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1 Module Better

1.1 T1) Resolution and physics sensitivity studies and experimental validation
(MPI-M):

Granted for 2025: 52,390 CPU node hours 185 GPU node hours
Consumption by end of October: 51,562 CPU node hours 132 GPU node hours

Throughout the calendar year, we used the computing resources to carry two main types of simulations: 1)
limited-area model of the ORCESTRA campaigns (curtains and re-runs of specific days at higher 3D sampling
rates), and 2) global+nest simulations to enable them on GPU (part of ICON’s development) and to pursue
our study on the model’s sensitivity to grid resolution.

Study 1) consisted of a series of targeted reruns of the ORCESTRA limited-area model1 focused over the
HALO flight days. Especially, 18 flights during which the EarthCARE satellite passed over the HALO plane.
The simulations were run with the sole purpose of extracting so-called curtains, vertical slices of data along
the satellite/plane tracks. These curtains were then fed to a forward-model, PAMTRA, which served as a
transfer-function between model output (hydrometeor mass fractions and thermodynamics fields) and radar’s
output (cloud reflectivity, Doppler fall velocity, etc). This approach allowed for a direct comparison between
ICON and HALO, EarthCARE’s observations. An example of such analysis is shown in Figure 1, where the
curtain visualisation and postprocessing process is illustrated in panel a). Panels b) and c) - built upon the 18
curtains - help us quantify the model’s biases: an overestimated rainfall speed and a lack of high-altitude clouds.
Though not shown in this report for the sake of conciseness, comparisons with the HALO radar observations
appear consistent. These biases motivated us to overhaul the one-moment microphysics scheme, by deriving ab
initio fall/evaporation/accretion rates assuming a log-normal cloud droplet size distribution, as opposed to the
less realistic (though mathematically more practical) exponential distribution. This upcoming work is better
described in the 2026 computing time proposal.
Further, 10k-15k node hours were used to rerun the campaign with a 4× higher 3D sampling rates, with

additional variables needed to calculate radar reflectivity in any column (beyond the EarthCARE satellite
tracks). This finalized dataset was archived in HEALPix format and catalogued accordingly, and is being used
by the whole ORCESTRA community. An example of analysis enabled by this rerun is shown in Figure 2,
where the ICON-Sapphire model is compared to the radiosonde soundings and the IFS-9km forecast. The good
agreement over all soundings, irrespective of their launching station (METEOR ship, Cap Verde and Barbados
weather stations), demonstrates the suitability of using ICON as a supplemental tool to field campaign, as
it appears able to capture the wind patterns over a large range of scale, from large intraday variation to
weekly/monthly oscillations.

As for 2), the development of both LAM and Nested simulation on GPU was completed early in the year. The
subsequent runs were used to investigate the impact of spatial resolution on the vertical distribution of cloud
condensate. As the amount of cloud ice and cloud liquid droplet largely governs the atmospheric radiative
budget, it is a critical quantity that is finely-tuned to observations. Yet, it appears to strongly depend on the
grid resolution, for both shallow and deep convection alike (see Figure 3). This result motivates the follow-
up study for 2026 where we aim to derive a resolution-dependent cloud inhomogeneity factor, an important
parameter (usually constant) that determines the amount of subgrid cloud cover variance, used in the radiative
flux calculations. If we could derive a robust scaling over the 10 km to subkilometer range, which covers most
of our current modelling efforts, we would eliminate one source of uncertainty.
Unfortunately, the cost of these GPU runs with 12 nodes have been quite high due to the memory demand of
the LAM. Given the total number of GPU nodes at Levante, running these simulations on CPU nodes is more
reliable.

1Documentation of the OCESTRA limited-area model: https://orcestra-campaign.org/lam.html
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Figure 1: a) Instantaneous contours of (top) cloud and rain condensate, (middle) radar reflectivity evaluated
from PAMTRA and (bottom) radar reflectivity measured by EarthCARE. b) Hydrometeors Doppler velocities
for ICON (red) and EarthCARE (purple), shown with the 10th −90th percentile envelopes. c) Two-dimensional
probability density function of radar reflectivity for (top) ICON and (bottom) EarthCARE, sampled over the
ORCESTRA campaign.

Figure 2: Meridional wind velocity contour along all radiosonde paths, ordered by launching station. The
radiosonde locations are interpolated in time and space in the IFS (driving) and ICON simulations. Probability
density function accumulated over all three stations are presented on the right panels, with (solid) 10-90th

percentile and mean profiles.

Publication: Tropical convection and storm-resolving modeling: a case study based on the ORCESTRA cam-
paign, R. Fiévet, L. Linardakis, L. Kornblueh, M. Daniel-Lacombe, H. Gloeckner, L. Kluft, T. Fiolleau, C.
Hohenegger and B. Stevens, Journal of Advances in Modeling Earth Systems (to be submitted soon)
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