harvest, and therefore

197



increased game sales. During this drought the environment did

not suffer nearly as much on the mixed game and cattle operation

(WRR) as it did on adjacent cattle ranches, which suffered over

SO percent cattle losses. These analyses should be updated

through the subsequent dry and wet years.
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TABLE 4·2 Problems afflicting efforts to ranch wildlife In Af~lca, 1986·1975.

Species and Location of Examplo

,16
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1

I

i
I

1
1S

- .
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4
5 14~-~m ;.iT
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U snda
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--•.--.._-- •.----- I I ---

f(enva
FAO/
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--..----l-'--
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24
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~ICoo"ngtrransport
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.t1L StaflHyglene .------ -. _... . I
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1~1. Veterlnary~Meat -- -- -"-""-' -. -_.. --- ----- --...
--lnspectionl .. __ 26 27 27 28
14. Offal Disposal 29 .._-_. ---- ..... -.-- - ----- -.------- -_... -_.- .- .. ---- .. --.---- .--.....--. ··1-· -- -- ---- ----
Marketing I 4-1:>. COm~Cln with ~Attl~1 31 42 , 43 , 3a
1l). Credibility/Dependable ~----- --- --
.--.§.~p'ply,_. 32 I . l
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4.7.2 Safari Bunts

Commercial safari hunting is often viewed as a

characteristic activity of colonial East Africa, but is a

relatively recent use of wildl~nd resources in ~imb~~~~.

Actually, nine countries from the Sahel to South Africa now

support safari hunting, ingl~ging c~~tral African Republic,
--- -------- -------------

Cameroon, Somalia, Tanzania, Botswana, Namibia, and the RepUblic

of Soutb ~f~~ca. In Zi~~~~~, ~port hunting began in 1961 on the

Department of Parks and Wildlife Management controlled hunting

~rea~. However, the profitability and expansion of commercial

hunting blossomed as ranchers developed mini-hunts in conjunction

with game hunting in safari areas, and as landowners became

responsible for management and use of wildlife resources on their

Hunted wildlands amount to about one fifth of the
- - - -- - --- - ---

country, largely on the 43 percent of Zimbabwe that is

c~~~rcially run and privately owned, on 60 percent of the Parks

and Wildlife Estate (Which constitutes nearly 13 percent of the

country), and on some of the 42 percent of the country in

communal farming.

Hunts focus on plains game of the ranches (g~~~~, ~~~~,

impala, etc.) and big game on state and communal areas (lion,

bUffalo, elephant; etc.). A typical ~l-g~y ~ig 9~~~ ~~f~ri can

cost $25,000 exclusive of airfare. A similar hunt is·.ore

expensive in Tangan~~ ~~ South ~fric~. The market is not close

to being accommodated. Quotas are established by the Department
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based on a census and sophisticated offtake models. For example,

trophy hunting dictates (roughly) less than 0.5 percent of a

given population of elephant can be taken, 2 percent of most

other ungulates, and 8 percent of large cat populations. These

rates will ensure a sustained quality (large trophy) hunt.

Direct revenue earned by the government from trophy safaris is

about Z$O.60per hectare for a total of about Z$l million,

Z$O.25 per hectare from the communal lands (about Z$2 million)

(Cumming, 1988). The potential of tribal lands is somewhat

reduced because they have human settlements and associated uses

such as intensified pastoralism, which increasingly CQDfli~~ ~ith

safari potential.

Safaris, however, are by far the most lucrative actual or

potential income generator on tribal lands with big game. This

is extremely important because of the low productivity of

subsistence grain farming and vulnerability of livestock to

regular drought. Maize and millet are about one tenth as

productive as on commercial farms, and do not fulfill the

subsistence requirements of a family of seven (ARDA, 1983).

Inputs such as fertilizers or grain purchases require cash, which

can be supplied by income from wildlife ranching. Communal stock

raisers lost most of their herds twice this decade while severely

degrading the range and lowering its future carrying capacity.

Wildlife would be an environmentally benign economic buffer.



4.8 Summarising -- • Rational ~ran.ition

Fer the rancher, the economics driving

cattle husbandry to wildlife exploitation in Zimbabwe are rather

dramatic on the few ranches where records have been maintained.

In the southern low veldt, profits for the RosslYn Ranch track

(1986 dollars) to Z$1.90 per hectare in 1973. The proportion

which safari hunting contributed rose from 2 to 75 percent of the

income. Buffalo Range Ranch enjoys a profit from wildlife over

three times that of cattle. Game meat sales contribute to about

one third of the income, and trophies, two thirds (Child, 1988).

The profits from big game hunts on communal lands are evenly

split with the local tribal administrative units. More

significantly, wildlife earnings are stable (style, 1988).
----- -- ---------- -- - --- ------------

Annual harvested game meat production is about two thirds that of

cattle. Profit from wildlife during two of three consecutive

drought years contrasted with large losses all three years on the

cattle section.

In both Kenya and Zimbabwe variations in markets for game

meat, hunting, and beef respond to political stability; foreign

perceptions of recreational value, security, product quality, and

~~~y ~th~r factors. I~ ~b~~ ~~~P~g~, .~gb of Afr~g~ ~~ ~imilarly

influenced by market perceptions as yet poorly understood or

controlled. ~~ ¥~~r~ ~f l~~~~~ in safari revenues led t~ ~~t

ranch losses as a result of Zimbabwe's security problems in 1980
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and 1981. A sudden change in wildlife policy stopped all on

ranch hunts in Kenya during 1987-1988, including weekly harvest

for meat on the WRR ranch. In both instances cattle provided a

financial buffer. Furthermore, livestock serve many functions in

Africa which are culturally significant and unlikely to

disappear. The studies do show that wildlife can be more

profitable, afford a buffer during climatic variations, and are

more conserving to the environment upon which they depend.

Additionally, there is much of Africa which is precluded from

cattle use by the tse-tse fly. For example, 38 percent of the

region which includes Angola, Botswana, Mozambique, Tanzania,

Zambia, and Zimbabwe is tse-tse infested and occupied by game

which can be managed for various uses (or protection) (C~mming,

1988).

However, unless the value of conventional agriculture on

~~r9i~~1 l~nd~ incr~~~~~ ~nd pr~ducti!i~¥ l~~~~~ ~r~ ~::~~~ed,

the "poverty (twenty-three countries with per capita incomes of

less than $400) and human mortality increasingly seen today will

not be reduced.

The use of 1PT as a planning

attempts to direct land use away fro••onaculture to multiple

uses in order +-n nnf'f'A....-- ..,----- both resources and users in the marqiAal

African range environments. It is a move to understand, co-opt,

and adopt traditional land-use practices b~ rendering tbem

income-producing -- a notion which goes beyond subsistence in
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poverty. Ultimately, the dependency on any single land use is a

prescription for vulnerability. Tourism, cattle, safari hunting,
--- - ---- --------

cropping for meat and other uses can be individually oversold.

Each has been proven profitable. A dynamic mix can be

sustainable as well.

The example of using IPT to comp~~~ ~i1g1if~ ~~d c~ttl~

influences on range condition illustrates factors which could

contribute to mo~~ infQ~~~ ~~~~9~~~~t. The potential of

wildlife utilization and 1PT are the sUbjects of the remainder of

this book.
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5.1 Introduction

~r~yi~u~ c~~pt~r~ ~~y~ ~~~cri~~~ t~~ ~~t~~~~ ~~~~ ~~ri~g

various stages of implementing Integrated Planning Technology.

These descriptions have attempted to impart an understanding of

the IPT process, as opposed to a specific problem or system.

Chapters 5 and 6 focus on the use of IPT methods as applied to

range, livestock, and wildlife systems in southern Africa.

We envision two broad user groups; not only of the software,

but of the method and results. The first could be broadly

individuals, private or pUblic, who have some impact on range

use. They may be individual ranch managers who are in daily

contact with the resource and need to better understand the

implications of their management decisions. Or, they may be

government officials who need to understand the potential and

~r~~l~~s ~f th~ ta~g~ in ~t~~t to det~~ine ~~li~i~~.

The second group includes range science students at all

levels. In addition to students studying for a degree or

certificate in an academic program, range scientists may also

find this information of use in setting research agendas and

priorities. This group includes anyone who has an interest in

better understanding the patterns and processes of range ecoloyj

and management.
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5.2 Onderstanding Goals, Problems, and Questions: tbe Worksbop
.e.ults

Macro Level Worksbops

Two of the workshops repQ~~@g h@~~ ~~r~ held at a macro

level. The first was conducted for and sponsored by the U.S.

Agency for lD~@~D~ti~~~l ~~y~lopment (AID) in Washington. The

workshop had nine working groups, two of which focused on range

and liy~~t~c~, and plant, animal, and wildland ecology.

Another workshop was held in Gaborone, Botswana, as part of

that country's National Conservation Strategy (NCS); an exerg~~~

sponsored by the International Union for the Conservation of

Nature and Natural Resources (IDCH). ~he re~~l~~ refl~ct~d

different purposes for the two workshops. The AID workshop was

intended to help identify research needs, and to start and guide

the model development process for sectors in which AID is

involved. The workshop in Botswana however; was to help tbe

authors of the NCS link up with authors of other chapters to

The longer term purpose of both of these activities was to

"assist decisionmakers with prQjeg~iQD~ ~f t~~ fi~~ncial, ~r~~~,

and conservation consequences of policy and programme proposals

(IDCN, 1~~6).~

The results of these first two workshops reflect our own use

and evolution of the IPT methodology. In the AID workshops we

did not ask the groups to pose their key questions. In the
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Botswana workshop, we did not ask the participants to identify

what they thought the goals were. We now know that either

omission is a mistake and include both in all workshops. We will

not cover all the details of the macro level workshops, but will

report the goals, issues, and key questions as appropriate.

Chapter 3, section 3.3 explains the workshop methods in detail.

AID workshop: Goals. The goals identified in the AID workshop

were specific to work in the countries where the Agency is

active.

o Enhance the subsistence of human residents.

o Maintain the widest resource use options a¥ailable ~Q f~~~~~

residents consonant with other goals.

o Income growth.

o Enhance socioeconomic choices.

o Enhance or make possible leisure time for residents.

o Maintain traditional cultures, technologies, and uses which
complement other goals.

o Use sector to help maintain national stability and security,
and to foster national goals.

o Enhance the acceptability of useful technologies.

Plant, Animal, and Wildland Ecology

o Maintain the biological diversity of all taxa by maintaining
the variety-of habitats, -species; and-gene~ic variabillty ~--

o Mitigate environmental impacts of development processes.

o Explore methods to place values on wild resources.

o Expand the basic knowledge of wild resources.
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o

AID Worksbop: Issues. Numerous issues were defined in both

working groups. In the plant, animal, and wildlands group

however, the issues defined were not entirely suitable for

simulation methods. We later discarded some of their results

because the discussion was not useful for our purposes.

Ranq_ and Livestock

o Land tenure patterns including absentee ownership, ~Q~~~~l

ownership, and migration.

o Land capability and limitations.

o Overgrazing and overpopulation of livestock.

o Climatic variations and limitations, especially drought.

o Availability of genetic material.

o quality and distribution of water.

o Knowledge, risk aversion, and acceptance of technology.

o Access to capital.

Plant, Animal, and Wildlands Ecology

of wild resources, p~~ti~~l~rl¥ biological
diversity.

o Lack of appropriate criteria for cost/benefit analysis and
communication of ~~~ue.

o Irrelevant academic curricula with respect to development
issues and foreign conditions.

o Geopolitical versus ecological boundaries.

o Lack of acceptance of sector and career paths for
individuals.

o Poor knowledge and attention paid to animal damage control
and wildlife diseases.



Botsvana NCS Workshop participants were split into three qroups,

cattle, wildlife, and macroeconomics. No key questions were

reported for the macroeconomics qroup.

Cattle Iaaues

o Overqrazing and range management.

o Water supply for cattle and demand for boreholes.

o Disease control.

o Inadequate implementation of legislation.

o Growth of human and cattle populations.

o Ma~keting.

o Skewed ownership patterns.

o Conflicts between cattle and wildlife for range resources.

Wildlife I.sues

o Effects of drought on wildlife populations.

o Subsistence and commercial poaching.

o Human encroachment into wildlife areas.

o ~hy~i~al ~~~~i~~~ to tbe mQ~ement of-wildlife and access to
water and forage.

o Economic uses of wildlife.

o Fraqmentation of wildlife areas.

Macroeconomic Ia.u••

o Unemployment.

o Lack of rural development.

o Lack of diversification in the economy.
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o Small size of the domestic market and reliance on imports.

Cattle Key Qu.stions

o What is a sustainable national herd size?

o How do various incentives and disincentives to pr~~uction

affect the management-of-herds-and-theranqe?

o What is the effect of drought or good rains on range
~Qngition?

o What is the actual stocking rate and herd size under various
policies?

o What is range condition under various policies?

Wildlife Key Questions

o What is the effect of drought on wildlife numbers?

o What are possible management responses to drought, both
gover~~ental and non-90ver~enta11

o Under various policies what are the stocking rates?

o What is the production of forage under various policies in
wildlife areas? Is this production sufficient?

o Which animals are poached, and how does this poaching affect
wildlife popUlations?

5.2.2. Local Level workshop - Chiredzi, Zimbabwe

In an effort to conduct a rigorous test of the IPT methods,

we identified several places in ~f~i~~ where th~r~ were

reasonably long times-series data for livestock and/or game

P~Qj@~~~ Q~ Q~~~~ti~~s. The l~~9~~t !~d most detailed data base

suitable for this task was a commercial livestock and game ranch

at Buffalo Range, Zimbabwe. We traveled to Zimbabwe gather to



information on livestock and game ranching in general, and from

Buffalo Range Ranch in particular.

The Wildlife Producers Association of Zimbabwe arranged for

us t~ ~~~~~~t ~ ~~r~sh~p ~~~~ ~~ffal~ R~ng@, ~n ~bi~@gzi. ~bi~

workshop was extraordinarily fruitful; we learned much from the

disc~~~~~n~ ~i~~ ~arti~ipants about ~ctual o~~r~tion~ i~ t~~

area, the decision-making processes, and the difficulties and

rewards of ranching in the low veldt of Zimbabwe.

The workshop participants represented a spectrum of

perspectives and positions. some

driving as long as two hours each way in order to participate

@~gb g~y. LiYestock ranchers, wildlife ranchers, as well as

ranchers with mixed operations attended, in addition there were

a professional hunter, and

representatives of one of the largest agricultural concerns in

the country~ Some people represented ccnser~&tive vie~~oints,

while others were quite progressive. All had a commercially

Q~i@Dteg yiewpoint, and in one way or another, directly

influenced the use and management of the range resource. These

indiyi~~~l~ controlled close to ~QQ,QQQ ~g~e~.

Goals

o Make money.

o Maintain long-term ecological productivity and/or improve
it •.

o Maximize diversity of flora and fauna •

........
~.L~



o Rehabilitate systems to prior diversity and quality.

o Satisfy local demand for consumable resources.

o Maintain relevant technoloqy and production systems.

o Drought.

o Y~l~t (~~~q~) ~~qr~~~ti~~.

o Greed and/or bad management.

o Politics.

o Poaching.

o Education of farmers to understand the systems they manage.

o Marketing and lack of markets.

o Lack or information and data.

o Long-term tenure and security and resulting short-term
planning.

o Uncertainty with regard to payoff and investments.

o Lags in scheduling for government pricing.

o Rising inputs costs.

o Lack of foreign exchange and scarcity of goods.

aeference Xodes. Reference modes for seven indicators were drawn

b~ the workshop participants. The qroup decided that time period

for these reference modes was about the period of a drought

reference modes shown in Figure 5-1.
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Figure 5-1. Reference modes from the Chiredzi, Zimbabwe workshop.
These diagrams depict the behavior of key system
indicators as perceived by partieipants.-
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Piqure 5-2. Model boundary showing sectors to be modeled in detail
(circles), and factors to be modeled as external to
the ranch or implied (outside the box).

:ay gu==ticn=. Eleven key ~~estions were posed by the

participants. Not all are suitable to analysis by simulation

methods; however we felt it was better not to COD~tr~!D tb~

group's contributions, but later filter out questions, problems,

and i~~Ye~ ~bicb g~D ~~ ~ddressed. Some of the ~~~ti~~~ p~~~~

can be answered by basic research.

o What is the break even point for a given investment, andwhen wIll Itoccur?-- ------- - -

o What is the most profitable age to use/takeoff animals?

o What are the criteria for offtake -- age, disease, forage,
etc.?



o Is it more profitable to change animals to suit vegetation,
or vegetation to suit animals?

o ~re there more productive or profitable alternatives to
existing systems?

o What level of anti-poaching enforcement is cost-effective?

o What kind of information is most important to achieving the
goals?

o What management policies (fire, reseeding, grazing system,
etc~ ) are best for· existing· foraqe7liilDitat eypes?- -. - ----.

o What is the best/most profitable stock (cattle) marketing
strategy?

o What is the best/most profitable game marketing strategy?

Kedel Boundarias.

model and the analysis for which it would be used. First was the

spatial boundary. All group members agreed that the model sbQ~ld

be confined to the limits of a typical livestock or wildlife

ranch characteristic of the low veldt. Fiyure 5~2 shows these

boundaries, the sectors which should be modeled in detail, and

some of the factors which it was aqreed should be either excluded

or modeled simplistically. For example, a detailed livestock

model should be developed which would include significant

feedback and processes. Precipitation would have to be included,

