Abstract

The warm-season moist deep convection is frequently acanie@ by hazardous weather
such as lightning, strong winds, heavy precipitation, aastfifloods. It follows that ac-
curate weather forecasts contribute to the safety of puptaperty, and transportation
systems. Nowadays, numerical weather prediction (NWP) caatést severe convec-
tive weather in a few-hours advance. In the absence of ssgngptic or topographic
forcings, the NWP models are prone to errors because coaweictitiation may be
missed due to unresolved boundary layer processes or sisaffiveather observations
for data assimilation.

This study initially focuses on the 21 August 2007 severeeotive system (SCS)
that developed over Masurian Lake District (Masuriad LDJ &nought high public at-
tention in Poland. Then, the study investigates capadslitif a convection-permitting
NWP model in hindcasting of that SCS. The discussed SCS inductts wind gusts
up to 35 m st and significant waves on the lakes that caused extensivegéaaral
loss of life. At that time, operational NWP systems at theitat of Meteorology and
Water Management — National Research Institute (IMGW-PIBjewet sufficiently
advanced to explicitly forecast severe convective praeskven today, the SCS rep-
resents a challenge for convection-permitting NWP becatisepmor availability of
surface and free-troposphere observations over the Cérdastérn Europe that can be
assimilated into an NWP system.

Meteorological data available for the 21 August 2007 aréectdd and analyzed
in this study, including the pre-storm synoptic and meslkescanditions. This analy-
sis shows that the SCS developed within a subtropical air,magsno synoptic-scale
forcing and in the presence of a mesoscale cold pool outflom farlier scattered deep
convection. Downwind from the scattered convection, a trdisme was observed in
the surface layer. It was elongated in the NNW direction aratured dewpoint tem-
peratures exceeding 20. The low-to-mid tropospheric SSE winds over Masurian LD
likely overlapped the plume as suggested by model simulatidll those factors cre-
ated favorable conditions for the development and fastgafpon of deep convection
that organized itself into a bow echo system.



The analyzed bow echo system represents a complex NWP casesbeit de-
veloped in response to transient favorable surface cemditiiow-to-mid tropospheric
winds, and a small-scale mechanical destabilization. Th8I@O NWP model is used
for the SCS convection-permitting modeling and two globaadats were tried to pro-
vide large-scale environment for limited-area simuladi@ver Poland. The ERA-5
reanalysis was assessed superior and it was used as a sbuniteloand boundary
conditions. Initial NWP simulations indicated that severaidifications were neces-
sary to obtain a reliable representation of the pre-stornditions over Masurian LD.
Those included assimilation of the pre-storm soil, surfaocel upper-air weather obser-
vations collected up to the noon of 21 August 2007.

As the model misses to timely initiate a bow echo system, ¢hgoswas expanded
to include either a deterministic or a stochastic idealizevection initiation scheme.
The stochastic scheme was assessed as the superior foliothetir-scale convection-
permitting COSMO NWP simulations because its applicatiortdetthe realistic repre-
sentation of the bow echo system. That also denotes that tIBMGONWP model is
capable to reconstruct the development of the bow echoraysteer the condition that
the model data are realistic and the model is fitted with aecéffe convection initia-
tion scheme. The setup with the stochastic scheme was sidrgggused for additional
model testing, focusing on the sensitivity of the bow echpresentation to the refined
horizontal resolution and cloud microphysics. The disimssf NWP simulations in-
cluded an assessment of the influence of the modificationssosyistems dynamics and
consequent changes in the structure and magnitude of sedigarface wind gusts.

Overall, analyses of available observations and completederical simulations
highlight a complex environment and difficult to predict ohaf events that lead to the
development of the bow-echo system. This dissertationmeots the COSMO NWP
model capabilities in modeling of that convective systennisTresearch is classifed
within the discipline of environmental engineering.
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