
•The physical science underpinning our 
understanding of climate change 

•The impacts of climate change 

•Government responses to the challenges of 
climate change 

Climate Change, its Impacts and 
our Responses 



Intergovernmental Panel on Climate Change 
(IPCC) 

The IPCC is the United Nations body for 
assessing the science related to climate change 

It was established in 1988 by the United 
Nations Environment Programme (UNEP) and 
the World Meteorological Organization (WMO). 



5th Synthesis Report, Nov. 2014 

Delaying mitigation will substantially increase the 
challenges  associated with limiting warming to 2C 



We are not on track to limit 
warming to 1.5°C, and are 
currently heading for 3-4°C 
warming by 2100 

Limiting global warming to 
1.5°C is not impossible but 
requires strong and immediate 
policies. 

To stabilise global warming at 
1.5°C, we need to reduce our 
CO2 emissions to be effectively 
zero in the next 30 years 

Global Warming of 1.5C, Oct. 2018 



The Ocean and Cryosphere in a 
Changing Climate  
Sept. 2019 

Climate Change and Land 
Aug. 2019 



Greenhouse Gases 





Historical emissions have driven atmospheric concentrations 
of carbon dioxide, methane and nitrous oxide to levels that are 
unprecedented in at least the last 800,000 years 

IPCC AR5 Synthesis Report, Fig. 1.6  



Energy production remains the primary driver of GHG emissions 

Greenhouse Gas Emissions by Sector 

IPCC Explainers and Presentations: Land and Climate Key Messages for students, slide 10 



Contrails 



Rising Temperatures 



Human-induced warming 

Office for Climate Education: IPCC Special Report “Global Warming of 1.5°C” Summary for Teachers, p8 



Representative Concentration Pathways 
(RCPs) 

RCPs are roughly equivalent to emissions scenarios, 
and are used as a basis for climate projections 



RCP2.6  (the most optimistic): 
Global CO2 emissions cut immediately and reach net zero by 2055  

RCP8.5  (the most pessimistic): 
CO2 emissions continue to rise on current trajectory beyond 2100 

IPCC AR5 Impacts, Adaptations and Vulnerabilities: Summary for Policymakers, Box SPM.1 Figure 1 



The polar regions will continue to warm more 
rapidly than the global mean 

IPCC AR5 Impacts, Adaptations and Vulnerabilities, Fig. SPM.4 



Melting of the Sea Ice 





A nearly ice-free Arctic ocean in the 
September minimum is likely for RCP8.5 

2081 – 2100 
 
 
 
 

RCP2.6 

RCP8.5 

IPCC AR5, Physical Science Basis, Fig. TS.17 

IPCC AR5, Physical Science Basis, Fig. SPM.7 



Many Arctic and sub-Arctic marine mammals 
are highly specialized, have long life spans, and 
are poorly adapted to rapid environmental 
change. 

The species most at risk are: 
• Hooded seals 
• Narwal 
• Pacific walrus 
• Baltic ringed seals 
• Polar bears 



Melting sea ice 
Melting mountain glaciers 
Acidification of the oceans 
Desertification 
Habitats shifting towards the poles 
Flooding 
Rising Sea Levels 
Extreme Weather Events 
 

Impacts of Climate Change 



Rising Sea Levels 

Extreme Weather 
Events 

Impacts of Climate Change 



Rising Sea Levels 



Causes of Sea Level Rise 

• Thermal expansion (43%) 
• Greenland ice sheet loss (24%) 
• Antarctic ice sheet loss (13%) 
• Loss of mountain glaciers (19%) 

Rate of global mean sea level rise (2006–2015) is 
3.6mm/year 



Causes of Sea Level Rise 

• The ice sheets on Greenland and 
Antarctica contain 99% of the fresh water 
ice on the Earth’s surface.  

• The Greenland ice sheet is currently losing 
mass at roughly twice the pace of the 
Antarctic ice sheet.  

