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The planet has warmed by 1
and we are responsible
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With increasing global warming
come higher risks
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The United Nations long-term temperature goal

United Nations
(limate Change Canference

United Nations Framework
Convention on Climate Change

“(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) COP21- CMP11

PARIS 2015

UN CLIMATE CHANGE CONFERENCE
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How do we stop
global warming
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What if we stabilized CO, concentrations?
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What if we halt all CO, emissions?
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The physical mechanism to halting warming
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Global warming is roughly linearly
proportional to the total cumulative amount of
CO, emissions ever emitted

temperature inCkgase

cumulative carbon emissions

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



Halting warming means
keeping emissions within a carbon budget
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Halting warming means
keeping emissions within a carbon budget
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Halting warming means

keeping emissions within a carbon budget
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Halting warming means

keeping emissions within a carbon budget
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A short history of carbon budgets

Timeline

2009 UNFCCC COP15 Copenhagen
2013 IPCC AR5 WGI

2014 IPCC AR5 WGII, WGIII, SYR

2015 UNFCCC COP21 Paris Agreement
2018 IPCC SR1.5

2021 IPCC AR6?

2022
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2009: a hot year for carbon budgets &%

Timeline
2009 UNFCCC COP15 C h . . . .
OPETREEER  Setting cumulative emissions targets to reduce the
risk of dangerous climate change D N\ »
Kirsten Zickfeld®'2, Michael Eby?, H. Damon Matthews®, and Andrew J. Weaver?
2013 IPCC AR5 WGI The proportionality of global warming to cumulative
2014 IPCC AR5 WGII, WGIII, SYR

carbon emissions

H. Damon Matthews', Nathan P. Gillett?, Peter A. Stott® & Kirsten Zickfeld?

5015 UNFCCC COP21 Paris Agreement ~ WWarming caused by cumulative carbon emissions
towards the trillionth tonne

Myles R. Allen', David J. Frame', Chris Huntingford”, Chris D. Jones”, Jason A. Lowe”, Malte Meinshausen®
& Nicolai Meinshausen’

2018 IPCC SR1.5 Greenhouse-gas emission targets for limiting g

warming to 2 °C
2021 IPCC AR6?

2022 Malte Meinshausen', Nicolai Meinshausen?, William Hare'”, Sarah C. B. Raper®, Katja Frieler',
David J. Frame®’ & Myles R. Allen’
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IPCC consolidated understanding

Timeline

2009

2013
2014

2015

2018

2021
2022

UNFCCC COP15 Copenhagen

IPCC AR5 WGI
IPCC AR5 WGII, WGIII, SYR

UNFCCC COP21 Paris Agreement

IPCC SR1.5

IPCC AR6?
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The wlndnw for action Is_rapldly closing
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What determines the
remaining carbon budget?

Joeri Rogelj — Walter Orr Roberts Memorial Public Lecture — 20 July 2021 Source: IPCC SR15 Cover



Five factors that determine the
remaining carbon budget

Five components:

Historical warming to date

Transient climate response to cumulative
emissions of carbon dioxide (TCRE)
Zero emission commitment (ZEC)
Projected future non-CO, warming
Earth system feedbacks otherwise not
captured

Joeri Rogelj — Walter Orr Roberts Memorial Public Lecture — 20 July 2021

Source: IPCC SR15 Chapter 2; Rogelj et al (2019)



Five factors that determine the

remaining carbon budget

Five components:

Historical warming to date

Transient climate response to cumulative
emissions of carbon dioxide (TCRE)
Zero emission commitment (ZEC)
Projected future non-CO, warming
Earth system feedbacks otherwise not
captured
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TEMPERATURE INCREASE SINCE

PREINDUSTRIAL LEVELS

GLOBAL WARMING LIMIT OF INTEREST / TCRE

i Non-CO, Warming Contribution

Remaining warming to
stay within warming limit

Historical
Human-Induced
Warming
0 Remaining Unrepresented Earth
Carbon Budget System Feedbacks

CUMULATIVE CO, EMISSIONS FROM TODAY

Source: IPCC SR15 Chapter 2; Rogelj et al (2019); CONSTRAIN project ZERO IN 2019 report



ow large a carbon budget!?

