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Abstract: Rainfall amounts, directly responsible for the availability of water resources in a specified area, are closely linked to 
the climate system. To highlight this relationship, the most important teleconnection indexes, based on the difference 
in sea level pressure between two geographic areas, tagged centres of climatic action, have been taken into account. In 
this study, the relationship between winter precipitation, registered in Calabria (Southern Italy), and atmospheric 
circulation was examined using a correlation analysis with several teleconnection indexes to find useful predictors. In 
particular, the Spearman’s rank correlation test was applied as a measure of the strength of the association between 
the variables and the Student’s t-test was used to evaluate the significance of this analysis. The results show 
significant and good correlations in particular with the Mediterranean Oscillation (MO), with a correlation coefficient 
higher than 0.6, with the North Atlantic Oscillation (NAO) and the Scandinavian (SCAND) indexes, with a 
correlation coefficient between 0.5 and 0.6, and with the East Atlantic West Russia (EA/WR), with a correlation 
coefficient between 0.4 and 0.5. The correlation is low or not significant for other teleconnection patterns. Moreover, 
a more detailed investigation was carried out considering five Rainfall Zones of the study area, characterised by 
different climatic conditions, and the correlations between the above mentioned teleconnection indexes and different 
Precipitation Categories. The results are interesting because they show that some indexes are closely related to low 
precipitation while others are linked to severe rainfall. 
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1. INTRODUCTION 

Water resources availability in an area is strictly linked to rainfall amounts, which depend on the 
variability of the climate system. With regard to the European Continent, its climate variability is 
for the most part governed by the instability proper of the North-Atlantic dynamics, especially in 
wintertime (Cattiaux et al., 2012). In the Mediterranean region, the principal atmospheric dynamic 
features, which contribute to defining the Mediterranean climate, are the Atlantic Jet Stream and the 
pressure difference over central Europe at the exit of the Atlantic Jet Stream. 

On a large scale, the Euro-Mediterranean weather and climate variations are controlled by the so-
called teleconnection patterns, largely described in literature (Wallace and Gutzler, 1981; Barnston 
and Livezey, 1987; Rogers, 1990). These patterns, in addition to affecting climate over a large 
geographical area, also reflect large-scale changes in the atmospheric wave and influence 
temperature, rainfall, storm tracks, jet stream location and intensity over vast areas (Hurrel, 2009; 
Woollings et al., 2010; Bader et al., 2011). On a yearly scale, many regions of the world show a 
general increase in rainfall in the last 50 years (IPCC, 2007), while the Mediterranean basin shows a 
decrease in precipitation, with a 10 to 20% reduction in the central-western Mediterranean Basin 
(Paz et al., 1998; Piervitali et al., 1998; Romero et al., 1998; Coscarelli et al., 2004; Kostopoulou 
and Jones, 2005; Xoplaki et al., 2006; Toreti et al., 2010; Caloiero et al., 2011a; Coscarelli and 
Caloiero, 2012; Brunetti et al., 2012a). Despite the decrease in precipitation amount, Alpert et al. 
(2002) showed a paradoxical increase in torrential rainfall (>64 mm/d).  

These variations in rainfall are often related to teleconnection patterns which express the global 
or regional circulations (Hurrel, 1995). Several patterns are present in the North Hemisphere (NH), 
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but the most prominent ones, which have significant impacts on the Euro-Mediterranean climate 
during winter-time, are namely the North Atlantic Oscillation (NAO), the East Atlantic pattern 
(EA), the East Atlantic/West Russian pattern (EU1 or EA/WR), the Scandinavian pattern (EU2 or 
SCAND) and the Mediterranean Oscillation (MO). 

The NAO (Hurrell and van Loon, 1997) is a large-scale variation of atmospheric mass between 
the Azores High and the Icelandic Low and is most pronounced in winter. During a positive phase 
of the NAO, both the Icelandic Low and Azores High are well developed, and thus, a greater 
pressure difference than average exists between them. As a consequence, stronger westerly winds 
from the eastern Atlantic towards the European continent are present, while, in winter months, this 
difference in pressure causes stronger Atlantic storms with a more northerly track. During a 
negative phase of the NAO the pressure gradient between the Icelandic Low and the Azores High is 
reduced. When westerlies cross the Atlantic, their strength is reduced and the storm track is shifted 
to the South, causing more precipitation in the Mediterranean and colder weather in the North of 
Europe. The phases of the NAO show considerable interseasonal and interannual variation (Hurrell 
and Deser, 2009). The negative phase of the winter NAO dominated from the mid-1950s to the late 
1970s, while the positive phase was predominant during the 1980s and the 1990s. After the early 
1990s, it generally decreased except for a brief period of small amplitude fluctuations around the 
early 2000s. Several studies have shown the correlation between the NAO index and precipitation 
field revealing negative correlations for annual and winter precipitation in various areas of the 
Mediterranean basin, such as the Iberian Peninsula and Southern Italy (Brunetti et al., 2002; Andreo 
et al., 2006; Muñoz Diaz and Rodrigo, 2006; Caloiero et al., 2011b; del Rio et al., 2011; Ferrari et 
al., 2013). 

