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Mesoscale Convective Systems (MCSs) contribute over 50% of tropical rainfall.
Roca et al, J.Clim 2014; Feng et al, GRL 2023

— accurate simulation is a key test of convection-
permitting models. Requires understanding their physics.

LETTER

Taylor et al, Nature 2017

doi:10.1038/nature22069

Frequency of extreme Sahelian storms tripled since
1982 in satellite observations

Christopher M. Taylor!?, Danijel Belugi¢'?, Francoise Guichard®, Douglas J. Parker®, Théo Vischel®, Olivier Bock’,
Phil P. Harris"?, Serge Janicot®, Cornelia Klein' & Gérémy Panthou®

“We argue that Saharan warming intensifies convection within Sahelian MCSs through increased wind shear”

A Problem: CP models can fail to capture the response of MCS
rainfall to shear - Senior et al, BAMS 2021
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Met Office k-scale project: hierarchy of new summer and winter 40 day kilometre scale model runs,
covering global to regional domains, using latest MetUM configurations.
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MCS max rainfall increases with shear = b.w.maybee@leeds.ac.uk oo on o]
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Entrainment scalings —

Idealised MCS cores are larger in high low-level shear Mulholland et al, JAS 2021:
environments, and subsequently show decreased entrainment. N P kit '

Mulholland et al, JAS 2021
Dynamical impact on rainfall: Abramian et al, JAMES 2023.
Negative thermodynamic scaling: Becker & Hohenegger, MWR 2021.
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Entrainment decreases with shear
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Wetf
Reduced
entrainment =

18+21UTC
MCSs only

BTdiff
Reduced
entrainment = |,

Current-generation CP models show environmental controls on entrainment; param and CP4 do not.
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Role of cold pools? J—— |

RAL3 physics includes two-moment ) o) RainEvapOff, 18UTC 2016-08-01
CASIM microphysics scheme — N b AL 2
key role in forming cold pools. = /&>
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Cold pools don’t explain shear response
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MCS mean rainfall + upscale impacts

LAM2.2 (n=2910)

= MCS bulk rainfall observed to depend on environmental
conditions — Chen et al, GRL 2023.

— new CP models show too stronger positive
Influence of shear; CP4-Af shows negative control.
Stronger relationship with TCW.

aa Distribution of % bias of MCS mean rainfall anomalies
**¢ vs OBS is explained by shear (zonal correlations):

LAM2.2: -0.67( 0o1)
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@ Mean rainfall <» latent heating.
Thus shear influence extends to heating
distribution — forcing of tropical circulation.
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Conclusions = b.w.maybee@leeds.ac.uk l1

- Current generation convection-permitting MetUM configurations capture response of MCSs
to moisture and shear in West Africa.

- Strong shear gives larger cores, reduced entrainment and greater maximum and mean rainfall.

- Shear response has upscale impacts through control of zonal distribution of biases in storm
mean rainfall and heating.
» Incorrect MCS shear responses can cause significant upscale errors.

- RainEvapOff experiment suppressing cold pools has surprisingly little effect on MCS rainfall-
shear response, MCS propagation and MCS diurnal cycle.
» Enhanced large-scale convergence facilitates overnight propagation.

u e | Next steps:

: * Quantify how well theoretical models of !
MCS dynamics explain CP-model results.

« Land-atmosphere interactions: what surface

GRL accepted scales are important for MCS dynamics?
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