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Preface

There is currently an unprecedented interes_t taken by administrators,
managers, poiiticians ahd the general public in the changes taking

place in the environment, There is a demand for concise, well-packaged
ecological information. ' '

The publication of - scientific papers can no longer be regarded as
satiefactory end-pruducts of research. Agricultural and ecological
information needs to be presented in a fom which is easily accessible
to nanagers and iec zion-makers. :

Modelm.ng mu, in particular, user-—fr:.endly exps*'t 5ystem models are

seen as a means to reach this end.

Artificial intelligence and, more specifically, expert-system
technology have introduced new and exciting concepts into ecological
modelling, Importankly, there has been a shift in emphasis from models
built essentially out of guantitative data, t¢ models built f£from
knowledge (which may dinclude both quantitative and crualita kive
informat:.on) : _

An attempt has been made here to document the processg, the results and
the cconsequences of expert system modelling.

This presehtatién is divided into. three sections.

Section 1, INTRODUCTION AND BACKGROUND consists of three chapters.
.Chapter 1, the introduction discusses the aims, justification and
approach, Expert systemg and modelling in general are described.
Chapter 2 describes the steps involved in the development of expert
systems, including conceptualization, knowledge acquisition, and
knowledge representation,  Chapter 3 investigates the nature of
ecological knowledge. '

Section Z, THE MODELS, consists of two chapters. Chapter 4 discusses
the development of the stocking rate model GRASTOCK. Chaptexr 5
discusses the development of a bugh clearing model, BUSHCLEAR.

Section 3, DISCUSSION AND CONCLUSIONS, consists of two chapters.
Chapter 6 discusses and evaluates the mnodels. Chapter 7 provides
conclugions to the aims of the thesis. '

.The object behind developmg the models was to investigate the process
of expert aysteuw medelling. For this reaseon, they cannot be considered
‘as the £inal word, but rather as prototypes ta the development of
commarcially available models.

The models, written using the expert system development shell EXSYS,
are presented as a 'floppy-disc appendix'.
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Summary

This study exploras the pO’ElblE uses of expert systen modell;ng for
_savanna management, and the process of ecological knowledge'

- engineering.

To prc.\v:.de a working med:.um for the above invest:.gatlon, two prototype_ _

models were developed, GRASTOCK and BUSHCLEAR.

‘l'he mﬂels were developed using the‘z' expert system shell ¥aSY§. TURBO
PASCAL subroutines were used to :meruve the user friendliness of the

_ models GRASTOCK and REGROWTH.

GRASTOCK evolved out of the model POLICY. | POLICY considers the most
important factors 'a_ffeéting a stocking rate policy. The model provides
a uséful conceptual -Iframework in. which the question of rainfall
_lpredictability was investigated. pata frum four North Wastern
Transvaal rainfall ¢*- .ions ara considered. It is concluded that the
highly' erratic rainfall patterns for these areas are unpredictable.
For this reason, it is felt that unless supplementary feeding or
_ drastic redoction in stock can be made at short notice, a fixed

‘stocking rate policy is advocated for game/cattle farms in these areas.

The model GRASTOCK provides descriptive advice regarding 'suitable
© gtocking rates' for game/_cattle farms in semi~arid savannas. The term
'suitable stocking rate' implies a étocking rate that complies with the
lavel of risk acceptance of the farmer, and which falls within the

biological constraints imposed on the area. 'The term ‘'suitable
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stocking raté'-_ g ﬁsed‘ rather than 'Icarrying. .capacity' which, for
" semi-arid s'avaﬁn'as, is seen as 'a. vague and elusive --concé‘pt. Comulative
rairifali probabilities are used to estimate risk levels. In the
pﬁ'esen'tation' of - GRASTOCK in ch.apter. 5 emphasis is placed on the
conceptu_aiization .of- thie problem. GRASTOCk prov:i._des a f.ramewo:_rk in
whi-ch a large body of résearéh datﬁ has been assimilated and distilled

into reiéirant concepts,

 The bush clearing model, BUSHCLEAR, congists of three sub-models,

" DEBUSH, HERB and REGROWTH.

' DEBUSH provides generalized advice on the suitability of a site to bush
- clearing., DEBUSH is a simple model which provides realistic answers

only in typical situations.

HERB recommends & suitable herbicide, application method, dosage and
estimate of cost. HERB comprises mostly of heuristic (rules of thumb)

and data-bage type information.

REGROWTH simﬁlates' the regrowth of trees and the annual grass
pi:oduct:‘.on for 15 years after a bush clearing dperating, REGROWTH
involves dynamic simulation modelling. REGROWIH displays how expert
system modelling can extract information from. differént sources in the

literaturs, bringing it together into a functicnal umit, -

' In the presentation of the bush clearing models in chapter 6, emphasig

is placed on the process of knowledge representation.



S S UGPSRV Ch e e e caen

{:ﬁ.i}

The process of -edoldgi‘cal' knowiedge engineering is diseﬁased' using
' experience and informa_'tion gained from this project and from the expert
system literature. . 'How " knowledge is collected, organized and

represehﬁed as a computer programme forms the basis of this discussion.

The process of transferring knowledge 'from humans to computers results
in a close examination of the nature and structure of the knowledge -
involved. From this investigation it is concluded that auo-ldgicél
knowl_edge is J.argely'con.tex‘l‘;ual in hatu’re. There are few true rules or
theoﬁias.. Ecological knowledge comprises mostly concepts. The ‘' poox -
predictability of ecological events can largely be explained by the
'white noise' and uniqueness of ecological events, the predominance of
sacond order iridetermi:_i:i.sm, and that ecological syaterﬁs are mediuom

number systems.

The potential uses of expert system meodelling for savanna management
are discussed. Reasons why expert systems are seen as both suitable

and unsuitable for eécologice: modelling are mentiloned,

It is oconcluded that the ideas and technology of artificial
:Lnteiligénde_ have encouraged the &evelopmant of the second géneration
of ecologleal models. Furthermore, expert systems are seen as a means
to provide a new and marketable end product foi‘ agriéultura;. and

etological regearch.



SECTIou §-: INTRODUCTION AND BACKGROUND
CHAPTER ONE
iNTRgnuqmroh
1.1 Aimg of gtudy

The aims of the present study are to

(1) explore the possible uses of expert system modelling for savanna

mananement ;

(2) explore and i1llustrate the process of ecological knowledge

engineering for the'development of ecological models;

(3) explore the challenge of artificial intelligence to ecology and

agriculture; and

{(4) develcp prototype models for two inportant savanﬁa management'
problems, namely, determining suitable &tockirng rates for grazing

herblvores, and bush clearing.

The prime object behind developing the models in aim (4) was to provide
a practical working medium through which the first three aims of the.

study could be reached,



1.2 Justification’

Modelling represents a radical chanée from traditional academic forms
of research in which the scope of invegtigation ig divided and Limited
by - the size of the research projact suitable to be undertaken by the
individual. Modelling is an attempt to meet the need for agricultural

and ecological :i.nf.ormation to be prcvi&ed in a usable form.

‘The Man and the” Biosphere Pfo'grarﬁme" {UNESCO MAP Report, 1972) adopted
the philodophy of Sys.tsms. analysis as the basis of its 'fourtéen major
- projects, not .because modelling was ragarc‘led' as a substitute for
empirical studies, but because the concept of integration is the faasis
of bsystems and modelling épproaches in ecology. ‘This coricept is

gentral to ecology.

The proces‘:s. of modéll_ing itself is seldom, if ever, recorded or
published, and the procedure and technology of ecslogical modelling has
not been éaptured. Jeffers (1976) points out tha.t unless we rec_'rd_
exéeriénces gain.ed during model developrﬁenﬁ and document project

orchestration, the Fragmentatien and abuse of modell ‘ng will continue.

This thesis documents the process of ecological expert gystem

modelling, and attempts a suitable evaluation of the procedure.

'Expert system technology is being applied in many areas of science,
technology and commexce. Expert system. applications for resource
management have been suggested and discussed by Starfield and Bleloch__

(1983); Starfield and Louw (1986}, Ferrar (1986), Coulson et al.



 {1987), and Noble {1987).

Expert systems have hgen devaloped for vafious natural resource
ﬁanagément_problemé.in South Africa. These includa'étarfield et al.
(1987); O'Keef et al. (19871; Murphy and Faggle (1989); and Mentis and
Walker .(1987). To date few, if afy, .axpert gsystems developed for

savanna managameﬁt_problems in South Africa have been publishedf This

thesis addressesg thig shoftcoming._

The models were developed for the semi-'ar:i.d savarna regions of the

north and north-western Transvaal.

The following approach was adopted

{1) a survey was conducted into the nature and extent of vavlous
management problems facing game. and cattle farmers in the

north-western Transvaal (Berliner,‘1984);

(2) 1iteréture on the basic principles of artificial intelligence and

expert systems was studied;

(3) the process of knowledge engineering and various aspects of

cogritive psychology was studied;

(4) a suitable expert system shell was selected;



(5)

(6)

(1)

{8)

(9}

literature concerning the relevant ecological management problems

was collected;

'toy expert systems' were built from knowledge extracted from the .
1ite?ature - problems unsuited to expert system development were
discarded;

various experts and farmers were consulted;

improvements to the models were made through successive iterations

of the development cycle descfibed in chaﬁter 2;

in the light of experience gained in ecological knowledge

. engineering, the structure and nature of ecological knowledge was . -

(10)

1.4

investigated; and

various'aspects and consequences of modelling were considered.

What are expert systems?

Parsay and Chignell (1988) define an expert system- from a functional

point of view as being

'A corputeér program that relies on a body of knowledge to
perform a somewhat difficult task usually performed only by

-a human expert. Tha.principal power of an expert system is

derived from the knowledge the system embodies rather tha.
from gearch algorithms and specific reasoning methods. An
expert system successfully deals with problems for which



¢lear slgorithuic solutions do not exist'.

Noble (1987) provides a more descriptive definition

'An expert s’yétui is a éoﬁputer program_ capable of | holding

~ an apparently intelligent conversation with the user. It
asks questions and the order of the questions changes with

the responses given. Based on the knowledge held by the

system and the answers to. the guestions, the system

eventually states or validates a cbnciusion or decision. It

is able to explain how and why this conclusion was reached.'

A few examples of the type of applicationa that expert systems have

been used for are briefly described. America and Australia appear to

be leaders in this field,

Examples of expert systems devyeloped in South Africa

(1)

(2)

A rule-based ecological m:o'clél for the manajement of Loke St. Lucia
{8tarfield et al. 1988). This nodel provides a qualitative
description of the effects of fluctuaﬁions in the sali‘nity lavel
on the bilotic .components of the lake. |

An expert éys’tém approach to the assessment of the conservation
status of r.ivers_ (0'Keeffe et gl . 1987). This model provides a

flexible method for classifying rivers aécbrding o their

.conservation status and acts as a semi-numeridal model to simulate

the effects of prupcséd' devalopment plans on speqific rivers,



{3) A hnowla&ge—ﬁased.conéultatiun gystem for coastal-zone mahagement
‘and development planning (Murphy & Fuggle, 1988). . This model
| providés advice fpr decision makers undertaking preliminafy

'.envirbnmanta; assessments of:water-ralated respﬁt.dévelopmanté'in

the coastal zone of the South-Western Cape Province.
Examples .c,f. expert systemsg developed in Australia

(1) SHRUEKTLL (Ludwig, 1988) : An advisory system for the use of
- prescribed fire tb control dense shrubs in the semi-arid woodlands
of Queenslénd, Aﬁstralia.

(2) FIRES (Davie et al. 1986) : A fire management expert system for
Kakadu National Park, Australia. This model provides advice on

the acological effects of wildfires in the area.
-{3) Other models currently under development (McKeorn, 1989) include:
(i) RAINLOVER : provides analysils of historical rainfall trends, and
assesses cufrent rainfall conditions against past records

(McKeon, 1989).

(1i) GRASSMAN : helps beef producers bompare strategies for the

-management of native pasturés'ih Eucalypt woodlands (Scanlan &

McKeon, 1989).




1986). 'his model determinés the best strategy for irrigating,
applying  fertilizer, and defoliants and cotton Dball wvpeners.
"Sensors in the cotton fislds automaticallv report weather

conditions to the system.

{2) GMA : The grain market advisor (Edmunds, 1988). This model helps

farmers detarmine the best method of marketing the grain they

- produce.
1.6 From simylation modelling to expert system modelling

The use of simulation modelling and the ;systams ‘approach' has been
ad{roc:ated for use in agriculture (Jones, 1976; | Jones 1978), and in
ecology (Walker, 1974 ; Walker, 1978). ESsenﬁially_, these authors urgéd
the use of mathematical modeiling as a cOnﬁeptual tool. The modelling
process was seen to provide a f'rémework for bringing together parts of
a system which are otherwise too complex to organize and comprehend.
The object was to provide a predominantly quantitativ_e description of
the inter-relation of a system, so. that a comprehengive understanding
of the processes involved in the ._ system could be obtained. If the
model was found to simulate successfully; it could then be consulted to

predict the possible outcoile of various management options.

Walker (1974) described two approaches that were adoﬁted in ecological
similation modelling : firstly, the 'total ecosystem approé.ch' in which
the _object wag ta develop an understanding of the ecosystem in its .
ént:i.:‘:ety (the 'holistic approadh‘} and, secondly, the 'management game

approach', which aimed at assessing the outcome of various management



strategies which could be "appl.ied’ to the ecosystem in question (for-

example, Walters & Bunnell, 1971).

The 'mariagemerit game' approach to modelling helped to shift the
emphasis from the functicnal understaﬁding of ecosystems to a more

pragmatic, mana, 'ment tool type approach..

Simulafion-modei’s afé thén regarded witﬁ Suspicidh by field managers.
They are usually sgen. as ‘'academic toys' in _which ec_c‘)logica_l or
agridultuﬁal concepts are hidden behind cbscure and often meaningless
mathematical symbols.:.. These models are usually de;ireloped by sé:l.en‘tis_ts
~ from accunulated quantitative data. Field managers are saldom., if
' e'ver,. conéulted and their empiriéal and intuitive knowledge accumulated
tﬁrough years of 'practical experience is saldom drawn upon. Tlie
ability:of expert systems to utilize éualitative information, and the
'user-friendliness' of. e:ﬁpert gystem shells are’ begihniﬁ'g to change
this, 'The use of near-English in programming, and the ability to
d.{splay on reguest the line of reascning, has helped to break down tha
bl.ack-box image of .ec_ological modelg, thereby narrowing the gap Lotween

researcher and field manager.

Just as expert system technology is being viewed as an evoliution of
conventional computer programming paradigms (Parsaye & Chignell, 1988),
50, too, will expert system type modelling be considered as a new

paradign in ecological modelling.
1.7 The expert system shel) EXSYS

The expert system development shell EXSYS (Huntingdon, 1987) was ‘uged



for this study.

EXSY_S is'desig_ned for the PC ‘It is a3 relatively cimple yet .qu:i.te
competent, . rule-base system, It .:has_ better mathematical haridling
capabilities . than do most other BC based systems. Variables can also
.be assigned by using the THEN and ELSE part-'of_ its rule (Edmunds,

.°1988Y.

In common 'with 'mos.t_: of.-tha smaller PC ‘based shells, EﬁSYS can (_mly"
rep_rééi_ent knowledge in the form of .rules-. This 1imi_ts the ability to
devélopﬁ a more structured knowledge-base, as. would be possible with
fraﬁie based rebrasentation (seé section 2.5.2). Furth.ermore,- EXSYS is
ilimited in its'ability to express meté;knowledge (i.e. knowledge about

knowledge). This is due to the inability to use 'rt_zles as condition

sfatements within another rule (i.e. rules about rules).

EXSYS is considered to be 'suitable_ for small- to medium-scale
ecological :.wdelling.' For larger projects, a shell that uses a

combination of rules and frames would be preferable.

The price, and the eaée. at which EX8YS can be used, make it a |
pa‘rf.icularly us_eful' environment .f_'or the davelopment of prototype
models. Imp:;oved versions of the model could then be rewritten reing a
more sophis_ticated shell .or a suitable progamming 'languaq_e. |

L
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CHAPTER TWO
THE EXPERT SYSTEM DEVELOPMENT CYCLE

2.1 iIntroduction

~If an expert system is to emulate the way humans sclve particular
problems, then it must acquive a portion of the knowledge that human
Experts 'posseés. | How this knowledge is collacted, organized and

" represented as a computer. program is._' the subject of this chapter,

The term 'knowledge enéineering* was .coined by Faigenbaum '(1980)- to
encompass' tize proces'é of .reduc.ing' a large body of knowledge to

precise. set of facts and rules. Edmunds {1988) describes kndwlé{.ige
eng_inée'-.ring as involving the transfer of knc;wledge ffom a 5pecifié area
..c:f expertise to a computerized representation as a knowledge-based
component of an e:ipert system .I This  tusk involves accumulating the
facts and rules (_knowledga acquisition) and placing this information
into a knowledge base (knowledge represeni:ation). This task is handled -

by a skilled individual known as a knowledge engineer.

The task of a hnowledge engineer is not unlike that of a gystems
-analyst in conventional programming. The important ‘difference is that, .
whereas a systems analyst .helps a user deéign computer systems which
carry out specific procedures, a knd_eledge. engineéﬁ' helps design

systems which incorporate knowledge from &n expert (Hart, 1986).
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Knowledge engineering is considered by  Feigenbaum ( 1980) to be a-
fundamental problem in expert system .a'pplicat:i.ons and is generally seen

as a major bottleneck impeding applications. to new domains.

Although guidéiines .about knowledge engineering techniques have been
published and psychological problems of knowledge transfer have been
analyzed, no sc:i.-e_nti.f_ic framewqu_ for knowiedga engineering las been.
established. 'freaent techniques are based on intuition, expe‘riencé and

empirical results, rather than deep foundation (Gaiﬂés , 1987).

. Parsaye and C‘hignall {1988) feel that recent advances in the field of
" automated knowledge acquisition tools'-; along with machine learning
technigues will minimize the effect of the knoWiedge acquisition

bottlenack.

Expert systens development does not. follow a series of well-defined
steps. The inhereht complexity of the sgystem building process
precludes laying out all the steps in é_\dvaﬁcg {Waterman, 1986; Edwards,
1988). Expert systems norma'lly evolve from simple to hai'd tasks by
increﬁentalig’r improving the orgar;.‘.zétion and representation of the
sf'stems ‘knowledge. The incremental approach mezng that the system
itself can assgist in the development effort._ As soon as enough
knowledge : is acquired to construct even a very simple .sys.tem, it i=s
used to -p;-'cvide feadback to direet and focus .effort_: [Waterman, 1986).
This approach was found to be very useful by the author, who spent the
i_.niti'al stages of :his project building 'toy expert systems'.  Toy
expert systems are highly simplified versions of the problenm. The

cbject behind building these was, firstly, to get a feel for the nature
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of the problem ahd the type of knowledge involved and, secondly, to

become familiar with the software used.

The building . of exi:ert systens | often involves the problem of "not
* kitowing where you ére going until you have been .there' .  Flgure 2.1
5-.11u§tr‘atés the steps i_nvolved' in -de'velopiﬁg expert systems (after
. parsaye &'Dhigneli, 1998);' It.must be stressed that .these étaps are
highly interdependent and averiapping. Although these steps may follow
a logiCal order, at any time during the systems development the

knowledge engineer may loop back to engage in any of the processes.
2.2 Peasibility analysis and problem identiFication

Waterman (1986) feels that expert systems should be considered only if

expert system development is po_s_Biblé, justified and appropriate.

Any organiza.tion which is thinking of developing an expert system would
like to know fvom the outset if #he expert system approach will work
for thelr particular problem. Asthough it-is.difficult to generalizs,
a few important guidelines can be provided. Firstly, expert system
davelopment is pas.sible only 1f the experts or éxpertise exists.
.¢é_ond1y, thé problem domain should be reasonably wall understood and
aot tou complex (Waterman, 1986). Complex tasks could be segmented
into smaller, relatively independent sub-tasks, each of which may be a
candidate for an expert system. (This is what was done in this study

for the bush clearing model presented in this thesis.)

Many bioclogical problems are poorly understood and requii-e basic
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resfearch to find é_oiﬁtions. Ob#iduslf, building an expert system for
these problems cannot be expected to provide reliable solutions.
However, the process of attempting _to bu:i..ld the -SYQtem ‘may have many
“benefits in itself. For example, the process of Iattem;.:ting to
explicitly state links between -informati_cn and final decision will
_oftéﬁ help clear up misunderstanding (Sta,rfield, 1983). Further.more,
. in many poorly understood écological gystems, management decisions must
be made, based on implicit hypothetical aseumptions. By developing an
-expert system, these a’ssumptioﬁs are e’xpi'icitly' stated and hence can be

criticized and constructively defended.

The question of whether expert system development is justified will
depend to a lafgiz extent on a cost/benefit énalysi.s. Waterman (1986)
pdihts out that in situations where _huma_h expertise is being lost, or
is scarce, or is needed in many locaticns, expert system development
should be justified.  This 'ingtitutional memory' -aspect of expert
gystems would be obvious jJjustification for the development of expert

gystems for many natural resource management problems.

