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Simulation Modelling
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Outline
• Simulation models
• Role in research and applications
• Steps in model building
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What is a simulation model?

Also:
• Numerical model
• Forward model
• Dynamic model

• Dynamical model
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Examples
• Hydrology, river flow, groundwater,..
• Ecology, plant growth, animals,..
• Land use science, land use change over time
• Epidemiology, disease spreading
• Traffic, traffic flows over time
• Social science, knowledge dispersal in social networks
• Climate, climate simulation models
• …
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Example: land use change
Time step 1 year
Cell size 1 km

Neighbourhood rules are used to 
update land use over time
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Example: flooding of polder area
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Simulation model
Zt+1 = f(Zt, p, i) for each time step

Z state variables
p parameters
i inputs
f transition function
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Time discretisation

Time steps:
- seconds
- years
- decennia
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Inputs

Model input variables, e.g.
§ Rainfall for each minute in a river discharge model
§ Population for each year in a land use change model
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State variables

Model output variables, e.g.
§ River discharge
§ Land use

12



01/12/2020

3

Time transition function, parameters

Transition function (f) with parameters (p), e.g.
§ Infiltration equation in a hydrological model
§ Rules defining locations of land use change
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Why are simulation models valuable in 
(applied) research?

Three aspects are important
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1 Formalization of process-knowledge

model

Often qualitative
‘knowledge’
about processes

theory

Mathematical 
equations
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2 Coupling of processes

model

Links often unclear
Qualitative 
‘understanding’

theory

Links defined in
quantitative terms

16

3 Integration of observations (data)

modeltheory

Obser-
vations

Integrate observations (data) with the model:
- model inputs
- calibration (inverse modelling)
- data assimilation
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Model as a mediator between theory and data

theory model data
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Model development cycle
Procedural steps in model building
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Model development cycle
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Model development cycle
Define conceptual model:
• graphical description
• description in words
• tables, equations

Choose type of model:
• Differential equations
• Cellular automata
• Probabilistic
• Rule-based
• Agent-based
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Model development cycle
Program the model

Use appropriate tool:
• Spreadsheet
• Modelling toolbox
• Generic programming
language
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Model development cycle
Either (or both):
• Direct estimation
• Calibration (inverse modelling)
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Model development cycle

Test model against independent 
data set
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