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Models
MODULE: 04 MODELS
UNIT: 01 CONCEPTUAL FOUNDATIONS

Objectives

At the end of this series of lecture, you should be able to:
1. Define terms.

2. Understand what models are and why they are used.

3. Describe how models are constructed and evaluated.

4. Explain how models can be classified.
5. Discuss the role of null hypotheses, null models, or neutral models in 

science. 
6. Describe ecology’s difficulties in hypothesis testing and applying null 

hypotheses. 

Models

 Models are abstract representations of an object, system or process
 Physical Models -- Material replicas of an object or system at a reduced 

or enlarged size

 Conceptual Models -- Symbols rather than physical objects are used to 
represent the system being depicted
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Uses of Models

 Models are useful because they help us: 
 Define problems and concepts

 Organize our thoughts

 Communicate

 Test our understanding

 Make predictions

 They are tools not goals unto themselves.

Holling’s Model of Models 

Holling’s Model of Models

 Quadrant 1 – Good data, but limited understanding.  
 Statistical techniques are useful here. 

 Analyze data

 Search for patterns/relationships

 Construct and test hypotheses
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Holling’s Model of Models

 Quadrant 3 – Good data and understanding.  
 Models are routinely used here and with great confidence.  

 Examples from engineering and physical sciences. 

 No examples from ecology. 

Holling’s Model of Models

 Quadrant 2 – Good understanding of the structure of the problem, 
but little supporting data. 

 Quadrant 4 – Understanding of the problem is tenuous and there is 
little data. 
 Most ecology is in regions 2 or 4 (probably mostly 4). 

Holling’s Model of Models

 Challenges quadrants 2 and 4 include: 
 Management decisions have to be made despite the lack of data and 

understanding.  How can we make good scientific decisions?

 How do we go about improving our understanding and collecting 
data? 
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Holling’s Model of Models

 Objections to models in regions 2 and 4
 Emphasis should be on collecting more data. 

 Problems are too ill-defined to model. 

 Ozymandias

Holling’s Model of Models

 Why we model at all in regions 2 and 4. 
 Models inform us of where our data or understanding is inadequate. 

 Tells us what data to collect.

 Use new data to improve our understanding. 

Classification of Models

 Deterministic vs. Stochastic
 Deterministic

 The outcome is always the same once the model inputs, parameters, and 
variables have been specified

 No uncertainty or variability

 Stochastic
 Contains an element of uncertainty – repeated simulations produce 

somewhat different results
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Classification of Models

 Analytical vs. Simulation
 Analytical

 Have an answer that can be calculated/ devised
 Single value correct answer
 Population growth model

 Simulations
 Increased complexity- - general situations are difficult/ impossible
 Computer solutions
 Mimics step by step the behavior of the system

Classification of Models

 Dynamic vs. static
 Dynamic—system that changes through time

 Static – relationships are constant or at equilibrium

Classification of Models

 Continuous vs. Discrete time
 Applies to dynamic models

 How is change in time depicted
 Arbitrarily small time steps – continuous

 Fixed time steps or intervals – discrete
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Classification of Models

 Empirical vs. Theoretical
 Empirical 

 Simple

 Correlative (what does this mean?)

 Regression models

 Theoretical a model based on “theory” or our understanding of the 
system
 More complex

 Asserts relationships between parts of the model

Classification of Models

 Classifications are relative and differ based on perspective of the 
researcher 

Importance of Models

 Difficult or impossible to conduct experiments
 Cost

 Logistics

 Difficulty in scaling up

 Ethical
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Spatial Models

 Variables, inputs, or processes have explicit spatial locations
 What is present and how it is arranged impacts the process being 

studied and our ability to predict the behavior of the system 

Building a Model

 Define the problem
 What are questions being addresses

 What are the objectives for which the model will be used

 Define the scale 
 Extent and grain

 Space and time 

Building a Model

 Develop a conceptual model
 System boundaries

 System components

 Relationships among components

 Process
 Variable selection

 Establishing relationships (flow diagrams or charts)
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Building a Model

 Different approaches
 Keep your list of system components as simple as possible – only include 

variables that you are confident are necessary

 Include all of the variables that might have an effect on the problem

Building a Model

 Select model type
 Determine your model classification

 Model development
 Write the equations or logistical operation to be performed by the 

model

Building a Model

 Computer implementation
 Model verification

 Model documentation

 Parameter estimation
 Not model calibration
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Building a Model

 Model evaluation
 Experimentation and prediction

Extended Example

Caveats to Using Models

 Know the model
 Errors propagate
 All models are simulations of reality
 There is never enough data
 High-tech methods do not necessarily generate a good model
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Natural History and Science

 Science is the testing of hypotheses.
 Science generates predictions.

 Natural History is gathering data or description.
 Natural History does not generate significant predictions

Hypotheses

 Null hypothesis – no relationship between the dependent and 
independent variable
 Simplest hypothesis that can be constructed.

 Alternate hypothesis- requires knowing something about the system.
 Even a guess requires more work than a null hypothesis.

Hypothesis Testing in Ecology

 There has not been a strong relationship between ecology and 
hypothesis testing.
 Many variables

 Stochastic effects
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Hypothesis Testing in Ecology

 Probably not the major reasons 
 Ecology grew out of natural history.

 Ecologists are often sloppy scientists.

 Many hypotheses tested in ecology are trivial
 Have no generality

 Generate predictions unique to a system or organism

Hypothesis Testing in Ecology

 The role of history in ecology.
 Makes little or no differences in physics and chemistry

 Historical events
 Natural forces or events

 Land use/management

 Evolution of the biota.

 Generating a null hypothesis that includes history is a major 
challenge.

Null models

 A null model is closely related to a null hypothesis.
 In a null hypothesis, we assume that the independent variable does not 

impact or influence the dependent variable.

 In a null model, we try to construct a model in which the independent 
variable does not influence the dependent variable.

 How would the system look/operate if the relationship we are 
examining did not exist.

 Allows you test the hypothesis by comparing your data against the 
expectations generated by the null model.