Finally,' oné must decide whether expert system development is guing to
be appropriate. This will depend on the naturé, conmplexity and scope
of the problems. Problems that are typically solved with heuristics
.{rules of _.thumb} as opposed to a;l.gorithms {fozmal procedures) ars goad
candidates (Waterman, 1986). Regardiug the complexity of the problem,
- it is important that the problem is not toc simple. Experct system
developers can easily fg.ll into thé trap of developing ﬁrivia_l expert
gystems for problems that would be better solv_ed by look-up Itable's or

' nomograms.,
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Watermﬁn {1986) rggards the choice of a proper scope to hae the most
crucial aspect dafermining the success of the expert system. One of
the biggest pitfalls in the expert .system building is choocsing a.
problem that is.téo broad or gereral to handle adequatelf {waterman,
iQBS). Parsaye and Chignell X1983) Staté tha£ the best ékpert system

tasks ara'rather limited in nature and have a narrow focus, .

Savanna management, as a who:lé, is an axample.of a prob‘iem that is too
broad to handle in one expert system. The domsin may be narrowed down
‘in. several ways..'First, the geographical area cver which the expert
system is valid may ba limited. Second, the seopa'g‘ .;, 1 'iem may
be narrowed. For example, the problem of herbivor.f'. o ohing .‘.a,\.ﬁs was
'found_to be too'bromﬁ and c°mblex to be dealt ﬁith at any ievel of
detaii. While  the 'scope of the problem wus narrowed down by
considering only the sﬁoqking rate of grazi~rg herbivores, the
gédgraphicél applicability of the system remained relatively wide

fnamely the semi-arid savannas of the Transvaal).

2.3 Conceptual design
Conceptualization is an exploration lv the knowledge engineer and the
.expert into the main concepts and relations which make up that expert's

problem-solving knowledge (Parsaye & Chignell, 1988).

A useful side-effect of deliberately carrying out conceptual design as
a separate phase in the development cycle ig that it allows experts to
explore the structure and nature of their knowledge (see chapter 3 of

_ this thesis).



16

Pardaye and Chignell (1988) list some of the gquestions which must be

addresged during this phase. They include the following.

(1)

(2

(3)

(4

- (5)

what are the major objects, concépts and entities in the knowledge-

~ domain?

How should the ebjects, concepts and entities be described?

What are the important relationships that exist betwsen the

objects?

wWhat are the general characteristics of the problem that will be

dealt with?

How will the expert system obtain information about the current

problem?

Chapter 4 of this thesis provides a detsiled description of the

conceptialization of a -problem (in this case, determining suitable

stocking rates for grazing herbivores).

2.4 Koowledge acquisition

Thig phase deals with the task of obtaining knowledge and formalizing

it so that it can be included in the expert system's knowledge hase.

Since expert systems rely heavily on the quality of know?ndge they

gossess; knowiedge. acquisition i1s a crucial part of the devalbpmént

cycle (Parsaye & Chignell, 1988).
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At this stage, it is important that the knowledge engineer retains t_he
_eﬂthusiasti_c and willing involvemer'z_tn of the expert, Problems arise if
én expert does not fully understand fhe knowlédée engineering process,
or developg a s’ubéon's:;ious hqstiiity, or'. nay Jjust losé. interést._ .'I‘hese.
.p'roblems are likely to arige if the expert does :.mt. ha1.re: a personal or
financial commitmé:it to the project. These problems wera experienced
in varying degrees with some of the experts used in this project.

2.4.1 Problems in knowledqe a@gisitio_n

One problem in knowiedge éqﬁuisition is the ﬁatur;cil tendency to
underestimate the. difficﬁl.ty' in acquiring implicit knowledge.
‘Similarly, ﬁhen looking at knaﬁledge that has already been codified and
packaged into the knowledge .base of an expert system, it may be
difficult to recognize how much effort went into structuring the

knowledge in that form (Parsaye & Chignell, 1988).

At a relatively early stage in the devglopment of an expert system, a
knowledge engineer should decide if the problem domain c¢an be
adequately répresaﬁted with shallow, task-orientated knowledge, or if
deeper luiowlédge structures are going to be reguired (see section 3.3
' for further explanation),  Shallow knowledge would typically be
rapreaenté.d 'by' empirical haur:i.étic type rules, beep knowledga wou.ld
attempt to rep.re'aaht' fundamental relations in various procese models.
However, even if the problem domain can be represented by shallow
knowledge, it way sti11 be neceasary during the knowledge acquisition
phase to carry .out the éxcursiuns into deep knowledge in order to

. understand and validate the shallow knowledge (Parsaye & Chignell,
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- 1988).

_One problem_. thét was found to be pa:ticul_aﬁr:ly rglevant to this project
was deciding .w'hat information source to use. A common and
time-cdnsuming nistake is to rollect knowledge_ from the Ffirst
av.aila'bie ;s OF mds_t convenient SOu:ce'. _ ¥nowledge .sources may include
boqks, . journals, ri_a_ports-:- and human _";experi:s, _'Pars_aya and Chignell
.(1988} feel that using the litevature as the i;rir’na‘ infarmatiqn gource
{ag bpposeﬁ i:o the expert) may lead to the incorporation of knowledge
that is either not part of the practical reasoning, or that has’
e'xdeptiqns that the expert has had to &isdover and work ardﬁnd.. . The |
human expert contains the | knowledge in a well-packaged form that is

especially designed for efficient reasoning.

Generally, the development of 'e_xpert systems with deep knowledge
structuras _will:_make greater use of literature information sources than
-would & expert system with shallow knowledge structures. Expert
gystems with shallow knowledge structures ars more concerned with
ﬁncovering empirical relat:l.énships and heuristic rules used by human
experts, For example, the model GRASTOCK was built using relati\?ely
deep knowledge structures obtained solei’Y from literature sources,
whereas the more shdllow knowledge structures of DEBUSH and HERB 'were

built predominantly from information obtained from experts.

An important pitfall is the collection of 4rrelevant knowledge.
Knowledge can be difficult to recogr ize when it has to be extracted
~from a noisy background of hints and possible relevant events.

Knowledge acquigition can be likened to a distillation process where
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the essential facts and rules must be isolated (Parsaye & Chignell,

1988).

Géineé_ (1987 )'_, quoting Collins (1985), points out a common
psychological problem in knowledge elicitation. Much human activity is
not acdes'sible to awareness. This inplies that some knowledge _may_not
be accessible through the expert, not only because he cannot axpress
it, but also because he may not be aware of its significance to his
activity. If dne_ cbns_id_e’rs the siaplistic model of humen expertise as
involving a pattern match.ing -exerci_se. --that is, matghing dafé patterns
" of problems to the. data éattern—deduction relationships stored in the
mind of the expert - then it is reasonable to expect £hat some of these
data pattern-deduc&ion relationshibs have become ingrained into the
subconscious. It is thiz 'subconscious knowledge' of an expert that a
knowledge engineer will | find difficult to extract, It is suggested
here _that_ the so~called management by gut-;feel, or intuition, | of many
exparienc~d _field managers is done using this 'subconseious
knowledge'. This is an obvious stumbling block when trying to uncover

heuristic rules used by these field managers.
2.4.2 Strategies for knowledge aggg isition

There are two. distinct ways of looking at the knowledgé acquisition
problem. ¥Firstly, the top-down approach, where one begins with what
the expert does amd works backwards to identify the structures the
ex_peft uses. Sec;ndly, the bottom-up approach, whére ona '_formulates.
an analytical model based on the components of the knowledge. One then

attempts to fit the knowledge and bebaviour of the expert into the
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 model Parsaye & Chignell, 1988).

‘The DEBUSH and HERP models described in this thesis were built using
the top-down approach. The more én’alyﬁical models of GHASTOCK and

. REGROWTH used the bottom-up approach.

Kno_wledge' acqu_iaition can be manual or automated, Manual knowledge
acquisition rﬁethods include interviewing and verbal protocol analysis.
Hart (1986) provides information on the different éuestioning

techniques used in irﬂ_:érviewing experts.

" Verbal protocol analysiz is used to track the process of expert
reasoning 'as it occurs'. The expert is encouraged to 'think out loud'

while performing the task (Parsaye & Chignell, 1988).

Redent advances in automatic knowledge acquisition and machine learning
{in which rules are induced Ey ~a . computer from case history
information} reduce some of the problems involved in knowledge

engineering (Parsaye & Chignell, 1988).
2.5 Enowledge representation

Knowledge representation involves determining how knowledée is stored
within a knowledge base. There are a number of ways of repﬁesenﬁ:i.ng
knowledge. The most commonly used techniques include semanticg
netﬁorks, pfoduction rules and frames (these are discussed below).
Often expert systems may make use of more than one knowledge

representation technique. Thesa are referred to as hybrid systems
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(Edmunds, 1988).

The problem of khowledge representatioﬁ in a_rtificiai _intéi.ligenc’e.haa-
dbtai.n_ed much inspiration from the related field of coguitive
psycho’loéy. Fdr exanple, Pars'a_ye. and-'Chignell' (19'8'8"}- point out £ha.t
the know_ledéa representation technique of.semaz.itic networks was

inspired by psychological models of human memory.
2.5.1 Knowledge representstion using rules

Rulés represent knowledge in the form of IF-THEN statements. The IF
part contains a déndition, premise or antecedent that répreseni:s a
computér; recognizable pattern. The THEN part containg a result,
| conclusién or consequence which gpecifies an action to be tai;en by the
computer when the data ma.t'c_:hes the patterrn in the condition (Edmund:,
1988). TIf the input data matches the conditions in the-iz part of the

rule so that the THEN part is executed, the rule is said to fire.

Rule-based systems use a popular and easy to uhderstand approach to
knowledge representation. Most expert systems use rules. The size of

the expert system is often measured by the nunber of rules it contains.
2.5.1.1 Inference modeg
Inference modes refer to the technique used by that portion of the

- computer program (i.e. the inference engine) to access and  apply. the

knowledge stored in the knowledge base,
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Backward and forward chaining are i;wo inference modes in which rules

can infer new information or reach conclusions. .

-(1):. For\;wa:;:d chaining. This refers to the dirzction iﬁ which new
" information is inferred. The computer tries to match the IF part
af tﬁe rule, wi£h ihﬁormation existing' in the working memory (i.e.
information 'obtai:i..ne_d £rom the user, or from other rules, or from a
database). Bramer (1982) refers to a fo.fward cha:.'.hi'rig system as
being data, pattern or condition driven. Figure 2.2 illustrates

the process.

(2) ggc_mgrd chaining., A search goal {i.e. a hypothesis to prove or
di?.prove) is .s'et Up to try and validate the THEN part of a
coricluding rule, Rules are _seé:ched for IF statements which will
eventually lead to ascertaining the THEN part of tha concluding
riale, A system that attempts to reason bacitwards is_ said to be

goal-driven (Bramer, 1982). _Figﬁre 2.3 illustrates the process.

The expert system shell EXSYS provides the option of uéing forward
'chaining, backward chaining, or both. Aall the prototype expert systems
daveloped foﬁ the thesis used a combination of forward chaining first

followed by a backward chaining search for missing vaxi,

In some expert systems i1t would be more efficiont tr;a uge -c.m.ly' ong of
the inference modes. For example,. if there is only one possible
.Soiution from a Host of po.é:-sible . splutiun_s, in backward chaining mode
only the relevant questions are P u,, fIn forward chaining mode all

the rules are tested.)
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2.5.1.2 Ways_in which rules can be used

The expert gystems developed in this thesis make use of rules in three

‘glightly different ways.

(1) Heuristic rules. (Rules of thumb), i,e. certain conditions will
result in a certain action bedng taken, For example (rule 31 of

HERB)

IF Perceritage cléy is < 21

and Herbicide deosage is » 4Kg/ha
and  Size of target area > 100ha
and - Average tree height = {.5m

THEN Herbicide application methocd = Aerial
(2) BRules used as 'mini-databases'. For example, {rule 15 of HERB)

I target species = Grewia flava

THEN Possible herbicide = WORDON 101

"

or Possible herbicide = TORDON SUPER

or Possible herbicide = RECLAIM

{3} Rules used to carry out mathematical procedurss, For example

. {rule 5 of GRASTOCK)

IF Information on herbivore stocking rates is required
THEN [PRODHIGH) = 3,65 x [CALCRAINM] + 433 x [PPERTHIGH]/100 x [TCP1]
and [PHOMED] - = 0,87 x [CALCRAIN] + 1706 x [PFERTMED]/100 x [TCF2]

and [PRODLOW)

1,32 x [CALCRAIN] + 1196 x [PFERTLOW}/100 x [TC3]
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This rule caleulates grass production on high, medium and low fertile
soils using regression lines from Dye and Spear (1982). ‘There is a

built-in tres correction factor, [TCF], bése_d on Scanlan (1987).

The above rule hag an IF condition that will always be true. This
ensures that the rule always fires so that the calculations are always

: exec:tited.

2.5.2 Other wethods of knowledqe representatiop mot used by EXSYS

EXSYS can represent khowledga only in the form of rulss. The o_ther'
important knowledge representation technigues of semantic networks and

frames are briefly discussed below.

2.5.2.1 Semantic networks

Waterman (1988) defines a semantic network as a knowledge
representation method consigting of a network of nodes which

repregent concepts or objects connected to each other by ares. Arcs

describe the relations between the nodes.

Typical nodes would include objects such as 'plant or animal specles x'

or & concept such as 'drought tolerarnce'.

Arcs provide a simple verbal description of the relationship between

nodes, for exanple, is-a, has-a and caused-by.

The semantic network approach allows knowledge tc be represénted as
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hierarchical relationships. Hisrarchical relationships allow knowledge
components to inherit information from other knowledga components,
.-thereby reducing the need to duplicate informat:‘.bn. within a knowledge

' base (Edmunds, 1988).

. Bemantic nétﬁbr.ks are the standard technique used for modal_s .o_f human

Nenory (Eﬁm_unc_is,-w&a). _
The principle of semantic networks is illustrated in figure 2.4,
2.5.2.1 ¥rame-based representation

Frames ar¢ dJescribed by Parsaye and Chignell (1988) to be a way of

packaging knowiedge within a well defined structure.

Knowledée representationl based entirely on rules tands to becbme clumsy
_ ahd diffieult to manage as the tota) | number of rules in the systenm
increases. For deep knowledge stmctufeé, newly added rules will often
duplicate ar. c.ontradict rules that already exist. Furthermore, the
" knowledge engineer becomes less aware of the interaction between
different rules as the total number of rules grows.

Frame-based systemg provide a cémplex but powerful form of knowledge
representation that allows knowledge to be efficiently ovganized ard

structuved.

The basic ides of a frame was outlined by Minsky (1975). Winsky {1975)

felt that theories of knowied'ge repregentation in artificial
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intelligence and in psychology were too minute, local and unstructured

to account for the efféctivEnéSs of common-sense thought.

_ F;ames are the rgsult o6f attempts to represent knowledge in larger,
more structured 'chunks'. Parsayé and Chignell (1988} describe fraﬁgs

~ as 'packaged knowledge'.

These packaged structures make it easler to .organize- and retrie#e
knowledge. It appears as if hunan memory contains similar knowledge

structures which aid in recall of information (Parsaye' & Chignell,

. 1988).

2.5.2.1.1 The basic structure of frames

IramEB can be thought of asg a collection_af'knowledgé abhout a specific
obivot, concept, or situatiom. A freme conﬁains related bits of
information about 'ae subject of the frame. FEach bit of information is
gontained in what is termed a slot. Bach slot has a name and_a_value
{Edmunds, 1988). Slots may contain several types of information about
the.frame. For examﬁle, a slot may contain a property whicl: describes
the frame, a rule that appliéa. to that fréme, or. a procedure for
calerlatine a value. Slots may also tontain entire frames, i.e, frames

within frames.

Frames make use of the semantic network concept of inheritance..'Framea
can be nonnected to one another in a hierarchical manner. This allows
frames to inherit the properties of framae which are higher above them

'in the hierarchy, and to pass. properties 'down' to frames which are
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lower on the hierarchy (Edmunds, 1988).

Rach frﬁme has a name and a parent {which'déscribes its links to othe;

frames in a hierarchy).

Figure 2.5 illustrates a possible frame for representing knowledge on

bush clearing.

Frames free the knowledge engineer from the restriction of needing to
have ali knowledge encoded as-rules. 'Frame based representation would
.éppear to ba particuiarly ugeful in repreﬁénting contextual
knowledge, For example, a 'pack;g&'of informaﬁion'_becomes valid oniy
in c¢ertain circumstances. This method of representation'would appear

to be particularly suited to ecoclogical knowledge repregentation.
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Frame name : SEEPLINE

PARENT - ! Bush clearing zones
- 8lot 1 : - Vegetationm - _ } - Bcacia woodland with Termpinalia
| fringe
Blok 2 Geology S If in lowveld
| Then geology = granitic
Slob 3 :  Suitability to bush :  High
clearing
Slgt.4 : .Length of seepline : L = (unslopé length) = 0,4
- Blot 5 : Clearing methods to Granular herbicides
avoid
Figure 2.5 An example of a possible frame representing knowledge

on _'sr-:éplihes within a bush clearing exper: system
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' c'H;;MER THREE
THE NATURE o:_ngonocrcan KNOWLEDGE
3.1 Introduction

- Improved understanding of the nature of a body of knowledge can be
obtained by attempting to describe the knowledge. In this chapter,
ecological knowledge is described usi_n_g three broad frameworks; namely

in ¢eras of its components, ‘depth a~3 structure.

The related concepts of emergent ecological properties and the
C6ntextual nature of ec_ologidal' knowledge ave also investigated.
Finally, this chapter looks at the problem of poor predictability of

ecological theory.

The purpoge of this chapter is to obtain a better understanding of the-
fundamental nature of ecological knowledge in the light of it being

used for modelling.

Recent developments in computers have given rise to new quastions and
areas for the scientis to explore, and have revolutionized the way in

which he thinks about his subject (Starfield & Louw, 1986).

The procegs of transferring knowledgé from humans to computers will
result in a closer examination of the nature and structure of the

kriowledge involved.



a3

Philosophical infusiohs into ecological thinking (for exanple,
Saarinen, 1§82; iaehléi 1988 - and Mentis, 1988) have encouraged
écologisﬁ to 'take a step back' and . reconsider the way in which they
think about their subjéct'and fhe very naﬁure of edological kﬂbwledgé.
" similar effects have been experienced during the process .of expert

gystem modelling,

Expert system models may encourage an epistemologicai awareness amongst

model builders and model uzers.

Understanding the nature of a body of knowledge will assist in

developing suitable knowledge representation structures.
3.2 Describing knowledge in terms of its componeats

Parsaye and Chignell (1988) describe the basic components of knowledge

as being néming, degscribing, organizing, relating and congtraining,

These ccmpdnents of knowledga are generally present within any
xnowledge representation systems. However,- each knowledge

representation method deals with these composents in 1ts own way.

To represent knowledge it is necessary to denote objects by name. The
function of nah;ing is performed by using nouns. Naming includes the
procegs of declar:i.'ng variables, for example the variable {[SOIL

FERTILITY].
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3.2.2 Dpescribi

The function of déscribing is performed by an adjective, or a number
.such'as Jhot', 'dense' 61: '80%'. Describing is usually used to assign

a value to a variable, for example [SOIL FERTILITY] = 'high'.
3.2.3 Organizing

O}:ganiﬁing invol'\}es developing conceptual categories and hierarchies.
For example, the variable [S0IL FERTILITY] is 3 property of the_'
variable [SITE I{ODUCTION POTENTIAL] which is required in determining

the variable [GRASS PRODUCTION].

3.2.4 PRelating

Afté_r 'ném'ing, describing amd organizing objects, we need to relate
th_e_m. When desecribing felatiqnships between objects, it is important
to choose the right level of -analysis and the right number of
particular entifies in a relationship. The numbér of entiﬁies involved
depends on th.é level of analysis and depth of knéwledge used (Parsaye &

Chignell, 1588).

Some k:i..nds of relations can be expressed in terms of the organization
of the knowledge. For example, [SOIL'_ FERTI'LITY]. is determiacd~by [%
CLAY]. Other types of raiations are more complex and may be expressed
as procedures, For example, the variable [POTENTIAL GRASE PROLUCTION] . -
is related to tl.:e. .variable [AIINTNUAL' RAINFALL) by 3,'5_55 x IA.“?NUAL'

" RAINFALL] + 433,



: 3.'2.-.5 - Consffainin_g

COnstré.inta are uged to limit ranges of values, relationships, and
organiz’at:i_.onal structures.'_. Fnr example-, ;2 constraint is used to
express th. fact that the variable [SOIL FERTILI’I‘Y] ig determined by

the variable [% CLAY] only if & clay is helow 20.

