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Mental models

Useful mental models

109 mental models across disciplines

12 key mental models

https://medium.com/@yegg/mental-models-i-find-repeatedly-useful-936f1cc405d
https://fs.blog/mental-models/
https://www.visualcapitalist.com/12-ways-smarter-mental-models/




Calculators

The epidemics calculator

Environmental calculators

http://gabgoh.github.io/COVID/index.html?fbclid=IwAR0iiJxVLcLDan3A9lebEIERWuzNQrH_b-cwqCPQiUE7BaDRYypI-1j40-I
https://www.calculators.org/health/green.php




Back-of-the-envelope models

Consider a Spherical Cow

https://www.researchgate.net/publication/255050612_Consider_a_Spherical_Cow


Modelling

Simulation

Differential calculus

Numerical methods: finite differences and finite elements

System dynamics

Discrete simulation

Cellular automata

Agent based models



Numerical models

Finite differences Finite elements

Daniel Lynch, Numerical Partial Differential Equations for Environmental  
Scientists and Engineers, Spring, 2005

http://www.tfb.edu.mk/amarkoski/enviromatika/Enviromatika%20Knigi/NumPDE%20For%20Environmental%20Sci%20And%20Engineers.pdf


System dynamics models

Andrew Ford, System Dynamics Models of Environment, Energy and Climate Change,
Springer, 2011

https://link.springer.com/referenceworkentry/10.1007%2F978-1-4419-7701-4_43


Discrete simulation models

Stewart Robinson, Discrete-event Simulation: From the 
Pioneers to the Present, what next?, Journal of Operational 
Research, 56(6):619-629, 2005

https://www.researchgate.net/publication/253353560_Discrete-event_simulation_From_the_pioneers_to_the_present_what_next


Cellular automata

Stephen Wolfram, A New Kind of Science: a 15 Year View, 2017

https://writings.stephenwolfram.com/2017/05/a-new-kind-of-science-a-15-year-view/


Agent based models

YDreams’ Lego Aquarium

Klügl, Franziska & Bazzan, Ana. Agent-Based Modeling and Simulation.
AI Magazine. 33. 29-40, 2012

https://www.youtube.com/watch?v=nRVqsGCRJm4
https://www.researchgate.net/publication/286394862_Agent-Based_Modeling_and_Simulation/citation/download


Modelling

Optimization

Linear programming

Integer programming

Dynamic programming

Non-linear programming

Network models

Genetic algorithms

Optimal control models



Non-linear optimization models

Eck, Bradley & Mevissen, Martin. Fast Non-Linear 
Optimization for Design Problems on Water 
Networks. World Environmental and Water 
Resources Congress 2013.  696-705. 

https://www.researchgate.net/publication/269047008_Fast_Non-Linear_Optimization_for_Design_Problems_on_Water_Networks/citation/download


Genetic algorithms

Haupt, Sue & Haupt, Randy. Genetic Algorithms and their 
Applications to Environmental Sciences. Utah State University, 2003 

https://www.researchgate.net/publication/228683320_11_A_GENETIC_ALGORITHMS_AND_THEIR_APPLICATIONS_IN_ENVIRONMENTAL_SCIENCES


Network models

Richard Larson and Amadeo Odoni, Urban Operations Research, 
MIT, 1997-199

http://web.mit.edu/urban_or_book/www/book/


Optimal control models

Y. Shastri et al, Optimal Control Theory for 
Sustainable Environmental Management, 
Environmental Science and Technology, 42,
5322-5328, 2008

http://www.vri-custom.org/pdfs/paper4.pdf


Modelling

Decision models

Rational, incremental and mixed-scanning models

Payoff matrices, influence diagrams and decision trees

Dynamic decision making (Bayesian models)

Multi-criteria decision making (compensatory and non-compensatory models)

Game theoretic models

Negotiation models



Payoff matrices

J. Najera, The Basis for Game Theory, 2019

https://towardsdatascience.com/the-basics-of-game-theory-db1964520cbe


Decision trees

R. Bird, Introduction to Decision Trees, 2018

https://medium.com/greyatom/decision-trees-a-simple-way-to-visualize-a-decision-dc506a403aeb


Multi-criteria decision making

Pedro Mota, Comparative Analysis of Multicriteria 
Decision Making Methods, 2013

https://run.unl.pt/bitstream/10362/11263/1/Mota_2013.pdf


Modelling

Statistical modelling

Exploratory data analysis

Sampling

Relationship analysis

Time series analysis

Spatial analysis

Statistics and machine learning will be approached in a future class



Exploratory data analysis

Water Quality Australia.  Monitoring data preparation and exploratory analysis. 2020

https://www.waterquality.gov.au/anz-guidelines/monitoring/data-analysis/data-preparation


Relationship data analysis

Bruce Kendall and Chris Costello, 
Data Analysis for Environmental Science and
Management, University of California, Santa 
Barbara, 2006

http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.115.4159&rep=rep1&type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.115.4159&rep=rep1&type=pdf


Time series analysis

E. E. Holmes, M. D. Scheuerell, and E. J. Ward
Applied Time Series Analysis for Fisheries and Environmental Sciences
University of Cape Town, 2020

https://nwfsc-timeseries.github.io/atsa-labs/


Spatial analysis

Gilberto Câmara, Spatial Analysis and 
GIS: A Primer, 2020

http://www.dpi.inpe.br/gilberto/tutorials/spatial_analysis/spatial_analysis_primer.pdf


https://www.epa.gov/measurements-
modeling/learn-about-models-epa

https://www.epa.gov/measurements-modeling/learn-about-models-epa


https://www.epa.gov/measurements-
modeling/learn-about-models-epa

https://www.epa.gov/measurements-modeling/learn-about-models-epa
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