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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/

Meta-Tool Usage And Creation

Imagine trying to compete as a farmer without the invention
of the plough or fertilizer. Tools allow you to do new things
and to get more done with fewer resources. However, just
learning the tool of the day is limiting because tools go
L : H T I. obsolete quickly. However, understanding how to use tools
ea mlng UW 0 eafl'l in general is a skillset that will stay with you forever,
Leaming how to learn leads to a double
exponential where you get 10x the value
for each hour you spend learning.
Learning faster and better helps you
adapt to any environment quicker than
others and find better paths to your
goals.
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assets. To go those assets, you need a
catalyst. That catalyst is opportunity.
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Scientific Method —

The scientific method is a set
of principles and methods \
that have led to the greatest

explosion of knowledge that
humanity has ever know.
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Networks appear everywhere; networks
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Cognitive Biases

The most important tool we have is our mind, However, our mind has
well-documented biases that lead to us making irrational thoughts. By
understanding and counteracting these biases, we can increase the
quality of our decisions, and therefore our destiny.

Goal Setting

If we set the wrong goal, then no amount
of strategy or efficiency will help. Good
strategy will only help us get to the
wrong place faster.

Cause & Effect

Our world is ruled by a complex set of cause & effect interactions.
People who are more advanced with cause & effect are able to get
more leverage with their actions. The better you can understand
what causes what, the better you can:

Solve problems by diagnosing root causes.

Identify what to do now in order to cause the goals you want to

happen.

O — Prioritization (80/20)
\ The 80/20 rule is one of the

most simple and universally

applicable

ale "
gmization

o gufficiency . v

@ Horth Star <

© 7 Levels Of System Intenvention

® First Principles

—Compound Interest

One of the most important models of
cause & effect to know is a positive
feedback loop. Positive feedback loops
lead to power law curves. Most people
think linearly and systematically
undervalue the power of consistently
doing small things that add up over-time
(ie - investing in health, leaming, and
money). The best investors in the world
understand and leverage the power of
compound interest.
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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

Epidemic Calculator
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Back-of-the-envelope models
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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

Solution+ === True solution

Método RK — Ordem 4 —— Approximate solution

f(zx)

PVI - Y =g(z,y)
. Yo = f(.l'“) Nodal value

k1 = g(xo,y0)

ko = g(xo + h/2,y0 + k1h/2)
ks = g(xo + h/2,y0 + kah/2)
Ky, ?é(xolfl’?" Yo +K3+h )

K= L(K+axrdrstsy)

node elenflent

Finite elements

Finite differences

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
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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

G

!

Declaring and initializing variables and arrays

!

First event (failure) generation

Checking stop condition
(t>T)

Determine the next event

!

System state change

!

Simulation clock update

!

Collect statistics
|
v

Return simulation results

!

)

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
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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

Como criar seu peixe virtual:

MOow 10 Creats your vriual Ren

YDreams’ Lego Aquarium

KlGgl, Franziska & Bazzan, Ana. Agent-Based Modeling and Simulation.

Al 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
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Eck, Bradley & Mevissen, Martin. Fast Non-Linear
Optimization for Design Problems on Water
Networks. World Environmental and Water
Resources Congress 2013. 696-705.
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Figure 1.
An 1llustrative global optimization model.


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

Genetic algorithms

’ Set values for SA parameters

!

Generate the initial population

!

’ Set Generation = 1 ‘

)l Haupt, Sue & Haupt, Randy. Genetic Algorithms and their
R i ‘ Applications to Environmental Sciences. Utah State University, 2003

the objective function

v

Selection

Iteration= ¢
Iteration +1

Crossover

A

v

Mutation

[s the stoping
criterion satisfied?


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

Network models

Spanming Tree
Cost =13

Pinimum Spanning
Tree, Cost=/

The Traveling Salesman Problem
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Richard Larson and Amadeo Odoni, Urban Operations Research,

MIT, 1997-199



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

Optimal control models

Optimal Control

 Static optimization (finite dimensions)

* Calculus of variations (infinite dimensions)

e Maximum principle (Pontryagin) / minimum principle Y. Shastri et al, Optimal Control Theory for
Based on state space models Sustainable Environmental Management,
Min V(x, 1) Environmental Science and Technology, 42,

St x = f(x,ut) 5322-5328, 2008

x(ty) is given
ks
Vix,u) = ® (x(tf)) + f L(x,u, t)dt
to

General nonlinear control problem


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

Modelos de Decisdo com
Incerteza

Grau de eficdcia para socorro de
catdstrofes em trés regides

Alternativas | Tras-os-MonAgores Alentejo

Av.Peq. Al 100 40 30
Av. Med. Al 70 80 2
Camides 10 0 110

J. Najera, The Basis for Game Theory, 2019



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

Decision trees

Modelos de Decisdo Com
Risco

Arvore de Decisdo para Construtor
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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

