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“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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Risk

This is what we use in class: “Risk is the potential 
for consequences where something of value is at stake 

and where the outcome is uncertain”
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Risk

How can we measure risk?

Risk-related question: 
• 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?



Risk = hazard probability x vulnerability x value of exposed assets

Risk

How can we measure risk?

Knowing the probability density function of a hazard

Risk-related question: 
• 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?
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Probability P(A) of an event A is the measure of the likelihood that A will occur.
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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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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" 
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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 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) = ?



Distribution

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

Pailoplee and Choowong, 2014
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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
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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?

Look at paleo-data …
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Hansen et al. (2008) Plag and Jules-Plag (2012)

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 …
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Hansen et al. (2008) Plag and Jules-Plag (2012)

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 …
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Risk Assessment

Risk-related question: 
• 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. 
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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. 

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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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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a given region is μ, the Poisson probability is:
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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
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 
…
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Hazards, Disasters and Sustainability

Global Efforts to Reduce, Manage, Govern Risk
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Hazards, Disasters and Sustainability



Each Goal comes with up  
to 10 Targets and each 
Target with up to 2 
Indicators. 

Only Goal 11 addresses  
disaster risk in three 
Targets.

Hazards, Disasters and Sustainability
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Sustainable Development Goal 11: Sustainable Cities and Communities  
“Make cities and human settlements inclusive, safe, resilient and sustainable” 

Target 11.5: By 2030, significantly reduce the number of deaths and the number of people affected and 
substantially decrease the direct economic losses relative to global gross domestic product caused by 
disasters, including water-related disasters, with a focus on protecting the poor and people in vulnerable 
situations 

Target 11.b: By 2020, substantially increase the number of cities and human settlements adopting and 
implementing integrated policies and plans towards inclusion, resource efficiency, mitigation and 
adaptation to climate change, resilience to disasters, and develop and implement, in line with the Sendai 
Framework for Disaster Risk Reduction 2015-2030, holistic disaster risk management at all levels 

Target 11.c: Support least developed countries, including through financial and technical assistance, in 
building sustainable and resilient buildings utilizing local materials

Hazards, Disasters and Sustainability
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Ayyub, 2012

Concept of Risk
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Risk (in $) = Hazard Probability * Vulnerability * Exposed Assets
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Definition:
A disaster is the loss of lives and property; often as the result of a hazardous event.

Hazards, Disasters and Sustainability

Hazardous event System processes 
triggered by the event

Loss of lives and property 
             

        Disaster
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In a system, a threshold is a point at which 
a relatively small change or disturbance 
causes a rapid change in the system.
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range?
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How difficult is it to keep a system within a certain 
range?

It depends...

Stable system, linear response

Unstable system,
non-linear response
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The threshold is not where the boat 
goes over the edge, it is far up the 
river, when the people in the boat 
lose the option to get to the shore
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The threshold is not where the boat 
goes over the edge, it is far up the 
river, when the people in the boat 
lose the option to get to the shore

Lenton & Schellnhuber (2007) Nature Reports Climate Change
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Thresholds

Barnosky et al., 2012, Nature, 486.
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Barnosky et al., 2012, Nature, 486.
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“Resilience is the act of rebounding or springing back” (Oxford 
English Dictionary, 1973) 
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“Resilience is the act of rebounding or springing back” (Oxford 
English Dictionary, 1973) 

“Resilience is the capacity of a system to absorb disturbance 
and still retain its basic function and structure.” 

Brian Walker PhD. Resilience Thinking: Sustaining Ecosystems 
and People in a Changing World (Kindle Locations 64-65). 
Kindle Edition. 
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Resilient systems bend under stress but do not break, so they 
are able to weather storms more effectively and recover more 
quickly. Adaptive systems are characterized by redundancy, 
diversity, efficiency, strength, interdependence, adaptability, and 
collaborativeness (Godschalk 2003). They are designed so that 
the failure of one part does not cause the whole system to 
collapse. 

Ayyub, Bilal M.. Sea Level Rise and Coastal Infrastructure: 
Prediction, Risks, and Solutions (Council on Disaster Risk 
Management (CDRM) Monograph) (Kindle Locations 
2359-2361). American Society of Civil Engineers. Kindle Edition. 
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“I want to reserve resilience to refer to the broader capability – how well can a system handle 
disruptions and variations that fall outside of the base mechanisms/model for being adaptive as 
defined in that system.” 

Hollnagel in Woods, Professor David D. Resilience Engineering: Concepts and Precepts (Kindle 
Locations 487-488). Ashgate Publishing Ltd. Kindle Edition. 

However, we would argue that we should extend the definition a little more broadly, in order to 
encompass also the ability to avert the disaster or major upset, using these same characteristics. 
Resilience then describes also the characteristic of managing the organisation’s activities to 
anticipate and circumvent threats to its existence and primary goals. This is shown in particular 
in an ability to manage severe pressures and conflicts between safety and the primary 
production or performance goals of the organisation. 

Hale & Heijer, in Woods, Professor David D. Resilience Engineering: Concepts and Precepts 
(Kindle Locations 728-732). Ashgate Publishing Ltd. Kindle Edition. 
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Hysteresis: state of the system depends on 
both the presence and the past history.

Electromagnetic Displacement Field D as 
function of  the electrical field E.

Examples: 
- post-glacial deformation as function of ice load 
- global air temperature as function of atmospheric CO2 

- ecosystem as function of disturbances

Resilience
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Thresholds (chapter 3) and the adaptive cycle metaphor are both central to resilience thinking. 
Adaptive cycles describe how many systems behave over time, and how resilience varies 
according to the phase where the system lies. Thresholds represent transitions between alternate 
regimes. While the two concepts can sometimes be related in the pattern of a particular system's 
dynamics, this not always the case. They are different models used for different purposes, and it is 
not always possible to equate the dynamics of a basin of attraction with the dynamics of an 
adaptive cycle. Where they do coincide, however, alternate regimes generally represent a new 
adaptive cycle, indicating that the system has new structures and feedbacks. 

Brian Walker PhD. Resilience Thinking: Sustaining Ecosystems and People in a Changing World 
(Kindle Locations 1168-1170). Kindle Edition. 

Thresholds and Resilience Thinking

Resilience
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