~~~ i~ ~QulQ ~~ ~~nQQ~ly Q~t~~in~Q Qr ~~~ ~~tual data. f~r~ign

exchange could be modeled implicitly rather than explicitly.

Variable Lists and Diaqraa.. The variables to be considered for

each sector were listed (except economics, which was to be a

simple accounting model). We then took these lists and

structured them to determine how they should interact. The
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variables were determined from continual reference to the work

that had already been done: goals, problems, and key questions.

Live.tock Variable.

lltil~g of ~'to~~
Slaughter
Sales
Mortality
Sex ratio
Tneft]snare deaths
Snared slaughters
Predator caused mortality
Mineral supplements
Natural forage
Pen fattening
Purchase of animals
Dips
t,... t- ... ""... t- ... ,_...1'1; ... ; ........ .- '- ...,"".., ....6iiil1 .&Uw."",~,-~."w.

Births
Performance
Age at slaughter
Weight at weaning
Calving rate

Veldt Varial:>les

Wildlife Varial:>le.

~~p~l~ti~~s ~y ~p~~i~s
Predators
Ungulates
Veldt types
Births
Poaching
Water distribution
Natural mortality
Safari hunting
Sport hunting
Culling
Live sales
Live purchases
Migration/fencing
Food preferences
Prey preferences
By products
Demand for products
Information
Management quality

Litter basal cover
Species composition
Stock of plants
Rungff
Topography/slope
Water distribution for forage utilization
Water quality
fi~@ ~~g f~@~@n~Y
Forage consumption grazing and browsing
Grazing systems
competition by harvester termites
Soil compaction
8a1)itat types .
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Figure 5-3. Livestock variables as structured during the Chiredzi
workshop.
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Pigure 5-6. Overview of the range, livestock, and wildlife
submodels.
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5.3 Schematic Hodel of a Ranqe, Livestock, and Wildlife system

5.3.1 Overview

The Range, Livestock and Wildlife model was developed based

on the results of the workshops described in the previous

section. In order to validate the model as reported in Chapter

6, it was assembled from three primary submodels (range,

livestock,

5-6) •

and wildlife), and an accounting component (See 10'; ""''9'"'"........~-~-

5.3.2 Ranqe Submodel

The most basic resource upon wbicb tb~ ~Dti~~ ~y~t~~ ~~p~~ds

is the range. The range sUbsystem provides the primary

production, forage, to support the secondary production,

livestock and wildlife. The health and productivity of the range

resource is undoubtedly the most critical element in the welfare

of the entire system.

There are no direct interactions between livestock and

wildlife except for predation and disease (See Figure 5-6).

However, by competing to use the range resource there can be

considerable indirect interaction between the two groups. The

limits of forage production impose a corresponding limit on the

animal productivity and biomass that can be supported by the

range. TO the extent that livestock utilize the range, wildlife
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must be excluded or overuse will reduce range productivity. This

is particularly true of those wild ungulates which prefer the

same grasses grazed by livestock, especially cattle. Animals

which prefer shrubs and trees (browsers) may not compete directly

with livestock, although most animals may change their

consumption habits at certain times for a variety of reasons.

Plant Biomass. The key stock and indicator of the range resource

subsystem is plant biomass. Plant biomass is modeled as an

average of the entire range for the sake of simplicity and ease

of understanding (See Figure 5-2). This ·'il""e):'@.g~" ();' "typic~l"

hectare aggregates all the different characteristics such as soil

Any aggregation

generates a certain degree of inaccuracy, but without

abstractions and simplifications the modeling process WQ~lg be

either prohibitively expensive or impossible. This

simplification is a reasonable one for Q~):, p~~p()s~s as defined in

the previous sections.

Four plant types are modeled independently using the same

structure as in Figure 5-7. These four types represent the major

categories of plants present in most range systems:
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Plant. Types·

Herbaceous Decreasers
Herbaceous rncr-easers
Shr ubs eo. Sap I I ngs
Large Woody Plants

F.....ge

corli~
1. Ion

cv..')"')

Plant

GrOwth

Plant

BIOll'l!lSS

LI1.1....

Fall

Ct.''''l"")

Piqure 5-7. Plant biomass and associated rates: piant growth,
forage consumption, litter fall, and loss to burning.