Constraints are used to protect the integrity of the knowledge-base and

to define the limits of its applicability,
3.3 De_sg@ng knawledgg in tezms of its levels or depth

Knowledge can be | répresented at different levels ' .depending on: the
-degree to wh'ich. fundamental p;'inciples a.nd (Gausal rela‘bionshipa. are |
taken into account. Shallow knowledge l_mndles only surface level
.informat':l.on. that can be used to deal with specific 's:i..'tuai::ions. Deep
knowledge on. the cther. hand, represents the intermal and causal
structura_ of a sys’l:em and considers the interactions between its

uwnderlying components (Parsaye & Chignell, 1988).

Deep knowladge of a system implies that there is a g‘oodunderstarﬁding
of the fundamental relationships involved. Surface knowledge implies
that there is a degrée of empirical predictability of the eventual
effects #itiiin a system,. but a basic inability to explain underlying

causes.
3.3,1 Advantages of deep knowledge structures

Noble {1987) has stated thal the impact that expert systems have on
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& ological theory ﬁii_l depend on the degree to which deep knowiedge is -
used in formulating knowled‘ga béses, Degp knowledge structures provide
'a better undeérstanding of ecological processes, and also provide more
oppoi:tunitiss‘- fof interactions hetween e::ologipai h&wiedge bages that
coﬁ:bine geveral domaing of expevtise, For ewample, in this thegis, the
rainfall-trea dens.ity-gras.a .produdtion relat'i.onsh_iﬁs in the sto::king
: rai:e_ mode'._'.-. GRASTOCK‘ were__repi:'e'seni:ed using ;elativ_ely- deep. knowledge
sﬁmctﬁes . The same relationships were used in the bush clearing

. ‘model REGROWTH.

One approach to representing deeﬁ knowiedge is to éép{;ure the
underlying ﬁriﬁciplas by modelling the functions carr.ied ouﬁ by each
variable within the knowledge domain. This functional model can théh
be nsed for 'what if' simula_tion. "What if’ .simulation or "gaming' is
useful in ecological management, in particular for determining the most
important variables within a system (i.s. 'sensitivity analysis') and

- to determine likely outcomes of various management decisions.

Deeper knowledge structures .enable an expert system to explain its
reasoning z_isihg fundamental principles. This is dimportant if the
cbjective of the expert system is to impart knowledge and not just
decision naking. _ Furthermore, the ability to explain why a cer:télin

decision was reached enhances the credibility of the system.

bDeep knowledge expert systems can invoke deep knowledge str.ctures to
solve difficult or unusual problems (i.e. ‘solving a problem using

 first principles') {Parsaye & Chignell, 1588).



37

3.2.2 gggg;g_ggpggt systems be bunilt with deep or shallow knowledge

structures?

The ahswer to this qﬁestidn will depend firstly, on the amount and
nature of knowledge avallabia for a particular problem and secondly, on

the purpose f.bx_: buitding the wuodel.

Caswel) (1976} racognizes two extreme types of models, .namely
ﬁheoretical and predictive, Théoratical' models redquiring deep
knowledge - gtrucktures are -esgentially concerned with insight into
_ medhanisms'énd processes. The emphasis is on e#planation of cause and

effest,

Predictive models, on the other hand, may be built out of ghallow or
deep knowledge structures. They are not independent of the
understanding of the mechanisms and processés,' but they focus on

relationships, especially on effect rather than cause.

For many ecological éroblems, caugal ralationahiﬁs may be poorly
understood. In these cases, it may only be possible to build shallow
knowledge structures from empirical information. Such knowledge baées '
would typically conmist of a. set of hauristic rules. These models
would have limited explanatory abilities, For example, a heuristic
rule for the problem of determintng sultable herbhivore sﬁeciaa nix

ratios on game farms coald be

IF  Area = Bushveld

‘and Rainfall = & Average
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and Bush .encroachment = Not excessive
THEN ~ Species mix ratio (in Au) = 3 Bulk grazers : 2 concentrate

. grazerg: 1 Browser

For some problems the reverse situation may apply, i.e. reliable
empirical knowl_edge and heuristic rule_é may be difficunlt to obtai_n._ In

such cases it is necessary to build deep hnowledge structures in which .

#undamental prOcesSes are simulated. For example, the fnodel' GRASTOCK =

estimates suitable stocking rates by considering the fundamental
concepts involved in stocking rate decision making. This was necessary
due to the shszende of ahy reliable empirical information concerning

stocking rates,

Expert systems with aur_face knowledge 'structurés are relatively gquick
and eagy to bui.ld, providad that :_:'eliabl_e empirical information about
the problem is available. They do, however, run the risk of appearing
trivial, and may cause one to ponder if the knowledge could not have

been represented jusi; ag adegquately in a look-up takle or nomogram.

ﬁ‘igui:e 3.1 describeé an algorithm used to determine whether deep or

shallow knowledge structures should be used.

3.4 Describing ecological knowledge in terms of its structure

Fcology is commonly criticized for its lack of theoretical approach.
Margalef (1963) feels that ecologists have been reiuctant to place
thoir observation and findings in the frame of a general thecry, and

that present day edology is extrvemely poor in unifying and ordering
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principles. '

The pressures created by recent demahds that ecological theory provides

more affectiwé guidelines for manragement of natural resources, has

created what Odum (1977) calls the 'new .ecology'. This involves a _

sl'-.:_l.fi: away from mere descriptive ecology to a' search for unifying

| theories and principles.

A svience is usnally described as a conceptual scheme or a system of
theories, hypotheses and laws , which serves to explain observed Ffacts

and allow prediction of events (McIntosh, 1982).

A sound theory and body of. empirical information is n_écessary to
develop a seientific at::"uci.:ux.’é. that can be applied to practical
problems. However', as Slobodkin (1988}  has .pointed out, the
development of ecological ‘theory in the absence of practi-cal questions
is in danger of deluding itself by a vain hunt for generality,
answering only easy quesfions that it poses for itself, and becoming

irrelevant to anyone outside its own academic village.

3.4.1 Ecoplogical concepts and theories

Slobodkin (1988) describes ecological theory as models or eguation

systems that describe the commonalities shared by classes of answers. .

Theories are essentially hypotheges that have been verified. - Concepts
on' the other _hahd nesd not necessarily be falsified, their only

criterion being that they are useful. Ecology has often been

[ —
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eriticized fof being more concerned with developing concepts than with

producing theories (McIntosh, 1982).

All Scientific ideas can he .classed as theories (p:.'_ed:".cti-ve. or
fslsif'j.abie st'ai;ements'.about ﬁhe universe) , or as concepts {no£
nedes.‘-;taril'y falsifiable). Oniy theories éompriea 4 science.
Edologidal -concept. and theory are often confused so that ﬁon-prediative

ideas impede scientific advance (Peters, 1982) .
3.4.2  Ecological principles

McIntosh (1982) defines a principle as a 'fundamental underlying reason

or cause from which other things foll&w and can be deduced’'.

Successive ecologlsts have atteﬁpted to reduce ecological theory info
cardinal principles. | For example, Ganong .{‘1904) and Alle and Park
(1939). More recentlf,; Smith (1974} has described ten principles that
focus on the cdncept of the ecosystem, for example 'wheri an egosystem
is exploited and that exploitation is maintained, the maturity of. the

ecogysten declines’',
3.4.3 Ecological laws

A scientific law, although variouél}. uged, commonly refers to an
cbservable evént that can he confirmed or rafuted hy observation, i.e.
an .emp_irir:all law. Ideally, a sclentific law should be a universal.
generalization. .. Theories are distinguished from 1'awé in that they are

statements that may not ne'cesaariiy refer to direct observation, They - -



- 42

L aré abstract relationships linking diverse phenomena and incorporating

and explaining laws (McIntosh, 1982).

The quesi::i.on of whether tru:e laws occur  in ecological  theory is
debatai;_:i-‘e. McIntosh (1982) desarii:es one of the difficulties in
deﬁeloping. ecological laws an be_ing' able to recognize, :.n the
'untidiness of cowplex biclogical 'systems, the neat regularity which
lends itself to mathematization, explanation und prediction'. - Claims
of ecological regularity are often pitehad at s6 broad a level of
'generality that they are not very enlighvziing. rounterparts of the

laws characteristic of physigs are difficult to ddentify in ecology.

It has been argued by Loehle (19B8), quoting Simberloff, pers. comm,,
that ecology :ts largely ideographic (expl~ivs particulars) rather than
nomothetic (derives universal laws). T-- 1 (1988) feels that truly

'no

universal ecological lawe Jo ocour, He cites as examples,
populétion can increase without bounds', or ‘'energy is dissipated

across any tropic transfer’,

Over the years a nunber of similar generalizations have _heen' proposed
variow.ly as hypotheses, principles or laws, without achieving any

consensus (MoIntosh 1982},

The most recent law advanced in ecology is Yoda's 3/2ths thinning law
{Yoda et al. 196_3, ais ‘quoted in McIntosh, 1982). This law relates the
logarithm of the we:l.ght of individual :plants to the logarithm of their
density. This has been claimed to be the first basic law demonstrated

for ecology.
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In ecology, the lack of laws, constants and regularities, comparable to
those of physics is seen by most ecologists to plague the pursuit of a
tomprehensive ecolog:i.cai theory; seen as neces'séry if ecology is to

maturs into a so-called ‘hard 'scieznce'_.

The .attéinability and desirability of edology attempf:‘.n‘g to emulate the
- sc:.entific criteria inherent in the 'hard sciém‘:es'_' has been guestioned
by some ecologist. .For-example, Slobodk:i.n (1965) feels that the normal
critexia of :'scie'ntifié quality which are used by biologists are not the
same as those of the physicist and mathematician, ‘and that empirical_,
scienca ‘must develop its own standards of quality. The grounding of
the qua;ntitative'math_ematical theory of écology stems from the
conviction that underly.{ng tl_a'e manifest complexities are gimple
'-mathematical theories, as found in physics. Slobodkin (1965) describés
this as an illegi_timate_ analogy. MacFadyen (1975) deseribas this
aspact of -ecolﬁgical epistemology aé a falth in the belief that
ecological systems conform closely enough to patterns snd operate
sufficiently within discernible constraints for it to be worthwhile

trying to i’-ind cut what those constraints are.
Because 'acosystems are highly complex and involve numerous variables;
the tools +ad techniques used by the physical scientists cannot be

easily applied. WNor can the knowledge be expected to be as precise and

as predictable as the knowledge in, for example, chemistry or physics.
3.3.4 Ecological gemerality

In accordance with the hierarchial structure of ecosystems (0'Niell et
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al. 1986), ecological knowledge can be perceivisd as being arranged in
"layers', rﬁoving from the genefal to the specific. At the upper l_a'yer
of the hierarchy, ec-_:_::logic_:_al theory is concerned with large scale
predictions. . At these levels ecological model.s can be built ftom
| supirical gensralizations thﬁt'. axtand beyohd single épeci’es_. Theée
genéralizations can then be rationalized in the context of known
mechanisng .’ _Unfortunately,- as Slobodkin (1-988-) points out, only a very :
| small 61a&s of .practical questions can bé angwered at thig level of

generality.

- To answer p:_':aotical ecological cjuestions, it is ﬁsually necessary to
inclﬁdé' decpet kﬁowl..-dge, or knoﬁledge at a lower hierérchical level,
.T'hia involves axtra‘pdl'ating' from the general to the specific.
Slobedkin (1988) has remarked on the narrow extrapolation ﬁange of
_descfi_pt:i.ve ecology. This_ia attributed to the unique natural

histories of the multiple organisus which defy generalizations.

Given the difficultias of ecqlogical. thgory, it is_ tempting to usa
general, natural-history-free models to make field predictions. ‘These
predictions will be to.o coarse to bé 'r.e.l_iable. “Improving the accuracy
of the mo_dal would require the :'.h_dlusion of much relevant detail - this
would considerably narrow the range of applicability of the model

(Slobodkin, 1988).

unfortunately, the choice is not between perfect and imperfect advice
to managers, but between crudely imperfect advice and no advice at all

(May 1984, as quoted by Slobodkin, 1988).
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3.5 Emeryent properties

No discussiqnion_the'nature of ecological knowledge would be complete
without mention of a s&pecial category of ecological knowledge
crig:i.naﬁi‘ng from the hierarchal organization of ecosystems {0'Niell g; '

al. 1986).

An ‘important consequence of hierarchal organiz.atioh 4s that as
components, or subsets, are combined to produce larger functional
. wholes, new properties emerge which were not evident at the next level

" below {0dum, 1977).

Salt (1979) defines an emergent property of an ecological unit as one
which is wholly unpredictable from observation of the components of
that unit. Fu.thermore, the emergent property of an ecclogical unit is

only discernible by observation of that unit itself,

The diffeﬁence between iame;'gen-t properties and thé collective
propertles of an ecological unit are not alwafs clear, Cpllective
.properties ara epsSentlally characteristics of components c.f the
ecological unit, obtained through summarizations of the behaviour of
the component of the unit studied. For example, the age-class
structure of & populatibn is a réault of the combined ages of all the

individuals which make up the population {Salt, 1979).

Alfred Whitehead described the. mechanistic analysis of nature that had
previously dominated Western thinking as 'cne«eyed reagon, deficient in

its vision of depth'. ‘'Mechanistic materialism' was the name Whitehead
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gava to this mode of abstraction which selected from the multitude of
Experie:ices only thoge gualities which could be explained by physio-

_ chemical laws (Worster, 1977). -

“The .theo.::‘y. of eme}.'géxice challenges the scientific npotion that the
consequent might be fundamentally different from its anteéedents
(Wors.ter,- -1977'} . - The éutcome of emergerice could be a s_u.l_:)s_tance as
. basic és water ~ an emargent from two gﬁses - or as complex as human

consciousnass.

Smuts i,1926}. coined tha term 'holism',: a concept used to a'ccbunt for
tha.' amf—ergence of progressively moré complex wholes, Smuts (1926)
pointz out 'th'e relevance of emergence in the context of evolutionary
theory by saying 'all reality is aggregaﬁive, contextual, emergent; and
the progressive development .of the -resultiné .wholes at all stage. -
from‘ the most inchoate, imperfect, :‘.xiorganic whbies to the most highly

developed and organised - is what we call Evolution'.

_ The application of systems analysis to .cosystems has helped cause a
shift in emphasi_s from a redu_ctionistig to a wore holistic and

integrated approach to ecological research.

It is suggested here that 'emei-gent propejr_ties' may he disclosed during
ti'xe process of écosys.tem modelling. To illustrate, wvarious simulation
runs of the bush clearing model REGROWIH revealed that the relative .
suppressive effécts of tree basal are_.a on gréss production are higher
in low rainfall areas than in nigh rainfsll areas. This implies that,

all else being equal, bush ciear:].ng wruld result in high'er economics
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benefits in arid as opposed ‘to mesic areas.

It {:Ould -be argued J(:.h_at hypétheéis :i._nduc.ed. from models, such as
' désc‘ribed aboveﬂ, cannot Qualify an an emergent property of lthe
ecosyétém’ being modelled. . .It ﬁouid .be. diffitﬁult to determine,
particularly considering {:he difficulty in validating ecological
© - models, whether the hah_avioqf of the nodel is reflecting real emergent
| 'pz'-opert:'i.es. of the 'ecosir_éte'm, or wheth.er '{'-.he.se are jﬁst the 6ons.eq'uerices

of the mathematical structure of the model.
3.6 contextual nat of ecological knowledge

It has been argued that in the absence of iaws no theory is possible,
Typical theories in ecology are ve"::;ba_tl or semi-cuantitative, .For such
theories to be predictive .the'y. become highly dependent on unstated
auxiliary assunptions or boundary condit:i.ons.. . This would support the
notion that explanations for .ecological phenomena are highly contextual
‘and can seldom be obtained by referring back to .'Eirst principies’.
Furthermore, this implies that ecological models are largely based on
knowledge that may. be valid only within a specific coﬁtext and,
therefore, can only be used within that context. |

Theories, generally considered as competitive, might be complementary
| in that each of them relates to only. a limited range of circumstances.
Accordingly, competitive theories ..have a situational falgifiability.
For example, clemensian succession might be ésupropriate for soﬁe
- rangeland systems, whereas other systems 'might be better viewed as

event-driven. ~In this light, the inapplicability of a given paradigm
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to a given eituation cannot be orounds for universal refutation.
Uncertainty may arise as to when a theory is simply inapplicable, or

when it is indeed invalidated {Mentig, 1988).

3.6.1 Implicit and explicit knowledde

Stent '{1975;) ﬁr..s drawn attention to the semantic problems in deriviné
neaning £rom biolo'gidé_._l information. ‘The meyning of sémantic
structures often du;';,.hds on the context in which they are used. a
distinction can .be wmade bei_:weén explicit and :meliéit meaning. The

explicit meaning is that which a semantic structure has by virtue of

the syntactic relati. of its elements, i.e. the literal meaning of

the information, The implicit mesning, by conktrast, is not contained
in  the structure itgelr and arises secondarily Ffrom the explicit

meaning by virtue of its context

For example, the information 'the veld has beer. burnt in gpring' coﬁzld

have the sequence of meanings as seen in figure 3.2.

One level of implicit information is derived frow the preceding level,
There exists an hierarchy of implicit meanings. 'I’hése meanings can
only take on re;evance within é contextual hierarchy. The higher the
level of implicit information, the more dependent it becomes on its
context. - To illustrate, 'in the above example the relevance of
information at ‘implicit level 1* is dapendént.:'. on the provigo that
rainfsll is not above average. Similarly, information at ‘amplicit
level 2' may be dependent o_ﬁ the provisos that rainfall is riot a’b'ove

average and that a heavy grazing pressure is maintained, ¥Finally, for

bbb gy, e e e e o e % m e e e s e
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to a given situation E:annct be grounds for universal ' refutation.
Uncertainty may arise ag to when a theory is simply :mappl:.cable, or

when it is indeed invalidated (Mentls, 1988}
3.6.1 Implicit and explicit kmowledge

‘Stent (1978) has drawn attention to the semantic problems in deriving
meaning £rom bioclogical information. The 'meaniﬁg' of séﬁantic-
structures often depends on the context in which they are used. A
- distinction caﬁ be made betwsen explicit and implicit meani:ig._ the
explicit. meaning is that.-which a semantic st'ructu,.t"e has by virtve of
the syntactic ralatiqn of its elements, i.e. the Iliteral meaning of
the information. The implicit 'meaning.;, by cdntraét, i3 not coﬁtained
in the structure it:éelf and arises _secondarily from the explicit

meaning by virtue of its context.

For examplé, the information 'the veld has been burnt in spring could

have the =seguence of meanings as seen in figure 3.2.

One level of implicit information is derived frc’nﬁ the preceding level.
_'I'he:‘:_e exists an hierarchy of implicit meanings. These meanings can
only takg on relevance within a pontextval hierarchy.  The higher the
" level .of implicit information, the more dependent it becomes onm its
context. o | illustr_:aﬁe, in the above example the relevance of
information at 'implicit level 1' iz dependent on the proviso that
rainfall is hot above average. Similarly, information at 'ifnplicit
level 2' may be dependent. on the prqvisos that rainfall is not above

average snd that a heavy grazing pressure is malntained. Finally, for
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information at 'implieit level 3' to be ﬁélid, a host of ‘provisos. may
be required so that the statement 'a spring burn will increase the

occurrence.of species y' will only be true in a very specific context.

It is d:i.fficulﬁ to draw a sharp line of demarcation bet_wéen explicit
and implicit meah:i.rigs, siﬁée the extraction of the explicit meaning :|_.s,
'itsé_lf, rarely cont'ext—free_. The digtinction between explicit and
ihplicit meaning is relative rather fﬁan absolute, with a meaning being
the less explicit and the rore the implicit, the more dependent it is

on the context (Stent, 1978).
3.6.2 neia;'ive knowledge

The quantum theory and the theory of relativity have had.a major
influence in fransforming the old mechanistic world view of Newtonian
physics and absolute knowledge towards the idea that things are

inherently relative and dependent on conditions and contexts.

Capra (19?_5) , reflecting the view of .modern. physics and 'East'e.fn
mysticism, beli.eves that all knowledge is relative. Nothing is
'underStandable by itself. Bverything in the universe i connected to
everything else and n.o #art of it is fundamental. The properties of
any part are determined not by some fundamntal law, but by the

properties of all the other parts,

It iz argued by Prigogine and Stengers (1984) that even the old
'universal laws' of Newtonian physics are not universal at all, but

apply only to loral regions of reality, And these happen to be the
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regions to which sdience has devoted the most effort.

Prigogihé am_i Stengera (1984) continue by sayix;g that 'while some parts
of the universe may operate like machinéa, these are- closed systems,
-and closed systems at best form only a small part of the physical
universe. | Most phenomena of interest to us are, in fact, open .sys'@ms,
exchanging energ} of matter (or information) with their environment.
Most b:l;nlogiéal systemeg are opén, which means that the : af.tempt to
.'understa.nd them in mechanistic 'tez_:r_ns is doomed to failure.
Furthermore, this suggests that reality instead of beiﬁg o_ﬁ_derly,
..sta'bla and equilibrial, is seethiﬁg and bubbling with change, dis.order

and process'.

