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INTRODUCTION, AIMS 

 

Climate models are effective tools for studying the processes and changes in 

the climate system. At regional and local scales, Regional Climate Models 

(RCMs) are commonly used as they permit a much better representation of 

the relevant physical processes at these spatial scales. The state of the art 

RCMs’ resolution is around 50 or 25 km or even higher. Their use is 

especially beneficial, when the climate of a domain with complex terrain is 

modelled. For example, the Mediterranean region, where there are several 

regional features influencing the weather and the climate, such as the 

mountain ranges acting as a barrier for the atmospheric flow, the relatively 

warm sea, which is a heat and moisture reservoir or the thermal differences 

over land and sea. It is a transition zone between the climate system of the 

subtropics and the mid-latitudes. The Mediterranean also have been 

recognised as a possibly vulnerable region for global climate change. Thus 

this region is an adequate choice for studying RCMs and their results. 

The aim of this thesis is to assess the representation of physical processes in 

RCM simulations for the Mediterranean. In particular, the representation of 

Mediterranean cyclones and their associated precipitation is analysed. The 

goal is to better understand the behaviour of the models and their projected 

changes through a process oriented approach. For the analysis, cyclones are 

chosen, because they largely control the weather of the mid-latitudes, and 

responsible for a substantial part of the precipitation. Also the cyclogenesis 

processes in the Mediterranean are highly influenced by the regional 

aspects, thus they are interesting local phenomena. The cyclones in the 

Mediterranean are usually smaller and shallower than their North Atlantic 

counterparts, but still they sometimes related to sever weather events, like 

heavy precipitation, floods, windstorms and storm surges.  
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METHODS 

 

For the analyses included in the thesis, two RCMs are used, the COSMO-

CLM (CCLM) and the RegCM. COSMO-CLM is used in a case study 

focusing on the 2013 summer Danube and Elbe flood. The heavy 

precipitation event triggering the flood was related to two Mediterranean 

cyclones. The simulations are driven with ERA-Interim reanalysis, and 

spectral nudging is applied. Sensitivity studies are designed, to investigate 

the possible moisture sources of the event. To identify and quantify the 

moisture related to specific sources, like the continental evapotranspiration 

or the Mediterranean Sea, the surface fluxes (latent and sensible heat fluxes 

and evapotranspiration) are decreased to zero in different regions. Thus in 

the sensitivity simulations the impact of the lack of moisture from these 

regions are analysed during the heavy precipitation event.  

The RegCM model is used for climatological studies. A reanalysis driven 

simulation is calculated for evaluation purposes, to analyse the model’s 

capability to reproduce present day climate. To study the climate change 

signal, a transient simulation is done from 1950 till 2099, with global model 

forcings (HadGEM2) using the RCP4.5 scenario. 

For analysing the cyclones in the models, an objective cyclone identification 

method is developed. It consists six sub-methods, which uses different 

commonly used variables for the identification and tracking of cyclones. 

Since cyclone identification methods are found to be sensitive to the 

variable choice, the uncertainty due to variable selection is aimed to be 

reduced by the use of the sub-methods’ mean. 
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RESULTS AND CONCLUSIONS 
 
1. Cyclone identification method 
 
Results concerning the developed cyclone identification method and its 

application on reanalysis data: 

• The ensemble mean of the sub-methods combines the information 

from the sub-methods. Thus it is a better estimate to describe the 

different cyclonic characteristics of the Mediterranean, than a 

method relying only on one variable. The diversity among the sub-

methods is largest during summer, when thermal, shallow lows are 

present, which are not always captured by all sub-methods.  

• The application of the method on reanalysis data shows the main 

cyclogenetic regions and characteristics of the Mediterranean. The 

results are in line with previous studies, thus the method is 

applicable for identifying Mediterranean cyclones. 

• The main cyclogenetic regions during the whole year are the Gulf 

of Genoa in the western parts and Cyprus over the eastern 

Mediterranean. There are several regions, which are seasonally 

active, like the Iberian Peninsula during summer, the Algerian Sea 

region during summer and autumn, the Western and Eastern 

Sahara cyclones in spring and summer, the Aegean Sea, the 

Adriatic and Ionian Sea mainly during winter and spring, the Black 

Sea during spring and summer and the Middle East cyclones 

mainly during summer. 

• The cyclonic precipitation is highest during autumn and winter. 

The only exception is the Black Sea region, where cyclonic 

precipitation has its maximum during summer. The highest 
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cyclonic precipitation amount is connected to the Genoa and 

Adriatic and Ionian Sea cyclones during autumn. 

