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Outline of Presentation

« What are Short-Lived Climate Forcers (SLCFs)

« Why are they important?

 Historical Perspective: Emission changes
Impact of emission changes on concentrations/AQ
How well do ESMs reproduce historical changes?
How well do ESMs represent climate forcing/response?

« Conclusions: Key Analysis and/or Requirements of future ESMs

www.metoffice.gov.uk © Crown Copyright 2020, Met Office
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Gases & aerosols emitted or formed

in the atmosphere

Lifetimes shorter than CO, (100 yrs)

Forcers: Impact on the Earth’s
radiation budget

Include greenhouse gases (e.g.
methane), secondary pollutants
(e.g. ozone), and aerosols (e.g.
black carbon)

www.metoffice.gov.uk

changing world

Ozone ~ weeks

] Black carbon ~ weeks

~ ] 5 years

Carbon dioxide | ~ 100 years

Subset also referred to as Short-
Lived Climate Pollutants (SLCPs)
because of their impact on AQ (e.qg.
ozone, black carbon)

© Crown Copyright 2020, Met Office
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et Why are SLCFs important? 30yee

CLIMATE MITIGATION PATHWAYS WI
Avoided global warming by 2050
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Area-Weighted Mean of Surface Ozone
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SLCF Mitigation in Action: AOD and

Climate Response

Area-Weighted Mean of Total Aerosol Optical Depth At 550Nm
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30 years

| eading climate scienca and
services in our changing world

Area-Weighted Mean of Surface Temperature
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changing world

Two Key Questions:

---------- -I Emissions k----------

1. How well do ESMs represent all
the steps in the chain from
emissions through to burden

Concentrations

I
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: ]
Atmospheric |
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T S p——

Radiative Forcing

through to climate forcing and Ao o
METRICS strate Iez includin
climate response? Measures to quantify | Climate Change . mlt,ggmdn "
impact of emissions l damage costs,
v hcreéasin discount rates
policy relevagnce Impacts Increasing
2. How well do ESMs represent uncertainty

regional responses in surface air

quality to emission changes?
Myhre et al., IPCC AR5 (2013)
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Hadeycenre  HISTOrICal emissions & methane
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CESM2

9.49 +0.06

30 years

| ading climate science and
services in our changing world
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our changing warld
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Historical emissions & AQ

a) Surface PM; s from Multi-model Mean in DJF

Hadley Centre

b) PM; 5 Standard deviation in DJF ¢) Surface PM; s Bias from Multi-model Mean in DJF
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changing world
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a) Aerosol ERF by species
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Methane:
« Emissions-driven capability
« Analysis of drivers of methane/OH and methane lifetime
« Improved understanding of ERF estimates from ESMs

Ozone:

 Investigate biases in historical evolution of O3

» Model sensitivities — role for composition-equivalents to 1ptCO2 and 4xCO27?
« Statistical Approaches to explore model uncertainties/sensitivities

* Improved diurnal cycle & coupling with biosphere

» Improved understanding of role of resolution

« Chemistry mechanism intercomparison

« Evaluation of nitrogen species/budget & coupling with biosphere

www.metoffice.gov.uk © Crown Copyright 2020, Met Office
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Aerosols:

 Statistical Approaches to explore model uncertainties

* Inclusion of nitrate aerosol: Aerosol and NOx ERF

« Improved understanding of rapid adjustments in aerosol forcing

* Role of resolution and scale effects in aerosol forcing

 Inclusion of indirect forcings e.g. aerosol effects on vegetation & carbon uptake

www.metoffice.gov.uk © Crown Copyright 2020, Met Office
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a) Surface O3 from Multi-model Mean in DJF b) O3 Standard deviation in DJF ¢) Multi-model Mean Surface O3 Bias in DJF

Sejpe . e ' ;

S - A i ——..HH-

L] L
10 20 30 40 50 60 70 0 2 4 6 8 10 12 14 16 18 20 -16-12 -8 -4 -1 1 4 8 12 16
Surface O3 (ppbv) Standard deviation in surface Oz (ppbv) Surface Oz Difference {(ppbv)

d) Surface O3 from Multi-model Mean in JJA e) O3 Standard deviation in JJA f) Multi-model Mean Surface O, Bias in JJA

f: Turnock et al.,
ACPD (2019)

www.metoffice.gov.uk © Crown Copyright 2020, Met Office



= Metofficc  Surface O3 Evaluation Qe

services in our changing world

Europe (148)
60 60 60 60
50 50 50 50
40 40 - 40 40
? Vo ~ %
20 M 20 7 e 2ir " % m
20 20 20 §* 4 20 L
10 10 10 10
0 0 0 0
JFMAM] JASOND | FMAM| | ASOND JEMAM] JASOND JFMAM] JASOND
Central America (1) East Asia (36)
——
> 60+ % < 60
8 = P .‘ . 50
Q 'Y s
2 w0 TN, - 0 # 40 m
c 30 30 et TR
£ 2 iy 20
© 10 . 10
4
[ 0 . o 0
S J FMAM) JASOND 3 ¢ I JFMAM] JASOND
g ° South East Asia (1)
S e e ®e ¢ o| 60
™ 50 50
(@) 40 >~ «4 - Observations - BCC-ESM1 —— GFDL-ESM4| ,.
g 3 e L4 | Mutti-Model Mean CESM2-WACCM  —— UKESM1 | o w
£ 2 N HTAP_param GISS-E2-1-H e
5 04 10 S dttbpbed
0o 0
JFMAM] JASOND A JFMAM] JASOND
South America (2) South Pole (6) Southern Africa (1) Pacific AUS NZ (7)
60 § 60 60 60
bt | i o 2 Turnock et al.,
40 § 40 40 40
30 30 R 30 30 = ACPD (201 9)
20 ¥4 20 - 20 2 HsEre T TR
10 st TG 10 10 10
'wrf ¢

0 o 0 0
JFMAM| | ASOND JFMAM| | ASOND JFMAM ) JASOND JFMAM) | ASOND

www.metoffice.gov.uk © Crown Copyright 2020, Met Office



= Met Office
Hadley Centre

www.metoffice.gov.uk

Surface PM2.5 Evaluation
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a) BC ERF (0.37 W m~2) a) OC ERF (-0.21 W m~2)
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