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An existential threat?

“We face a direct existential 

threat…Our fate is in our 

hands.”- António Guterres 

(UN Secretary-General).
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https://www.un.org/sg/en/content/sg/statement/2018-09-10/secretary-generals-remarks-climate-change-delivered
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•Biodiversity Loss

•Sea level rise

•Desertification

•Wildfires

•Water shortage

•Crop failure

•Extreme weather
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Projected Marine Heat Waves

Under the RCP4.5 scenario about 50% of the ocean is in a 

permanent MHW state by 2100 (brown line), while >90% is in a 

permanent MHW state under the RCP8.5 scenario by the end of the 

century (red line).
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Tipping Points

Compared to past changes 

in a physical, bio-ecological 

and/or human system, a 

‘tipping point’ is when:

• The change is abrupt

• The ability of the system 

to return to its original 

state is unlikely

• The system is now in a 

new state
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Arctic summer ice area : a good indicator
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Arctic ice yielding to open water, albedo 

(reflectivity) drops from 0.6 to 0.1

Albedo loss from summer ice has the same 

warming effect as past 25 years of CO2

emissions. 

Arctic Ocean is shallow, surface warming 

extends to seabed, melts permafrost, 

triggers release of methane. 

Methane is 20-80 times more potent a 

GHG as CO2

Greenland ice sheet holds 2million km3 of 

ice.  

If it melts →  sea-level rise of 7.2m 

An ice-free Arctic alters jet stream patterns 

and ocean circulations → changes in 

climate
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Critical Region

Does the Melting of Sea Ice have other Effects, such as  
Impacts on Oceanic Circulation?
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Could it change this
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Into This?

Strong 

cooling in 

North 

Atlantic

Warming 

everywhere 

else
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Steep enough mitigation 

now probably impossible

Large-scale geoengineering 

for solar radiation 

management or negative 

emissions required

But the SCALE required is 

huge 



Falling costs for Clean Energy 

Technologies

BP Energy Outlook: 2019 edition





Eruption of Mt Pinatubo, 1991
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Geoengineering:

Solar Radiation Management
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SPICE:    aerosol delivery system for 2oC cooling

Stratospheric Particle Injection for Climate Engineering

Tethered balloons – height 20km

maybe 10 balloons worldwide each delivering 30kg/s of aerosol 
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Source: Gattuso et al. 2014
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Geoengineering:

Bio-Energy with Carbon Capture and Storage

Implicit in Paris 

COP21 Agreement



Geoengineering:

CDR = Carbon Dioxide Removal
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20,000 year old 

samples of the 

atmosphere trapped 

in a Greenland ice 

core


