INVITED

Context Specific, and a More General Expression of,
Relationships on Exiensive Catile Properties

Richard Monypenny

Department of Economics
James Cook University of North Queensland
Towngville Qld

Absiract Many systems or eniities for which computer miodels have been developed are based on attributes or relationships that are
context specific; (that is, relationships that mainly or only apply o the system being modelled). However, some sysiems are of 2
wider intorest because some of their relationships can be expressed in a more general form that is applicable cuiside the sysiem being
modelied. One such gystem is the modelling, for decision support, of cxsensive beef cattle properties in the semi-arid tropics cf N E

Queensland. This paper outlines some of the relationships in such a sysiem.

I, INTRODUCTION

The modelling of whole farms has been around for many years
(see for example France and Thoraley, 1984; Rickards, 1968;
and Sage, 1983). Seme aspects of the discipling have undergone
radical change, like for example in compuier hardware and
software and in the wide range of tools and methods now
available to modellers. Other aspects have changed fitlle, like
for example the fundamental guestions of what are the
boundaries to the system to be modelted; what type of model
to use; and what is to be the designed usc of the model. Many
of the more successful whole farm models, similar to models
in other areas of modelling, have had relatively focussed tasks,
aims or reason for being. In these cases there was usually a
relatively clear boundary between what should be in the model
and what should not; that is what should beexcinded or assumed
to be exogenous, or constant, or irrclevant. Basically we have
gone irom the carly whole farm modelling efforts that required
considerable resources to gel the dataand just get the model 16
work, 10 the current efforts that can build virtually any type of
model but need to spend considerable resources to clarfy what
is required 10 achicve the needs or specifications of the main
stakeholders. In using modeliing to provide answers 1o
problems we usually or always have to choose the problem of
prune down the description or boundaries of the probiem in
order 1o make it fil into the ools or expertise available. Some
early attempts al whole farm models were, by today’s standards,
very simple but were nevertheless very useful in achieving thelr
design aimg, This was largely because the problem under study
was lackled in an appropriaic way. Today we would still
probably tackle the probiem in the same way. However, today
there are less of these "nics” problems around. Certainly whole
farm models are not a panacea. However, they can be one very
useful component in & wider process Lo provide support for
decision making, for policy recommendation or for research.

Whole farm models, similar to other types of models, require
or use relationships lo describe the system to be modetied.

2. COMNTEXT SPECIFIC RELATEOMNSEHIPS
Relationships that are specific o the context of extensive beel
cattle propertics in the highty variable rainfali environment in
the semi-arid tropics of N E Queensland represent pasture,
cattle, seasonal conditions, and stocking rates {for example sce
Gillard and Monypenny, 1988, 1950; Mclvor and Monypenny,
1993: and Gramshaw, 1995).

Reef production in this context is based on cxlensive grazing
of native pasires. Animal performance is limited by pasture
quantity and/or quality. Rainfall and both pasture and cattle
orowth rates are highly variable. Many properties are managed
with very conservative stocking rates. However, many
stakeholders in this system are interested in production systems
ihat will overcome pasture limitations. Two options in pastare
development are kilting trees to increase the quantity of pasture
produced and oversowing of native pasture with introduced
grasses and legnmes toincrease the quality of pasture produced.
four alternative pasture development systems are: Hve lrees
and native pastures; killed trees and native pastures; live lrees
and oversown pastures; and kitled trees and oversown pastures.
Comparison of these four aliernatives, as used on basgaltic soils,
psing a spreadsheet model that integrated information from
various sources, found that both killing trecs and oversowing
introduced grasses and legumes increased production and nel
cash flow (Mclvor and Monypenny, 19953,

Decision support (as defined for example in Bidgoli, 1989;
Bryceson and White, 1994; Eden, Jones and Sims, 1983
Guariso and Werthner, 1989; and Monypenny, 1992, 1994} was
the designed use of the model.