H.r~aceous Decreasers are preferred by most grazing animals and

undisturbed systems, but become less

abundant under grazing pressure, thus the term "decreaser". In

most cases, herbaceous decreasers are perer~ials which are

palatable and have a higher protein content. The ratio of

~~~~~a~~~~ to ~Q~~l gr~~~ biomass is an indicator of range

condition.
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Figure 5-8. Plant Growth. Growth comes from existing plants as
well as seed. Precipitation and competition limit qrowth.

Herbaceous %ncre.sers tend to be annual qrasses and less palat-

able. Under proper range use, increasers make up about 10% of

the qrass plants. However, when the ranqe is overqrazed

increasers become more prevalent because their lower palatability
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and other conditions tend to give them advantages over the

decreasers.

Shrubs and saplings are larger perennial plants and small trees.

Large Woody Plants are trees, and in Africa are commonly known as

"bush."

Four flows or rates determine the amount of plant biomass on

the range: plant growth; forage consumption, litter fall, and

loss. to burning.

Plant Growth. Plant growth is the only rate which increases the

level of plant biomass (See Figure 5-S). In range science,

growth is often referred to as productivity. Two sources of

plant growth are existing plants and seed. Seed germination is

dependent upon the effective precipitation -- the precipitation

that infiltrates into the ground (See Figure 5-9). The amount of

viable seed stock, here shown as a constant, provides the seed

for germination. For each kilogram of germinating seed, a given

amount of biomass is added to the plant stock.

Growth from existing plants is represented in a consider~bly

more complex manner. As would be expected, growth from existing

plants is first determined by the amount of plant biomass already

present. Additionally, plant productivity is important, and is

represented by the fractional plant growth. The plant growth

fraction is the capacity plants have for increasing the existing

stock over the course of a year. The maximum fractional plant
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growth of grasses is close to one, meaning that about 100 percent

more plant biomass can be added in a year.

However, this maximum can be constrained for several

reasons, including consumption. A certain amount of the plant

can be eaten and the plant will maintain its productivity; this

amount is termed proper use. If too much of the plant is

consumed, the plants experience stress and productivity declines

(See Fiqure 5-10). This loss of productivity varies with plant

type; decreasers are hit particularly hard.

Plant density can also limit plant growth. When biomass

approaches the maximum as limited by soil moisture and

competition from the other plant types, growth slows. An

~~s~l~t~ maximum of plant biomass reflects factors such as soil,

precipitation, and temperature, and puts an upper limit on the

stock of plant biomass for each type.

Effective precipitation. Precipitation is explicitly modeled

beeause it is such an important and limiting factor in the

productivity of African rangelands (See Fiqure 5-9). All soils

characteristics which allow tbe~ to ~gg~E~ ~~~ hold

limited amounts of moisture. These Characteristics vary in

different soils. The model ~i~ig~ thi~ i~filtr~tion and

retention capacity for effective precipitation by defining a

~~~i~~ ~ff~~tiy~ pr~cipit~tion ~nd choo~ing between the lesser

of the maximum defined and the total annual precipitation.
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Precipitation is randomly generated using the mean and standard

deviation from historical data.
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Fiqure 5-'. Effective precipitation. The model chooses between
numDers -generatearahQom1.}'--usii'fg- hIstoricaliiata or- -il-maxiliium-as
determined by soil cover and compaction.
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Maximum effective precipitation is determined by two primary

effects: soil compaction and soil cover. Soil compaction is a

function of total ground pressure from wild and domestic

unguiates. Larger animals contribute more to ground pressure per

unit of weight than do small animals, so the herd composition is

as important as the stocking density and average weight. The

effect of size on ground pressure is represented by the fraction

of weight contributing to ground pressure, which has a different

value to reflect each animal category for wild ungulates and

Tbis fraction is low tor small animals and

approaching one for large animals.

Ground cover is important to reduce the impact of rainfall

and improving water infiltration into the soil. The total ground

cover is a fraction; one would indicate 100 percent coverage.

Plant biomass and litter contribute in varying degrees to soil

cover. The value of ground cover per tonne litter or biomass is

different for grasses, shrubs, trees, and litter.

Forage Consumption. Humans have the capacity to manage this

critical element of range use for better or for worse. In the

strict sense, we do not manage stOCkS, but only the rates which

determine them. In the range system it is really only possible
- --- --

for a manager to directly alter forage consumption by means of

stocking density and herd composition for both domestic and wild

animals. Burning or fighting range fires are also tools for

altering the range.
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Fiqure 5-10. Forage consumption. Forage is
animals, wild ungulates, and insects. The
determined by availability and requirements.

consumed by domestic
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The total forage consumed is the sum of consumption by

domestic animals, wild ungulates, and insects. Each of these

remove a share of the plant biomass depending upon their density

and requirements (See Figure 5-10). The consumption by each

category is the actual requirement, or if plant biomass is

limiting, the fraction of total consumption each category wants

mUltiplied by the amount of plant biomass. In this way,

consumption cannot exceed availability. If desired consumption

is greater than the stock"bf plant biomass, then the allowed

consumption is allocated according to the fraction of the total

desired consumption that each category of consumer requ~r€s or

desires. Thus, if insects require 100 kilograms per hectare and

the other categories require a total of 400 kiloqrams per

hectare, but only 300 kilograms per hectare is available, then

the insects will receive 20 percent (iOOi500) of the plant stock,

or 60 (0.2 x 300) kilograms per hectare. The other categories

would receive the remaining
ft"" ....
o U 1o'C.L ....cu "" •

Littar raIl. All plants experience some degree gf drying ~nd

loss of leaves and other plant structures. The accumulation of

this material on the qround is called litter. ~Q ~~~~Q tb~~ '~n

the model, the plant biomass of each type is multiplied by a

fractional litter fall. ~bi~ ~~l~ipli~r is ~~t~~i~~~ ~¥ ~

normal litter fall fraction which is characteristic of each plant

~~t~9~ry, ~~~ ~¥ t~~ fr~ction of'plant biomass consumed. For

some plants such as perennials, the fraction of litter falling is
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Figure 5-11. Litter fall. consumption and plant characteristics
control the loss of plant biomass to litter.

reduced because the material that would have fallen was instead

eaten. For other plants, such as annuals, all of the material
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falls to litter no matter how much is consumed (See Figure 5-

11) •

Loss to Burning. In Africa, range fires are a fairly common.

These fire~ g~n ~~ st~rt~d by lightning strikes or set purposely

as a range management tool, for example to control bush •. Fires

~~~ also set by poachers and herdsmen in an attempt to attract
- - - - - - - - - - - -- -- - --- -

herbivores to the flush of grass that results after the burn. In

many areas, and in particular on most commercial ranches, fires

are actively suppressed to the extent possible. There is the

legitimate fear that if the fire gets out of control all forage

will be lost, temporarily leaving animals with nothing to eat.

Plant

Biomass
BITn

CtonneS/rle)
ROtation

Burn
Swltcn Time

CO or- 1) Cyear-s)

LOSS to

Bur-ning

t/rle/yr-)

Piqure 5-12. Loss to burning. Burning of plants can be
suppre~~@g ~~ ~~~~9~~ on a rotation.

Burning can be modeled on a rotational basis or completely

suppressed (See Figure 5-12). If burning is allowed, the burn
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switch will be set to one; if fire is suppressed the switch is

zero. This assumes that suppression can be successful. Given

the normal accuracy of these models, this is a reasonable

assumption because losses of less than 1 percent or so become

insignificant.

A normal burn rotation would on the order of twenty years.

This means that 5 percent of the biomass in each plant category

is lost to ~ur~i~g. I~ a~t~~li~y Qf gQ~~~e, 5 percent of the

range area would be completely burned. However, because the

range area is aggregated into a t¥pic~l or ~y~r~~~ h~~t~r~, we

remove this loss from the average.

Release of Shrubs and Saplings. Large woody plants (trees),

cannot sprout directly from seed. There is always a time period

for the young seedlings and saplings to mature. At a certain

point in their growth, they are "released" and can then be

eategorized as trees. A primary determinant of this release rate

is the form of the plant. Plants that have been heavily grazed

assume a hedge-like shape, Which prevents their release because

new growth is always within reach of browsing animals.

Litter. Plant litter is an important determinant of effective

precipitation (See Figure 5-10). Litter is increased by litter

fall (See Figure 5-11), lost to burning (See Figure 5-12) and

decay (See Figure 5-14). Decay times are relatively short in the

tropics, about one year until the litter is broken down into

humus.
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5.3.3 Livestock SUbmodel

Three categories of livestock are represented in the model:
- --- -- - --- ----

immature cattle, mature male cattle, and mature female cattle

(See Figure 5-15). Other livestock are not siqnificant on

Buffalo Ranqe, and are not represented.

Birtns

'\----~'-----i.., II'1'YTG t ure
livestocK

(nead) loIlt~atlon

Mature
LivestocK

(head)

~iqur. ~-1~. Livestock submodel. The three classes modeled are
immature cattle ,mature m-a-nr -cat.t.le, and mature female cattl~
(mature classes are toqetherin this drawinq).

For immature livestock, numbers can increase from births and

purchases, and decrease from sales, maturation, natural

mortality, and predation. The sources for mat.ure livestocK are
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maturation and purchases, and the sinks are sales, natural

mortality, and predation.

Live.tock Births. Births are a function of several factors, the

~~~~g~ng berd size, breed characteristics, nutrition, and

morpidity. The model captures these factors by multiplying the

stock of mature f~~~l~s ~y ~ ~i~th fr~Qtion which aggregates the

effects breed, nutrition, and morbidity (See Figure 5-16) •

..",-
Blrtn
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'-'otetn
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\ Utlo" ,

\~/

Figure 5-16. Livestock births. Births are determined by female
stoc~, breed characteristics, nutrition, and morbidity.

Each type and breed of livestock exhibits a maximum poten

tial birth fraction, ~hic~ i~ ~~~~t~~in~g ~y the effects of

nutrition and morbidity. Only when the herd is healthy and well
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fed can the maximum be achieved. These effects are also charac-

teristic of the type and breed of animal. For example, births

tend to drop off faster in smaller animals when nutrition

declines.
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Fiqure 5-17. Livestock natural mortality.
by breed, aqe, and sex can be increased if
morbidity high.

A minimum determined

Protein consumption, an important nutritional component, can

be used as an indicator for nutrition. Protein is derived from

the forage consumption, and as such is subject to forage quality

and availability. Under proper stOCking and good range
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conditions forage availability and quality is usually not a

problem, but drought periods always

quality. Additionally, overgrazing can shift the species balance

to grasses of lower protein content; which reduces protein

consumption even when forage is available in sufficient

~..1!mtities •

Liv.stock Natural Mortality. Most of the same factors that

determine livestock births also contribute to naturai mortality

(See Figure 5-17). The exception is that mortality acts on all

livestock classes, but births are a function of only female

stock. Each class of stock has its own natural mortality rate as

determined by breed, age, and sex, as well as nutrition and

morbidity. Each livestock class has a minimum rate of natural

mortality which can be increased by nutritional deficiencies and

morbidity. Morbidity in this model is influenced by

precipitation as well as nutrition because periods of extreme

dryness or wetness increase disease effects.

Liv.stock Maturation. After a period of time, if immature

animals are not sold or die, they become sexually mature. It' is

important to distinguish the larger and reproductively capable

animals from the smaller immature ani~al~ b@g~~~~ ~h~Y have a

greater effect on the range and herd size (See Figure 5-18).
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Figure 5-18. Livestock maturation.
split into males and females.

Maturing immature animals are

Liv••tock Sal•• and Purcha.... The sale and purchase of

livestock are the primary mechanisms through which the ranch

manager controls herd size, and therefore stocking densities. In

addition, animals are bought and sold to maintain herd
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productivity, liquidity of the ranch, and purely for speculation.

Depending on the type of operation (for example in feeder

operations), significant fractions of the herd may be sold

concurrent with large purchases of new animals.

In calculating the number of animals of each class to be

bought or sold, the r~Dgb ~~~~g~~ must first set th~ desir~~ herd

size for each class. Livestock may be bought or sold at all

ti~~s, ~ut ~~u~ll¥ ~~les increase when the herd is too large,

While purchases increase when the herd is too small. The desired

herd size acts as a "goal" for herd size and proper range

stocking.
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Figure 5-19. Livestock sales and purchases. Sales and purchases
are determined by desired herd size, which is a function of
perceived carrying capacity. This perception can be constant or
related to actual capacity.

Desired herd size can be relatively simple or difficult

determination, depending on the method employed by the rancher.

In the simplest case, the rancher may use a rule-of-thumb (in

Zimbabwe this is referred to as a "thumbsuck"), to set herd size.

Often this number is set by the local extension agent and gives

the rancher an approximation of the proper stocking density for

the region. If this is the case, the model sets the perceived

carrying capacity, (as perceived by the rancher) at the initial

value (See Figure 5-19). This perceived capacity, in livestock

units (LSU) per hectare, is then multiplied by the range area and
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allocated across the classes according to livestock weight and

type of operation.

