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Indicators in a warming climate



- What climate changes have we seen, since 1850?

- Natural variability and impacts from El Nino/La Nina

- When will we hit a temperature rise of 1.5 or 2.0 
degrees (Paris Agreement)?

- How much CO2 can we emit to sustain below 1.5 or 
2.0 degrees?

- Consequences?
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CO2 concentration is 
today higher than at 
any time in at least 2 
million years

Cumulative net CO2 
emissions: About
42% occurred 
between 1990–2019

Human activities have 
unequivocally caused 
global warming of 
1.1°C since 1850–1900

Surface temperature 
has increased fast 
since 1970, looking 
back 2000 years

Human-caused climate 
change is affecting 
extremes in every 
region across the globe

Human influence was
very likely the main 
driver of sea level rise 
increases, since at least 
1971 



….would reduce 
projected losses and 
damages for humans 

and ecosystems 

Limit warming to 1.5°C 
(>50%) with no/limited 
overshoot, global GHG 
emissions are reduced 
by 43% by 2030, 
relative to 2019

There are gaps 
between projected 
emissions from 
implemented policies 
and those from NDCs 

If climate goals are to 
be achieved, both 
adaptation and 
mitigation financing 
would need to increase 
many-fold

Deep, rapid, and 
sustained reductions in 
GHG emissions would 
lead to a discernible 
slowdown in global 
warming within around 
two decades…and

Overshooting 1.5°C 
will result in 
irreversible adverse 
impacts on certain 
ecosystems with 
low resilience
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Climate Change
Climate Change and Climate Polity Course 

El Nino conditions in 

the Pacific Ocean



Climate Change
Climate Change and Climate Polity Course 

La Nina conditions in 

the Pacific Ocean

https://www.youtube.com/watch?v=tyPq86yM_Ic





Source: NASA

D
e

gr
e

e
 C

Time

Half way to the Paris Agreement

Global Mean Surface Air Temperature, 1880–2022



Global Mean Surface Air Temperature, 1880–2022

Kilde: NASA

x 4 x 7

x1.3



It is unequivocal that human influence has warmed the atmosphere, 
ocean and land. Widespread and rapid changes in the atmosphere, 
ocean, cryosphere and biosphere have occurred.

Global surface temperature was 1.09°C higher in 2011–2020 than
1850–1900 (pre-industrial).

The likely range of total human-caused global surface temperature 
increase from 1850–1900 to 2010–2019, with a best estimate of 
1.07°C.



Global surface temperature has increased faster since 1970 than in 
any other 50-year period over at least the last 2000 years.

It is virtually certain that hot extremes have become more frequent 
and more intense across most land regions since the 1950s, while cold 
extremes have become less frequent and less severe.

Some recent hot extremes observed over the past decade would have 
been extremely unlikely to occur without human influence on the 
climate system.



Scenario: SSP3-7.0 1.5 C

Without a 
strengthening of 
policies, global 
warming of 3.2°C is 
projected by 2100: 
Overshoot will occur

The best estimate of reaching 1.5°C of 
global warming lies in the first half of 
the 2030s

2.0 C

Mean temperature change (°C), Global



Evidence that tipping point are under way… 

Risks associated with large-
scale singular events or 
tipping points, such as ice 
sheet instability or 
ecosystem loss from tropical 
forests, transition to high 
risk between 1.5°C–2.5°C 
(medium confidence) and to 
very high risk between 
2.5°C–4.0°C (low confidence). 



Region: Northern Europe

Realistic: SSP3-7.0

Total precipitation change (%), Northern EuropeMean temperature change (°C), Northern Europe



Region: Northern Europe

Realistic: SSP3-7.0
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Region: Arctic, Greenland and Sibiria 

Realistic: SSP3-7.0

Mean temperature change (°C), Arctic Mean temperature change (°C), Greenland Mean temperature change (°C), Sibiria



Estimated remaning carbon budgets from 
the beginning of 2020 (GtCO2)………it is about likelihood!

AR6, WG1 (2021): 



1.3 % / yr

2.1 % / yr





How to act among strategies? 
- Paris Agreement (Global)
- EU Regulations ‘Fit for 55’ (Union)
- Climate Law (National)
- DK2020 Plan (KL-regi)
- Municipalities/Regions/companies

Strategic conditions

Applied conditions



Thank you for your attention…

mernild@sdu.dk
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Fossil CO2 Emissions by source

Share of global fossil CO2 emissions in 2021: coal (40%), oil (32%), gas (21%), cement (5%), flaring and others (2%, not shown)

Projection by fuel type is based on monthly data (GCP analysis)

Source: Friedlingstein et al 2022; Global Carbon Project 2022

https://doi.org/10.5194/essd-14-4811-2022
http://www.globalcarbonproject.org/carbonbudget/


Top emitters: Fossil CO2 Emissions to 2021

The top six emitters in 2021 covered 67% of global emissions
China 31%, United States 14%, EU27 8%, India 7%, Russia 5%, and Japan 3%

International aviation and maritime shipping (bunker fuels) contributed 2.8% of global emissions in 2021.
Source: Friedlingstein et al 2022; Global Carbon Project 2022

https://doi.org/10.5194/essd-14-4811-2022
http://www.globalcarbonproject.org/carbonbudget/
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Climate Change
Climate Change and Climate Polity Course 

Normal conditions in 
the Pacific Ocean