JVIDE

 IV3

Estrategia 1
Estrategia 2
- Estrategia 3

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

— d & i &>

Load Data ) g Bal)

Step 1: Step 2: | I

Distinguish Attributes Univariate Analysis s ——
Bivariate Analysis Multivariate Statistics
Step 3:
Detect Interactions Among Attributes
= > ® 4
= 1 II\ © = ® -]
= S — 0 — @ .. - ==~
I' 9 comme - (

Collect '— ;‘
Insight Step 6: Step 5: Step 4:

Feature Engineering Detect Outliers Detect Aberrant & Missing Values

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

All the same R value

However, making the scatterplots shows us that the
correlation/ regression analysis is not appropriate for all data

sets.
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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
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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/

Collect source layers
Data is first digitized into either
polygon or raster layers. This
housing suitability data is raster.

Land cover

Reclassification

Source layers composed of
continuous values (such as
slope and distance layers) are
first reclassified into mean-
ingful ranges of values.

Spatial analysis

Create suitability layers

Each layer is now classified to use a common suitability
scale: for example, low suitability could be assigned a value
of 1 (dark red) and high suitabilty a value of 5 (dark green).

Land cover suitability

Calculate weighted overlay

Suitability layers are overlaid so that each
cell gets an overall suitability rating.
Weights of relative importance are
assigned to each layer.

Soils suitability

Slope suitability
Ea

e i T

A

Gilberto Camara, 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

Learn About Models at EPA

Environmental models are used to help guide research and policies .
Additional

2t EPA. Modeling provides an abundance of information and can
Resources

impact programmatic decision making. It allows a small or large
amount of data to project details bevond boundaries of the
individual values.

Eegistry of EPA
Applications, Models and
Databases (READ]

Within EPA, the Environmental Modeling (E-Mod) Community of
Practice (CaF) helps further modeling at EPA by discussing and

sharing current and innnovative modeling practices. The E-Mod
CoP brings together modeler developers, users and managers from across EPA to collaborate and
help solve integrated environmental modeling challenges.

Below is z list of some models and modeling programs at EPA

On this page:

* Air

Chemical Safety

Climate Change

* Ecosystems

Health

* Human Health Risk Assesment

Land and Waste Management

-

Multimedia

* Water
Air
Madels, Tools and Databases far Air Research

Support Center for Regulatory Atmospheric Modeling

Transportation and Air Quality Models

 Top of Page

Chemical Safety

Pesticide Models

Predictive Models and Tools for Assessing Chemicals under the Toxic Substances Control Act

* Hazard M nd Tool
* Exposure and Fate Models and Tools

A Top of Page

Climate Change

Models, Tools and Databases for Climate Change Research

A Top of Page

Ecosystems

Mathade Madale Tanle and Datahaeae fae Eramirtame Bocaarch



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

https://www.epa.gov/measurements-

Health

Methods, Madels, Toals and Databases for Health Research

modeling/learn-about-models-epa

Human Health Risk Assessment

Human Health Risk Assessment Research Methods, Models, Tools and Databases

Superfund Lead Exposure Models

 Top of Page

Land and Waste Management

EPA's Composite Model for Leachats Migration with Transformation Products [EPACMTP)
Industrial Waste Management Evaluation Mode| (IWEM)

Models, Tools and Databases for Land and waste Management Research

+ Top of Page

Multimedia

A Top of Page

Water

Ground Wiater Exposure Assessment Models

Methods, Models, Tools and Databases for Water Research

Surface Water Fxposure Assessment Model

Total Maximum Daily | oad Exposure Assessment Models



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

Key readings

Christensen, Villy (2012), Ecosystem Models: Types and Characteristics
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Pires, Ana, Martinho, Graca, Rodrigues, Susana & Gomes, Maria Isabel (2019) Sustainable Solid Waste Collection and Management

Zeidan, Bakenaz. (2015). Mathematical Modeling of Environment Problems



https://www.barnegatbaypartnership.org/wp-content/uploads/2017/08/Modeling-workshop-Christensen-EM-overview.pdf
https://www.whoi.edu/fileserver.do?id=132865&pt=2&p=100729
https://www.researchgate.net/publication/263970547_Air_Quality_Modelling/link/0046353c785e1c9926000000/download
https://www.researchgate.net/publication/260178317_Open-Source_Tools_for_Environmental_Modeling/link/0c96052fe4aab2f494000000/download
https://www.researchgate.net/publication/314265804_Water_Resource_Systems_Modeling_Its_Role_in_Planning_and_Management
https://people.maths.bris.ac.uk/~madjl/course_text.pdf
https://link.springer.com/book/10.1007%2F978-3-319-93200-2
https://www.researchgate.net/publication/282206837_Mathematical_Modeling_of_Environment_Problems

