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On-demand sub-km extreme weather modelling

Introduction and operational framework

The Danish Meteorological Institute (DMI) was founded in DMI serves as the technical coordinator for the Destination Earth On-Demand Extremes Digital Twin project. It
1872 and is responsible for providing weather and climate leads the DEODE operation and co-leads data-driven uncertainty quantification. As part of the EU’s Destination
forecasts for Denmark and Greenland. The Weather @ Earth initiative, the project brings together a consortium of many NHMSs with primary objective to establish a
Models unit, part of the Weather Research department,

technical framework for an integrated, on-demand workflow. This framework bridges hectometric-scale Numerical
Weather Prediction (NWP) with impact sector applications, including flooding, storms, heatwaves, wildfires, storm
surges, and renewable energy (solar/wind) applications.

currently features 27 scientists working on a variety of
core-funded and externally-funded numerical weather

prediction (NWP) projects. @\ |G

\ The novel DEODE Workflow (Figure 2) features an .
DMI issues weather forecasts with continuous cycling on the @ @ N, on-demand high resolution N\(/VF?syste)m, running the { EC'\gY(;;E NS }—' EXtrfmssn\]/\;ie: ?rféngitfgtlon
DINI (Northern Europe) and IG (lceland-Greenland) domains ACCORD forecast models HARMONIE-AROME, AROME,
at 2km resolution through CO-prOdUCtion with UWC-W partner and ALARO at sub-km scale on domains Suggested by ‘
institutes, as well as on three smaller domains TAS, SGL, and the DEODE detection-triggering modules. The NWP [ Global DT }_{ On-Demand high-res J
NUUK in Greenland at 750m resolution. simulations run on ECMWF ATOS or EuroHPC facilities and Gl fegionaliimonEUrHES

use Lateral Boundary Conditions from the ECMWF Global

In addition, forecasts are triggered on three additional DINI Digital Twin (4.4 km resolution) or operational models (9km Figure 2: Overview of the [ Impact sector
Greenland domains when certain thresholds on average resolution). DEODE technical framework model runs
wind values corresponding to storm conditions are
exceeded (Figure 1 and Table 1). Specifically, observed Simulation of the heaviest Danish rainfall events | == o
values at stations located inside the on-demand domains in 31 years =
are checked as well as model output on the IG runs at ,
12UTC and 18UTC on the previous day. -

21-22 July 2025: The large-scale weather pattern was
Figure 1: Operational forecast domains at DMI. dominated by an undulating frontal zone, along which a
surface low-pressure system developed. Precipitation was
primarily concentrated in narrow, frontal rainbands, with
periods of embedded convective cells intensifying rainfall in

DINLEPS  DNIE™ - Continuous cycling 1920x1620x90 2000 Hourly 60 50 : : short, localized bursts. During the episode, four stations .- ¥y 22_juli 2025 (mm)
P recorded precipitation exceeding 100 mm. The DEODE
" . IGZ?A,d/ cont |' 350X 1B00X90 2000 00.91:03 72 50 EPS-750 run successfully simulated a narrow band of high  Figure 3: Total precipitation during 21-22 July 2025 as derived from
reenian ontinuous cycling X X 21 - - - : P - - Danish rain gauge network. This was the heaviest rainfall event in
lceland rainfall accumulation, closely aligning with observation. Denmark over the last 31 years. (Source: DMI)
TASIILAQ Prob. > 50mm/24h, DINI-EPS, 2km res. Prob. > 50mm/24h, DEODE-EPS, 750m res.
TAS Teaila ’ Continuous cycling 400x400x90 750 00-18:06 60 15 - - ' 0.8
SGL Sielbral) Continuous cycling 600x480x90 750 00-18:06 60 15 - - ”
South Greenland ' os
NUUK Nuﬁu'fjfo’ Continuous cycling  600x800x90 750 00-18:06 60 15 i i o
DB DB1000, On-demand 480x600x90 1000 00-18:06 60 25 15 20 Figure 4: Upscaled 24-hour probabilities 035%
Diskobugt triggered for precipitation exceeding 50 mm, as o
SC1000 simulated by the operational DINI-EPS (2 '
sC Scores- On-demand 480x600x90 1000 00-18:06 60 25 18 20 km resolution, left) and the DEODE EPS s
bysund triggered Harmonie-Arome  system (750 m
y resolution, right). 45
QAAN AN On-demand 400x400x90 750 00-18:06 60 25 18 18 Prepared by:
aanaaq riggere T. Benacchio, tbo@dmi.dk 0
M. Frelund, maf@dmi.dk
Table 1: Suites names and configuration features for operational weather forecasts at DMI. Contact: E. Alerskans, ea@dmi.dk | | X. Yang, xiaohua@dmi.dk

Machine learning activities
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Figure 5: Overview of infrastructure plan and status of deployment of data-driven (see EnergyWeather below). E. Briola, elb@dmi.dk, _ collaboration on :
weather forecasting S. K. Christiansen, skc@dmi.dk GitHub

DANRA - Danish Reanalysis

EnergyWeather, IEA PVPS Task 16 and Weather2X

DANRA is a 34-year, 2.5km regional atmospheric reanalysis for Denmark and surrounding areas. || With increasing penetration of wind and solar power, accurate forecasts of potential power production are key to the
Its high resolution representation of Danish coastline and enhanced use of observations in data || balancing of the electricity grid and for those producing, selling and buying power in advance. In Weather2X DMI, in
assimilation helps to better capture climate and extremes (e.g. Aug 2007 cloudburst, see Fig. 7) collaboration leading Danish institutions and power products aims to improve the forecasts of wind and solar radiation.
than global reanalyses like ERAS.

DANRA IS available as a Zarr dataset (doi.org/10. 5281/zenodo 17294179).

ERA5 CERRA - DANRA
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I8*h i IS - et In IEA PVPS Task 16, international experts make recommendations for solar resource
& me assessment and forecasting. DMI here works on benchmarking and quality assurance
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Sy ¥ ke e Energy sector-driven 15 min-6h lead times with 15 min update frequency
‘4 ) ‘*‘\_ e Future work: machine learning-based nowcasting model trained on MSGcpp data, e.g. SHADEcast
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Carpentieri, A., Folini, D., Leinonen, J., & Meyer, A. (2024). SHADECast: Enhancing solar energy integration through probabilistic regional forecasts (No. EGU24-5571). Copernicus Meetings.

Figure 7: Accumulated Precipitation « August 20 2007, 15:00-21:00 UTC. Comparison of ERAS, CERRA, and DANRA
reanalyses during the 20 August 2007 cloudburst, an extreme precipitation event recorded in Denmark, with more than 140
mm falling in 1.5 hours over Grasten at the border of Denmark and Germany.
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