• Antarctica contains 8 times more ice 
above flotation than Greenland  



About 60% of the ice loss is due to 
surface melt and runoff 

Greenland 



About 40% of the ice loss is due to increased 
discharge of marine-terminating glaciers  

Greenland 



Bedrock topography below the existing ice 
sheets in Greenland and Antarctica 

IPCC - The Ocean and Cryosphere in a Changing Climate, Fig. 4.7 



Antarctic ice shelves 

Thwaites 
Glacier 
192,000 sq km 

https://amundsenblogs.blogspot.com/2020/08/amundsen-scott-base-map.html 
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Forecast Sea Level Rise 

IPCC Special Report: Special Report on the Ocean and Cryosphere in a Changing Climate, Fig. 4.2 



Many low-lying coastal cities and small islands will be 
exposed to risks of flooding and land loss annually by 2050 

IPCC - The Ocean 
and Cryosphere in a 
Changing Climate, 
Fig. CB9.1 



Areas of England at risk of coastal flooding by 2050 
(assuming moderate emissions cuts - RCP4.5) 

Climate Central 



Extreme Weather Events 

Extreme rainfall 
Land heatwaves 
Marine heatwaves 
Draught 
Extreme cold or snow storms 
Flooding 
Hurricanes 
Wildfires 



Hurricanes 

Major hurricanes are by far the world’s costliest natural weather 
disasters, in some cases causing well over $100 billion in damage. 



A selection of major cyclones (hurricanes & typhoons) with 
an identified link to ocean changes (1998-2017) 

2017 Ophelia 

2014 Iselle, 
Julio & Ana 

2015 Patricia 

2004 Catarina 

2005 Katrina 
2012 Sandy 

2017 Harvey, Irma & 
Maria 

2014 Nilofar 

2007 Gonu 

2015 Chapala and Megh  2011 Washi 

2013 Hayian 



Hurricanes are getting stronger 

A sustained upward trend is found between the global proportion 
of Categories 4&5 hurricanes and Anthropogenic Climate Change 
Index (ACCI), balanced by a similar decrease in Categories 1&2 
hurricanes 

Holland, G., Bruyère, C.L. Recent intense hurricane response to global climate change. Clim Dyn 42, Fig.4 



Hurricanes are producing more 
rain 

Air holds about 7 percent more moisture per 1°C of warming 



Hurricanes are (possibly) moving 
more slowly 

Tropical-cyclone translation speed has decreased globally by 10% 
over the period 1949–2016 

The slowdown is even greater over land areas: 21% in the western 
north Pacific and 16% in the North Atlantic.  



Example: Hurricane Harvey, 
Houston Texas, 2017 



• a category 4 hurricane 

• the storm surge exceeded 2m in some places 

•  more than 60 inches (152cm) of rain fell over southeastern 
Texas, causing catastrophic flooding 

• most of the rain was caused by Harvey’s extremely slow 
movement 

•  at least 68 people died  

• hurricanes Harvey, Irma and Maria collectively causing $265bn of 
damage   



Wildfires 

Fires have been a natural part of Earth’s past for at 
least 400 million years. Presently, roughly 3% of the 
Earth’s land surface burns annually. 

The frequency and severity of wildfires is increasing, 
and fire weather seasons are lengthening because of: 
• higher temperatures 
• severe draught 
• deforestation 
• geographical shifts in weather patterns  



Wildfires 

The impact of wildfires on climate change is double-
edged as they release large amounts of carbon dioxide 
while destroying the trees and vegetation that absorb 
it. 



