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A model can be many things.
What are Models?

A condensed representation 
of a real phenomenon:

A way to underscore the key 
features of an object:

A means to explore 
possibilities:

A mathematical 
representation of 
real-world aspects:

A attempt to 
conceptualize 
systems:
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Cognition: 
People understand phenomena by thinking in terms of the mechanisms by which the 
phenomena may be produced.

What are Models?

Models: 
• Physical model: a physical representation in three(four) dimensions of an object (globe, airplane, 

topography); 
• Architectural model: a model for studying or communicating architectural design aspects. 
• Scale model: a representation of a object/system which maintains general relationships between its 

constituents 
• Conceptual model: an abstract representation of a system capturing the main general rules and 

concepts 
• Scientific model: a theoretical representation of a (physical) system 
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Why Models?

But can you 
predict?

Before Newton: 
The orbits of the planets 
will never be predicted.



Epstein, 2008: 16 reasons other than prediction to build models
1. Explain (very distinct from predict) 
2. Guide data collection 
3. Illuminate core dynamics 
4. Suggest dynamical analogies 
5. Discover new questions 
6. Promote a scientific habit of mind 
7. Bound (bracket) outcomes to plausible ranges 
8. Illuminate core uncertainties. 
9. Offer crisis options in near-real time 
10. Demonstrate tradeoffs / suggest efficiencies 
11. Challenge the robustness of prevailing theory through perturbations 
12. Expose prevailing wisdom as incompatible with available data 
13. Train practitioners 
14. Discipline the policy dialogue 
15. Educate the general public 
16. Reveal the apparently simple (complex) to be complex (simple)

Why Models?



Epstein, 2008: 16 reasons other than prediction to build models
1. Explain (very distinct from predict) 
2. Guide data collection 
3. Illuminate core dynamics 
4. Suggest dynamical analogies 
5. Discover new questions 
6. Promote a scientific habit of mind 
7. Bound (bracket) outcomes to plausible ranges 
8. Illuminate core uncertainties. 
9. Offer crisis options in near-real time 
10. Demonstrate tradeoffs / suggest efficiencies 
11. Challenge the robustness of prevailing theory through perturbations 
12. Expose prevailing wisdom as incompatible with available data 
13. Train practitioners 
14. Discipline the policy dialogue 
15. Educate the general public 
16. Reveal the apparently simple (complex) to be complex (simple)

Why Models?
For example, 

use of models to 
investigate (not predict) 

emerging properties



Epstein, 2008: 16 reasons other than prediction to build models
1. Explain (very distinct from predict) 
2. Guide data collection 
3. Illuminate core dynamics 
4. Suggest dynamical analogies 
5. Discover new questions 
6. Promote a scientific habit of mind 
7. Bound (bracket) outcomes to plausible ranges 
8. Illuminate core uncertainties. 
9. Offer crisis options in near-real time 
10. Demonstrate tradeoffs / suggest efficiencies 
11. Challenge the robustness of prevailing theory through perturbations 
12. Expose prevailing wisdom as incompatible with available data 
13. Train practitioners 
14. Discipline the policy dialogue 
15. Educate the general public 
16. Reveal the apparently simple (complex) to be complex (simple)

Why Models?
For example, 

use of models to 
investigate (not predict) 

emerging propertiesNaive:  
'Science proceeds from 

observation, and then models are 
constructed to 'account for' the 

data.'



Epstein, 2008: 16 reasons other than prediction to build models
1. Explain (very distinct from predict) 
2. Guide data collection 
3. Illuminate core dynamics 
4. Suggest dynamical analogies 
5. Discover new questions 
6. Promote a scientific habit of mind 
7. Bound (bracket) outcomes to plausible ranges 
8. Illuminate core uncertainties. 
9. Offer crisis options in near-real time 
10. Demonstrate tradeoffs / suggest efficiencies 
11. Challenge the robustness of prevailing theory through perturbations 
12. Expose prevailing wisdom as incompatible with available data 
13. Train practitioners 
14. Discipline the policy dialogue 
15. Educate the general public 
16. Reveal the apparently simple (complex) to be complex (simple)

Why Models?
For example, 

use of models to 
investigate (not predict) 

emerging propertiesNaive:  
'Science proceeds from 

observation, and then models are 
constructed to 'account for' the 

data.'Simple models can 
‘capture qualitative behaviors of 

overarching interest.’



