
 

 

 

 

 

 

 

 

 

Abstract— During the period of 2012 – 2015, a network of 
15 permanent scientific Meteorological – Environmental stations 
established along the Ionian Islands (Greece) and the Salento 
peninsula (Puglia or Apulia, Italy). The network extends from the 
Adriatic-Ionian borders (Otranto station) to the southern tip of 
the Ionian Islands complex (Zakynthos), almost in parallel to the 
main orography of the Greek peninsula, within the southern 
extension of the Western Balkans wind convergence zone.  

Twelve of the stations have a 10 m height Meteorological mast 
architecture, while the rest three of them monitor the air 
suspended particulate matter mass concentration. The install-
lation locations were carefully selected (in remote areas in most 
of the cases) in order to ensure best exposure to the prevailing 
weather conditions at pre-specified wind sectors. The network 
construction was realized in the framework of the Interreg IV 
European Territorial Cooperation Programs “Greece-Italy 2007-
2013”, under the acronym “the DEMSNIISI” Project. All stations 
are equipped with high quality scientific sensors, that measure 
ten, basic Meteorological parameters (namely, the wind vector at 
10 m height from earth surface, the wind gust, the rain rate, the 
air temperature, the relative humidity, the barometric pressure, 
the Solar irradiance in the visible, and the UV-A -B bands, and the 
aerosols mass concentration) at one minute logging interval; 14 
more parameters (Aeolic and Solar energy flow, among them) are 
computed per station and per minute. The measurements are 
real time published in graphical form through the web page 
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values are also accessible through the climatic database.  

Under the DEMSNIISI Project the number of ground based  
Meteorological stations in the Ionian Islands were over-doubled 
and a high quality Meteorological - Environmental network was 
added in the sensitive area of the Central Mediterranean.  

In this article, the main atmospheric processes and the climatic 
variability of the network physical environment (Ionian Sea) is 
reviewed, taking also into account the results of a number of 
studies performed in the Project’s framework. Furthermore, the 
technical specifications of the network stations is given along 
with a description of the communication methods, the data flow, 
the pre- and post-processing, and the web platform products. 
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I. INTRODUCTION 

HE Ionian Sea is located in the Central Mediterranean, 
extending between the Italian and the Greek peninsu-

las. It is a marine area that, despite the great variety of 
important atmospheric, climatic and oceanographic pro-
cesses that observed there, has been sparsely studied in 
these scientific fields. The typical borders of the Ionian Sea 
as defined by the International Hydrographic Organization 
(ΙΗΟ) in 1953, are illustrated in Figure 1. Nevertheless, the 
southern borders of the Ionian Sea are more frequently 
considered to be extended to Sidra Gulf (Figure 2), as 
defined for example, by FAO-UN/SAC/GFCM (2007, 2009) 
committees.  
 
I.1 The existing station networks infrastructure 
Due to the large spatial extension of the Ionian Sea, in-situ 
scientific measurements related with its geophysical 
environment parameters, are originated from ground 
based stations which however, are necessarily restricted 
along the coastline of Southern Italy (Puglia, Basilicata, 
Calabria, and Sicily), western Greece (Epirus, Sterea, 
Peloponnesus), and the Ionian Islands. Oceanographic data  
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Figure 1 : The spatial borders of the Ionian Sea according to IHO 

(1953). 

 

 
Figure 2 : The spatial borders of the Ionian Sea according to FAO-
SAC/GFCM (2007, 2009). In this definition, the Ionian Sea covers the 
Central Mediterranean sub-areas numbered as, 13 (Gulf of Hammamet), 
14 (Gulf of Gabes), 15-16 (Sea of Sicily and Melita), 19 (Boot, or Western 
Ionian), 20 (Eastern Ionian, that comprises the sub-regions 20Α and 20Β 
corresponding to the Northern and the Central Ionian, respectively), 21 
(Southern Ionian, comprising the sub-regions 21Α and 21Β of Sydra or 
Syrti Major, and the Libyan Sea, respectively). The red border lines 
represent FAO statistical divisions, while the blue dashed lines represent 
variants of the IHO bordering, mostly used in ship navigation routes.    

 
are rare and sparsely distributed or even non-existent at 
all, in many  sub-regions of  the  Ionian Sea.  However, the 
number of ground based Meteorological stations in the 
region of Puglia is by far greater than that in the Ionian 
Islands and the western Greece. In particular, the region of 
Puglia, considered as an elongated strip of land with 

spatial dimensions approximately equal to 350  50 Km, 
posses 101 meteorological stations; their mean distance 

from each other, amounts to about 10~15 Km. Hence, 
Puglia’s network density of ground based stations is 
compatible to the meso-γ scale [according to Tsunis & 
Bornsteid (1996) or Lin (2007) definition]. There is also an 
upper troposphere station operated by the Italian Air 
Forces, plus a boundary layer profiler operated by the 
University of Salento. Similarly, the network of precipita-
tion monitoring stations in Sicily accounts 365 stations 
(Arnone et al. 2013), 173 stations in Calabria (Buttafuoco 
et al. 2011; Caloiero et al. 2011), and 50 stations in 
Basilicata (Piccarreta et al. 2004).  

On the Greek side of the Ionian Sea, there are only 14 
ground based stations installed by the Hellenic National 
Meteorological Service (HNMS) along the coastline of 
western Greece and the Ionian Islands (while three of 
them are out of order in the last years). Considering that 
the spatial dimension of this region is approximately 380 

Km  100 Km, it is implied that the typically distance of 
each station from the other, is about 40~50 Km; this 
distance is associated to atmospheric processes and 
phenomena of the meso-β scale. Regarding the spatial 
density of this network, it is almost 20 times lower than in 
the southern Italy.  

However, the stations density of ground based stations 
in the Greek side of the Ionian Sea started to be improved 
during the period of 2009-2012 with the establishment of 
38 automated stations of the Davis Vantage Pro 2 type 
from the National Observatory of Athens (NOA, 2015); 
some of these stations were installed at 5 m height masts. 
In this way, the density of the Greek network in the 
western (upwind) side of the Pindos mountain barrier 
increased, now becoming four times less than in the 
southern Italy. Nevertheless, only in a small number of the 
Greek stations in the aforementioned area the wind vector 
measurement is made at the 10 m height, as demanded by 
the specifications of World Meteorological Organization. 

Regarding the stations along the Ionian Islands, their 
operational importance is critical for Greece both for 
diagnostic and prognostic purposes, since this islanding 
complex comprises an entrance gate of all weather 
systems coming from the west. This is a direct result of the 
Ionian Islands arrangement almost in parallel to the Greek 
peninsula orography (west coast and Pindos Mountain) at 
the up-wind side of these topographic barriers. As a result, 
strong convective activity often emerges in the entire 
western Greece side, when relatively warm and wet air 
masses moving from the Ionian Sea towards the 
mainland’s steep mountain ridges, are lifted due to 
horizontal wind convergence, and evolve into convective 
clouds with heavy precipitation events, especially during 
the autumn months. Actually, the development of such 
events along the Ionian Islands and the western Greece, is 
a part of the similar orographic effects that take place in 
the strong wind convergence zone stretching along the 
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entire western Balkans coastline. The results of this 
orographic wind convergence process in the regional 
precipitation climatology is obvious in all re-analysis and 
observational data sets, such as the Climate Prediction 
Center Merged Analysis of Precipitation (CMAP; Xie & 
Arkin 1996, 1997), the European Centre for Medium-
Range Weather Forecasts Re-Analysis Project  (ERA; 
Gibson et al. 1997; Uppala 2005), the National Centers for 
Environmental Prediction – National Center for Atmo-
spheric Research (NCEP-NCAR) re-analysis project (Kalnay 
et al. 1996), and the East Anglia University Climate 
Research Unit (CRU; New et al. 2000), as can be verified for 
example by Mariotti et al. (2002).  
 
I.2  Ground stations benefits and challenges in the 

marine environment of the Ionian Sea 
As shown in the previous section ground based stations 
are located in the peninsula of Salento, the Ionian Islands 
and the western Greece are situated in a region of highly 
dynamic and intense mesoscale atmospheric processes, 
and conclusively, their importance for the monitoring of 
the local Meteorological phenomena and the operational 
weather prediction is increased. In parallel, the measure-
ments produced by such stations, especially in form of real 
time accessible data, provide an important information for 
a wide spectrum of economic and social activities, such as 
those entangled with the great number of sailing, touristic, 
and fishing vessels which travel along the Adriatic – Ionian 
– Crete route or around the Ionian Islands and the Puglia 
region; also in the air transportation domain, as thousands 
of flights are landed in the airports of the mountainous 
Ionian Islands every season. 

Meteorological stations located in the Ionian Islands and 
the Salento peninsula, are surrounded by large sea areas 
especially in their southern side, where no land masses 
exist as far as the northern Africa coast. Hence, they are 
actually marine-type stations, which are well exposed in 
the synoptic conditions (especially under western and 
southern circulation), and further they are not strongly 
affected by extended or heavy urbanization effects. These 
characteristics favor the detection of climatic signals (i.e. of 
statistically significant variations in long time series of 
climatic indices, like the temperature or precipitation). 
Considering the dynamics of the green-house effect and 
the delicate basin-wide climatic interactions in the 
Mediterranean, it becomes obvious that the detection of 
climatic signals in such sensitive regions as the Central 
Mediterranean, are of particular importance. However, this 
task requires the long existence of permanent ground 
based stations in the area. 

Regarding the Greek side of the Ionian Sea, as already 
mentioned in §I.1, only three Meteorological stations of 
HNMS were in service along the Ionian Islands (in Corfu, 
Cephalonia, and Zakynthos) until 2009, and only three 

more in the coastal zone of the western Greece (at Aktio, 
Kyllini, and Methoni). After 2009, four more stations added 
by NOA (in Corfu, Paxos, Lefkada, Ithaka, and Zakynthos). 
Nevertheless, all HNMS stations are located in the islands 
airports, while NOA stations are located in harbors or 
marinas (with the exception of NOA Zakynthos station 
which is located at an agricultural area). Given the topo-
graphic complexity of the Ionian Islands and the western 
Greece zone, as well as, the intensity of the weather meso-
scale phenomena that prevail in the area, this field station 
infrastructure is not sufficient. 

Despite the low density of the Greek Meteorological 
stations network in the Ionian Sea side, an important 
countervailing advantage is its historicity, as the operation 
of the Cephalonia and Zakynthos stations began under the 
supervision of NOA in 1893, while in Corfu, the daily 
observations began in 1805 (Mariolopoulos et al. 1985; 
Kotinis-Zambakas et al. 1996). The part of this data set 
after 1887 is utilizable in studies of multi-decadal time 
scale regional climate variability. After 1931, these stations 
become into the supervision of HNMS. 
 
I.3  The Ionian-Puglia network of stations 
In the aforementioned framework, a detailed plan set-up in 
2009 for the development of a network of 11 scientific 
Environmental - Meteorological stations (each one having 
the architecture of a 10 m height mast), by Universities and 
State authorities of the Ionian Islands and Puglia (as 
described in Kalimeris et al. 2009). The project partners 
were the Technological Educational Institute (TEI) of 
Ionian Islands, the University of Salento, the Region of 
Ionian Islands, and the Province of Lecce. The project was 
realized under the finance of the Interreg IV, European 
Territorial Cooperation Programs “Greece-Italy 2007-
2013”, under the acronym DEMSNIISI (Development of an 
Environmental - Meteorological Network of Stations in the 
Ionian Islands and the Southern Italy, MIS 902016).  

The main objective of this project was the continuous 
monitoring of the prevailing local atmospheric environ-
mental conditions through the measurement of basic 
parameters (some of which had never hitherto systematic 
observation in the Ionian Islands) by high quality sensors, 
and in appropriately selected remote locations with 
excellent exposure to pre-specified wind azimuthal 
sectors. All measurements had to be accessible in real time 
through the internet and mobile phones, at a refresh rate 
of once per minute. Among the high priorities of the project 
was also the sensing of the local orography and coastline 
effects to the wind field, the cloudiness, the precipitation 
and the other thermodynamic state parameters of the air, 
at least along the major members of the Ionian Islands 
complex.  

In view of the aforementioned objectives, the targeted 
installation  locations  of the network stations, were select- 



 

 4 

Kalimeris A,  Kolios S,  Chalvatzaras D,   Posa D,  DeIaco S, Palma M,  Skordilis  C,  and  Mysirlides M 

Volume 7,  December 2016 

 
 

Figure 3: Locations of the Ionian-Puglia network installations (identi-
fication numbers correspond to the list given in Table I ). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ed taking into account the following criteria : 
(i)  the detailed topography of the Ionian Islands and the 
peninsula of Salento. 
(ii)  the results of wind, temperature, precipitation, and 
convective activity climatologies for the Ionian Sea area, as 
emerged within the project framework by the analysis of 
satellite products, namely from the Tropical Rainfall 
Measuring Mission (TRMM), the Meteosat Second 
Generation (MSG), the Terra and Aqua Moderate Resolu-
tion Imaging Spectro–Radiometer (MODIS), the NOAA-19 
Advanced Very High Resolution Radiometer (AVHRR), as 
well as from the integrated modeling data sets, Global 
Land Data Assimilation System (GLDAS), the European 
Environmental Agency data sets and the NASA’s Goddard 
Earth Observing System Data Assimilation System (GEOS–
5), as described by Kolios (2014a, b); furthermore, a 
detailed regional precipitation climatology study based on 
long monthly time series originated from ground based 
stations along Puglia and the Ionian Islands (provided by 
NOA, HNMS and the Regione Puglia Servizio Protezione 
Civile) performed by Kalimeris (2014). 
(iii)  the preliminary study of the aerodynamic effects of 
the  Ionian  Islands  complex  topography on  the wind field  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
        Table Ι : The installation locations and the equipment type of the Meteorological-Environmental stations developed under the DEMSNIISI project. 
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Table Ι I Ι : Equipment distribution per station. 
 
by a high spatial resolution numerical simulation perform-
ed through the Ansys Fluent computational fluid dynamics 
code (Kalimeris 2014; Papas 2014).  

Subsequently, some small adjustments of the initially 
chosen locations made in places where the ownership 
regime put availability restrictions. Thanks to the kind 
contribution of many local authorities (municipalities, 
military sections, religious, social administrations), but 
also of individual land owners in certain cases, the final 
installation locations shown in Figure 3 (also listed in 
Table I) were identical or only slightly different from those 
of the original plan. 

The Meteorological and environmental parameters 
measured by the network of stations are collectively listed 
in Table I I, while the equipment distribution in each 

station  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
can be seen in Table ΙΙΙ. 

