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Simpson et al. 2023

“Only method” to quantify the impacts of single forcing - DAMIP

GHG
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Effective radiative forcing

CMIP6 ERF: https://www.pik-potsdam.de/%3C0303%3Emmalte/rcps3



Effective radiative forcing

CMIP6 ERF: https://www.pik-potsdam.de/%3C0303%3Emmalte/rcps4



Effective radiative forcing

CMIP6 ERF: https://www.pik-potsdam.de/%3C0303%3Emmalte/rcps5



Simpson et al. 2023

From forcing perspective: GHG
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Simpson et al. 2023

CFC

From forcing perspective: GHG
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Simpson et al. 2023

From forcing perspective: anthropogenic aerosols
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Simpson et al. 2023

SUL

From forcing perspective: anthropogenic aerosols
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Experimental Design – CESM2 single forcing simulations

Experiments Period Ensemble member # Notes

CESM2 CO2-only 1850-2050 10 completed

CESM2 CH4-only 1850-2050 10 completed

CESM2 N2O-only 1850-2050 10 completed

CESM2 CFC-only 1850-2050 10 completed

CESM2 black carbon-only (BLC) 1850-2014 10 completed

CESM2 SO4/2-only (SUL) 1850-2014 10 completed

• We focus on 1850-2014 period.

• “Change” or “response” is defined as the last 30-year mean minus the first 30-year mean; 

• “Anomaly” is calculated as the difference with respect to the 1850-1899 mean .
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Surface air temperature

Existing GHG runs

Existing AAER runs
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CO2 single forcing runs

CH4, CFC, N2O, BLC single forcing runs

SUL single forcing runs

Surface air temperature
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SUM = CO2 + CFC + CH4 + N2O

SUM = CO2 + CFC + CH4 + N2O

Surface air temperature
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SUM is close to GHG 

→ linearly additive?

SUM is close to GHG 

→ linearly additive?

Surface air temperature
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Test if the response is linearly additive?

→ The response to climate forcing may not 

be linearly additive. 

→ What is the origin of the nonlinearity, 

based on a process-level understanding?

Scientific questions?

What is the role of black carbon in 

affecting global and regional climate?
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Scientific questions?

• What are thee relative importance and comtribution of single GHG to global and 
regional climate changes?

• The response to climate forcing may not be linearly additive. What is the origin of 
the nonlinearity, based on a process-level understanding?

• What is the role of black-carbon in affecting global climate?
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map_all_case_monthly_plot.py
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map_all_case_monthly_plot.py

Surface air temperature
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map_all_case_monthly_plot.py

• Nonlinearity emerges in the northern high-latitudes.

• Black carbon produces Arctic warming.

Surface air temperature – SUM minus GHG
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Sea ice area (SIA)

SUM is close to GHG 

→ linearly additive

SUM is close to GHG 

→ linearly additive
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Sea ice concentration (SIC)
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• Nonlinearity emerges in the sea ice concentration in both Arctic 

and Antarctic.

• SUM overestimates SIC in the sea-ice edge, while underestimate 

SIC in interior sea ice.

Sea ice concentration (SIC) – SUM minus GHG
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Precipitation

SUM is close to GHG 

→ linearly additive

SUM is close to GHG 

→ linearly additive

Black carbon decreases global precipitation
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Precipitation
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• Nonlinearity emerges in the tropics.

• Black carbon produces equatorial wetness and off-

eqautorial dryness.

Precipitation – SUM minus GHG
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Net primary productivity (NPP) 

SUM is close to GHG 

→ linearly additive

→ CO2 contributes to all NPP repsonses

CO2 contributes most but not entirely 

in Arctic
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Net primary productivity (NPP) 
1x10^8
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• Nonlinearity emerges in the many sectors.

• Sulfate aerosols produce sharp interhemispheric 

contrast.

Net primary productivity (NPP) – SUM minus GHG 
1x10^8
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Discussion

• Nonlinearity emerges in many regional sectors: sea ice, tropical precipitation, NPP.

• What does the nonlinearity mean for detection & attribution analysis?

• The role of black-carbon, non-uniform spatial distribution, in affecting/warming global 
and regional climate is something relatively new and different from GHGs. 

• Personally, I am interesting in polar climate, including Arctic maplification and sea-ice 
loss. But other perpectives or topics (e.g., ITCZ or tropical precipitation) with broader 
implications are possible and welcome from CESM community!!!

• If you would like to look at the output, please let me know (yuchiaoliang@ntu.edu.tw) 
or fill in the google doc (here). 
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https://docs.google.com/document/d/1giKo3qv4RrARsqZgNP53PWwV6_rOkEBjQZBpvhc-gOM/edit?usp=sharing


Discussion – other experiments?

Experiments Period Ensemble member # Notes

CESM2 CO2-only 1850-2050 10 completed

CESM2 CH4-only 1850-2050 10 completed

CESM2 N2O-only 1850-2050 10 completed

CESM2 CFC-only 1850-2050 10 completed

CESM2 black carbon-only 1850-2014 10 completed

CESM2 SO4/2-only 1850-2014 10 completed

??

??

??
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Experiments Period Ensemble member # Notes

CESM2 CO2-only 1850-2050 10 completed

CESM2 CH4-only 1850-2050 10 completed

CESM2 N2O-only 1850-2050 10 completed

CESM2 CFC-only 1850-2050 10 completed

CESM2 black carbon-only 1850-2014 10 completed

CESM2 SO4/2-only 1850-2014 10 completed

CESM2 AAER+GHG?

CESM2 tropospheric O3-only?

CESM2 stratospheric O3-only?

Discussion – other experiments? Priority?
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