Supplementary material
Assessment of 21st-century planetary albedo changes in CMIP6 models
Table S1. Ranking of the 51 CMIP6 models by the performance score  (mean of the three median-normalized errors E1 - annual-mean field, E2 - seasonal cycle, E3 - interannual variability; all vs CERES 2000–2014). Bias - relative bias of the global mean albedo vs CERES (%). Family: documented atmospheric component. SSP availability: under r1i1p1f1 and under any single variant covering all four scenarios (ESGF query, 24 August 2026).
	Model
	Di
	E1
	E2
	E3
	Bias, %
	Family
	Months
	SSP_r1i1p1f1
	SSP_any_variant
	Variants
	Status

	GFDL-CM4
	0.821
	0.7
	0.92
	0.85
	1.86
	GFDL AM4
	178
	no
	only 245/585
	
	ineligible

	SAM0-UNICON
	0.847
	0.7
	0.92
	0.93
	0.87
	CAM5.3
	178
	no
	no ScenarioMIP
	
	ineligible

	GFDL-ESM4
	0.864
	0.73
	0.96
	0.9
	1.19
	GFDL AM4
	178
	all 4
	all 4 SSPs
	r1i1p1f1
	SEL9

	ACCESS-CM2
	0.882
	0.81
	0.97
	0.87
	-1.15
	MetUM GA7
	178
	all 4
	all 4 SSPs
	r1i1p1f1, r2i1p1f1, r3i1p1f1, r4i1p1f1, r5i1p1…
	SEL9

	AWI-CM-1-1-MR
	0.885
	0.79
	0.92
	0.94
	-0.79
	ECHAM6.3
	178
	all 4
	all 4 SSPs
	r1i1p1f1
	SEL9

	KACE-1-0-G
	0.894
	0.9
	0.95
	0.83
	-1.64
	MetUM GA7
	178
	all 4
	all 4 SSPs
	r1i1p1f1, r2i1p1f1, r3i1p1f1
	eligible, superseded within family

	CanESM5
	0.914
	0.86
	0.95
	0.93
	-0.05
	CanAM5
	178
	all 4
	all 4 SSPs
	r10i1p1f1, r10i1p2f1, r11i1p1f1, r11i1p2f1, r1…
	SEL9

	E3SM-1-0
	0.927
	0.85
	1.02
	0.91
	1.33
	E3SM EAM
	178
	no
	only 370/585
	
	ineligible

	MPI-ESM1-2-HR
	0.934
	0.85
	0.97
	0.98
	-0.78
	ECHAM6.3
	178
	all 4
	all 4 SSPs
	r1i1p1f1, r2i1p1f1
	eligible, superseded within family

	ACCESS-ESM1-5
	0.936
	0.99
	0.95
	0.86
	-3.09
	MetUM (HadGAM2)
	178
	all 4
	all 4 SSPs
	r10i1p1f1, r11i1p1f1, r12i1p1f1, r13i1p1f1, r1…
	eligible, superseded within family

	E3SM-1-1
	0.942
	0.89
	1.02
	0.92
	1.39
	E3SM EAM
	178
	no
	only 245/585
	
	ineligible

	TaiESM1
	0.955
	0.86
	0.97
	1.04
	-1.37
	CAM5.3
	178
	all 4
	all 4 SSPs
	r1i1p1f1
	SEL9

	CESM2-WACCM
	0.966
	0.78
	0.94
	1.17
	1.28
	CAM6
	178
	all 4
	all 4 SSPs
	r1i1p1f1
	SEL9

	IPSL-CM6A-LR-INCA
	0.975
	0.94
	1.02
	0.96
	2.26
	LMDZ6
	178
	no
	no ScenarioMIP
	
	ineligible

	MPI-ESM1-2-LR
	0.978
	1.04
	1.02
	0.87
	2.03
	ECHAM6.3
	178
	all 4
	all 4 SSPs
	r10i1p1f1, r11i1p1f1, r12i1p1f1, r13i1p1f1, r1…
	eligible, superseded within family

