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The planet has warmed by 1 °C 
and we are responsible

Source: IPCC SR1.5 – Figure SPM.1Joeri Rogelj – Walter Orr Roberts Memorial Public Lecture – 20 July 2021 



Source: IPCC Special Report on Global Warming of 1.5°CJoeri Rogelj – Walter Orr Roberts Memorial Public Lecture – 20 July 2021 

Five impact areas or “Reasons for concern” (RFC)

With increasing global warming 
come higher risks



The United Nations long-term temperature goal

“(a) Holding the increase in the global average temperature to well below 2°C
above pre-industrial levels and pursuing efforts to limit the
temperature increase to 1.5°C above pre-industrial levels, recognizing
that this would significantly reduce the risks and impacts of climate change”

Article 2 – Paris Agreement (2015)

Source: UNFCCC Paris Agreement / ENBJoeri Rogelj – Walter Orr Roberts Memorial Public Lecture – 20 July 2021 



Source: NASAJoeri Rogelj – Walter Orr Roberts Memorial Public Lecture – 20 July 2021 

?

How do we stop
global warming?



What if we stabilized CO2 concentrations?

Source: Knutti & Rogelj (2015)Joeri Rogelj – Walter Orr Roberts Memorial Public Lecture – 20 July 2021 



What if we halt all CO2 emissions?

Source: Knutti & Rogelj (2015)Joeri Rogelj – Walter Orr Roberts Memorial Public Lecture – 20 July 2021 



The physical mechanism to halting warming

Source: Knutti & Rogelj (2015)Joeri Rogelj – Walter Orr Roberts Memorial Public Lecture – 20 July 2021 

Global warming is roughly linearly
proportional to the total cumulative amount of 

CO2 emissions ever emitted



Halting warming means 
keeping emissions within a carbon budget

Source: Knutti & Rogelj (2015)Joeri Rogelj – Walter Orr Roberts Memorial Public Lecture – 20 July 2021 
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Halting warming means 
keeping emissions within a carbon budget

Source: Knutti & Rogelj (2015)Joeri Rogelj – Walter Orr Roberts Memorial Public Lecture – 20 July 2021 



A short history of carbon budgets

Joeri Rogelj – Walter Orr Roberts Memorial Public Lecture – 20 July 2021 
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2009: a hot year for carbon budgets

Joeri Rogelj – Walter Orr Roberts Memorial Public Lecture – 20 July 2021 
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IPCC consolidated understanding 

Source: IPCC AR5 WG1 Figure TFE.1Joeri Rogelj – Walter Orr Roberts Memorial Public Lecture – 20 July 2021 
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How large a budget?

Image: Malte MeinshausenJoeri Rogelj – Walter Orr Roberts Memorial Public Lecture – 20 July 2021 



For example for 2°C (from 2015)
(not necessarily “well-below”):
- AR5 WGI: 850 GtCO2
- AR5 WGIII: 470-1020 GtCO2
- AR5 SYR: 590-1240 GtCO2
- AR5 SYR SPM: around 840 GtCO2

How much CO2 can we emit?

Source: Rogelj et al (2016); Millar et al (2017); Frölicher et al (2014)Joeri Rogelj – Walter Orr Roberts Memorial Public Lecture – 20 July 2021 

- Friedlingstein et al (2014): 850-1550 GtCO2
- Rogelj et al (2016): 590-1240 GtCO2
- Millar et al (2017): 1450 GtCO2
- …



What determines the 
remaining carbon budget?

Source: IPCC SR15 CoverJoeri Rogelj – Walter Orr Roberts Memorial Public Lecture – 20 July 2021 



Five factors that determine the 
remaining carbon budget

Source: IPCC SR15 Chapter 2; Rogelj et al (2019)Joeri Rogelj – Walter Orr Roberts Memorial Public Lecture – 20 July 2021 

Five components: 
- Historical warming to date
- Transient climate response to cumulative 

emissions of carbon dioxide (TCRE)
- Zero emission commitment (ZEC)
- Projected future non-CO2 warming
- Earth system feedbacks otherwise not 

captured



Five factors that determine the 
remaining carbon budget

Source: IPCC SR15 Chapter 2; Rogelj et al (2019); CONSTRAIN project ZERO IN 2019 reportJoeri Rogelj – Walter Orr Roberts Memorial Public Lecture – 20 July 2021 

Five components: 
- Historical warming to date
- Transient climate response to cumulative 

emissions of carbon dioxide (TCRE)
- Zero emission commitment (ZEC)
- Projected future non-CO2 warming
- Earth system feedbacks otherwise not 

captured



Current annual CO2 emissions: about 40 GtCO2 / year

How large a carbon budget?

