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At Deutscher Wetterdienst (DWD), the pilot project SINFONY (Seamless INtegrated FOrecastiNg
sYstem) has been set up in 2017 to develop a seamless ensemble prediction system for convective- ~
scale forecasting with forecast ranges of up to 12 hours, which integrates nowcasting techniques with S I N F S N Y

numerical model prediction (NWP) in a more or less seamless way. The focus Is on severe summerly —_——
convective events with associated hazards such as heavy precipitation, hail and wind gusts.

Basis: Current operational setup at DWD Nowcasting in SINFONY

NWP ensemble system Nowcasting KONRAD3D KoNRAD3D
« COSMO-D2-EPS (transition to * Based on 2D composites (1 x 1 km) * Deterministic detection, tracking and forecasting of convective

CON-LAM-EPS in preparation) of radar reflectivity (17 radar stations) cells (objects)
- Data assimilation: KENDA (LETKF) * Grid-based: optical flow technique for - 3D volumetric radar data (10 elevations + near-surface scan)
« Radar observations used only for motion vectors; linear extrapolation  Object tracking and uncertainty estimates using Kalman filter

_atent Heat Nugding (LHN) * Object-based: cell detection & tracking * Developed within the software framework@mqr!c_kﬁﬁﬁ _ |
- Every 3 h; forecast range 27 h with KONRAD, threshold: 46 dBZ Grid-based Nowcasting ensemble simate geing Kalman e
* Avallable ~ 1:40 h after Initialisation * Every Smin; forecast range up to 2 h - STEPS approach: Scale-dependent precipitation extrapolation taking into account

Mainly separated methods, only few common products for the forecasters Lagrangian auto-correlation perturbed by correlated noise
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exchange FSS for grid-based nowcasting and NWP for range.

25/05-08/06/2016; threshold: 25 dBZ, box: 33 km Object-based Nowcasting ensemble

* Variation of algorithm parameters in cell detection, clustering of detected cells
» Stochastic ensemble generation for every cell cluster

* Cell evolution based on empirical life-cycle data and Ensemble Kalman Filter

Based on new ICON model * First prototype: ensemble of parabolas with different amplitudes and widths
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Data assimilation
« Assimilation of radar data N 3D reflectivies ¢ LN~
3D reflectivities and radial winds | -
* systematic studies ongoing; positive impact
* Detected and tracked convective objects:
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Grid-based combination
 STEPS-approach combined with Ensemble Kalman filter (Nerini et al., 2019)
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texture assimilation (no object matching) - Nowcasting ensemble is iteratively corrected towards the NWP ensemble
& = . « STEPS-Nowcasting ensemble generation in prediction step
" FSS (1.0 mm/h) of COSMO-DE (init 6 UTC) with * Principal component analysis for dimensional reduction in correction step
% dlffel’ent Wa.yS Of US|ng I’adar |nf0rmat|0n Obs. (corresponding domain),_‘lé::f,OUTC +3h forecast, prob. dBZ > 20 ) thr = 20 dBZ, boxsize = 21
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of texture assimilation — Kalman filter integration

Observation Model

» Assimilation of SEVIRI-VIS satellite data
* Visible range (0.6 pum), to identify low clouds
* Improvements in moisture fields, cloud cover,
and convective precipitation
* Present work: Vertical localization to avoid
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SEVIRI-VIS single observation experiment Radar observations of 25/06/2016, 15:30 UTC (left) and 3 h FSS over forecast time on 25/06/2016 (20 dBZ, box:
« Assimilation of lightning flash density, using without (left) and with vertical localization (right) forecast (init 12:30 UTC) of the probability for exceeding 21 km) for COSMO-DE-EPS (init 11:00 UTC, black),
. . : | 20 dBZ in the combined ensemble (right). and 12:30 UTC init of the Nowcasting ensemble
Lightning Potential Index as forward operator ~ ovsenation CoN-LaM Lmom. (blue) and combination (red)
o - .| | Object-based combination 27.05.2016 13:00 UTC (0 - 2 h)
Model extensions e s ! ! 2 » Detection of cells in both ensembles using identical Probability that observeld cell will
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T ' * Spatial clustering of simulated cells ("DB scan”) NN L

1|  Selection of simulated cells from the "most reason-
nable" cluster (k-means) based on cell attributes

* Warm bubbles to trigger convection
(using radar information)
 Positive impact for higher reflectivities

ICON-LAM 2-mom.

* Cloud physics: Two-moment scheme .| Distribution of the (size, intensity, distance) for each observed cell
* Improved reflectivity-based scores in refﬂﬁctir\]/it_y ihﬂ gependence * Shifting of selected simulated cells to the location of
. - e ot the heignht tor . .
model forecasts for high reflectivities  obemrymtion and difterent the observed cells incl. forecast trajectory
compared to one-moment scheme - NWP hindcasts in spring / * Probabillity products based on cell overlaps
summer 2016
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