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Fundamental Concepts: Hazard, Disaster, and Risk

e INTRODUCTION TO THIS COURSE
o The Textbook: Smith, K., C.J. Fearnley, D. Dixon, D.K. Bird, and I. Kelman (2024).
Environmental Hazards: Assessing Risk and Reducing Disaster (7th ed.). Routledge.
Part One: The Nature of Hazard
Chapter 1 — Hazard in the Environment
Chapter 2 — Dimensions of Disaster
Chapter 3 — Vulnerability, Resilience, and Sustainability
Chapter 4 — Risk Assessment and Management
Chapter 5 — Disaster Risk Reduction
Part Two: The Experience and Reduction of Hazard
Chapter 6 — Earthquake hazards
Chapter 7 — Volcanic hazards
Chapter 8 — Tsunami hazards
Chapter 9 — Mass Movements
Chapter 10 — Storms
Chapter 11 — Floods
Chapter 12 — Drought
Chapter 13 — Extreme Temperatures
Chapter 14 — Wildfires
Chapter 15 — Epidemic Diseases
Part Three: Environmental Hazard and Risk in an Anthropocene
Chapter 16 — Anthropocene Changes
Chapter 17 — Industrial and Waste Hazards
Chapter 18 — Climate and Beyond
Chapter 19 — Using Environmental Hazards Knowledge for Action
o0 Business Risk Management: Boothroyd, K. and C. Thompson (2025). Fundamentals of
Risk Management: Understanding, Evaluating and Implementing Effective Enterprise
Risk Management (7th ed.). Kogan Page.

o Environmental Health Risk: Theodore, L. and R. Dupont (2012). Environmental Health
and Hazard Risk Assessment: Principles and Calculations. CRC Press.

e DEFINITIONS OF HAZARD, DISASTER AND RISK
O Hazard £ & - Risk % #/h *& ~ Disaster ¢ &

= Hazard (cause) -- A process, phenomenon or human activity that may cause loss of
life, injury or other health impacts, property damage, social and economic disruption
or environmental degradation.

= Risk (likely consequence) -- the combination of the probability of a hazardous event
occurring and its negative consequences calculated in the form of losses.



= Disaster (actual consequence) -- serious disruption of the functioning of a
community or a society at any scale due to hazardous events interacting with
conditions of exposure, vulnerability and capacity, leading to one or more of the
following: human, material, economic and environmental losses and impacts.

Table 1.2 Often-debated definitions from the UNDRR (2019)

Risk ‘Defined as ‘disaster risk’ being ‘The potential loss of life, injury, or destroyed or
damaged assets which could occur to a system, society or a community in a
specific period of time, determined probabilistically as a function of hazard,
exposure, vulnerability and capacity’.

Hazard ‘A process, phenomenon or human activity that may cause loss of life, injury or
other health impacts, property damage, social and economic disruption or
environmental degradation.

Exposure ‘The situation of people, infrastructure, housing, production capacities and
other tangible human assets located in hazard-prone areas’

Vulnerability | ‘The conditions determined by physical, social, economic and environmental
factors or processes which increase the susceptibility of an individual, a
community, assets or systems to the impacts of hazards.

Resilience ‘The ability of a system, community or society exposed to hazards to resist,
absorb, accommodate, adapt to, transform and recover from the effects of a
hazard in a timely and efficient manner, including through the preservation and
restoration of its essential basic structures and functions through risk
management.’

Capacity ‘The combination of all the strengths, attributes and resources available within
an organization, community or society to manage and reduce disaster risks and
strengthen resilience.

Disaster ‘A serious disruption of the functioning of a community or a society at any scale
due to hazardous events interacting with conditions of exposure, vulnerability
and capacity, leading to one or more of the following: human, material,
economic and environmental losses and impacts.