In terms of regional scale social-economic benefits, the 
development of the Ionian-Puglia network aims in the 
support of the following sectors and/or activities : 
a.  Navigation infrastructure and services, particularly of 

the touristic branch (such as, sailing, daily cruises 
vessels, marine leisure, etc.) through the real time and 
even on-board availability of the 10 m height wind 
field measurements from locations of critical import-
ance.  

b.  Flood protection and drainage system constructions 
planning, by the availability of real time and of 
climatic basis data about the precipitation intensity 
and its spatial variability in the meso-scale. 

c. Local water balance assessment by allocating real 
time and climatic basis data of precipitation intensity 
and height; this is a key-information for the 
agricultural sector, as well as, the urban and the 
touristic sector water-economy policies. 

d. Touristic services infrastructure, by supplying real 
time information about widely interesting environ-
mental parameters (such as the Solar Irradiance in 
UV-A and UV-B, especially in coastal areas during the 
summer period). 

e. Emergency situations associated with, severe 
weather, marine navigation danger or life risk at the 
sea, forest fires extinction especially under windy 
conditions, and sea pollutants dispersion prognosis.  

f. Renewable energy sources exploitation through the 
availability of Aeolic and Solar energy flow measure-
ments from a dense network of stations. 

 

 
Table Ι I : The measured parameters and the associated equipment basic technical specifications, of the Ionian-Puglia network stations.  
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II. ATMOSPHERIC  AND   CLIMATIC DYNAMICS  OF  THE  

IONIAN SEA  AREA 

 
ΙΙ.1 Wind field characteristics 
 

ΙΙ.1.a   Cyclonic Activity, synoptic wind, and orographic  
effects along the Ionian coastline  

From the geophysical point of view, the Ionian Sea is 
enclosed between the Italian and the Greek peninsulas that 
greatly control both the lower troposphere air and the 
oceanographic sea flow dynamics. Under a western to 
north-eastern circulation the Ionian is either partially or 
totally embedded in the lee side of the surrounding big 
mountainous ranges (namely, the Alps at the north side, 
the Apennines at the west, the Dynaric Alps and Pindos at 
the north-east). As a result, the mean seasonal and annual 
wind field is characterized by low to moderate speed 
values, particularly in the central and northern part of the 
Ionian. For example, the mean annual wind field at the 
isobaric surface of 975 hPa (or geodynamic height of about 
320 m) for the period 1998-2012, as resulted through the 
analysis of the GEOS–5 data assimilation system (Rienec-
ker et al. 2008) in the framework of the DEMSNIISI project 
(Kolios, 2014a) is depicted in Figure 4 regarding the wind 
speed, and in Figure 5 regarding the wind direction. The 
corresponding mean seasonal wind fields at the same 
isobaric surface (975 hPa) and for the same period (1998-
2012), are illustrated in Figures 6.a-d for the wind speed, 
and in 6.e-h for the wind direction. As can be seen there, a 
S-SE circulation prevails during autumn and winter, and a 
N-NW circulation during spring and summer. 

The low values of the mean wind speed field along the 
northern and central Ionian by no-means imply the lack of 
strong wind and even gale conditions. Indeed, relatively 
short episodes of very strong winds often prevail, especial-

ly during October to April period, such as, the well know 
outbreaks of the northern Bora and Gregale winds, which 
invades in the Ionian Sea region from the Adriatic, intensi-
fying through the Otranto straight. More sparsely episodes 
of strong Mistral winds also occur, that invades in the 
Ionian by the Sicily-Tunisia straight, and through openings 
in the Calabrian orography (forming strong gap flows). In 
many cases where north or north-western atmospheric 
circulation prevails, topographically excited meso-vortices 
are also developed above the Ionian Sea. 

In contrast to the closed terrain morphology of the 
Ionian Sea area in its western, northern and eastern side, 
the entire region is freely exposed to southern air flows 
prevailing in form of the well-known strong S-SE to S-SW 
Sirocco (Scirocco or Jugo) winds. The Sirocco wind is a 
lowest troposphere flow system, mostly occupying the 
layer up to 2 Km (e.g. Ivančan-Picek et al. 2014). It prevails 
in the Ionian area especially from September to April, due 
to the frequent passage of low pressure (cyclonic) systems 
originating from the main cyclogenetic areas of the 
western Mediterranean (Alboran Sea, Iberian peninsula, 
the Pyrenees and Atlas Mountains, the Lions and Genoa 
Gulfs, the Ligurian, Tyrrhenian, and Adriatic Seas). As the 
tracks of the great majority of these systems pass over the 
Ionian Sea (Meteorological Office 1962; Radinovic 1987; 
Maheras et al. 2001; Barry and Horley 2003; Bartholy et al. 
2009) the entire area appears a strong storm activity from 
early autumn to spring, accompanied by the Sirocco 
southern circulation. 

 The relation between cyclonic activity, Sirocco winds 
and local events of heavy precipitation in the Ionian and 
Adriatic coastlines, has been long established, and studied 
in details especially for the Adriatic and the western 
Balkans peninsula by many researchers (e.g. Jurčec et al. 
1996, Brzović & Strelec Mahović 1999, Ivančan-Picek et al.

 

         
 

  
 
 

Figure 4 : Interpolated mean annual wind speed in the Ionian Sea at the 
isobaric surface of 975 hPa during the 1998-2012 period, resulted from 
the GEOS-5 0.5  0.66 (lat  lon) spatial resolution meta-analysis data. 

 

Figure 5 : As in Figure 4, but for the annual mean wind direction. 
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Figure 6 : Mean seasonal wind speed (panels a-d) and wind direction (panels e-h) for the isobaric surface of 975 hPa, for the period 1998-2012. 
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2014, De Luis et al. 2013, and references therein). Being a 
strong low level far-fetched flow system, Sirocco is very 
efficient in streaming moisture, sensible and latent heat 
from the central Mediterranean Sea surface (as well as, air 
suspended dust from the Tunisia-Libya-Egypt, Saharan 
and Sahel desert areas) towards the Southern Italy, the 
western Greece and the western Adriatic mountainous 
coastlines (along Croatia, Slovenia, Serbia, Montenegro and 
Albania). The relatively high sea surface temperature of 
the central Mediterranean especially during autumn 
makes the Ionian region a major contributor of humidity in 
the basin-wide scale (Mariotti et al. 2002; Romanou et al. 
2010; Schicker et al 2010). Then, as wet and unstable 
central Mediterranean air masses are transferred towards 
the steep and extensive coastline orography of the Dinaric 
Alps and the Pindos Mountains, strong horizontal wind 
convergence ( 0


div ) forms, which is however counter-

balanced by a vertically divergent secondary uplift flow. 
Hence, the orographically induced horizontal convergence 
drives into forced convective cloudiness that can evolve in 
strong mesoscale thunderstorm cells, as the uplift process 
is often assisted by the effects of conditional instability 
(e.g. Miglietta & Buzzi 2001). In addition, the horizontal 
wind convergence can also drive in re-directions of the low 
level jets (LLJs) which play a critical role both in the 
coastal zone wind field characteristics, the organization of 
convective systems, and in the severity of the convective 
activity effects (Buzzi & Foschini 2000; Miglietta & Buzzi 
2004; Lin 2007; Mastrangelo et al 2011; Ivančan-Picek et 
al. 2014).  

Following the southern extension of the Balkans oro-
graphy, the corresponding wind convergence zone extends 
southwards along the western Greece coasts; there, under 
the interaction of a Sirocco-type circulation with the steep 
orography (Epirus and Aitoloakarnania mountains plus 
Pindos ridges), a secondary low level re-directed air 
stream is very frequently developed, having the characteri-
stics of an LLJ (actually, a barrier jet). In addition, similar 
LLJs are typically formed during the frequent invasions of 
Mediterranean type frontal depressions above the Ionian 
Sea area during the cold season; then, a synoptically forced 
warm conveyor belt forms ahead of a cold front, acquiring 
the characteristics of strong LLJs. Assisted by the steep 
islanding orography, the headlands, the straights and 
channels of the complex coastline, locally very strong SE 
winds episodes then prevail under such circumstances in 
the Ionian Islands zone (usually accompanied by organized 
thunder-storm cells, and heavy convective precipitation), 
as can be seen for example by the numerical simulation 
illustrated in Figure 7. Such events have a strong impact in 
the marine, the islanding and the coastal environment of 
the western Greece and the southern Italy, each season, as 
flood episodes and tornado-genesis also emerge (e.g. 
Kanellopoulos 1977;  Ogden 1984;  Nastos  &  Matsagouras  

 
Figure 7 : Prognostic numerical simulation (through the ICLAM model) 
of the surface wind field in the Ionian Sea area, depicting the blocking 
effects of the western Greece mountains, the subsequent formation along 
the Ionian Islands and the eastern Adriatic coast, of a strong SE directed 
low level jet (parallel to the coastline and the main orography axis) and 
an associated convergence zone. [Source: Atmospheric Modeling & 
Weather Forecasting Group, Department of Physics, University of Athens] 

 

 
Figure 8 : A Mediterranean hurricane in the Ionian area at the 16th of 
January 1995. [Source: Meteosat SEVIRI, NEODAAS Dundee Satellite 
Receiving Station ]. 
 
2009; Matsagouras et al. 2010; Sioutas 2011). Neverthe-
less, the characteristics of these horizontal wind conver-
gence zones and the mesoscale dynamics of the associated 
phenomena in the Ionian Islands and the western Greece 
region have not been studied sufficiently. However, the 
great importance of the synoptic wind field – orographic 
terrain interaction, in driving intensification of LLJs, the 
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upwind formation of horizontal convergence zones, forced 
convection and possible severe thunderstorm develop-
ment, as well as, an associated substantial enhance of 
convective precipitation, has been long highlighted by 
many researchers world-wide (e.g. Romero et al. 2000; 
Pasarić et al. 2007; Lin 2007; Mastrangelo et al. 2011) and 
also studied in the Adriatic and the Italian side of the 
Ionian Sea, by Hovarth et al. (2006), Miglietta & Regano 

(2008), Moscatello et al. (2008), Mastrangelo et al. (2011), 

Ivančan-Picek et al. (2014). 

Studies of the hydrological cycle in the Mediterranean 
show that there is a significant interannual variability 
(mainly in the decadal and interdecadal time scales) in the  
low level humidity and heat flow in the Ionian Sea area, 
which is possibly the highest observed in a basin-wide 
scale (e.g Romanou 2010, Zveryaev & Hannachi 2011). As 
the moisture and latent heat content of the air masses in 
the boundary layer often becomes major regulators of the 
interaction between the Sirocco wind and the coastline 
orography, this variability seems to be one of the end-
factors inducing climatic anomalies in the regional preci- 
pitation and temperature (see also §II.2.d below). 

Due to the increased heat and moisture deposits of the 
central Mediterranean especially during autumn, many of 
the low pressure systems passing above the Ionian Sea are 
evolved into High Impact Weather (HIW) systems, 
accompanied by strong low level winds, fronts and high 
precipitation events (HPEs). The Ionian region seems to 
reveal the third highest frequency of occurrence regarding 
the HIW events, after the major cyclogenetic area of the 
Adriatic and the Tyrrhenian Seas (Homar et al. 2006). Such 
cyclonic systems can also evolved in a mature stage of the 
so-called explosive cyclogenesis, and rarely enough, into the 
Mediterranean type of hurricanes (as shown in Figure 8), 
also known as Medicans (e.g. Karacostas & Flocas 1983; 
Lagouvardos et al. 1999; Pytharoulis et al. 2000; Moscatel-
lo et al. 2008; Davolio et al. 2009; Karacostas et al. 2010; 
Kouroutzoglou et al. 2011). 
 
 
ΙΙ.1.b  Local scale wind field phenomena along the Ionian  
           shoreline 
In the wide area covered by the Central Mediterranean 
Sea, the wind field tends to maintain its synoptic chara-
cteristics. However, as it seen for example in Figure 9, 
vortices and other meso-β scale (20~200 Km) flow instabi-
lities are frequently observed in the greater area of the 
Ionian Sea, especially under a W-NW circulation, due to the 
interference of the southern Italy orography. Further-
more, the presence of peninsulas (Salento and Calabria),  
mountainous islands (Sicily and Ionian Islands), straights 
and channels (Messina, Otranto, Corfu, Lefkada, Zakynth-
os), and of steep orography along the shoreline circulating 
the Ionian Sea, trigger a great variety of turbulent flow 

patterns in the meso-γ and meso-δ scales (0.2~20 Km), 
like strong horizontal shear velocity and boundary layers, 
aerodynamic wakes, vortexes and transient flow patterns, 
and lee waves, among others. Such flow patterns modulat-
ing important local weather effects in such a complex 
topographies, can be efficiently studied by the current 
operational meso-β down to meso-γ weather prediction 
models, by dedicated meso-γ to meso-δ numerical weather 
prediction models (e.g. Eidsvik et al. 2004; Kovalets et al. 
2008), or even by computational fluid dynamics (CFD) 
high spatial resolution simulations of complex terrain 
aerodynamic effects, without the use of nesting techniques 
under a variety of turbulence models (e.g. Moreira et al. 
2012).  

The strong effects of the complex Basilicata – Calabria 
topography in the wind field and the related mesoscale 
dynamic phenomena have been studied in details by 
Mastrangelo et al. (2011), under atmospheric conditions 
associated with mesoscale convective systems organiza-
tion and heavy precipitation events. The serious effects of 
these processes in the Taranto Gulf and the peninsula of 
Salento, apart from Calabria, are also highlighted. 
Similarly, a detailed numerical study of a mesoscale low 
level horizontal wind convergence zone which is very 
often formed along the peninsula of Salento, has been 
performed by Mangia et al. (2004). This flow pattern is 
formed in the absence of synoptic atmospheric conditions, 
when two  simultaneous  sea  breeze air streams, driven by  
 

 
Figure 9 : Mesoscale vortexes in the Ionian Sea at 6:00 UTC of 
4/9/2007, when the area was under high pressure conditions. [Source: 
Meteosat SEVIRI, NEODAAS Dundee Satellite Receiving Station]. 
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Figure 10 : Development of convective clouds along Puglia due to the 
local sea breeze convergence zone formation at 10:20 UTC of 12/7/2007. 
[Source: Kerkmann 2007, EUMETSAT Meteosat-8].   
 

 
 

 
 
 
the differential surface heating across coastlines, are 
developed during the day; the first sea breeze system 
originates from the Adriatic side, and typically it is N-NE 
directed, and the other from the Gulf of Taranto, having a 
W-SW direction. The two opposing sea breeze systems 
converge along the Salento peninsular axis, enforcing local 
updrafts and convective cloud zones formation. This 
process enhances during the noon, and depending on the 
convergence intensity, the humidity levels and the 
thermodynamic profile of the atmosphere, local single cell 
Cumulonimbus clouds can emerge, as it is seen for 
example in Figure 10. 

Along the same lines of interest, the wind field chara-  

  
 

  
 

  
Figure 12 : Two-dimensional CFD simulation of the wind field in the 
Cephalonia, Zakynthos Islands area, under various synoptic wind azimu-
thal directions. 
 
cteristics and the flow patterns in the wake of isolated 
mountainous islands, is an intense field of active research 
(e.g. Thomson & Gower 1977; Smolarkiewicz et al. 1988; 

Dietrich et al. 1996; Schär & Durran 1997; Hafner & Xie 
2003; Sheridan & Vosper 2006; Chung & Kim 2008) 
performed in the more general framework of the topo-
graphic effects in stratified flows search (reviewed for 
example by Baines 1998; Smith 2004; Gage 2004; Armenio 
2005;  Sarkar 2005;  Staquet 2005;  Steinacker 2007a, b, c;  

Figure 11 : Wind-rose diagram of the wind velocity recorded in the 
ZKT-3 station (Cape Skinari, Zakynthos) during October 2013. The effect 
of Cephalonia’s topography in the NW-NE wind sector is obvious. Notice 
also the high velocities in the 300~310 and the 20~30 azimuthal 
sectors, associated with coastal horizontal boundary layer jets which 
seems to be formed in Cephalonia’s coastline.  