For example, if the stocking density is one LSU in ten

hectares, and the ranch size is 10,000 hectares, then the range

can support 1,000 livestock units. A livestock unit is defined

as a cow and calf, or 455 kilograms of liveweight. The total

livestock biomass would then be 455,000 kilograms. If the

allocation of this biomass is set at 25 percent immature, 25

percent mature male, and 50 percent mature female stock, then the

allocations of biomass to those classes would be 113,750,

113,750, and 227,500 kilograms, respectively. These weights must

then be divided by the optimal weight per animal fer

136 kilograms for immature, 550 kilograms for mature males, and

386 kilograms for mature females. Thus, the desired herd size

would be 836 immature cattle, 206 mature males, and 589 mature

females.

other factors can be considered which make the determination

of desired herd size more complicated, but also more accurate.

The rancher may consider the biomass of wild grazers to reflect

their consumption and competition for the available forage. This

source of competition may be considerable in many instances, and

is usually difficult or impossible to eliminate. In the model,

this can be accomplished by setting the wildlife accounting

switch (not shown) from zero to one.
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~ggitiQ~~lly, th~ r~nch~r ~~y ~~ci~~ to set the desired herd

size according to actual forage availability and range condition.

This involves the use of annual or semi-annual surveys and a

determination of proper use, that is, the plant biomass fraction

that can be removed under a given range condition. For range in

good condition, proper use is about 50 percent, and under extreme

degradation, may be zero. The model continuously estimates

proper use and actual carrying capacity, but these only become

part of the perceived carrying capacity if the survey switch is

set to one. In the base case reported in Chapter 6, both the

wildlife accounting and survey methods are not used, as is the

custom in the low veld of Zimbabwe.

Predation of ~iv.stocke Two factors are important in predatiQD!

which may significantly reduce the herd. First, the number and

type of predators -- j~st as b@~bivore~ b~Y~ pr~f~r~~c~~ f~r and

abilities to consume certain plants, so do predators have

p~~f~r~~c~s f~r ~~d ~biliti~~ t~ pr~¥ upon classes of animals.

Second, the animal density determines the availability of the

prey and the number of kills per predator. Kills per predator

reflects the predator preference, prey density, as well as

herding, although this is not explicitly modeled (See Figure 5-

20).
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Figure 5-20. Predation of livestock. Presence and preferences of
predators and density of prey set the kill rate.

Livestock Average .eight. A key indicator of livestock condition

is weight. Average weight is also an indirect indicator, as well

as birth fraction, of the range condition. Lower average birth
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Piqure 5-21. Livestock average weight. Average weight is a
function of protein cons~ption, which reflects forage quality and
availability.

fractions and weights are reflections of poorer nutritional

status of the herd. Throughout a season, ranchers often track

weight gain to see how well the herd is doing.
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We chose to look at the average weight of the three

livestock classes on an annual basis because the model has a long

time-frame. An average weight at or close to the optimal weight

for the class demonstrates good herd and range condition, while

lower average weights indicate a problem. During periods of

drought or range degradation average weight will decline. The

model estimates an indicated or instantaneous value for average

weight based on current protein consumption (See ~-.,,\
."" .... ,.

The average herd weight is adjusted over time to the longer term



Wildlife Submodel

Five types of wild animals are represented in the wildlife

submodel, four ungulates categories and one predator.

o Large and Small G~~~~~~. ~b@~@ .nimal~ eat primarily
qrasses·, .competing directly with cattle when they are
present. Large and small animals are disaggregated between
grazers and browsers because of their differences in
consumption, birth rates, mortality, etc. Zebra,
wilaebeest,·tsessebe,·roan,ana·sable-are representative of
large grazers. Warthog and reedbuck are examples of small
grazers.

c Large and Small Browsers. Browsers consume relatively
larger amounts of trees and shrubs than do grazers. These
categories are somewhat artificial because grazers do not
strictly eat grass, and browsers do not strictly eat browse.
The model has the capability to shew mixed preferences even
though the categorization of the wild ungulates may not
suggest it. Giraffe, eland, and kudu are large browsers,
and bushbuck, duiker, impala, and klipspringer are small
brQwsers.

o Predators. This category is modeled in a fairly simplistic
way. The presence or absence of predators is important to
livestock as well as game managers. However, because--thelr
numbers tend to be small relative to the other wild animals,
and their direct impact on the range resource is small, this
lack of detail is justified. Leopard, cheetah, and lion
characterize this wildlife category (See Fi~ure 5~30).

Wild unqulates. A mature and immature population is represented

for each of the four animal categories (See Figure 5-22) because

there are large differences in the rates of predation and natural

mortality for the two groups. In addition, immature animals are

usually not hunted or slaughtered.

Immature animals increase from births and decrease due to

predation, natural mortality, and maturation. The only source

for mature animals is maturation; we have assumed that buying and

250



selling live animals will not occur in significant numbers to

~e~i~ ~~g~li~g. There are four sinks for mature animals: natural

mortality, hunting and poaching, slaughter for market, and

predation.
- - - - - -- --

Wl10 ungulates

Large Wi Id Grazers
Sm!l.1 I Wi 10 Grazers
Large Wi !d Browsers
SITe I I Wi 10 Browsers

II,.tl'll

__tir•

• 110
t,ftJUlet..

C_)

Fiqure 5-22. Wild ungulates. Mature and immature populations are
modeled for four types of ungulates: large and small grazers, and
large and small browsers.

wild Ungulate Births. In many aspects of reproduction,

nutrition, and mortality, all ungulates are generally the same

and can be modeled -- _.........
co::> D'-i\,OOU. few structural

differences in the factors that determines births for cattle and

the four wild un~~late categories (See Figures 5-16 ~Dg ~~23).
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While the structure may be generic, the parameters that determine

the behavior are not. Each category exhibits different

requirements and preferences for protein and forage consumption,

maximum birth fractions, and rate of fall-off in births when

protein consumption is constrained. The maximum birth fraction

for wild ungulates is defined slightly differently than for

livestock, because the herd fraction that is female must be

considered.

