


Lab 11: Impacts of Modern Global and Climate Change 
•Impacts 
•Questions 

Natural Hazards and Disaster
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Impacts of   
Climate Change?
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What are the  
Impacts of   
Climate Change?
... and there is more: 
- health 
- supply chains 
- mass extinction 
- water security 
- food security 
- migration 
- social unrest 
...
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Even if carbon emissions are reduced, the ocean is 
still set for centuries or more of warming, acidification, 

deoxygenation, and sea level rise.
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Physiology of  the Life-Support System: Flow

Hypoxic (dead) zones
Flows

Freshwater: 81% 
since 1970

Current extinction rates: 
     300 times background rate for birds 
80,000 times background rate for mammals   
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Co-extinctions reduce the robustness of planetary life to catastrophe. Response of global diversity to environmental 
change: progressive, monotonic increase (‘planetary heating’; left panel) or decrease (‘planetary cooling’; right panel) 
trajectories in local temperature. Species either go extinct based only on their tolerance to environmental conditions 
(‘environmental tolerance’ scenarios = blue curves), or where species go extinct not only when unable to cope with 
changed environmental conditions, but also following the depletion of their essential resources (‘co-extinction’ scenarios 
= magenta curves). Solid lines represent mean values, and shaded areas indicate the system boundaries (minimum-
maximum) arising from 1000 randomly parametrized models (see Methods for details). Dotted lines show the decline in 
‘tardigrade’ (extremophile) species richness in the environmental tolerance (blue) and in the co-extinction scenario 
(magenta) for both temperature trajectories. Strona and Bradshaw, 2018

https://www.nature.com/articles/s41598-018-35068-1
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Co-extinctions reduce the robustness of planetary life to 
catastrophe. Response of global diversity to 
environmental change: progressive, monotonic increase 
(‘planetary heating’; left panel) or decrease (‘planetary 
cooling’; right panel) Simulated food webs are more 
robust to global cooling than to heating. We evaluated 
robustness by ‘disassembling’ a random sample of 1000 
food webs. Disassembly consisted of removing species 
progressively from the least to the most tolerant to warm 
(‘heating’) or cold (‘cooling’) temperatures. We simulated 
co-extinctions after each species removal, and then 
plotted the curves depicting the (co-extinction driven) 
decline of local diversity following direct species removal. 
To obtain approximate upper and lower boundaries of 
robustness, we did two additional disassembly 
simulations for each food web by removing species in 
increasing (‘best’) or decreasing (‘worst’) order of their 
expected contribution to network persistence (measured 
as the number of associated resources per species). For 
each food web, we also obtained a reference curve by 
removing species in random order (‘random’). Solid lines 
represent mean values, while shaded areas indicate 99% 
confidence intervals. Strona and Bradshaw, 2018

https://www.nature.com/articles/s41598-018-35068-1
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Davis et al., 2018
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X = 0.79995 ~ 0.8
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X: X-ness (extreme nature of the event) 
E: ensemble 
dE: Change/loss of ensemble 
U: Unfolding time 
I: Impact time

Extinction of mammals: 
E: all mammal species 
dE: Species that go extinct 
dE/E = 0.8 
U = 300 years 
I = 5,000,000 years 

X = 0.79995 ~ 0.8 Extinction of mammals has a very high X-ness
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1 How do the changes in global average surface temperature over the last five decades 
compare to previous variations in global surface temperature? In which region did the 
surface temperature change most?

Questions 

Thoughts:



 2 What are the three main drivers that determine Earth's climate and which of them have 
changed a lot during the last few decades? Describe the changes.

Questions 

Thoughts:



3 The earth is currently storing on the order of 320 TW of additional energy. Where is this 
energy being stored and what are the potential impacts of this additional energy?

Questions 

Thoughts:



4 What is the range of global average sea level change expected by 2100 and what 
contributes most to making this range large? What is the maximum sea level rise that we 
cannot safely exclude?

Questions 

Thoughts:


