
ritica evauationo 
»• 

systems analysis in ecosystems 
research ana management 

GWArrdd andCIdeWit(Eds 



Simulation Monographs 

Simulation monographs is a series on 
computer simulation in agriculture and 
its supporting sciences 



Critical evaluation of 
systems analysis in ecosystems 
research ana management 

GWAmold end CldeVWEds) 

Wageningen 
Centre for Agricultural Publishing and Documentation 
1976 



Books already published in this series: 

C. T. de Wit and H. van Keulen 
Simulation of transport processes in soils (2nd ed., revised) 
1975, 109 pages, ISBN 90 220 0591 7, price Dfl. 15 

J. Beek and M. J. Frissel 
Simulation of nitrogen behaviour in soils 
1973, 76 pages, ISBN 90 220 0440 6, price Dfl. 12.50 

C. T. de Wit and J. Goudriaan 
Simulation of ecological processes 
1974, 167 pages, ISBN 90 220 04% 1, price Dfl. 22.50 

H. G. Fransz 
The functional response to prey density in an acarine system 
1974, 149 pages, ISBN 90 220 0509 7, price Dfl. 20 

M. J. Frissel and P. Reiniger 
Simulation of accumulation and leaching in soils 
1974, 124 pages, ISBN 90 220 0530 0, price Dfl. 17.50 

H. van Keulen 
Simulation of water use and herbage growth in arid regions 
1975, 184 pages, ISBN 90 220 0557 7, price Dfl. 27.50 

G. F. Makkink and H. D. J. van Heemst 
Simulation of the water balance of arable land and pastures 
1975, 87 pages, ISBN 90 220 0566 6, price Dfl. 15 

ISBN 90 220 0593 3 

© Centre for Agricultural Publishing and Documentation, Wageningen, the 
Netherlands, 1976 
No part of this book may be reproduced or published in any form, by print, 
photoprint, microfilm or any other means without written permission from 
the publisher. 
Cover design: Pudoc, Wageningen 

Printed in Belgium 

BIBLIOTHEEK 
Dr:R 

LANDBOUWMOGESCHOOL 



Contents 

Preface 1 

C. T. de Wit and G. W. Arnold 
Some speculation on simulation 3 

David W. Goodall j 
The hierarchical approach to model building ^10) ^ 

H. van Keulen 
Evaluation of models 22 

Donald A. Jameson 
Management of ecosystems: information supplied 
by simulation models 30 

Philip C. Miller and Harold A. Mooney 
The origin and structure of American arid-zone ecosystems. 
The producers: interactions between environment, form, 38 
and function 

N. G. Seligman 
A critical appraisal of some grassland models 60 

J. N. R. Jeffers 
Future prospects of systems analysis in ecology \ 98 V 



This book is a collection of papers presented at and inspired by the 
First International Congress of Ecology, 9-14 September 1974, the 
Hague, the Netherlands. 

The contributors are: 

G. W. Arnold (editor). Division of Land Resources Management 
CSIRO, Private Bag, P.O. Wembley, Australia 

C. T. de Wit (editor). Department of Theoretical Production Ecology, 
Agricultural University, Wageningen, the Netherlands 

David W. Goodall. Division of Land Resources Management CSIRO, 
Private Bag, P.O. Wembley, Australia 

Donald A. Jameson. College of Forestry and Natural Resources, 
Colorado State University, Fort Collins, Colorado, USA. 

J. N. R. Jeffers. Institute of Terrestrial Ecology, Merlewood Research 
Station, Grange-over-Sands, Cumbria, U.K. 

H. van Keulen. Department of Theoretical Production Ecology, 
Agricultural University, Wageningen, the Netherlands 

Philip C. Miller. Department of Biology, San Diego State University, 
San Diego, California 92115, USA 

Harold A. Mooney. Department of Biological Sciences, Stanford 
University, Stanford, California 94305, USA 

N.G. Seligman. Guest worker at the Department of Theoretical Pro­
duction Ecology, Agricultural University, Wageningen, the Nether­
lands, on secondment from Agricultural Research Organisation, 
Volcani Center, Bet Dagan, Israel. 



