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1. INTRODUCTION

Mid-latitude cyclones form an essential part of
large-scale atmospheric circulation pattern, and their
evolution, intensity, trajectory, and associated weather
events (e.g., extreme precipitation, consequent floods,
etc.) are all important from a local/regional point of
view (e.g., Trigo et al., 1999, Lionello et al., 2006,
Bartholy et al., 2009). In this study, we focus on the
Mediterranean region where mid-latitude cyclones are
fundamental factors in the weather and climate
conditions in the region (Flaounas et al., 2016). Since
the Mediterranean region is considered as one of the
most vulnerable areas to climate change (IPCC, 2021),
this region calls for special attention. To mitigate the
effects of future climate change and to develop
suitable adaptation strategies it is necessary to have a
clear and detailed understanding of Mediterranean
cyclones and their characteristics. The main goals of
this study are as follows:

= Detect changes in cyclone characteristics
(frequency, intensity, duration) for the 20th and
21st centuries using reanalysis data.

» Evaluate future trends based on different climate
scenarios (RCP and/or SSP scenarios upon
availability) using GCM simulation data.

= Evaluate the effects of Mediterranean cyclones
over the Carpathian basin with a special focus on
precipitation.

—
Atlantic -
Ocean

Latitude

IS
&
z

Longitude

Fig. 1: Study area covering most of the Mediterranean

Sea, North Africa, and the southern and middle regions
of the continental Europe.

For this purpose, we selected the western part of
the Mediterranean region as the target area, namely,
the domain covering the region 29°N-52°N and 12°W-
35°E (Fig. 1). The data used in this study is the
ECMWEF reanalysis database ERA-20C (Poli et al.,
2016), which provides data from 1900 to 2010 with a
spatial resolution of 1°.

2. CYCLONE DETECTION

Cyclone identification is possible by finding local
minimum or maximum in meteorological fields (e.g.
pressure, relative vorticity, geopotential height, as used
in Kelemen et al. (2015) for instance). In this study we
search for local minima in the mean sea level pressure
(MSLP) field to identify low pressure systems leading to
cyclone centers. The temporal resolution of this field is
6-hour. The detection area is covered by 8°x8° sized
windows, so altogether 18 detection windows are used
with no overlapping areas between them. Within each
detection window area, the minimum pressure values
and their locations are identified. Additional criteria are
as follows:

e the MSLP is lower than 1013 hPa,
e the neighbouring gridcells of the minimum do not
have higher values of MSLP.

The second criterion is important when the
detected minimum value is located at the edge of the
detection window.

If these criteria are not met, then the detected
minimum is dismissed as a local minimum as well, as a
possible cyclone center.

The algorithm is coded in R, which is an often
used tool for statistical analysis (R Core Team, 2022).

3. PRELIMINARY RESULTS

The cyclone detection algorithm is tested for one
specific month, namely, January 2010. In this month
eight separate low-pressure events are identified over
the Mediterranean region. One of them occurred during
7-10 January. According to the ERA-20C reanalysis
data the lowest central pressure was 992 hPa during
this event. The 72-hour total precipitation exceeded 50
mm in some regions (Fig 2).
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Fig. 2: Total precipitation between 2010-01-07 9 UTC
and 2010-01-09 9 UTC during a cyclone event in the
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Pressure and precipitation - 2010-01-07 03:00:00 UTC

An example is shown for the first part of this event
with 6-hr timesteps in Fig. 3. The cyclone entered the
Mediterranean region from the Atlantic Ocean through
the Strait of Gibraltar. From here, the cyclone deepened
while moving in a north-easterly direction. The
snowstorms brought on by the cyclone caused
disruptions in several European countries. Flights had to
be cancelled in Switzerland and Germany, while in
Poland the snow caused power cuts
(https://www.ncei.noaa.gov/access/monitoring/monthly-
report/hazards/201001). It caused snowfall, sleet, rain in
Hungary. In the western part of Hungary some synoptic
stations detected 17 mm of precipitation within 24 hours
(https://www.met.hu/idojaras/aktualis_idojaras/napijelent
es_2005-2019/).
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Fig. 3: Isobars (black lines), 6-hour precipitation (color scale) and detected potential cyclone centers (red triangles)
for a Mediterranean cyclone event between 2010-01-07 3 UTC and 2010-01-08 9 UTC.



Based on the isobars not all of the detected
minima can be considered as cyclone centers. It is very
apparent in the first three time steps. After completing
the development of the tracking algorithm, it is possible
to eliminate such ,false” cyclone centers.

4. FUTURE PLANS AND STEPS

The next step in the study will be to develop the
tracking of the identified potential cyclones using the
nearest neighbour algorithm (Kelemen et al., 2015). A
possible cyclone center will be chosen and compared to
the centers detected in the following timestep. With the
finalized tracking algorithm, we will be able to filter out
cyclones with too short lifespans. The cyclone tracking
is still under development, several methods are being
tested with different conditions. This is necessary
because the conditions chosen will have a major
influence on the results of future statistical analysis (Neu
et al., 2013). After the cyclone detection and tracking
algorithms are finalized, we will carry out a thorough
statistical analysis for past events, and also for the
future. For this purpose GCM simulations will be
selected from the CMIP6 database (Eyring et al., 2016).
To get the most accurate results the following criteria will
be used during the selection of the GCM simulations:

= availability of historical and RCP/SSP scenario
simulations,

= spatial resolution: at least 100 km,

= total precipitation data: at least with daily
resolution,

= horizontal wind components data: at least with 6
hourly temporal resolution,

= MSLP: at least 6 hourly temporal resolution.

The ultimate goal of the whole research is to
connect frontal systems and precipitation zones to the
Mediterranean cyclones. Hence to get a clearer picture
how precipitation patterns will change in the future
depending on the scenario, in the target region, and
especially in the Carpathian basin.
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