 



 

 

11 

 

The  Ionian-Puglia Network of Meteorological - Environmental  Stations   
Ι. Geophysical Environment  and  Technical Description 

 
Figure 13 : Snapshotσ of a 3-D finite volume CFD wind field simulation 
in the Cephalonia and Zakynthos area under neutral atmospheric stratify-
cation, at 2 m (panel ‘a’) and 10 m (panel ‘b’) heights above ground level. 
The horizontal spatial resolution is about 100 m, while in the vertical the 
first height level was at about 1 m, and a mesh inflation factor set to 1.2 . 
The flow space was discretized by a total number of 13.6106 cells. The 
velocity scale shown on the right, is common for both panels. 
 
 
Lin 2007, among others). Some of the aforementioned flow 
patterns (such as, horizontal shear wind layers in the 
shoreline, turbulent wake flow patterns and recirculations 
in the wake, lee waves) also appear in the Ionian Islands, 
presumably excited by their mountainous environment, 
and strongly affect the local wind field and the environ-
mental conditions in the meso-δ scale; such patterns are 
often recognizable in satellite imagery especially under 
NW circulations associated with a stable stratification. 
Since this islanding complex is stretched along a NW - 
SEaxis, the wake of each member under a NW or even SE 
wind directly affects the conditions of its’ nearest down-
wind neighborhood island. This effect is well depicted in 
the numerical simulations of the wind field, as shown in 
Figure 7, where the wake of Zakynthos Island under a 
strong SE low level jet flow engulfs Cephalonia, while the 
Cephalonia and Lefkada wakes seems to extend towards 
Paxos.  

Similarly, under a NW wind, the south-easterly extend-
ing wake of Cephalonia formulates the wind field chara-
cteristics in Zakynthos. An observational evidence is given 
in Figure 11, which illustrates the wind-rose diagram 
recorded by a ground station (ZKT-3) of the Ionian-Apulia 
network, located inside the Cephalonia’s wake under NW 
flow. A preliminary 2-D and a sub-sequent 3-D, finite 
volume, transient flow simulation of the Ionian Islands 
topographic effects in the wind field under neutral atmo-
spheric stratification, also performed in the framework of 
the DEMSNIISI project by the Ansys Fluent CFD code under 
various boundary and initial conditions (Kalimeris, 2012; 
Papas, 2014). These simulations, although were by no-
means exhaustive, offered a helpful insight in the meso-δ 
and small scale wind field characteristics, sampled for 
example in the Figures 12 and 13.  
 
 

ΙΙ.2  The Precipitation Field 
 

ΙΙ.2.a   Annual and Seasonal Precipitation Heights in the  
       Ionian Sea area 
As described in the previous section, the low level wind 
field – orography interaction under the prevalence of a 
Sirocco type circulation, favors the updraft of unstable air 
masses along the Ionian coastline, the development of 
convective clouds and finally enhances the precipitation. 
These convective cells can be organized into multicellular 
Mesoscale Convective Systems or MCS (e.g. Lin 2007; 
Markovski 2007; Kolios & Feidas 2010) and cause heavy 
precipitation events, lightings and hail (Doswell et al. 
1996; Crook & Klemp 2000; Buzzi & Foschini 2000; 
Miglietta & Buzzi 2001, 2004; Morel & Senesi 2002; Buzzi 
et al. 2005; Schumacher 2009; Schumacher & Johnson 
2005, 2008; Ducrocq et al. 2008; Kolios & Feidas 2011a,b; 
Mastrangelo et al. 2011; Claud et al. 2012; Ivančan-Picek et 
al. 2014). The observed HPEs frequency of occurrence in 
the Ionian Islands and Adriatic areas, mainly between the 
end of summer and early winter, discloses the critical role 
of the Central Mediterranean sea surface temperature that 
drives large amounts of water vapor to be transferred in 
the lowest parts of troposphere.  As  already described in  

  

 
Figure 14 : Spatial distribution of the mean annual precipitation height 
in the greater area of Ionian Sea, as it is extracted from spatial interpola-
tion based on the TRMM satellite datasets for the time period 1998-2012. 

 

 
Figure 15 : The annual precipitation field for the years 1998 and 2009 

(the color scale remains the same as in the Figure 14). 
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Figure 16 : Spatial distribution of the mean seasonal precipitation heights in the Ionian Sea, during the period 1998-2012, for autumn (a), winter (b), 

spring (s), and summer (e), as implied from the TRMM satellite datasets.   
 
section II.1, the existence of warm humid air masses in the 
lower troposphere along with the formation of horizontal 
wind convergence zones (due to the coastline and the 
mainland mountainous barriers) trigger strong convective 
phenomena which finally cause HPEs and increases signi-
ficantly the annual precipitation heights in the regions of 
convergence. 

The significant effects that the orography has in the 
precipitation field of the Ionian and Adriatic region can be 
seen in the Figure 11, where the mean annual precipitation 
height is illustrated during the 1998-2012 period, from the 
analysis of the TRMM (Tropical Rainfall Measuring Mis-
sion) satellite datasets with initial spatial resolution of 

0.25 0.25 (Kolios, 2014a). Additionally, the precipita-
tion field for two individual years (1998 and 2012) is also 
depicted in Figures 15. Located within the horizontal con-
vergence zone of the western Greece, the Ionian Islands 
record a mean annual precipitation height that ranges 
from 970 to 1170 mm (in the examined period); this 

amount is about two times higher than the precipitation 
height recorded in Puglia region (which is not affected 
strongly by the western Balkans convergence zone). In 
Puglia, the mean annual precipitation height ranges from 
480 to 580 mm, but moving towards the convergence 
zone, the mean annual precipitation height increases up to 
660 ~ 790 mm in the SE part of the Salento peninsula. 

The spatial distribution of the mean seasonal precipita-
tion height for the period 1998-2012 is illustrated in the 
Figures 16.a-d (Kolios, 2014a). Many studies have shown 
that the winter and autumn precipitation fields along the 
entire Mediterranean are strongly modulated by the 
effects of the coastal and the mainland orography (as in the 
case of the western Balkans and SW Italy), the sea surface 
temperature, the associated air - sea heat and moisture 
flows (Mariotti et al. 2002; Lolis et al. 2004; Romanou et al. 
2010), and the closely related vertical gradient of water 
vapor and air temperature (Zveryaev & Hannachi 2011). 
These effects are also verified in the mean autumn and 
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winter precipitation field of the Ionian Sea area, as it is 
illustrated in Figures 16.a, b. As can be seen there, high 
rain amounts set-up during the autumn along the western 
Greece coastline, the Ionian Islands, and Calabria (due to 
the effects of the orography), but furthermore, high preci-
pitation heights, up to 500 mm, are also observed at the 
central Ionian (driven by the warm sea surface and the 
increased air-sea flows of the season).  
 During the winter season where the sea surface has 
already loose a great part of its heat content and the air-
sea flow have been reduced substantially, the precipitation 
field (Figure 16.b) is mainly modulated by the orographic 
effects and the details of the horizontal wind convergence 
zones. As a result, the high precipitation heights along the 
Ionian Islands and the Epirus region are maintained 
(actually increase under the forcing of the frequent 
passage of strong frontal depressions), while the central 
Ionian maximum of the autumn season is now reduced to 
300~350 mm and also it is spatially restricted. The 
comparison of the autumn and the winter seasons 
precipitation fields in the Ionian, show that actually the 
winter season precipitation represents a transitional state 
between the bimodal autumn excitation regime (which is 
controlled both by the sea and the orographic compo-
nents) to the unimodal spring season regime (where the 
orographic forcing becomes the main regulator of the 
precipitation distribution).  

During the spring season, where the sea surface tempe-
rature in the Central Mediterranean approaches its annual 

minimum (typically about 14~16 C) as opposed to the 

high autumn values (of about 22~24 C), the spatial 
distribution of precipitation heights are modulated mainly 
by the results of the orography and the associated hori-
zontal wind convergence zone (Figure 16.c). The autumn 
season central Ionian local maximum has been vanished as 
a spatial pattern, and the corresponding rain height is 
diminished at the level of 100~150 mm.  

Finally, during the summer season, the absence of strong 
cyclonic systems drives in the extinction of the southern 
(Sirocco-type) circulation and subsequently, the con-
vective activity that was driven during autumn to spring, 
by the wind – orography interaction along the coastal 
areas, now practically vanishes. Hence, the precipitation 
field in the Ionian area is modulated almost exclusively by 
the development of convective thunder-storm events 
(usually excited by relatively cold air mass invasions from 
the European mainland) which is mostly a latitude 
dependent process. As a result, dry conditions, with 
precipitation heights 0~50 mm, prevail in the Ionian 
region, apart from its northern borders, where some 
convective precipitation up to 100 mm remains (Figure 
16.d).  

The aforementioned intra-annual spatio-temporal varia-
bility of precipitation along the Ionian Sea area, modulates 

the mean annual field in the way already shown in Figure 
14. As can be seen there, the western Balkans coastal zone 
reveals the highest precipitation values in the annual basis 
due to the local strong orographic forcing. Consequently, 
the maximal height values in the Ionian Sea area are 
observed in Corfu, followed by a zone of increased 
precipitation, which is extending from Calabria to the 
Ionian Islands, through the central Ionian. Regarding the 
marine areas exclusively, it seems that the central Ionian 
area exhibit the highest precipitation height along the 
Central Mediterranean during all seasons, except summer 
(Figures 16.a-d). Often, this local maximum also becomes 
the absolute maximum in the entire Mediterranean Sea 
area (e.g. see Mariotti et al. 2002, Romanou et al. 2010). 
 
 
ΙΙ.2.b  Atmospheric Instability Indices 
The atmospheric instability comprises a basic ingredient 
for storm activity and the occurrence of extreme weather 
events like heavy convective precipitation, hail, lightning 
and strong winds gust at the surface. 

Some of the most common atmospheric instability indi-
ces are the Showalter index (Showalter 1953), the K-index 
(George 1960), the Boyden index (Boyden 1963) and the 
CAPE index (Convective Available Potential Energy), (e.g. 
Zawadski et al. 1981). Such indices are widely used in 
order to detect the position of unstable air masses, and the 
locations of possible storm activity development in the 
next few hours (e.g. Haklander and Van Delden 2003; 
Konig et al. 2003; Marinaki et al. 2006). In the framework 
of the DEMSNIISI project, the Boyden Index (BI) adopted 
as a means to set-up an atmospheric instability climate-
logy of the Ionian Sea region, based on satellite telemetry 
datasets. This index is defined by the following equation : 

 

  2007001000700  TzzBI                        [1] 

 

where, z700 and z1000 are the geopotential heights of the 
700 and 1000 hPa isobaric surfaces, while T700 is the air 
temperature at the isobaric surface of 700 hPa. The BI was 
calculated using the monthly available re-analysis NASA’s 
GEOS-5 data assimilation system datasets for the period 

19982012. The seasonal distribution maps resulted by 
spatial interpolation are illustrated in Figures 17.a-d 
(Kolios, 2014b). As can be seen there, during the cold 
season of the year (autumn and winter), there is a 
relatively homogenous spatial distribution of the mean 
atmospheric instability index BI in the region of interest 
(Figures 17.a, b). This fact is related to the small thermal 
difference between land and sea during that season, as 
well as the effects of the frequent passage of the strong 
synoptic scale systems that create similar thermodynamic 
characteristics in large areas of the lower troposphere. 
However, during autumn, the high heat and vapor flows 
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Figure 17 : Seasonal spatial distribution of the mean BI values during the period 19982012 along the Ionian Sea, for the autumn (a), winter (b), 
spring (c), and summer (d), calculated from the spatial interpolated mean values of the NASA’s GEOS–5 data assimilation system meta-analysis datasets.   
 
from the warm central Mediterranean sea surface to the 
boundary layer, contribute substantially to an atmospheric 
profile with larger amounts of moisture and stronger 
vertical temperature gradients, that finally results in 
higher BI values during autumn than in winter. 

During the warm period of the year (spring and sum-
mer), the spatial distribution of BI values becomes more 
heterogeneous (Figures 17.c, d), becoming more and more 
zonal as the summer proceeds. In particular, during the 
spring, as the sea surface temperature field of the central 
Mediterranean remains similar to that of the late winter, 
while the land temperature is rising, the BI index reveals a 
mixed type spatial distribution, that reveals the major 
homogeneous characteristics of the winter field at one 
hand, and the zonal distribution of the summer field on the 
other (Figure 17.c).  

In the summer season, the latitudinal zonal distribution 
along the central part of the Ionian Sea strengthens, while 
easterly, along the Ionian Islands, it bends parallel to the 
western Greece coastline. This distribution is remarkably 
correlated to the central Mediterranean mean summer sea 

surface temperature field (Zveryaev and Hannachi 2011). 
Near the coastline however, the steep sea-land horizontal 
temperature gradient, along with the detailed topography, 
change the BI field from latitudinal to a coastline aligned 
zonal one.  
 
ΙΙ.2.c  Convective Precipitation Indices 
The atmospheric instability indices, like the above 
mentioned Boyden Index, provide useful information 
about the unstable air masses distribution and their 
potential to drive convective activity. However, regarding  
the associated precipitation that possibly could be resulted 
by convective processes in the atmosphere, the amount of 
cloud water of convective source (or CWCS) is often used. 
This parameter is straightly connected to the convective 
precipitation potential above a region. In the framework of 
the DEMSNIISI Project, a climatology of the CWCS was 
searched in combination with the rain rate (RR) climato-
logy in order to gain a picture about the spatial distri-
bution of the convective precipitation and the related 
convective activity in the Ionian Sea region (Kolios 2014a).  

a b 

c d 



 

 

15 

 

The  Ionian-Puglia Network of Meteorological - Environmental  Stations   
Ι. Geophysical Environment  and  Technical Description 

 
 

   
 

    
Figure 18 : Mean annual spatial distribution of CSCW in 10–5 Kgr/(m2 s) for the Mediterranean basin, during the 1998-2012 period, as well as for the 
seasonal periods of October-December (panel ‘b’), January-March (panel ‘c’), April-June (panel ‘d’), and July-September (panel ‘e’). Notice the differences 
in the CSCW scale between the panels. 
 
The CSCW amount is a re-analysis product of MERRA 
(Modern Era Retrospective analysis for Research and 
Application) GEOS-5 Data Assimilation System (Bloom et 
al. 1996, 2005; Collins et al. 2005), while the rain rate RR is 
a product of the 3Β42-v.7 algorithmic procedure on the 
TRMM satellite datasets, which is characterized by a rain 
height resolution of 0.7 mm (Huffman 1997; Huffman et al. 
1995, 1997, 2007).   