Additional | Approximate Remaining Carbon Budget
Warming Warming (Excluding Additional
since since Earth System Feedbacks™®) Key Uncertainties and Variations™®
2006-2015 1850-1900 [GtCO, from 1.1.2018]'@
[ecym [ecym
Non-CO, Non-CO, TCRE Historical Recent
. Earth System . } A -
Percentiles of TCRE Feedbacks scenario forcing and distribution | temperature emissions
*(3) *(5) variation response uncertainty uncertainty uncertainty
*(6) uncertainty *(7) *(1) *(8)
33rd 50th 67th [Gtco,] [Gtco)] [Gtco,] [6tco,] [Gtco] [Gtco,]
0.3 290 160 80
0.4 530 350 230 Budgets on
05 the left are
. 770 530 380 reduced by
0.53 ~1.5°C 840 580 420 about 100 +250 —400t0 +200 | +100 to +200 +250 +20
06 1010 710 530 | oncentennial
time scales
0.63 1080 770 570
0.7 1240 900 680
0.78 1440 1040 800
0.8 1480 1080 830
0.9 1720 1260 980
1 1960 1450 1130
1.03 ~2°C 2030 1500 1170
1.1 2200 1630 1280
1.13 2270 1690 1320
1.2 2440 1820 1430

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



Staying within a carbon budget
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Reversing warming means net negative emissions
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Pathways limiting warming well below 2°C
and Close to 1.50C Bilion tonnes of CO/yr

5] D

Pathways limiting warming
to 1.5°C with no or limited
overshoot (less than 0.1°C)
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a. By 2030:
Robust declining trend in next decade in the 20
range of 40-60% below 2010 levels by 2030

10
b. By 2050:
Reach net-zero CO, around mid-century )
c. Deep reductions in non-CO, greenhouse gases
Net zero greenhouse gases are reached J
about 2 decades later than net zero CO,
2010 2020 2030 2040 2050 2060 2070 2080 2090 2100
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The Paris Agreement already acknowledged
the need to get to net zero — beyond CO,

A

COP21- CMP11

PARIS 2015

UN CLIMATE CHANGE CONFERENCE

“(@) 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)

Joeri 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)

Source: UNFCCC Paris Agreement



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

Global greenhouse-gas (GHG) emissions
lllustrative pathway for reaching net-zero carbon dioxide and net-zero GHG emissions.
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*GWP-100, Global Warming Potential over 100 years
(United Nations metric for transferring emissions of different gases to a common scale)
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Intermezzo: different CO, removal methods

- Reforestation Bioenergy with carbon capture ".'-':'.:-". Direct air carbon capture . =
and storage (BECCS) ““¥ and storage (DACCS) -
Soil carbon £ i . Carbon flux
o management &) tnhanced weathering

Ocean fertilisation
and alkalinisation

Soil organic carbon Biochar

* Protects organic matter
Geosequestration from breakdown Geosequestration

Joeri Rogelj — Walter Orr Roberts Memorial Public Lecture — 20 July 2021 Source: Anders Claassens



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

Global greenhouse-gas (GHG) emissions
lllustrative pathway for reaching net-zero carbon dioxide and net-zero GHG emissions.

mCO, Non-CO, (CH,, N,O and fluorinated gases in GWP-100%)
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The Paris Agreement net zero target achieves
more than stabilisation: a peak and decline

Global greenhouse-gas (GHG) emissions
Illustrative pathway for reaching net-zero carbon dioxide and net-zero GHG emissions.

mCO, Non-CO, (CH,, N,O and fluorinated gases in GWP-100%)
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Global-warming implications
Estimated global temperature peaks (in pink) and
declines (arrows) under net-zero GHG emissions.

Net-zero CO: target
DD e e Global warming
roughly stabilizes.

Net-zero GHG target
..................... Global Warming P TP TP PP,
peaks then declines.

(°C relative to 1850-1900)

Global average temperature increase

0'5 .............................................................................................................................................................................................................
Continued decline
accelerated by global
net-negative GHG emissions.
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2010 2020 2030 2040 2050 2060 2070 2080 2090 2100

Source: Rogelj et al (2021) Three ways to improve net-zero emissions targets



Where are global emissions heading?
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RFC1 RFC2 RFC3 RFC4 RFC5
Unique and Extreme Distribution Global Large scale
threatened weather of impacts aggregate singular

systems events impacts events
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