Similar to the NAO, the East Atlantic (EA) pattern controls climate variability in winter 
(Barnston and Livezey, 1987). This pattern consists of a north–south dipole but extends across the 
entire North Atlantic basin with a line of separation between England and France (Barnston and 
Livezey, 1987). During an EA positive phase, positive pressure anomalies over the subtropics bring 
warm air, giving Europe temperatures above average values. While Northern Europe gets above-
average precipitation, southern Europe, instead, experiences a drier season than average. Eurasia is 
influenced by the East Atlantic/Western Russia (EA/WR) pattern (Barnston and Livezey, 1987) 
which, in winter, has two main anomaly centres located, respectively, over the Caspian Sea and 
western Europe. The positive phase of the EA/WR gives below-average precipitation values in 
central Europe, while eastern China gets precipitation above the average. At the same time, in 
eastern Asia, temperatures above the average are registered while western Russia and north-eastern 
Africa have temperatures below the average (NOAA, 2011). During the negative (positive) EA/WR 
phases, wetter (drier) than normal weather conditions are observed over a large part of the 
Mediterranean region (Barnston and Livezey, 1987). 

The Scandinavian teleconnection pattern (EU2 or SCAND) is paramount for the Mediterranean 
rainfall variability in winter. In its positive phase, it is characterized by an anticyclonic anomaly 
over Fennoscandia and western Russia, as well as by negative pressure anomalies around the 
Iberian Peninsula (Barnston and Livezey, 1987). This positive mode leads to a distinct 
Mediterranean cyclogenesis and widespread above-average precipitation in the Mediterranean area 
with maxima in the central northern region around Italy (Xoplaki, 2002).  

In addition to these large-scale indexes, there are others which are evaluated on a smaller 
regional scale, such as the Mediterranean Oscillation pattern (MO). The MO is a low-frequency 
variability pattern producing opposing barometric, thermal and pluviometric anomalies between the 
eastern and western extremes of the Mediterranean basin (Conte et al., 1989). The positive mode of 
MO is related to anticyclonic conditions in the western Mediterranean and a trough in the East, and 
with below-average rainfall rates in the entire Mediterranean basin. In its negative mode, a low 
pressure is located near the British Isles or in North of the Iberian Peninsula while anticyclonic 
conditions prevail in the Mediterranean. This situation is related with rainfall events in the western 
part of the Mediterranean basin (Dünkeloh and Jacobeit, 2003). 

In this study the relationship between winter precipitation registered in Calabria (Southern Italy), 
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and the atmospheric circulation is analysed using a correlation procedure from 1950 to 2006. 
Moreover, a more detailed investigation is carried out considering five Rainfall Zones (RZ) of the 
study area, characterised by different climatic conditions as proposed by Brunetti et al. (2012b). 
Finally, in order to evaluate the influence of the teleconnection patterns on the different classes of 
precipitation, the correlations between the indexes and the Precipitation Categories introduced by 
Alpert et al. (2002) have been estimated. 

2. MATERIALS AND METHODS 

2.1 Study area and data 

The study area (Calabria region) is a peninsula in Italy (Figure 1) with a high climatic variability 
due to its geographic position and its mountainous nature (Buttafuoco et al., 2001a). In fact, in 
Calabria orography controls the rainfall amount and distribution over the region and the interaction 
between the orography and mesoscale circulations leads to a precipitation gradient between the 
Tyrrhenian and Ionian side of the Calabrian peninsula. In particular, the Ionian side, which is 
influenced by currents coming from Africa, has high temperatures with short and heavy 
precipitation, while the Tyrrhenian side is influenced by western air currents and presents milder 
temperatures and considerable orographic precipitation. In the inland zones there are colder winters 
(with snow) and fresher summers (with some precipitation) than those marking the costal zones 
(Buttafuoco et al., 2011b). Large-scale patterns play a role in the type of storms affecting this 
region; in fact, western Calabria is more exposed to storms originating in the lee of the Alps, while 
eastern Calabria is more exposed to African storms (originating in the lee of Atlas and propagating 
toward the central Mediterranean) (Federico et al., 2010). The influence of the Azores anticyclone 
in summer favours a rather dry and temperate climate, while breeze circulations develop on the 
coast and inland (Federico et al., 2000). In the other seasons, Mediterranean cyclogenesis affects 
Calabria.  