Capra - (1975} points out the problem of attempting to describe the
natural world with rational knowledge. 'Rational knowledge is a syatém
¢f abstract concepts and symbols,’ chairacter:i.z'ed by the linear,
gequential structure which ig typical of our thinking and speaking.
The natural world, on. the other hand, is one of infinite varieties and
complexities, a multi-dimensional world which contains no étraight
lines, where things do not happen in sequence, but all together. It is
| clear that we can only expect an approximate representation of reality,

- and all rational knowledge is therefore necensarily limited'.

The realm of rational knowiedge :Ls,.' of course, tha realm of sciente
which measures and Juantifies, clas‘sifiés and  analyses. . _Tha
limitations of any knowledge obtained by‘ these methods have become
:anr'easingly apparent in modém science and; ih partirular, in modern

physics which has taught us, in the words of Werner Heisenberg, 'that
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every word of'concept, clear asg it ﬁay seem to ba, has only a limited

range of applicability' (Capra, 1975);
3.7 The predictability of egological events

- Scientific theories propose relaticns between observable phendmena. A
_good”theorg.enableé[a sclentigt to make predictions from measurements
of indepandent ‘variables about the behaviotr of ' dependent variables

(Peters, 1982).

‘The poor:predictabiiity.of so-called soft sciences (including ecology ,
economics and the social sciences) is often associated with the

conspicuous lack of successful theories in these fields.

A more fundamental view of the poor predictability of ecology has been
proposed by various authors (Mentis, pers comm), The view hinges about
three distinct but interrelated concepts. Thege are briefly described

below.
(1) 'White noise' and the uniqueness of ecological events,

Pielou (1972) suggested that ecological phencomena contain a degrée
of stochasticity that leads to an irmate unpredictability, and
that ecology could never equal the predictive power of physics and

chenistry bocause of the white noise problem.

- A scientist attempts to derive generalizations and,'-hopefuily,

laws through trying to detégt some common denominator or structure
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in an ensemble of events. An event which is unique candot,
therefore, be the subject of scientific investigation, for an

ensenble of unigque events has no common denominator, and there is

pothing in :it"tf;_ ‘explain; such events are random, and the
- obsexver perceives them as . 'moise’. .So ‘the basic problem of a
_._scientj.f:l.c inve_étigation | is to recognize a .s:i.gnific'ant structure
of an ensemble of evénts a_bové its inevitable backjrpund nioise. -

The lower the ba{!kground noise of a natural phehomenon ~ that ig,

the smaller the role of the uniqueness of its constituent events - _

the more unambiguous its t.heoretical structure (Stent, 1978).
Second order indeterminism.

Mandelbrot, 1963 (as quoted by Stent, 1978) developed an

Epistémological argument which draws attention to a fundamental

barrier. of the capacity to discover new laws in both the natural

and so_c:i.al s'ciencés._ _ Mandelbrot believes that most natural
phenomena for which 5ucce$sful scientific theories had beeﬁ worked
out; prior to about one hundred years ago, are relatively 'noise-
free', Such phenomena were explained in ferms. of .dEte_::'ministic
laws, which assert_ that a given set 6f initial conditions
(antecedent situation} can lead to one, and only one, final state
(conseguent). Towards the end of the nineteenth centurv,. the
methods of mathematical statistics came to be trained on

previously inscrutable physical phenomena involving an appreciable

element of noiss. This development gave rise to indetexministic

laws, for example, the 3kinetic' theo:fy of gé_ses and quan'tum

- mechanics. These indeterministic laws envisage that a given set.
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of initial conditions can lead to several alternative final
states. An indeterministic law ;ls_ not de}vo:.d of predictive vaip.e
because, to each of' the several alternative final gtates, there is

aSSigned a probability {Stent, 1978).

Mandelbrot feels that science is prese_nt]_.y a_t the threshold of.
what_ he calls a second stage of indeterminism, in tha't._ many of
the nﬁisy phenomena which cdntii_'lue to elude éucces‘sfui theoretical :
understanding wiil not only be -inacceésible Lo an.alysis' by
old;gtyla déterminis_t theories, but also to the statistics ﬁsed to
determine firéﬁéstage indeterministic thecries. | In most sysﬁems
for which it has been possible to make successful first-stage
indeterministic scientific theories, the ensamble of events of the
phenomena observed display a statistical distribution such thﬁt
the mean value of a series of observétions converges rapidly
toward a limit, That limit can be subjected to analysis of the
cla_ssical determiﬁistic type. Many natural ﬁhenomena (for
example, annnal rainfall) may poésess a spontaneous activity which
| displaye a stat:i.si;,ical distribution, .in which the mean converges
only very slowly, or mot at all, toward a limit, And here,
-arcording. to Mandelbrot, it is difficult to asgertain whether =zny
structure the observer believes to have pef‘ceived is real, or

mergply a flgment of his imagination (Stent, 1978).

Systems displaying statistics where mean values do not easily
converge to a limit follow what is known as Pareto distributions.
For these systems, exceptionally 1argé data sets will be required

‘before second order indeterministic laws could be extracted from
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such systems (Stent, 1978).

(It -:i.'s being suggested here that the apparent lack of écolbg:i.cal' '

laws and theories arises from the predominance of Pareto

distributions in the basic phenomena to which ecologists address

their quantitative analysis.

Ecdibgicai'é?st_@rﬁé congidered as medium-number systems.

A certain paradox exists concerning the degree of complexity and

the number of components of a gystem. For big-number systems,

suchH as a macroscopic guantity of gas, physicists. are ahle to make
thermodynamic predictions relating teo pressure, wvolume and
temperature. This is possible not in spite of, but because of,
the large number of similar components. The predictions are from

averages. At the other extreme are ‘small-number problems

exemplified by the Newtonian consideration of our planetary

system. Newton was able to make rélativeiy accurate predictions
con'car'ning_ the tﬁoticn- of these planets. Between these extremes
wre the medium-number systems, such as ecological systems, which
yield neither to the mechanical nor the statistical approach
because there are toﬁ many components to describe each interaction
with a separate 'equa.tion, a:nd the components are too different to

permnit averaging, Medium-number systems are usually assigned to

second order indeterminacy (0'Neill et al. 1986).

" Thus, the problem of ecologists is not that the object of gtudy is

- complex., Other complicated systems have yielded to scientific



56

investigation. The real problem is the type of complé:;ity-
" involved, Ecosystems, conceived as medmm-number _systens, can be
expected to be particularly recalcitrant to analysis (0'Neill et

al. 1986).

0'Neill gt al. (1986) believe that if any success is to be had in
. analysing m'adu‘.xm—number systems such as ec'oslrstems i caréful and
explicit co.n_a'ideration of the organization 'undé_rlying its
éomplai:ity is requ-ired._:. To this _pur.pose, ' thay have prépbse‘d &
hierarchical concept of ecogystems. Central to the theory is fhe
ccencept .that organization results from differences in process
rate. -Mediu.m-—number systems, like scosystems, operate over a wide
spectrurﬁ of rates. Behaviours can be grouped inko classes with
'simi.lar-':r:ates', and :Lf. the clasges are sufficiently distinct -the.
system can be coﬁs:i.dered ag hierarchical and dealt with és a
'_small-numb'er s‘ys'{:em-. 0'Neill st al. (1986) argue that previous'
attempts to define écosYS’cemé have been d.erived from spatio-
temporally limiting viewpoints.  Hierarchy theory is seen as a
means of _getting' around this problerﬁ. Furthermore, hierarcny
theory provides _a; unifying framework in which both the population-
community and the process-functional. viewpoints of -eclosystems can

- be considered simultanecusly (0'Neill et al. 1986).
3.8 Conclusions
This investigation into the nature of ecological knowledge reveals the

following points. These points should be considered when developing

- ecolegical models.
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The contextual nature of ecological knowledge.  Ecological

explanationg are highly 'dependant on auxiliary assumptions.

_ Ecological theories may have a situational falsifiability (Mentis,
1988) (see section 3.6). This implies that the degree of

generality built into ecological models is typically limited.

Ecologzcal'knbﬁlédge comprises mostly of concepts. There are few

reai laws or theories (McIntosh, 1953).  This  implies that

: ecoiogical_problems can seldom be solved by 'going back to first

' prin&iples'.

Ecological knowledge may be considersd as deep of éhallow {ﬁobel,

1987). Déep ecoiogical knowledge implies an understanding of

fundamental processes.

Much'edological knowledge may be emergent in nature {see section
3.5). A systems approach (as opposed to a reductionist approach)

-will assist in revealing emergent propertiss of ecosystems.

The study of ecosystems have traditionally involved perceptions

that are limited in time and space. Hierarchy theory as proposed

: hy O'Neiil et al. {1986} is seen as_a way around this problem.

(6)

The poor predictability of ecological events can be explained by

three interrelated concepts (see section 3.7). These are

(a) . the 'white noise' and-uniquenesé of ecological events {Pielcu,

1972; Stent, 1978);
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(by the predominance of second order indeterminism and the fact
that meny ecological phenomena conform to Pareto distributions

(Stent, 1978);

(¢) ~ the viewpoint that ecological systems are considered as medium-

. number systems (O'Neill et al. 1986).

The above implies that ecology san never attain the predictability of
fﬁe-hard Sciencas. Because of this, ecological decision models should
aim to provide .deécripti_vé., - ag opposed to. prescriptive, advice.
Viewing ecoaystemé'in'terms of the hieraréhy.theﬁrf propbsed by 0'Neill

et zl. (1986) may improve the ability to provide predictive insights.
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SECTION 2 : THE MODELS

CHAPTER FOUR

USING THE EXPERT SYSTEM .MODELLING APPROACH TO DETERMINE SUITABLE

STOCKING RATE POLICIES AND STOCKING RATE LEVELS

This section describes the development of two expert system models,
 POLICY and GRASTOCK. ‘The section serves to illustrate ‘how
' consclidating curzeént wisdom, iargely . from the Iliterature, can be

engineered into Serision models.

The knowledge engineering steps of identification (i.e. characterizing
the important aspects of the problem) and conceptualization
(identiEying 'rélevan_t- concepts of the problem) form the bulk of this

s’c_.-ction. Attention is Focused on_’t:ritical and controversial concepts,

4.1 The model: P *CY¥. Determining switable stocking rate policies

for gome and cattle farms in semi-arid savannss
POLICY is a small expert system comprising only ten rules, It has also
been represented in the form of an algorithm (see Fig. 4;1) . The
concept of rainfall predictability is discussed at some 'l_er'lgth. ~ Thiz
study has been important in shaping the approach adopted in the model

GRASTOCK.
4.1.1 Objectives of the model : POLICY

The objectives of POLICY are to
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(1) ' develop a simple decision analysis model that will assist farmers

' in reaching the most appropriate stockiug rate policy;

{(2) consider the most important factors that affect this decision, in

particular, the question of rainfall predictability; and

(3) establish a background for developing the stocking rate model,

* GRASTOCK.
4.1.2 Options
There are four possible approaches that could be adopted
(1) Fixed stocking rate
(a) Relatively high
Stocking rates are kept at levels which require average or above
‘average rainfall for adequate feed production from rangelands. The
success of this policy depends on the i‘armer's abllity to provide
reascnably priced supplementary feed., The advantages of this policy
a.2 the 'bumper crops' obtained during good years.
(b) Conservative
Stocking rates are kept low so that supplementary feed will seldom be

required (except, perhaps, during extremely dry years). The

advantiages are that there will be low risks of stock loms, production
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will be consistent, and the risk of veld degradation is minimized.
Furthermore, low stocking rates will emsble a build-up of dry
material during good rainfall years, which allows for foggaging in
_aweetvald, or for the use of fire '-ais_' a management tool to encourage

rotational grazing, or for bush control.
(2) varisble stocking rates

Stocking rates ake changed opportunistically in accordance with periods
of high or low rainfall. fThe success of this method depends 1arg§1y on
the 'ability of the farmer té alter stocking rétas at short notice
and/or the ability to predict periods of below or above average

rainfall.
(8) Tracking rainfall aycles

Stocking rates are allowed to increase during rung of good years, and
are decreased during runs of bad years. Extra income derived during

wet cycles is used to tide the rancher over the dry periods,
(b) Tracking rainfall years

This is the'most opportunistic of all policies. It requires a high
degree of flexibility with regard to changing stbcking rates. ‘thisg
approach is probably only feasible for put-and-take operations, where

stock can be bought and sold during the same year.
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4.1.3 Determinants

The important considerations that determine what stocking rate policy

to adopt, include

(1)

(2)

(3)

£4)

{5)

(6)

(7)

the reliébility and predictability of'rainfali in the area;
practical considerations recarding the ability to manipulate
atocking rates at short notice and the ability to provide

reasonably priced supplementary faed;

the farmer's attitﬁde to risk, and the degree'of risk that he can

afford to take;
financial considerations of the farmer (conservative stocking may
not be a viable option if the farm is too small, or there may be a

ninimun stocking rate to ensure repayment of debts);

the ability of the veld to maintain its'pfoductive potential, its

recovery.raté, and its resistance to-overgrazing and erozion;
the management objectives of the farmer; and

a bic-economic analysis of the most profitable policy.

4.1.4 Rainfall predictability

The predictability of rainfall is an important consideratior im
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detefmin-ing a suitable stocking rate policy.

Two aspects of réinfall predictability were considered. .Firstly, the
prédictability of rainfall cycles. (or consecutive - fu'_né of 'guo&' or
- "bad' years); and -'Be.cohdly, the predictability of rainfall from one

' year to the mext.
4.1.4.1 Rainfall cycles

Tyson and Dyer {1975}, Dyer (1976), and Tysoﬁ (1986$ have showm how the
summer rainfall région, takén as a whole, has e;perienced a regulaf
pattern of rainfall fluctuation since 1910.  Using space mean
percentaga deviationg, they - have gshown how the periods_ 1916«1925,
1936-1944, 1954~1963 and 1972-1982 experienced above averagé rainfal_l,

whereas the periods in between experienced below average rainfall.

Tyson (1986) believes that contained within the generally random
year-to-year .rallinfa.ll variability, is an underlying ron-random
compo'nent whidh has vériad syatematically for over éighty years. Thig
nen-random component seldom accounted for sore than 20-30 percent of

the variance in local rainfall,

. Tyson (1986) furthermore believes that these 18:20 year eycles for the
sumner rainfall region of Southern Africa are unique iﬁ Africa. Weaker
10-20 year cycles were found to be operating by Penﬁycuick and Norton-
Griffiths (1976) in the Serengatl ecosystem. These cyclic trends were

too weak to use for predicting future climatic trends.
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The hypothesie of a pseudo 18-20 year rainfall cycle as proposed by
Tyson and Dyer (1975) has nbt been universally accepted. Opposing
wviews are held by Markam (1950) and Pegram (1983), who are both of the
opinion that thefe is ro statistically significant evidence of the.frue
pseudo-periodicity which may make it possible to predict future wét and
dry spells, Markam (1980) has found consistency between actual
rainfall data and a series of randomly permutated data. He concludes
that rainfall data consist of independent qbservations that do not

display any_statistically significant periodicity..

If.one accepts thé.Tyaon—Dyer rainfall cyele hypothésis, to what degvee

could knowledge of these oycles be used to influence stocking rate
policy? In Table 4.1 rainfall data for four nbrth-western Transvaal
rainfﬁll stations are used to determine the number of 'drought years'
which have occurred outside of the 'dry cycle' predicted by the
Tyson-Dyer hypothesis for the summer rainfall region; A 'drought year'
~ has been defined as any year receiving belopw 65% of the station mean.
Taken as an average for the four stations shown, 38% of all 'drought
years' occurred outside the predicted 'dry-cycle'. In practical terms
theh,'if a farmef is using the Tyson-Dyer model to allow his stocking
rate to track rainfall cycles, on average, 36% of all 'drought years
will occour during.the so-called 'wet cycle' (when stocking rates are

sbove average).

The degree to which annual rainfall can be predicted by the Tyson-Dyer
model for specific localities in the north-western Transvaal appears to
be relatively low. It is felt that the henefits of allowing stocking

rates to track these Tygon-pyer rainfall cycles would be'negligible.
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Table 4.1 'Drought years' cocurring outside of the ryson-byer 'dry cycles'
for four north-western Transvaal rainfall stations. : '

Drought years occurring
. outside of 'Dry cycle'
Number of - 65% of annual = Number of ; :

Station . - data years mean {mm) ~‘drought years' _
. . : Number  Percentage
Sterkfontein ~ 54 - - 480 - 7 3 a3
Buffeldoorns 54 - 354 14 7 50
 Groenvlei . 54 314 7 2 29
Hoopdaal 54 344 | 7 | 2 29
MEAN : 373 8,7 3,5 38

4.1.4.2 Predictive correlation

- The possibility ekists that different rainfall cycles may be operating
at ﬁ localized level, If there is 4 strong non-random component
underlying the :ainfali variability at a particular locality; ona would
expect a high degree of correlation between the rainfalls of successive

years.

- Linear regression of annual rainfall for year n against rainfall for
year n-1 for the rainfall stations of Groenvlei and Sterkfontein

resulted in non-significant r? values of 0,05 and 0,01 respectively.

Further analysis was done to determine if this year's rainfall could be
used to determine if next year'é rainfall 'wiil be above or below

average. A'matrix was used in which fifty years of rainfall data for
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four north-western Transvasl rainfall stations were divided into either
" above, or below,.average rainféll years. ‘The number of years in which
above average yéafa were followed by above average years, and below
. average years followed by below average. years, was recorded. ‘The

results have been summarized in Table 4.2.

Both the low r® valuss and the results presented in Table 4.2 support

the view that annual rainfall is poorly predictable,

Table 4.2 Percentage of pairéd-yaars in which above average . years
: ' were preceded by above average years, and below average
precaded by below uverage yedrs (for 54 data years).

% Of occurrences of $ Of occurrences of

Station two suceessive above two successive below
average years average years

Sterkfontein | 59 . - 38

Buffeldoorns 7 | 57

Groenvledl ' 70 64

Hoopdaal 65 ' . 58

MEAN ' 66 54

4.1.4.3 Conclusion

To date, no method exists which can be used to provide a reasonably_
accurate prediction of year to year rainfall. at farm level the degree
to which rainfall distribution can be predicted by the Tyson-Dye

rainfall aycles iy too weak to be of real use to management .
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For the purposes of management, it is felt that anmual rainfall should -
be tﬁ_aatéd as inde‘pendéntly raﬂdofn-océurring events. The only reliable
statements that can be made about _annual. raiﬁfail are the cumﬂ_ativé
' probébil_it:i.es of receiving .mcre tfnan certain amounté. For this xeason
it is felt that unless auppléméntai;}'_ feeding or drastic reduction in
' atoi;_k can - be maéle. ét shiort notice, a tracking Stodking réte policy

. cannot be advocated for the north-western Transvaal.

4.2 'GEASTOCK : b model o recommend suitable grazing herbivore

stocking rate levels
4.2.1 Modelling objectives
The aimg of GRASTOCK wére as follows. .

" (1) Provide des‘criptive (a3 opposed to prescriptive) advice regarding
'suitable stocking rates' on gamescattle farms in semi-arid

‘savannas.

Note that:
‘(a) the term ’'suitable stocking rates' rather than 'optimal stocking
rates' has been deliberately chosen to aveid the implication

that a mathematical optimizatioh is involved, and

" (b} the term ’auitab;a-stocking_ratea' implies a stocking rate that
complies with the objectives and level of risk acceptance of the
farmer, and which falls within the biological constraints

‘impoged on the area.
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(2) Explore the fundamental issues that determine suitable stocking

rates in semi-arid savannas.

-{3) IXllugtrate the process df_ ecological knowledge engineering (inm

keeping with the objectives of this thesis).

4.2,2  The

r and nom-equilibrial gystems

Grazing or carfying capacity is a'.vague and often m:i.sun’de;"stood
concept. Danckwerts and Stuart-Hill (1988):' give a broad definition of
the conce_zpt as being an _ indication of the productivity of .Wf-.geztaﬂ::i.v.:ln.r
in terms of the numbér of animals Ehat can be maintained (at some level
of production) in .;.m area of land without deterioration to the

vegetation or soil.

Essenﬁially, carrying capacity can be seen as twa.related concepts;
firstly, animal productivity eond secondly, ncn-déterioratién in veld
condition. Recommendations of suiltable stocking rates should glways be
gualified with the knowledge of operator objectives with regard tb_
productivity per aniﬁal. Stédking rates for pastoralists' or game
farmers whose aims are to maximize animal numbers, may be considerably
h:!.gher than those of a- cattle farmer, whose objective is to maximize

return on investments.

.~ The concept of 'non-deterioration of vegetation' is not clear.
‘Ecological theory does not enable us to identify a simple, single,
upper safe level at which to stock; a leval above which 'things fall

" apart'. It is realized that there may well bgo th:esholds, the crossing
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(2) Explore the fundamental issues that determine suitable stocking

- rates in semi-arid savannas.

