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In addition to supplementary figures included in this document, these external figures are provided:

* geo_cto_historical_10_1.png: Thesame as Fig. 6, but for a classification into 10 cloud types.

* geo_cto_historical_10_2.png: The same as Fig. 7, but for a classification into 10 cloud types.

* geo_cto_historical_27_1.png: Thesame as Fig. 6, but for a classification into 27 cloud types.

* geo_cto_historical_27_2.png: The same as Fig. 7, but for a classification into 27 cloud types.

* geo_cto_abrupt-4xC02_10_1.png: The same as Fig. S7, but for a classification into 10 cloud types.
* geo_cto_abrupt-4xC02_10_2.png: The same as Fig. S8, but for a classification into 10 cloud types.
* geo_cto_abrupt-4xC02_27_1.png: The same as Fig. S7, but for a classification into 27 cloud types.
* geo_cto_abrupt-4xC02_27_2.png: The same as Fig. S8, but for a classification into 27 cloud types.
e validation_10.png: The same as Fig. 3, but for a classification into 10 cloud types.

* validation_27.png: The same as Fig. 3, but for a classification into 27 cloud types.

* geo_cto_xval_10.png: The same as Fig. 4, but for a classification into 10 cloud types.

* geo_cto_xval_27.png: The same as Fig. 4, but for a classification into 27 cloud types.
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Figure S1: Training phase loss function evolution for the training and validation set for the ANN of 4, 10 and 27 cloud types.
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Figure S2: Number of observations in the IDD dataset on a 5°x5° grid as a total over the years reserved for validation (2007,
2012 and 2017). The highlighted regions are the validation regions: North Atlantic (NA), East Asia (EA), South America
(SA) and Oceania (OC).
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Figure S3: Temporal (a) and spatial (b) correlation of error in CERES/ANN cloud type occurrence probability relative to
IDD at stations. The correlation is calculated from 100000 randomly selected points in year 2007. This year was not used for
training the ANN. In the temporal correlation, two points at the same location by different (random) times are compared.
In the spatial correlation, two points on the same day but different (random) locations are compared.



(a) CMIP6 historical and reanalyses (2003-2014) relative to CERES (2003-2020)
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Figure S4: The same as Fig. 9, but for a classification of 10 cloud genera.
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Figure S5: The same as Fig. 9, but for a classification of 27 cloud genera/species in the historical experiment. (b) is a continu-

ation of (a).
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Figure S6: The same as Fig. 9, but for a classification of 27 cloud genera/species in the abrupt-4xCO2 experiment. (b) is a

continuation of (a).



INM-CM4-8 | ~

ECS1.8K

INM-CM5-0 ~

ECS1.9K

NorESM2-LM [~

ECS25K

MRI-CGCM3 | ~

ECS2.6K

MPI-ESM-1-2-HAM | ~

ECS3.0K

MPI-ESM1-2-HR | ~
ECS3.0K

MPI-ESM1-2-LR | ~

ECS3.0K

MRI-ESM2-0| ~

ECS3.1K

MPI-ESM-LR| ~

ECS3.6K

Middle

Cumuliform

Stratiform

S

(7

&

ﬁ;\

8

¢

-

IPSL-CM5A2-INCA | ~

ECS3.8K

GFDL-CM4 | ~

ECS3.9K

Figure S7:  The same as Fig. 6, but for change of cloud type occurrence with GMST in the abrupt-4xCO2 experiment.
Numbers in the lower centre are the global mean.
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Figure S8: Fig. S7 continued.
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Figure S9: The same as Fig. 12, but calculated with a reduced set of independent models as a sensitivity test.
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Figure S10: The same as Fig. 12, but calculated from a classification into 4 cloud types.
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Figure S11: The same as Fig. 12, but calculated from a classification into 10 cloud types.
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Figure $12: The same as Fig. 3, but showing values relative to the reference artificial neural network (ANN) trained on
the whole globe (the first row). The numbers in the lower left and lower right in each plot in (b—e¢) are the mean error and
root mean square error (RMSE) between the all-time mean of the validation ANN (b-¢) and the reference ANN (a). The
total RMSE is the square root of the sum of mean square errors corresponding to the individual cloud types in the row. The
numbers in the centre of the reference ANN plots (a) are the global area-weighted mean.
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