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Introduction
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CMIP6 Scenarios
Previous work analysed impact on different SSP scenarios used in CMIP6

Most scenarios 

show a reduction 

in global 

emissions 

although there is 

large diversity 

between 

scenarios

Future methane 

shows large 

variation between 

scenarios –

important for 

tropospheric 

ozone formation 

Changes in global air 

pollutant emissions in 

different SSP scenarios

Turnock et al., (2020) – ACP (https://doi.org/10.5194/acp-20-14547-2020)

https://doi.org/10.5194/acp-20-14547-2020
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Multi-model surface O3 response

Regional surface O3 increases in 

ssp370 and ssp585 with 

reductions in ssp126

Largest diversity over South 

Asia and in ssp370 scenario

Turnock et al., (2020) – ACP (https://doi.org/10.5194/acp-20-14547-2020)

Example showing surface O3

response from multiple CMIP6 

models in different SSPs

https://doi.org/10.5194/acp-20-14547-2020
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PrecipitationTemperature Hottest Day

Wettest Day

Consecutive Dry Days

ERFs

Allen et al., (2020) – Climate and air quality impacts due to mitigation of non-methane near-

term climate forcers (ACP: https://doi.org/10.5194/acp-20-9641-2020) 

Air quality and climate impacts from NTCF mitigation (O3 and aerosols but not CH4)

➢ Surface PM2.5 and O3 reduce across all regions

➢Reductions of NTCFs leads to an increase in 

temperature and precipitation, including in the 

hottest and wettest days

➢ Large warming and wetting signals occur across 

Asia and the Arctic regions

➢Warming mainly from aerosol mitigation with slight 

cooling from O3 Strong AQ control Weak AQ control

O3 PM2.5

Impact of non-CH4 NTCF mitigation

https://doi.org/10.5194/acp-20-9641-2020
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Impact of CH4 + NTCF mitigation

Allen et al., (2021) – Significant climate benefits from near-term climate forcer mitigation in spite of 

aerosol reductions (https://doi.org/10.1088/1748-9326/abe06b)

Air quality and climate impacts from NTCF mitigation (O3, aerosol precursors and CH4)

Minimal additional 

impact on surface 

PM2.5

Enhanced 

improvements to 

surface O3 from 

CH4 mitigation

Including CH4

mitigation offsets 

previous surface 

warming and 

results in a cooling

Including CH4

mitigation offsets 

previous increases 

in precipitation by 

end of the century

https://doi.org/10.1088/1748-9326/abe06b


AerChemMIP Experiments

United Kingdom Earth System Model (UKESM) has been used to 
investigate the air quality and climate impacts across AerChemMIP
experiments with differing levels of mitigation in near-term climate forcers
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AerChemMIP Experiments
• UKESM1 has undertaken all AerChemMIP simulations from Collins et al. (2017) (except those involving 

NH3 and nitrate aerosols) 

• A lot of simulations conducted with ssp370 scenario and various different levels of mitigation 

• Additional AerChemMIP simulations beyond Collins et al. (2017):
ssp370SST-lowNTCFCH4 – combining CH4 with non-CH4 NTCFs
ssp370pdSST – future emissions but with present-day climate

• Additional UKESM1 non-official simulations:
ssp370pdEms – ssp370 climate with present-day emissions

Use UKESM1 to examine 

impact of various mitigation 

measures on air quality and 

climate
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Air pollutant Emissions
Change in global O3 precursor emissions in different ssp370SST sensitivity scenarios

Large reductions in 

CO and NOx for 

mitigation scenarios

Large reductions in 

global CH4

abundances for 

mitigation scenarios

ssp126 LU change 

increases isoprene 

and BVOC 

emissions (more 

trees/grass)

Future climate 

change (higher 

temps and CO2) 

increases BVOC 

and Isoprene 

emissions

Left hand bar 10 year mean 

centred on 2050, right hand 

bar centred on 2095

More variable change 

in CO and NOx for 

emissions only 

scenarios
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Air pollutant Emissions
Change in global PM2.5 precursor emissions in different ssp370SST sensitivity scenarios

Large reductions in 

Black Carbon, Organic 

Matter and SO2 for 

mitigation scenarios

Large variability in 

natural sources (DMS, 

Dust, Sea Salt) but no 

change in future global 

emissions (regional 

changes more

important)

Future climate 

change increases 

Organic aerosol 

emissions (both 

primary and 

secondary)

Future emission 

changes can 

increase Black 

Carbon in the near-

term but reduces 

SO2

Left hand bar 10 year mean 

centred on 2050, right hand 

bar centred on 2095



Results

Air quality impacts calculated as the change in surface O3 and PM2.5

between different ssp370SST experiments and ssp370SST from UKESM1 
simulations

Climate impacts calculated as the Effective Radiative Forcing (ERF) 
between each experiment and ssp370SST
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Surface O3 Changes
10 year annual mean 
surface O3 response in 
different ssp370SST 
sensitivity scenarios 
(stipling significant 
difference)

Future climate change 

reduces remote O3 but 

increases over Asia

Land-use change tends 

to increase surface O3

Reducing O3, CH4

and aerosols leads 

to large benefits to 

surface O3

Reducing aerosol 

emissions 

increases O3

Future emissions have 

variable impact on 

surface O3
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Surface PM2.5 Changes
10 year annual mean 
surface PM2.5

response in different 
ssp370SST sensitivity 
scenarios (stipling
significant difference)

Future climate change 

increases PM2.5 over 

most regions

Land-use change tends 

to increase surface PM2.5 

over Africa and Asia

Reducing O3, CH4

tends to have 

minimal additional 

impacts on 

surface PM2.5

Reducing aerosol 

emissions has 

large impacts on 

PM2.5

Future emissions have 

variable impact on 

surface O3
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Effective Radiative Forcings (ERF)
10 year global mean ERFs in 
each scenario relative to 
ssp370SST

Small ERF signal 

from land use change 

and mitigation of O3

precursor emissions

Mitigation of all 

aerosols causes a 

positive ERF but only 

black carbon results 

in a negative ERF 

Large negative ERF 

signal from CH4 and 

combined NTCFCH4 

mitigation measures

Left hand bar shows 10 year 

mean centred on 2050, right 

hand bar centred on 2095. 

Black line is median value 

with bars showing Small negative ERF 

from future changes 

in all precursor 

emissions
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Climate and Air Quality

Aerosol mitigation 

generally bad for climate 

and O3 but good for 

PM2.5.

Combine Air Quality and ERF (climate) response of different mitigation options

Mitigation of O3

precursors has no 

effect on climate and 

PM2.5 but good for O3

Land-use change 

small global impact 

on ERFs, O3 and 

PM2.5 (but regionally 

more important)

Mitigation of only 

CH4 has large 

benefits to climate 

and O3 but little 

impact on PM2.5

Mitigation of NTCF 

and CH4 has large 

benefits to climate 

and Air Quality

Black Carbon 

mitigation is good for 

climate with small 

impact on PM2.5
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Conclusions and future work
• Initial AerChemMIP work showed important differences in future regional air 

pollutants under different mitigation scenarios 

• Important impact from changes in both O3 and aerosols precursors, as well as 

CH4 in different future scenarios

• Important to consider climate and air quality policies together when designing 

mitigation measures

• Important to further understanding earth system feedbacks due to future climate 

change

• Future work potentially on:

❑ Multiple models, using a better air quality metric, considering extremes and 

temperature thresholds