	AWI-ESM-1-1-LR
	0.981
	1.01
	0.98
	0.95
	2.61
	ECHAM6.3
	178
	no
	no ScenarioMIP
	
	ineligible

	CESM2
	0.994
	0.74
	0.94
	1.3
	-0.1
	CAM6
	178
	no
	all 4 SSPs
	r10i1p1f1, r11i1p1f1, r4i1p1f1
	ineligible

	INM-CM5-0
	0.994
	1.04
	1.0
	0.94
	-0.6
	INM-AM
	178
	all 4
	all 4 SSPs
	r1i1p1f1
	SEL9

	BCC-CSM2-MR
	0.996
	1.0
	1.03
	0.96
	0.28
	BCC-AGCM3
	178
	all 4
	all 4 SSPs
	r1i1p1f1
	SEL9

	CMCC-ESM2
	0.998
	1.07
	0.92
	1.01
	-3.05
	CAM5.3 (CMCC)
	178
	all 4
	all 4 SSPs
	r1i1p1f1
	eligible, superseded within family

	FGOALS-g3
	0.998
	0.98
	1.07
	0.95
	2.2
	GAMIL3
	178
	all 4
	all 4 SSPs
	r1i1p1f1, r2i1p1f1, r3i1p1f1, r4i1p1f1
	SEL9

	CMCC-CM2-SR5
	0.999
	1.1
	0.94
	0.95
	-3.16
	CAM5.3 (CMCC)
	178
	all 4
	all 4 SSPs
	r1i1p1f1
	eligible, superseded within family

	MRI-ESM2-0
	1.005
	0.78
	0.96
	1.28
	0.25
	MRI-AGCM3.5
	178
	all 4
	all 4 SSPs
	r1i1p1f1, r2i1p1f1, r3i1p1f1, r4i1p1f1, r5i1p1…
	eligible, D_i ≥ 1

	FIO-ESM-2-0
	1.008
	0.89
	0.93
	1.2
	1.2
	CAM5 (FIO)
	178
	no
	only 126/245/585
	
	ineligible

	E3SM-1-1-ECA
	1.024
	0.93
	1.02
	1.12
	1.6
	E3SM EAM
	178
	no
	only 585
	
	ineligible

	CESM2-WACCM-FV2
	1.03
	0.86
	1.08
	1.15
	0.56
	CAM6
	178
	no
	no ScenarioMIP
	
	ineligible

	CMCC-CM2-HR4
	1.042
	1.09
	1.04
	1.0
	-2.67
	CAM5.3 (CMCC)
	178
	no
	no ScenarioMIP
	
	ineligible

	CIESM
	1.043
	1.2
	1.03
	0.89
	-2.65
	CAM5 (mod.)
	178
	no
	only 126/245/585
	
	ineligible

	FGOALS-f3-L
	1.057
	1.21
	0.96
	1.0
	-0.02
	FAMIL2
	178
	all 4
	all 4 SSPs
	r1i1p1f1
	eligible, D_i ≥ 1

	MPI-ESM-1-2-HAM
	1.059
	1.23
	1.02
	0.93
	2.29
	ECHAM6.3-HAM
	178
	no
	only 370
	
	ineligible

	EC-Earth3-AerChem
	1.061
	1.17
	0.9
	1.11
	-1.55
	IFS (EC-Earth3)
	178
	no
	only 370
	
	ineligible

	BCC-ESM1
	1.065
	1.18
	1.12
	0.9
	6.46
	BCC-AGCM3
	178
	no
	only 370
	
	ineligible

	INM-CM4-8
	1.068
	1.17
	1.03
	1.0
	-2.08
	INM-AM
	178
	all 4
	all 4 SSPs
	r1i1p1f1
	eligible, D_i ≥ 1

	GISS-E2-1-H
	1.073
	0.98
	1.03
	1.22
	2.65
	GISS ModelE2.1
	178
	no
	all 4 SSPs
	r1i1p1f2, r1i1p3f1, r2i1p1f2, r3i1p1f2, r4i1p1…
	ineligible