(3‘}_ Illustrate the procers of ecological knowledge engineering (in

‘keeping with the cbiectives of this thesis).

4.2.2 The epte of ca rying capacit and non-equilibrial systems

Graz_:i..n_g or .carrying .capabity _.is a vague amd often misunderstﬁod
‘concept. Danckwerts and stﬁért-aill {1938)'give a broad'dafinition of
the concept as being an iﬁdication of the producti_vity of vegetation,
in termg of the numbar of énimals that can be'maintained' {at some level
of produc,lon) in an area of land without det.eriofation to the

vegetat_ion or soil. _

Essentially, carrying ﬁapﬁéify can be geen as .two related concepts;
firstly, animal prpduc'tivity. and secondly, non-deterioration in veld
condition. Recomendationé of suitable stockirng rates should always be
qualified with the knowledgé' of operator objectives ‘with regard to
productivity per animal, Stocking ré.teé for pastoralists dr game
Earmers whbse aims are to méximiZe animal nﬁmbera,' may be considerably
_higher than those of a cattle farmer, whose objective is -to.maximizé

return on investments.

The concept of 'non-deterioration of vegetation' is not. clear,
Ecological theory does not enable us to identify a simple, single,
upper safe level at which to stock; a level above which 'things fall

"apart'. It is realized that there may well be thresholds, the crossing
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of which may imply a change in the system's behaviour. These bear no
relation to the elusive. 'carrying capacity', and the
vegetation-response to change in grazing intensity is a graded one

(Mentis, pers comm). -

" an '-emiogicél definition of 'carryiné capacity' is given by Caughley
{1972). He describes it .-as. the name given to a state of . equii.ibriur'n
between animals a_nd :vegtation. The bosition of that equilib:f:ium is
ch'aracteriz'.éd 'hy its density' of animalé. At equilibr.ium- carrying
capacities, the rate of forage grdduct:i.'on equals the rate of forage
consumption. At relativ_ely higli animal dens.ties (_and :_'elatively low
forage densities) an equilibrium point will be reached; termed as the
'écological carrying capacity’'. At relatively low animal  _.saities
{and relatively .h:i.gh forage densities) .an.equilibrium poirt will be -
reached in which animal productivity is ma:_:imized. This point is
ferceed fhe 'aconomic darrying capacity’ (Caughley, 15%79) (See figure

£.2).

Inherent in this doncept of cafrying capacity is the assumption that
rangelands can reach stable equilibriums. Furthermore, it implies that
there will be some optimal and constant 'stocking rate' at which animal

production will be makimized and damage to vegetation minimized.

Under the eqguilibriun moﬁel (i.e. implying range succession) the obﬁect
of management ié to choose a stocking rate which establishes .a long-
term balance between the pressure of grazihg and the successional
tendency of the vegetation. The model recognizes that vegetation is

‘affected when rainfall varies from year to year.-' The range succession
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model deals with varying rainfall by supposing that drought éffedt_s
vegetation in a similar way to grazing and, conversely, that above
average years have effects which can be imderstood as accelerating the

successional tendency (Westoby et al. 1989).

A 'criticai assumption ébout -quilibfium 'grazing systems is that plant
' growth conditions are rel_afively stable (Noy_—ﬁeir; 1975; Eilis & Swi_ft,.
1988). Similarly, | De Angelis and Waterhouse (1987) as gquoted in Ellis
and Swift (1988) state that systems frequently fail to _dembnstrate
equ-ilibrial béhaviciu.r due to the disrptive effects of stochastic
events. This 1eads to major variations in growing éonditions which
" prevent the davel;c:pment of .strong biotic interactions and feedback
controls which are necessary for equilibrial. conditions, This implies
that in semi-arid areas with erratic rair . all, _equilibriﬁm stﬁtes

rarely, if ever, materialize.

An altérnative paradi.gm of semi-arid rangeland dynamics has been
pr_opoaed by Ellis and Swift {1988), Walker (1988), Westoby et al.
(1989), and Mentis et al. (1989), Essentially, these authors are
éropos.in'g that the’ orthu&ox view of rangelands complying with
:equilibrium theory is no longer adejuate tr._a' expiain rangeland
- dynamics. I‘n\ the alternative paradigm, mois‘ture-limited'rangelands are
Seen as event—ciriven systems. Their state is conceived to have inertié
win:‘.’ch must be overcomé {by a disturbance event like £lood, drbught,
herbivores and fi"re.)' for thé state to change. This interpretation
constitutes an "evantédriven_‘ théory - a non~equilibrium model of

rangeland function (Mentis et al. 1989).
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Westoby et al. {1989) concur that the weakness of the range succeséion
model are most. apparent in arid and semi-arid rangelands, where
episodid.events are imporfant and influences of grazing and_intrinsic.
vegetatibn changa acts intermittently. To cope with this, they have
?rqpoéed a gtate-and-transition model in which rangelands are described
by ﬁeans of catalogues of alternatiﬁe statés and catalogues of possible
. transition. Under this ﬁédei a .highly  f1exib1e and opportunistic
stocking raté polidy is advocated, in which grazing pressure is seen as
a means to‘ .raac':h 4 positive improvement in the state of vegetation

(Westoby et al. 1989). The .difficulty in implementing a highly

flexible stocking rate for wild herbivores has been discussed under

section 4.1.4.3.

In'nnﬁ-equilibrium graziﬁg systems, carrying capacity becomes a dynamic
and elusive concept. In this thesis the concept of.car:ying capacity
has been abardoned. In its place the less ambitious but more pragmatic
term of 'suitable stocking rate' is used. This is defined as the
stocking rate which complies with the level of risk acceptance of the

farmer.
4.2.3 Overview of the model GRASTOCK

The model GRASTOCK estimakes the amounts of metabolic energy available
for herbivore.conSumption. The total grass production is calculated by
u_si.ng a rainfall-grass production subfbutine. The rainfall level used
in this caleulation is dete‘rmined from the amount of risk that a farmer
ig willing to accept, together with the cumulative rainfall

pﬁobabilities for that particular area.
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A £low diagram of the model GRASTOCK is represented in Figure 43

4.2.4 Conceptualization of the problem

Ti:rae of the most important stages in engineering a body of knowledgs
into an _axpert system include ddentification, c#ncéptualiza{:ion and
farmalizstion'(watermAﬁ,'1955), “This section attempta-tq identify the
most impart_:—ir_it aSpect_s of the problem, and the wvarious sub-probleims
involved, Tt examines the concepts involved in the problem, and how
.the knowledge emb’odied. in these coac.pes - 0 L .~ forailize and

represented within the expert system rramewo -

- 4.2.4.1 the concept of ‘risk acceptability level’ &£s used in the
zodal |

‘The undez iying philoéophy of the model GRASTOCK is the belief that
ecologic:.}_al". advice should be descriptive, and not prescriptive in
.nature, 'The inherent complexit'_y' of ecosystems and the difficultf in
validating ecological models precludes the possibility that ‘exact

answers' (such as an 'opt:imal gtocking rate) could ever be found.

Rather than attempt to provide prescriptive advice, the model provides
descriptive advice on the likely outcomes of various options. These
options concern a farmer's level of ‘riék acdeap_tanca' {or his abilif.y
and willingness %o provide supplementary feed in the event of a

"drought'),

Donaldson and Kelk (1970) have discussed the implications of a highly
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erratic snmual rainfall for ranches in semi;arid areés. They. have_'
diséuséad'the_importhnce of ensuring that animals ata'stoqked at a rate
" that leaves them sufficient fodder in dry years. = The exact stockin§
rate:dhosen will depend on circumstances governing the feasibility of
5dopting.meaéurés to pre?énf éxcessivé stress on both vegetation and
animals in criﬁical years 65_10w veld production., Thesa measures would
include the flexibility of changing stocking ratas.at'éhdff'notice, and

. the ability to draw on fodder resérves (bye & Spear, 1982).

The risk_aceeﬁtéﬁility”lével is the level of risk that a rancher is
willing to acdept.in experiencing a fodder shortage from the veld, for
any giﬁen year. . The low predictabiliﬁy of rainféll and thé inability
.of most game rarchers to alter.stqéking rates at short notice imply
that, for &very given stocking rate, there will be an associated risk
of experiencing a fodder shortage. The factors that may influence the

risk acceptability level of a farmer are briefly listed below.

(1) Psychological attitude. Does the farmer want to gamble with the

weather for bumper crops?

(2} Pinancial considerations. Is there a minimum stocking rate needed

to enable the repayment of debts?

(3) Practical considerations. Can supplementary fodder be produced &%

_short'notice?

'(4) Ecological considerations, for example the risk of soil erosion.
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" The risk level referred to here is £he probability that the feed
requirements of animals will exceed the fodder produced from the veld
for @ny given year. No reference i=s made to the extent of shortfall in

these years,

'_ The cumulative annual rainfall probabilities (i.e. the probabilitles of

' receiving more than a certain_émdunt of rainfall for a particular area)

'_ara used to estimate the cumulative annual forage production

-probabilities. Th:s enables every stocking rate level to be associated

with a probability of a fodderx shortfall {see figure 4.4).

For example, in a apecific area, a stocking rate of say, 0.1 AU/ha, may

have a fodder raquirement laval that can be met only in 50% of all

rainfall years. This impliss that, over the lonq texrm, five out of ten

years' grasg production will be at or below requirement.

The expert system model does not ask the farmer directly for his level
of risk acceptance; rather he ia asked. to make a chailce on a scale of
one to ten, The scale increases from a low stccking'rate, for which
feed requiremeﬁts will almost always be met by grass production, up to
high stocking rafes, for which the chances of sﬁortfall years are
high. f%he farmers choice will depend on his willingness to accept risk

and hig ability to provide supplementary feed.

4.2.4.2 The effects of rginfgll and soil fertility  on. herbaceous

Herbage proﬂuctioh and plant quélity in Savénnas depend on the total
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amount and seasonal digtribution of rainfall, and on the availability

of nutrients, particularly nitrogen and phosphorus (Frost et al, 1985).

The influénce of water availability is most apparent in dry savammas,
ag indicated by the positive .c:or_rélations between amnual rainfall and.
herbaceous above-ground biomass (Walter, 19?1 ; San Jose & Medina, 1976;
ﬁutherford, 1980;]'Deshmtkh, 1984}. _ 'This_ feiationship' is dnly very
general and. is affected by factors such as the duration of ﬁhe wet
s'ea.son, soil type and taxture, nutrient évailabilify, tenperature, .fire'

and species composition (Frost et al. 1986).

Dye and Spear {1982) have pointed out some of the'effects of moil
fertility on the rainfall-grass production :c'elationship.. They found
' tﬁa_t fertile (clé'yéy) ‘soils showed a relatively high correlation
between yearly grass yleld and annual rainfall, but with large year to
year .variation._ in these yields. In. contrast, _a'andy. soils of low
fortility showed a low correlation between annuai grasgd yield and
annual rainfall, but lesms annual wvariation _in these y:_i.elds. Whean
rainfall is low, production on clays may be as low as, or even lower,
than that on sandy soils under the same rainfall. Howaver, produétion

on clays increases more rapidly with increasing rainfall.

The rainfall-grass production relationship is modified by variousg other
‘factors such as runoff and seasonal garxry over, Runoff i1s potentially

affected by storm, soil, plant, and site characteristics (Dye ,1984).

The inclusicn of the modifying factors of soil fertility, runoff and

goil surfasce evaporation inte a generalized herbage production-annual
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précipitatioﬂ nodel has been proposed by Scholes (1987) asg
G=r + SP

where P is the annuai precipitét'ion (in mm), G the predicted hefbégé '
produced, and r and & are constants, The value of r ranges between -~20
aﬁd ~100, .t'he smaller valur-_zs being assbciated with sites with high soil
surface e'vaporation. and high runoff. The value of s lies between 2 and

5, the higher values odcurring on more fertile soils. .

Developing & ruie baée to set the values of r .and 5 in tha
abovementioned .equatidn was considered, but rejected because of the
inherent difficultieé associated with the end-user tryving fo obtain
accurate estimations of soil fertility (with Five fertility classes),

and reliable estimates of evaporation and runoff for each habitat tyre.

It was felt {:hat the long-term data sets obtained by Dye and Spear
(1982) provide a reliab;l;e description of rainfall—hefbage production
rellationships-. Tﬁese fegreséion lines obtained for herbage produced on
cleared plots on dif_fereﬁt soil types ha§e been used in the model
GRASTOCK. 'TThe regression lines were assumed to fe@ré’sent the
generalized herbage production for three soll fertility classes (high,

‘medium and low) used in the model GRASTOCK.

The model provides a crude form of calculating the relative
contributions made to the overall grass productioﬁ from different
~ habitat types. The user is asked to input the relative percentages of

his farm which are covered by soils of high, medium and low fertility.
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It is envisaged that an improvéd version of the model could calculate
the stqdking rate of each habitat separately. This will enable habitat
differences, such as t.r:ee- dengity, grass séeqies composition andl soi.i
‘erosion risk, to be used mbre effectively in estimafing a.ppropr:i.ate

stocking rates.

4.2.4.3 The influence of the woody comporent on herbage production

Predictions on the degree to which a given woody density will depress
herbage production can be made only if a good understanding exists of

- the mechanisms involved in detecmining how the two very different

' cqmpbnents - gr:aiss and woody vegetation - co—ex:i_’.st (Knoop & Walker, :

1984) .

To account for the balance between woody plants and grasses in dry

savanrag, Walter {.1 971) has proposed a model involving a two-layered

soll system in which the grasser are f:he superior cofnpetitors for water -

in the tdpsoii , and w::ddy. plants uave exclusive access to .a Lower
{subsoil) water supply. Waiter's_ {1971) model is essentially niche
separai:ion on a spatial axis (rooting depth). Aan alternative model has
been put forﬁard by Westéby (1950}; whirh is haszed oh a temPoral.
saparatiﬁn of niches. Unp:fedictable rainfzll of. ._sériea of growth
opportunities of variable length's,- which the differént. Igrcwth forms are

variousgly equipped to expldit .

That there is competition between grass and trees is well illustrated
"by the increase in grass . wudction following the removal of trees,

This hag been wéll eatablished by work done in America, Austrilia and
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Africa. What .is legs clear, is the relation between partial cl_'eai:"in'g
{or tree thinning) and herbage vield. Crnflicting results appear in
the literature. Donaldson and Kelk (1970) found an inversely concave -
dependency of grass pfoductitm on Erae standing erop. © Aucamp it. al,
(1980), on the other hand, found an inve':_'sely convex Irelatioriship.
betweéh herbaceous production and various degrees df. Acagia karrco -
removal in the E_astern Cape. This work implies that th‘ére is an
optiﬁal tree den‘sity. to maximize grass yield (recorded at 300 'tree
equivalentsg’ per ha), _Wor:k done by Moore and Odendaal (1987) imply a
linear z"e._latiouship between treé .density and grass yieid. _ In Augtralia
Walker et al. (1972), Beal (1973} and Scanlan {1987).provide sﬁpport
for the inverge concave dependency of grass production on tree ‘density,
~ as _obgerved by Dorialdson_' and Kelk (1970). The implications of these
durVes for bush clea}:ing _policy_ are large, since the concave curve
predicts maximum cost-efficiency with total clearing, while the convex

curve irhpiies a non-zero o_ptimum woody density (Scholes, 1987).

The evaluation of these conflicting findings is difficult, since the
degree of woodiness is quoted in non-comparable units (i.e. mature

trees, tree equivalents, basal area and percentage thinning).

The model, GRASTOCK, uses the inverse concave dependency of grass
 production on tree density as proposed by Scanlan (1987} and Scanlan

and Burrows (*s88). This is illustrated in figure 4.5.

Scanlan {1987) and Scanlen and Burrows (1988) have shown bow the degree
. to which tree density depresses grass productioﬁ is determined, to a

1ar§e extent, by the pasture production po{;ential of thé site.’ _They
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found that, at similar dens‘:i._tieé, grass production was more severcly
depresgsed. at gites with low pasture production potential.  Although
this work was conducted in BAustralia on various Eucalyptus species, |
there is ..g.;ood 5‘easoﬂ to believe that similar relationships would ocoir
in semicarid African savimmas.  No _1iterature. could be found that

addressed this phenomenon for Southerm Africa.

The model, GRASTOCK, uses the relationships obtained by Scanlan (1987)

and Scanlan and Burrows (1988) to estimate tree correction Factors,

[TCF] (see rule 7 of GRASTOCK). These TCF indicate the degree to which

. tree density suppresses grasg production, TCF are estimated separately

for low, medium &and high fertility soils. These TCF are then
multiplied to the potential grags production amounts obtalned for gach

of the three soil fartility classes,

4.2.4.4 Herbaceous guality and stocking rate

'rhig- sactiq'n takes a look at _t_h.e question of herbaceous quality and the
problems involved with ﬁsing it as a determinant in a étocking rate
model, The datertni-nahts of, and the problems involved in the ébjeqtive
neasurement of herbaceous quality 'aie congidered. The importance of
herbaceous quality in determining ani.mal productivity is also briefly '

digcussed,

Because of the variable tolerance of plant species to grazing, ik ig
ugually agsumed that graz:ing intensity must have some effect on the
fleristic composition of the veld, . The degree of this influencr is

wvariable,  O'Comnoxr (1985) feels that there is enough evidence to
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suggest that___ 1ong—terfa rainfall wvariability, independent of grazing
'regi.me, has an overriding effect on compositional trends. Tais notion
:L.fa' supported by .thé observation that the influence of grazing is less
pronounced in arid than in mesic gavannas (0Q'Comnor, 1985; BSnyman,

1989; Peel, 1990).

The composition of herbaceous layers in dry gavannas appears to be
affected primarily by year-to—year.and llongr-..sr—term variations in
rainfall. The effecte of grazing or fire becomes more important as
mean annual rainfall increases and its variability declines. (Frost et
al. 1985).  Furthermore, the wide_. 'variety' of phenclogical responses
displayed by herbaceo.us plarnts to wvariable rainfall reg.imas would
.support this view. For example, some species are favoured by early

gummer rains such as redgrasz (Themeda ftriandra), whereas other species

such as blue buffalc grass {Cenchrus gilliaris) are favoured by late

_summer rains (Dye, 1984)_.

The reverse relationship, that of the degree to which animal
performance {and gra.z:i.ng capacity) are determined by the floristic
compogition of the veld, afe less clear. Because plant species vary in
palatability; nutritive wvalue and digeétibili_ty, it is gene:r.jally
assumed that veld composition will influence the metabolic energy and,
hence, the grazing capacity of ﬁhe veld, Hardy and Mentis (1986) felt
that seasonal forage production has an overriding effect over véld
composition in the determination of animal performance. Mentis et ._ag .
| (1989) state that it is dublous that the plant species composition
(excluding extremes) has the strong effect on animal performance that

conventional wisdom would have us believe. Mentis gt al, (1989) go 'on'
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to say. that the outcome of various mathematical models bhave

subordinated the importance of species composition.

Evidence éxists {0'Reagain, 1989; | Danckwerts, 19569) that the dietary
quality of the ingesta of Ca_ttle .o_n veld may i:ae poorly correlated with
- range conditions (i.e. species composition)}. Danckwerts (1989) feels
that for the semi-arid grassveld of the .Eas_te-rn Cape, forage
availability is likely .to have & greater i.nfluence on animal

performance than forage quality,

One of the cormerstones of grazing managemeﬁt. philosophy in South
africa has been ‘manipulation of the species compusition of the wveld
(Tainton, . 1981). ‘dy and Mentis {1986) felt that, because of the
overriding effects of fdraga productio:_l over spicles composition In the
determination of animal perfdmance,_ a revisieon .of the perception of
the probleﬁ is needed. . They go on to say that management £actics
- ghould be directed at maximizing graiable seasonal herbage production
ag a first priority, rath.er thén managing to create 'good' wveld

_ conditioh .

Barnes et al. (1984) feel that grazing capacity is determined by the
amount, as well as the compogition, of the herbage on offer. Work done
. by Barmes gt g_i,. {1984) appears to iliustrate the crucisl importance of
véld. composition in relat_:ior. to grazing capacily for cattle in the
Eastern Transvaal highveld. fThey found that In the paddocks studied,
grazing capacity varied by more than threefold. The differences were

primarilf_attiibuted to differences in veld composition.



Most grazing capacity modeis for cattle are based to a 1arge'e;tent on
somé form of veld condition assessment {for example, Tainton st al. '
1980G; Dé.nckwerts, 1982; and Bai"nfa's et al. 1984). - During the past
decade, pasture sclentists in South Africa have paid much attention to
the development of methdds'to assesa'véld condition {Roberts, 1970;
Foran, 1976; Tainton & Booysen, 1978; Tainton at gl. 1980; Tainton,
.1981; Voster, 1932; and Mentis, 1993).’ A cornerstone . of the _methods '.
used by these workers is bésed on thé responsa.of.species to grazing
intensity. This involves the division of species into groups which are
judged to have 'ecological affinity'. These groups have been commonly
termed 'increasers', ‘'decreases' and 'invaders'. The differentiation
- of the groups is based on the estimated position in a successional
series, and on thelr known or supposed reaction to graziﬁg intensity.
Mentis (1983) has criticized these methods of veld condition
assessnent, particﬁlarly with raapecﬁ to the sgubjectivity of the
‘ecological grouping, the choice of benchmarks, and the assignment of
arbitrary wvalues to specleg of groups, as well é\s the lack of a

guantitative model linking carrying capacity with veld condition.

