
Modelling 
Sta t i ng  the objectives 
1. Have you stated c lear ly and expl ic i t ly the object ives of  the research and the 

reasons for doing i t? 
2.  Have you t ranslated these object ives into precise quest ions that the research 

may be expected to answer? 
 
Relevance of M o d e l l i n g  
3. Are you sat is f ied that  model l ing of  some part  of  the system through a formal 

statement  of  relat ionships in physical or mathematical terms wi l l  help in the 
achievement of the object ives of the research? 

4. Are suff ic ient accurate data avai lable to a l low models to be tested? I f  not,  can 
such data be col lected? 

5. Are the relationships envisaged by this research complex in the sense that they 
involve feedback and non- l ineari ty? 

6.  Is the model intended to provide a simulation of the natural system for further 
experimentat ion and as a synthesis to guide further research? 

7. Is the model  intended to help wi th the making of decisions about the natural  
system? 

8. Is the model  intended to integrate and test the compatibi l i ty of  information about 
the system which has already been col lected? 

9. Do you have any doubts about the feasibi l i ty of model l ing the system which 
re lates to the research object ives? 

10.  I f  so,  have you consulted someone wi th  model l ing expert ise in your f ield of  
research in order to confirm the feasibility of the modelling approach to your 
particular problem ? 

11. Have you est imated the t ime and cost of producing models and establ ished that 
the requis i te resources are avai lable? 

 
W o r d  model 
12. Have you ident i f ied and def ined the boundar ies of  the problem and of the system 

to be model led ? 
13.  Have you written a verbal description of the assumed relationships between the 

various ent i t ies of  the problem, using the simplest language possible? 
14.   Has th is verbal descript ion been seen by a cross-sect ion of  appropriate experts 

and been agreed by them as an adequate descript ion? 
15.  Does the verbal description identify the parameters which you consider to be 

essential to the solut ion of  the problem and give some prel iminary indicat ion of  
the re lat ive importance of  these parameters? 

16.  Does the verbal descr ipt ion give any indicat ion of  possible qual i tat ive solut ions 
wh ich  might subsequently be compared wi th  the quantitative solutions to be 
derived from model l ing? 

17. Have you t ranslated the relat ionships described in the word model into 
diagrams, using one of  the establ ished conventions for such diagrams? 

18. Have you ident i f ied dist inct sub-systems in the problem which can be examined 
separately,  but wh i c h  needs to be connected together? 
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Dynamic models 
19.  Have you considered the possibi l i ty of model l ing the relat ionships descr ibed in 

the word model by one or more di f ferent ial  or d i f ference equat ions? 
20. Have you ident i f ied the necessary input,  state and output variables for such 

equat ions? 
21. Have you ident i f ied the appropriate t ime steps for the solut ion of  the equat ions? 
22. Does the word model make expl ic i t  the non- l inear i ty of  the relat ionships between 

the model parameters? 
23.  I f  not,  are there some alternat ive ways of expressing th is non- l inear i ty wh ich  

you wou ld  l ike to test? 
24. Do the equat ions express the necessary degree of feedback to meet the 

requirements described by the word model? 

M a t r i x  models 
25. Have you considered the formulat ion of the model in terms of a matr ix or 

matr ices? 
26. I f  so, do any of the we l l - k nown  matr ix formulat ions meet the requirements 

described by the word model? Does the matr ix notat ion simpl i fy the 
mathemat ical presentat ion and solut ion of the problem? 

27. Do eigenvalue and eigenvector solut ions of the component matr ices def ine 
propert ies of the model which are re levant to the solut ion of the or ig inal 
problem? 

M a r k o v  models 
28. Does a Markov model,  as a special  type of matr ix model,  have any appl icat ion in 

the solut ion of the or ig inal problem? 
29. I f  so,  do you have any appropriate procedure for est imat ing the probabi l i t ies for 

the t ransit ions from one state to another? 
30. Does the model have closed states, i .e.  is i t  an absorbing Markov chain? 
31. I f  so, are you concerned to est imate the absorpt ion t imes and probabi l i t ies? 
32. I f  the model does not have absorbing states, i .e.  is an ergodic Markov chain, are 

you concerned to est imate the l imit ing probabil it ies and the mean passage t imes 
from one state to another? 

Stochast ic  models 
33. Does the model formulat ion envisaged by the word model require the 

int roduct ion of stochast ic e lements? 
34. I f  so, can these stochast ic e lements be est imated for non-l inear relat ionships? 
35. Does the model require the est imat ion of several var iances? 
36. I f  so,  do you know how to st ructure the col lect ion of  data so as to obtain 

unbiased est imates of those var iances? 
37.  Can your model be structured so as to make use of the wel l - tested methods of 

least-squares est imat ion, e.g. analysis of var iance or mult ip le regression 
analysis? 