= “Risk is opportunity” (Risk or Crisis) = (Danger + Opportunity)
= Risk = Hazard x Exposure x Vulnerability
= Risk = f(probability, severity, vulnerability, exposure, ...)

e ENVIRONMENTAL HAZARDS AND RISK ASSESSMENT
0 Natural Hazards and Technological Hazards => Na-Tech Disasters (Context Hazards)
0 Voluntary vs. Involuntary; Natural vs. Manmade; Intense vs. Diffuse
o Risk Assessment: Safety, Health, Ecological, Public Welfare, and Financial
o Exposure and Vulnerability
= ‘End-Points’ vs. Scales (Temporal, Spatial, etc.): Chronic vs. Acute
= Risk vs. Security => Emergency and Crisis
0 Vulnerability to Disasters => Vulnerability to Climate Change
= Vulnerability and Resilience => Reliability
o Environmental Hazard Paradigms: Engineering, Behavioural, Development, and Complexity
o The Sendai Framework for Disaster Risk Reduction 2015-2030 (Sendai Framework)
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Table 1.1 Commonly used (but limited) major cat-
egories of environmental hazards with examples

Natural hazards

Geological: earthquakes, volcanic eruptions,
tsunamis, landslides, karsts, subsidence, heave, land
degradation

Atmospheric: cyclones, storm surge, tornadoes,
storms, extreme temperatures, wildfires, lightning,
precipitation

Hydrological: drought, flood, glacial, periglacial,
wildfires, ice and snow avalanches

Biological: outbreaks, epidemics, pandemics,
infectious diseases, dangerous plants and animals

Technological hazards

Transport: aircraft, car, bus, train and other vehicle
crashes, shipwrecks

Industrial: Explosions and fires, release of toxic or
radioactive materials, hazardous materials (storage,
transport or misuse of)

Unsafe buildings and facilities: structural collapse, fire

Specific human activities: pollution, mining, land
contamination, soil degradation, fracking, oil spills

THE SENDAI FRAMEWORK OUTLINES SEVEN GLOBAL TARGETS

TO BE ACHIEVED BY 2030:

SUBSTANTIAL
REDUCTIONS:

A. Reduce global disaster
mortality

o

. Reduce the number of
affected people globally

@

. Reduce direct economic
loss in relation to GDP

. Reduce disaster damage
to critical infrastructure
and disruption of basic
services

0

E. Increase the number of
countries with national
and local disaster risk
reduction strategies

-~ Substantially enhance
international cooperation
to developing countries

0

. Increase the availability of
and access to multi-hazard
early warning systems

“SUBSTANTIAL
INCREASES




Relationship

+ Feedback loops

+ Interactions

- Interconnections

» Interdependencies
+ Interlinkages

* Intertwined

Scale

= Global

* National
* Regional
+ Local

Outcomes

* Breakdowns

* Collapse

« Critical services to society

* Disruption of systems and
essential services

* Failure of economic, financial or
social systems

+ Impacting/affecting
an entire system

+ Serious negative consequences
* Threats to system survival
* Unbound damage

e EXAMPLES OF DISASTERS (CATASTROPHES)
0 Global-Scaled Emerging Disaster: COVID-19 — A Global Threat

0 Natural-Technical (Na-tech) Hazard:
Japan’s 2011 Earthquake, Tsunami and Nuclear Power Plant

—=The Swiss cheese model of respiratory pandemic defense
o Cascading Hazards in Haiti
o Complexity in the Real World: The Bam Earthquake

e SOFTWARE PACKAGES TO BE APPLIED

System
understanding

+ Unknown

- Lack of
knowledge

+ Unpredicted

+ Uncertainty

+ Ambiguity

- Underestimated

* Tipping
points/events

+ Stochastic effects

Transboundary
effects
+ Cascading effects

* Complexity
(Complex causal
structures)

+ Contagion
+ Indirect impacts
* Knock-on effects

+ Nonlinearity
(Nonlinear
cause-effect
relationships)

* Ripple effects
- Spillover effects
+ Wider effects

o RStudio IDE and R Packages: Introduction to R for Natural Resource Scientists

o Software Packages for Monte Carlo Simulation and Risk Analysis: Oracle Crystal Ball

o Al assisted coding skills: VS-code, python...
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https://posit.co/downloads
https://www.r-project.org/
https://bstaton1.github.io/au-r-workshop/
https://www.oracle.com/applications/crystalball/
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