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1. Introduction

The truncation of the continuous energy cascade at scales of O(1 km) poses a challenge for convection-resolving models, as the size and properties of the simulated convective
features are often determined by the horizontal grid spacing Ax. Several idealized studies have shown that structural convergence of statistics and scales of individual clouds and
updrafts is not yet achieved at the kilometer scale. On the other hand, bulk convergence of domain-averaged and integrated variables related to a large ensemble of convective
cells was found in real-case simulations over the Alps (Langhans et al., 2012). This study compares bulk and structural convergence in idealized and real-case simulations of
the diurnal cycle of convection over land. Different experiments are conducted to identify those physical processes and parameterizations which foster convergence.
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Experiment List Fig. 1: Liquid water path (LWP [kg m™], threshold of 0.01 kgm™) in a 120x 120 km? subdomain located at the bottom left corner of the model domain

simulated at different horizontal grid spacings at the peak time of precipitation of the first simulation day in CTRL.

CTRL standard setup

MOUNTAIN CTRL + 3D gauss mountain
WIND 3L 2 cpe. i ey 10 a) 10 b) | - o | surlfacerain |rate o | netwlatervapolrflux
PRESCR CTRL w. prescr sfc. fluxes 107 3 2 i a) MOUI

64

> More than 50 % of simulated clouds at Aw =2km and  -- o4 =L |
coarser grid spacings are only one grid box in size. . oF 0

10 I | | [ I ﬂH ﬁl_‘ .]*
» More vigorous convective cells with finer grid spacing. il 0 i 10 oo s 0 s 10 s o ; 1 o

2
cloud area [km] convective mass flux [kg m2s™'] 8 4 8 42 1
grid spacing Ax [km] grid spacing Ax [km]

107° - 1km | {\//IV(I)NUDNTAIN
| 500 m
PRESCR_NORAD PRESCR WO rad SCheme 210_2— = | I’ EEE?%E_NORAD
?'; . w 10 | B
":-, 10 3§  grid-scale = g |
_E . clouds — 400 — i—
» Smaller and more numerous clouds at smaller Az. s 10t [ L 10t | . X
3 71 |
|
|
|

—— Structural convergence is not yet achieved. _ 3 | | | ,
Fig. 2: Probability density functions of (a) cloud horizontal area [m“] (cloud-
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Fig. 3: Ensemble-averaged normalized resolution increment (N RIx . [%])
versus the horizontal grid spacing Ax computed for the mean diurnal cy-
cles of (a) domain-averaged surface rain rate and (b) net water vapor fluxes

smaller Axr between the lower and mid-level troposphere. The bars illustrate the ensem-
' ble spread for each experiment. The NRI,  is a measure of the relative
\—) Bulk convergence Is achieved. differences between the diurnal cycles simulated at Ax and Ax /2. )

3. Real-case simulations
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Fig. 5: (a, b, d, €) Mean diurnal cycles of domain-averaged surface rain rate [mmh™] at (a, d) different horizontal
grid spacings and (b, e) in the Ax =2.2km ensembles and (c, f) normalized resolution increment (NRIa, ) versus
the horizontal grid spacing Ax computed for the mean diurnal cycle of surface rain rate in (a, b, c) ALP and (d, e,
f) DE. In (a) and (d) the numbers at the top left corner indicate the total accumulated precipitation. In (b) and (e)
the red shading illustrates the ensemble spread. In (c) and (f) the NRIa, is computed as the root mean squared
difference between the diurnal cycles simulated at Az and at Az /2 normalized by the mean ensemble spread, and
the red lines indicate the point at which the two are equal.
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» Resolution sensitivity and ensemble spread larger in DE than in ALP, owing to the
lack of mesoscale orographic forcing.
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» Bulk convergence observed in ALP until Az =1.1km.
Fig. 4: Integration domain and topography in ALP (left panel) and DE (right panel) at Az =2.2km. The

analysis domain is illustrated by the red box. » Bulk convergence cannot be demonstrated when resolution sensitivity is comparable
with ensemble spread.
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