Wild Unqulate Natural Mortality. Nutrition plays the primary

role in the natural mortality of wild ungulates (See

Figure 5-24). Unlike livestock, wildlife species are native to

Africa, and are better adapted.· to their harsh environment and are

more able to handle the stressful climatic regime. Most wild

~~~late~ r~quir~ r~l~tiy~l¥ l~~~ fr~~:~t~~~i~9 ~~t~r th~n ~o

livestock, and some can get what they need directly from the

forage they consume (see Chapter 4). Compare Figure 5-24 with

Figure 5-17, natural mortality of livestock, where precipitation

factors into morbidity.

Both livestock and wild ungulates are SUbject to occasional

disease outbreaks which We have chosen to

treat these as random events that are beyond the control of the

ranch manager. The exception is the set of diseases caused by

ticks and controlled by dipping. For wildlife however, dipping

i~ ~~rt~i~ly not an Q~~iQn. In ~Q~t cQ~ntrie~ c~ttle dipping i~

regulated by law.
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Pigure 5-24. Wild ungulate natural mortality. Nutrition is the
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Predation of Wild Unqulates. Wild un~l~t~~ ~~ 9~~~ r~~~h~~ are

seldom, if ever, protected from predators by herders. Even
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fencing does-not provide much protection because many animals can

easily jump them. Mortality from predation can thus be very

significant.

The predator population is the first and primary element in

the predation rate. Predator preference is an important

determinant of which wild ungulates will be affected by their

presence. Smaller and younger animals are usually easier prey

than their larger and older counterparts, and can suffer

particularly severe losses. Additionally, some predators such as

cheetah, prefer to eat freshly killed animals,' whereas others

like lions or hyenas will scavenge. These factors, along with

prey availability as determined by density, indicate the kill

rate per predator for each type and age class of wild ungulates.

This kill rate can then be adjusted by the morbidity of the wild

ungulate populations because morbid animals are more susceptible

to predation. Compare predation of wild ungulates, Figure 5-25,

with predation of livestock, Figure 5-20).

Wild Unqulate Maturation. The maturation of the immature wild

ungUlate popUlations is in a simple and straightforward

manner. Since immature animals are not slaughtered or sold, all

the animals that do not die mature in a time perioa

characteristic for the species (See Figure 5-26).
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slaughter for market represent sources of economic gain for the

game rancher, poaching wild ungulates is an economic loss.

Determining these uses of the animals can be extraordinarily

complicated, encompassing many factors which are beyond the

boundaries of the ranch and the control of the rancher. The

causes of poaching can include drought, the economic and

nutritional well-being of ranch neighbors, attitudes concerning
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maturation time as well as the stock of immature animalsde~ermines

the rate.

resource ownership, law enforcement, and prices. All these

factors are lumped into a poaching fraction which reflects, but

does not explicitly capture, these factors (See Figure 5-27).

Similarly, the ability to attract hunters for safaris is

influenced by international perceptions about safety and civil

strife, prices, marketing, and reputation. Clearly, these

factors are too complex to model here in any detail. It is

sufficient for the purposes of this analysis to capture the

number of hunters by means of an exogenous function, here a ~,

which only requires an initial number of hunters and an annual

growth rate, which could be positive, negative, or zero.

The kill rate for hunters can then be determined from the

lesser of the desired kill rate per hunter for each category of



MI:lture
Wi Id

ungulates

Hunting

llna
Pollen I ng

Cncl/yr-)

l~~~ ~~27. 1i\11'lt i 1'lg ill'lC~ PQilgb i 1'l9 Qf 1!lilt\1:r~ lirlilci \lllg1llat~s•. 'l'h~
poaching fraction and number of hunters is exogenously determined.
Hunting is limited by sustained yield for trophy quality.

ungulate multiplied by the number of hunters, and the sustained

yield for each mature population of wild ungulates. Limiting the

hunt to sustained yield ensures that the wild ungulate population
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will not be overharvested and the trophy quality will be

maintained.

Slaughter of Wild ungulates for Market. Historically, the prime

revenue generator for wildlife ranchers has been safari hunting.

Slaughter of game animals satisfies small local markets including

protein source. certain animal categories, particularly small

browsers, must be culled in any case because in many places there

are too few predators to effectively control the populations and

prevent explosive growth.

It is possible that significant market expansion for venison

higher prices. The factors that could induce this are outside

the purview of most game ranchers, who must simply accept or

reject, and not determine, the price of and demand for their

product. Many factors which operate outside the rancher's

control, such as veterinary regulations and consumer preferences,

are lumped in the model variable maximum wild unw~lates

slaughtered. This limit reflects supply and demand constraints

because the capture and slaughter of wild animals is more

difficult and requires greater investment than the slaughter of

livestock.

exogenous values for the initial maximum and the growth rate (See
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Fiqure 5-28. Wild ungulate slaughter for market. The rate of
slaughter cannot be greater than an eXQgeDQu~l~ ~et m~xim~, ~bi~b

is meant to reflect demand and capability limits, or the rate
desired by the rancher for stocking purposes.

The slaughter rate is limited by the maximum slaughter rate

or the desired harvest as determined by the density of each

category and the rancher's preference for harvesting. The model

structure fixes an explicit goal for the density of each wild

ungulate category. This desired density is compared with the
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actual density and a fractional harvest rate for each type of

wild ungUlate. This fractional harvest rate takes into account

the natural reproductive capability of the animals, as well as

their relative value as trophies or meat. Some categories of

animals are seldom, if ever, hunted for their meat.

~il~ ~~~l~t~ ~verage weight. Just as livestock average weight

is an important indicator of range condition, so too is wild

ungulate average weight. In addition, the average weights of

both domestic and wild ungulates is necessary to estimate the

dressed weight, from which the income from meat sales is

calculated (See Figure 5-29).

The average weights fQ~ ~~9h ~at~r~ ~il~ ~ngulate ~opulation

are adjusted according to nutritional adequacy. The dressed

weight is a function of the average weight. Dressed weigbt~ are

characteristic of the animal type, but percentages are generally

higher fer wild as opposed to domestic ~n~l~t~s. These dressed

weights decline as average weights fall.
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Pre4ators. The model structure for predators is simple and

uncomplicated. Predators are an important part of the range
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ecosystem, but in many parts of the world, they have been, or are

being replaced by humans. In essence, this is what ranching is

all about -- utilizing the natural productive capacity of

range/ungulate interactions to provide human livelihoods, whether

they be for nomadic pastoralists or commercial qame farmers. The

simplicity of the model structure reflects this.

J'ic;ure 5-30. Model structure for predators. Tne birth ra"t;e,
natural mortality rate, and rate of hunting and poaching are
represented.

One stock of predators is modeled with three corresponding

and h~~tin9 and poaching.

of these is determined by using a constant for birth fraction,

average lifetime, and fractional hunting and PQ~gb~D9 (~~~ ~i~r~

5-30).
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5.3.5 aancb Accounting

For a person who is attempting to manage a resource for

profit, it is important to gauge not only the ecological impacts

of a policy or plan, but also the economic effect. We have

structured a ranch accounting component of the model to track

income and expenses.

Net income for the livestock operations is the difference

between ~ross inco~~ ~~~ ~~~~~l ~~~~s~~ ($~~ f~~~~ S-31).

Gross income is the sum of income from livestock sales, milk

sales, and change in herd value. The change in ~~r~ y~l~~ i~ the

difference between the herd value for the current and previous

years.

Annual expenses are the sum of several factors assumed to be

constant. These include salaries and wages, operations and

maintenance, depreciation, and several other expenses not shown

in Figure 5-31, including administration, rentals, livestock

transport, and utilities, etc. These mayor may not be used

The only cost assumed to be variable

is livestock purchases, Which is calculated from the estimated

purchases: the optimal weight, and the purchase price.

The accounting for the game operations is simpler, with only

constant costs assumed for expenses. Gross income comes from

self-run safaris (on the ranch), safari concessions (off the

ranch), and wild ungulate meat sales (See Figure 5-32).
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6.1 Xntroduction

This chapter presents the validation, policy testing and

sensitivity analysis of the model described in Chapter 5. We

provide some measure of confidence in the model and its use for

policy testing by presenting a successful validation of the model

and explaining how this was accomplished.

Second, a detailed explanation of the system we examined and

its behavior provides an understanding of how an act~al rang@,

livestock, and wildlife system works and why. As the system

~~g~~~~~, ~~ l~~~~~ at th~ li~~ly c~~~~~ of this ~~~r~~~ti~n

during the time period we examined. A series of policy tests

demonstrated several managerial options for mitigating or

entirely eliminating the undesired impacts. These policy tests

compared and contrasted tbese o~tco~es witb tbe Qut~Q~~§ f~Q~ the

base case, and explained the processes which generated the

differences.

Finally, the results of a sensitivity analysis using the

model are presented, which provides an indication of the feedback

and parameters most important in determining system behavior.

This information would be partieularly useful to those interested

in prioritizing the collection of information for management or
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6.2 validatinq the Ranqe, Live.toct, and Wildlife Hodel

Chapter 3 described three methods of testing the validity of

models: a review of the structure by experts, testing the model

at extremes, and testing the results against historical data. We

used these methods and can report that the model passed all three

Although we can increase our confidence in the model and its

utility, our previous caution bears repeatinq: models cannot be

shown to be true, but can only be shown to be untrue. This may

sound somewhat confusing and appear to be an example of the silly

semantic arguments of modelers, but in fact, this is a crucial

point for the proper use any
__A_' ".... __
.vue. v. ~vw~u~e. program.

If a model could be shown to be strictly valid for all

circumstances, there would be no need to issue cautions such as

we are doing here. However; it is not possible to consider every

circumstance or model every detail in order to faithfully

represent the system for every case in which it may be. used. If

it were, the model would be as complicated as the real system,

and just as unfathomable. Additionally, any good computer

programmer will tell you that it is impossible to know if there

are no bugs in the program, only to know when there are. Thus,

no matter how rigorously a model is tested, there is always the

possibility for some error to appear.
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Models are best used to explain and understand the systems

they focus on, and that is our primary purpose. Models should

never be treated as inexplicable black boxes used to accurately

project the future, or as some sort of crystal ball or time

machine. The reader should continually question, probe, and

scrutinize the assumptions and results we present. Models can

best be used as aids to human understanding and guides for human

jUdgement, and should never be used as substitutes for these~ or

as excuses to relinqu,ish the burden decision...making.

6.2.1 structure and Testing at Bztrames

Throughout the modeling process we have taken many

opportunities to explain the structure of the Range, Livestock,

and wildlife model to qualified experts. In fact, to a degree,

such experts created the model during the workshops. A number of

changes and adaptations resulted from these reviews, particularly

at the early stages of the process, but these changes became

fewer and fewer. Simple differences of opinion, of course,

preclude a complete consensus. The best we can say that

reviewers' comments have been considered.

The sensitivity analysi~ ~ill r~p~rt ~~ t~~ting-~b~ ~Qgel at

extremes. This type of test "kicks the model around" to see if

it responds in a reasonable way. Model runs are made to simulate
- - ---- - --

situations which in the real world are highly unlikely, if not

impossible. If the model responds well it is said to be

"robust." If, on the other hand, the variables take on impossible

270



values, such as negative numbers of cows, births, or deaths, then

the model is invalidated and the error found and corrected. In

this way structural and programming errors may be discovered.

This process of invalidating and correcting the model is repeated

until no more errors can be found.
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&.2.2 Kodel Calibration and Validation

One of the most critical aspects of model validation is

finding an appropriate data base against which to validate. The

characteristics of an appropriate one are
, ........ 1 - .... .:. __ \

~':U'::l\"U \uve.c l..~weJ,

reliability, and consistency (See Chapter 3, section 3.4.5).

Finding such a data base can be rather arduous for any analysis,

but it particularly difficult when looking at natural resource

After a rather long search, we were able to find a data base

sufficient for our needs at Buffalo Range Ranch, near Chiredzi,

Zimbabwe (See Fig. 6-1). Buffalo Range has been run by the same

family since the late 1950;s, and the ranch records start in

1961. These records are anomalous in that the detail and length

is significantly greater than that from any other ranch we could

identify. The records span 26 years and contain information for

five classes of livestock including head numbers, sales, and

purchases, as well as costs and income for the livestock and game

operations. Additionally, Child (1988) has collated and analyzed

much of these data, and provided his analyses to us.

Working with the reasonable data base from Buffalo Range and

the workshop results from nearby Chiredzi, we were able to adapt

our existing model to address the goals, problems, key questions,

and structure. Not only would we be able to rigorously test the

IPT methods, but also examine the relative difficulties and

opportunities of livestock and game ranching.
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The first steps in the validation process that use the data

base define the parameters (parameterization) and begin

calibration. In setting the parameters, the data base is used to

determine initial values for the main stocks such as head of

livestock and wild ungulates, forage, and range area.

Additionally, the model must be given data that will let it

refleet the site against whieh it will be validated. These

parameters include such things as precipitation, forage

productivity, and animal productivity. Many of these numbers had

not been identified specifically for Buffalo Range, so we used

data from other sites, such as nearby farms or research statiQD$.

In a few instances we had to use data from African locations

outside Zimbabwe.
- -- - - -- - -- -- - - --- - ---

In any modeling process, the data quality will range from

those with a high degree of accuracy and/or precision, to those

of unknown quality. A calibration process is thus required to

adjust those parameters which are of poor quality so the model

gives the best response. It is assumed that if the model

structure is correct and there is a sufficient quantity of good

quality parameters, then those of poor quality may be arrived at

through the use of the model and historical data.

To calibrate the model the data base must be split in half,

the first half for calibration, and the second for validation.

If possible, the half saved for validation should contain some
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type of disturbance such as a drought, rather than simply

straight~line trends, so that the model's response to the

disturbance can be jUdged. The half saved for validation should

be put aside, and not used for any part of the calibration

exercise or examination by the modeler.

For ~~ff~lQ ~~~q~ ~~~c~, t~~ June-July rainfall seasons of

1973-74 to 1979-80 were the best in living memory. Every season

~~d ~bove-averaqe rainfall, several seasons by substantial

amounts (See Figure 6-2). This time of excellent rains was

followed by the worst three seasons of drought in living memory,

1980-81, 1981-82, and 1982-83. Each rainfall season was much

below the normal of 556 millimeters per season.

These disturbances are emphasized in Figure 6-3, which shows

the three-year running average of the rainfall data. cycles of

dryer than average, as well as wetter than average rainfall

seasons are obvious. However, the rainfall seasons from 1923-24

to 1979-80 stand out as being considerably wetter than the

average, while the period 1980-81 to 1985-86 is seen to b~ wor~~

than the usual drought period. We viewed these disturbances as

being more than sufficient for a rigQrQ~~ test of the model.

The data set was split for calibration and validation (See

Figure 6-4). Data for 1961 provided initial values for the

model. Additionally, the precipitation data for the years 1961