The data used in this study are a set of monthly precipitation series relative to the period 1950–
2006, registered in Calabria and collected by the former Italian Hydrographic Service. Particular 
attention has been given to the problems arising from the inhomogeneities of these data series and 
from the lack of data. In this study, the database used were those presented in Brunetti et al. 
(2012a), who performed a multiple application of the Craddock test (Craddock, 1979) to remove the 
inhomogeneities, and a two-step procedure by Simolo et al. (2010) to solve the problems caused by 
the lacking data. At the end of this procedure, a total of 129 daily rain gauges for the 1950–2006 
period (Fig. 1) have been considered available for the analysis. 

The teleconnection indexes used in this analysis were first identified by Barnston and Livezey 
(1987), by applying a Rotated Principal Component Analysis (RPCA) to the mean standardized 
500mb geopotential height anomalies over the Northern Hemisphere from 20o to 90°N. The 
indexes, covering the time period 1950-2006, were constructed by the Climate Prediction Center of 
National Oceanographic and Atmospheric Administration (NOAA) (www.cpc.noaa.gov/data/ 
teledoc/nao.shtml), using the RPCA technique and standardizing the anomalies by the 1950-2000 
monthly means and standard deviations (van den Dool et al., 2000; Chen et al., 2002). In fact, 
although the main disadvantage of this method for determining the Index is the absence of a large 
amount of historical data, it cannot fail to track the centres of action of the indexes during the year. 
The MO index monthly values were downloaded from the University of East Anglia website 
(www.cru.uea.ac.uk/cru/data/moi). Due to the importance and the influence of the MO index in the 
Mediterranean basin, two expressions of the index have been used, the first (Conte et al., 1989) 
calculated as the normalized pressure difference between Algiers and Cairo (MO/AC) and the other 
(Palutikof, 2003) calculated between Gibraltar and Israel (MO/GI). Only the values of the 
teleconnection index in the winter months were considered. Therefore, an average value of these 
indexes was calculated for the months of December, January and February (DJF). 
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Figure 1. Localization of the selected 129 rain gauge stations (left) and of the five Rainfall Zones (right) on a DEM of 
Calabria. 

2.2 Methods 

The connections between precipitation and large-scale atmospheric patterns were investigated by 
means of the Spearman’s rank correlation nonparametric test applied to the 129 rainfall series and 
the climatic indexes (Spearman, 1904). Spearman’s rank correlation coefficient (ρ) is a special case 
of the Pearson’s product-moment coefficient in which the data are converted to ranks and then the 
difference D between the ranks is calculated for each pair of observations. The test is well suited for 
monotonically related variables, even when their relationship is not linear, as it is instead required 
in the case of Pearson’s correlation coefficient. The coefficient ρ is then given by: 

 ρ =1−
6 D2∑
N N 2 −1( )

 (1) 

where D is the difference between the ranks of corresponding values of the two variables, and N is 
the number of pairs of values.  

To evaluate the influence of the teleconnection to the different areas of the Calabria region, the 
analysis was performed considering separately some Rainfall Zones (RZs), characterised by 
different climatic conditions as reported in Brunetti et al. (2012b). Such zones were identified on 
the basis of the results of the Principal Component Analysis (PCA), including varimax rotation of 
the PCs (Principle Components), applied to the correlation matrix of daily records. In particular 
from the analysis of the first 5 EOF, which explain 90% of the total variance, 5 RZs have been 
identified: Western-North Zone (T1) with 31 rain gauges; Western-South Zone (T2) with 21 rain 
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gauges; Eastern-North zone (I1) with 21 rain gauges; Eastern-Central Zone (I2) with 31 rain 
gauges; Eastern-South Zone (I3) with 25 rain gauges (Figure 1).  

A more detailed investigation was finally carried out to evaluate the teleconnection influence on 
different daily Pluviometric Categories (PCs). In particular, as proposed by Alpert et al. (2002), five 
classes were considered: light (0–4 mm/d); moderate (4–16 mm/d); moderate-heavy (16–32 mm/d); 
heavy (32–64 mm/d); severe (>64 mm/d). As in Federico et al. (2010), the correlation between 
precipitation and teleconnection patterns was computed for every category in each RZ. For each 
Zone, the daily precipitation is the average of the daily rainfall of that category registered by all rain 
gauges belonging to RZ; then the monthly rainfall values for each category were calculated by 
adding all the daily average precipitation of that category and Zone. These monthly rainfall values 
were then correlated with the teleconnection patterns. 

