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Concept: Transient climate response to
cumulative CO2 emissions (TCRE)
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source:
Matthews, et al. "The proportionality of global warming to cumulative carbon emissions" Nature (2009).
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Motivation

Concept: Effective Transient climate
response to cumulative CO2 emissions
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from other climate
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2Eco2,pi->t
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from other climate
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carbon emissions ATpist
= 1.07°Cx
2Eco2,pi->t
=435 + 190 PgC*
FFC + LUC

x globalwarmingindex.org

* Global Carbon Budget 2018
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temperature change
from other climate
forcers: (CH4, N20O,
Aerosols,...) linked to
carbon emissions

effective TCRE from

observations gives

2Ecoz,pi->t
882 Pg C = 435 + 190 PgC*

FFC + LUC

ATpi->t
= 1.07°Cx

x globalwarmingindex.org
* Global Carbon Budget 2018
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response to cumulative CO2 emissions

temperature change
from other climate

forcers: (CH4, N20O,
Aerosols,...) linked to

carbon emissions ATpi>t
effective TCRE from =1.07°Cx
observations gives SE
CO2,PI->t
882Pg C = 435 + 190 PgC*
effective TCRE from FFC + LUC
models gives ranges
between
500 to 1100 PgC x globalwarmingindex.org

* Global Carbon Budget 2018
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Motivation

Concept: Effective Transient climate
response to cumulative CO2 emissions

—— RCP2.6 == Historical IPCC AR5, SPM.10
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* temperature change
from other climate
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Temperature anomaly relative to 1861-1880 (°C)
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Motivation

What is the effect of non-CQO» forcers on
the 1.5 °C carbon budget?

1. How Important is
the contribution of
non-CO2 climate
forcers?

2. Can we use the
effective TCRE to "G?‘ee\\ ATpi>t
calculate future
carbon budgets”?

2Eco2,pi->t
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How important is the contribution of non-CO2 climate forcers?

What are the non-CQO> climate forcers?
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source:
Smith, et al. "FAIR: a simple
emissions-based impulse response
and carbon cycle model" GMD (2018).




Methodology - Part |

How important is the contribution of
non-CO2 climate forcers?
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How important is the contribution of
non-CO2 climate forcers?
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How important is the contribution of non-CO2 climate forcers?

How important is the contribution of
non-CO2 climate forcers?
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How important is the contribution of non-CO2 climate forcers?

How Important is the contribution of
non-COz2 climate forcers?
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How important is the contribution of non-CO2 climate forcers?

How important is the contribution of
non-CO2 climate forcers?
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Can we use the effective TCRE to calculate future carbon budgets?

Non-CQO2 scenario uncertainty

Mengis et al. 2018
estimate for 1.5°C
FF+LUC budget:

700 PgC

=75 PgC*

*Global Carbon Project: 1870-2017 FF+LUC emissions: 625 PgC
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Can we use the effective TCRE to calculate future carbon budgets?

Non-CQO2 scenario uncertainty

Mengis et al. 2018

estimate for 1.5°C IPCC 1.5 Special Report: “remaining budget for
FF+LUC budget: limiting warming to 1.5°C with a fifty-fifty

700 PgC chance of about 580 GtCO2" (= 158 PgC)

=75 PgC*

*Global Carbon Project: 1870-2017 FF+LUC emissions: 625 PgC
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Can we use the effective TCRE to calculate future carbon budgets?

Non-CQO2 scenario uncertainty

Mengis et al. 2018

estimate for 1.5°C IPCC 1.5 Special Report: “remaining budget for
FF+LUC budget: limiting warming to 1.5°C with a fifty-fifty

700 PgC chance of about 580 GtCO2" (= 158 PgC)

=75 PgC*

non-CO2 scenario variability:
+ 70 PgC
non-CQO2 forcing and response uncertainty:
-110 to 55 PgC

*Global Carbon Project: 1870-2017 FF+LUC emissions: 625 PgC
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Can we use the effective TCRE to calculate future carbon budgets?