Epstein, 2008: 16 reasons other than prediction to build models
1. Explain (very distinct from predict) 
2. Guide data collection 
3. Illuminate core dynamics 
4. Suggest dynamical analogies 
5. Discover new questions 
6. Promote a scientific habit of mind 
7. Bound (bracket) outcomes to plausible ranges 
8. Illuminate core uncertainties. 
9. Offer crisis options in near-real time 
10. Demonstrate tradeoffs / suggest efficiencies 
11. Challenge the robustness of prevailing theory through perturbations 
12. Expose prevailing wisdom as incompatible with available data 
13. Train practitioners 
14. Discipline the policy dialogue 
15. Educate the general public 
16. Reveal the apparently simple (complex) to be complex (simple)

Why Models?
For example, 

use of models to 
investigate (not predict) 

emerging propertiesNaive:  
'Science proceeds from 

observation, and then models are 
constructed to 'account for' the 

data.'Simple models can 
‘capture qualitative behaviors of 

overarching interest.’

‘a huge variety of seemingly 
unrelated processes have formally 

identical models’



Epstein, 2008: 16 reasons other than prediction to build models
1. Explain (very distinct from predict) 
2. Guide data collection 
3. Illuminate core dynamics 
4. Suggest dynamical analogies 
5. Discover new questions 
6. Promote a scientific habit of mind 
7. Bound (bracket) outcomes to plausible ranges 
8. Illuminate core uncertainties. 
9. Offer crisis options in near-real time 
10. Demonstrate tradeoffs / suggest efficiencies 
11. Challenge the robustness of prevailing theory through perturbations 
12. Expose prevailing wisdom as incompatible with available data 
13. Train practitioners 
14. Discipline the policy dialogue 
15. Educate the general public 
16. Reveal the apparently simple (complex) to be complex (simple)

Why Models?
For example, 

use of models to 
investigate (not predict) 

emerging propertiesNaive:  
'Science proceeds from 

observation, and then models are 
constructed to 'account for' the 

data.'Simple models can 
‘capture qualitative behaviors of 

overarching interest.’

‘a huge variety of seemingly 
unrelated processes have formally 

identical models’

‘Models can surprise us, make us 
curious, and lead to new questions.’



Epstein, 2008: 16 reasons other than prediction to build models
1. Explain (very distinct from predict) 
2. Guide data collection 
3. Illuminate core dynamics 
4. Suggest dynamical analogies 
5. Discover new questions 
6. Promote a scientific habit of mind 
7. Bound (bracket) outcomes to plausible ranges 
8. Illuminate core uncertainties. 
9. Offer crisis options in near-real time 
10. Demonstrate tradeoffs / suggest efficiencies 
11. Challenge the robustness of prevailing theory through perturbations 
12. Expose prevailing wisdom as incompatible with available data 
13. Train practitioners 
14. Discipline the policy dialogue 
15. Educate the general public 
16. Reveal the apparently simple (complex) to be complex (simple)

Why Models?
For example, 

use of models to 
investigate (not predict) 

emerging propertiesNaive:  
'Science proceeds from 

observation, and then models are 
constructed to 'account for' the 

data.'Simple models can 
‘capture qualitative behaviors of 

overarching interest.’

‘a huge variety of seemingly 
unrelated processes have formally 

identical models’

‘Models can surprise us, make us 
curious, and lead to new questions.’

Scientific habit of mind: 
militant ignorance—an iron commitment 

to "I don't know."



Epstein, 2008: 16 reasons other than prediction to build models
1. Explain (very distinct from predict) 
2. Guide data collection 
3. Illuminate core dynamics 
4. Suggest dynamical analogies 
5. Discover new questions 
6. Promote a scientific habit of mind 
7. Bound (bracket) outcomes to plausible ranges 
8. Illuminate core uncertainties. 
9. Offer crisis options in near-real time 
10. Demonstrate tradeoffs / suggest efficiencies 
11. Challenge the robustness of prevailing theory through perturbations 
12. Expose prevailing wisdom as incompatible with available data 
13. Train practitioners 
14. Discipline the policy dialogue 
15. Educate the general public 
16. Reveal the apparently simple (complex) to be complex (simple)

Why Models?
For example, 

use of models to 
investigate (not predict) 

emerging propertiesNaive:  
'Science proceeds from 

observation, and then models are 
constructed to 'account for' the 

data.'Simple models can 
‘capture qualitative behaviors of 

overarching interest.’