 
2. Case study of the 2013 summer flood 
 
Results of the case study, modelled with COSMO-CLM: 

• The COSMO-CLM is generally able to capture the heavy 

precipitation event along the northern range of the Alps, which led 

to the flood event on the Danube.  

• The sensitivity experiments revealed that the main moisture 

sources contributing to the heavy precipitation event were 

primarily the continental evapotranspiration and secondly the 

North Atlantic region.  

• The study shows the importance of continental moisture recycling 

for summer heavy precipitation events affecting Central Europe.  

• The case study confirms, that given favourable pre-conditionings 

like enhanced soil moisture and a quasi-stationary cut off low, the 

involved cyclones do not necessarily need to be unusually strong to 

lead to severe flooding and thus to strong socio-economic impacts. 

 
3. RegCM model evaluation 
 
Results concerning the evaluation of the RegCM model, through the 

cyclone climatology of the reanalysis driven present day climate simulation: 

• The RegCM simulation reproduces the annual cycle of cyclones 

and their seasonal pattern. The cyclone frequency has a systematic 

positive bias in the model, mainly in the vicinity of mountainous 

and coastal regions, which is partly due to the higher resolution of 

the RCM simulation and mainly considered as added value. 



 6 

• The cyclonic precipitation is higher in the model, than in the 

reanalysis, but the distribution of cyclonic precipitation among 

cyclones is similar in both datasets. The high cyclonic precipitation 

in the model is mainly due to the higher precipitation amount 

falling from stationary cyclones, except during spring, when also 

travelling cyclones’ precipitation is overestimated. The systematic 

bias of stationary cyclones’ precipitation is due to the higher 

frequency and the higher precipitation rate of these cyclones. In 

general, the model has a mainly wet cyclonic precipitation bias, 

due to the higher number of cyclones, which are partially also 

more precipitable. 

 
4.RegCM future projection 
 
Results concerning the climate change signal of cyclone frequency and 

cyclonic precipitation in the RegCM simulation, using the RCP4.5 scenario 

at the end of the 21st century: 

• The climate change response of cyclones frequencies shows, that 

the number of travelling cyclones will mainly decrease, but the 

number of stationary cyclones will increases in the Mediterranean. 

The travelling cyclones decrease mostly in the Gulf of Genoa 

cyclogenetic region, while stationary cyclones increase mainly 

over the Iberian Peninsula and the Middle East during summer.  

• The cyclonic precipitation is projected to increase over the 

northern part of the Mediterranean during winter and spring, and 

over the Adriatic Sea during autumn. The southern parts are 

generally projected to become dryer. During summer the whole 

region is projected to become dryer.  
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• Over the northern part of the Mediterranean the cyclones are 

projected to become more precipitable. This compensates the 

possible cyclonic precipitation decrease due to the projected 

cyclone frequency decrease.  
• Travelling cyclones are projected to be more precipitable during 

winter and dryer during summer. Stationary cyclones’ precipitation 

rates are mainly projected to decrease, especially in the southern 

cyclogenetic domains. Though the Adriatic and Ionian Sea 

stationary cyclones’ autumn precipitation rate is projected to 

increase significantly.  

 

The general conclusion of the analyses is that RCMs are capable of 

capturing the Mediterranean cyclones, and the regional processes related to 

their development, both on climatological level and in individual cases. 

Moreover RCM results provide more detailed information about the region, 

than lower resolution data e.g. reanalyses or global circulation model 

results. Thus, the use of RCMs is beneficial to study the climate variability 

and change in the Mediterranean. 

 

 

 

 

 

 

 

 

 

 



 8 

PUBLICATIONS RELATED TO THIS DISSERTATION 
 
Peer reviewed Journals 
 
Kelemen, F. D., Ludwig, P., Reyers, M., Ulbrich, S., Pinto, J. G., 2016: 

Evaluation of moisture sources of the Central European summer flood of 
May / June 2013 based on regional climate model simulations. TellusA, 
68., doi:10.3402/tellusa.v68.29288 

Kelemen, F.D., Bartholy, J., Pongrácz, R., 2015: Multivariable cyclone 
analysis in the Mediterranean region. Időjárás, 119(2), 159–184. 