The spatial distribution of the mean annual and seasonal 
CSCW amount is illustrated along the entire Mediter-
ranean area in Figures 18.a-e. Regarding the annual CSCW 
field, it can be seen in Figure 18.a that the highest values       

[1.5~1.7510–5 Kg/(m2s) or 54~63 gr/(m2hr)] are detected 
along the southern Croatian and Montenegro coastlines, 
which are well known for the extreme precipitation events 

and floods (e.g. De Luis et al. 2013, Ivančan-Picek et al. 
2014). High CSCW values are also detected in the entire 
area of Dalmatic Alps up to the Epirus region, as well as 
along Apennines. Concerning the central Mediterranean, 
the highest CSCW values are located along the Ionian 
Islands and the SE Tyrrhenian Sea.   

Regarding the seasonal variability of the CSCW field 
along the central Mediterranean, it reveals two different 
spatial distribution patterns between the cold and the hot 
periods of the year: a low-valued orography aligned pat-
tern during the cold season, that is succeeded by a high-
valued latitudinal organized pattern in the hot season. In 
particular, during the October - December period, the CSCW 
field reveals the highest values, with maxima detected in 
the Balearic Sea, followed by the Tyrrhenian, Adriatic and 

a 

b c 

d e 
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the Ionian Seas (Figure 18.b). In the Ionian the October - 
December the highest CSCW values range between 0.2~ 

0.2710–5 Kg/(m2s) [or 7.2~9.7 gr/(m2hr)]. The contribu-
tion of the sea surface temperature forcing in the SCCW 
field pattern formation is once again obvious along this 
period, as there is a remarkable similarity of the autumn 
CSCW and precipitation height fields along the Ionian (see 
Figures 16.a and 18.b).  

In the January to March period the CSCW field weakens 
substantially along the entire Mediterranean as the sea 
contribution is almost absent, and only a few local maxima 
are detected in the horizontal wind convergence zones 
along the western Balkans, the Turkish, and the Lebanon-
Syria coasts (Figure 18.c). In the Ionian region the highest 

CSCW values are ranging between 0.1~0.1510–5 Kg/(m2s) 
[or 3.6~5.4 gr/(m2hr)].  

In the April to June period, the CSCW field enhances even 
further along the entire Mediterranean basin, but reach 

maximal values above the northern Mediterranean mount-
ainous barriers (Alps, Dynaric Alps, Pyrenees), while a 
weak longitudinal distribution establishes along the 
central and eastern Mediterranean (Figure 18.d). In the 
Ionian region the highest CSCW values are ranging 

between 0.4~0.610–5 Kg/(m2s) [or 14.4~21.6 gr/(m2hr)].   
Finally, during the July to September season, the CSCW 

field becomes more homogeneous in a basin-wide scale, 
revealing its maximum values in the Alpine region, while 
the zonal distribution in the central Mediterranean Sea 
enhances even more (Figure 18.d). In the Ionian region the 

highest CSCW values are ranging between 0.8~1.210–5 
Kg/(m2s) [or 28.8~43.2 gr/(m2hr)].   

 

Concerning the storm-related precipitation, the rain rate 
(RR) represents an end-point parameter in the chain of the 
BI and CSCW atmospheric convective activity indexes, as 
the  high  RR  values  signify the areas of intense convective   

 
 

  
 

  
Figure 19 : Mean annual spatial distribution of the rain rate (in mm/hr) along the Mediterranean basin, during the period of 1998-2012. The seasonal 
distribution is also illustrated for October-December (panel ‘b’), January-March (panel ‘c’), April-June (panel ‘d’), and July-September (panel ‘e’). Notice 
the scale differences between panels b and c-e. 
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precipitation. The spatial distribution of the mean annual 
RR values, in mm/hr, is illustrated in Figure 19.a. In 
accordance to the corresponding Boyden and the CSCW 
indexes fields, the annual RR field reveals local maxima in 
the Serbia, Croatia, and Montenegro coastal zone (where 

0.18RR<0.24 mm/hr), as well as in the Alpine and the NE 

Italy region (where 0.2RR<0.24 mm/hr). In the Mediter-
ranean Sea area, apart from the eastern Adriatic coasts, 
high annual RR values are detected along the Algerian - 
Balearic Seas. A local maximum also prevail in the north-
ern Ionian (at the Corfu area) and in the Tyrrhenian Sea. 
These regions are also well correlated with the local 
maxima of the MCS (mesoscale convective systems) fre-
quency of occurrence, as referred in relative studies (e.g 
Morel & Senesi 2002; Kolios & Feidas 2010; Claud et al. 
2012). In the central Mediterranean and the Ionian Sea 
area, the annual RR field reveals a zonal (latitudinal) 
distribution, in accordance with the zonal profile of the 
previously mentioned convective activity parameters BI 
and CSCW.  

Consistently to the seasonality variations of the BI and 
the CSCW fields, the seasonal spatial distribution of RR 
also reveals two different profiles in the studied period. 
The first one prevails during the cold period of the year, 
and is strongly modulated by the spatial distribution of the 
sea surface temperature in combination with the effects of 
the orography and the low level wind convergence zones 
(Figures 19.b,c). The second one, prevails during the warm 
season of the year, and it is characterized by the absence of 
any high RR values above the Mediterranean basin 
(Figures 19.d,e), as the frequency of frontal depressions 
progressively eliminates and the convective activity of a 
thermal nature (that typically drives in the formation of 
localized and often shallow, short-living convective 
systems) regulates the spatial distribution of the RR field.  

In particular, the seasonal variations in the October-
November period it is seen (Figure 19.b) that the RR field is 
very similar to the autumn and the mean annual precipita-
tion height fields (Figures 16.a and 14). However, due to 
the effects of the relatively warm sea surface background 
and the associated air-sea heat and moisture fluxes, the RR 
field reveals more localized patterns, especially in the 
Balearic Islands, the Lions and Genoa Gulfs, the western 
Balkans and the Ionian (Figure 19.b). Regarding the detail-
ed RR field characteristics in the Ionian Sea, a pattern of 
high values that extends from Corfu area to the central and 
then to the southern Ionian is observed; this pattern is 
very similar to the autumn precipitation height and CSCW 
fields (Figures 16.a and 18.b).  

In response to the reduced sea surface temperature, the 
RR field weakens substantially during the coldest season 
(January to March), without a significant change in the 
activity regions (Figure 19.c). However, remarkable new 
activity regions emerge along the Turkish and Middle-East 

coast-lines, as it is the eastern Mediterranean Sea surface 
temperature that drives the observed variability during 
this period of the year in these regions.  

Finally, during the warm period of the year (April to 
September) the RR field almost extinguishes along the 
entire central and the eastern Mediterranean Sea region 
(Figures 19.e). 
 
II.2.d   Precipitation climatic variability along the Ionian 

Sea region 
Apart from the intra-annual variability of precipitation, 
significant temporal changes are detected in the decadal 
and inter-decadal time-scales, through the analysis of the 
precipitation time series recorded by the historical ground 
based stations in the Italian and Greek side of the Ionian 
Sea. This variability is evolved through negative –for most 
of the cases- long time non-linear terms and strong inter-
mittent oscillations. Some indicative long-time series of the 
observed annual precipitation along the peninsula of 
Salento and the Ionian Islands are provided in Figure 20. 
Recent studies of the precipitation variability in the sub-
regional scale of the Ionian Sea, have shown that weak 
negative trends prevail along Calabria and Sicily, and 
mixed trends are detected in Puglia; strong and statistical-
ly significant (at a confidence level higher than 95%) nega-
tive trends are also detected along the Ionian Islands, 

ranging between 1.5 ~ 3 mm/yr (Maheras et al. 1992; 
Xoplaki et al. 2000; Feidas et al. 2007; Buttafuoco et al. 
2011; Caloiero et al. 2011; Kalimeris et al. 2012, 2015; 
Arnone et al. 2013). Note that the longest available preci-
pitation records in the studied area cover about 130 yrs of 
climatic history, there is some evidence showing that the 
observed long-term precipitation reduction in the Ionian 
Islands (Figures 20.d-f), is carried out by strong non-linear 
variability terms associated with time-scales of at least 80 
yrs, as well as, with oscillatory terms at 28 and 21 yrs. In 
particular, the longest time scale of significant variability 
in Puglia is detected at 28 yrs, while an intermittent quasi-
periodic oscillatory mode which is centered at 21 yrs 
(depicted in Figures 20.a, e, f) controls up to 20% of the 
observed variability in parts of the Salento peninsula and 
the Ionian Islands (Kalimeris et al. 2012; Kalimeris & 
Ranieri 2015); finally, similar strong and significant oscil-
latory terms at 10 yrs (shown in Figures 17.b, c) represent 
10% to 30% of the observed annual precipitation varia-
bility in southern Puglia. 

A great part of the observed inter-annual precipitation 
variability along the Euro-Mediterranean sector is induced 
by spatially organized anomalies in the atmospheric pres-
sure field of the Northern Hemisphere, namely by the 
North Atlantic Oscillation (NAO), the Scandinavian 
(SCAND), the Eastern Atlantic - West Russia (EA-WR), and 
the East Atlantic (EA) abnormal pressure distribution 
patterns. These are collectively referred as climatic tele- 
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Figure 20 : Τhe observed annual precipitation height time-series (blue line) for Brindisi (a), Otranto (b), Taranto (c), Corfu (d), Cephalonia (e), and 

Zakynthos (f). The statistically significant (at the 95% confidence level) non-linear or oscillatory modes of inter-decadal variability detected in each 
location, are also depicted by the red curves. In Brindisi, the main term of this type has the form of a 21 yrs oscillation (accounting for the 20 % of the 
observed variability there), while in Otranto and Taranto it is centered at 10.4 yrs, (and accounts for 25 % and 17 % of the observed variability, 
respectively). In Corfu, Cephalonia and Zakynthos, strong non-linear trends seems to be the most important variability carriers, in time-scales as long as 
80 yrs (also representing the 24 %, 18 % and 25 %, of the total variability, respectively). Furthermore, two significant oscillatory terms, centered at 21 
yrs are detected in Cephalonia and Zakynthos to account for the 13 % and 10 % of the observed precipitation variability, respectively (shown by the 
green curves in panels ‘e’ and ‘f’). Notice the scale differences among the panels. 
         
comnections since their effects are spread over great 
distances (e.g. Hurrell et al. 2001; Xoplaki 2002; Krichak & 
Alpert 2005 ; Hurrell and Deser 2009).  

For example, the more recent inter-decadal rainfall 
reduction episode that affected the entire Mediterranean 
between 1970 and 2000 was driven by a persistence 

positive phase of NAO (that implies higher than normal 
precipitation in Northern Europe and Scandinavia and 
lower along the Mediterranean basin). The simultaneous 
persistence of the EA-WR pattern in a similar positive 
phase, further enhanced the NAO results and both effects 
cause  major deficits  in  the natural water supply mainly in  
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Figure 21 : Percentage variation of the mean annual precipitation 
between the projected period 2071-2100 and the control period (1961-
1990), estimated by an ensemble of the climatic models KNMI-RACMO2 
(Koninklijk Nederlands Meteorologisch Institute), MPI-M-REMO (Max 
Planck Institute for Meteorology), and METO-HC HadRM3Q (Met Office) 
for the IPCC SRES A1B scenario of global economic development. 

 
the eastern Mediterranean (Krichak et al. 2002) and in the 
central Mediterranean (eg. Norrant & Douguédroit 2005). 

The numerical simulations of the future climatic variabi-
lity of precipitation in the Mediterranean regional scale 
(Lionello & Giorgi 2007; Solomon et al. 2007) and in the 
sub-regional scale (Kalimeris et al. 2012) for the period up 
to 2100, anticipate a mild decrease in the annual rainfall 

(of the order of 0 % to 10 %) in Puglia and northern 
Ionian Sea area, but a significantly greater reduction (of 

about 5% to 20%) along the central and the southern 
Ionian Sea, as shown in Figure 21. 
 
 

III. TECHNICAL  DESCRIPTION  OF  THE  NETWORK 
 

As mentioned earlier in section I.1 (Table Ι) the Ionian-
Puglia network consists of two types of scientific stations : 
  

Α.  Fifteen (15) stations of a Meteorological Mast archi-
tecture, 10 of them installed along the Ionian Islands 
and 2 in Puglia (while 3 more stations of the same 
type had been installed by TEI of Ionian Islands in 
Zakynthos, between 2006 and 2008). 

 

Β.  Three (3) stations of Particulate Matter concentration 
monitoring, installed in Lecce, Cofu and Zakynthos. 

 

All the measurements from the Apulian stations are col-
lected from a local server in Lecce. Then, these data are 
collected by a central server in Zakynthos, along with the 
measurements realized at the same time from the rest 14 

installations located along the Ionian Islands. This data 
flow structure has the form of a wireless local area 
computers network (LAN), which is depicted in Figure 22. 
The network hardware and software that realize the data 
flow from the 18 stations to Zakynthos central server are 
described in the subsequent sections. 
 
 
ΙΙΙ.1  The Meteorological Stations     
 

Each one of the Ionian-Puglia Meteorological station 
consist of the following parts :  
(i)  The Meteorological sensors,  
(ii)  The central unit (the data logging, control and com-

munications unit), 
(iii)  The electric power unit,  
(iv)  The mast and the fastening equipment,   
(v)  The support base, the anchor points and the fencing. 
These modules along with their technical specifications are 
further described in the next sections. 
 