Wildfires 

2016/17 
Portugal 

2007/9/12/18 Greece 

2015 S Australia 2009 Victoria, 
Australia 

2017/18 
British 
Columbia, 
Canada 

2017/18 
California 

2016 Alberta, Canada 

2019/20 
Australia 
(all over) 

2019 Amazon 

2017 Chile 

2018 Saddleworth Moor, UK 

2019 Canary Islands 

2010 European Russia 

2015 Khakassia, Russia 

2019 Krasnoyarsk, Russia 

2009 France, Italy, Spain, Turkey 

1997 Indonesia 



Wildfires 

* Similar to RCP6.0 

* 

IPCC AR5 Impacts, Adaptation, and Vulnerability, Fig. 23-5 



Wildfires in Australia 

Wildfires in Australia 



Wildfires in Australia 

The 2008 Climate Change 
Review, by Professor Ross 
Garnaut, predicted that the 
effects of climate change on 
Australia's bushfires would 
increase over time, stating 
that they would be directly 
observable by 2020 



Wildfires in Australia 

More than 400 people stuck their heads in the sand on Australia's 
Bondi Beach to protest at the country's stance on climate change 
(November 2014) 



Wildfires in Australia 
Australia experienced 
its hottest year on 
record in 2019, with 
average temperatures 
1.5C above the 1961-
1990 average.  

The second hottest 
year was 2013, 
followed by 2005, 2018 
and 2017. 



Wildfires in Australia 

Indian Ocean Dipole - Positive Phase 

Australia also had its driest ever year in 2019, with 
rainfall 40% lower than average, based on records going 
back to 1900. 



Wildfires in Australia 



Responses to the scientists’ 
warnings 



• adopted in 1997.  
• entered into force in 2005.  
• sets binding emission reduction 

targets for 36 industrialized 
countries and the EU.  

• voluntary for developing nations 
• not ratified by the US 



Paris 2015 (COP21) 

Negative 
• No clear timescale of when 

fossil fuels must be phased 
out 

• Shipping and aviation are not 
mentioned 

• Emissions reduction targets 
are not legally binding - no 
punishments for countries 
missing their climate goals 

Positive 
• A global framework to avoid 

dangerous climate change by 
limiting global warming to well 
below 2°C and pursuing efforts 
to limit it to 1.5°C  

• Almost all countries signed up 



The Paris Agreement entered into force on November 
4, 2016, and has been signed by 194 countries (and 
the EU) and ratified by 189 (Feb. 2020). 

Paris 2015 (COP21) 



In June 2017, Donald Trump declared his intention to pull the 
US out of the agreement.  Formal departure would wrap up on 
November 4, 2020, the day after the next US presidential 
election 

Paris 2015 (COP21) 



COP22 (2016): Marrakesh 

COP23 (2017): Bonn (Fiji) 

   COP24 (2018): Katowice Poland 

COP25 (2019): Madrid (Chile) 



COP24 at Katowice Poland, Dec. 2018 
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What was the aim? 

To thrash out the details of the Paris Agreement “rulebook”, 
which is the operating manual needed for when the global deal 
enters into force in 2020 

The rulebook covers many questions such as: 
• how should countries report their greenhouse gas emissions? 
• what rules should apply to voluntary market mechanisms, such 

as carbon trading? 
• should a single set of rules apply to all countries, or should 

there be different for rich and poor? (the former was chosen) 

COP24 at Katowice Poland, Dec. 2018 



What was agreed? 

The Rulebook was largely agreed. This included how governments 
measure, report on and verify their emissions-cutting efforts 

COP24 at Katowice Poland, Dec. 2018 



What wasn’t agreed? 

There was no agreement on: 

What wasn’t agreed? 

There was no agreement on: 

• voluntary market mechanisms (carbon trading) 

What wasn’t agreed? 

There was no agreement on: 

• voluntary market mechanisms (carbon trading) 

• basic accounting rules to prevent “double counting” of 
emissions reductions - “It was Brazil versus the rest of the world 
and they wouldn’t back down” 

What wasn’t agreed? 

There was no agreement on: 

• voluntary market mechanisms (carbon trading) 

• basic accounting rules to prevent “double counting” of 
emissions reductions - “It was Brazil versus the rest of the world 
and they wouldn’t back down” 

• how countries will step up their targets on cutting emissions. 