‘a huge variety of seemingly 
unrelated processes have formally 

identical models’

‘Models can surprise us, make us 
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Scientific habit of mind: 
militant ignorance—an iron commitment 

to "I don't know."

All scientific knowledge is uncertain, 
contingent, subject to revision, and falsifiable in 

principle.
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In the scientific domain, the approach combining modeling and simulation represents a 
3rd way, beside experimentation and pure theory.
A model is an artifact allowing to confront theory and experience (Jolivet & Pavé, 
1993)

Modeling helps to be: 
• aware of what needs to be known to test a theory 
• logical: avoid some pitfalls of reasoning 
• focused: forces decisions on what is really important

Models can generate hypotheses for empirical testing

Models can be the best summary of understanding

Models in the scientific field 

Why Models?
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Conceptual Models
Search string: “conceptual ecosystem models” 

https://www.eopugetsound.org/sites/default/files/files/PSP%20Integrated%20Conceptual%20Model%20for%20Ecosystem%20Recovery%20Report_2015-04-03_0.pdf
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A modelling loop

Formulate the question

(From Grimm and Railsback, 2005)

Assemble  
hypotheses

Choose 
model structureImplement 

the model

Analyze  
the model

Communicate 
the model

Design

Utilisation

Co-Constructing Conceptual Models



Diversity of revisiting patterns

Simulate at the end

Simulate early and often

System thinking

Co-Constructing Conceptual Models



1. Sensitizing those involved in wicked problems to the participatory modeling approach and its possible 
applications in local problems 

2. Definition of the question raised between those involved 
3. Inventory of scientific, lay or expert knowledge, available through surveys, diagnostic studies and 

analysis of the existing literature 
4. Eliciting knowledge for the model through surveys and interviews 
5. Co-construction of the conceptual model with stakeholders concerned by the issue at stake 
6. Choice of a modeling tool (computerized or not) and implementation of a model 
7. Calibrating, verifying and validating the model with local stakeholders 
8. Definition of scenarios with local stakeholders 
9. Exploratory simulations with local stakeholders 
10.Monitoring and evaluation of the effect of the process on the practices of the participants 
11.Diffusion among stakeholders who have not participated in the process 
12.Training stakeholders interested in using the tools developed
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Conceptual Models

Use

Implementation
Conception



Roles in the modeling process

Requesters, who specify the objective and expected use; 
Modelers, whose role consists in obtaining a formulation of concepts that is 
recognized as being true and acceptable to the participants; they provide 
specifications that must be complete, coherent and relevant; 
One or several model developers (implementers) whose role is to develop, verify and 
execute the model on computers depending on the needs of the approach; 
Suppliers of ideas and contents;  
Model end-users, who are often the initial requesters

(From Ferrand, 2007)

Co-Constructing Conceptual Models



Status of the participants to the modeling process

Scientists from various disciplines 
Modeling as a mean to integrate scientific knowledge

Societal agents (stakeholders) represented in the model 
Managers, decision-makers, resource users can share representations:  
modeling as a platform for communication

Co-Constructing Conceptual Models



• Passive participation: objective is just to inform people; 
• Extracting information from people for the scientists who need data; 
• Participation to support the decisions, in which the societal agents are used to 

promote and articulate the chosen decisions; 
• Interactive participation, where societal agents share the diagnostic and analytical 

methods and tools or results; 
• Self organization, where the lessons from the participatory process are 

transformed into decisions by the agents themselves.

Types of engagement of societal agents
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Co-Constructing Conceptual Models

(Pretty, 1995)

• Extractive use, in which knowledge, values, or preferences are synthesized by 
the extracting group and passed on as a diagnosis to a decision-making process 

• Co-learning, in which syntheses are developed jointly and the implications are 
passed to a decision-making process 

• Co-management, in which the participants perform the syntheses and include 
them in a joint decision-making process. (Lynam, 2007)
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interested parties such as stakeholders or public in the decision-making process regarding 
environmental questions.
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