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Biases

Cognitive biases are mistakes made in evaluating situations due to one’s preference or believe. 

Cognitive bias is a mistake in reasoning, evaluating, or remembering as a result of holding onto one’s 
preferences and beliefs regardless of conflicting information.  

A cognitive bias is a systematic pattern of deviation from norm to rationality in judgement. 

Cognitive biases result when an individual adopts a belief that is not a result of logically sound 
evidence. 

Cognitive biases help make every decision humans make every day.  

… describe cognitive bases as affecting the behavior of individuals, and that they can prevent 
persons from acting in their own best interests.



Biases

The Washington Post The Guardian, May 1, 2018



Biases

DemocracyEpistocracy

TechnocracyPhilosocracy

The ruling of those who know
Find the “right” answer

Have all participate and 
live with the 

consequences

“What we want is more 
important than what is right”

The ruling of ethics and 
religions

Value-based governance

The operators are the rulers

Keep the machine working
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Risk is a word that has various meanings to people of various fields.

1:  possibility of loss or injury :  peril

2:  someone or something that creates or suggests a 
hazard  

3a:  the chance of loss or the perils to the subject 
matter of an insurance contract; also :  the degree 
of probability of such loss

3b:  a person or thing that is a specified hazard to an 
insurer

3c:  an insurance hazard from a specified cause or 
source war risk 

4:  the chance that an investment (such as a stock or 
commodity) will lose value

Risk

https://www.merriam-webster.com/dictionary/peril


Risk



“In general, risk means the possibility of loss or injury. Risk is 
an event that, if it occurs, has unwanted consequences.” 

Pinto, Cesar Ariel; Garvey, Paul R.. Advanced Risk Analysis in 
Engineering Enterprise Systems (Statistics:  A Series of 
Textbooks and Monographs) (Page 1). CRC Press. Kindle 
Edition. 
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U.K. CCC in CCRA 2017: 
In this report, 'risk' is taken to mean 'the potential for 
consequences where something of value is at stake and where 
the outcome is uncertain'.

“In general, risk means the possibility of loss or injury. Risk is 
an event that, if it occurs, has unwanted consequences.” 

Pinto, Cesar Ariel; Garvey, Paul R.. Advanced Risk Analysis in 
Engineering Enterprise Systems (Statistics:  A Series of 
Textbooks and Monographs) (Page 1). CRC Press. Kindle 
Edition. 

Risk
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consequences where something of value is at stake and where 
the outcome is uncertain'.
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Risk

“Risk is the potential for consequences where 
something of value is at stake and where the outcome is 

uncertain”
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How can we measure risk?
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How can we measure risk?

Hazard: ? 
Hazard probability: ? 
Vulnerability: ?  
Value of assets: ?



Risk = hazard probability x vulnerability x value of exposed assets

Risk

How can we measure risk?

Knowing the probability density function of a hazard

Hazard: ? 
Hazard probability: ? 
Vulnerability: ?  
Value of assets: ?

Knowing the vulnerabilities of the assets/system
Assessing the value of the assets
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1:  a game of chance like craps played with two 
dice  

2:  a source of danger hazards on the roadway 

3a:  the effect of unpredictable and unanalyzable 
forces in determining events :  chance, risk 

• the hazards involved in owning your own 
business 

• men and women danced together, women 
danced together, men danced together, as 
hazard had brought them together — Charles 
Dickens

3b:  a chance event :  accident 
• looked like a fugitive, who had escaped from 

something in clothes caught up at hazard — 
Willa Cather 

4 obsolete :  stake 3a 

5:  a golf-course obstacle (such as a bunker or a 
pond)

Risk

https://www.merriam-webster.com/dictionary/chance
https://www.merriam-webster.com/dictionary/risk
https://www.merriam-webster.com/dictionary/accident
https://www.merriam-webster.com/dictionary/stake
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A hazard is a change of the system state that can lead to system degradation and/
or a reduction of the system's capability to function.
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Definition:
A hazard is a change of the system state that can lead to system degradation and/
or a reduction of the system's capability to function.

A hazard can be: 
• a short event (e.g., an earthquake),  
• a longer process (e.g., extinction), or  
• a slow trend (e.g., sea level rise). 

A hazard impacts the sustainability of the system.

Risk
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Risk Insurance:
Risk (in $) = Hazard Probability * Vulnerability * Exposed Assets
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Risk = Event rate * vulnerability * consequences 

Vulnerability:
Inability of a system to withstand the 
effects of a hostile environment or 
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Risk

Engineering: 
Risk = Event rate * vulnerability * consequences 

Vulnerability:
Inability of a system to withstand the 
effects of a hostile environment or 
harmful system trends.

Social vulnerability:
The extent to which a community 
could be affected by stress, change  
or a hazard.

Risk Insurance:
Risk (in $) = Hazard Probability * Vulnerability * Exposed Assets

Knowing the probability density function of a hazard

Hazard: 
a change of the system state that can 
lead to system degradation and/or a 
reduction of the system's capability to 
function.