 
Other Journals 
 
Kelemen, F.D., Bartholy, J., Pongrácz, R. 2012. Mediterranean cyclones 

climatological analysis based on reanalysis data (in Hungarian). Légkör, 
54(4) pp. 184-187 

Bartholy, J., Pongrácz, R., Práger, T., Pieczka, I., Torma, Cs., Kelemen F. 
2012. Regional climate models adaptation, parametrisation experiments 
for the Carpathian Basin (in Hungarian). Légkör, 57(4) pp. 150-152 

 
Presentations and abstract on international conferences 
 
Kelemen,F.D., Ludwig,P., Reyers,M., Ulbrich,S., Pinto, J.G., 2016: 

Evaluation of moisture sources for the Central European summer flood 
of May/June 2013 based on regional climate model simulations. 
Geophysical Research Abstracts, Vol. 18., EGU2016- 3923, General 
Assembly 2016, European Geosciences Union. 18.04.-22.04. 2016, 
Vienna, (oral presentation) 

Kelemen,F.D., Ludwig,P., Reyers,M., Ulbrich,S., Pinto, J.G., 2015: 
Evaluation of moisture sources for the Central European summer flood 
of May/June 2013 based on CCLM simulations. 10th CLM Community 
Assembly, Book of Abstracts, 29.09.-02.10. 2015, Luxembourg, (poster) 

Kelemen,F.D., Ludwig,P., Reyers,M., Ulbrich,S., Pinto, J.G., 2015: 
Evaluation of moisture sources of the Central European summer flood of 
May/June 2013 based on an ensemble of regional climate model 
simulations. Geophysical Research Abstracts, Vol. 17., EGU2015-5678, 
General Assembly 2015, European Geosciences Union. 12.04.-17.04. 
2015, Vienna, (poster) 

Bartholy, J., Pongrácz, R., Pieczka, I., Kelemen, F.D., Kis, A., André, K., 
2015: Regional climate model experiment using RegCM subgridding 



 9 

options in the framework of Med-CORDEX. 95th Annual Meeting of 
the American Meteorological Society/27th Conference on Climate 
variability and change. 01.04-08.01.2015, Phoenix, USA (poster) 

Kelemen, F.D., Bartholy, J., Pongrácz, R., 2014: Cyclone tracking in the 
Mediterranean region using a multi-variable ensemble technique. 
Geophysical Research Abstracts, Vol. 16, EGU2014-5463 General 
Assembly 2014, European Geosciences Union. 27.04.-02.05. 2014, 
Vienna, (poster) 

Kelemen, F.D., Bartholy, J., Pongrácz, R., Práger, T., 2013: Comprehensive 
analysis of cyclones in the Mediterranean using RegCM4 simulations 
and reanalysis fields. International Conference on Regional Climate - 
CORDEX 2013 A partnership between WCRP the European 
Commission and IPCC, 04.11.-07.11. 2013, Brussels, Belgium (poster) 

Kelemen, F.D., Bartholy, J., Pongrácz, R. 2013: Validation of a regional 
climate model with the use of objective cyclone identification (in 
Hungarian). Változó Föld, változó társadalom, változó ismeretszerzés - 
A megújuló erőforrások szerepe a regionális fejlesztésben. Eger, 10.10.-
12.10. 2013, (oral presentation) 

Kelemen, F.D., Bartholy, J., Pongrácz, R., Práger, T. 2013: Comparison of 
cyclone climatology from a regional climate model simulation and from 
two reanalyses. EMS Annual Meeting Abstracts Vol. 10, EMS2013-594, 
13th EMS Annual Meeting & 11th European Conference on 
Applications of Meteorology (ECAM), 09.09.-13.09.2013, Reading, 
United Kingdom (poster) 

Kelemen, F.D., Práger, T., 2013: Climatological-dynamical analysis of 
Mediterranean cyclones (in Hungarian) 12th International Conference 
on Applications of Natural, Technological and Economic Sciences: 
Presentations, University of West Hungary, 11.05.2013. Szombathely, 
(oral presentation) 

Kelemen, F.D., Práger, T., 2013: Analysis of Mediterranean cyclones using 
RegCM4 simulations and reanalysis fields. Geophysical Research 
Abstracts, Vol. 15, EGU2013-473. General Assembly 2013, European 
Geosciences Union. 07.04-12.04. 2013, Vienna (poster) 

Kelemen, F.D., Práger, T., 2013: Precipitation Conditions in the Carpathian 
Basin Related to Mediterranean Cyclones. Science for Sustainability 
International Scentific Conference for PhD Students, University of West 
Hungary, Győr, 19.03.-20.03.2013, (oral presentation) 