ΙΙΙ.1.a  The Meteorological Sensors 
The list of the Meteorological sensors that were installed in 
the network stations has been already given in Table II, 
while the sensors geographical distribution (showing the 
equipment level per installation location) has been given 
in Table III. All sensors are A-class calibrated instruments 
constructed by well known manufacturers; their technical 
specifications are listed in Table IV. However, for the 
measurement of  the  Solar  Irradiance  the  B-class pyrano- 
 

Figure 22 : Connections diagram of the Local Area Network that 

manages the data flow in the Ionian-Puglia network. 
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Sensor 
Sensor Type 

   

Output Signal 

Measurement 

Range 
  

Resolution 
  

Error 

Response 

Parameters 
  

Mechanical 

Specifications C
o
n
su

m
p
ti

o
n
 

ANEMOMETER 
 

Vector  

A100 LK 

∎ 3 Cups, Rotating slits disk 

   interrupted Laser beam 

∎ Pulsed   

∎ 0.2  77.2 m/s 

∎ 0.05 m/s           

∎  1%     

∎ Distance Constant 

   2.3 m 

 

∎ 0.16 mA 

WIND VANE 
 

Vector 

W200 P 

∎ Passive  

   With Potentiometer 

∎ Analogue  

∎ 0.6  75 m/s 

∎ 0.2           

∎  2     

∎ Distance Constant 

   2.3 m 

∎ Dumping Ratio 

    0.2 m 

∎  20 mA 

RAIN METER 
 

Young 

52203 

∎ Tipping Bucket 

∎ Pulsed (through reed switch) 

∎  

∎ 0.1 mm           

∎  2%     

∎ Collecting Area 

   200 cm
2
 

   (collector diameter 

    16 cm) 

∎  500 mA 

THERMOMETER 
 

Rotronic AG 

HC2-S3CO3 

∎ Pt100 RTD Sensor 

∎ Analogue 0…1 V DC 
∎ 40 … +60 C 

∎ 0.01 C           

∎  0.2 C     

 ∎  4 mA 

HYGROMETER 
 

Rotronic AG 

HC2-S3CO3 

∎ HygroClip2 Sensor 

∎ Analogue 0…1 V DC 
∎ 0 … 100 %  

∎ 0.02 % (rh)           

∎  0.8 % (rh)     
 

∎  4 mA 

BAROMETER 
 

Vaisala 

PTB110 

∎ Barocap Sensor 

∎ Analogue 0…2.5 V DC 
∎ 500  1100 hPa 

∎ 0.1 hPa           

∎  0.3 hPa     

∎ Response Time 

   0.5 sec  

  

∎  4 mA 

PYRANOMETER 
 

Kipp & Zonen 

CMP3 

∎ Thermopyle, without 

   Temperature stabilization,  

   Single dome 

∎ Analogue 5…20 μV/(W/m
2
) 

∎ 0  2000 W/m
2 

∎            

∎  10%  (on daily  

                   sums)    

∎ Response Time 

   18 sec  

∎ Spectral Response 

    300 – 2800 nm 

∎ 0 mA 

UV-METER A 
 

Kipp & Zonen 

UV-S-A-T 

∎ Thermopyle, with  

   Temperature stabilization,  

   Double dome  

∎ Analogue 0…3 V 

∎ 0  90 W/m
2 

∎            

∎  5%  (on daily  

                 sums)     

∎ Spectral Response 

    315 – 400 nm 
∎  8 W 

UV-METER B 
 

Kipp & Zonen 

UV-S-B-T 

∎ Thermopyle, with  

   Temperature stabilization,  

   Double dome  

∎ Analogue 0…3 V 

∎ 0  6 W/m
2 

∎            

∎  5%  (on daily  

                 sums)     

∎ Spectral Response 

    280 – 315 nm 
∎  8 W 

Aerosols Mass 

Concentration 

METER 
 

TSI 

DustTrak DRX8533 

∎ Laser Light Scattering,  

   Range of particles  

   Aerodynamic diameter 0.1   

   15 μm  

∎ USB, Ethernet,  

   Analogue 0…5 V 

∎ 1 μgr/m
3
     

   150 mgr/m
3
  

∎ 1 μgr/m
3
     

∎  0.1%     

∎ Stabilized air flow 

   inlet at 3 l/min. 
∎  60 W 

 
Table Ι V : Technical specifications of the instruments used in the Ionian-Puglia network  
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meter Kipp & Zonen CMP3, has been used. This high 
quality instrument is a usual choice in many field installa-
tions, when a routine monitoring of Solar Irradiance is 
required in a dense network, without an excessive rise of 
the cost. This was also the case in the Ionian-Puglia 
network, where Solar Irradiance had to be monitor in the 
complex orography area of the Ionian Islands. 

The high resolution and the short response times of the 
stations equipment, permit the recording of the wind 
turbulent characteristics with a time resolution cor-
responding to the meso-δ scale (according to Tsunis & 
Bornstein 1996; Lin 2007), as well as, of possible coherent 
structures in the relative humidity and the temperature 
field (e.g. Barthlott et al. 2007). This objective drive in the 
selection of short logging intervals (δτ) in the stations data 
loggers. However, an over-shortening of δτ might drive in 
technical and measurements quality problems, as an 
unbalanced increase of energy consumption (due to the 
continuous activity of all electronics), a data flow failure 
risk (due to excessively high transfer rates), and  measure-
ments degradation (when δτ becomes comparable to the 
sensors response time and resolution capabilities) are 
risked.  
 
 
ΙΙΙ.1.b  The stations logging, control and communications  

central unit 
In the Ionian-Puglia network, the data logging, the stations 
function control, and communications, are based on two 
types of central units : (i) The Symmetron Stylitis 
S10/+GSM/+GPS data logger (Figure 23), that was used in 
the Ionian Islands installations, and  (ii) The Campbell 
Scientific CR1000/GSM/GPS data logger (Figure 24) that 
was used in Puglia stations.  

The electrical signals which are generated from the 
sensors in each station, are driven to the logger inputs 
where they are sampled at a frequency of 1 Hz. Both 
loggers have two counter inputs, plus six analogue or TTL-
level digital signals. Some of the inputs combine a stabiliz-
ed current or voltage amplifier, while others offer a vector 
averaging option for wind vane signal input. A standard 
digitization resolution of 13-bit is realized in all inputs, 
while a 16-bit resolution is offered in both of them.  

After digitization, the sensors signals are subjected to in-
situ mathematical pre-processing, first by the application 
of a linear or second order transformation according to the 
sensors calibration constants. In subsequence, the tempor-
al mean for each measured parameter is computed in the 
central processing unit. These mean values are computed 
in respect to a time interval δτ, which has been set equal to 
δτ=1 min in the Ionian-Puglia network. The current 
consumption under the aforementioned functioning condi-
tions and the communication rate with the central server, 
typically amounts to 15~20 mA. During the signal pre-

processing phase, the -per minute- minimum, maximum 
and standard deviation values are also determined for 
each one of the measured parameters. The descriptive 
statistics values are then transmitted into the central 
server through the internal (in case of the Symmetron 
Stylitis 10) or external (in case of the Campbell CR1000) 
GSM modem. A local area network (LAN) connection of 
each station with the central server is then established 
through a modem-to-modem wireless communication 
with the aid of an internal SIM card, with a dynamic IP, and 
the GPRS service of the GSM network. The remote control 
of each local logger is also possible by a suitable software. 
For Symmetron Stylitis 10 remote control is realized 
through the Opton package, while in Campbell CR1000 
through the PC400 or RTDAQ and LoggerNet packages. 

The choice of the temporal mean interval at δτ = 1 min 
imply a relatively high time resolution in the recorded time 
series. Nevertheless, δτ remains higher enough than the 
response times of the non-mechanical sensors used in the 
Ionian-Puglia network (like the thermometer, the hygro-
meter, the barometer, etc). As it is described subsequently, 
the same is valid for the mechanical sensors, namely the 
cup anemometer and the wind vane. Indeed, during the 
continuous wind variations, the cup anemometers behave 
as mechanical sensors of the first order, since their 
adjustment to the instantaneous wind velocity value is 
described by the following first order ordinary differential 
equation : 
 

w

w

t 

   
  







                                    [2] 

 
In eq.[2], υw represents the real wind velocity (considered 
as the result of an abrupt change δυ on an initial wind 
velocity υw,0 , that is  υw = υw,0 + δυ ), υ(t) is the wind 
velocity measured by the anemometer at the time t after 
an abrupt change, and τw is the anemometer’s time 
constant, defined by the relation  τw = λ/υw,0  (where  λ  the 
anemometer distance constant). The solution of eq.[2] is : 
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Taking into account the technical characteristics of the 
Vector A100LK anemometer, it can be seen through 
eq.[2.a] that the adjustment time at the 95% of the real 
wind velocity υw for typical values of the wind gust 
intensity (δυ/υw,0), is of the order of 1~2 sec, while even 
for big enough values of (δυ/υw,0), it remains smaller than 
10 sec. This time interval is much shorter than the adopted 
logging interval of δτ = 1 min.  
 



 

 22 

Kalimeris A,  Kolios S,  Chalvatzaras D,   Posa D,  DeIaco S, Palma M,  Skordilis  C,  and  Mysirlides M 

Volume 7,  December 2016 

 
Figure 23 : The Symmetron Stylitis S10 data logger (at the left side) 

installed and wired inside the central unit enclosure of the PAX-1 station. 
The batteries charge controller is also seen at the upper right. 

 
 

 
Figure 24 : The Campbell Scientific CR1000 data logger along with the 

communications modem (upper left) and the battery cell (at the right), 
wired in the interior of the central unit enclosure of the APL-2 station (SM 
Leuca). The Vaisala PTB110 barometer is also seen on the left corner. 
 

Similarly, the wind vanes behave as second order 
mechanical sensors, since their adjustment α(t) to the real 
wind azimuthal angle αw after an abrupt change δα in the 
wind direction α, is described by the following 2nd order 
ordinary differential equation :  
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                        [3] 

 

In eq.[3] αα(t) represents the instantaneous azimuth of 
the wind vane at a time t after the abrupt wind direction 
change, while the coefficients k1, k2 are associated with the 
constructive properties of the mechanical sensor, and cor- 

 
 

Figure 25 : Example of the theoretically anticipated exponential 

adjustment of the A100LK cup anemometer velocity υ(t) to a real wind 
speed υw = 7.5 m/s, for three cases of initial wind velocities : υw,0 = 1, 3, 
and 5 m/s. 
 
 
 

 
Figure 26 : Example of the anticipated Vector W200P adjustment to an 

abrupt wind direction change of 10 (red line), 20 (blue line), and 30 

(black line). The real wind direction is considered as αw = 10 (shown by 
the black line) and the wind speed is 5 m/s. The gray lines indicate the 

5% azimuth deviation level from the real wind direction (αw = 10).  
 

-responds to the damping ratio ξ and the natural damping 
period τnd . The time τnd is related to the wind gust 
wavelength λg under wind velocity υ, through the equation 
λg = υ·τnd . The solution of eq.[3] (i.e. the wind vane 
response function) is given by : 
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In eq.[3.α], the constants σ, Β and td are defined by the 
following formulas : 
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dt                                 [3.d] 

 
In eq.[3.d], td is the wind vane dumping time.  

Apart from the aforementioned wind vane response 
function a(t), the response time τresp is an alternative useful 
parameter which is related with the choice of the logging 
interval δτ in the network data loggers. The response time 
is a practical measure of a wind vane adjustment ability in 
the abrupt changes of the wind direction; it is defined as 
the time interval required (after a sudden wind direction 
change equal to δα) from a wind vane, in order to be 
adjusted within ±5% of the real wind direction value αw. 
Hence, τresp is given by the equation : 
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For example, taking into account the technical character-
istics of the Vector W200P wind vane, it is implied by 
eq.[4], that the anticipated response time of this sensor for 

typical wind direction changes equal to δα = 10, 20, and 

30 under a steady wind velocity υ = 5 m/s, is generally 
less than 2 sec, as can be also seen in Figure 26, through 
the corresponding response function α(t). 

  Considering that the typical wind velocity in the 
locations of the Ionian-Puglia installations are in the range 
of 2~6 m/s (e.g. Figures 6.a-d), and that the data logging 
interval is δτ=1 min, it is implied that the characteristic 
lengths of the wind turbulent patterns that can be resolved 
in the time series recorded by the network stations is of 
the order of 100~400 m. Stated alternatively, it can be 
seen that the cup anemometer - wind vane couple which is 
used in the Ionian-Puglia network, response satisfactorily in 
the wind variability associated by the turbulent patterns 
characterized by the aforementioned spatio-temporal scales 
(1 min and 100~400 m). 
    
ΙΙΙ.1.c  The power supply unit 
The 1 Hz sensors signal sampling rate in combination with 
the short data logging interval of δτ = 1 min, keeps continu-
ously active all the electronic circuits and modules (A/D 
Converter, CPU, GSM modem) of the data loggers. As a 
result, the electrical energy consumption rate increases to 
a high level. Taking into account that all field stations in 

the Ionian-Puglia network are stand-alone (autonomous) 
power systems, this increased energy consumption implies 
a risk of unbalanced power regime in the production – 
consumption cycle.  

As it was found by laboratory measurements of the 
power consumption rate of the entire equipment under 
operation conditions equivalent to those in the field, 
realized in the Physics laboratory of the Environmental 
Technologists Department of TEI of Ionian Islands, power 
consumption typically ranges between 0.5 and 2 W (which 
implies a daily energy consumption of 43~173 KJ ). This 
amount of energy is attempted to be replenished by a 20 
Wp nominal power, fixed-orientation photovoltaic (P/V) 
generator, installed on the Meteorological mast as it seen 
in Figure 27. All stations are equipped with a 12 DC V 
battery array with a total capacity of 51 Ah, able to support 
the typical energy consumption for a time interval of about 
10~15 d. The batteries voltage and the associated charging 
procedure by the P/V generator are supervised by the 
charge controller (Figure 23).   

An estimation of the daily energy production ℰd from the 
network P/V generators under clear sky, based on the 
three visibility condition scenarios –clear, moderate, 
urban- of the Hottel Solar Irradiance model (Hottel 1976; 
Muneer 2004), show that in annual basis, ℰd is expected to 
range  between  130  and  290 KJ/d  during the winter min-  
 

 
Figure 27 : The P/V generator installed on the mast of the LFK-1 

station (Lefkada). The batteries array and the charge controller are 
located in the enclosure (seen back-side, lower in the mast). 
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Figure 28 : Clear sky daily energy production (in KWh/m2) for a fixed 

orientation P/V panel (elevation angle 37) with an efficiency coefficient 
14%, under clear, moderate, and urban visibility scenarios (represented 
by the blue, red, and green line, respectively).         
 
imum dates, and up to 130~290 KJ/d during the summer 
maximum, as it is also illustrated in Figure 28 (Manousaki 
& Charalambidis, 2008). This estimation show that under 
adverse conditions (maximum energy consumption from 
the stations, combined with a winter-time minimum daily 
production from the P/V generator) the electrical circuit in 
each station will be deficient by about 40 KJ/d. Then, 
batteries discharging is anticipated within a time period of 
about 55 d. However, such a scenario is highly improbable 
to be realized, since the increment in the Solar elevation 
angle after the minimum of December 21th takes only a few 
days (no more than 10~15) for the Solar Irradiance to be 
raised in sufficient levels for the electrical circuit to 
become positively balanced under clear sky conditions. In 
addition, since in the installation locations of the Ionian-
Puglia network the visibility conditions are rarely down-
graded to “bad” or “urban”, the aforementioned scenario of 
the emergence of a short time period where the energy 
balance might be negative, is not expected to be realized in 
practice. 
 A few examples of the batteries array diurnal charging 
cycles in the station CRF-2, during the days of minimum 
energy supply in the P/V panel, are illustrated in Figures 
29.a-c for the CRF-2 station (which is characterized by the 
highest cloudiness index among the entire network 
stations). As can be seen there, the mean charging voltage 
under typical Sunshine conditions of late January, is 
maintained at 13.9 V (Figures 29.a,b), while the minimum 
voltage during the night-time reduces to 12.7 V. The 
evolution of the charging cycles under the interference of 
two consecutive overcast days (depicted in Figure 29.c) 
show that the minimum voltage is maintained at an 
apparent limiting value of about 12.7 V. Even then, the 
system completely stabilizes the charging cycles 
characteristics within 1~2 days.   
 