Plag and Jules-Plag, 2013
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Probability P(A) of an event A is the measure of the likelihood that A will occur.

Probability

Probability is quantified as a number between 0 and 1, where 0 indicates impossibility and 1 
indicates certainty.

The higher the probability of an event, the more likely it is that the event will occur.
A simple example is the tossing of an unbiased coin. Since the coin is unbiased, the 
two outcomes ("heads" and "tails") are both equally probable; the probability of "heads" 
equals the probability of "tails"; and since no other outcomes are possible, the 
probability of either "heads" or "tails" is 1/2 (which could also be written as 0.5 or 50%).
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Probability P(A) of an event A is the measure of the likelihood that A will occur.

Probability

Probability is quantified as a number between 0 and 1, where 0 indicates impossibility and 1 
indicates certainty.

The higher the probability of an event, the more likely it is that the event will occur.
A simple example is the tossing of an unbiased coin. Since the coin is unbiased, the 
two outcomes ("heads" and "tails") are both equally probable; the probability of "heads" 
equals the probability of "tails"; and since no other outcomes are possible, the 
probability of either "heads" or "tails" is 1/2 (which could also be written as 0.5 or 50%).

https://en.wikipedia.org/wiki/Probability

Independent events:  
P(A and B) = P(A) * P(B)

https://en.wikipedia.org/wiki/Probability
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Probability mass function:  
In the probability theory and statistics, the probability mass function f(A,y) gives the 
probability that the discrete random variable A is exactly equal to y.
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probability that the discrete random variable A is exactly equal to y.

fm(dice,x) = ?



Distribution

http://www.censusscope.org/us/chart_age.html

Probability 

http://www.censusscope.org/us/chart_age.html
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Probability mass function:  
In the probability theory and statistics, the probability mass function f(A,y) gives the 
probability that the discrete random variable A is exactly equal to y.

fm(dice,x) = ?

Probability density function:  
The PDF fX of a continuous random variable X provides the relative likelihood that any 
given sample or point would fall into a specific interval in the sample space of the 
variable:

                                                        b 

P[a ≤ X ≤ b] = ∫ fX(u)du 
                                                     a

Probability
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Question: What is the probability density function for sea level change per century?
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Question: What is the probability density function for sea level change per century?

Look at paleo-data …
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Hansen et al. (2008)

Question: What is the probability density function for sea level change per century?
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Hansen et al. (2008) Plag and Jules-Plag (2013)

Century Global Sea Level Changes

Century Global Surface Temperature Changes

Question: What is the probability density function for sea level change per century?

Look at paleo-data …

Probability



Hansen et al. (2008) Plag and Jules-Plag (2013)

Scientifically, we cannot 
exclude a large, rapid global 

sea level rise with large 
spatial variability in local 

sea level rise.

Century Global Sea Level Changes

Century Global Surface Temperature Changes

Question: What is the probability density function for sea level change per century?

Look at paleo-data …

Probability



Probability question in Risk assessments: 
• How likely is it that a hazard of a certain magnitude occurs? 
• How likely is it that one or more hazards exceeding a certain magnitude 

occur in a given time interval? 
• How likely is it that a certain quantity exceeds a certain level?

Probability
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Poisson Distribution

Example: your e-mail 
On average, you may get 14 e-mails per day with some variation. 
What is the likelihood of a day where you get 0 e-mails/95 e-mails/more than 50 
e-mails?
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Poisson Distribution

Example: your e-mail 
On average, you may get 14 e-mails per day with some variation. 
What is the likelihood of a day where you get 0 e-mails/95 e-mails/more than 50 
e-mails?

Conditions: 
• the event is something that can be counted in whole numbers;  
• occurrences are independent, so that one occurrence neither diminishes nor increases the 

chance of another;  
• the average frequency of occurrence for the time period in question is known;  
• it is possible to count how many events have occurred, but it meaningless to ask how many 

such events have not occurred. 



Probability

Poisson Distribution

Example: your e-mail 
On average, you may get 14 e-mails per day with some variation. 
What is the likelihood of a day where you get 0 e-mails/95 e-mails/more than 50 
e-mails?

Conditions: 
• the event is something that can be counted in whole numbers;  
• occurrences are independent, so that one occurrence neither diminishes nor increases the 

chance of another;  
• the average frequency of occurrence for the time period in question is known;  
• it is possible to count how many events have occurred, but it meaningless to ask how many 

such events have not occurred. 

The last point sums up the contrast with the Binomial situation, where the probability of each 
of two mutually exclusive events (p and q) is known.



Probability
Poisson Distribution
The following notation is helpful, when we talk about the Poisson distribution.

e: the base of the natural logarithm system, equal to approximately 2.71828.
μ: The mean number of successes that occur in a specified region.
x: The actual number of successes that occur in a specified region.
P(x; μ): The Poisson probability that exactly x successes occur in a Poisson 
experiment, when the mean number of successes is μ.

