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Figure S1. Differences in annual-mean (a) ERFaer , (b) ERFaci , and (c) ERF.;; between the above-2-km nudging (NDG_2km) and full-

ERF,; [NDG_2km - NDG_col]

column nudging (NDG_col) experiments. Results are based on single-model runs.
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Figure S2. Probability density functions for the perturbed parameters used to generate the original PPEs (383 ensemble members). Default
values from the CTRL run, along with the mean and median of the PDFs, are shown as red, blue, and yellow vertical lines, respectively.

CTRL values are also indicated in square brackets.



Figure S3. Same as Fig. S1, but for the expert-elicited parameter distributions used to generate the emulated PPEs (200,000 ensemble
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Figure S4. Comparison of globally averaged GP emulator predictions with test data (truth) for (a) ERFaer, (b) ERF,i, and (¢) ERFayi.
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Figure S5. Same as Fig. 4, but showing RMSE and absolute bias as functions of the simulations-to-parameters ratio (rsp).

(b) BC [2023-1850]

32 -25 -18 -12 05 02 08 15 22 28 35 05 -04 03 02 01 00 01 02 03 04 05 05 -04 -03 02 01 00 01 02 03 04 05

Figure S6. Differences in CEDS anthropogenic emissions between 2023 (PD) and 1850 (PI) for (a) SOs, (b) BC, and (c) OC (gm~2yr™1).
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Figure S10. Same as Fig. 7, but with parameters related to anthropogenic, biomass burning, and DMS emissions fixed at their prior medians.

Parameters contributing less than 3% of the total uncertainty are not shown.
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Figure S14. Same as Fig. 8, but considering only locations within the green isolines in Fig. 11.
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Figure S18. Same as Fig. 9, but considering only locations within the green isolines in Fig. 12.
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Figure S19. Same as Fig. 10 but showing results over land only.
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Figure S20. Same as Fig. 10 but showing results over oceans only.
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