Non-CQO2 scenario uncertainty
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Can we use the effective TCRE to calculate future carbon budgets?
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Can we use the effective TCRE to calculate future carbon budgets?
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Methodology - Part I

Experimental design - UVic ESCM 2.9

* University of Victoria Earth System
Climate Model (UVic ESCM)

&) Water

Atmosphere Carbon Flux
Momentum/Energy

* 1.8° x 3.6° horizontal resolution

. : MOSES &
19 vertical ocean levels TRIEEID

Land
* 5 plant functional types

Ocean Biogeochemistry & Ocean Physics

ESCM
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Experimental design - UVic ESCM 2.9

* University of Victoria Earth System
Climate Model (UVic ESCM)

&) Water

Carbon Flux

Atmosphere
Momentum/Energy

* 1.8° x 3.6° horizontal resolution

. : MOSES &
19 vertical ocean levels TRIEEID
Land

* 5 plant functional types

Ocean Biogeochemistry & Ocean Physics

target témperature (degC)

UVic
ESCM

* temperature tracking

* strict guardrail of 1.5°C in 2100

0.5

° no temperature overshoot 0
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Methodology - Part Il

Experimental design - forcing

strict guardrail of
1.5°C in 2100

no temperature
overshoot
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target temperature (degC)
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@ @ Year
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Experimental design - forcing
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Experimental design - forcing
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Experimental design - forcing

strict guardrail of
1.5°C in 2100

no temperature
overshoot

target temperature (degC)
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diagnosed
fossil fuel
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5. non-CO2 GHG forcing (W/m2)
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Methodology - Part Il

Experimental design - forcing
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Diagnose COz2 forcing equivalent
emissions (CQOq2-fe)

e e
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Methodology - Part Il

Diagnose COz2 forcing equivalent
emissions (CQOq2-fe)

strict guardrail of historical + diagnosed
1.5°C in 2100 RCP extended difference fossil

scenarios minus fuel emissions
no temperature non-CO2 forcing

overshoot a

target temperature (degC)
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Diagnose COz2 forcing equivalent
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Methodology - Part Il
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Diagnose COz2 forcing equivalent

emissions (CQOq2-fe)

Methodology - Part Il
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Diagnose COz2 forcing equivalent
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Can we use the effective TCRE to calculate future carbon budgets?

The effective TCRE ina 1.5 °C scenario

sum of CO2 emissions [CO2]
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Can we use the effective TCRE to calculate future carbon budgets?

The effective TCRE in a 1.5 °C scenario

sum of CO2 emissions [CO2]

FFC+LUC

2. Can we use the effective TCRE to calculate
future carbon budgets?
No, because we cannot assume proportionality
between future CO2 and non-CO: forcing!
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Can we use the effective TCRE to calculate future carbon budgets?

1.5 °C carbon budgets in units of CO»-fe

sum of CO2 emissions [CO2]
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Can we use the effective TCRE to calculate future carbon budgets?

1.5 °C carbon budgets in units of CO»-fe
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Can we use the effective TCRE to calculate future carbon budgets?

1.5 °C carbon budgets in units of CO»-fe

CO2 forcing equivalent emissions [CO2 + CO2-fe]
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Can we use the effective TCRE to calculate future carbon budgets?

1.5 °C carbon budgets in units of CO»-fe
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Can we use the effective TCRE to calculate future carbon budgets?

1.5 °C carbon budgets in units of CO»-fe

15 B . . w’,’u’
Transient climate

1251 response to cumulative
CO2 forcing equivalent
emissions (TCRFE)

S1-RCP2.61.5
—S2-RCP4.51.5
— S3 - RCP8.5 1.5

S1b - RCP2.6 minus FFC
—===S52b - RCP4.5 minus FFC
—===S3b - RCP8.5 minus FFC

S4 - CO2 o non-CO2

temperature change since Pl / K

0 100 200 300 400 500 600 700 800
- cumulative CO2 and CO2-fe emissions since Pl / PgC-fe
(©HoM

Nadine Mengis, GEOMAR — Helmholtz Centre for Ocean Research, Kiel, Germany, nmengis@geomar.de 16




Can we use the effective TCRE to calculate future carbon budgets?

1.5 °C carbon budgets in units of CO»-fe

remaining budget to 1.5
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Can we use the effective TCRE to calculate future carbon budgets?

1.5 °C carbon budgets in units of CO»-fe
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Can we use the effective TCRE to calculate future carbon budgets?

1.5 °C carbon budgets in units of CO»-fe
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Conclusions

1. How important is the contribution of non-COz climate
forcers”
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Thank you

the presented results are based on:

Mengis, N., and H. D. Matthews. Non-CO> forcing changes will likely decrease
the remaining carbon budget for 1.5°C, np| Climate and Atmospheric Science,
accepted for publication
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