COP24 at Katowice Poland, Dec. 2018 



The governments of four countries (USA, Russia, Saudi Arabia and 
Kuwait) blocked a proposal to welcome the IPCC Special Report 
on Global Warming of 1.5°C. 
35 delegates from these four countries had strong ties to the 
fossil fuel industry 

Coal, oil and gas companies participated in 31 side events during 
the conference.  
That included side events by Shell, several events by gas lobby 
group Gasnaturally and Latin America’s largest petrochemical 
company, Braskem. 
The Trump administration also held a pro-fossil fuels event. 

COP24 at Katowice Poland, Dec. 2018 



Madrid, 2019 (COP25) 

• Moved from Chile because of “difficult circumstances”, 
referring to violent anti-government protests in the capital of 
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• Moved from Chile because of “difficult circumstances”, 
referring to violent anti-government protests in the capital of 
Santiago - Chile retained the presidency. 

• The longest on record, with more than two weeks of fraught 
negotiations 

• A growing disconnect between these slow, impenetrable UN 
processes and the action being demanded by protesters 



Madrid, 2019 (COP25) 

What was the Aim?  
To finalise the “rulebook” of the Paris Agreement. 



Madrid, 2019 (COP25) 
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What was the Outcome?  
The talks were unable to reach consensus in many areas: 

• rules for carbon markets and other forms of 
international cooperation 

• reporting requirements for transparency  

• arguments about ‘common metrics’ for reporting 
methane (compared to CO2) .... 



Madrid, 2019 (COP25) 
Arguments about methane  

• Under GWP100*, the climate impact of every tonne of methane 
emitted is equivalent to 28 tonnes of CO2 over a 100-year period. 
This over-estimates the effect of CH4 relative to CO2  

• The GWP20 of CH4 is 84 

• Under GTP100
# proposed by ABU countries, the same tonne of 

CH4 would only be equivalent to 4 tonnes of CO2 

* Global Warming Potential: a measure of how much heat a greenhouse gas 
traps in the atmosphere up to a specific time horizon (in this case 100 years), 
relative to CO2. 

#  Global Temperature Change Potential   
Argentina, Brazil and Uraguay 
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• The most significant UN climate summit since Paris in 
2015 

• COP26 will take place five years after the landmark 
Paris Agreement was reached at COP21, and is 
essentially when the Paris Agreement comes into 
effect 

• The Paris Agreement includes a five-yearly ‘ratchet 
mechanism’ and COP26 will be the first time that 
countries can upgrade their pledges, most importantly 
for their emissions targets through to 2030 
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• The President will be Alok Sharma (UK Secretary for 
Business, Energy and Industrial Strategy, formerly 
former Secretary of State for International 
Development) 

• To be taken seriously as a credible host, Sharma needs 
to put forward a bold, revised carbon target for 2030 
(as required by the UN, with advice from the 
Committee on Climate Change) 

• Much will depend on the “crucial” EU-China summit in 
Leipzig in September. 
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The Challenges 

• Sort out the problems which COP25 failed to resolve 

• Current commitments are nowhere near enough to limit 
warming to 1.5C – countries’ Nationally Determined 
Contributions need to be far more ambitious – particularly 
high carbon-emitting nations, such as China and India 

• The EU, US and other rich countries must be persuaded to 
meet the pledge made a decade ago to raise$100bn a year 
in climate finance 
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UK Committee on Climate Change’s annual report 
to Parliament, June 2019, says: 

• UK action to curb greenhouse gas emissions is 
lagging behind what is needed to meet legally-
binding emissions targets  

• Since June 2018, Government has delivered only 
1 of 25 critical policies needed to get emissions 
reductions back on track 

• Of 24 indicators showing underlying progress, 
just 7 were on track in 2018 



How is the UK Doing? 

Committee on Climate Change’s annual report to Parliament, 
June 2019 

“Set out plans for ensuring a continued 
carbon price in the UK, in the case that 
the UK leaves the EU ETS.” 



Question? 


