Mesocale Convective Systems in Convection Permitting Models under Radiative Convective Equilibrium
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SUMMARY

Bulk RCE state & organization

Organization of deep convection into large upper cloud decks is a fascinating feature of 2000 2000 [ o . . . : . wmm':l"'?:,:._'_m_, . . j@o“fl Cm
the tropical climate. We analyze radiative convective experiments and km-scale models, 15001 SAM ] 1500} _ o L
following the RCEMIP protocol, and use an object-oriented tracking methodology to  , ;500f MNH 1 &« 000! 1% o0
explore the link between the system’s properties and the bulk climate in RCE. We show cool ICON | ool _E o : : :
that SAM, MESO-NH and ICON-SAPHIRE, despites different bulk features of their 0§ ™ o 0§ o § , . : . ; ;
equilibrated climate, do share strong similarities at the system life cycle level. LN R 20 25 80 35 40 45 50 L

Figure 2 Distribution of individual systems as a function of duration (left), maximum extension (middle) and propagating l‘ PRERU : ;
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distance (right) for the 3 models.

MCS tracking & RCE data

OLR (mean/std) - Wing et al. (2020) | TOOCAN clusters (mean/std))

The simulations used here are following the RCEMIP protocol for CRM with a 300K SST Model COP Torg COP lorg : : ¢

(Wing et al., 2018). All integrations are performed as per the original protocol with a specific

output frequency of 30min and the use of instantaneous fields instead of hourly averaged. SAM 0.060/0.016 0.86/0.027 0.20/0.07 0.89/0.023 | :

The integration lasts 100 days and the last 25 days only are used and analyzed here to remove MNH 0.13/0.035 0.91/0.035 0.29/0.08 0.92/0.016 B e e

spin~up effects (Wing et al., 2020) The 3 model SAM, MNH and [CON are run at a 3km Figure 4 The system-averaged vertical profile of diabatic heating (top) and vertical velocity (bottom) for the 3 models as a function of the life
resolution. OLR fields are transformed fiI'St in IR brightness temperature (Fig 13) prior to be ICON 0.064/0.0098 0.77/0.025 0.11/0.025 0.79/0.033 cycle. The black line is the cloud top and the dashed line the melting level.

Segmented using the TOOCAN algorithm (Fig 1b) (Fiolleau and Roca, 2013) to extract the Table 1 Bulk organization metrics computed for two different definitions of objects : as in Wing et al. (2020) using 4 Th file of heati .« domi d by 1 h ( h ) d exhibi
- dividual MCS from the simulations. connected convective pixels or using the TOOCAN clusters. e system average profile of heating is dominated by latent heat (not shown) and exhibit

similarities between the models mainly on the phasing within the life cycle with a strong mean
The simulations show a wide range of convective systems, from short- to longlived and from  heating (upward mean motion) mainly in the early part of the system development but
Meso-NH small to large, yet mostly stationary (Figure 2). ICON exhibits much more systems and is the less ~ sustained all through the growing phase. Consistent with the disappearance of convection in the

B organized model according to COP and [, statistics (Table 1). decaying phase, the system heating stops at mid life cycle, despites stratiform precipitation.
Beyond these robust features, the models deviate from each other in the vertical shape and

intensity of the heating and vertical motions with SAM showing more top heaviness than the

I_Ife-CYCIG-rESOIVEd mOrphOIOgy others. The heating for MNH is deep from the first km up while restricted to the above the

melting level for SAM and ICON.
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o w .. s . : : : : Figure 3 (top) Composite life cycle of the cloud shield area in km2 (green) and the deep convective (black), stratiform (pink) Age of MCS (h)
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and cirriform (brown) regions (top); (bottom) the relative contribution of each region to the total cloud shield Figure 5 The system maximum grid box level instantaneous rain rate for the 3 models as a function of the life cycle.
Figure 1 : (top) Snapshot of an instantaneous IRBT (K) field. (Bottom) The TOOCAN segmented results where each color represent The life Cyde resolved partitioning between convection, stratiform and cirriform parts of the Despites difference in the convective dYnamie between the models, the phasing and magnitUde
an individual MCS cloud shield follows the generic MCS conceptual model (Houze, 2004) very well for all models. of the peak of the system’ maximum precipitation at 25% of its life cycle, in the middle of the
[CON shows less convection and more cirriform fractions. shield growing phase, and is robust across the 3 models.

In complement to classic variables, a convective/stratiform/cirriform mask is computed from
the IR brightness temperature, precipitation and vertical velocity profiles using a simplified C CI_
implementation of the Physical Threshold Technique proposed in Marinescu et al (2016). A grid O N U S I O N

box is convective if |w| > 3 m/s below or |w]| > 5 m/s above the zero degree isotherm, to
account for both updrafts and downdrafts. Furthermore the grid box is set to convective if it ~ Despite drastic differences in their RCE bulk state and distribution of MCS,; the individual MCS simulated by the 3 models exhibit a number of robust and realistic features at the

rains more than twice its environment or more than 10 mm/h. If not convective and with life cycle level, especially in terms of phasing of the cold cloud shield and of the precipitation distribution. These robust features are further reflected in the phasing of the vertical
IRBT<235K and precipitation larger than 0.1 mm/h then it is flagged stratiform and cirriform  velocity profile life cycle. However, microphysical differences among the models are likely the reason for their latent heating profile intensity differences. These morphological
otherwise. resemblances further propagate on the system’ extreme precipitation that exhibit a robust magnitude and phasing of its peak at 25% of the life cycle.
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