Modet output was validated in that it produced output similar
to that expecied by experienced graziers and scientists, The
model was shown to be a useful tool with which Lo assess, on
awhole property basis, the impact of seasonal variation and of
atlernative pasiare development systems on animal production
and financiai ouicome. The model can be used by graziers in
making decisions about pasture development and by research
workers in agsessing the likely impact of potential rescarch
output. The greatest increases in production and innet cash flow
were with kitled trecs and oversown paslures. The relative
changes in net cash faw over a range of seasenal growing
condilions were less with oversown pasture than with native
pasture, Systems where trees were killed produced near
maximal relurns over a wider range of stocking rates than
systems with live trees. These resulis suggest that pasture
development using oversown grasses and legumes can be a
profitable invesunent.

However, care is neaded when using these resulls to provide
recommendations or 1o assist with paswre development
decisions on specific properties. Stakeholders in the decision
making need both 10 have access to pasture, cattie, seasonal
conditions, and stocking rates information for the property and



nced to be satisfied that the assumptions underlying these
resulls are appropriate for the specific property and to the
circumstances under which the decision is to be made.

3. AMORE GENERAL EXPREBSION

Context specific  relationships of extensive beefl cattle
propertics in the highly variable rainfall environment in the
semi-arid tropics of N E Queensland are useful in their specific
context. These relationships are more likely to be of use in other
contexts if they are expressed in a more general form or
expression. Below are five such relationships. Examples from
a cattle property are used (o help presentation, These examples
for catlle properties are not iniended as  technical
recommendations. For technical recommendation please
consult Gillard and Monypenny, 1988, 1990; Meclvor and
Monypenny, 1993 and Gramshaw 1995,

3.1 The variable used to determine the best alternative

in sume sysiems il is appropriatc 1o measure GRCOmMe of ouiput
interms of only one variable, or if culput is measured by more
than one variable, then the same allernative is always the best.
However, in other systems the alternative that will fead 1o the
best cutcome depends on the cutput variable used to represent
the value or performance of the system. For example ona cattle
property, if the variable used to decide between two dilforent
stocking rates is accumulated net cash flow over the planning
horizen, then the best alternative is to kill the wees and 10
aversow with improved pastures. However, 1f the variable used
is the level of debt that the property would incur to kill trees
and oversow with improved pasturcs, the best alternative is 1o
cversow improved pastures uader live tees,

3.2 Robustness of the outvome

The robustness of the model ocutcome {as represented Tor
example in {igure 1} to changes in one or more input variables,
as for cxample on a cattle property, changes in net cash Jow
hetween scasons over the planning horizon, as expressed, for
example, by the standard deviation of the distribution of yearly
net cash flows, s lesst when trees are killed; (compared 10
allernatives where there are Hve trees). A related issue is the
robustuess of the model pulcome compared 10 the robusiness
of the real sysiem,
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Figure {: Hypothetical Example of Robusiness

Morg importan, s the issue of the robustness of the real system
outcome to changes in one of more input variables, or in other
words how buffered is the real system? Becanse unbuffered
systems are easier 10 model than buffered systems. Forexample
a caitle property is a highly buffered system and thus more
difficult to medel. This is in part because most of the
components of the system are highly buffered. For example the
soil can store more or less water and nutrients, more or [ess
pasturc can remain uneaten, and the catile can have more or
less fat cover,

3.3 Mon linearities at the extremes of the range

Many retationships in the real world are non linear. Modellers
frequently use lincar approximations successfully in their
models. Two reasons for using these approximations are poor
data and algorithm requirements like for example in the case
of lincar programming. One imporant special case of non
linearities is that in which they oceur at the extremes of the
range of the relationship, (as represented for example in figure
2). The cvents al these extremes are ofien of infrequent
oceurrence, Thus the availability of good data for the central
part of the relationship is often of little use at the exiremes.
However, these non linearities can be impartant in decision
making. For example on a cattde property, the non linearitics
that occar, in deought and in good seasons, at the extremes of
the pasture, catlle, and stocking rate relationships. In grazier
decision making, these non lincaritics are important because of
the considerablie risk of land degradation during drought and
the Targe benefits that acorue in good seasons,
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Figure 2: Hypothetical Example of Non- lnearities

3.4 Large range of the relationships

When a relationship covers a large range In input variables, the
variable with the major influence, or the limiting facior, in the
relationship may change. For example on a cattle property, for
the pasture and the cattle relationships, when rainfall is fow,
water is the limiting factor in cattle growth rates. However,
when rainfall is high, protein is the limiting factor. A related
tssue is when everts or technology move o the extremes, or
even culside the range of input variables for which the existing
rutes of thamb, the accepted tocal good practice, or the local
experience, will hold, In this case modelling can be a very useful
wol 1o develop and evaluate revised rules or good practice. For
example on caitle properties in N E Queensland when Brahman
cattle were introduced and normal death rates moved o the
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lower end of the relationship; and when supplementary feeding
with urea and molasses started and normal stocking rates moved
1o the upper end of the relationship.