38.  Are the est imates of  the parameter values derived f rom your model independent 
of  each other? 

M u l t i va r i a t e  models 
39. Does your word model envisage the s imul taneous evaluat ion of  many variables 

or attr ibutes? 
40.  I f  so,  is the main purpose of  your model to derive the most pars imonious 

representat ion of  the var iables in mult ivar iate space, and a subsequent 
ordinat ion of the model e lements in the essent ia l  dimensions of that space? 
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41. Is the main purpose of your model to d iscr iminate between a pr ior i  groupings of  
the model e lements, and to al locate new elements to those groupings? 

42. Is  the main purpose of  your model  to f ind discont inuit ies in the mul t ivar iate 
space required to describe the variation of the model elements, and so to perform 
a cluster analysis of those elements? 

43. Is the main purpose of your model to invest igate the relat ionships between two 
or more groups of  var iables, for example by canonical correlat ion analys is? 

 
O p t i mi z a t i o n  models 
44. Can the essent ia l  cr i ter ia of the word model be expressed in terms of  game 

theory? 
45. I f  so, can you evaluate the outcomes of the var ious st rategies wh ich  are 

avai lable to the opponents in the game model? 
46. Does a saddle-point exist  in the choice of  strategies,  i .e.  a s ingle strategy for 

each opponent which should always be played? 
47. I f  not,  what combinat ion of strategies represents the opt imum response to the 

conf l ict  of  issues between the opponents? 
48. Can the search for an opt imum strategy be developed wi th in  the constraints of a 

mathemat ical programming model? 
49. I f  so, can the object ive funct ion and the constraints be expressed as l inear 

equat ions or inequal i t ies? 
50. I f  ei ther the object ive funct ion or the constraints have to be expressed as non-

l inear equat ions or inequal i t ies, does an appropr iate method of solut ion exist? 
51. Does the search for an opt imum solut ion have to take into account the need to 

retain the widest possible range of opt ions for future solut ions, i .e.  indicate the 
need for a dynamic programming solut ion? 

 
Catas t rophe  th e or y  
52. Does the word model indicate any of the useful  propert ies of catastrophe theory 

models,  i .e.  b imodal i ty,  discont inuity,  hysteres is and divergence? 
53. Can the delay in the jump from one state of the system to another,  i .e.  the 

hysteres is,  be expressed as a crossing of  a s ingular i ty in the catastrophe 
surface? 

54. Can the divergence between the outcomes of  changes in the control  var iables be 
shown to ar ise f rom paths on ei ther side of a catastrophe manifold ? 

 
Sensi t iv i t y analysis 
55. Wil l  you test  the sensit ivi ty of your model to smal l  changes in the basic 

parameters of the model? 
56. I f  so,  wi l l  marked dif ferences in the sensit ivi ty of  the output  var iables to these 

smal l  changes help to identify those variables for which increased precision of 
estimation is desirable? 

57. Wil l  the sensit ivi ty analys is be extended to the s imultaneous alterat ion of 
parameters and coeff ic ients so as to test the interact ion of such changes? 

58. Are you aware of  the exper imental designs wh ich  enable such tests to be made 
eff ic ient ly and w i thout  b ias? 

59.  Wil l  the sensit ivi ty analys is be incorporated as a regular feature of  the model l ing 
procedure f rom the very beginning? 

60.  Wil l  the sensit ivi ty analys is ident i fy any discont inuit ies in the performance of the 
model which would l imit  the pract ical  use of the model? 
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Ver i f i ca t ion  
61. Wil l  you develop several  models s imultaneously,  preferably f rom dif ferent  model 

families, so that you can compare the output from the models under broadly 
comparable condit ions? 

62. Wil l  these models behave in a way which f i ts broadly wi th  your expectat ions? 
63. I f  not,  is this  l ikely to be because of some fault  wi th  the model(s)? 
64. Is i t  possib le that the real system which you are seeking to model behaves in a 

counter- intu i t ive way? 
65. Wil l  ver i f icat ion of the model suggest any improvements which could be made to 

the research and to the model l ing procedure? 

Va l idat ion  
66. Have you establ ished wh ich  data are to be used in your model and ensured that 

independent data wi l l  be used to test the val idi ty of  your model? 
67.  Wil l  the model which you construct suggest  any expl ic i t  tests of  hypotheses 

wh i c h  might be made on the real system? 
68. I f  so,  are any of  these tests cr i t ical  in the sense that they signif icant ly advance 

the research towards the or ig inal ly-def ined object ives? 
69. Are you aware of  the exper imental designs which may improve the eff ic iency of 

these tests of  the real system? 

C o m p u t i n g  
70. Have you invest igated the computer fac i l i t ies wh ich  are avai lable to help w i th  

the model l ing of your problem? 
71. Do these fac i l i t ies include any special-purpose model l ing languages? 
72. I f  so,  have you invest igated the appl icabi l i ty of  these languages to your 

part icular  problem? 
78.  Are you intending to use a general-purpose computer language (e.g. BASIC, 

FORTRAN, APL, ALGOL) for the model l ing of your problem? 
74. I f  so,  have you enquired about the existence of subrout ines and algor i thms 

wh i c h  might s impl i fy the task of  programming your appl icat ion? 
75. Does the computer you intend to use provide for  interact ive faci l i t ies,  e.g.  

through a computer terminal? 
76. I f  not,  is  the t ime between submit t ing a request  for  a run and receiving the 

results short  enough to a l low you to make progress wi th the model l ing task,  i .e.  
less than 1 -2  hours? 

