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Can AT, ;_<p provide additional

constrain on climate sensitivity ?
L ]

1.Compensation between aerosol forcing and
climate feedback exists in generations of

climate models. (A large portion of historical record of
global-mean temperature change is useless to constrain the
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20'00 ECS. Fig. 1a).
2.Aerosols are mostly emitted in NH in the

Fig. 1. The a) global-mean and b) the NH-SH temperature anomaly of the historical simulation (CMIP6 models, blue pa st an d cause more coo li ng N h |gh ECS
for low ECS models and red for high ECS models) and observation (HadCRUT5, black).

e Two-variable linear model:

models (Fig. 1b).
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Fig. 3. The distribution of the constrained ECS with AT¢y;, ATyy—sy and both.
Black dots represent the ECS of 41 climate models in CMIP6.

5% 17% 50% 83% 95%
CMIP6 2.32 2.64 3.51 4.85 5.37
AT¢p only 2.11 2.79 3.72 4.66 5.35
ATyny—_sy only 1.50 2.17 3.10 4.05 4.77
ATcpy & ATy sy 1.95 2.58 3.44 4.33 5.00
IPCC AR6 2.0 2.5 3.0 4.0 5.0
Nijsse et al. (2020) 1.52 2.6 4.03

Table 1. The median, likely and very likely range of the ECS before and after

constraint. The results are compared with values from other studies.

Fig. 2. Constrain the ECS with global-mean warming trend in a) 1980-2014 and b) 1955-2014. The
sensitivity of the constrained ECS c) lower bound and d) upped bound to time selection.

Using the information from the whole time
series (compare to a single time frame) of AT,
doesn’t help much on constraining ECS.

Compared with the ATy, the AT, < argues
for lower ECS values.

Using both, we have a constrained ECS range
that is close to the one in IPCC AR6 report.

. The same analysis for TCR shows that its best

estimate is 1.9K (IPCC AR6: 1.8K) and the very
likely range is 1.3-2.5K (IPCC ARG6: 1.2-2.4K).
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Fig. 4. Time series of IAST in hist- aer, hist- GHG. Only 12 models are available for now. They are
colored from blue to red to represent low to high ECS models.

Asymmetrical

Symmetrical

Learn from GCMs and run with realistic forcing

1.Learn (fit) all the dynamical parameter of the 41
climate models in CMIP6 from theirs abrupt- n‘;i: = F, + A\,T,, — €Y (T — Ty) — Q(T,, — Ty) NH
4xCO2 experiment. (Fit Method: HMCMC, ML-

PINN [ https://github.com/ChenggongWang/3bcm_with PINN ])

2.Kick 3-box model with realistic historical forcing
from ARG report . DOI 10.5281/zenodo.5705391 ¢ dTa

3.Explore how AT, response to aerosol forcing ¢ ar
by adjusting its strength and distribution.

dT;
CSE — F:s* + }\'STS _ ESYS(TS _ Td) + Q(Tn — Ts) SH

=Ys(Ts — Tg) + yn(T, — Ty) Deep Ocean

feedbacks A, heat capacities C, ocean heat uptake efficiency y and efficacy €

What are the role of the interhemispheric asymmetrical aerosol forcing ?
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Fig. 5. Large ensembles (1000) of 3-box model with interhemispheric asymmetrical (top row) 7 ECS [K]
and symmetrical (bottom row) aerosol forcing. Time series of a) ATz, and b) ATy sy for .
box models with aerosol forcing only in NH. c) and d) show the models with uniform aerosol 3.Run the same 1000 models but with

forcing in NH and SH. Like in Fig. 1, we color the highest and lowest (top/bottom one tenth)
ECS models with red and blue lines (thick lines are the ensemble mean).

symmetrical aerosol forcing.

Symmetrical aerosol forcing almost kills the connection between ATy y_ sy and ECS.
Asymmetrical aerosol forcing is why the ATy y_sy can provide additional constraint on ECS.
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