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1. Table S1: Data from Figures 7 and S15 is available in external file ‘cmip6.csv’. Rows

correspond to CMIP6 models (first member of historical simulations) or E3SMv2 config-

urations and column correspond to different fields and seasons. Values are RMSE against

relevant observations. Missing values (models for which a specific variable is not available)

are indicated by ‘--’. Underlying E3SM Diags comparison figures are available on-line

(https://portal.nersc.gov/project/e3sm/CMIP6 E3SMv2 Golaz et al 2022) . See

main text for additional information.
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(a) (b)

(d)(c)

Figure S1. Percent change in ocean heat content anomalies between the simulation with the

advection bug and with the bug fixed, i.e., (OHCfix − OHCbug)/ |OHCfix|, (a) Full depth, (b)

0-700m, (c) 700-2000m, and (d) 2000m - Bottom.
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Figure S2. Energy imbalance (diagnosed as the difference between the net fluxes at the top

and the surface) for atmosphere simulations with and without energy fix in the gravity wave

drag parametrization. Horizontal lines and corresponding values to the right of the plot indicate

average values of the imbalance.
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Figure S3. Daily average output of the total grid-box cloud liquid water path (TGCLDLWP)

field in the second time slice of four low-resolution atmosphere simulations: physics on the np4

grid, as in E3SMv1 (top row; F2010-CICE.ne30 ne30), physics on the pg2 grid (bottom row;

F2010-CICE.ne30pg2 ne30pg2), with the dCAPE trigger on (left column), and with the dCAPE

trigger off (right column).

October 22, 2022, 1:05pm



X - 6 :

0°E 60°E 120°E 180° 120°W 60°W 0°W
90°S

60°S

30°S

0°

30°N

60°N

90°N
v2.LR.historical (2001-2014) W/m2

-120.0
-110.0
-100.0
 -90.0
 -80.0
 -70.0
 -60.0
 -50.0
 -40.0
 -30.0
 -20.0
 -10.0
   0.0

0°E 60°E 120°E 180° 120°W 60°W 0°W
90°S

60°S

30°S

0°

30°N

60°N

90°N
CERES-EBAF v4.1 (2001-2014) W m-2

-120.0
-110.0
-100.0
 -90.0
 -80.0
 -70.0
 -60.0
 -50.0
 -40.0
 -30.0
 -20.0
 -10.0
   0.0

0°E 60°E 120°E 180° 120°W 60°W 0°W
90°S

60°S

30°S

0°

30°N

60°N

90°N
E3SMv2 (historical ensemble) - Observations W/m2

-60.0
-50.0
-40.0
-30.0
-20.0
-10.0
 -5.0
  5.0

 10.0
 20.0
 30.0
 40.0
 50.0
 60.0

SWCF ANN global
Max
Mean
Min

-0.28
-47.47

-120.84

Max
Mean
Min

34.51
-45.37

-123.51

Max
Mean
Min

81.28
-2.09

-56.49

RMSE
CORR

10.26
0.88

(a)

0°E 60°E 120°E 180° 120°W 60°W 0°W
90°S

60°S

30°S

0°

30°N

60°N

90°N
v2.LR.historical (2001-2014) W/m2

-120.0
-110.0
-100.0
 -90.0
 -80.0
 -70.0
 -60.0
 -50.0
 -40.0
 -30.0
 -20.0
 -10.0
   0.0

0°E 60°E 120°E 180° 120°W 60°W 0°W
90°S

60°S

30°S

0°

30°N

60°N

90°N
CERES-EBAF v4.1 (2001-2014) W m-2

-120.0
-110.0
-100.0
 -90.0
 -80.0
 -70.0
 -60.0
 -50.0
 -40.0
 -30.0
 -20.0
 -10.0
   0.0

0°E 60°E 120°E 180° 120°W 60°W 0°W
90°S

60°S

30°S

0°

30°N

60°N

90°N
E3SMv2 (historical ensemble) - Observations W/m2

-60.0
-50.0
-40.0
-30.0
-20.0
-10.0
 -5.0
  5.0

 10.0
 20.0
 30.0
 40.0
 50.0
 60.0

SWCF ANN global
Max
Mean
Min

-0.28
-47.47

-120.84

Max
Mean
Min

34.51
-45.37

-123.51

Max
Mean
Min

81.28
-2.09

-56.49

RMSE
CORR

10.26
0.88

(b)

0°E 60°E 120°E 180° 120°W 60°W 0°W
90°S

60°S

30°S

0°

30°N

60°N

90°N
v1.LR.historical (2001-2014) W/m2

-120.0
-110.0
-100.0
 -90.0
 -80.0
 -70.0
 -60.0
 -50.0
 -40.0
 -30.0
 -20.0
 -10.0
   0.0

0°E 60°E 120°E 180° 120°W 60°W 0°W
90°S

60°S

30°S

0°

30°N

60°N

90°N
CERES-EBAF v4.1 (2001-2014) W m-2

-120.0
-110.0
-100.0
 -90.0
 -80.0
 -70.0
 -60.0
 -50.0
 -40.0
 -30.0
 -20.0
 -10.0
   0.0

0°E 60°E 120°E 180° 120°W 60°W 0°W
90°S

60°S

30°S

0°

30°N

60°N

90°N
E3SMv1 (historical ensemble) - Observations W/m2

-60.0
-50.0
-40.0
-30.0
-20.0
-10.0
 -5.0
  5.0

 10.0
 20.0
 30.0
 40.0
 50.0
 60.0

SWCF ANN global
Max
Mean
Min

-0.56
-49.01

-117.14

Max
Mean
Min

34.51
-45.37

-123.51

Max
Mean
Min

82.96
-3.64

-58.27

RMSE
CORR

11.12
0.87

(c)