	GISS-E2-1-G-CC
	1.073
	1.0
	1.0
	1.22
	3.54
	GISS ModelE2.1
	178
	no
	only 126/245/585
	
	ineligible

	EC-Earth3-CC
	1.082
	1.28
	0.96
	1.01
	-1.78
	IFS (EC-Earth3)
	178
	no
	only 245/585
	
	ineligible

	EC-Earth3
	1.084
	1.19
	0.95
	1.11
	-1.07
	IFS (EC-Earth3)
	178
	all 4
	all 4 SSPs
	r101i1p1f1, r102i1p1f1, r103i1p1f1, r104i1p1f1…
	eligible, D_i ≥ 1

	GISS-E2-1-G
	1.099
	1.01
	1.0
	1.29
	3.64
	GISS ModelE2.1
	178
	no
	all 4 SSPs
	r1i1p1f2, r1i1p3f1, r1i1p5f1, r2i1p1f2, r2i1p3…
	ineligible

	EC-Earth3-Veg-LR
	1.1
	1.22
	0.97
	1.1
	0.48
	IFS (EC-Earth3)
	178
	all 4
	all 4 SSPs
	r1i1p1f1, r2i1p1f1, r3i1p1f1
	eligible, D_i ≥ 1

	CAMS-CSM1-0
	1.103
	1.11
	1.29
	0.9
	2.98
	ECHAM5 (mod.)
	178
	all 4
	all 4 SSPs
	r1i1p1f1, r2i1p1f1
	eligible, D_i ≥ 1

	CESM2-FV2
	1.107
	0.84
	1.08
	1.4
	0.22
	CAM6
	178
	no
	only 370/585
	
	ineligible

	ICON-ESM-LR
	1.119
	1.03
	1.22
	1.11
	—
	ICON-A
	178
	no
	no ScenarioMIP
	
	ineligible

	NESM3
	1.129
	1.03
	1.26
	1.1
	4.58
	ECHAM6.3 (mod.)
	178
	no
	only 126/245/585
	
	ineligible

	NorESM2-MM
	1.143
	0.87
	0.93
	1.63
	2.06
	CAM6 (NorESM2)
	178
	all 4
	all 4 SSPs
	r1i1p1f1
	eligible, D_i ≥ 1

	NorCPM1
	1.19
	1.16
	1.18
	1.23
	6.86
	CAM4-Oslo
	178
	no
	no ScenarioMIP
	
	ineligible

	NorESM2-LM
	1.249
	0.98
	1.04
	1.73
	3.15
	CAM6 (NorESM2)
	178
	all 4
	all 4 SSPs
	r1i1p1f1
	eligible, D_i ≥ 1

	IITM-ESM
	1.288
	1.74
	1.19
	0.94
	5.03
	GFS (IITM)
	178
	all 4
	all 4 SSPs
	r1i1p1f1
	eligible, D_i ≥ 1

	KIOST-ESM
	1.292
	1.34
	1.21
	1.32
	9.53
	GFDL AM2 (mod.)
	178
	no
	only 126/245/585
	
	ineligible

	CAS-ESM2-0
	1.317
	1.5
	1.14
	1.31
	6.86
	IAP AGCM5
	178
	all 4
	all 4 SSPs
	r1i1p1f1, r3i1p1f1
	eligible, D_i ≥ 1

	MIROC6
	1.347
	1.45
	1.0
	1.59
	10.54
	MIROC-AGCM
	178
	all 4
	all 4 SSPs
	r10i1p1f1, r11i1p1f1, r12i1p1f1, r13i1p1f1, r1…
	eligible, D_i ≥ 1

	GISS-E2-2-H
	1.472
	1.26
	1.02
	2.15
	—
	GISS ModelE2.2
	136
	no
	no ScenarioMIP
	
	ineligible



Note. The one-seat-per-family rule was applied among eligible models with  < 1 (families: CAM5, CAM6 incl. NorESM2, ECHAM6.3, MetUM incl. HadGAM2, IFS/EC-Earth3, GISS, GFDL, INM, BCC, E3SM). Relaxing the single-variant (r1i1p1f1) requirement admits only CESM2 (full scenario sets under r4i1p1f1 and others), which would still lose the CAM6 family seat to CESM2-WACCM; GISS-E2-1-G/H have full sets only under different physics/forcing configurations (p3, f2) and do not pass  < 1; no other ineligible model has a complete scenario set under any variant.
Table S2. The 16 closest model pairs by the inter-model distance (same metric as , model vs model). All pairs are genealogical relatives, supporting the family grouping; MRI-ESM2-0 is treated as a separate family.
	Distance
	Model_A
	Model_B
	Same_family

