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Table 1 below shows the resolution of the models and some general in-7

formation about their convection schemes, as both might be hypothesized8

to influence the representation of convectively coupled waves by the models.9

Differences due to resolution are most apparent for the two MPI models (MPI-10

ESM-2-HR and MPI-ESM-2-LR), which has the same convection scheme but11

different resolution. MPI-ESM-2-HR, which has finer resolution, has a smaller12

bias in the historical simulations and projects a larger intensification for future13

KW.14

Having said that, the various convection schemes seem more significant for15

understanding differences among the models. They differ in parameterizations,16

emphasis and time of latest significant update. Most models have both deep17

and shallow convection schemes, but their focus is on different parameters18

depending on the general goal of the model. The least updated convection19

scheme is used in the INM models (1986), while the most updated is UKESM1-20

0-LL, and the differences between those models are robust.21
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Table 1: Data products used
data source resolution convective scheme references

BCC-CSM2-MR T106(1.7◦)

Deep convection: processes of entrainment/detrainment,
budgets for mass, dry static energy, moisture, cloud
liquid water and momentum.
Shallow: local convective transport scheme.

Wu et al (2019)

CESM2 1◦
Simplified cumulus parameterization scheme.
No separate shallow-convection, boundary layer and
grid-scale condensation schemes.
Cloud Layers Unified By Binormals (CLUBB).

Danabasoglu et al (2020)
Zhang and McFarlane (1995)

CNRM-CM6-1
CNRM-ESM2-1

T127 (1.4◦)

Two-time level semi-Lagrangian numerical integration
scheme: a continuous and prognostic treatment of
dry, shallow, and deep convection.
Entrainment and detrainment of energy and moisture.
Dilute CAPE relaxation.

Séférian et al (2019)
Voldoire et al (2019)
Voldoire et al (2013)

EC-Earth3 T255 (0.7◦)

Integrated Forecast System (IFS) CY36R4 of the
European Centre for Medium Range Weather Forecasts
(ECMWF).
Deep: CAPE calculations.
Shallow: mass flux, without entrainment/detrainment
processes.

Döscher et al (2021)
ECMWF (2010)

FGOALS-g3 2◦(180× 80)

Convective momentum transport (CMT) scheme:
Vertical momentum advection.
Detrainment of excess momentum from clouds.
Convection-induced pressure gradient force.

Li et al (2020)
Wu et al (2007)

GFDL-CM4 C192
double plume convection scheme, connecting deep and
shallow convection plumes.

Held et al (2019)
Zhao et al (2018)

INM 2◦ × 1.5◦ Basic deep and shallow convection parameterizations,
which have not been updated significantly since 1986.

Volodin et al (2017)

MIROC6 T85 (2.1◦)

Multiple cloud types, with an emphasis on shallow
convection.
The cloud-base mass flux is controlled by turbulent
kinetic energy within the sub-cloud layer and convective
inhibition.
The shallow convective parameterization is a mass flux
scheme based on a buoyancy-sorting, entrainment
detrainment, single-plume model.

Watanabe et al (2010)
Tatebe et al (2019)

MPI-ESM1-2-HR T127 (1.4◦) Mass flux scheme with penetrative convection, and a
Stochastic Multicloud Model (SMCM).

Ma et al (2019)
Müller et al (2018)
Peters et al (2017)

MPI-ESM1-2-LR T63 (2.9◦)

UKESM1-0-LL 1.25◦ × 1.875◦
Mass flux scheme with extensions (including CAPE
closure and CRM) and CMT.
See references for more details.

Sellar et al (2019)
Walters et al (2019)
Williams et al (2018)
Martin et al (2011)

Table 1 The data sources used in this study, the resolution of the models (in parenthesis
is the effective resolution at the equator for spectral models), and their convection schemes.
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Séférian R, Nabat P, Michou M, Saint-Martin D, Voldoire A, Colin J,65

Decharme B, Delire C, Berthet S, Chevallier M, et al (2019) Evaluation66



4

of cnrm earth system model, cnrm-esm2-1: Role of earth system processes67

in present-day and future climate. Journal of Advances in Modeling Earth68

Systems 11(12):4182–422769

Sellar AA, Jones CG, Mulcahy JP, Tang Y, Yool A, Wiltshire A, O’Connor70

FM, Stringer M, Hill R, Palmieri J, Woodward S, de Mora L, Kuhlbrodt71

T, Rumbold ST, Kelley DI, Ellis R, Johnson CE, Walton J, Abraham NL,72

Andrews MB, Andrews T, Archibald AT, Berthou S, Burke E, Blockley73

E, Carslaw K, Dalvi M, Edwards J, Folberth GA, Gedney N, Griffiths PT,74

Harper AB, Hendry MA, Hewitt AJ, Johnson B, Jones A, Jones CD, Keeble75

J, Liddicoat S, Morgenstern O, Parker RJ, Predoi V, Robertson E, Siahaan76

A, Smith RS, Swaminathan R, Woodhouse MT, Zeng G, Zerroukat M (2019)77

Ukesm1: Description and evaluation of the u.k. earth system model. Journal78

of Advances in Modeling Earth Systems 11(12):4513–4558, DOI 10.1029/79

2019MS00173980

Tatebe H, Ogura T, Nitta T, Komuro Y, Ogochi K, Takemura T, Sudo K,81

Sekiguchi M, Abe M, Saito F, et al (2019) Description and basic evaluation of82

simulated mean state, internal variability, and climate sensitivity in miroc6.83

Geoscientific Model Development 12(7):2727–276584

Voldoire A, Sanchez-Gomez E, Salas y Mélia D, Decharme B, Cassou C, Sénési85
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