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21 Figure S1. Similar to Figure 1, but for clear-sky vertically integrated ERAS kernels.
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Figure S2. Similar to Figure 2, but for clear-sky vertically resolved ERAS5 kernels.
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34  Figure S3. Similar to Figure 1 and S1, but for the atmospheric (ATM) ERAS kernels in clear-sky
35  and all-sky.
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Figure S4. Similar to Figure 2 and S2, but for vertically resolved ATM EARS kernels in clear-
sky and all-sky.



41
42
43

44
45

46
47

(a) Clear-sky TOA Ts kernel %

0 60E 120E 180 120W 60W 0O
0 10 20 30 40 50

N (e) Clear-sky TOA Ta kernel %

S
0 60E 120E 180 120W 60W 0

- -]
0 10 20 30 40 50
N (i) Clear-sky TOA WV LW kernel 5,

60N
30N

30S
60S
90S

0 60E 120E 180 120W 60W 0

0 10 20 30 40 50

N (m) Clear-sky TOA WV SW kerneky,

. (b) Clear-sky TOA Ts kernel

(c) Clear-sky SFC Ts kernel %
90N -

W/m2/K

o (d) Clear-sky SFC Ts kernel

-3.0
-4.0
-5.0
-6.0

(

90S 308 30N 90N

5 (f) Clear-sky TOA Ta kernel

920S 308 30N 90N

s (j) Clear-sky TOA WV LW kernel

(n) Clear-sky TOA WV SW kernel

0 60E 120E 180 120w 60W 0O
0 10 20 30 40 50

N (g) Clear-sky SFC Ta kernel

0 60E 120E 180 120W 60W 0
O T T -
0 10 20 30 40 50

(k) Clear-sky SFC WV LW kernel
90N ) Y d %

0 60E 120E 180 120W 60W 0

0 10 20 30 40 50

0.50
0.40
0.30
0.20
0.10

©0) Clear-sky SFC WV SW kernel
90N (0) Yy %

-7.0
90S 308 30N 9f

=3

N

0 (h) Clear-sky SFC Ta kernel

308 30N 9

=3

N

(1) Clear-sky SFC WV LW kernel

>

1.
90S 308 30N 9

=3

(p) Clear-sky SFC WV SW kernel

0 60E 120E 180 120W 60W 0

CI ST T 1]
0 10 20 30 40 50

N (q) Clear-sky TOA ALB kernel o,

0.00

r) Clear-sky TOA ALB kernel

(s) Clear-sky SFC ALB kernel o

1.
90S 308 30N 90N

t) Clear-sky SFC ALB kernel

N =
2 12 60N T ) q 2 -1.2
T 16 \ 30N . - -16
o 0 ¢ F o 20
E 20 308 - ) E 2‘4
2 24 =/ 60S s 28
s — 90s -
0 60E 120E 180 120W 60W 0 90S 308 30N 90N 0 60E 1205 1zow 60W 0 90 308 30N 90N
(T
0 10 20 30 40 50 0 10 20 30 40 50
— — ERA5 ——— ERAi ——— HadGEM3 - CAM5 ——— CloudSat GFDL CAM3

Figure S5. Similar to Figure 3, but for multi-kernel comparisons in clear-sky.
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Figure S6. Similar to Figure 4, but for the inter-kernel discrepancies in clear-sky.
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Figure S7. Similar to Figure 5, but for the clear-sky TOA kernel differences between (left)
year 2015 and multi-year mean in ERAS, and (right) between the 5-year mean ERAS and ERAI,
in terms of (a, d) skin temperature, (b, e) water vapor LW and (c, f) water vapor SW kernels.
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Figure S8. Vertically resolved differences of atmospheric variables and kernels (left) between
year 2015 and multi-year mean in the EARS, and (right) between the 5-year mean of ERAS and
ERAI datasets: (a, d) specific humidity, (b, e) cloud cover, (c) TOA water vapor LW kernel in
all-sky, and (f) TOA water vapor SW kernel in all-sky, units: W m2 K2 100hPa!. Note that
panels (a, b, c¢) are averaged from longitude 180E to 300E while panels (d, e, f) are zonally

