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1. Introduction 
 
Thermally-induced flows, such as sea/land breezes (SLB), influenced by complex topography are 
very common along the Mediterranean coast. They have been extensively studied in different 
Mediterranean regions exhibiting at the same time theirs relationship with a particular cloud type and 
convection (e.g. Azorin-Molina et al. 2009, Babić et al. 2012). The inland SB penetration can be 
traced by the cumulus type of clouds in satellite images. Occasionally, the cumulus clouds developed 
into a cumulonimbus (Cb) clouds that caused thunderstorm and rainfall over the local area (Miller et 
al. 2003).  

Recently, over the northeastern Mediterranean region, the focus was on the relative long-term 
analysis of the available lightning data (Mikuš et al. 2012) as a measure of convection and on the 
possible relationship between SB and Cb clouds during summer months (Babić et al. 2012). Mikuš et 
al. (2012) detected 402 convective days in the warm part of the period of 2006-2009 and showed 
some characteristics of convective activity along the Adriatic coast and over the open sea. The 
northeastern (NE) Adriatic, in particular, the Istrian peninsula, represents the most convective area in 
Croatia with 62.4% of all days in the sample. The peak in daytime convective activity during almost 
non-gradient pressure field existed in July followed by the slightly lower activity in June. In 82% of 
overall days with convective activity above NE Adriatic was observed during three dominant wind 
regimes on a large scale: from SW (46%), NE (18%) and NW (18%) directions. 

The determination of the relationship between SB at the coastal stations and Cb over Istria for a 
10-year period (1997-2006) showed that in 51 % of daytime Cb days, SB develops along the coast 
(Babić et al. 2012). The results have revealed the most frequent conditions during the Cb clouds 
generation. For example, the temperature difference between land and sea is in the range of 3 and 5 
°C and the maximum SB speed at the coast is in the range of 3 and 5 m s-1.  

Therefore, according to the results of the above observational (more “climatological”) studies, 
the aim is to estimate in a more detail a possible influence of the jointed large scale wind and 
thermally-induced local wind on the Cb development over Istria. Results are based on the numerical 
mesoscale model that will supplement the lower spatial and temporal coverage of measurements of 
both phenomena.   

 
2. Description of simulations  
 
Here we selected and simulated three chosen cases from the dataset of Babić et al. (2012) that satisfy 
simultaneous occurrence of SB and daytime Cb above Istria (Table 1). An each selected case also 
contains an interaction of SB with one of the dominant types of large-scale wind (SW, NE, NW) 
above Istria. The simulations were performed by the WRF-ARW mesoscale model with: ECMWF 
input and boundary data, a two-way nesting, a Lambert conformal projection, 3 domains with 1.5 km 
grid spacing in the finest domain (Fig. 1) and 70 vertical levels.  
 
 
 
 



Table 1. Three selected simulated WRF cases with the Cb cloud over Istria in which the SB interact with one of the 
dominant types of large-scale wind (SW, NE, NW). Both the SB duration and speed were evaluated at the Pula-airport 

site (tip of the Istria peninsula). 
 

  
date 

Dominant 
large-scale wind 

Cb duration 
onset – end (CET) 

SB duration 
onset – end (CET)    

Max SB 
speed   

Case A 09 July 2006 NE 10:50 – 16:00 9- 19 5.1 
Case B 08 June 2003 SW 12:40 - 16:30 9- 20 3.6 
Case C 08 August 2006 NW 11:10 – 16:30 9- 13 4.1 

 
 
3. Results and discussion 
 
According to WRF results, the interaction between local SB and large-scale wind significantly 
influenced the position of the Cb development (Fig. 1). The large-scale NE wind simultaneously 
enhanced the SB at the southeastern Istrian coast and prevented deeper penetration of the dominant 
western SB over the peninsula (within 15 km, Fig. 1a). The interaction reinforces the convergence of 
the flow field in the boundary layer and consequently the intensity of SB fronts and its updrafts. 
Results (Fig. 1b) indicate that the SW large-scale wind interacts with the western SB allowing deeper 
inland penetration over the peninsula (> 30 km) than in Case A. The Cb development was associated 
with the position of the convergence in the wind field. The large-scale NW wind (Fig. 1c) was 
superimposed on the western SB producing larger inland penetration and amplifying the magnitude 
of the SB speed. Still, the spatial position of the convergence zone caused by the NW wind and 
Istrian SBs was strongly curved. In all three cases, a significant amount of cloudiness and a certain 
amount of precipitation have been developed in the zone of the convergence between 11 UTC and 13 
UTC and moved depending on the type of the large-scale wind southward (in Cases A, C) or 
northward (in Case B) of the peninsula. 
 
       (a)         (b)            (c) 

 
 

Figure 1. A close up of the WRF-ARW modeled results (10-m wind and column-integrated cloud hydrometeors) at 14 
CET in the finest model domain, ∆x =1.5 km obtained for: (a) Case A, (b) Case (B) and (c) Case C. 
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