 
 

 
 

 
 
Figure 29 : Panel (a) : A typical diurnal charging cycle of the batteries 

array of the CRF-2 station (Temploni, Corfu) during the DN=1 (January 
1st, 2015). The batteries array voltage is seen by the re line (scale on the 
left), while the Solar Irradiance is depicted by the blue line (scale on the 
right). In panel (b), 8 charging cycles are depicted, in the time period of 
January 1-8, under clear sky conditions. In panel (c), 7 more diurnal 
charging cycles are seen for the period of January 22-29, under mixed 
Sunshine – cloudiness conditions (with overcast conditions in the 23th 
and the 24th day). The green dashed line indicates the minimum voltage 
values variability. 
 

a 

b 

c 
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ΙΙΙ.1.d  Mast, base, sensors orientation 
The modular architecture of each Meteorological station of 
the Ionian-Puglia network, is based on 10 m height telesco-
pic type, galvanized cast iron, tubular masts. Each mast is 
composed by two parts, with a 2 m joint, and diameters d1 
= 10 cm for the lower and d2 = 9 cm for the upper (Figure 
30). Each mast is fastened in two positions, at 4.5 and 8 m 
height, by three wire ropes in each position, tighten on a 
free-slip ring, that prevents any permanent torque to be 
developed in the mast due to wire ropes disorientation. At 
the ground, each wire rope is fastened at concrete embed-
ded anchor rods, which are distributed around the mast 
base at an equilateral triangle formation; finally, the entire 
construction is fenced within an orthogonal (Figure 31). 
Because of the high seismic activity of the Ionian Islands, 
and due to the existence of weak-bed installation soils in 
certain locations, a 1 m3 reinforced concrete base was 
constructed, covering by a surface extension slab (Figures 
30, 32, 33). Each mast is painted by double anti-corrosion 
protective primer and electrostatic marine paint in the 
outer layer, while the entire fastening equipment (wire 
ropes, turnbuckles, breakers, etc.) are of marine-type 
stainless steel. 
   
 

 
Figure 30 : Structure sketch of the stations masts and bases. 

 
Figure 31 : Plan view of the network stations. The mast is on Κ, while 

the points Σ1, Σ2, Σ3 mark the anchors position. The orthogonal ΑΒΓΔ 
depicts the fenced orthogonal area which is occupied by each station. 
 
 

 
Figure 32 : The mast base along with the pedestal fastening lattice box, 
during the construction phase. 
 
 

 
Figure 33 : The mast base, the fencing stakes, and the anchorage piles 

(e.g. on the lower right corner), during the construction phase of the CRF-
2, Corfu station. The rain meter installation base is also seen in front of 
the central base.    
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Figure 34 : The top arm along with the wind vane (at the left tip), the 

anemometer (at the right), and the upper position fastening ring. 
 
 

 
Figure 35 : The low level sensors arm, along with the central unit 

enclosure, and the photovoltaic generator.  
 
 

 
Figure 36 : The thermohygrometer and the GSM directional antenna, 

installed at the northern tip of the lower arm. 

 
Figure 37 : The pyranometer and the UV-A-B meter in the CRF-1 

(Marine Forces Base of Auliotes, Corfu), on the southern tip of the low 
level arm. 
 

 
Figure 38 : Alignment of the zero azimuthal angle of the W200P wind 
vane with the elongation axis of the top arm.  
 

Each Meteorological mast, is equipped with two arms 
for the instruments suspension : The top arm at 10 m 
height, with 1.2 m length, for the suspension of the wind 
vane – anemometer couple (Figure 34), and a low level 
arm at 2.8 m height, which is 3 m long (Figure 35) for the 
thermohygrometer, the pyranometer, the UV-meters, and 
the directional GSM antenna suspension (Figures 36, 37). 
Special care was paid on the right orientation of the 
anemometer and the wind vane in respect to the top arm, 
in particular in the alignment of the wind vane with the top 
arm axis (Figure 38); also, in the maintenance of right 
angles between the wind instruments, the top arm, and the 
mast itself. The alignment error between the wind vane 
zero azimuth direction and the top arm axis, which is 

estimated to be εα  1~2, represents the major uncer-
tainty source in the determination of the orientation of the 
wind vane in respect to the true North direction. 
 In every installations location, the Meteorological mast 
assembled, equipped, wired and fully tested on the ground, 
prior lifting by a crane truck for seating on the dowel 
locking screws in the central base (Figure 39). After seat-
ing and fastening, the orientation of the top arm (and the 

wind vane) is different than the North direction (αΝ=0) by 
an angle  Δα.  The determination of  Δα  was realized by the  
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Figure 39 : Lifting of the mast towards seating and bold locking on the 

base dowels. 
 
following simple iterative technique: Initially, an obser-
vational point 𝒜 is selected on the extension of the top 
arm axis, at a distance of about 50~100 m from the mast. 
The verification that the point 𝒜 is lies on the extension of 
the top arm axis, is based on the observed (through bino-
culars, telescope, or telephoto-lens) alignment of the wind 
vane and anemometer transmission shafts. A photogra-
phically assisted recognition of the mast apparent project-
ion point against the local landscape follows, as it is shown 
for example in Figure 40. Then, if Ƥ is such a point of the 
local landscape, a new observation of the wind vane - 
anemometer couple is realized, this time from Ƥ . The 
accurate determination of a point Ƥ located on the mast’s 
top axis extension, is again based on the apparent align-
ment of the wind vane - anemometer transmission shafts. 
In subsequence the point Ƥ is recognized on a high 
resolution aerial or satellite photograph (like the widely 
available Google Earth photos), and the angle Δα is 
straightly determined, as it is seen for example in Figure 
41. Considering that the distance of the point Ƥ from the 
Meteorological mast is  ℒ , while its determination on the 
aerial or satellite photograph is realized with a spatial 
error (or resolution)   δℒ ,   then an error   δαℒ   emerges  
on the computation of the angle  Δα,  which is given with a  

 
Figure 40 : Apparent projection of the APL-2 (SM Leuca) station mast 
from an observational point 𝒜 which is located on the extension of the 
top arm. As can be seen in the inset magnified photo, when observed by 
𝒜, the wind vane and the anemometer shafts are perfectly aligned, while 
the mast is projected on a remote but recognizable point Ƥ of the local 
landscape.  
 
 

 
Figure 41 : The top arm orientation axes (red lines) of the APL-2 SM 

Leuca station mast. The direction of the wind vane zero azimuthal angle 
in respect to the local geographical reference system (yellow dashed 
lines) is also shown by the cyan dashed vector. The remote observational 
point Ƥ is also indicated.   
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Figure 42 : The top arm alignment error δαℒ in respect to the North, as 
a function of the observations point Ƥ distance ℒ from the mast, and of 
the spatial resolution δℒ, for indicative δℒ values (in m) as marked above 
each curve.     
 
sufficient accuracy by the equation : 
 

L
L

L


 1tan                                   [5] 

 
As expected, eq.[5] shows that the error δαℒ reduces as the 
distance ℒ of the observations point Ƥ  from the mast 
increases. The error behavior for various values of ℒ and 
δℒ is illustrated in Figure 42. As can be seen there, when 
the distance ℒ of the point Ƥ  from the mast position is 
chosen to be of the order of 300 m or greater, the error δαℒ 

remains bounded within 1, even for very large δℒ values 
(such as, δℒ = 5 m). In the application of the aforemention-
ed technique during the masts installations, an accuracy in 
the determination of the point Ƥ better than 2 m was 
feasible. Hence, the error δαℒ was significantly smaller than 
the wind vane – top arm axis alignment error εα .      

The remote observation of each mast from a chosen 
point Ƥ can be further offer a second observational point 
(say Ƥ ΄), in the opposite side of Ƥ, that can be used in the 
same manner as Ƥ for the determination of the wind vane 
zero azimuth direction. Despite the fact that the use of the 
second point Ƥ΄ is not compulsory, its utilization can 
substantially increase the accuracy of determination of the 
Δα angle, and the confidence level of the result. An example 
case of a second set of observational points Ƥ ΄ determina-
tion, is illustrated in Figure 43, where the projection of the 
mast of the APL-2 station on the Leuca’s town landscape, 
when observed from the point Ƥ  (marked in Figure 41) is 
depicted.   

 Finally, a significant issue which is related to the 
fatigue of the mast structural parts and the risk of mechan-
ical degradation of the suspended Meteorological sensors, 
is the development of wind vortexes induced vibrations. 
Depending on their frequency and amplitude, these vibra- 

 
Figure 43 : Observation of the APL-2 (SM Leuca) station from the point 

Ƥ (shown in Figure 40), and determination of a second set of recognizable 
landscape points (on the opposite side of Ƥ ) where the mast is projected. 
These landscape marks are also aligned with the top arm axis.   
 
tions may drive in screws or bolts loose, and mechanical 
junctions or sensors degradation. Besides the robust 
construction of the Meteorological masts used in the 
Ionian-Puglia network (compared to the standard inclined-
mast type), limited materials failure, like bolts loosening 
and plastic junction crashes, have been observed in masts 
of similar type.  

In order to search the properties of the aerodynamically 
excited vibrations in the masts of the network, a set of 
preliminary measurements conducted through an Iven 
Sense MPU-6700 digital accelerometer. However, the main 
aim of these measurements was only an exploratory dete-
ction of the aerodynamic vibrations frequency (designated 
by fS) along with an estimation of the main frequencies of 
the masts natural modes of oscillation (designated by fN). 
The aerodynamic acceleration components recorded in 
respect to a local orthogonal reference system x, y, z 
corresponding to the –mean- wind direction (the air drag 
direction), the elongation axis of the mast, and in the 
perpendicular direction to the flow (or aerodynamic lift 
force direction), respectively. It is further supposed that 
the main effects of the wind generated accelerations is the 
development of a periodically varying aerodynamic lift 
force FL on the mast, due to the periodic detachment of 
turbulent wake vortexes with a Strouhal frequency fS . The 
lift force is then described by the equation : 
 

)sin(
2

1 2 tACF LL                         [6] 

 
In eq.[6], CL is the aerodynamic lift coefficient, ρ the air 
density,  υ  the wind velocity, Α the area of the mast cross 

section, and  ω = 2πfS  the Strouhal cyclic frequency. The 
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corresponding Strouhal frequency fS is also anticipated by 
the formula : 
 

d

S
S

  
 


f                                        [7] 

 
where, d is the mast diameter, and S = S(ℛ𝑒) the Strouhal 
number as a function of the flow Reynolds number ℛ𝑒 
(with  ℛ𝑒 = ρυd/μ , and μ the molecular viscosity). For 300 

≲ ℛ𝑒 ≲ 200103  the Strouhal number varies in the range 
0.19~0.22 (eg. Williamson 1996; Tropea et al. 2007). 
Adopting moderately strong wind forcing, such as υ = 10.5 
m/s and a cylinder diameter d =9.5 cm equal to the mean 
diameter of the two mast parts, it is found that ℛ𝑒 = 

60103 and S  0.195. Then, using eq.[7] it is anticipated 
that the Strouhal frequency should be equal to fS = 21.6 Hz; 
similarly, the Strouhal frequencies corresponding to the 
diameters of the lower and the upper parts of the masts 
d=d1=10 cm and d=d2=9 cm, under the same flow para-
meters, are fS,1 = 20.5 Hz and fS,2 = 22.8 Hz, respectively. 
These values are very close to the observed frequency of 
the z-axis vibration mode, as it was found by the spectral 
analysis of the recorded acceleration time series under 
wind conditions similar to those adopted above (a section 
of the recorded accelerations under mean wind velocities 
in the range of 9~11 m/s, is depicted in Figure 44). The 
applied r-MTM (revised Multi-Taper Method) spectral 
analysis method of Thomson (1982) and Mann & Lees 
(1996) revealed the prevalence of a main harmonic oscil-
lation at 22.4 Hz, that was found to be statistically signi-
ficant at a confidence level higher than 99%, both against a 
white and a locally white noise background (Figure 45). 
The small differences between the theoretically anticipat-
ed fS frequency values (20.5 to 22.8 Hz) and the observed 
one (22.4 Hz) are attributed to the structural complexities 
of the real masts (i.e. the non-uniform mass distribution, 
the existence of the top and the low level arms, and the 
two fastening positions). Furthermore, the wind variability 
during the measurements period (where the turbulence 
intensity reach values as high as 40~45%) modulated the 
z-acceleration bursts shown in Figure 44, and possibly 
some power leakage in the spectrum.  

It is finally noted that the Strouhal frequencies anti-
cipated for the top and the low level arms through eq.[7], 
are estimated to be approximately equal to 80 and 50 Hz, 
respectively. Additionally, the cyclic (ωΝ,n) and the abso-
lute (fN,n) frequencies of the natural oscillation modes of 
the stations masts (considered as homogeneous cast iron 

cylinders, with a density ρ7800 Kgr/m3, modulus of 

elasticity Ε=8.894561010 N/m2, mean diameter 9.5 cm, 

tube width 4 mm, and moment of inertia Ι=3.65105 m4), 
are determined by the solution of the straight cylinder 
motion  equations  under  the  proper  boundary and initial  

 

 

 

 

 

 
 

Figure 44 : A part of the z-acceleration data recorded on the mast of 

ΖΚΤ-1 station (Zakynthos) at a sampling rate equal to 103.4 Hz. Time in 
the horizontal axis is referred in seconds.  
 
conditions (e.g. Rao, 2004) : 
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where  ℓ  is the mast length, Α the mast cross sectional 
area, and  β1ℓ = 1.8751, β2ℓ = 4.6941, β3ℓ = 7.8548, β4ℓ = 
10.9955, for the first four natural oscillation modes of the 
mast. Hence, through eq.[8] the corresponding frequencies  
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Figure 45 : Power spectrum of the z-acceleration (in the lift force 

direction) recorded in the mast of the ΖΚΤ-1 station (Figure 44) through 
the revised ΜΤΜ spectral analysis method. The 99% and 95% confidence 
levels of the estimated white noise are illustrated by the red and the 
orange dashed line, respectively. Similarly, the estimated 99% confidence 
level of the locally white noise is illustrated by the purple line. The fre-
quencies of the statistically significant spectral components against a 
white noise background are also noted. The spectral power in the 

frequencies range of 0.003  2 Hz (marked by the red box at the lower 
left) is more analytically depicted in the inset. The statistically significant 
vibrations against the estimated locally white noise (at the 99% confi-
dence level) are illustrated in the inset graph by the dashed curve. 
 
of the natural oscillation modes of the network masts 
(ignoring the effects of the wire ropes, the sensors arms, 
and the inhomogeneous mass distribution) are fN,1=0.057 
Hz, fN,2=0.36 Hz, fN,3=1.00 Hz, fN,4=1.96 Hz. The correspond-
ing frequencies sequence, for the ℓ=2 m length upper mast 
part (which is located above the higher fastening ring) are 
fN,1=1.42 Hz, fN,2=8.92 Hz, fN,3=25.0 Hz, fN,4=48.9 Hz. How-
ever, as can be seen in the Figure 45 inset, none of the 
aforementioned frequencies is detected as a significant 
spectral feature in the MTM spectrum; this fact might be a 
result of the real structure complexity of the masts.  
 