Figure S4. Annual top-of-atmosphere shortwave cloud radiative effect (SWCRE; W m−2):

(a) CERES-EBAF Ed4.1 observational estimate (2001-2014), (b) model bias from the 5-member

ensemble of E3SMv2 historical coupled simulations (2001–2014), and (c) model bias from the

5-member ensemble of E3SMv1 historical coupled simulations (2001–2014). RMSE = root-mean-

square error. CORR = correlation coefficient between observation and model.
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(c)

Figure S5. Annual top-of-atmosphere longwave cloud radiative effect (LWCRE; W m−2):

(a) CERES-EBAF Ed4.1 observational estimate (2001-2014), (b) model bias from the 5-member

ensemble of E3SMv2 historical coupled simulations (2001–2014), and (c) model bias from the

5-member ensemble of E3SMv1 historical coupled simulations (2001–2014). RMSE = root-mean-

square error. CORR = correlation coefficient between observation and model.
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Figure S6. Annual surface air temperature over land (◦C): (a) ERA5 reanalysis (1985-

2014), (b) model bias from the 5-member ensemble of E3SMv2 historical coupled simulations

(1985–2014), and (c) model bias from the 5-member ensemble of E3SMv1 historical coupled

simulations (1985–2014). RMSE = root-mean-square error. CORR = correlation coefficient

between observation and model.
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(c)

Figure S7. Annual mean sea-level pressure (hPa): (a) ERA5 reanalysis (1985-2014), (b) model

bias from the 5-member ensemble of E3SMv2 historical coupled simulations (1985–2014), and (c)

model bias from the 5-member ensemble of E3SMv1 historical coupled simulations (1985–2014).

RMSE = root-mean-square error. CORR = correlation coefficient between observation and

model.
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Figure S8. Annual mean 200-hPa zonal wind): (a) ERA5 reanalysis (1985-2014), (b) model

bias from the 5-member ensemble of E3SMv2 historical coupled simulations (1985–2014), and (c)

model bias from the 5-member ensemble of E3SMv1 historical coupled simulations (1985–2014).

RMSE = root-mean-square error. CORR = correlation coefficient between observation and

model.
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(c)

Figure S9. Annual mean 850-hPa zonal wind): (a) ERA5 reanalysis (1985-2014), (b) model

bias from the 5-member ensemble of E3SMv2 historical coupled simulations (1985–2014), and (c)

model bias from the 5-member ensemble of E3SMv1 historical coupled simulations (1985–2014).

RMSE = root-mean-square error. CORR = correlation coefficient between observation and

model.
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Figure S10. Annual mean 500-hPa geopotential height): (a) ERA5 reanalysis (1985-2014), (b)

model bias from the 5-member ensemble of E3SMv2 historical coupled simulations (1985–2014),

and (c) model bias from the 5-member ensemble of E3SMv1 historical coupled simulations

(1985–2014). RMSE = root-mean-square error. CORR = correlation coefficient between ob-

servation and model.
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(a)

(b)

(c)
RMSE = 0.23 oC

RMSE = 0.23 oC

Figure S11. (a–c) Difference of composite El Niño events and composite La Niña events for

the HadleyISST data set, the E3SMv2 historical ensemble (1850–2015), and the pre-industrial

control, respectively. El Niño events are defined as periods when the Niño 3.4 SST anomaly

exceeds 0.8 ◦C for more than six consecutive months. The La Niña criterion is Niño 3.4 SST

anomaly less then -0.8 ◦C for more than 6 months (these definitions are consistent with Menary

et al., 2018). When an El Niño–Southern Oscillation event is identified, the SST is averaged

from November to March. For model output, every ensemble member contributes to the mean

composite.
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(a) sulfate E3SMv2 3.18 Tg (b) sulfate difference (v2-v1) 1.03 Tg

(c) SOA E3SMv2 3.63 Tg (d) SOA difference (v2-v1) 0.95 Tg

(e) sea salt E3SMv2 5.6 Tg (f) sea salt difference (v2-v1) 0.47 Tg

(g) dust E3SMv2 25.8 Tg (h) dust difference (v2-v1) 0.67 Tg

Figure S12. Spatial distributions of global annual mean (2000-2014) aerosol burdens from

E3SMv2 historical simulations: (a) sulfate, (c) SOA, (e) sea salt, and (g) dust. Also shown

are the burden differences between E3SMv2 and E3SMv1 historical simulations: (b) sulfate, (d)

SOA, (f) sea salt, and (h) dust.
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Figure S13. Comparison of the E3SMv2 aerosol optical depth (AOD) at 550nm with the

AERONET measurements between 2006-2015.
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(a) AOD differences

(b) AAOD differences

Figure S14. Differences in (a) AOD and (b) AAOD between E3SMv2 and E3SMv1 in 2000-

2014.
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Figure S15. Same as Figure 7 but showing first historical member of E3SMv2 (red trian-

gles) and composite configurations. Red stars (composite base) and gold stars (composite best)

refer to hypothetical composite configurations generated by linear combination of single-forcing

simulations described in Section 5. Complete data is available in Table S1.
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Table S1. Data from Figures 7 and S15 is available in external file ‘cmip6.csv’. Rows corre-

spond to CMIP6 models (first member of historical simulations) or E3SMv2 configurations and

column correspond to different fields and seasons. Values are RMSE against relevant observa-

tions. Missing values (models for which a specific variable is not available) are indicated by ‘--’.

Underlying E3SM Diags comparison figures are available on-line (https://portal.nersc.gov/

project/e3sm/CMIP6 E3SMv2 Golaz et al 2022) . See main text for additional information.
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