Mentis (1983) has suggeéted'using formal_méthods of ordination of data
 from grazinﬁ trials as a means of arranging specles along a gradient of
grazing intengity. The r'el&tive distance between specles arrangsd
along a gradlent (or axis) is used to produce a multiplier,‘which is &
secalar that will indicate both the direction and degree of departure of

any species from a specified point of reference.

Barnes et al. {1984} have put forward a different approach to the

weighting of sﬁecies in termg of grazing capacity. They have proposed
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a more direct and purely agr;momic gystem, in which the amouht of -
usable forage is. estimated from an assessment of the species
composition of a .community and a knowledge of. the relative palatability
ﬁf each of the component species. Multipliers for spec:i.es groups have
been devised for their ‘.781.1.13 iﬁ terns of these 'contribu'tioz.':..s to grazing -

 capacity.

The method proposed by Barnes et al. (1984) tekes no account o
possible 1ong;tam effects .of the animal .on the ecological status of
'tne veld. The method is also, as Tainton (1988) has pointed out,
dependent ﬁn an .éccufate measure of relativs palatability ameng
species. Tainton (1988) goes on t§ say that no absolute measure of
palatabllity e_xisﬁs;_ it varies with season ahd ig, itself, a function.

of the grass species mix.

The dinherent difficu.ltie's of. attempting to adopt these methods to
estimate grazing capacities for mixed herbivore communities are
cbvious. Mentis (1980) stated that large-sized and small-aized.animals
gelect differently for feed, and ‘,:_he carryj.ng ._ .capacity for Qeld would
probably be highef for the 1@55 selecﬁive herbivore. Danckwerts (1982)
- faels -thét it'.is uniikely tha£ his predictive model, developed foz
determining grazing capacities for cattle, would hold for small grazers
~such as sheep. Despite the relatively large overlap in dietary

preference of wild herbivores (Walker, 1976}f'palétability ratings of
forage species would probably show considérable vafiation; between

herbivore specles.

Mentis (1980) has poirted out some of the differences between bulk
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grazers and concentrate grazers; of particular importance iz the
difference in the degree of selectivity between the fgeds groups.
Concentrate grazers will practise dietary selection with regard to
blant speciés, plant part and area. The problem of tryi.rig to deternine
an 'average palatabi-liﬁy rating' of a plant species for a feeding g‘rdup
would be further confounded by these p_alafability ratings being
dependent on growth stage of plants, For example, the preference
digplayed by congentrate grazers for grass in its. early érowth stages,
- irrespective of the é;rass gpeciea, It is 1i'kély that the acceptability
of forage to concentrate grazers is determined predominantly by factors
other than .species composition., Factors such as rainfall, fire, season
and bulk grazer _stocking faté_ would all act to influence fdrage

a‘cceptahility irresba_ctive of grass species composition.

Th_e. cverr_iding influenca .of factofs, other than grass species
cgoemposition, in determining forage acceptabllity fbr concentrai:e
grazers reduces the necessity to take veld composition into
_consideration when célculating concentrate grazer stocking rates. Of
the varicus factors which influence forage acceptabili..ty to concent.rate
grazers, bulk grazer stocking ‘rate is the most acceésible._ For this
reagon it is .fal.t that concentrate g"ra'zer. stocking rates should be made

a yuonction of bulk grazér stocking rates.

Degpite tle difficulties and the conflicting'opinibns .in the
' literature, it was Gecided to adhere to conventional wisdom and include
grasg species cdmposit:i.un as a ‘detexrminant of herbivore gtocking
rates. It is assumed that grass species composition directly

influences the amount of metabolic energy available through the
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differential amounts of metabolic energy in high, medium and low

palatability grass classes (see rule 3 of GRASTOCK).

4.2,4.5 The effect of seasonal change in herbaceous. guality on

Veld types have been traditionally expressed in South Africa in terms
of sweet, mixed and sour. The terms refer to the degree to which the
nutritive. value, and hence the palatability, change throughout the year

- (Painton, 1981).

mfradit"ionauy; .paddocks that tend to have sweetveld will be reserved
for winter grazing. - Stocking rates for cattle on sourveld will be
qualified in terms of number of grazing days for which the pastuxe Wi.l(l
g available. With :ﬁild herbivores, Seasqna.l grazing of certain areas
cannot be cfontr‘olled.. The question is then, .should the 'degree of
" pwestness' of the veld be considered as an additional variable in the

stocking rate model?

An importént congideration is whether grazing herbivore populations are
limited by forage quantity, or forage quality? Sinclair (1975) feels
that the herbivore populations in the East Rfrican tropical grasslands
are limited by mutritive quality (protein), rather than nutritive
gquantity (enérgy). The low_ annual c:fft‘a'ké of primary ﬁroduction by
herbivores, as low as 10% (Smith and Harrison, 1967, as quoted in
Sinclalr, 1975), and the rapid decline in ﬁutritive quality of tropical
grasslands, are cited ‘as the main :_:easons. for this conclusion

(Sinclair, 1975),
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In semi--arid. gavanna areas graséas do not show the same decline in
nutritive quality as do thbse in higher rainfaii areas. The erratic
nature of  rainfall in semi-arid areas also implies that herbivore
pbpulafians would be limited by sporadic shortages in forage quantity,
réithgr than by. limitations imposed 1.'.'y. ‘a seasoﬁnal. decline in forage

quality.

However, i£ is felf ﬁhat the degree to ﬁhich. gﬁaases ﬁrh utiiized

£hroughou£ the year depends to a large extenfﬁ on their inherent
| palatability. Higﬁly' palatable graSSes' are utilized throughout the
year; whereas low palatable grasses are predominantly utilized during
their active growth sgeason. For this reasonf a seasonal_availability
factor has been used to correct the metabolic energy contributions made
by high, meﬂiuﬁ and low palatable grasses. Correction factors uséd
Were:.1 {utilized throughout the year), d,?S'(utilized for most of the
year}; and U;ﬁ {utilized only during growing seasons), fof the high,

medium and low palatable classes respectively (see rule 3 of GRASTOCK).
4.2.4.6 Estimating metabolic energy

The meodel asks t..e user to input the relative proportion of the forage
. which comprises of high, medium and low palatable grassas. If the user
cannot provide a reasopable estimate, défault values depending on veld

_type are used,

The overall metabolic ensrgy available, per: ha, from the veld is
estimated by assuming that low, medjum and high palatable grasses

provide an averaée;metabolic energy content of 6, 7,5 and 9 megajoules
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per kilogram dry matter, respectively. Thi.s was obtained from Bredo'n
and Stewart (1978), as quotéd‘_ by Braﬁsby (1981). They assumed an
average digestibility of 40%, 50% anci 603 for low, mediur and high

palaﬁabi_],ity gragses {see rule 3 of GRASTQCK). :
4.2.4.7 Determining allowable use fa_ctdrg-

The allowable use factor is an indication of the portion of the
. above-ground herbage that can be safely consumed annually., In _the

literature, vaiues vary frc - about 0,3 to about O_,?.

It is agsumed that the most important deciding factor is the potential
soil ercsion risk. The models gives a ﬁser the option to.set the
allowable use factor himself, or to let it become a funcf.ion_of the
so0il erosion risk. The nodel estimates this risk wvia an op_tional
_ subroutine. Data for the subroutine was obtainéd' from Du Toit (1986}.
If very conservative stocking rate optionz are chosen (i.e. a low risk .
-acceptance level), the soil erosion risk subroutine will automaticaily

be avoided. 'I'he_ daté required for the so0ll erosion risk subroutihe
should be obtained frbm the most sensitive areas (unless these areas

are small enough to be considered as 'sacrifice zones').

4.2.4.7 Estimating suitable stocking rates from the net available
metabolic enerqgy '

The net metabolic energy available at a particular 'risk acceptance
level' iz estimated by summing the metabolic energy contributions made

from high, medium and low palatable grasses, &nd then mﬁltipl'ying this
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by the available use factor.

It has .been assumed that. one animal uﬁit has the mefabblic energy
requirement . of ~ 75 megajoules per day. (Meissner, 1982), i.e. 27375
megajoules pef year, Meissner (1982) defines an animal unit to be the .
equivalent of a 450kg steer, with.ah average daily gain (ADG) of 500g
pei”day oIl Yrass pastﬁre.withia.mean digestive énergy concentratiéﬁ of

55%,

The stocking rate that correlates with the 'risk acceptability level'

of the farmer (see section 4.2.4.1) is calculated by

{8R] = [AUF! X [NME] -

27375
where [SR] is the stocking rate in animal units, [AUF] the allowakble
use factor (see section 4.2,7), and [NME] the net metabolic energy'

available (see sectlion 4.2.4.6).

Figure'4.4 illustrates how a cumulative rainfall probability function
is used to read off the annual rainfall which corresponds with the

designated level of risk acceptability.

- GRASTOCK assumes animal production to be constant, i.e. an ADG of 500g
per day. This is implicit in the 27375 MJ annual requirement of one
-animal unit, Further improvements to GRASTOCK will consider ADG as a

variable.
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CHAPTER FIVR
A _BUSH CLEARING EXPERT SYSTEM MODEL
5.1 Overview of the problem

An attenmpt .ha's been made to - assimilate the relevant information -
concerning the problem of bush clearinyg within an expert sys.tel_n frame-
work. Three aspects of | the problem have been addressed in three
separate -faudels, namely; generalized inform'atidn c¢oncerning. the
feasibility of' clearing; recommendation of a suitable herbicide,
dosage, cost and method of application; and a. cost/benefit analysis

model.

In this chapter, special emphasis is placed on illustrating the process

of knowledge rap:_"esentation..

Bush encicachment is one of the major range management pr.:oblems in
Southern African savanmas (Barnes, 1979; Du Toit, 1968). Ther¢ are a
variety of reasons why this has occurred, overgrazing and changes in

fire regimes are most commonly cited (Noxton & Walker, 1985).

Bush encroachment indirectly reduces - the productiirity_ of gavannas to
grazerg through the competitive effects of woody plants on the

herbaeeous' layer (gee section 4.2,.4.3).

Bush clearing control methods can broadly be' gruixpad _.-‘;nto' mechanical

(brush cutting, bulldozers, ring barking, etc.) and chemical
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{herbicides) (Schoies, 1986) ., The bush ciearing expert system
developéd here is primarily concerned with providing 'advit:e_ on the
. latter strategy. The potential use of fire as a bush control strategy

hag not been congidered in these models.

The economic and ecological consequences of bush control have become
increasingly important both to the-range sanager and'to'the_vendozs:of:
commercialiy- available herbicides. Norton and Walker (1985) suggested
4 decision analyéis approach to the problem of buéh control. I.udwig.
(1988) has shoﬁx how expert system. type modelling c¢an be used to make
..practic:a.l and eco-iogical knowledge -aveilable to farmers  in Australia

faced with bush control problems.

The bush clearing problem is multi-faceted a.nd is characterized by a
poorly defined knowledge domain. It is generally accepted that e‘_nxpert
sys.tem applications. are particularly sii::.ted to .problems that have
clearly defined and narrow knowledge domains (Edmunds, 1988; Hart,

1986; and Waterman, 1986).

The bush clearing pfoblein has been simplified by splitting it up into
various sub-prﬂbleﬁa. This serves to. reduce the scopes of the problem,
thereby improving the knowledge domain definition. Six sub-problems
have been identified, namely |

(1) the suitabillity of the site to clearing;.

(2} when clearing should be avoided;
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(3) clearing péttérqs;

. {4) the method of clearing;
{5) .thgsredbmmended nerbiciqa_an&'doéage; and
(6) _g COStIhanefit_ana;ysis,  '

The above problems have been dealt with in three separate sub-modelsg
DEBUSH, REGROWIH and HERB.
5.2 The sub-model DEBUSH

'5.2.1 gObijectives

DEBUSH provides generalized advice on bush clearing and-aséesses the

feasibility of the site for clearing.

DEBUSH has the followiﬁg objectivés; to
(1 estimate the suitability of the site for bush clearing;
(2) adv%se-gn sifuaﬁions which do not.lend themseives to.clearingi
(3) rechgend a suitablg clearing.pattezn;

(4} provide advice for'specific situations (for example, not to use

granular herbicides on seepline clearing sites).
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DEBUSH is largely based on information obtained through comsultation

with Dr. R.J. Scholes.! ~ - o '.
5.2.2 ggg;gg;gg;ﬁggggggts and rules used in DEBUSH
5.2.2.1 Site suitability

Essentially, bush clearing should be recommended only if two important
criteria can be met, Firstly, the removal of trees must not résult in
a high goil erosgion risk, Secondly, tree removal must lead to a

significant improvement in grass production (8choles pers. comm.)

‘To asséas whether these criteria can be met, DEBUSH requests

information concerniﬁg
A1) soil type &and élay pexcentage;
{2) landscapg position;
{3) diéténce to nearest stream;
{1) evidgnce of seasonal floodipg}

(5) type of woody vegetation; and

{6) steepoess of slope.

VA Bk e e e B W el ket e et Lk e e ek e e e o

'br R.7. Scholes. Department of Botany, University of Witwaterszand
P.0. Wite 2050 o | -
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Situations which do not lend themseélves to bush clearing can be
considered as primary or .secondary contraindications.  Primary
contraindications to bush clearing include all factors that would lead
to a high soil erosion risk if the gite were.to be cleared (Scholes,
pers. comm.). Thase incluide sites that are

{1) on sodic or duplex soils;

{(2) closer than 30 meters to a stresm; and

(3) on a slope of greater than 10 percent.

If any one or more of the above conditions are present then DEBUSH will

advise against bush clearing.
Secondary contraindications to bush clearing inglude aites that

{1) contain hrosd-leafed hardwoods {usually situated on sandy soils,

susceptible to erosion};
{2) are sitvated on ri@ge tops (exposed to wind erosion);
.(3)  are on slopes of between 4 and 10 percent, and
{4) are highly rocky (limiting poteniial grass production).

Secondary contraindications tov bush clearihg avt congidered likely to

lead to a high soll erosion risk if at least two of these factors occur
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simultaneously on the site,
The above :‘_.nforr_daticn i;% represented in fulea 1 to 9 of DEBUSH.

An indication of the likely economic feasibility of the clearing
operation is determined by estimating the extra g¢rass produced as a
direct consaquehce of tree removal. This response to tree remOV:;l is _
considered to be a function of s=ite productidh potential (a3 measured
by soil fertility) and the -pre-—-c_lear.in'g.tree density.  Denge
.pre-cléaring tree-stands on highly ferti’lé_ soils wilJ. produce high
grass respdnses td clearing, which improves the likeiihood of the

operation being enonomically feasible (Scholes, pers. comm.J;

"_I'he likely economic feasibility is estimated as being high, medium or

low. This has been represented in using rules 13 to 20 of DEBUSH.
5.2.2.2 (Clearing pattern

Dapénding on the wind erosion risk, the importancé of cover for
wildlife, and the presence of seeplines, D™WUSH will recommend one of
four p@saibla .-'clearing-patte_rns, for exa_mple,- i_f clearing i3 to be done
on areas that may be azposed Lo rind eﬁosion, such as ridge tops or
cpen plains on sandy sgoils. fﬁBUSH will recommend that clearing be
done in patch.e'a with Qpaces that are about ten times the fnean
yogetation height, the cleared patches being perpendicular to the
prevailing wind dixection (Scholes, pers. comm.). This informatién is

reprégented in rules 22 to 25 of DEBUSH.
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5.2,2,3 m@g_mg;ﬂag:__qgassiands and seepline width

Soils which are waterlogged for long periods on a fairly regular basis
'sup.port grasslands rich in sedge species are known as hydromorphic
grasslands. _Savanna' tréas cannot tolerate proiongad seasonal
waterlogging. In semi-arid regibﬁs such waterlogge;sd areas cér_: only
form when they receive extra water from surrounding areas which is
prevented from draining awﬁy by an impervious layer in the s'oii. Such

gltes are referred to as vieis or seeplines {Scholes, 1986).

'Se".e.plines are usually found on the alopes of granite catenas.
Seeplines énd vleis. are prone to invasion by shrubs and saplings if
‘they fail to flood for several consecutive years. This can be caused
by -prolonéed drought, or by drainagé of perched water by incision of
the seeplin by a game trail or road (Scholes, 1.986). Tinley (1979}
attributed the encroachment of seeplines in the Sabi-sands area to a

combinaiion of drought and overgrazing.

Areas which were onge hydromorphic grasslands have a hi'gh bush clearing
potential, since if h,womorphic grasslands can be re-established it
becomes self-sustaining. ALl otb.-ér areds req-ire an ongoing effort' to
keep them open. Clearing abéve the seepline will increase the wethess
of the seepline, but is not recommended due to the sandy soils whicﬁ-
ocour in these regions., Sandy soils are erosion s‘énsitive, and usually
" have a low gra.ss. production potential. Clearing below .the seepline can
be successful asg long as soils are neither sodic nor “duplex (see

section 5.2.2.1) (Bcholes, 1986).
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Iri bush encroached areas the extent of the seepline may be obscuré.
The width of the seepline can be estimated using relationships
developed by Olbrich (1984), guoted in Scholes’ (-1986_). These
relatioﬁshipé estimafe se;pline widths from mean annual fainfall and,
upslope length, This information has been represented in rules.- 26 to

30 of DEBUSH.
5.3 The sub-model HERY
5.3.1 Overview of the model

HERB has. heen devéloped largely froin information obtained through
consultations with represen{:atives of twe major herbicide-producing
companies; namely, Gerk Coetzee? and Johan Kri.iger.3

The six most commonly used herbicides in South Africa are congidered.
These are USTILAN GG, USTILAN 10G, _GRASLAN 20P, TORDON 101, TORDON

BUPER and RECLAIM.

Five .q-’E the mogt co_mmoﬁ herbicide application methods are considered;
aer_ial; application, hand application, feoliar gpray, chop stem and stem

spray.

Twenty-nine treeé target species were considered, including the common

e e .

2Mr Gert Costzee. AGRICURA. Silverton 0127. PRETORIA.

%r gohan Kriiger. RAYER. P.0. 143, 1600. ISANDO.
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encroaching species.

5.3.2 Objectives of HERB

The objectives of HERB are to

o

(2)

(3)

{4)

5.3.3

recommend suitable herbicide(s) for a bush clearing operation;
determine the most suitable application method;

calculate appropriate herbicide dosages; and

astimate herbicide costs.

Digcussion of HERB

HERB consists of 139 rules. There are five distinct rule sets. These

are illustrated in Fig. 5.1.

5.3.3.1 Elimination of unsuitable herbicides (Rule set : 1)

The first rule set (rules 1 to 29) perform a similar function to a

database, The purpose of this rule set is to eliminate Lhose

herbicides which are not officially reyistered as being effective

against the target species in question,
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Rule Set : 1

 Rule Set:5

6

:Poésible Herbloides|

Target Species |

_V

Determining a |

- Suitable
Application
1::athod

|

Possible
Herbicides

|

Suitable
Herbicide(s)

|

| Caleulating
Buls Set: 4 | Dosagef(s)

l

Estimating
Cosls

Figure 5.1 Rule sets used i HERB.

Rule Set : 2

Rule Set : 3
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The gecond rule set {(rules 30 to 42) determines a suitable applidation

method,

HERH first tries to determine if aerial application is feasible using

the following rule

. Rule 31:

-If = Percentage clay < 21 .

And Tree Jensity » miniﬁum number of tree equivalents

and  Size of target area > 99 ha

And  Degree of selectivity = non-selective

And Target species do not consist mainly of seedlings or treeé.

< 1 meter
Then Advised application method = aerial.

Aerial applicatioﬁ is usually conducted by the herbicide companies.
Iﬁ ig consideréd_feasible enly if the application area is relatively
large, and the dvsage relatively high, The dosage level is primarily
deferﬁinad'by the tree denmity and the percentage clay in the soil

Coetzee pers. comm,).

If the conditions required for asrial appligation canriot be met, HERB

will thgn'usé bule 3¢ to test if the conditions for hand application of
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herbicides can ba'met.

._Rglé_ig:

If
“And

. And

Berial application is not suitable

- Percentade clay is ¢ 35

Degréee of selectivity = non-selective or partially.

- selective

Then

. The target species does not consist nainly of seedlings br

coppice

The advised application method = hand.

If conditions for rule 30 and 39 cannot be met, other rules will be

tested to try and determine an alternative application method.

5.3.3.3 possible hurbicides {Rule get : 3

In the previcus rule Set a suitable application method was determined.