Poisson Formula. In a Poisson experiment, in which the average number of successes within 
a given region is μ, the Poisson probability is:
                                P(x=k; μ) = (e-μ) (μk) / k!
where x is the actual number of successes that result from the experiment.
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e: the base of the natural logarithm system, equal to approximately 2.71828.
μ: The mean number of successes that occur in a specified region.
x: The actual number of successes that occur in a specified region.
P(x; μ): The Poisson probability that exactly x successes occur in a Poisson 
experiment, when the mean number of successes is μ.

Poisson Formula. In a Poisson experiment, in which the average number of successes within 
a given region is μ, the Poisson probability is:
                                P(x=k; μ) = (e-μ) (μk) / k!
where x is the actual number of successes that result from the experiment.

μ

μ

μ



Probability
Poisson Distribution
Poisson Formula. In a Poisson experiment, in which the average number of successes within 
a given region is μ, the Poisson probability is:
                                P(x=k; μ) = (e-μ) (μk) / k!
where x is the actual number of successes that result from the experiment. e ~ 2.71828

P(x=k; μ) = 
eμ *k!
μk

The factorial k! is: 
0! = 1 
1! = 1 
2! = 1*2 = 2 
3! = 1*2*3=6 
4! = 1*2*3*4=24 
…



Probability of exactly one 100-year flood to occur in a specific century? 
μ = 1, k = 1, P=?
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Probability of exactly one 100-year flood to occur in a specific century? 
μ = 1, k = 1, P=?

Probability
Poisson Distribution
Poisson Formula. In a Poisson experiment, in which the average number of successes within 
a given region is μ, the Poisson probability is:
                                P(x=k; μ) = (e-μ) (μk) / k!
where x is the actual number of successes that result from the experiment.

Probability of no 100-year flood to occur in a specific century? 
μ = 1, k = 0, P=?

Probability of one or more 100-year flood to occur in a specific century? 
μ = 1, k ≥ 1, P=?

e ~ 2.71828
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2! = 1*2 = 2 
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Definition:
A disaster is the loss of lives and property; often as the result of a hazardous event.

Hazardous event System processes 
triggered by the event

Loss of lives and property 
             

        Disaster

Risk Assessments



Risk Analysis: 
- Approach to develop foresight 
- Assess potential of an event and its consequences
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Risk Analysis: 
- Approach to develop foresight 
- Assess potential of an event and its consequences

Challenge: 
- Include all possible types of events 
- Understand the full spectrum a specific type of events 
- Understand the possible consequences for the system and their impacts (cascading effects) 
- Understand the possible events triggered by an event 

Risk Assessments
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Questions for you: 
	1 What modeling approaches for different system classes are discussed by Köhler et al. (2018)? 
	2	 What are the main advantages of taking a systems theory approach to sustainability? 
	3	 Provide a simple sketch that explains risk assessment in a systems theory context. 
	4	 Why are some low risks often overemphasized and high risks almost ignored? Use Anderson (2017) as 

a starting point. 
	5 Discuss the relevance of the “normalcy bias” for disasters and the recognition of trends that could pose 

threats. Use climate change, land use changes and/or extinction as examples. 
	6	 Why do anthropogenic land-use changes constitute a threat to the Earth's life-support system? Use 

Barnosky et al., 2012 as a starting point. 
	7	 What are the main processes that determine local sea level changes? Which are the processes that 

introduce the largest uncertainties for future local sea level rise? Use Plag and Jules-Plag (2013) as 
starting point. 

http://jasss.soc.surrey.ac.uk/21/1/8.html
https://qz.com/898207/the-psychology-of-why-americans-are-more-scared-of-terrorism-than-guns-though-guns-are-3210-times-likelier-to-kill-them/
https://en.wikipedia.org/wiki/Normalcy_bias
http://www.mari-odu.org/academics/2018su_Leadership/index.php?file=references#BARNOSKYETAL2012
http://www.mari-odu.org/academics/2018su_Leadership/index.php?file=references#PLAGJULESPLAG2013
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Fieldwork Week
Overview
The service learning requires a week of fieldwork in the Florida Keys and Everglades National Park 
area. The preliminary schedule for the week is:
• Saturday, June 9, 2018: Travel to Key Largo
• Sunday, June 10, 2018: Reconnaissance and preparation of fieldwork, shopping for material
• Monday, June 11, 2018: 8:00-5:00: Trip to Everglades
• Tuesday, June 12, 2018: 8:00-12:00: Service project at State Park; 12:00-1:00 lunch; 1:00-5:00 

Snorkeling
• Wednesday, June 13, 2018: 8:00-10:00 Crocodile Lake NWR; From 10:00: in planning
• Thursday, June 14, 2018: Report, presentations and board game
• Friday, June 15, 2018: Stakeholder meeting
• Saturday, June 16, 2018: Travel back to Norfolk

Practicalities
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Board game example
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