Preface 

At the 1st International Congress of Ecology at the Hague in Sep­
tember 1974, a symposium was organized by de Wit and Goodall, 
with the title: 'Critical evaluation of systems analysis and modelling 
in ecosystems research and management. Data collection and pro­
cessing for predictive purposes.' 
The symposium aroused considerable interest and so the organisers 
decided to bring together the proceedings, together with other papers, 
some of which were presented at the Congress, into this book. 
As pointed out in the introductory paper it is only in the last decade 
that some biologists have adopted the systems analysis approach 
to their problems, an approach long used by engineers and in oper­
ations research. It is appropriate to look at the value the approach has 
proved so far, and to its future role in ecosystems research and manage­
ment. 
The physicist has almost perfect knowledge about the behaviour of the 
systems with which he works. But the biologist often works with sys­
tems about which little is known, and where the response of an 
organism to a given change in its environment is not fixed. Also, 
biological systems often have many more feedbacks which means that 
a change in one part of the system can cause changes in other parts. 
Thus the construction of simulation models of biological systems for 
predictive purposes, whilst technically feasible, requires considerable 
care. The objectives of the model must be explicit since these will 
largely determine the structure of the model, the functions included and 
the degree of resolution to which the system is simulated. 
Some of the problems of modelling ecosystems are introduced by de 
Wit and Arnold in the first paper. GoodalPs paper gives an illustration 
of how to use the hierarchical approach to model building. Van Keulen 
goes on to consider the principles which should govern decisions on 
the structure of a model in more detail, i.e. the objectives, the bound­
aries of the model, the processes incorporated in the model, evaluating 
the output of the model, and the model's behaviour in response to 
changes in inputs or in the rates of certain processes. 
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Two papers illustrate divergent uses of modelling ecosystems. 
Jameson considers the problem of developing generalized models of 
grassland ecosystems which will provide the input data for manage­
ment models; Miller and Mooney use a biological process model to 
consider the most efficient vegetation forms and functions in two 
Mediterranean environments and compare these with the vegetation 
that occurs. 
The most widespread effort in ecosystem modelling has been in pro­
ducing models of grassland systems used by man for livestock produc­
tion. Seligman critically reviews some of these models. Such criticism 
should allow future models to be more soundly constructed for their 
given objectives. 
Finally, Jeffers discusses the future prospects of systems analysis in 
ecology. He looks at the broad application of models and discusses not 
only the problem of defining and bounding models but also the 
management of the team needed for model construction and validation 
and, most importantly, how to communicate the model and its results. 
Systems analysis, it has been argued, allows a more logical appre­
ciation of ecosystems and the impact of management strategies on them 
than is normally possible using mental models. With many ecosystems 
experimental verification of predicted results is impossible because 
irreversible changes may occur during the process or the time scale 
and cost of such studies are too great. Yet man will continue to inter­
fere with ecosystems either for better or for worse. Decisions about the 
type of interference, or management, have to be made. Systems analysis 
can provide a framework for more soundly based decisions than can be 
achieved in other ways but only if those analysing and modelling the 
system do so within a sound conceptual framework, with clear goals 
in mind and realising that no model is the final synthesis of a problem 
but merely the beginning point for further study. That study must 
include physical experimentation since the ecosystems cannot be 
studied by simulation modelling alone. Modelling is only part of the 
systems analysis approach to the study of ecosystems. 
It is hoped that the papers in this book will help those who will be 
involved in modelling ecosystems to be more critical and to avoid some 
of the pitfalls, so that they may provide decision makers with better 
bases for their decisions, and thus for more efficient management 
of the earth's resources. 



Some speculation on simulation 

C. T. de Wit and G. W. Arnold 

Systems and models 

For more than 30 years, considerable attention has been paid in the 
engineering sciences to the analysis of complex, dynamic systems and 
with considerable success. The approach, which is now being adopted 
in the biological sciences, is characterized by the terms: systems, models 
and simulation. A system is a part of reality that contains interrelated 
elements, a model is a simplified representation of a system and simula­
tion may be defined as the art of building mathematical models and the 
study of their properties in reference to those of the system. 
Although any model should have definite goals, be lucid and achieve 
its objective, it seems in practice that goals are too often described in 
such broad terms that sufficient lucidity is reached only for the initiated 
and that the models are achieving less than expected by the biologists. 
For these reasons the word 'art' rather than 'science' is used in the 
definition of simulation. 
It follows from the definition that a model is a system, but the reverse 
may be true as well. A work of art is a simplified representation or a 
model of the vision of the artist. A machine is a model of the concep­
tion of the engineer and it performs certainly worse than anticipated. 
And when an engineer applies simulation, he develops models that are 
in between his conception and reality. The ultimate machine is in fact 
a model of his simulation model, that is a simplified representation 
of his mental conception. 
Although some would like it otherwise, biological systems are not 
simplified representations of the conception of the biologist and the 
inversion of the terms, models and systems does not make any sense. 
Therefore, it may be that the approach that has been so successful in 
enpneering is not as useful in biology. Fools rush in where wise men 
fear to tread, and much of the rushing in this field of simulation in 
biology is done by agronomists, perhaps because they are fools, but 
may be because they are concerned with systems in which the technical 
aspects overrule the biolojpcal aspects. 



State-variable approach 

A file with data on an ecosystem may be called a model, but then a 
model without purpose and lucidity. Uses of the data may be for­
mulated and then lucidity may be introduced by a treatment of the 
data. This may result in maps that represent aspects of the ecosystem, 
or in statistical analyses which summarize some of the interrelations. 
Dynamic models are obtained if the time dimension is introduced 
during the collection and treatment of the data. But the models remain 
descriptive, showing only the existence of relations between elements, 
without any explanation, which is, of course, not their purpose to 
begin with. 
However, models that have the purpose of explaining systems are 
possible in biology, because various levels of organization are dis­
tinguished in this science, as in any other natural science. These 
different levels of organization may be classified, according to the size 
of the system and time constants involved, as those of molecules, cell 
structures, cells, tissues, organs, individuals, populations and eeo-

r systems. Models that are made with the objective of explaining are 
bridges between levels of organization, which allow the understanding 
of larger systems with the larger time constants on the basis of the 
knowledge gained by experimentation on smaller systems with smaller 
time constants. In this way the properties of membranes may be under­
stood better by studying molecules and the properties of ecosystems 

Lby studying species. 
For models that claim to be of the explanatory type, the state-variable 
approach is gaining wide acceptance. These models are based on the 
assumption that the state of each system at any moment may be 
quantitatively characterized and that changes in the state may be 
described by mathematical equations. This leads to models in which 
state, rate, and driving variables are distinguished. 

State variables are quantities like biomass, animal number for a 
species, the amount of nitrogen in soil, plant or animal, the water 
content of the soil; roughly those variables that can still be measured 
when time stands still as in the world of the Sleeping Beauty are state 
variables. 
Driving variables characterize the interactions at the boundaries of the 
system and are continuously measured. Examples are macrometeoro-


