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Introduction | Collective behavior of cumulus clouds & its numerical representation Method | Numerical model, experimental setups & analytical method

Cumulus ensemble and the large-scale environment Model: WRF-ARW Ver.3.8.1 (Skamarock et al. 2008) Eadiation RS
* Interaction of clouds and the large-scale field is one of the biggest issues in atmospheric science'2. Radiation: RRTMG (SW + LW) (lacono et al. 2008) " &Turbulence =
* Traditionally, the spectral representation of clouds underlies a school of the cumulus parameterization®34. - diurnally variable shortwave - =
* Tropical deep convection simulated by cloud-resolving models(CRM) or global CRM depends on Ax. >610,11,12 - interactive with cloud and water vapor
Self-aggregation under an idealized radiative-convective equilibrium (RCE) Microphysics: WSM6 (Hong and Lim 2006) oy 4

o , , , o S - bulk single moment (av, qc, ar, qi, gs, and gg) 25 km |
* A spontaneous organization of clouds under RCE might play important roles in the earth's climate=’-=. Turbulence: Smagorinsky model (Lilly 1962)  1241ays Surface

* The aggregation only occurs with Ax>2km and L>200km when initialized by homogeneous moisture fields>. Y:

-no PBL scheme L : 200 km (doubly periodic)

Resea rch questions Surface: Monin-Obukhov Similarity Ax : 200, 400, 800, 1600 m

. o . _ _ . Others: (Jimenez et al. 2012) ]

. What statistical properties does the cumulus ensemble simulated by CRM show under idealized RCE? o - An example of detected 3-D clouds I
ii.  And, do that properties converge to the exact “solution” as the resolution increases? - no Coriolis force, |n|t|§I Vi v | | 3

iii.  Why is convective self-aggregation simulated only with the lower-resolution? - No large-scale advective forcing, nUdging o :
iv. And, what is the mathematical and physical implication of self-aggregation? 3-D cloud detection method (Tsai and Wu 2017) 2 E
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Results & Discussion | In-cloud properties & vertical distribution of cumulus ensemble
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In-cloud properties of cumulus ensemble = s £ s odd ton IO kI 3) 1
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Radius : : i.  The vertical reduction of in-cloud MSE reflects entrainment of environmental air. [microscopic view]
0 0 0 0 10-1
R S R A T 7 A T The vertical reduction of the cloud number flux reflects a selective process of cumulus ensemble. [macroscopic view]
1p - Mse.cloud prof 200 1p - Tmse-cloud prof 200 1g [ mee-cloud prof 20¢ g moe sloud prof 200 w 1. The number of clouds increases and the clouds proportion reaching the upper troposphere decreases, as the resolution increases.
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ﬁ}more entrain B B _;g_;_'_e_s_s,e“tra'“ - The properties show the convergence characteristics, but it needs further higher-resolution.
Moistg: £l £l £ The atmosphere becomes wetter as the resolution increase (probably due to enhanced near surface gustiness).
Static ¢ : g 4 g 4 3 0 | . . . . L . . .
c 4 Z 5 > 5 iii. Only the lowest-resolution simulation (Ax1600) shows a large-scale inhomogeneity in moisture, a sign of self-aggregation.
nergy: > 4 4 : : : :
&Y | [ it Ju In Ax1600, few number, large size, and strongly buoyant deep clouds dominate in the ensemble, between which a dry patch appears.
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e e e e iv. Self-aggregation simulated with low-resolution is considered artificially exaggerated.
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However, the aggregation might occur even with higher-resolution if the number of clouds is suppressed locally in a larger domain.




