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Background Information

! Tropical grassland, warm temperatures year-round

! Central, eastern, southern Africa

! Diverse, iconic fauna
○ Carnivores: hyena, lion, leopard
○ Herbivores: elephant, rhinoceros, hippopotamus



Vulnerabilities

! Illegal poaching - extremely vulnerable
○ Killed for bones, coats, sport
○ Ex: African elephant (~ 35K each year)
○ Ex: Black rhino (pop. down ~98% since 1960)

! Ecotourism - highly vulnerable
○ Production of roads, infrastructure, lodges

! Habitat loss - very vulnerable
○ Habitat fragmentation, land privatization
○ Often hand-in-hand w/ ecotourism

! Wildfires - vulnerable
○ Climate change, road construction, fire-control/prevention methods
○ Human-caused/influenced



Stakeholders

! African Wildlife Foundation (AWF)
! National Park reps.
○ Serengeti, Masai Mara, Etosha

! Local African tribes
○ Zulu, Masaai, Tutsi

! Research scientists , conservationists
! Legal trophy hunters 
! International tourists
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Risk (in $) = Hazard Probability * Vulnerability * Exposed Assets

Application of equation suffers from: 
- underestimation of probability, particularly for infrequent, large events 
- worst cases are more frequent and worse than estimated

•probability of extreme events is often underestimated: 
•bad physics (incorrect description of processes) 
•bad assumptions (choice of poorly known parameters) 
•bad data (lacking, incomplete, or underappreciated) 
•bad luck (low probability events) (Stein, 2011, 2012)
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Risk defined as above: 
- does not consider short-term induced and post-event processes 
- does not consider cascading hazards 
- does not consider cascading effects  
- does not consider long-term (post-event) processes

Application of equation suffers from: 
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}
- e.g., earthquakes trigger  

tsunamis, landslides, fires 
- e.g., fires destroy health facilities
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Resilience
“Resilience is the act of rebounding or springing back” 
(Oxford English Dictionary, 1973) 
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Resilience
“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 and Adaptive Systems

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, D. 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, D. D. Resilience Engineering: Concepts and Precepts (Kindle Locations 
728-732). Ashgate Publishing Ltd. Kindle Edition. 

Resilient and Adaptive Systems
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Resilience

http://stockholmresilience.org/download/18.10119fc11455d3c557d6928/1459560241272/SRC+Applying+Resilience+final.pdf

More on Risk, Vulnerability, Resilience, Adaptation
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Social-ecological systems 
can often be “configured”in several 

different ways. In other words, there are 
many ways in which all the variables in a 
system can be connected and interact 
with one another, and these different 

configurations provide different 
ecosystem services.

In a social-ecological system, 
components such as species, landscape types, 
knowledge systems, actors, cultural groups or 

institutions all provide different options for responding to 
change and dealing with uncertainty and 

surprise.

In order for us to continue to benefit from a 
range of eco- system services, we need to understand the 

complex inter- actions and dynamics that exist between actors and 
ecosystems in a social-ecological system. Management based on ‘complex 
adaptive systems thinking’ that appreciates these interactions and the often 

complex dynamics they create can enhance the resilience of 
social-ecological systems.

Connectivity 
can be both a good and a 
bad thing. High levels of 

connectivity can facilitate recovery 
after a disturbance but highly 
connected systems can also 

spread disturbances 
faster.
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Knowledge of a system is always 
partial and incomplete and social-ecological 

systems are no exceptions. Efforts to enhance 
the resilience of social-ecological systems must 

therefore be supported by continuous 
learning and experimentation.

Participation through 
active engagement of all 

relevant stakeholders is considered 
fundamental to building social-

ecological resilience. It helps build the 
trustand relationships needed to 

improve legitimacy of knowledge and 
authority during decision 

making processes.

Polycentricity, a governance system in which 
multiple governing bodies interact to make and enforce 

rules within a specific policy arena or location, is considered to 
be one of the best ways to achieve collective action in the 

face of disturbance and change.
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Risk: static, event based loss

Risk reduction —-> risk governance

Resilience: response to disturbance
Increasing Resilience —> Resilience governance: cycles, panarchy

Thresholds: (rapid) shift in system state

No concept for handling thresholds
Change: slow drift of system to a new state

Mitigation: reducing the potential for change
Adaptation: responding to, or preparing for change

Anti-fragile: learning from disturbances and impacts

More on Risk, Vulnerability, Resilience, Adaptation
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Danger of implicit adaptation …
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Thresholds as a Vulnerability

Vulnerabilities of the planetary system

Thresholds 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.  
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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

Vulnerabilities of the planetary system

Thresholds as a Vulnerability
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Vulnerabilities of the planetary system
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Vulnerabilities of the planetary system

Direct impacts:

https://www.nationalgeographic.com/animals/2019/03/endangered-bats-killed-in-mauritius/
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Indirect impacts:

http://www.birdlife.org/worldwide/news/world’s-only-tool-using-vulture-risks-being-lost-forever



Vulnerabilities of the planetary system

Complex Interactions:

https://theconversation.com/ecosystems-across-australia-are-collapsing-under-climate-change-99367



Vulnerabilities of the planetary system

Loss of biodiversity:

http://exclusive.multibriefs.com/content/insects-are-dying-en-masse-endangering-ecosystems/facilities-grounds
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Vulnerabilities of the planetary system

Flows and biodiversity:

https://www.care2.com/causes/were-eating-the-largest-animals-off-the-face-of-the-earth.html



Vulnerabilities of the planetary system

Invasive species:

https://www.bbc.com/news/science-environment-47062959
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Changing flows:

https://www.theguardian.com/cities/series/guardian-concrete-week
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Changing flows:

https://www.fastcompany.com/90311509/we-have-to-fix-fashion-if-we-want-to-survive-the-next-century
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Vulnerabilities of the planetary system

Physics and chemistry:

https://www.scientificamerican.com/article/the-ocean-is-running-out-of-breath-scientists-warn/

https://www.ecowatch.com/oceans-warming-faster-2630061947.html

https://www.theguardian.com/environment/climate-
consensus-97-per-cent/2019/jan/16/our-oceans-broke-heat-
records-in-2018-and-the-consequences-are-catastrophic