to 1974 were put into the model to enabie caiibration, and the

remaining data set aside. Only one other variable was put into
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the model as a time-series input for the model to use in its

calculations: the range area for the livestock and game sections

of the ranch. This was necessary because the range area,

particularly for the livestock section, was anything but constant

(See Figure 6-5).
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Figure 6-2. Annual precipitation at Triangle, Zimbabwe for the
rainfall seasons 1921-22 to 1986-87. Triangle is about 10
kilometers from Buffalo Range. The average was 556 millimeters.
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than usual.
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validation.

Precipitation data used for model calibration and

Valida~~~~ ~~@~l~.. When the previous processes of debugging,

invalidation,' testing at extremes, and calibration were completed

satisfactorily, ~~ put th~ ~at~ ~~Q~ tb~ ~~cond balf of the data

base into the model and ran it again. Precipitation and range

area data were extended as ~~~~l i~p~t~ t~ 1~~§, and cattle

numbers for the complete data set were entered .

.........
~/O



Range Area eha)
------ Ca~~Ie Section - - - GuIe Sec~lon

48.

38.

28.

18.

88e....
---

..

88e3

II8e3 I ""I
""--":l r-- -~--1-------- ---

8.
1961.8
---- - -

1971.8
- ririE

1981.8 198&.8

Fiqure 6-5.
sections.

Buffalo Range ranch areas for the cattle and game

The three primary variables used for calibration and

validation were the numbers of immature cattle, mature female

cattle, and mature male cattle. These three groupings reflect a

clumping of the five categories ~sed in the Buffalo Range

records: calves, wieners, heifers, bUlls, and steers. The three

groupings of actual data were put into the model, but not used

for any calculations. Instead, the actual data were used for

comparison with model results (See Figure 6-6).

In general, the models results exhibit a fairiy high degree

of fidelity with the actual results (See Figures 6-7, 6-8, and

6-9). Of particular note are the results for immature cattle.

The model mimics exceptionally well the increase and then
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precipitous decline of immatu~e cattle during the good rain years.,
and the following drought years. The model tends to

underesuimate the number of immature animals during the drought

and later recovery (1981 to 1986), most likely because the ranch

~wners supplied supplementary feed during the drought. The model

does not accommodate this practice.

Also of special note is the relatively low accuracy of model

results as compared to actual data for mature male cattle,

especially after 1974. This result was expected, although not

quite to the degree shown after 1974. The more an animal

category is sUbject to speculation and irregular management

decisions, the harder it is to reproduce the behavior of that

category in the model. Becau~e bulls and steers are either of

minimal or no importance to the breeding herd (only one bull is

required per twenty-five cows), they are particularly susceptible

to speculatory decisions by the ranch manager or owner, who in

~ turn is sUbject to a host of unpredictable and erratic external

factors. As an example, there was a significant drop in mature
t
-

males between 1968 and 1971 (See Figure 6-9). During this period

the owner decided not to keep steers on the ranch. Steer numbers

declined from 212 in 1967 to 9 in 1970. This decision to

eliminate steers was reversed in 1972 and the steer population

increased to 237.

.. .....
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and wieners) •
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Model results show a higher degree of fidelity to actual

data for immature and mature female cattle because these

categories are somewhat less subject to speculation, and

controlled to a greater extent by reqular aanagement decisions

and biological processes.

In all the validation r~ns however; th@ reader will note

that the model behavior is relatively smooth and reqular as
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opposed to the actual data. Once again, these results were

anticipated and we view them satisfactorily. Our purpose in

developing the model was to look at long-term ranch management as

opposed to short-term decision making. As such, we are satisfied

that the model reproduces the trends, and we are not concerned

that the model does not capture every peak, blip, trough, or

cusp. We did not attempt to .ake it do so.

A characteristic of models is that they are rigid in their

application of decision rules. Rules for making decisions are

set by the modeler at the beginning of the simulation and are

unyielding. In the real world, this would be a very undesirable

managerial characteristic. Good jUdgment, experience, and

flexibility are the cornerstones of good management. Not so with

models however, their use (or at least the use of this model), is

to test various policies (for example, decision rules), and to

examine the implications of those policies. This information can

then inform the manager or policymaker, providing greater insight

and understanding in the face of a changing, unpredictable world.
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1.3 M04el Behavior

Up ~Q ~bi~ p~i~t we have not looked into the behavior of the

range, livestock, and wildlife system represented by the .odel

~~d t~~ data from Buffalo Range Ranch. In this .ection we will

discuss what the actual data and validation results show, and

explain these through further model simulations. The .ost

important conclusions concerning the ecological changes and herd

performance on Buffalo Range Ranch have been previously discussed

and confirmed by Child (1988). Some other conclusions and

results are based upon the original modeling work, but have also

been confirmed in personal communication with Child.

~i~r~~ ~:7, 6-8, and 6-9 all show dramatic responses for

both the actual data and model results in the cattle populations

during the three years of drQ~gb~ ~n th~ ~~rly 1~~~·~. Upon

closer inspection of Figure 6-7, however, the decline in numbers

of imm~t~~@ ~~ttl~ i~ ~~~n to ~tart well before the drought,

during the years of exceptionally good rainfall. This behavior

is not the product of increased cattle sales, but instead is the

result of significantly reduced herd fecundity. Why would the

reproductive ability of the cattle herd decline during the best

rainfall years in .emory? The short answer is range degradation.

In a simulation plant biomass on

Buffalo Range, there is a very clear and pronounced shift in the

occurrence on the range (See Figure 6-10). The shift began in
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the early part of the run, where decreasers drop during droughts,

and do not recover. With less competition from decreasers,

increasers become as significant as the decreasers, and become

positioned for a fairly dramatic increase when the good rain

years begin in 1974. The cumulative effects of overgrazing

during the first half of the simulation cause this behavior.

Plant Bia-a•• - Cattle Section (tona~)

---- Herhaceou. Dec........r. - - -HerNceoua lacreaaers
2 ••<'1IIMI1r----------....,~---------""""T"----__,

1.

1.~-I-~ +- ~_""'f=-.::~---~

/'
/'

8.L -----_---l --l:::::::===::j
1961.8 1911.8

!!!'!E
1981.8 198&.8

Fiqure 6-10. Model simulation of plant biomass on the cattle
section of Buffalo Range. Overgrazing caused a shift in the grass
species from perennials (decreasers) to annuals (increasers)~

The very selective use of the available forage by cattle, as

well as overstocking, reduced range productivity on the cattle

section. In comparison, the game section fared much better (See
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Fiqure 6-11). Instead of the shift in dominance characteristic

~f ~~ o~er~r~~~~~ang!, these results suggest maintenance of the

status quo over the long term. The wild unqulate populations

spread their forage consumption (See Fiqure 5-10) more evenly

over the four plant categories, utilizing not only the ~asses,

but also the browse.

Plant IIGlla_ - Gue Secrtlcm (~)
---- Herbaceous Dec....sers - - - Her'baceous Increasers

2.~-

sees

8888 - -...-
~ V..... -

...............

---~~-------- - ..........
.,.-

/---~ -
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~ ~-

8.

•58888

1.

1.

1901.8
---- - -

1971.8- -- - - nnE 1981.8 1986.8

Figure 6-11. Simulated behavior for plant biomass on the game
section of Buaffalo Range. The more diverse use of the forage by
~1lg ~~~lates prevents overgrazing and range degradation.

- - -- --- ------- - - ---

Range condition on the cattle and 9ame sections is compared

by the model in Fiqure 6-12. The definition of range condition

we use is relative to use by cattle and other grazer., and

reflects the relative amounts of herbaceous' decreasers to total
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grass biomass. It does not include browse. A definition of

range condition for browsing animals would include the relative

amounts of browse available, which is absent from our definition.

·However, retrogressive change in herbaceous plants is qenerally a

powerful measure of ecosystem health, reflecting, for example,

the potential to capture water, minimize erosion, etc. (See

Chapter 4).

.... Condition (8-1 J....)
---- Cattle Section - - -Ga_ Section

1._I!&-----------~----------...,.-----_,

---

II .L..- --'- "'-- ---'

19&1.8 1971.8 1981.8 19&6.8

. Piqure 1-12. Simulations of range condition for the cattle and
game sections. Range condition is defined as the relative amount
of decreasers to the t~t~l ~~~s ~i~~~~~, ~ ~~fi~iti~~ ~pplic~~l~
for-qrazlng-ani.ais~

Range condition on the cattle aection declined .teadil~ OYer

the simulation period, reflecting the decline of decreasers as

the p~~~~~~~g~ ~f i~~~~~~~~~ ~~~~. ~~g~ ~~~~iti~~ on ~~ 9~~~

section remained fairly steady throughout.
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Why did this occur? Section 5.3.3 and Figure 5-19 described

the method used in the low veld of Zimbabwe to determine cattle

stocking density. A set figure for stocking density is used,

which is seldom if ever adjusted. This figure reflects the

advice of extension agents (often three decades ago) and the

rancher's perception of carrying capacity on his land. For this

situation an actual stocking density of one livestock unit (455

kilograms of biomass, or one cow-calf unit) in 10 hectares was

used. The model estimated the actual earrzin; capacity of

grazers on the cattle and game sections of Buffalo Range (See

Fiqure 6-13). un the cattle the actY~l carrying

capacity (which is ~iagramed in the upper right of Figure 5-19)

is estimated to be less than one in ten for ~ll y~~rs ~~c~pt

1961-64. The carrying capacity estimates on the game section

reflect its better condition and use.

The decline in immature cattle numbers is precipitated by

range degradation, and enhanced by drought (See Figure 6-7). The

combination of the two interacting effects precipitously reduces

the cattle birth rate and thus herd size, not only for immature

animals, but also for the other categories because replacement

animals from the immature stock become aore scarce.

Wb~~ is th~ ~p~cific link between range degradation and

reduced births? As we have seen, the use of a set figure to

~~t~~i~~ ~t~c~ing density caused overgrazing and the eventual

shift in dominance away from herbaceous decreasers to the



advantage of herbaceous increasers. This shift in palatability

and nutritional value from one type of grass to another was

followed by a decline in herd nutrition and reduced fertility.

This decline began not during the awful drought years of the

early 1980's, but during the exceptionally good rain years of the

late 1970's (See Figure 6-14).

Carry I ... Capac I ty (LSlYJaa)

---- Cattle Section - - -c..e Section

\/•.--r-----~...,.-_=~_+-~==_'-------_+--~__y''--_1

48.__~-----_----_+---------;:I~-_+-----_1

8.'-------------"'-------------"""-------'
1961.8 1971.8 1981.8 1986.8

liKE
Piqure 6-13. Carrying capacity estimates for cattle on the cattle
and game sections. Carrying capacity is determined by forage
availabilit¥, o~timal consumption, and proper use, which declines
a. consumpt10n 1ncreases.

The impact of these reductions on ranch income was severe.

The decline in herd productivity 1noo.e .................... _- i-
ua~.A.IUI.A.II~ n

the middle of the good rains.
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Piqure 6-14. Cattle births. Falloff in productivity is caused
by declining nutrition, a result of range degradation.
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Figure 6-15. Model estimation of net income for cattle , game
sections of Buffalo Range. Constant prices are assumed , derived
from Child (1988). Incomes drops on the cattle section aft~r 1~76

as herd productivity--f~~~e-rs~----

When the births declined it did not take long for this

reduced herd productivity to become apparent in the financial

accounting of the ranch -- cattle shifted from profit to loss

(See Figure 6-15). The behavior for cattle is generally like the

shape of actual net income for the cattle operations, but since

we have assumed constant prices the number cliffer significantly.

The dip in 1972 is clue to assumed costs of cattle purchases to

accommodate the purchase of new land (See Figure 6-5). The net

....._--- for the game section is relatively stable and constant due.11"''''11I':

to income from safaris. In fact, safaris only started in the

early 1970's, but ve have assumed a beginning in 1961 to

facilitate comparisons.



6.4 ~••tin9 Kanaq...nt option. tor Liv••tock operations

Two problems frequently .entioned by commercial cattle

ranchers in the low veld of Zimbabwe are 4eclininq range

productivity and encroachment by brush. The decline of range

productivity, and consequently the livestock herd, vas .¥plore~

in the previous section. The encroachment of woody plants

appears to have been a relatively ••all plAyer in the dyn~~i~~ of

the base case behavior. However, since brush vas present in

large quantities at least since 1961, .D~ ~~ ~i~ifi~~tl¥ limits

the: amount of grass biomass through competition, it is an

important constraint to r.Dg~ p~oductivity for grazers
------------- ---

(Chavunduka, 1985). The presence of bush is an indication of

deqradation for g~~~~r~.

We ran several tests with the model to look at the

ecological and economic implications of .anagement options to

address these problems.

these.

This section presents and discusses

8urveyiDg. ~h~ ~~Y ~l~~ent of proper range .anagement is sound

knowledge of the range resource. Ideally, this knowledge should

~~ ~p~cific to ~~~ ma~agement area, and include information about

the species present and their relative abundance, productivity

and value. A ranch .anager vho has access to this type of

information can assess the proper stocking density .uch .ore

accurately than a rancher using a "thumbsuck."
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The only accurate way to determine the information necessary

for proper stocking is to conduct an annual survey of the ranch

or area under aanagement. The.e surveys are usually done at the

beginning of the dry season, and livestock densiti•• are set for

that time to avoid overqrazing during this critical bottleneck

period. Section 5.3 and Figure 5-19 outline the _odel structure

fariiiiiiiicking this management policy.

BurniD9. Grass productivity can be significantly increased by

reducing competition from bush, particularly competition for

light, because grasses will not grow in the shade of shrubs and

trees (Chavunduka, 1985) or within the area influenced by heavy

leaf fall or allelopathic elements (inhibiting chemicals).

Burning is one of the more cost-effective means of clearing bush,

but must be done carefully. A fire that gets out of control is

dangerous to property, and destroys forage.

rotational cycle of perhaps twenty years. In this way only 5

percent of the f~r~9~ i~ l~~t i~ ~~y qiy~~ y~~~, @~g ~~ ~i~~ can

be controlled. CUtting and maintaining firebreaks is expensive.

The analysis suggests though, that both burning and surveying the

range are practices that could increase productivity enough,

particularly in drought years, to pay for theaselves.

co.parisons with the •••• c.... We aade three test runs with

the.e Assumptions:
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o annual surveying of the ranch, and corresponding setting of
stocking density using this information;

o burning on ~ ~~~~ty=y~~r r~tation, and

o both surveying and burning.

The r.~~lt~ will also be compared to the base case as d.scribed

in Sections 6.2 and 6.3.

Surveying the .anagc:ent area ha. a direct tap.c~ ~n ~~

ranch aanager's perception of the carrying capacity of the land.

Fi~wre 6-15 shows the model re&ul~~ f~~ p~~~~iy~~ c~rrying

capacity for the base case, the run assuming annual surveying,

and the run assuming ~~h s~ry~yi~~ and burning. The run for

burning alone does not affect the perception of carrying capacity

.n~ is not included here.
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---- Case - Ac'tual ~-:.:.. ":'-":'-~W78uPueyinsr
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Figure 6-16. Perceived carrying capa~cYitry~.----
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In the base case, the stocking density is Bet at 1 LSU in 10
hectares. Estimated actual carrying capacity is ahown for the
base case, as well as the perceived capacity for the case with
surveying, and surveying and burning together.

In the base case the .odel assumes that the ranch manager

Bets the stockinq density at one livesteck ~~1t (LSUj in 10

hectares and never changes it. The perceived carrying capacity

is thus fixed at 1 i~ 1(). ~~ oc;tual carryinq capacity is quite

a contrast -- the difference between the two is wide at the end

of the simulation. The degradati~~ of ~~ ~~~g~ !. 80 Bevere

that,actual carrying capacity falls to near one livestock unit in

100 hectares.

The reason for this dramatic divergence is the shift in

gQ~iD.nce from decreasers to increasers (See FigUre 6-1i), which

degrades the range and lowers proper use. These two factors

determine the actual carrying capacity. Figure 6-12 illustrated

the range condition for the base case. Proper forage use

Figure 6-17) decreases as range condition aeclines, so that as

the range deteriorates an increasingly smaller fraction of the