ΙΙΙ.1.e  Best exposure sectors 
Taking into account the detailed topography of the install-
lation locations in combination to the spatial scale of the 
wind turbulence characteristics (§ΙΙΙ.1.b) associated with 
the data logging interval (δτ = 1 min), the best exposure 
azimuthal sectors of each station were estimated as it is 
illustrated in Figures 46.a-r. Taking into account that the 
geographical position of each station was initially selected 
such that the best exposure sectors to be those listed in 
Table V, it is concluded that this objective achieved in all 
cases but the KEF-2 and the APL-2 stations, whose expo-
sure in the S-SW and the NE-E sectors, respectively, is 
restricted. However, a detailed picture of each station 
exposure per sector will be highlighted by the annual 
wind-rose diagrams (to be provided in a forthcoming 
report).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ΙΙΙ.2  The Aerosols Mass Concentration Stations     
 

Apart from the Meteorological stations, three more 
stations for the measurement and continuous monitoring 
of the air suspended particulate matter (PM) -or aerosol- 
size segregated mass concentration fractions installed in 
Lecce (referred as APL-A), in Corfu (CRF-A), and in 
Zakynthos (ZKT-A). Each station is composed by a TSI 
DustTrak DRX 8533 size segregated mass fractions 
concentration meter, equipped by an auto-zeroing module, 
an enclosure, a tripod support, and a control computer (as 
shown in Figures 47, 48, 49).  

The aforementioned instrumentation measures the 
aerosols size segregated mass concentration in five 
fractions according to their aerodynamic diameter da, 
namely the PM1 (aerosols with da up to 1 μm), the PM2.5 
(aerosols with da up to 2.5 μm), the respirable (aerosols 
with da up to 4 μm), the PM10 (aerosols with da up to 10 
μm), and the Total (aerosols with da up to 15 μm) fractions. 
The aerosols mass concentration measurements are 
deduced by advanced laser photometry techniques 
regarding the scattered light from the particles cloud 
which is inserted in the air sample chamber, as well as 
from each individual particle. The particles mass 
concentration values per aerodynamic diameter fraction 
are subsequently computed by suitable algorithms initially 
developed  for  multi-channel  particle  sizer spectrometers 

Station 

Exposure  Sector 

N 
N
E 

E 
S
E 

S 
S
W 

W 
N
W 

APL-1         

APL-2         

APL-A         

CRF-1         

CRF-2         

CRF-3         

CRF-A         

PAX-1         

LFK-1         

KEF-1         

KEF-2         

KEF-3         

ZKT-1         

ZKT-2         

ZKT-3         

ZKT-A         

STR-1         

KTL-1         
 
 

Table V : The best exposure sectors per station according to the 
development plan of the network (marked by the filled box symbol 
). For an estimation of the actual best exposure sectors, see the 
maps in Figures 46. 
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Figure 46.a : The best exposure sector of the station APL-1 (Otranto). 
 

 
Figure 46.b : The best exposure sector of the station APL-2 (Santa 
Maria di Leuca). 
 

 
Figure 46.c : The best exposure sector of the station APL-A (Lecce). 
 

 
Figure 46.d : The best exposure sector of the station CRF-1 (Nautical 
Base of Auliotes, Corfu). 

 
Figure 46.e : The best exposure sector of the station CRF-2 (Temploni, 
Corfu). 
 

 
Figure 46.f : The best exposure sector of the station CRF-3 (Korision 
Lake, Corfu). 
 

 
Figure 46.g : The best exposure sector of the station CRF-A (Corfu). 
 

 
Figure 46.h : The best exposure sector of the station PAX-1 (Paxos). 
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Figure 46.i : The best exposure sector of the station LFK-1 (Lefkada). 
 

 
Figure 46.j : The best exposure sector of the station KEF-1 (Antipata 
Erisos, Cephalonia). 
 

 
Figure 46.k : The best exposure sector of the station KEF-2 (Kipouria 
Paliki, Cephalonia). 
 

 
Figure 46.l : The best exposure sector of the station KEF-3 (Skala, 
Cephalonia). 

 
Figure 46.m : The best exposure sector of the station ZKT-1 (Agalas, 
Zakynthos). 
 

 
Figure 46.n : The best exposure sector of the station ZKT-2 (Zakynthos 
Airport). 
 

 
Figure 46.ο : The best exposure sector of the station ZKT-3 (Cape 
Skinari, Zakynthos). 
 

 
Figure 46.p : The best exposure sector of the station ZKT-A 
(Panagoula, Zakynthos). 
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Figure 46.q : The best exposure sector of the station STR-1 (Stamfani 
Islet, Strofades). 
 

 
Figure 46.r : The best exposure sector of the station KTL-1 (Cape 
Katakolo, Ilia). 
 
(e.g. Baron 1986; Hinds 1998; Peters & Leith 2003; 
Volckens & Peters 2005; Pagels et al. 2005; TSI Particle 

Instruments user’s manual 2006). The reliability in the 

concentration measurements is excellent for solid 
particles, provided that their properties (especially their 
density) are very similar to the manufacturer calibration 
dust mixture, according to the ISO 12103-1, A1 test dust 
standard (also referred as Arizona Test Dust), otherwise 
correction factors have to be specified by in-situ re-
calibration techniques. However, regarding the liquid 
particles concentration, the achieved values are of lower 
reliability than in the solid particles case (Baron et al. 
2004; Peters & Leith 2003).  

The equipment used in the APL-A, CRF-A, and ZKT-A 
stations is characterized by an extreme dynamical range in 
the mass concentration measurement, which extends from 
1 μgr/m3 up to 150 mgr/m3; the particles sensible aero-
dynamic diameters range from 0.1 to 15 μm. The laser 
photometry chamber is supplied by environmental air at a 

sampling rate of 3 l/min (stabilized to within 5%) 
through a mechanical pump and an inlet sampler. Under 
typical operation environmental conditions the zero level 

stability amounts to 2 μgr/m3 (considered at a daily 
interval), while the temperature coefficient amounts to 1 

(μgr/m3)/C.  In  order to restrict the zero level sliding, the  

 
Figure 47 : The aerosols size segregated mass fractions concentration 
meter equipment in Corfu town. The water proof enclosure along with 
the air sample inlet (at the top), the Solar radiation shelter, and the 
installation tripod are also seen. 

 
 

 
Figure 48 : The aerosols size segregated mass fractions concentration 
meter of Lecce, installed at the University of Salento. 
 
three stations are equipped with an auto-zeroing module, 
that sets the zero concentration level in a daily basis. 

A 24 V DC supply is required for all stations of this type, 
while their power consumption can be raised up to 60 W. 
In the Ionian-Puglia network one measurement of the 
aerosols  mass  concentration is realized every 2 hrs, under  
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Figure 49 : The aerosols size segregated mass fractions concentration 

meter of Zakynthos, installed in the enclosure interior. Apart from the 
main instrument, the auto-zeroing module, the air sampler inlet, the 
water trap, and the communication ports, are also seen.  
 
a 3 min sampling time. Subsequently, the five segregated 
mass fractions values recorded in each measurement are 
transferred through hyper-terminal communication from 
the instrument logging memory to a monitoring computer, 
and then to the network central server (Figure 22). 
 
 
ΙΙΙ.3   Numerical data treatment and the adaptive web  
          platform  
 
ΙΙΙ.3.a  The web platform architecture 
During the operational function of the Ionian-Puglia 
network, up to 4320 measurements performed every 
minute in each station (under a sampling rate of 1 Hz).  In 
subsequence, the mean -per minute- values of the measur-
ed quantities are computed in the data loggers cpu, are 
transmitted in real time, along with the minimum, 
maximum and standard deviation values, to a central 
server (installed in the Environmental Technologists 
department) through a GSM modem-to-modem communi-
cation utilizing the GPRS service. The aerosol mass 
concentration measurements from the APL-A, CRF-A, and 
ZKT-A stations are transferred to the central server 
through internet connections.  
 Hence, 165 values of the measured parameters are 
collected every minute from the central server, through 16 
simultaneous wireless data transfer lines (as shown in 
Figure 50). Upon reception, a direct pre-processing of the 
incoming values (consisting of a first level quality control, 
computation of secondary Meteorological and atmospheric 
parameters, sequential time series construction, per 
station files creation, and graphs production) is performed 
in the central server, while the entire information becomes 
available through the internet, once per minute, through 
an adaptive web platform.  

Since in field stations networks like the Ionian-Puglia 
array, the equipment can be upgraded or replaced and 
new instruments might be also added, the management 

software has to reveal adaptation capabilities to instru-
mentation and communication protocols changes, without 
significant revisions in the source code. For this reason, a 
novel core software architecture that implements an 
adaptive infrastructure applied in the construction of the 
web platform code of the Ionian-Puglia network (e.g. 
Oreizy et al. 1999). The developed software package  
realizes the following tasks :  
(i) Data connectivity, through which, any new type of data 
source (either it uses a known communication protocol or 
not) can be embedded in the network,   
(ii) Data pre-processing, as was briefly described above 
and will be discussed more analytically in §III.3.c below, 
(iii) Data visualization, through which, the required 
measurements depiction and the various graphs of the 
available data are produced, and  
(iv) Data distribution, which provides new data feeds 

complying with the specifications of new WSDL protocols 

(e.g. Vitolo et al. 2015).  
 

 
Figure 50 : Data flow and basic communication lines scheme in the 

Ionian-Puglia network. 

 
The data flow management software follows the modul-

ar architecture which is summarized in Figure 51. More 
analytically the following modules are incorporated : 
(i)  The bridge module, that enables the connectivity of the 
stations data sources (typically the data loggers’ modems) 
with the central server, under a certain communication 
protocol.  
(ii)  Channels and virtual channels, that enables the storage 
in a data base of the -acquired through the bridge module- 
measurements. For every data format, a different channel 
is used, while a virtual channel is developed per station 
whenever numerical pre-processing has to be applied in 
the incoming measurements before storage in the data 
base.   
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Figure 51 : Modular diagram of the web platform software packets that 

enable data management in the Ionian-Puglia network.  
 
(iii)  Visual gadgets, which perform in real time the visual-
ization of the incoming data from all stations (namely, the 
collective visualization of the current minute measure-
ments in a map of the stations locations, graphical cards 
providing all the available real time information for each 
station, and a user selectable set of graphics for any 
measured parameter and for any station). 
(iv)  Gate modules, that provides the implementation 
means of the communication protocols, namely an HTTP, a 
WSDL gate, plus an xls and csv data files exporter. 
(v)  A web portal, which is an autonomous system provid-
ing a user environment which is described more analytic-
ally in section §ΙΙΙ.3.d.   
(vi)  User manager module, that functions as a security 
agent, first by restricting the users access in certain 
modules or parts of the data base, and secondly, by 
defining different authorization levels for the different 
categories of users (ordinary user, registered user, manag-
er, administrator).  
(vi)  Data controller, that serves as a data query processor 
providing data handling functionalities to the other 
modules and/or required data management tasks.   
 
ΙΙΙ.3.b  Communications software and remote equipment  
             control 
Apart from the aforementioned web platform, the remote 
control of the stations data loggers and sensors, as well as 
the automated continuous data transfer to the network 

central server is realized by two more software packages, 
the Opton and the Diameson (both developed by the 
Symmetron Electronic Applications).  
 The Diameson package is a critical part in the continu-
ous data flow procedure from the network stations to the 
central server. In particular, Diameson realizes all the on-
line connections using the GSM/GPRS service, after 
identification of the connected data loggers through their 
serial number and an access code. In addition, Diameson 
maintain open the stations’ active modems connections, 
through the “keep-alive” function, while it reports in real 
time, the IP address, the activity, and the data transfer 
state for each connected station.    
 Opton is a stand-alone package that establishes local or 
remote connection with data loggers. Local connection is 
realized through a RS232 port, while remote connection 
can be also established through the GSM/GPRS service, 
provided that the corresponding logger is registered to 
Diameson base. Opton provides the main administrative 
control of each station, as it enables the determination of 
all operative parameters (such as, definition of the sensors 
signal type, pulsed or analogue, voltage or current range, 
designation of each sensor to a specific input of the data 
logger, and determination of signal amplification factor). 
Furthermore, Opton enables the definition of the cali-
bration constants for each connected sensor, of the logging 
time interval δτ, of the batteries array monitoring, of the 
on-board battery voltage, Firmware upgrades, and finally, 
loggers’ remote re-boot in case of operation blocking. 
         
ΙΙΙ.3.c  Data pre-processing and computations 
Apart from the first-stage data pre-processing which is 
realized in the stations loggers (as described in §ΙΙΙ.1.b), a 
second-stage pre-processing is subsequently performed to 
the numerical values arrived from the network stations, in 
real time; this procedure is realized by the web platform 
data controller module in the central server. Through the 
second-stage data pre-processing, the numerical values of 
the measured quantities are subjected in units transform-
ations (from SI, to the UK imperial, US customary, or even 
to empirical unit systems) or in intensity scales partition 
(e.g. a precipitation intensity color scale) suitable for real 
time warning and direct diagnosis of the severity of 
evolving weather phenomena. Furthermore, in the same 
pre-processing stage the computation of a series of atmo-
spheric air parameters is performed in real time by 
applying the following computations : 

 

1. Wind velocity  (υ) units transformation from m/s (which 
is the unit transmitted by the stations loggers), to knots 
and Km/h, through the simple formulae : 
 

■ υ [Km/h] =  υ [m/s] × 3.6                                           [9] 
 

■ υ [Knt]     =  υ [m/s] × 1.94                                            [10] 
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■ Wind velocity (υ) transformation to the empirical intensi-
ty Beaufort scale, is based on the following inequalities : 

When         0   υ <   0.6 m/s       0 Β   

 When       0.6  υ <   1.8 m/s           1 Β 

 When       1.8  υ <   3.4 m/s           2 Β 

 When       3.4  υ <   5.3 m/s           3 Β 

 When       5.3  υ <   7.5 m/s           4 Β 

 When       7.5  υ <   9.9 m/s           5 Β 

 When       9.9  υ < 12.5 m/s         6 Β 

 When    12.5  υ < 15.3 m/s         7 Β 

 When    15.3  υ < 18.3 m/s         8 Β 

When    18.3  υ < 21.6 m/s         9 Β 

 When    21.6  υ < 25.5 m/s        10 Β 

 When    25.5  υ < 29.0 m/s        11 Β 

 When    29.0  υ < 33.0 m/s        12 Β 

 When    33.0  υ < 43.0 m/s     H/Cat Α 

 When    43.0  υ < 50.0 m/s     H/Cat Β 

 When    50.0  υ < 58.0 m/s     H/Cat C 

 When    58.0  υ < 70.0 m/s     H/Cat D 

 When    70.0  υ                         H/Cat Ε 

Wind velocities  υ  33 m/s  correspond to a hurricane 
category (H/Cat) which is marked in the wright column. 
    

2. Precipitation height (𝒫i) in hourly, daily, and monthly 
sums, which are based on the rain intensity values provid-
ed by the stations loggers in mm/min. In particular, 
considering that ti designates the latest minute measure-

ment, and tj-1 , tj representing the previous (j1) and the 
current (j) hour of the day, the following three precipita-
tion height sums are computed : 
■ Hourly precipitation ( j-hour sum) : 
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PP       where  1i60,   0j23           [11]   

 

When  t0 < 60, eq.[11] give the potential precipitation 
height in the j-hour, while when t0 = 60 it gives the 
actual precipitation height 𝒫H,j recorded during the  j-
hour. Then, this value is stored in the data basis.  

■ Daily precipitation (k-day sum) :  
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jHkD PP          where      0  j  23                    [12] 

 

When the hour index j  22, then eq.[12] provides the 
precipitation height sum recorded until the last integer 
hour of the current day number (k-day) of the current 
month. However, when  j = 23, then eq.[12] provides the 
final value 𝒫D,k of the precipitation height recorded in a 
station during the k-day; this value is stored in the data 
basis.  

