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Invasive Species of the Chesapeake Bay
	Mostly	caused	by	human	interaction	by	ships,	pets,	and	gardening	etc..	

	Affect	current	wildlife	by	competing	with	resources	

	Economic	Problems



Vulnerabilities
	Conditions	of	the	bay/ecosystem	
◦ Temperature,	Ph,	salinity,	etc…	
◦ Wide	range	of	areas	to	inhabit	

	Biodiversity	of	the	bay	
◦ How	organisms	react	with	one	another	
◦ Organism’s	specific	life	cycle
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Barnosky et al., 2012, Nature, 486.
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Barnosky et al., 2012, Nature, 486.



Toxic products …

… about toxic substances produced by cyanobacteria …

Land Cover Changes

Land Use Changes



Land Cover Changes

Segmentation/Fragmentation



Land Cover Changes

EcosystemsCascading land cover changes



Lenton & Schellnhuber (2007) Nature Reports Climate Change
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Hansen et al. (2008) Plag and Jules-Plag (2013)
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Hansen et al. (2008) Plag and Jules-Plag (2013)

Century Global Sea Level Changes

Century Global Surface Temperature Changes

Large sea level variability is a system characteristics, not a new phenomenon, not a problem 
- just not known to modern civilization

Sea Level Changes

-6.3 m 6.3 m

-0.9oC 4.5oC



Heat Content AlbedoClimate

Coastal 
ecosystems

Ocean

Earth Energy 
Imbalance

Sea level change

Cryosphere

Terrestrial 
ecosystems

marine 
ecosystems

Sea Level Changes



Heat Content AlbedoClimate

Coastal 
ecosystems

Ocean

Vulnerability

Earth Energy 
Imbalance

Sea level change

Cryosphere

Terrestrial 
ecosystems

marine 
ecosystems

Sea Level Changes



Heat Content AlbedoClimate

Coastal 
ecosystems

Ocean

Vulnerability

Earth Energy 
Imbalance

Sea level change

Cryosphere

Terrestrial 
ecosystems

marine 
ecosystems

Depends 
on speed of sea level 

change

Sea Level Changes



Heat Content AlbedoClimate

Coastal 
ecosystems

Ocean

Vulnerability

Earth Energy 
Imbalance

Sea level change

Cryosphere

Terrestrial 
ecosystems

marine 
ecosystems

Depends 
on speed of sea level 

change

Sea Level Changes



Heat Content AlbedoClimate

Coastal 
ecosystems

Ocean

Vulnerability

Earth Energy 
Imbalance

Sea level change

Cryosphere

Terrestrial 
ecosystems

marine 
ecosystems

Depends 
on speed of sea level 

change

Depends also on 
correlated changes in 

extreme events

Sea Level Changes



Heat Content AlbedoClimate

Coastal 
ecosystems

Ocean

Vulnerability

Earth Energy 
Imbalance

Sea level change

Cryosphere

Terrestrial 
ecosystems

marine 
ecosystems

Homo sapiensHomo sapiens 
?

Depends 
on speed of sea level 

change

Depends also on 
correlated changes in 

extreme events

Sea Level Changes



Homo sapiens: a coastal species?

Sea Level Changes
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“..., almost all of the cities to be studied in 19.20.21 are cities that border 
the oceans of the world, and will be affected by the rise in sea levels 

19.20.21.org:
19 cities in the world with
20 million people in the
21st century 

Sea Level Changes
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For nearly a billion years, 
ozone molecules in the atmosphere 
have protected life on Earth from the 
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Homo sapiens: Ozone-depleting 
substances (ODS): HCFCs, chlorofluorocarbons 
(CFCs),  halons used as halocarbon refrigerants, 

solvents, propellants and foam-blowing 
agents
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Biological Hazards: Sources of biological hazards 
may include bacteria, viruses, insects, plants, 
birds, animals, and humans. These sources can 
cause a variety of health effects ranging from skin 
irritation and allergies to infections (e.g., 
tuberculosis, AIDS), cancer and so on.

http://www.who.int/globalchange/environment/en/chapter6.pdf

Vulnerablity to Infectious Diseases

Health
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Nexus

Nexus:  
- a means of connection 
- a connected series of group 
- the core or center

Terrestrial 
ecosystems

Marine  
ecosystems

Homo sapiens

Energy

Water

Land

Food

material 
resources
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Economic vulnerabilities

 Ecosystems

ConsumptionServices

Wealth

Waste

ProductionResources Supply chains

Depletion
Loss Interruptions

Distribution
Devaluation
Loss

Interruptions

Pollution

Interruptions

Interruptions:
- streiks
- social unrest
- wars
- extreme weather
- natural hazards

Interruptions
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Economic vulnerabilities



Vulnerabilities



Class 15: Understanding Vulnerabilities:  
Non-Human & Human Built Environment; Economy, Inequality & Injustice

Mitigation and Adaptation Studies

Contents 
- More on Risk, Vulnerability, Resilience, Adaptation (class 14) 
- Vulnerabilities of the Planetary System (class 14) 
- Systemic vulnerabilities (class 14) 
- Land Cover Changes 
- Earth Energy Imbalance 
- Sea Level Changes 
- Pollution 

- Vulnerabilities of Homo Sapiens/the Anthroposphere 
- Health 
- Nexus (e.g., food-water-energy) 
- Economic vulnerabilities  
- Social vulnerabilities: inequality, injustice, unrest



Inequality in vulnerability and exposure
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Vulnerabilities are distributed: 
- uneven in space 
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Inequality in Climate and Global Change Impacts

T. Wahl et al. Nature Commun. http://dx.doi.org/10.1038/ncomms16075 (2017).

Inequality in vulnerability and exposure
Vulnerabilities are distributed: 
- uneven in space 

http://dx.doi.org/10.1038/ncomms16075


Inequality in Climate and Global Change Impacts

Example: 
Since 1970, the number of people exposed to floods 
and tropical cyclones has doubled.

Inequality in vulnerability and exposure
Vulnerabilities are distributed: 
- uneven in space 
- uneven in time 



Inequality in Climate and Global Change Impacts

97% of people on low incomes have no insurance 
cover, and 90% of workers in least developed countries 
have no social security

Vulnerabilities are distributed: 
- uneven in space 
- uneven in time 
- uneven across societal groups 

Inequality in vulnerability and exposure
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The most likely single cause of 
premature death for young people today is an 
impact of climate change, such as heat waves, 

droughts, storms, food and water shortages, new 
sicknesses and pandemics, migration of large 
populations, civil unrest like in North Africa 

and Syria, and wars. 

global

 + extinction

Social vulnerabilities: inequality, injustice, unrest

Vulnerabilities are distributed: 
- uneven in space 
- uneven in time 
- uneven across societal groups 
- uneven across generations 

Inequality in vulnerability and exposure
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What is consciousness? How can it be 
explained? Can there be a science of 
consciousness? What is the neural basis of 
consciousness? What is the place of 
consciousness in nature? Is consciousness 
physical or nonphysical? How do we know 
about consciousness? How do we think 
about consciousness? What are the 
contents of consciousness? How does 
consciousness relate to the external world? 
What is the unity of consciousness?

Chalmers, David J.. The Character of 
Consciousness (Philosophy of Mind) (p. xi). 
Oxford University Press. Kindle Edition. 

Inequality and injustice between Species
Social vulnerabilities: inequality, injustice, unrest


