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Summary of project objectives (10 lines max)

The overarching goal of this project is to improve the representation, calibration, and continuous
validation of kilometre-scale precipitation in the ICON NWP model. The specific objectives are: (1)
to employ the radar forward operator package EMVORADO to establish synergy between the
model’s microphysical state and the three-dimensional polarimetric radar signatures; (2) to perform a
direct evaluation of polarimetric radar signatures by systematically varying the complexity of ICON’s
microphysical schemes (e.g., one-moment, two-moment, and spectral-bin schemes) while analysing
the associated microphysical process rates; and (3) to asses the ability of the spectral-bin scheme in
ICON to provide microphysical uncertainty for Data Assimilation of radar polarimetric fields.

Summary of problems encountered (10 lines max)
During the first 6 months of the project no major issues have arisen.

Summary of plans for the continuation of the project (10 lines max)
The plans written in the proposal remain unchanged.

List of publications/reports from the project with complete references
(None)

Summary of results

If submitted during the first project year, please summarise the results achieved during the period from the
project start to June of the current year. A few paragraphs might be sufficient. If submitted during the
second project year, this summary should be more detailed and cover the period from the project start. The
length, at most 8 pages, should reflect the complexity of the project. Alternatively, it could be replaced by a
short summary plus an existing scientific report on the project attached to this document. If submitted during
the third project year, please summarise the results achieved during the period from July of the previous
year to June of the current year. A few paragraphs might be sufficient.

During the first 6 months of the project, we focused on three main topics: (a) coupling the ICON-
SBM model version to the radar forward operator package (EMVORADO), (b) advancing the
physical processes within the spectral-bin microphysical scheme used in ICON-SBM, and (c)
configuring an idealized 3D squall-line testcase to be used for detailed analysis.

() While the one-moment (1M) and two-moment (2M) microphysical schemes are already
coupled to EMVORADO, the relatively new ICON-SBM model version requires active coupling to
the radar forward operator. During the first six months of the project, we regularly held monthly
meetings with the EMVORADO team at DWD to receive guidance and technical input for the
coupling work. The project scientists from the Israeli Meteorological Service are responsible for the
active code development, while DWD scientists review the contributions and propose corrections to
facilitate a successful future merge into the EMVORADO codebase.

At the first meeting, it was agreed to increase gradually the complexity of the coupling. The process
began with rain-only (liquid-phase) particles, with the next steps including dry ice and snow
particles, followed by dry graupel and hail. The final stage will involve partially melted as well as
rimed mixed-phase particles, reflecting the full complexity of the spectral-bin microphysical
scheme in ICON-SBM.
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Since the GitLab codebase is not publicly accessible, Figure 1 below shows a screenshot of our
merge request in the EMVVORADO repository maintained by DWD (e.g. the German
meteorological service).
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Figure (1): The merge-request of the SBM-EMVORADO coupling. https://gitlab.dkrz.de/dwd-
sw/emvorado-for-icon/-/merge requests/40

(b) A key feature of the recently merged ICON-SBM version (merged into the ICON model
repository in 2025) is its ability to freely evolve particle size distributions in time and space, both
inside clouds (ice, snow, graupel, hail) and outside clouds (aerosols).

The current implementation is simplified compared to the full capabilities of EMVORADO,
particularly regarding mixed-phase particles such as rimed and melted hydrometeors. Important
microphysical processes that still need to be updated include turbulence-induced collision
enhancement, time-dependent melting, and tracking in time and space of rimed and partially melted
particles (dry, melted, or rimed ice, snow, graupel, and hail).

Figure 2 shows the results of the recently implemented turbulence enhancement process. This
mechanism is a major driver of the rapid onset of light precipitation. It produces a fast, non-linear
intensification of precipitation: cloud droplets initially grow by diffusion into precipitation
embryos, which then rapidly collide and accrete mass, forming larger drops that sediment and
eventually reach the surface as precipitation. The figure presents the evolution of liquid water
content of a cumulonimbus cloud in a single idealized supercell convective cloud of Wismann-
Klemp setup (Wismann and Klemp, 1982, hereafter WK-82) after 30 minutes (a) and 40 minutes
(b), in a warm-microphysics setup of ICON-SBM.

From left to right, the simulations shown are:
« High aerosol loading conditions without turbulent collision enhancement (“no enh”),
e Clean aerosol loading (maritime) conditions without enhancement (“no enh”),
o High aerosol loading conditions with turbulent collision enhancement (hereafter “enh”), and
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e Clean aerosol loading (maritime) conditions with enhancement (“enh”).
Polluted conditions produce stronger cloud development and higher updrafts (not shown) compared
to clean conditions. In clean environments, larger drops form and collide more readily, leading to
earlier rain development.

Turbulent enhancement produces an effect similar to simulating cleaner conditions: it leads to more
efficient collisions, faster drop growth, and consequently earlier rain development. In other words,
turbulent enhancement promotes a stronger onset of light rain even in moderately polluted (aerosol-
loaded) environments.

Within the framework of the current special project, real-case simulations are planned over the
coming months. These simulations will evaluate the benefit of including turbulent collision
enhancement in ICON-SBM by comparing the results with radar observations and rain gauge
measurements.
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Figure (2): The evolution of liquid water content of a cumulonimbus cloud in an |deaI|zed
Wismann-Klemp setup after 30 minutes (a) and 40 minutes (b), in warm-microphysics setup of
ICON-SBM.
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(c) A squall line is a complex atmospheric phenomenon characterized by interactions across
multiple spatial scales, which significantly influence its movement and precipitation intensity. We
have chosen to begin with an idealized squall-line simulation, which will allow us to perform
detailed comparisons of 3D fields, microphysical process rates, and polarimetric radar variables
(including total reflectivity, differential reflectivity, and specific differential phase).

As a first step, we have configured an ICON Torus domain as a relatively thin channel along the
equator with cyclic boundary conditions.

Figure 3 shows the total reflectivity field [dBZ] from our control simulation using the latest version
of ICON’s two-moment (2M) microphysics. In this setup, the squall line is integrated for 4 hours
and propagates eastward over time. The different regions of the squall line, including the trailing
stratiform (due to detrainment from the convective core), and the Bright-Band (due to the process of
snow melting) are clearly visible and evolve with varying timing and intensity.
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Over the next six months, we plan to configure a limited-area domain that is closer to a real-case
scenario in terms of lateral boundary conditions. This will include at least one nested run with a grid
spacing of approximately 300 m to resolve convection/turbulence, which will increase our
computational (SBU) consumption accordingly.

WK-82: Idealized squalline w2M-MP
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Figure (3): The Weisman-Klemp (WK-1982) idealized squall-line in ICON using a Torus grid
around the equator and integrated for 4h. The field of total reflectivity (‘dBz’) is strongly
proportional to hydrometeors size. The trailing stratiform region evidently develops after ~3 hours
(panel C) as cold-pool and detrainment processes from the main convective core (not shown
explicitly) develops into a snow trailing precipitation. In turn, it forms a phenomenon we call a
Bright-Band that shows a second maxima in the intensity of the radar reflectivity (pink colour).
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