Explorat ion of model 
77. When one or more models are complete,  have you planned the uses of the 

models and the explorat ion of  the consequences of changes in the input 
var iables? 

78. I f  so, are you aware of the exper iment designs wh ich  may considerably s impl i fy 
the explorat ion? 

79.  Have you thought through the possible uses of the s imulat ion you hope to 
achieve? 

D o c u m e n t a t i o n  
80. Have you provided for adequate documentat ion of  the var ious stages of the 

model l ing so that other research workers can benef i t  f rom your exper ience? 
81.  Have you planned the form of  publ icat ion of  the results  of  the model l ing so that  

these results wi l l  be useful to decision-makers and administrators (if appropriate) 
as well as to scient ists? 
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The  f inal  (and most i m p or t a n t )  quest ion  
82. I f  you are in any doubt  about the purpose of  any of  the quest ions in th is 

checkl ist ,  should you not  obtain some advice f rom a model ler  wi th exper ience of  
your f ield of research before cont inu ing? 

 
There is usually little than an expert advisor can do to help you once you have 
committed yourself to a particular approach. 
 
 
Bibl iography 
I f  any of the quest ions in this checkl ist  refer to theoret ical  concepts wi th which you are 
unfami l iar,  further information can be found in the fo l lowing texts:  

Arnold, G.W. and de Wit, C.T. (1976) Critical evaluation of systems analysis in ecosystems 
research and management. Pudoc, Wageningen. 

Converse,  A.O. (1970) Optimization. Holt ,  Rinehart  and Winston, New York. 
Dent,  J.B. and Blackie M.J.  (1979) Systems simulation in agriculture. Appl ied Science 

Publ ishers,  London. 
De Wit, C.T. and Goudriaan, J. (1974).  Simulation of ecological processes. Pudoc, Wagen-

ingen. 
Halfon, E. (1979) Theoretical systems ecology. Academic Press, New York. 

Hal l ,  C.A.S. and Day J.W. (1977) Ecosystem modelling in theory and practice. Wiley, New 
York. 

Jeffers,  J.N.R. (1972) Mathematical models in ecology. Blackwel l ,  Oxford.  
Jeffers,  J.N.R. (1978) An introduction to system analysis: with ecological applications. Arnold, 

London. 

Maynard Smith,  J.  (1974) Models in ecology. Cambridge Univers i ty Press. 
Poston, T. and Stewart, I.  (1978) Catastrophe theory and its applications. Pitman, London. 
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The Institute of Terrestrial Ecology 
THE INSTITUTE OF TERRESTRIAL ECOLOGY (ITE) was established in 1973 as one of 
the component institutes of the NATURAL ENVIRONMENT RESEARCH COUNCIL. The 
Institute's scientific objectives are: 
1. To improve understanding of the factors determining the structure, composition and 

processes of ecological systems and the abundance and performance of individual 
species and organisms. 

2. To provide an improved scientific basis for predicting and modelling future trends, 
especially those resulting from Man's activities, hence permitting a more critical 
assessment of the need for, and likely benefits of, specific measures to protect and 
manage the environment. 

The results of this research are available to those responsible for the protection, 
management and wise use of our natural resources. Nearly half of ITE's work is research 
commissioned by customers such as the Department of the Environment, the Countryside 
Commission and the Nature Conservancy Council. The remainder is fundamental 
research supported directly by NERC. ITE's expertise is widely used by international 
organizations in overseas projects and programmes of research. 
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Statistical Checklists 
 
 
1. This statistical checklist is one of a series currently being developed by the Institute 

of Terrestrial Ecology (ITE). The aim is to highlight some of the more significant 
questions to be taken into account in the application of statistical methods to 
practical research and management. They provide a framework for marshalling 
thoughts or ideas on the subject, but by their nature cannot expect to cover a subject 
exhaustively. Wherever possible, references are provided to readily-available 
textbooks as sources of further information to those wishing to follow up any topic in 
detail. 

2.  Single copies of checklists can be obtained from the Publications Officer, Institute of 
Terrestrial Ecology, 68, Hills Road, Cambridge, CB2 1 LA, at a cost of 30p, if a 
stamped addressed envelope is enclosed with your order. 

3.  Bulk supplies are available for institutes and organisations wishing to use these 
check-lists for wider internal circulation. Copies are available in multiples of 20 at 
£3.00 per pack, post paid. 

4.  The checklists so far issued include: 
(1) Design of experiments 
(2) Sampling 
(3) Modelling 

Details of new checklists will be announced in the ITE Annual Report. 
5.  ITE welcomes comments and suggestions on the checklists in this series. Please 

write to the Director, Institute of Terrestrial Ecology, Merlewood Research Station, 
Grange-over-Sands, Cumbria, LA11 6JU. 

6.   The help of Dr. O. W. Heal, Dr. C. Milner and Mr. P. Bacon is gratefully 
acknowledged. 
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