Thiz rule set (rules 43 to 47) containg information concerning the

possible herbicides that can be used for each of the application

methods. For example

Rule 44 :

If
Then
And

Application gerial
Herbicide = USTILAN GG

Herbicide

GRASLAN 20P (Aerial)
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5.3.3.4 Determining a suitable berbicide, or herbicides

Sﬁiﬁable herbicides must meet the cdnditiﬂns im‘piicit :i.n_'rtile sets one
‘and two. Firstly, the suitable her_b:i.cidé mast be officially registered
for use against the target species (rules 1 to 29) and, secondly, the
chosen herbicide must be suited to the. recoms:nded application method

(rules 43 to 47).

5.3.3.5 Calculating dosages (Rule set : 4)

Rule set 4 consists of rules 48 to 134. These rules are based on
‘information obtained from look=up tables in herbi'c:i.de information

pamphlets.

The recommended dosage of a particuia.r he.rbicid_e is determined by the
target spacies, the average height of the target species, and the pH

and % clay of the =soil.

With six different herbicides, 29 different target spacies, 3 different
% clay classes and two pH classes, the calculation of dosages based on
each posgible permutation would lead to an umﬁanageably Jlarge rule

-base, For this reason generalized rules were developed.

Two forms of generalizations were used. TFirstly, tree species that
‘have similar dosages of a particular herbicide under the same soil

conditiong, were lumped togéther. For example
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Rule 67 :

If  Herbicide GRASLAN 20P (Aerial)

Acacia melifera or A. nebrownii

]

‘And Target species
or A. reficiens or Grewia flava

And 'Percentage-clay is » 17 and < 21
Then Dosage of GRASLAN 20P (aerial) = 5 g/m’

The second form of generalization involéed detecting and using constant
' paﬁterns ﬂf.dcsage—changes with changes in soil pH and”percentage clay
in the soii, -FOr.example, with the herbicide.USTILAN GG, dosages for a
particular species depend on soil pH and percentage clay. The

following matrix was used

% CLAY

| 5011, 'p_H -_1_-—10 11-20 I 21—3Q
< 7 DIA DIA + 0,5 | .~ DIA + 2,25
: 7| DIA + 0,5 | bzg + 1;5' DIA + g,és

The lowest poseible dosage of USTILAN GG is represented by ﬁhe variable
pIA (i.e. when soil pH i5 s 7 and perceutage élay < 10). 'his value
will vary, depending on the target species. Target species with

gimilar DIA values are lumped together. For exanple
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Rule 56 :

z£ Herbicide = USTILAN GG

And Taiget species Acacia kaxrop or A. burkeai

Thert | DIA = 2,25

Once a DIA value has been determihed, the actual dosage under the

prevailing soil pH and percentage clay can be caiculated. For examgle
Rule 50 : -

If  Herbicide = USTILAN GG
And - Soil pH > 7

And Percentage clay is » 20 and < 31
Then Recommended dosage of USTILAN GG = DIA + 2,25

.For the hand application éf herbigides, the average height of the
target trees ﬁill influence the recommended dﬁsage._ For example, a
dosage af'ﬁg/m’_of GRASLAN 20P (Hand) is recommended for the control of
Dichrostachvas cinerea trees below two meters. If the average tree
height is Qfeater than two meters, then fo? each additional two meters,
another 6g/m* must 59 added. Generalized formulas for each herbicide

have been developed to represent these relationships., For example
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Rule 9§ @

If Hefbicide = GRASLAN_2OP {Hand)
&nd  The taiget species is Dichrostacys Cinerea
And  Percentage clay is » 20

Al  Average tree height im > 2 meters

Then

Dosage of GRASLAN 20P {Hand) = 6 + (Ikvgfagg tree height] - 2) x 6

2

5.3.3.6 Calculating costs (Rule set : §;

The cosE.of 4 bush clearing operation includes ».%h the application
cost and the cost of the herbilcides. Because of the irherent
difficulty in estimating labour costs, they have been excluded from the

caleculation of hand applied herbicides.
The current cost of aerial applicatibn ot herbicides runs at about
R12.50 per ha (Gert Coetzee pers. comm.). Total costs are calculated
in Rands per ha using 1989 prices. For example

Rule 137 ;

I Recommended herbicide = GRASLAN 20F (Rerial)

Then

Total cost = [Recommended dosage, in kg/ha) x [R32/kg] + [R12.50]



110

The comparigon of costs of different aerial applied herbicides are
relatively simple because all dosage levels are éxpressed in kg/ha,
.ﬁowever, comparisons of hand applied herbicides are complicated bf the
Fact that dosage levels are caleulated :i.:i terms of g/faverage tree.
Under high tree densities herbicide concentrations .qould lead to toxic
levels, To avoid this, tile herbicide companies have set limits on f—.he.
number of Erees that can be trested within a certain area. For
) .exa.mple, GRASLRﬁ 20p ('Ha.nd') may 6nly be app‘lied' at one calculated tree :
dose for every 1 m* (i.e. a maximum of 10 000 trees can be treated per
ha), whereas USTILAN 10G has a upper limit of only one tree dds_e to
every 10 m* (e, a maximm of 1 000 trees can be treated per ha),
Thisz implies that reédr‘nmendad maximum dosage levals per ha for.. USTILAN
.'10G' are lower than for GRASLAN 20p, If there are more than 1 000 trees
| per ha treatment_ with USTILAN 106 can only achiave part:ial. clearing,
making | direct edonomic comparigon with GRASLAN 202 difficult (Johan

frliger pers. comm.).
‘5.4 The gub-model REGROWTH

5.4.1 Overview of REGROWTH

The expert system wodel REGROWTH simulates the regrowth of trees and
the annual grass production for 15 years after a .buah clearing
operation. REGROWTH is a deﬁerininistic medel that maked use of both
qua]‘.:i.t'a_ti.,;re_ and gquantitative data. Figure 5.2 gives an butline of the

model,

REGRONTH has been developed predominantly from information obtained
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from tha literature.

5.4.2 A tions made in REGROWTH

The following assumptiohs are implicit in the model.

(1

(2)

(3)

- (4)

(5)

~(B)

AN

After a clearing operation, tree regrowth occurs through coppicing
and seedling reganeréfion. - Tree removal .does not result iﬁ a

stabté grassland, such as may occur on fire-subclimax or

hydromorphic grasslands.

Only the first 15 years after clearing are modelled. The effects

of possible follow-up operations have been excluded.

The effects of varying rainfall on . tree regrowth and grass

production are exclided.

The suppressive effects that fire and browsing may have on. tree

regrowth have been excluded.

Differences between woody species have not been taken into

account,

Only the quantitative and not the qualitative effects of tree

removal on the herbaceous component are téken into account.

The only economic benefits derived from bush clearing are through

_imbroved grasgs production.  Indirect economic benefits of
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clearing, such asg improved game viewing or habitat improvement.,

have not been included in_the model.

(8) The improved grass production after clearing leads to improved

meat production.
{9) Meat production is the only form of livestock utilization.

(10]'The method of tree removal has no effect on the tree growth or

- grass production.
| :5.4;3 Objectives of REGROWTH
The objectives of REGROWTH are to
{1} determine the economic benafiﬁ of a bush clearing operation;
{2) model the reyrowth of trees after a bush clearing operation; and

{3) model the competitive interaction between grass and bush after a

tree remqval operation.

5.4.4 Desgription of components of REGROWTH

Rule set 1 includes rules 1 to 18 of REGROWTH.
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Thé'annual increment 5f woody basal area after clearing is calculated
by using wmathematical variahles withiz the rules., Each years'
calculations are done using a separate rule. This was necessary due to

the inability of EXSYS to update variables after successive iterations.

This section of the model is based on Scholes' (1987) model of ceppice

- regrowth of Colophogpermum mopane.

Scholes (198’?) measured - cross-section ring diameters of coppice stems
and related this to geasonal rainfall. The relative stem growth rate

[R] was related to annual rainfall [P] by
(R} = 0,0012 [P] - 0,08

Resource competitioﬁ impoges a finite limit on tree regrowth., This can

be expressed .by using the logistic eguation. The amnnual growth
increment at year n, .[Rn] is a function of the existing tree basal area
at year n, an}, in relation to tﬁe saturation tree basal area [k], S0

that

[Ry] = 1 + [(0,012[P] + 0,08) (([K] - [En1)/KI)]
The basal area per ha at any year n, [B,], will he given by the total
nunber of gtems per ha, multiplied k; the average stem cross-sectional

arega

(Bl = -[Sn][Dn]".uM.
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vhere [8,] is the number of stems at year n and [p,] the average

stem diameter.

The .otal number of sters per ha after the first year of a bush

clearing operation [§;] will be given by

[841 = [S41(100 - [B1)/100 + (L]
where I_ISO] is the number of stems before clearing, ([B] is the kill
efficiency of the clearing method, and [L] the number of new stems per

ha that are added to the populatisn annually.

The - avetaga stem dilameter at year n after clearing tDn], will be

given by
[Da1? = [Py (1%, [Ry1

~when [Dn_1] is the average stem diameter at the start of the

preceding year.

Rule 3 of REGROWTH illustrates how the basal area, for the first year

after clearing, [Bq], is calculated
"Rule_3 :
£  Information on bush clearing is required

mhen (8] = [Sg] (100 - [E}/100 + [L]
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and I8} = [Sgl.[Dgl% /4

And Ryl = 1 + [(0,012 [P] + 0,08)([K] - [B41/[K]}
And [(Dy] = SORT ([Dg1®.1R41)

' and [8,] = [511.[911’;n/4

where [30], __[DQ] and [Byl are the number of stens; average stem
diameter and the basal area per ha directly after the clearing

operation, . regpectively,

There are a few important assumptions made in this section of .t'he
model.. Filrstly, it is asamneci that the Qrowth rate of the broad-leafed
c. gé&ne_ is representative of all hushveld species. Secondly, the
.'model does riot allow for Iintra-specific competition. Thirdly, the
assumption is made that the cleared aréa will ultimately end ﬁp with

_the same bagal area (K) that it had before clearing.
5.4.4.2 Modelling annual grass production {Rule set : 2)

The effects of rainfall and soil fertility on grass production were

discussed under section 5.2.4.2 of this thesis.

Relations calculating the annual grass product_ion's for fifteen
successive 'yeé.rs after a bush clearing operation are represented in
rules 19 to 21 of REGROWTH. The rainfall-herbage productiun
rélat:i.’onshi‘ps were obftained by adapting data from Scholes (1986} and
Dye and Spear (1582). Three' separate regression lines are u.sed _f.or
gsoils of high, medium and low fertiiity. These functibns represent the

anmual potential grass production, (i.e. at tree basal area eqﬁa_l. to
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zero) for any_given annual rainfall.

A tree corfeqtiOn factor has baen_introducéd to take into aCCOunt the
suppreséive interaction of frEe_basal ares on'grass producktion. Work
done._by'_Scanlan (1987), and Scanlan -and Burrows (1988), provide
information on the interactions between tree. basél area, site

. production potential and herbage productien,

Scanlan {1987) found that the'sife production potential has  a marked
influence on the shape of ﬁha basal area/grass production cucve. At a
given level of tree basal area; grasé production isg reducéd (relative
to gfass preduction iﬁ the absence of trees) by a greater percentage as

the site potential decreases (see figure 4.5).

‘Tree correction factors are obtained by adapting Scanlan's (1987) tree
basal area/grass yield relationships. = For example, Scanlan found that
under high site production potential, orass yield (Y) was related to
tree basal area (X) by

Y = ~ 59 + 3600.¢70,072 x

The tree correction favtor for year n, [TCFy, ] uﬁda: & high site

production potential will be cbtained by

[TCFn] = grass yleld at basal area, [Bn]

- grass yield at zero basal area

or using Scanlan's (1987) data by
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[TcF,] = - 59 + 3600.e70072(B]

3541

The actual annual grass production for any year, n after the clearing
operation can be obtained by multiplying the [TCF,] by the potential
‘grass production. . The above relations have been represented in the .

following rule

Rule 19 :
If . Site production potential = High
Then [RPGP] = 2,5 x [P] + 500

amd  [GP,] = (~59 + 3600,EXP (-0,072.[B,1)}/3600.[APGP]

whera [APCY] is the average annual poténtial grass production per ha,
[F] the average annﬁal rainfall, (GP,] is the actual grass production
at year n after clearing, and {B,] is the basal area at year n after

¢learing.

Tt is assumed that it takes 3 years for grass production to reach its
potential meximum after clearing. The first yvear after clearing, grass
production is only half of its potential maximum, and three quarters of

its potential maximum at year 2.
5.4.4.3 'Modelligg the econonic benefit of bush clearing {Rule set: 3)

The economic benefit of bush clearing is essentially measured by tha

improvement in grass production after oleazing.
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Rules 22 to 35-calculate the annual improveément in grass production and

the economlc benefit derived.
Improvement in grass production for year n after clearing is given by
[EGP,] = [GF,] - [GPy]

 where {EGe,] is the improvement or 'extra' grass produced, [Gﬁh] is
'the'actual grass production at year n after clearing and [6P] is the

grass production before clearing.

The benefits of bush clearing ‘could be expressed. in terms of an
improved stocking rate potential. However, bécause we are interegted
in théﬂecqnomic'feasibility of clearing;'iﬁ is necessary to express’

benefit as an ecenomic value.

The propoﬁticn of the [EGP] adtually consumed is determined by a grass
quality factor,';gsj. [QF] can take on the valueg of 0,7; 0,5 or 0,3
depénding on wﬁethér thn quality of the e#tra grass.is conzsidered to be
ﬁigh, siedivn or low, réspéctivaly. It is assumed that each AU requires

3650kg dry material per year (i.e. 10kg pef day).

The economic bemefit for any given year, n after clearing, [BF,] is

aobtained by
IBF,} = ([EGP,] x [QF1)/3650 x [MP_] x ((100 - [PCOSTS])/100)

where [MPh]'is the meat price at year n that the farmer gets in Rands
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per Kg live weight. [PCosts] are the production costs, expressed as a -

percentuge of net income derived from grazing animals,

Tt is assumed thét the proportion of production cost to net income
remains comstant between years. However, an inflation adjustment

factor has been included in the meat price value, so that
[MP,] = [MP, 1] + (IMB,_1 x [IR1/100)

‘where -[IR] is the inflation rate at the time of bush clearing, 1In
futu#e verSions.of REGROWTH a subroﬁtihe could'be.included;_which wcqld
provide more reliabla estimations of projected meat price walues.
Various trends, such as the appﬁrant cyclic ﬁariatian in meat prices,

4)

could be included (Groanewald pers. comm.

Beﬁauée income obtainéd.at soﬁe future'date has 1ess-curren£'value than
money owned at présent, a discount ﬁﬁlue hag been included.ta estimate
present values pf.future incoma. The following formuia, after Bishop
and Toussaint (1958}, has been uéed to estimate the diScoﬁnted economni.c

benefit, [DBF,I, for'any year n after clearing

[DBF,] =  [BFn)

(1+(11)®

where [I] is the discount rate, or the rate of interest received over a

——— . . i

4professor W.H. Groenewald. Department of Agricultural Economics.
University of Pretoria.
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period of n years.
Eadh year'S'caiculations are done separately in one rule so that, for
example, rule 23 of REGROWTH provides the calculations for the second
year after clearing, i.e. |

Rule 23

If Information on bush clearing is required

Then -
[EGP,1 = [GPy] “.{GPK]
And [MP,] = [MP{] + [MP4] + (IMP4] X [IR]/100)
and [BE,] = ([Eépzl x [QF1)/3650 x [MP,] x ({100 ~ [PCOSTI)/100
And [DBf,] = [Bf,)/EXE (2x LOG(1 +[1]) |

‘Note that the condition in the 'IF' section of the rule ensures that

this rule always fires.

The net discounted economic benefit of clearing is calculated by the

sum of each year's [DBF] values, i.e.

15
[DBF TOT] = = £ [DBEf,]
' " n=1
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SECTION 3 : DISCUSSION AKD CONCLUSIONS
) . - - CHAPTER SIX
DISCUSSION AND EVALUATION OF MODELS
This section evaluétas the models in terms of their objectives; The
evalﬁatian'is the subjective opinion of the author. No -attempt has
been made to evaluate or validate these models urder real time use.
This is justified, cousidering the original objectives of developing
these models, namely to evaluate the modelling approach.

6.1 Discussion of the wodel POLICY

POLICY was primarily concerned with collating and agsimilating the

relavant information cbncerning stocking rate policies.

The model is highly =implistic, but does manage to isolate the
essential criteria which should be considered before settling on a

stocking rate policy.

The model provided a useful conceptual framework in which the question

of rainfall predictability was investigated,

POLICY provides an example of how the process of expert systenm

modelling may be more valuable than its end product,
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6.2 Discussion of the model GRASTOCK

Although it is well-known that South Africa has distinct peribcis of
above and below éverage rainfa'li, and thai: most of the COuntfy recéives
less than 500mm of rainfall per annum, dry spells are traditionally
described as ‘droughts'. Substantial dréugh'{: aid is paid to farmers in
- so~called 'drought-stricken areas'. bDuring the 30-year period to 1985,
27% of the country was 'Grought-stricken' for more than 50% of the
B time. It is, therefore, a moot point whether such areas are suitable

for farming at all {(Huntley _g_t al. 1989},

The underlying philosophy .o'f GRASTOCK .:i.s that atdcking rate advice.'.
‘should bhe descriptive, as oppose.d to prescriptive. By taking Ehia
spproach, it is emphasized that there can be no single 'ruagibal'
stocking rate leével, but that for each stocking rate there will be an

agsociated level of risk.

The prine detarminant in stocking rate decizion making is rainfall.
Rainfall is unpredict.able, but can b_e expressed in terms of
probabilitiés. GRASTOCK can provide reasona.bie .estimates as to the
like_l':y consequences of various _stockiﬁg rate levels. | These
consequendes are expressed in terms of the 'number of years in every
ten in which a fodder shortage can be expected’. | The amount of rigk
that a farmer is willing to take in this respect is a pérsonal

decision, and cannot be prescribed,

GRASTOCK has provided a framework in which .a large body of research

data has been assimilated and distilled into relevant conmcepts. Expert
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systems prdvide an ideal environment in which this knowledge becomes

accessible to field managers.

The success of models like GRASTOCK depend, to a large e'xtent,. on the
Iuser inte:.f:facé.' The gréphical represnhtation. of information, pop-up
screens and display windows become vital links in making research
a'c:cumula‘.l:ed knowledge both atcessible and comprehensible to f;Leld
managers., Furthermore, the ge_nera.l- impressions-_ and dégree of
confidence :I.nstall‘ed. in thé_ model will largely be determined by this

vger-interface.

The user~interface provided by EXSYS was féunci to be extremely
. limiting. Improvements | were nade on GRASTOCK by calling up external
programs Writtem in TURBO PASCAL. These programs allowed for the
.'graphical representation of data, pop-up he_lp- files and easy access to

rainfall database files.

GRABTOCK contains rolatively desp knowledge structures.  This is
important in expert systems that bave a functional emphasis on

knowledge' transfer, rather than jugt end point decision making,

If the objective of GRASTOCK was purely one of providing an educated
gi;ess at suitable stocking rates. _'I'h_e model could have beeﬁ huilt out
of a sét of heuristic rules. .'i'hese rules would have been derived from
emp'irical observations of what api:aare'd to be snitable stocking rates

~ for given areas.

The fact that reliable heuristics are difficult to f£ind in ecology, and
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considering the ﬁnderlYing philosophy behind the model (i.e. that
ecological advi'cé 'should be descriptive as opposed to prescriptive), it
was necegsary to build GRRS‘I‘OCK_:.from relatively deep knowledge
struetures. This Iimpiies that thé .fundaméntal relationships

determining sfocking rates had to be included in the model.

Models built out of deep knowledge structures have greater explanatory
depth than models built purely f_rorﬁ heuriétics, In short, if a model
is to have an educﬁtional functlon, the user naéds to know the 'how and
why' of the decigion,

6.3 D ion of h clearing models
The bush clearing models were, at the outset, ambitious projects.

Most successful expert systems have confined their problem-solving
activities to a narrow and clearly defined domain of knowledge
{Edmunds, 1988}, The bush clearing .problem 1s corﬁplex and multi-

faceted, inveolwving nany different areas of expertise.

In the bush clearing models an attempt was made to absorb the
collective exper'tise of a number of people, and to present this as a

coherant unit,

The bush clearing problem was narrowed down by splitting the problem
into three distinct sub-problems which were modelled separately. In
spite of this, the problems were not well defined and could have been

split up further. 'For'_ instance, a distinction could have been' ‘made
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between the fegrowth of trees after chemical ¢r mechanical cleafing.
This implied that the wrelevance of the bush clearing models were

 heavily dependent on the assumptions made._

- Further iﬁproveménts of BQSHCLEAH would require what Waterman”(1986}
describes as an 'expert system paradigm shift'., This is necessary when
prototype models beconea unmanageable.in gize, pnwieldy, glow, and when -
the syétem resembles a patchwork of éub—-rout:i.nes and uninteqgrated
const;:ucts. At _fhis stage a complete re-examination of the problem and

a reassessment of the initial representation scheme is called for.
6.3.1 DEBUSH

DEBUSH provides generalized advice on the suitability of a site to bush

clearing.