Source: Table 2.2, IPCC Special Report on Global Warming of 1.5°C; updated by EU CONSTRAIN Project ZERO IN ReportJoeri Rogelj – Walter Orr Roberts Memorial Public Lecture – 20 July 2021 

“Reaching and sustaining net zero global anthropogenic 
CO2 emissions and declining net non-CO2 radiative 
forcing would halt anthropogenic global warming on 
multi-decadal time scales (high confidence).”

IPCC SR1.5



Staying within a carbon budget

Source: IPCC SR15 SPM & Rogelj et al (2019) A new scenario logic for the Paris Agreement long-term temperature goalJoeri Rogelj – Walter Orr Roberts Memorial Public Lecture – 20 July 2021 

Remaining
carbon budget



Source: Rogelj et al (2019) A new scenario logic for the Paris Agreement long-term temperature goalJoeri Rogelj – Walter Orr Roberts Memorial Public Lecture – 20 July 2021 

Reversing warming means net negative emissions 



Source: IPCC Special Report of Global Warming of 1.5°C, Figure SPM.3AJoeri Rogelj – Walter Orr Roberts Memorial Public Lecture – 20 July 2021 

Pathways limiting warming well below 2°C 
and close to 1.5°C

a.

b.

Pathways limiting warming 
to 1.5°C with no or limited 
overshoot (less than 0.1°C) 

Global CO2 emissions

a. By 2030: 
Robust declining trend in next decade in the
range of 40-60% below 2010 levels by 2030

b. By 2050: 
Reach net-zero CO2 around mid-century

c. Deep reductions in non-CO2 greenhouse gases
Net zero greenhouse gases are reached 
about 2 decades later than net zero CO2



The Paris Agreement already acknowledged 
the need to get to net zero – beyond CO2

“(a) Holding the increase in the global average
temperature to well below 2°C above pre-
industrial levels and pursuing efforts to limit the
temperature increase to 1.5°C above pre-
industrial levels, recognizing that this would
significantly reduce the risks and impacts of climate
change”

Article 2 – Paris Agreement (2015)

Source: UNFCCC Paris AgreementJoeri Rogelj – Walter Orr Roberts Memorial Public Lecture – 20 July 2021 

“[…] Parties aim to reach global peaking of greenhouse
gas emissions as soon as possible, […], and to
undertake rapid reductions thereafter in accordance
with best available science, so as to achieve a balance
between anthropogenic emissions by sources
and removals by sinks of greenhouse gases in
the second half of this century, […]”

Article 4 – Paris Agreement (2015)



Net-zero basics:
A key part of any Paris-aligned pathway

Source: Rogelj et al (2021) Three ways to improve net-zero emissions targetsJoeri Rogelj – Walter Orr Roberts Memorial Public Lecture – 20 July 2021 



Source: Anders ClaassensJoeri Rogelj – Walter Orr Roberts Memorial Public Lecture – 20 July 2021 

Intermezzo: different CO2 removal methods



Net-zero basics:
A key part of any Paris-aligned pathway

Source: Rogelj et al (2021) Three ways to improve net-zero emissions targetsJoeri Rogelj – Walter Orr Roberts Memorial Public Lecture – 20 July 2021 



The Paris Agreement net zero target achieves 
more than stabilisation: a peak and decline

Source: Rogelj et al (2021) Three ways to improve net-zero emissions targetsJoeri Rogelj – Walter Orr Roberts Memorial Public Lecture – 20 July 2021 



Source: UNEP Emissions Gap Report 2020; Climate Action TrackerJoeri Rogelj – Walter Orr Roberts Memorial Public Lecture – 20 July 2021 

Where are global emissions heading?
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Halting Climate Change: Why Zero Emissions is Only the Beginning

Thank you
Joeri ROGELJ
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