	0.234
	GISS-E2-1-G-CC
	GISS-E2-1-G
	yes

	0.263
	CMCC-ESM2
	CMCC-CM2-SR5
	yes

	0.299
	E3SM-1-0
	E3SM-1-1
	yes

	0.314
	EC-Earth3-AerChem
	EC-Earth3
	yes

	0.316
	E3SM-1-1
	E3SM-1-1-ECA
	yes

	0.328
	EC-Earth3-CC
	EC-Earth3
	yes

	0.328
	CESM2-WACCM-FV2
	CESM2-FV2
	yes

	0.337
	CESM2-WACCM
	CESM2
	yes

	0.347
	E3SM-1-0
	E3SM-1-1-ECA
	yes

	0.39
	EC-Earth3-AerChem
	EC-Earth3-CC
	yes

	0.403
	INM-CM5-0
	INM-CM4-8
	yes

	0.419
	EC-Earth3
	EC-Earth3-Veg-LR
	yes

	0.466
	EC-Earth3-AerChem
	EC-Earth3-Veg-LR
	yes

	0.483
	GFDL-CM4
	GFDL-ESM4
	yes

	0.486
	GISS-E2-1-H
	GISS-E2-1-G-CC
	yes

	0.487
	EC-Earth3-CC
	EC-Earth3-Veg-LR
	yes



Table S3. Sensitivity of the ensemble composition to the performance threshold and to the metric weights: composition, ensemble-mean global albedo trend 2000-2014 (10⁻³ per decade) and mean-state bias vs CERES. The weight variants replace the equal-weight mean of E1-E3 by pairwise means at the same threshold (< 1) and family rule.
	Variant
	N
	Composition
	Global trend
	Mean bias

	 < 0.9
	3
	GFDL-ESM4, ACCESS-CM2, AWI-CM-1-1-MR
	-0.41
	-0.25%

	 < 1.0 (SEL9)
	9
	GFDL-ESM4, ACCESS-CM2, AWI-CM-1-1-MR, CanESM5, TaiESM1, CESM2-WACCM, INM-CM5-0, BCC-CSM2-MR, FGOALS-g3
	-0.68
	+0.11%

	 < 1.1
	12
	GFDL-ESM4, ACCESS-CM2, AWI-CM-1-1-MR, CanESM5, TaiESM1, CESM2-WACCM, INM-CM5-0, BCC-CSM2-MR, FGOALS-g3, MRI-ESM2-0, FGOALS-f3-L, EC-Earth3
	-0.65
	+0.01%

	weights E1+E2
	7
	GFDL-ESM4, AWI-CM-1-1-MR, CESM2-WACCM, MRI-ESM2-0, ACCESS-CM2, CanESM5, TaiESM1
	-0.96
	-0.09%

	weights E1+E3
	9
	GFDL-ESM4, ACCESS-CM2, AWI-CM-1-1-MR, CanESM5, TaiESM1, FGOALS-g3, CESM2-WACCM, BCC-CSM2-MR, INM-CM5-0
	-0.68
	+0.11%

	weights E2+E3
	8
	KACE-1-0-G, GFDL-ESM4, AWI-CM-1-1-MR, CanESM5, CMCC-CM2-SR5, INM-CM5-0, FGOALS-f3-L, BCC-CSM2-MR
	-0.40
	-0.60%



Note. Domain sensitivity (excluding latitudes poleward of 60°): the observed trend changes by <10%, trend-field correlations by ≤0.02, and the model-reproduced fraction of the trend decreases (~44% vs ~57%); the composition partly changes (five of nine seats), as expected for criteria optimized for the global planetary albedo (see Limitations).