DEBUSH considers | a site fé'asi_ble- ‘for clearing only :Lf. there is not a
high soil erosion risk, and if the removal of trees will Lead to a
significant improvement in grass production; DEBUSH. i1s inadeguate at
héndli‘n_g situat:‘.dris in which thesé two oriter .a may not be important in
determining the feasibility of clearing. = For example, bush cl.earing.
may be feasible in situations which lead to habitat improvement, or
improved gahie_ viewing, irrespactive of whethgr grase pfoductio‘n‘ is

improved.

Similarly, various management practices may reduce the risk of erosion,

for example, covering the exposed area with some of the removed bush.
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DEBUSH is a simple model which provides realistic answers only in
typical situvations. It undergoes what Watexman (1986) describes as a
'catastrophic degradation in performance' (as opposed to a 'gradual

dggfadation') under atypical situations.

The robustness df an expert system is described by W'aterﬁan (1986) as
the ability to degrade gradually in perfbr_mance when it is pushed tec
its limits. The robustness of modeis s-i:c::h. aé DEB'USH. could be .:meroved
by adding rulés which rec_:ognize unusgual situvations. However,. e¥kpert .
systemg, typically, have d;_i.ffiéulty in redogniziqg the limits of their
ability (Waferman, _;l986) . The lack of 'self-knowledge' displayed by
models such as DEBUSH is typical of expert sfstems written .in sheils',
.such as EXSYS, which have difficulty in representing mata-_-knowledge.
Meta-kno_wledge glmply implies knowledge about knowledge (Waterman,:
1586). EXSYS is unable to contain rules which fepresent information
about when and how to uée other rule gets, or the ability to organize

rules into frames.
6.3.2 HERB

HERB C6mpr13es mostly of heuristic (rules of thumb) type. rules and

database-type information.
Edmunds (198.;3) feels that one of the more' challenging aspects of
knowledge engineering is to try and uncover heuristic rules about a

knowledge domain and then code them into a knowledge basge.

c::naultations with representatives of two major herbicide companies
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revealed that there were a few basic rulee which ﬁere applied to
determine what herbicide application.methods should be used. These

_rules were built from knowledge guined through experxence, and could
not be reasoned back to first principles This is typical of heurlstlc

knowledge.

Much of the information in HERB could have been represented in the form
of a database. However, by using rele's to store information the
problems'}involved in calling up external database programs were
avoided. In add1t1on, this enabled much of the data to be represented

_ in the form of generallzed rules

HERB appears to be relatively successful in determining which herbicide
and which application method would best be suited to a particulzr
situation. Other than for aerially applied herbicides, HERB is unable

to give reliable estimations of costs.'
6.3.3 REGROWTH

REGROWTH involves dynamic simulation modelling. The model is
deterministic and no attempt has been made to reflect the inherent

variability of ecological systems.

REGROWIH is predominantly a quantitative model. It goes through
_ successive iterations to simulate fifteen years of data. The ability
of EX5Y5 to handle mathematical variables within rules, anu vhe ability
to ‘'backward chain' caloulated results from.'Oﬁe year .to the next

enabled the problem to be successfully modelled within the expert
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system framework.

Onie of the disadvantages of '-dynamic modéls is the ;Jncertainty of boing
sble to estimate the faiués.of baéic paﬁameters (Jeffers, 1962). This
is .t'rue for REGROWT.H,. which requires input da_ta. on variables , such as
éverage _basal area or average stem diameter, which may be time
. ¢onsuming.to estimate with any certaiﬁty. Future versions of REGROWTH
couid include sﬁb—routiﬁes and help-scﬁeens which could provide
infor_matio_’n on how reasonable estimafes of some of thege variables

could be cbtained.

The relevance of REGROWFH is heavily depéndent on the assumptions
" made. For example, in the economic analysis it is as'sumgd that the
only econqhic benefits of bush’ glearing are throﬁgh. improved grass

production,

For REGROWTH to_ be uséd as a Gecision-aid for bush clearing projects,
it would have to expand its domain of applicability. For instaﬁce;
sub-rrutines could be built which simulate the effects of bush clearing
on broyser populations. The economic analysis should alsc be expanded
to. include other economic consequences of bush clearing, such as the

benefits accrued through the sale of wood resulting from tree removal.

REGROWTH diaplays how expert systen modeiling can extract information
from different sources in the literature, bringing it together into a

functicnai unit.
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CHAPTER SEVEN

CONCLLUSIONS OF ATMS OF THESIS

7.1 Thg P otential uses of  expert systems modelling for savaona

7.1.1 Potential advantaqe s

The following. is a 1is£ of some of the poﬁential uses which éxpert
systems modelling hﬁld_s foi‘ savanna ﬁanagement. It must be stres_sed
that thiz information is based only on expeérience gained during the
development of the models, and not from the real-time implementation of

" these wmodels.

Mo.ét of the conclusions reached here are not novel in the sense that |
thé_y have bzen {implicitly or explicitly) stated in other expert system
literaturs. = Where possible; indication is given of observationsg that

corroborate those found In the literature.

- {1) Expert systems provide useful mediuwms of knowledge transfer from
researcher to. field managar (Starfiei_l.d & Bleloch, 1983; Ferrar,
|1936;. Davis ef al. 1986). This will help narrow the existing gap
between ecological research and its practical iwplementation in

the field,

(2) The process of building and using expert systems is a useful

educational  tool for students, field managers and resgearchers



(3)
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(6)

{7)
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(Sterfield et al. 1983; Ferrar, 1986).

Expert systems provide a medium to inteurate existing knowledge.
this willl facilitate effe’ctive and efficient use of available
information (Starfield & Louw, 1986; Waterman, 1986; ‘Davis. gt 1.

1986; Coulsort et al. 1987; Murphy & Fuggle, 1989).-

.In'resourc.e managémént décis:i.on making, links between daf-a and the
final decision are often implicit. Expert system modelling will
encuurage these links to _.become ex‘plii.cit‘_ {Starfiald,- 1883).
Furthermo:cé, in many poorly understood eéological systens,
management decisions must be based on implicit hypothetical
assumptions. By deveiop:i_.ng an expert 'system the'se. assumptions are
explicitly. stated, and hence can be critici.zed and const_:ructivelf

defended,

Expart systen shells praovide useful ecological modelliing
environments in which bq_th qualitative and quantitative
information can be used (Starfield & Louw, 1986; Ferrar, 1986;
ﬁobél-, 1987%; Davié et _a_L; 195?). Further, .they do not regquire a
high level of computer literacy before they can be used. This

will result in a gerieral increase in the use of modelling.

.Expert system modelling may highlight 1 rticular areas of

knowiedg'e that may be important to decision making. This would be

useful in prioritizing research projects (Ferrar, 1986_),

Expert systéms will change the way we approach and solve problems
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and make declsians_{starfield & Louw, 1986). Thiz could lead to

" new insights in, and perspectives on, ecological issues.

ﬁxpért systems Vprofide a. potential marketable end-product Ffor

aqricaltural and ecological research.

7.1.2 wWhy are expert :sz’Stems suitable for ecological modelliﬂg?

The expert system approach is suitable for ecological modelling because

(1)

{2)

(3)

{4)

use can bes made of both qualitative and quantitative information

{Starfield & Bleloch, 1983; Starfield & Louw, 1986; Ferrar, 19886} ;

uncertain information can be used {Davis & Nanninga, 1985;

Waterman, 1986; Hart, 1986});

it provideé a flexible enﬁironment_in which information processed
in different models'can'be-integrated and co-ordinatad (Lemﬁon,_

1986; Coulson et al. 1987; Murphy & Fuggle, 1989);

shells that contain frame based knowledge representation ara ideal
for representing the more conteatual type of ecological knowledgé,
i.e. a certain group of facts (or 'chunk of knowledge() may be

considered true oniy in a specific circumstance [For example

IF it ¢an be ascertained that vegetation change .occurs

aceording to the successional theory
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(6}
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THEN let frame A become valid for species x

ELSE let frame B become valid for species v

(Frame A may contain a group of facts and rules about how species

% may behave in a successional paradigm)]:

it provides a suitable environment for medelling event-driven
systems (Mentis, 1988; Grossman, 1988) [The implications of *+he

Vevent-driven . philosophy have been discussed by Westoby (1979),

Walker et al. (1986), and Walker (1988). If ecologidal
system-states are changing episodically and 'frequenfly, then it
would be more appropi:'iate that management practices be dictated by
current circumgtances, rather than as fixed policies.' The event _
orientated approach would seem to lend itself to gualitative
expert system type mod_ellin'g rather fhan deterministic

mathematical modelling];

it provides a suitable enviromment for predicting vegetation
changes based on species’ life histories and population dynanics

(Silva & Mentis, 1988) [Noble & Slafyer (1980) described an expert

system  that  incorporates the vital attribute 'a'ch'er‘ue to predict

vegetation change. These models are useful for predicting the
conseqguences of various management practices on the vegetation.

For exampie (after Silva & Mentis, 1988)

IF fire regime = late wet or early dry
and species x = member of group (a) (i.e. short-lived, obligate

reseaders which flower during the late wet season)
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THEN effect_on population of species x = declina]

.itfcould.pravidé a suitable c....uoment for representing knowledge
in'thé 'staﬁe-and-transition models' as proposed by Westoby et al.
(1989) [In.'this managemeﬁt-orientafed modal, rangelaﬁds ‘are
describéd"by means df catalogues of alternative states and
catalogués of poSsible transition between states. Circumstancés

which iallow_ faVOurablé transitions. reprasent opportunities.

Circumstance which threaten unfavourable transitions represeht

" hazards. It is suggested here that knowledge describing the

various vegetation states be represented using frames (see section -

2.5.2.1); and. rules used to describe the posszible trar-’™4-~ s,

For example, two vegetation states are described using two frames

(after Westoby et al. 1989).

{a)

frame name = vegetation state II

veld type = tall grassveld

description of vegetation = predominantly palatable
Perennials, e.g. Themeda

agricultural potential = high

hazards = 'over-resting' may lead to vegetation state I

(b)

frame name = vegetation gtate I.
veld type = tall grasgveld _ .
daescription of vegetation = dominated by large course
' ‘perennials, e.g. Cymbopogon,
_ _ Apcchaete o
agricultural potential = medium _
opportunities = moderate grazing and burning will return
vegetation to state II :

Rules can then bé used to describe the transitions. For example
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IF vegetation is in state IT

and management policy results in over-resting
THEN a.transition shift will occur towards vegetation state I.

Similarly, rules can be used to describe potential hazards and

" opportunities.}.

7.1.3 Reasons why export system modelling may not be suitable for

" eeological problems

{1} Ecologidal knowledge domalns are usually not well defined.

(2)

(3

Ecological knowledge is difficult to consifer as isolated units. .

. Knowledge about one particular problem may be derived from many

different, but inter-related disciplines. Edmunds (1988) feels
that the more precisely the domain can be enclosed, | the more
fcoused the expert system will b., and the greater itg chance of

success.

Ecological knowledge tends to Le of a centextual nature (see'
section 3,4.3). This ir-:iplies ‘that generalized ecologicai' problem
golving models will be difficult to Ibuild. For .ecological
theories to be predictive, they become highly dependent on
auxiliary assumptions. Certaiﬁ hypothesis are valid only in

certain_situatioﬁs, i.e. there is a 'gsituational falsifiability'

(Mentis, 1988).

There is a shortage of suitably trained experts. Experﬁs tend to
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be- qver-speéialized, ﬁh'ich could result in a limited scope of
expertise, One of science's most serious problems is its
fragme:itary approach to nature. Beientific and, in particular,

ecological problems depend on contexts that exténd into wany

‘different disciplines. Clearly, such problems cannot be

adequately solved within the limited contexts in which they are

normally formulated '(Bohm‘. & Peat, 1987}. Post-graduate traiming
typicaliy involveés specialization within a particular direction.
Thig has led to a fragmented approach. - Boan alici Peat (1987)
dt_ascril_:e fragmentation as ar:l.aing_ when attempts are made to impose
divigiong in an arbitrary fashion without any regard for a w'it.lar

context. This has resulted in a specialization of ecological

" expertise. The very notion of acological unuerstanding appears to

be incompatible with a fragmentary attitude to reslity.

Ecologists have usually gained their experiunce through
theoretical resgearch, They .may' lack the experience obtained

through practical implomeucation of their knowledge.

Waterman (1986) describes expert systems as unsuccessful at
capturing intuition and dommon sense aspects of decision making.

Much ecological decision making is done through intuition or

gut-feeling, 'This kind of knowledge im difficult to capture in a

decislion model.
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7.2 The ghallenge of artificial intelligence to enology and

7.2.1 Second-generation ecological modelling

The ideas and tethnology of artificial intelligence have encouraged the

development of & ggcond-genaration of esological models.

_A'rt.ifiei.al intelligence, and more specifically expert gystem
technology, h.ave introduced ney and exciting concepts into ecological
modelling.' Importantly, thare has heen a shift in emphasis concerning
the bagic medium from which models are built, First-generation nodels
were .hu:i.it essentially from guantitative data, wh.ile sacoﬂdageneration :
models are built from knowledge (which may include both q'uahtitatiﬁe

and qualitative information).

Tiﬁe use of knowledge as the basic modelling medium enables the
developnent of powerfui and useful managemerit decision models, This is
due to a number of reasons. Firstly, most management decisions in
ecology and' agriculture are largely based on .heuristics {i.e. if
s;tuation x and y, then take 'management_ action z), Secondly, expert
systems have the sbility to handle uncertainty. This is particularly
useful, as much inférmation in ecology iE 'noisy' and uncertain,
Thirdiy, expert system modelling forces hﬁpothesea' and concepts to be
e:;preased as explicit statements.. This facilitates ccnceptualizaﬁion
. of the problem, and forces management decisions to be based on rational

deductions.
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A third generation of natural rescurce modelling has already begun.
This includes large integrated expert system models.  Essentially,
these expert systems act as a type of 'central nervous. system',

co-ordinating and linking the input and output of information.

Typically, integrated expert systems will have the ability to

'do_—ordinéte the workings of numerous different process models. Thase

may be dinterfaced with large gecgraphical information system-type
databases, which may receive direct on-line information from sensors in
the field, or at weather stations (for example, Coulson et al. 1987,

and Lemmon, 1986).

7.2.2 Eipert systems : providing a new and marketable end product for

ag:gicﬁult’:u;‘al and ecological research

There is. currently ah unprecedented interest taken by administrators,
managers, politiciang and gemeral public in the changes taking place in
£he environment. There ‘is a demand for concise, well packaged
eaological information. Irrespect'ive- of whether ecology has a;:hieved
its maturity, it is  already having to bear adult responsibility

{Jeffersg, 1976).

The publication of sclentific paperé can no longer be regarded as the
satisfactory end-product of research. Governmentz, managers,
pqliticians &nd the taxpaver .will' demand that research results be
presented in a forim of direct use to them. - User friendly exper:t system

models would meet this requirement.

The idea that Iraaearch results I;e presented in a tangible, concise and
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usable form, such as in expert system models, introduces the

possibility that these models coull become marketabia ehd—products.

In Australia, the Queensland bepartment o©f Primary. Indusgtries are
developing a series of'computer decision-aids, which will be sold to
Farmers (Scanlan, pers. comm,')

Currently, large burdens are placed on the South African taxpayer to
supporﬁ large non-profit making organizal.iong, Tha services provided.

by these organizations are not always ararent. I -joultural -egearch

'has--oftén been so critidized;_ assumisq Tet U8 eriticism is

justified, one may postulate that the faulv . s elther in the type of
research being conducted, or in the manner in which results ars
transferred to the end users (i.e. the mechanisms of knowledge

transfer).

With increased attention being paid to privatization and the condept of

a fres market economy, pressure is being placed on government research

- organizations to show the fruits of their labour. Scientists are
- living in the age of ‘'publish or perish'. It is being suggested here

that not only will expert systym models be a more appropriate end point

for research, but that agricultural research should, to some extent,
become subjected to free market economic forces.  If knowledge is

required, then it must be paid for by whoever needs it. If the demand

for knowledge ekceeds that which is currently available, then more

e e e e T 411

1Dr J. Scanlan. Queeniland Depdrtment of Primary Industries, Pasture
Management Branch, :
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regearch is indicated.

In the light of the above -remarks, it is fe.lt that for many long-term
agricultural resesarch projects, and. most pure ecological research, a
spécial gasé is p_résented_. These kinds of research cannot justify '
themselves on purely economic gfounds, and SEOuid rather be evaluated

on their sc: entific _and.. ethical importance.
7.2.3 Attitudes for the Imowledge age

i‘he imp'ﬁr_tant changes tﬁat new technologiss have brought about in
society have historicaliy been referred to as the agricultural, the
imiuétrial and the information age, With each age has come radical
t.ec'hnol'ogical innovations, For example, the computer was said to
. precipitate the information age. It is riow being claimed (for example, '
.P'arsayé & Chignell, 1988) that expert systems are the technology for

use in the knowledge age.

Toffler (1981) has stressed the need for adapting social structure to

new technologies.

Tt is envisaged that expert sysi:ern technology will revolutionize the
process of technology transfer. In particular, organizationg involved
with knowledge transfer, such as agricultural extension Bervices, will

require major conceptual changes.

Attitudes of farmers in South Africa are changing. Farmers can no

longer consider farming as a 'comfortable lifestyle’, bﬁt rather a
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sclentifically run business. More hu.sihess-minded attitudes imply
-keeping up with technological innovations, - Increasing numbers of.
farmers employ computers for record keeping and data processing. South

African farmers are moving into the information age.

From the number of expert systems currmtljr being developed in America
and Austrsiia, it would appear that farmers in those countries have

indicated their willingness to enter the knowledge age.

Society's resp’onse'_ fb new technology inévitably_ lags _behin.d thelr
development, It is commor for old organizational structures and ideas
to bhe inappropriately applied to new technologies (Toffler, 1981). The
challenge | in emplpying new technologies such as _expert systems is .to
" determine what organizational changes naéd to be made to accommgdéta
the new tschndlbgf, and what organization structures are simply

hangovers from earlier technologics or methodologies.
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APPENDIX A : Floppy Discs

See floppy discs in pockets of back cover.

. APPENDIX B_: Instructions on running models

Becausa of cop?righ{: restrictions, the prbgrams are mm using
the EXSYS shell editor (EDITXS). instead of the more
appropriate and user-friendly run time _vexfsio'n.

Hagdware. The models will run on any IBM/PC compatible computer
using MS-DOS 2.1 or higher. A hard dise drive is needed. As the

programs huve graphics as well as text, a Hercules mono graphics

~cards or a CGA, EGA or VGA colour graphic card is required. A

monochrome monitor is édequate, but the display is improved with

colour.

Instaliation: Copy floppy discs on to your hard disk, under =

separate directory or subdirectory. For example, use the
fallowing commands:

(Note: 'e' denctes 'enter')

¢:\s>MD EXSYS e
0:\>CD EXSYS @
C1\EXSYS>CORY A%, * @

[Repeat this for each £loppy dis‘c].
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To access the programmes

Type in

C:\>CD EX3YS & ~

' C:\EXSYS>EDITXS &
this will take you intc the EXSYS shell editor.
The programme will now request the expert system file nuae. Type

in POLICY, GRASTOCK, DEBUSH, REGROWPH or HERB, depending on

which model you would like to run, and enter,

A blank screen with a menu at the bottom will appear (this is the

EXSYS editing menu). Press 'R’ for rum.
The programme then asks two questions:

'Do you wish to have the rules displayed as they are used?

(Y/N)(dafaulﬁ = N)'

'Recover previously saved input? (Y/ﬁ}(default = N}'

Aocept both dafaults by entering twice.

The consu. tion can now begin.

Information is inputted either as a text, a Value, or as a numbar

corresponding to an option for a particular question.
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Socme questions have been provided with additional information in

the form of help screens. Press '?' and enter to access.

If at any time during the @nsultatioﬁ fou may wish to k_nbﬁ why
the question is_beiﬁg asked, type in "wmr". and enter. -rh'is will
:i.r_nmediétely take yﬁu into the rule base showing you the rule in
which the | reque_es’té‘d information is used Some rﬁles bave bheen

provided with explanatory information and source references. -

To return to D% after a consultation, press 'D' for done., This
takes you back into the editor main menu, Press 'S' for

store/exit. Batause you are only uéing the editor to run the

'ﬁrograﬁma and not using the editor specifically, i‘.here is no need

to store any information (you have already copied the rules onto

your hard discg).

The EXSYS shell has been provided with a compateﬁt on-line help

facility. Press 'H' to access help at any time during the

consultation. 'this will provide all the necessary information on

using the shell editor menus. For example, after a consultation
you nay wish to use the 'trace', or 'change and rerun' facilities
(consult the help line after a consultation for further

information on this).
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APBENDIX C : Tree density estimations

{(after Scanlan & Mckeon, 1989)
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