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Outline

Paris Agreement intro
Emission implications
What do 1.5°C scenarios look like?
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Paris Agreement

Temperature rise relative

to preindustrial levels [°C]

“Holding the increase in the global
) average temperature to well below 2 °C
above pre-industrial levels and to pursue
efforts to limit the temperature increase

to 1.5 °C above pre-industrial levels”
Paris Agreement Article 2

Y

Geophysical uncertainties
Societal uncertainties

- — —

0.5 - M
OFVW%&%}M A

ﬂwv T T T T
1850 1900 1950 2000 2050
Time [years]

2100

Own RCP projections; History: HadCRUT4



)

Paris Agreement

“Holding the increase in the global average temperature to well below 2 °C
above pre-industrial levels and to pursue efforts to limit the temperature

increase to 1.5 °C above pre-industrial levels™
Paris Agreement Article 2

“In order to achieve the long-term temperature goal set out in Article 2,
Parties aim to reach global peaking of greenhouse gas emissions as soon as
possible [...], and to undertake rapid reductions thereafter in accordance
with Dbest 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”
Paris Agreement Article 4
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Emissions implications
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Emissions implications
How much remains for 1.5°C?

Cumulative total anthropogenic CO» emissions from 1870 (GtCOy)
1000 2000 3000 4000 5000 6000 7000 8000
T T T T T T T T

* IPCC AR5 SYR
550 GtCO, after 2011
e CMIP5 (near-term adjusted)
650 GtCO, since 2010-2020 average

e Current annual emissions ~37 GtCO,

50 I | ! I
0 500 1000 1500 2000 2500
Cumulative total anthropogenic CO» emissions from 1870 (GtC)



Emissions implications
How much remains for 1.5°C?
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Rogelj et al. 2015, ERL



Emissions implications
How much remains for 1.5°C?
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Emissions implications
Internal consistency Paris Agreement

“Holding the increase in the global average temperature to well below 2 °C
above pre-industrial levels and to pursue efforts to limit the temperature

increase to 1.5 °C above pre-industrial levels™
Paris Agreement Article 2

“In order to achieve the long-term temperature goal set out in Article 2,
Parties aim to reach global peaking of greenhouse gas emissions as soon as
possible [...], and to undertake rapid reductions thereafter in accordance
with Dbest 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”
Paris Agreement Article 4
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Emissions implications
Internal consistency Paris Agreement

Interpretation of Geophysical Technology and

Paris Agreement implications and emissions
climate targets constraints EIENS
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Example: IIASA |IAM framework
(MESSAGE-GLOBIOM)
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Emissions implications
Internal consistency Paris Agreement

IPCC AR5 ex-post temperature
Scenario Database characterization
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Emissions implications
Internal consistency Paris Agreement

Consistency between
Article 2 & Article 4
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median global mean temperautre increase

Emissions implications
Internal consistency Paris Agreement
Global zero target: a sufficient condition?
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What do 1.5°C scenarios look like?
(How do they differ from 2°C?)
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What do 1.5°C scenarios look like?
(How do they differ from 2°C?)
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What do 1.5°C scenarios look like?

100

0]
o

,/yr]

(o))
=

annual global total carbon emissions [GtCO

-20

time [years]

2010 2020 2040 2060 2080 2100

(How do they differ from 2°C?)

median global-mean temperature increase in 2100 [°C]

2.1 T T T T T T
/
b //
2— //
7"
19r 7
/ L |
7 -
1.8F .

17+ 7 8 Mp

4 . '. ¢
[ .*. 0
1.6+ /. % o0
/ ‘w0 ’
151k / o e b
o
147 o %
L L]
°
]
131 .
¢ this study’s scenarios
1 ° medium 2°C
“r o likely 2°C
¢ below 1.5°C
]'1 L 1 1 1 1 1
1.4 1.5 1.6 1.7 1.8 1.9 2 2.1

maximum global-mean temperature increase
during 21st century (rel. to 1850-1875) [°C]

Rogelj et al (2015) NCC



What do 1.5°C scenarios look like?
(How do they differ from 2°C?)
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What do 1.5°C scenarios look like?
Energy system characteristics

E=PxGC *xEI «CI

with
E:emissions
P:population
GC:GDP per capita
- EJ
GDP
COo,

Cl:carbon intensity E_]

El:energy intensity

\\\\\ I Kaya Y. (1990)



What do 1.5°C scenarios look like?
Energy system characteristics
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What do 1.5°C scenarios look like?
Energy system characteristics

4
35
3
S
2
& 2 2.5 literature range limiting
= < [ ] warming below 2°C with >50%
C 1
o 2 medium 2°C scenarios
o5 . .
= I likely 2°C scenarios
o % 15 B 1.5°C scenarios
L =
O
e
)
s s 1t
S
o
0.5}

2000-2010 average

Rogelj et al (2015) NCC



What do 1.5°C scenarios look like?

Energy system characteristics
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What do 1.5°C scenarios look like?
Energy supply characteristics — no differences
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What do 1.5°C scenarios look like?
Energy supply characteristics — near-term differences
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What do 1.5°C scenarios look like?

Energy supply characteristics — medium-term differences
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What do 1.5°C scenarios look like?

Sectorial emissions
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Sectorial emissions
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What do 1.5°C scenarios look like?
Regional contributions
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Key mitigation options - BECCS
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What do 1.5°C scenarios look like?

Negative emissions
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What do 1.5°C scenarios look like?

Negative emissions
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What do 1.5°C scenarios look like?
Negative emissions — a requirement?
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What do 1.5°C scenarios look like?
Like-with-like comparison
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What do 1.5°C scenarios look like?
Like-with-like comparison
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What do 1.5°C scenarios look like?
Like-with-like comparison
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What do 1.5°C scenarios look like?
Key differences with 2°C scenarios

additional GHG reductions, mainly from CO2

CO2 reductions beyond net zero

rapid near-term decarbonisation of energy supply
greater demand side mitigation efforts

energy efficiency improvements are crucial
higher mitigation costs

comprehensive reductions in the coming decade
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Emissions implications

Understanding carbon budget influences

cost of achieving

A

a particular CO, budget

21* century CO, budget compatible
with a particular temperature target

Rogelj et al. 2015, ERL
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