■ Monthly Precipitation (M-month sum) : 
 

   






1

1

,
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k

kDM PP          where    1  DN  30 or 31       [13]  

 

In eq.[13], DN represents the serial day number of a 
given year (starting at January 1st, which is considered 
as DN=1), while, as long as the current month has not 
been integrated (DN < 30 or 31) then 𝒫M provides the 
precipitation height until the previous day (i.e. until 

DN=k1). However, when DN=30 or 31 (28 or 29 for 
Februaries) then eq.[13] provides the final precipitation 
of the current month, which is also recorded in the data 
basis.  

 

3. Thermodynamic parameters of the air, which are 
computed as functions of the quantities originally measur-

ed in each station, namely, the temperature Τ (in C), the 
mean sea level pressure Ρ (in hPa), the relative humidity 

RH (with  0  RH  1), and the wind speed  υ  (in m/s). The 
computed parameters are the following : 
■ Vapor mass MS of the saturated air (in gr Η2Ο/ Kgr of dry 

air), through the polynomial approximation : 
 

MS  =  3.5346 + 0.2457·Τ + 0.0091·Τ 2 + 0.0002·Τ 3   [14]                        
 

■ Pressure correction factor f(P), through the formula : 
 

    
P

PPf
1

074.01015.30016.1)( 6                            [15] 

 

■ Vapor pressure of the saturated air eS (in hPa) by the 
equation (Magnus−Tetens formula) :  

 

     T

T
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 3.237

5.7

10)(112.6                                               [16] 
 

■ Vapor mass concentration mvap in the dry air (in gr Η2Ο/ 
Kgr of dry air)  :         

 

    Svap M
RH

m 
100

                                                            [17] 

 

■ Vapor pressure Pvap (in hPa), through the equation : 
 

      Svap e
RH

P 
100

                                                                 [18] 

 

■ Specific Humidity SH (in gr H2O/Kgr of air) :     
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 622.0                                                [19] 

 

■ Absolute Humidity AH (in gr H2O/m3 of air) :    
 

  
  

   
T

P
AH
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273
688.216                                               [20] 

 

■ Dew point Td (in C), through the formula : 
 

      
        

    
K

K
Td






62.17

12.243                                                     [21]          

                          

where 
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■ Virtual Temperature Tvir (in C) through the equation : 
 

      Tvir = (1+0.61 SH)·T                                                      [22] 
 

■ Wet air density ρ (in Kgr/m3) through the state equation: 
 

       

virdry T

P


                                                              [23] 

  

4. Per minute mean values of the Solar and Aeolic power, 
computed through the measured Solar Irradiance ℱ⊙,G per 
unit area of an horizontal surface (in W/m2), the wind 
velocity υ (in m/s), and the air density ρ, as follows : 
■ Aeolic power (wind power density), ℱAeolic in W/m2, by the 

equation : 
 

      3

2

1
   F Aeolic

                                                              [24] 

 

■ Daily Aeolic energy supply, AeolicE   (in J/d), through the 

Aeolic power flow integral upon the daily length : 
 

 

00:24

00:0

)( dttAeolicAeolic  F   E                                              [25] 

 

■ Daily Solar energy supply, E ⊙,G per unit area of a 

horizontal surface [in J/(dm2)], through the Solar 
Irradiance ℱ⊙,G  integral, upon the daily length  : 

 

 E ⊙,G   

00:24

00:0

, )( dttG  F                                                    [26] 

 
ΙΙΙ.3.d  Web available products 
The entire set of measurements which is produced in the 
Ionian-Puglia network stations, is provided in the internet 
by the central web server through the Greek Research and 
Technology Network (GRNET) data lines infrastructure; 
the entire data set is then available in real time by the 
DEMSNIISI Project web page at http://ionianweather.gr, in 
three basic forms :  
(i) Current conditions maps per -user selected- para-

meter, (Figure 52),  
(ii) Local report card, providing all available information 

per –user selected- station (Figure 53), and 
(iii) Data base (or climatic archive) access, for user select-

ed stations, measured parameters, and time periods 
(Figure 54). 

The current conditions map directly provides the spatial 
distribution of the selected parameter along the network 
area. However, when a rainfall event is detected in a 
station, then apart from the exact rain intensity value IR, an 
 

 
Figure 52 : Current conditions map, for the wind gust. The user 
selectable parameter list is shown at the right.  
 
 

 
Figure 53 : Local report card (shown at the right of the map) that 
provides all measured parameters in the user selected station, during the 
current minute. In the illustrated example, the ZKT-3 station (Cape 
Skinari, Zakynthos) measurements of the current conditions appear. 
 
intensity-related color fills the station’s cell, as an intensity 
warning visual indication (Figure 54). The adopted rain 
intensity color scale in cm/hr, consists of the following 
four rain intensity levels :  

 Yellow-filled station cell when no rainfall is detected (IR = 
0 cm/hr),  

 Gray-filled station cell for IR<3 cm/hr,  

 Orange-filled station cell for 3IR<6 cm/hr, and  

 Red-filled station cell when IR >6 cm/hr.  
Although the rain intensity color scale indication is only 
referred to the precipitation, it remains active irrespective 
of the selected parameter which is depicted in the current 
conditions map. In this way, an easily recognized warning 
about a currently evolving rainfall event, is always visible 
even if the user inspects the current conditions map of 
some other parameter. This is seen for example, in Figure 
55, where the rainfall warning color scale remains visible 
on the current temperature map. In many cases where bad 
weather  conditions  prevail,  the  combined information of  

http://ionianweather.gr/
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Figure 54 : The wind velocity field at 22:46 LT of 22/10/2014, along 
with the rainfall intensity IR color scale, that is, gray filled cells when IR<3 
cm/hr, orange for 3IR<6 cm/hr, and red when IR >6 cm/hr. That time, the 
recorded rain intensity in the KEF-3 station was amounting to 15 cm/hr, 
while in Paxos was 3 cm/hr. Note the sharp difference in the wind field 
northwards and southwards of Paxos, due to the cold front passage, 
which is shown in Fig.60.c.    

 

 
Figure 56 : A wind gust field at 12:19 LT of 8/4/2015, where a pro-
gresssive wind intensification southwards of Lefkada is seen, reaching 
values up to 19 m/s in Zakynthos area. Also note the wind direction 
inversion at CRF-2 station (central Corfu) that falls within the 1100 m 
height Pantokratoras Mountain under the prevailing N-NW circulation. A 
similar local wind direction change is seen in KEF-3 station (SE Cephalo-
nia) due to the aerodynamic effects of the 1680 m height, Ainos Mountain.  

 
Figure 55 : The temperature field at 00:11 LT of 23/10/2014 (approxi-
mately 1.5 hr later than the wind field illustrated in Figure 54) during the 
time of a cold front invasion from the NW (also shown in Figure 60.c). 
Notice the sharp temperature contrast between the northern and the 
southern parts of the depicted area; in Puglia and Corfu the temperature 
ranges from 12.5 to 17 C, while southwards, where the cold front has not 
reached yet, the temperature is still at 22 C.  
 

 
Figure 57 : The wind velocity field at 12:11 LT of 11/11/2015, under 
weak NW flow conditions and stable stratification in the NE Ionian. 
Notice the local wind direction variability along the Corfiot, Cephalonian 
and Zakynthian stations. The cases of the CRF-2 (central Corfu), KEF-3 
(SE Cephalonia), and ZKT-2 (SE Zakynthos) stations are indicative of the 
effects of the local orography and the coastline in the synoptic wind field.     
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Figure 58 : The Solar Irradiance field around the noon (12:12 LT) of  
3/11/2014, as recorded by the pyranometers of the Ionian-Puglia 
network stations during clear-sky conditions. 

 

 
 

Figure 59 : The Solar UV-irradiance field around the noon (12:13 LT) 
of  3/11/2014, as recorded by the UV-meters of the network, at SM Leuca, 
Corfu, Cephalonia, and Zakynthos, during clear-sky conditions. 

  
the wind velocity and the rain intensity, is critical to be 
seen together as shown for example in Figure 56. Howe-
ver, in the topographically complex areas covered by the 

Ionian-Puglia network, the current wind conditions map 
becomes of high importance irrespective of the prevalence 
of intense weather events or not, since the steep oro-
graphy and the complex coastline of the Ionian Islands at 
one hand, and the peninsular nature of the Salento area on 
the other, generate important local wind conditions, as 
discussed in section II.1.c; such a typical case is illustrated 
in Figure 56.  

The real time diagnosis of the prevailing local conditions 
through the aforementioned network products, becomes 
important for sea related economic activities, touristic 
services, sailing and sea recreation, rural and agriculture 
works, forest fires and extinguish operations, study and 
possible treatment of flood events, and the estimation of 
the local water balance regime. Furthermore, in touristic 
destinations like Puglia and Ionian Islands, the visual and 
UV-A-B Solar Irradiance maps (like those illustrated in 
Figures 58 & 59) are of high social interest, especially 
during the summer time where many people is long 
exposed to the Solar radiation.  

Apart from the real time products, the subsequent data 
post-processing procedure, further provide two data-sets : 
(i) A climatic archive, and  (ii) Review maps showing the 
monthly and the annual spatial distribution of the measure 
parameters.  

In particular, the climatic archive enables a limitless 
search in the data basis of the network stations, through 
the web platform application described in section III.3. 
Apart from the climatology studies, this service is also very 
useful in the documentation of past weather related 
events, either for scientific or public domain issues (e.g. 
flood events under heavy precipitation, marine events 
during strong winds outbreaks, etc.). For example, the 
effects of a cold front passage from the Ionian Islands 
during the night of October 22, 2014, can be seen in 
Figures 60, as recorded in different stations of the 
network. In the same way, post-processed Solar Irradiance 
ℱ⊙,G and Aeolic power flow ℱAeolic products, like those seen 
for example in Figure 61, are very important for renewable 
energy applications.  

Regarding the aforementioned second type of post-
processing products, monthly and annual climate maps are 
produced for the region of Salento and Ionian Islands, 
along with climatic anomaly maps. For example, the spatial 
distribution map of the precipitation height for January 
2015, is illustrated in Figure 62, while the corresponding 
precipitation anomaly map is given in Figure 63. Notice 
however that the entire information which is available 
from all Meteorological stations along the Salento and the 
Ionian Islands area (namely, the HNMS and the NOA 
stations) is taken into account for the construction of such 
maps. Similar maps for the temperature, the Solar 
irradiance in the visual, and the Aeolic power flow, are 
provided. 
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Figure 60 : The effects of the 22/10/2014 cold front invasion in the 
Ionian area (shown in panel ‘c’, early in the afternoon of that day) as 
recorded by the CRF-1 (NW Corfu – panel ‘a’) and the KEF-3 (SE 
Cephalonia – panel ‘b’) stations. A sudden temperature reduction from 
21.5 C to 15 C is seen in CRF-1 during the front passage, as well as, a 
strong convective rainfall along with an abrupt wind direction change 
from 195 (S-SW) to 335 (N-NW) in KEF-3.   

 
 

Figure 61 : The Aeolic power flow ℱAeolic (in W/m2) in the KEF-2 (SW 
Cephalonia) and the ZKT-1 (SW Zakynthos) stations, implied by the wind 
velocity υ, temperature Τ, pressure Ρ and relative humidity RH values, 
recorded during the period of 1-3/8/2015. 

 
 

 
 
 

 
Figure 62 : Panel (a) :  The polar diagram of the average wind velocity 
and the wind gusts recorded per minute in the station KTL-1 (Cape 
Katakolo, Peloponnesus) during the January of 2015.   
Panel (b) : The corresponding logarithmic rose diagram in KTL-1 for 
January 2015. The velocity scale shown on the right is related to the 
Beaufort intensity levels.  

a 

b 

c 

a 

b 
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Figure 63 : The monthly precipitation height field for January 2015 
along the Ionian Islands, as it emerges by spatial interpolation based on 
all available ground stations observations (sourced by the Ionian-Puglia, 
the HNMS, the NOA, and local individual stations). 

 

IV. CONCLUSIONS 

Τhe Ionian-Puglia network of Meteorological – Environ-
mental stations is an array of 18 remote field scientific 
installations along the peninsula of Salento and the Ionian 
Islands. The geographical area which is covered by the 
network is of high atmospheric, climatologic and oceano-
graphic interest not only for the scientific community and 
the local population, but also for the number of tourists 
(typically ranging from 1 to 1.5 million) which are visiting 
the area in the hot season. These installations increase 
substantially the density of the field scientific stations in 
the sensitive and scientifically important area of the 
Central Mediterranean, especially in the Greek side of the 
Ionian Sea.  

The geographical zone defined by the Ionian Islands is 
an area poorly covered by field scientific stations, despite 
the positioning of these islands at the up-wind side of the 
Pindos mountain barrier and the associated strong oro-
graphic effects they experience. Being actually a part of the 
western Balkans low level wind convergence zone, the 
western Greece area is well known for many high impact 
weather and precipitation events, as well as, for a high and  

 
Figure 64 : The precipitation anomaly field for January 2015 in the 
Ionian Islands, reported in normalized values (or z-scores), according to 
the available mean and standard deviation values for each station after  
1970. 

 
   
intensifying tornado activity (Kanellopoulos 1977; Ogden 
1984; Sioutas 2003, 2011; Sioutas & Keul 2007; see also 
Giaiotti et al. 2007 for a tornado climatology in Italy). In 
addition, despite the high annual Sunshine duration, basic 
Solar radiation parameters were recorded in the area by a 
sparse network, or not recorded at all.    

The construction of the Ionian – Puglia network made 
possible thanks to the Interreg IV, Greece-Italy 2007-2013, 
European Territorial Cooperation Programs, through the 
DEMSNIISI Project (Development of an Environmental-
Meteorological Stations Network in Ionial Islands and the 
Southern Italy) during 2012 and 2015. 

The main objective of this network is the continuous 
measurement and the direct publication through the 
internet, of the local wind characteristics, the natural 
water supply, the Solar Irradiance (both in the visual and 
the UV), the dust load of the atmospheric air, and the 
Aeolic and Solar energy flow, in a number of stations 
distributed such that, the synoptic and the main low level 
mesoscale phenomena, to be sensible. For this reason, the 
stations installation locations selected such that best 
exposure in certain wind azimuthal sectors be ensured, 
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while 10 m height Meteorological masts used in each 
station. 

The short response times and the high resolution values 
of the stations sensors, along with the high speed capa-
bilities and the stability of the GSM network, made pos-
sible the recording of the measured quantities values at 
one minute intervals (under a sampling rate equal to 1 Hz). 
After a suitable pre-processing all measurements are col-
lected to a central server that provides the entire informa-
tion through the web page http://ionianweather.gr, in 
form of current conditions maps, per station report cards, 
and climatic archive services. All products are available in 
real time. Finally, under a scientific Memorandum of 
Understanding (Corfu, 2014) between the DEMNIISI 
Project Partners and the Hellenic National Meteorological 
Service (HNMS), the Ionian-Puglia network of stations 
embedded in the National scale operational network of 
HNMS.      
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