~~~il~bl~ forage can (or should) be consumed.

In the relationship between range condition and the proper

forage use fraction, 50 ~rcent of the forage could be consumed

for proper use at maximum range condition (for cattle) (See

Figure 6-i7). As range condition falls to zero, ao to does the

proper forage use fraction, BO that even though aoae forage may

be available, proper use would dictate that the range be rested.
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The perceived carrying capacity more accurately reflects the

aetual carrying capacity when the rang@ !~ ~~~~y~~ ~~ ~ regular

basis. The model assumes that the perceived carrying capacity

follow5 the actual ca~~!~g ~~~~cit¥ ~ith a lag of one year, so

that they are essentially the same, relative to base case

r ••~l~.. f~~r~ ~:l~ ~hows that perceived carrying capacity with

surveying, and with both surveying and burning, i. dramatically

different than the actual carrying capacity in the base case.

At :aximum range conditioD (fQ~ ~~~ers), proper range use
dictates that up to 50 percent of the forage-coula-tie-consumed.
This fraction of proper forage use declines with range condition •

•
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FigUre 6-17. The relationship between range condition and proper
forage use fraction. Range condition is a 0-1 Index.

For the case with surveying alone the improved carrying

capacity is the result of proper range use, while for the case

with both surveying and burning the results are a combination of

proper use and range reclamation.

For both categories of brush -- shrubs and saplings, and

large woody plants -- burning controls or reduces the abundance

of brush relative to the base case (See Figures 6-17 and 6-18).

The reduction of bush lowers competition for the grasses, so they

improve along with the range condition (See Figure 6-19).
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Piqura 1-18. Biomass of shrubs and saplings over time for the base
case (no bush control), and with bush control (burning).
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Piqure 1-19. Biomass of large woody plants over time for the base
case and with burning.

Fairly severe oyerqrazing in tbe o.~e c;.~e ~e~~Q\1~ly

degrades the range, but some degradation occurs even with

This degradation is

caused by the selective nature of forage consumption, and is the

inevitable consequence of stocking a single species, cattle,

which prefer grasses in general and herbaceous decreasers in

particular.

Recall Figure 6-12, which showed range condition on both the

cattle and qame sections for the base case. P~nge condition was

preserved on the game section without burning or surveying,

simply because forage consumption was .ore diverse and le.~

focused o~ the grasses.
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Figure 6-20. Range condition.

A .evere decline in range condition is experienced in the base
case. Surveying helps to ease this degradation and burning
maintains a good range condition.

Figures 6-21, 6-22, and 6-23 show model results for the

cattle herds for the base case, surveying, burning, and both

surveying and burning. In all cases the herd sizes for immature

cattle, mature female cattle, and mature male cattle are fairly

aiailar for all runs until the good rains start in 1973, When the

teata diverge (See Figure 6-4).
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Figure 6-21. Immature cattle herd changes for simulations of the
base case, with surveying, with burning, and with both surveying
and })ll;"lli!'l9.
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Figura 6-22.- Mature female cattle herd changes for simulations of
the base case, with surveying, with burning, and with both
surveying and burning.
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Piqure 6-23. Mature male cattle herd changes for simulations of
the base case, with surveying, with burning, and with both
surveying and burning.

The results for the immature cattle herd showed the most

marked differences of the four simulations. In the base case the

herd size began to decline in the middle of the good rain years

as a result of declining range condition and nutrition. With

surveying, the herd size was smaller until 1979, reflecting the

actual carrying capacity and proper stocking rates, and

experienced a much less dramatic decline during the drought

because the range was in better condition when the drought

occurred.

When a policy of bush control for ranqe reclamation was

impl_ented, excluding a chanqe in the aethod of stockinq, the

simple aethod of aettinq the stockinq rate vas no lonqer a
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constraint. The actual carrying capacity was always above the

perceived carrying capacity, except during the drought. Thus the

herd numbers were maintained, while in the base case,

dropped.

........_...
'-&n:::J'

Finally, with the combination of surveying and burning, a

sYnergy of the two policies was evident. Not only did the range

condition improve relative to the base case due to the bush

control, but with the use of surveying, the ranch aanager was in

a position to take advantage of the good rains and range

improvement, and set the herd size at higher_levels without

damaging the range. The aature temale and male herds showed

similar, but less pronounced results for these tests.

The results of the management options tested here suggest

tb.t tb@~@ ~~li~i~~ could have not only profound beneficial

effects upon the ecological health of the ranch, but also upon

its financial state.

Declining quality of the range as reflected by condition

implied reduced primary as well as .acondary production. This

decline in cattle productivity was reflected in the balance .heet

of the ranch (5ee Fi~~re 6-24). Improved range productl¥it~ from

using better aethods of setting stocking rates and from range

reclamation wa5 Also seen.
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Figure '-24. Simulation results of net income for cattle. The
base case is compared with tests of surveying, burning, and
surveying and burning.

For the base case, net income declined and showed severe

losses when the herd size fell and revenues were lost. Recall

that net income was also negative when the ranch size increased

in 1973 and cattle purchases were required.

~~~h Qf ~h~ PQ1~~i@~ ~@~~@g ~b~~@g a ~~gn~f~~~n~ly ~@~~@~

result for net income than the base case. When surveying was

implement~d, ~~t incom~ ~~~ lower until th~ h~rd ~iz~ beg~~ its

decline in 1978. The use of surveying and proper stocking

allowed a lower, but still positive, net income to be aaintained

until the drought. During the drought the losses were auch less

severe, and net income was not so strongly negative.
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When a policy of burning without surveying was applied, net

incomes were even higher, and there was only one year of minor

lo.s.s during the drought.

The combination of surveying and burning showed a net income

which was very different from the base case in the latter half of

the simulation. The gap in net income between this test· and the

base case was quite dramatic. These runs suggest that sound

ecological management of the range can pay very handsomely, which

is confirmed by net present values analysis (See Figure 6-25j.

fQ~ ea~h ~f t~~ three management options, net present values

were calculated assuming a 12 percent discount factor (the

interest rate) for both costs and benefits. Costs were assumed
---- ---

to be Z$2,500 (Zimbabwe dollars) per year for the surveying

(roughly Z$Q.1Q p~~ b~~t~r~) ~nd Z$0.45 per hectare

per year for the burning program. Recall that about 5 percent of

~b~ ~~~~h ~~~ld be burned each year under the assumptions used

here. The two policies together would cost Z$12,SOO, or Z$0.S5

per hectare per year.
--- -

The benefits of the programs were assumed to be the

differences between the net income for the bas. ~~~~, ~~~ the net

income for each of the tests. These benefit., as well as the

costs, were discounted to reflect tb.1~ p~~~~~t ~~l~~ in 19~1.

Annual results for the net pre.ent value. were calculated a. if

the investment procn'~~ ~n~ed ill tll~ 9i~.n year. Thus, if the

burning program ended in 1971, that investment would have shown a
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negative net present value -- the investment would not have paid

for itself. If evaluated after 1981 however, the results showed

a very strong positive payback. This illustrate. the earlier

point that range programs require long-term planning and

invesuaent.

Net .....nt Valu. Dr Inueat.eTit8
---- w/ "'ueyl. -----w/ loth
- - - w/ IIlrnl.381 .••e:33r_,------------r-----------......,------,

.......

288.-'1------- +- --+ "::""'----i

188.~~---___7''---~'r__-_4_----------~.f_,~_r_~-1

1961.8 1971.8 1981.8- --- -- tim: -- - -- 1986.8

Figure
case:

1-25. Estimates of the net present values of each test
surveying, burning, and both together.

The i~~~~~~~t~ i~ ~~~~~g .~g .~.~~Dg p.1g off

extraordinarily well as aeaaures to protect and sustain the

producti!it¥ ~f t~~ r~~~~ r~~~~r~~ ~~~r ~~ttl~ r~~c~i~g. Their

value became obvious during drought periods when range

productivity would decrease and becoae unsustainable under

existing stocking pressure.
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There must be, of course, some limit to the expenses of

range improvement and reclamation programs. What are these

values? To determine a rough estimate of the aaxtaum economic

investment, we ran the model to find the break-even point for

surveying and burning programs at the end of the simulation.

This break-even point oceurs when the invaat=ent he. yielded

enough benefits to just pay for itself, that is, when the net

present value 1s zero (See Fi~~re 6-26)= We ••sumed the ••~~

discount factor of 12 percent. The break-even cost for the

.ur~eyinq proqram was about Z$9,SOO per X@~~, ~~ a littl~ l~ss

than Z$0.45 per hectare per year. An investment in burning could

be .bout double tbe~~~~~~yi~g pr~~r~~, because the break-even

investment level was about Z$19,000 per year, or approximately

Z$O.8S per hectare per year. These per hectare ~Q~~s for ~~r~i~9

were figured using the entire ranch size, not just that 5 percent

that was burned each year.

These results depend on several key assumptions, inclUding

the discount factor. A higher discount factor would indieate

lower break-even investments, while a lower discount factor would

raise the break-even point.
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Net Present Value at Breakeven

100.0e3
---- W/ ~urv~ying ----vI ~urnlng

O.

-100.0e3

-200.0e3

-300.0e3

1961.0 19710 1961.0

TIl1E

1966.0

Piqura '-26. Net present values ~t th~ ~~~~~~@~@n PQin~~. Th~
break~even-point is-achIeve-a- at-the last year of the simulation,
1986.

Analysis of the sensitivity of model results to the

parameters used is important to better understand the model

behavior, as well as the behavior of the actual system.

Sensitivity analysis is a rather tedious process conducted

thro~~~~~~ ~~! ~uildi~~ ~nd eval~~tion ~f ~ ~i~~l~ti~~ ~~~l.

There are two broad types of sensitivity analysis: structural and
.

parametrical. Structural sensitivity is analyzed at each step

when the model is tested to see which parts of the explicit

310



structure (the equations) are most important in determining

results. The parts of the model structure that are more

important can be expanded upon, while those that are less

important can be collapsed, even to the point of implicit

representation by parameters (initiai values, constants,- and

tables), or elimination. The final model structure is a result

of considerable anaiysis of thi. ~ype.

Model parameters are also analyzed throughout the model

construction and calibration efforts. When the model has been

completed and validated, a standard parametrical analysis can

determine how a given change in a parameter affects the outcome.

These results can then be jUdged against the base run, and one

against the other to get a more objective notion of model

sensitivity. By relating these back to the model structure and

to the real system, priorities for research and data collection

can begin to be set.

An important concept in sensitivity analysis is the need to

clearl~ .p~gifY ~hi~h ~~~~ct~ ~f ~~~el behavior are to be

examined. Some changes in parameters will produce only small

l~~~l c~~~~~~, !hile others may have very large, widespread .

ramifications. The sensitivity of a change in a given parameter

can only be gauged in the context of a .pecific result.

In the larger context of .etting r ....rch and data

eolleet~on priorities, it must also be remembered that tb@~@ are

limits to generalizing the results from the analysis of
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sensitivity to parameters, because the results depend to somewhat

on all the other parameters in addition to the one being tested.

This generalization can be guided to a certain degree by the

sensitivity analysis itself.

For the results reported here, we first went back to the

results of the Chiredzi workshop to determine the context for

testing and analyzing the parameters. We were most interested in

testing the parameters of the model to .ee how they affect the

goals as identified by the participants of the workshop.

and to "maintain [the] ecological productivity and/or improve

it." (See Section 5.2.2) These two goals are captured by the

model in the range condition and net income variables,

~~~p~~tiy@ly. Tb~~~ ere goal ¥ariables.

