PART vVII

CAN MODELS COPE WITH THE CHANGE?

Introduction

Recently, Moorby (1987) reviewed the value of mathematical modelling in plant
science, in a paper entitled “Can Models Hope to Guide Change?”. In this paper Moorby was
concerned primarily with the role of modelling in understanding the underlying mechanisms
determining plant growth, and thereby providing guidance to manipulate and control growth.
Thevalue ofa modelis assessed more in terms of its potential forunderstanding the operation
of a system, than the precision of its predictions. In attempting to construct models of crop
growth in response to environment, areas of ignorance are identified and this should be used
to guide future research effort. This is essentially the scientific purpose of mathematical
modelling, seeking a greater depth of understanding of the physical world by studying
simplified, mathematical abstractions ofit, and drawing inferences about the behaviour of the
physical system it represents. The process of abstraction requires assumptions to be made;
for example the nature of interactions between variables and the functional form of the
equations which describe them. The appropriateness of these assumptions imposes a limit
on the validity of inferences made about the real world.

Models can be classified in different ways. Firstly, there is a distinction between
empirical and mechanistic models. Empirical models use equations which fit the data well,
they do not provide a causal explanation. Mechanistic models seek to explain the behaviour
of a system in terms of physical, chemical and biological processes that mayunderly it. These
processes will be at a lower level of empirical description than the behaviour one wishes to
study: the increase in dry weight of a crop can be described in terms of the expansion and
carbon exchange of the individual organs that it is comprised of. The level of detail used is
dependent on the level of behaviour to be modelled. In modelling the stresses involved in
a bridge structure design for example, only the bulk properties of the materials (Young's
modulus, density etc.) used would be considered, whereas the atomic composition would be
of interest if one was trying to improve the intrinsic strength or flexibility of a new material.
A further distinction can be drawn between deterministic and stochastic models which
concerns the treatment of random variation. Deterministic models produce a single value
answer whereas stochastic models take account of the randomness in the system being
modelled. ;

System models are used to describe complex systems and are usually composed of
several sub-models, each of which relates to a separate part of the system and its validity
should be testable, independently of the overall system model. The construction of such
Mmodels can be carried out in either direction, although it is usually more efficient to adopt
the “Top-down’ direction. This starts with the overall objective which is then broken down
into a series of sub-goals or models and these in turn may be subdivided further into
Submodels at the next level down in the hierarchy. The submodels may be deterministic or
Stochastic in nature or a combination of both, and at the lowest levels of explanation are by
hecessity empirical.
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consideredwhen e€xtrapolating the results from one regiontoanother, and predictions should
be based on both physiological understanding as wel] ag agronomic assessment.

VIL2 Scale of Simulation

Simulation is required at alf levels from plant to national level and possibly
international, particularlywhere decision makingisinvolved. If the farmer is tointroduce new
cropsandtoada pthusbandry to new climates then he needs to know how the different crops
are likely to perform over a run of several years. This requires long-term field evaluation
studies or simulation based on the measured response of plant and Crop processes as well

begatheredunder controlledenvironment conditions inarelatively shorttime, providedthere
is the finance. The ideal approach is to use simulation studies alongside biological research
first. Initially, commercial evaluation would be on 2 limited scale only, allowing time for a
proper risk assessment to be made based on sound understanding.

For commercial CIops grown on a large area there is much information currently

Unfortunately, knowledge of similar detai] regarding smalleracreage cropswill notbe
available. However, our understanding of the processes of crop development and growth

with rule-based knowledge and uncertainty (e.g. range of climate scenarios and their
Probabilities) needs to be developed further.

Atthe farm level planning involves several time scales, from immediate within-season
decisions, through pre-season planningto longerterm strategy. All levels require information

Such as irrigation, nitrogen application, pest and disease control, are to be made. Information
On crop performance for pre-season and mid- to long-term planning is required in a more
Summarised form. It is not usually specificto a particular field
Yield with some measure ofthe range of probable yields

€Xperience. Since this is based on past €xperience, longer-term strategies will be prone to
8reater uncertainty, especially in light of a rapidly changing climate.
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as barley, oats, brassicas, grasses etc. and the possible introduction of new forage crops such
as maize,

VIL3 Areas of Simulation

are evident in all the sectiong presented in this report,
Within crop physiology, the first Step to consider is the influence of weather on the
development of the crop. Therole of temperature on the rates of initiation of organs and their
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