averaged.
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Table S2. Kernel-diagnosed all-sky TOA radiative feedback parameters, units: W m2 K.
First six columns: the mean and standard deviation of the feedback parameter values diagnosed
from different kernels for the same GCM; the last column: the mean and standard deviation of
the feedback parameter values of different GCMs diagnosed from multi-kernel mean results,

units: W m2 K-

CESM2 | CNRM-CM6-1 | ECEarth3 | MadOEND- | IPSLECMOA- | MPLESMI2 1 pyiimoden
Ars | -0.66£0.06 | -0.63+0.05 | -0.62£0.05 | -0.6540.06 | -0.61£0.05 | -0.624+0.05 | -0.6310.02
Arq | -3.0240.06 | -2.93£0.05 | -2.7840.05 | -3.07£0.05 | -2.8440.05 | -3.15£0.06 | -2.97+0.14
A
L\C;V 1.58+0.07 | 1.56+0.08 | 1.52+0.07 | 1.49+0.06 | 1.63+0.07 | 1.65+0.07 | 1.57+0.06
S\gv 0.13+£0.04 | 0.58+0.04 | 0.30+0.04 | -0.17£0.04 | 0.31+0.04 | 0.67+0.04 | 0.30+0.30
S/l\;lv 0.25+0.03 | 0.24+0.03 | 0.25+0.03 | 0.24+0.03 | 0.25+0.03 | 0.25+0.03 | 0.25+0.01
Aap | 0.284£0.04 | 0.4040.06 | 0.44£0.07 | 0.3740.06 | 0.33£0.05 | 0.31+0.05 | 0.3610.06
SA\;] 0.75+0.05 | -0.02+0.07 | 0.07£0.07 | 0.97£0.06 | 0.05+0.06 | -0.59+0.06 | 0.21+0.57
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90  Table S4. Similar to Table S2, but for the surface feedbacks. The temperature feedback
91  parameters from HadGEM3 kernel are shown in last three rows for comparison.

9
HadGEM3- IPSL-CM6A- MPI-ESM1-2- Multi-model
CESM2 CNRM-CM6-1 |  EC-Earth3 GCALL R R e
Apg + Apg | -1.1020.10 | -1.0940.10 | -1.04+0.09 | -1.04+0.08 | -1.0240.06 | -0.87+0.04 | -1.02+0.08
Ape | -3.67+1.06 | -3.50+1.01 | -348+1.01 | -3.63+1.05 | -3.4140.98 | -3.44+1.00 | -3.52+0.11
Arg 2574099 | 2424094 | 2.444093 | 2.5940.99 | 2.394093 | 2.5740.97 | 2.50+0.09
A, LW | 1.9740.13 | 1.83£0.13 | 1.9940.12 | 1.90+0.12 | 1.9140.13 | 2.0040.12 | 1.93+0.06
ALLW | -02640.07 | 0.0740.07 | 0.0940.09 | -0.2240.07 | -0.0940.08 | 0.13+0.09 | -0.05+0.17
Ay SW | 20.6140.06 | -0.57+0.06 | -0.61+£0.06 | -0.5740.05 | -0.59+0.06 | -0.62+0.06 | -0.59+0.02
Ao | 0334004 | 0474005 | 0524005 | 0.44+0.05 | 0.39+0.04 | 03740.04 | 0.42+0.07
A, SW | 0.86+0.06 | -0.04+0.06 | 0.1040.06 | 0.97+0.06 | 0.04+0.05 | -0.59+0.06 | 0.22+0.59
HadGEM3 | ¢¢ 1370 3.66 376 13.60 3.54
Arg + Arg
HadeW 512 489 486 15,06 474 479
Ts
HadGEM3 | ¢ 1.19 1.20 1.29 115 1.26
Arq
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