3.5 Partitioning of the model

In whole farm models the modeller usually has to first determing
the underlying relationships of the system to be modelied before
wark can start on the way these relationships can be modelled
in order 1o represent the system in guestion and to achieve the
designed use of the model. The magnitude of this problem
formulation task may not always be apparent at the outset. Ons
important specia case is that in which the value or magnitude
of input variables and/or output variables are delermined by
more than one factor. Of special interest is the case where one
or more context specific factors dominaie the underlying
process by which inputs relale {0 outpus. Parlilioning of
decoupling the model through the judicious use of alink concept
can provide considerable practical bencfits (Moaypenny,
1991}, For exampie on a cattle property and using weight-gain
per animal as a link concept, the modelling of the relationships
relating rainfail to live-weight gain can be partitioned from the
maodeliing of the relationships between live-weight gain and net
cash flow. Partitioning may be between inductive (forexample
parametized least squarcs) and deductive {for example
spreadsheet) parts of the model; or between different fogical
units of the model (for example soil, pasture, cattle and cash
flows).

3.5 Some advantages of a more general expression

The advaniages for modelicrs of being aware or reminded of
these more general forms of some relationships will vary from
individual to individaal. The likely existence of one or more of
these relationships will probably arise during probiem
formulation. Once identfied they arc rclatively casy o
incorporate into model design. For example 3.1 and 3.2 relate
1o the design of model sensiivily analysis; 3.3 relates to data
collection and relationship specification; 34 is likely to be
difficult because of inleractions and dynamics within the
system; 3.4 is specially difficult when equations are uscd to
specify relationships rather than direclly using data like lor
example in spreadsheet lookup tables; 3.5 is most Likely to be
the most difficult because the "right" answer is often only
apparent with the benefit of hindsight,

4, THE CHALLEMGE

Thechalienge for whole farm models and modeilersis w deliver
on time to client satisfaction, o get it right. This is both
reinforced by the need for quality assurance, accountability and
end user consuliation and emphasised by the current limits on
funding. Itis far easier tostate the challenge than it is to actually
deliver on time to client satisfaction, to get it right. Thig
difficuity is in large part because of the oficn time consuming
process tequired 10 get answers 1o the following questions: Get
what right? Right for what? Right for who? Right at what point
in time?

Given this challenge and the experience to date in the modelling
of extensive beef cattle properties in the semi-arid tropics of N
E Queensland, it would appear that the future of the discipline
of whole farm modelling, in general, and of specific models
and projects, will depend first on the extent of consultation
among the stakcholders, and the ability of the consultation
process to arrive ai, or o make, the right choice. That is, to
arrive at the choice, that with hindsight, is seen o be the right
choice. Second, on the ability of stakeholders to distinguish
between and io provide appropriaic  leadership  and

management, That is, leadership that clearly identifies what is
to be achieved and management that delivers agreed outcomes
using agreed processcs. In other words, the ability of
stakeholders o distinguish between and provide for, on the one
hand, the big picture, the what to model, and on the other hand,
the detail of the model, the how to model.

In conclusion, the outlook for whole {arm models would appear
1o be positive and guardedly optimistic. Whole {arm modelling
has come of age over the last 30 or so years. Whole farm
modellers have a large and varied range of tools currently at
their disposal. Whole farrn models are not a panacea, there are
many problems which are intractable with the current tool kit
Furthermore, inappropriate nse of these tools is likely woend at
best in disappointment and more likely in disaster, However,
appropriate and expert use of these tools will provide success.
Wil bring success defined as having a whele farm model as
one of the very useful componcnts in g wider process 10 provide
support for decision making, for policy recommendation or for
research.
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