Because of the time and effort that would be required to

evaluate every parameter in the model (which would require almost

400 simUlations), some method must be used to reduce this to a

manageable task. For each ot the goal variables we work

backwards through the model structure to identify parameters.

There are many feedback loops iind link. to other part. of the

model. The appropriate initial value, constant, or table which

acts as the li!'lJt to t.he other parts of the .cde1 vaa identified.

A list of these parameters and the linkages wa. compiled.
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of the values by a given amount, in this case 10 percent. Two

r\L~S were aade -- incre.5ing ~~~ ~~~~~~~i~~ the paraaeter by 10

percent. These runs were then compared against the base case

r ••ult for the g~~l y~ri~~l~ being considered. Those runs which

showed little or no change from the base case were eliminated

from further consideration. Those paraaetric changes which
---- - --- - ---- -'-

showed considerable change were explored further. Figures 6-27

and 6-28 show the range of results from greatest positive to

greatest negative change from the base case for both goal

variables.
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I'iqur. 6-27. Range of results from parametric sensitivity analysis
for range condition.

The Dase case is compared with parameter changes representing an
increase in the maximum fractional plant growth for herbaceous
decreasers (mfpg d u), and a decrease in the growth of herbaceous
decreasers as plant density increases (PdPS d d). (In the .
nomenclature used here the-acronym for-the variable-i. followed
by the plant category d- decreaaer -- and a "d" for a decrease
in value (down) or a "u"'for an increase in value (up).]
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Net Income - Cattle Section
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l'iCJUre 6-27. Range of results from parametric sensitivity analysis
for net income.

~h~ ~~~ case is compared with parameter changes representing an
increase Iii-the-.a:ximum-fractional plant grow+...h for herbaceous .
decreasers (mfpg), and an decrease in the growth of herbaceous
decreasers as plant density increases (pdps_d_d). (In the
nomenclature used here the acronym for the variable is followed
by'tlie-plant category _a- decreaser -- and a ~d~ for a 4.c::::[.~~~

in value (down) or a "u" for an increase in value (up).]
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These runs showed the extremes of model behavior possible

with a 10 percent change in any given parameter for this

situation. It is important to note that a combination of changes

could result in a synergy that produces qreater differences from

the base case.

When the model simulations were completed, the numerical

results were loaded into a spread sheet for further analysis and

ranking. We chose a fairly simple method of ranking, first

calculating the area under each curve for the goal variables,

then determining the absolute difference of this area from the

base case for each run. The runs can then be ordered

accordingly. Tables 6-1 and 6-2 show the results of the

parametric sensitivity analysis.



T" 6-1. Results d parametric MnSItMty anaIVlis for rqe condition.

Owtqe-' DIIIa.1CI ......
PwJrrM TYPe ML .... ...
BaH Cae

" ... ..~- 0.0...... "'V

Mmnum FractiOnal Plant Growth Inc/C* 18.66 46.0

(Herbaceous Decreuers)

Enid d Piant DInIIy~ PiIri
I_A"" ....Q 4S.~
"I~I .........

Growth (Hert)eceouI DecrMMrI)

MuJrnum Grall BiomaSS Inc/C 17.81 39.4

yftlibll Siiid Stock DeclC 17,12 34.0

(Herbaceoul Increuers)

Initial Plant Biomass Dec/I 17.02 33.2

(Large WCJOfjy PlantS)

Effect d Plant Density on Plant Dec/T 16.89 32.2

Growth (Hert)eceouIlncreuers)

Normal Fractional Utter Fall DeclC 16.82 31.6

(Herbaceoa~ DecreL.cers)

Effect d Soil MoIIture on Maximum IncIT 16.8 31.5

Grall BiomaSS

BiomaSS Accumulated tram s-:i Growtil DeclC
.1> _ 30.6
'V.~

Effect d Herbaceous Decreasers DecIT 16.61 30.0

Density on Increaser Growth

End d Piani Density on Piam DiclT .6A 29.7.......
Growth (Herbaceous D8creasers)

Maximum Fractional Plant Growth DeclC 8.98 29.7

(H~ Decreasers)
-~

Burning NA 18.34 ~ 51.3

Surveying & Burning NA 18.24 50.5

.'nc • 1ncIW.', Dec • dIcrNII. -·I-1nItiaI willi, C.cone&art, T-tlble.



T"'~ Results for parametric analysis tor nit InCOme.

,.,. (r& ..._a
Ctw1ge*/ niiIi8.----zs .,-..- ..-rwn-R

,..... Type-' 126"..) ft 26m) n.

Base Case
.... A 1a1,836 0
'''''

MIDdmum Grass BiomaSS Inc/C 2,243,934 1,980

Eftect of Plant DensIty 00 f»~ tncn' 2,212,448 1,951

Growth (HerbaceOUS Decreasers)

Maximum Fractional Plant Growth Inc/C 2,209,916 1,949

(HerbaCeOUS Decreasers)
-- --

Effect of Soil Moisture on Plant IncIT 2,061.301 1,8ii

Growth (Herbaceous Decreasers)
"

Initial Plant BiomaSS Dec/l 2,043,995 1,795

(lirge-WOodYPlints)

Effect of Plant DensIty on Plant DecIT -1,800,140 1,769

Growth (Herbaceous oeereasers)

Maximum Fractional Plant Growth Dec/C -1,799,066
....~o
1,tgg

(HerbaCeOUS oeereasers)

Maximum Fractional Plant GrOYlth DeclO 1,89~,327 1,753

(HerbaceOUS Increasers)

Effect of Plant DensIty on Plant Oec/C 1,958,336 1,716

Growth (Herbaceous Increasers)
--------- - ---- -

Normal Fractional Utter Dec/C 1,957,327 1,715

Liner Fall (Herbaceous Decreasers)

Viable Seed Stock [)@c;/C 1,956,600 1,714

(HerbaceOUS Increasers)
- - --- -----

Surveying & Burning NA 2,659,280 2,366

Burning
L'A 1,918,669 '1,~~

""
Surveying NA 1,0:51,574 856

*1nc - increase, Dec - decrease.
constant, T-table.

318

**1 - initial value, C -



Several comments should be made to aid in the interpretation

of Tabl•• 6-1 and 6~2. Firat, in the "Change/Type" coiu1Iln; we

indicate whether the value of the parameter increa.ed or

constant, or a tabular relationship. For a table, which has

multiple values, .11 ~b~ ~~l~~s i~ ~~ t~~l~ ~r~ changed unless

definitionally determined. For example, if a neutral effect is

i~~i~~t~~ ~y the number one, this value is not changed.

Second, for the parameters in the first column labeled

;;Effect of • ft, an increase in the values :iqht suggest an

increase in the effect. In fact the opposite is true. The

values for "effects" range from zero (maximum effect) to ODe, O~Q

effect). Mathematically, this is explained because any number

multiplied by zero is zero, While any number mUltiplied by one is

the aame number. Therefore, an increase in the values for

"etfects" away from zero and toward one decreases the impact of

the "effect" on the aodel results even though the para.etric

values have been increased.

For example, Table 6-1 includes the parameter "Effect of'

Plant Density on Plant Growth (Herbaceous Decreasers)". The

values for this table have increased, but the resulta ahow a very

significant improvement,in range. condition from the base case

(the area under the curve is greater by 32.2 percent). By

increasing the values of the table toward one, the density of
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plants on the growth of herbaceous decreasers is diminished

the growth of the decreasers does not slow as much due to

competition from other plants, and so range condition is

iJDproved.

Unlike the analyses presented in the previous sections of

this chapter, the results of the Parametric analysis do not

necessarily have a direct bearing on policy choices for natural

resource management. This is true because some of the parameters

of the system as shown here are beyond the control and influence

of the ranch manager. However, knowledge of the system

characteristics will lead to a more informed policy or management

decision.

The results are very useful to help set research priorities.

The read~r will ~~ti~e th~t ~ll ~f th~ ~Q~t ~~n~iti~~ ~~~~~~t~~s

for both analyses relate in some way to plant growth. One might

have expected, particularly for the net income analysis, that

prices would have shown up somewhere. In the context of the

whole system though, the health of the supporting resource

system, the range, and therefore the productivity of the

secondary system, livestock, turns out to be much aore important

than prices received or paid. A 10 percent change in growth

factors influences the outcome to a much larger degree than the

same change in economic factors. A favorable economic

environment can not overcome a bad ecological environaent.
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The two tables also include comparisons with policy runs.

For the analyses of both range condition and net income

sensitivity, the greatest overall change, as vell as the greatest

positive changes, came from the burning policy for range

condition, and surveying and burning together. for net income.

321



i.i Conclusion

The primary policy conclusion for range aanagaaent in Africa

to be drawn from this analysis is that there are options

available which are both ecologically and economically sound.

Several fairly simple, inexpensive, and workable alternatives

were demonstrated to change the behavior of a collapsing and

unprofitable system into a sustainable and profitable one.

Additionally, game ranching was demonstrated to bave considerable

potential for the ranch economy, while maintaining ecological

soundness.

The .Inteqrated Planning Technology .ethod provides a means

for explicitly considering and exploring the sustainable use of

natural resources in development process. While not a panacea,

it does provide planners with information regarding the long-

term resource implications of proposed policies, enabling the

planner to identify and avoid unforeseen difficulties. This

information is essential for sound planning and sustainable

resource use.

The challenge for development today is implementing the

concept of .ustainability~ While the .xigting tools in the

planner's kit are still useful for their original purposes, they

~~r~ ~~t ~~~i~~~ ~ith ~~ i~~@~,~~~~ ~f ~~~ 4~@~~pl~~@@,

interests, and types of inforaation in .ind and are unable to

••e~ ~! ~iffi~~lt t~~~ !~ic~ pl~~~r~ f~c~. ~~pt!ti~~~ ~f ~l~

tools, as well as the development of new tools, is necessary.
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Most important may be the adoption of a .ystems perspective in

approaching development

objectively considering and implementing auch a per.pective,

sustainable resource use will not be r ••lize4.
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