3. RESULTS AND DISCUSSION 

Results of the spatial distribution of the correlation coefficients (CCs), evaluated between the 
teleconnection indexes and the winter precipitation observed in the 129 rain gauges, are shown in 
Figure 2. For each rain gauge, the indications of the sign and significance of the CC have been 
reported. For each RZ, the CC values between the average winter rainfall in the RZ and the same 
indexes have been also evaluated (Table 1). 

The highest correlation values, for almost the entire territory investigated, have been detected for 
the MO/AC. In fact the CC values are always negative, often significant and, in some cases, fall in 
the range 0.6÷1.0, especially in the north-western areas of Calabria (Figure 2).  

A similar pattern to the MO/AC has been evidenced for the EA/WR, especially over western 
Calabria, but with different CC magnitudes. 

High CC values have also been detected between winter rainfall and MO/IG, but they are not 
always significant and with values lower than the previous. In this case, the poles of the MO/AC are 
closer to the target area when compared to the MO/IG.  

 
Table 1. Correlation coefficients between the precipitation and the indexes (significant values in bold) for each Rainfall 

Zone (RZ).  

Rainfall Zone EA EA/WR NAO SCAND MO/AC MO/IG 
I1 -0.263 -0.267 -0.236 0.492 -0.368 -0.300 
I2 -0.210 -0.176 -0.179 0.476 -0.378 -0.363 
I3 -0.134 -0.092 -0.146 0.352 -0.265 -0.286 
T1 -0.198 -0.480 -0.421 0.369 -0.573 -0.387 
T2 -0.210 -0.366 -0.202 0.481 -0.345 -0.255 

 
As to what concerns the NAO, the spatial distribution of the CCs has revealed a greater link of 

rainfall with the NAO index only on the Tyrrhenian side, probably due to the typical elevation 
distribution of the region which could minimize the effects of the climatic oscillation on the Ionian 
side. In fact, it is known that a negative phase of NAO implies an increase in cyclones which 
develop in the lee of the Alps (Serreze et al., 1997), and the Western RZs are more exposed to these 
storms. Opposite results (in sign) have been registered for the correlation with SCAND: CC values 
are always positive and significant for almost all the rain gauges. CCs higher than 0.3 are 
distributed over almost the entire region, but only few rain gauges, especially those located on the 
Ionian side of the study area, register higher values than 0.5. The different sign depends on the 
different influence of the indexes phases on rainfall. In fact, while during the negative (positive) 
phases of the other indexes, wetter (drier) than normal weather conditions are observed over a large 
part of the Mediterranean region, the negative (positive) phase of the Scandinavia pattern is 
associated with below (above)-average precipitation across central and southern Europe.  

Finally, conversely to the other indexes, the EA evidenced insignificant effects on winter rainfall 
all over the region.  
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Figure 2. Maps of Spearman’s rank correlation coefficient between winter precipitation and the climatic indexes. For 
each rain gauge, the sign and the significance of the correlation coefficient are evidenced through different marks: ▲ 

positive, ● negative; the empty marks identify no significant trends. 

These results confirm past studies (Caloiero et al., 2011b; Ferrari et al., 2013) which, with 
different data and methodology, evidenced a good correlation between winter rainfall and the NAO, 
in the Tyrrhenian side of the region.  

The high CC values of some indexes in the western side of the region can be explained 
considering that the baric situation over the Tyrrhenian sea, characterized by a deep trough at 
925hPa and 500hPa, gives a rather intense thermal gradient over the Mediterranean. This thermal 
gradient triggers the advection of air masses toward the steep orography of the Coastal Chain and, 
consequently, the precipitation field increases over northwest coast of Calabria, which is enhanced 
by the orographic uplift (Federico et al., 2008). Therefore, in some areas of north-western Calabria 
the correlation with the indexes reaches remarkable and significant values (Figure 2 and Table 1) 
while it is not significant in several rain gauges of south-western and eastern sub region.  

With regard to the different RZs, T1 and T2 zones, and in particular T1, present the highest CCs 
in absolute value, especially for MO/AC (0.573), SCAND (0.481), EA/WR (0.480), NAO (0.421) 
and MO/IG (0.387). The Eastern RZs show less relevant correlations, with the exception of the 
results obtained for the SCAND index. In fact, CC values between SCAND and winter rainfall 
reach 0.492 and 0.476 on I1 and I2, respectively.  
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Table 2 reports the results of the correlation for each RZ and for the different daily PCs, 
proposed by Alpert et al. (2002). The correlation appears to be significant for low PCs with some 
exceptions for the Ionian Rainfall Zones. The correlation with the NAO and the EA is significant 
and higher only for the first precipitation classes, instead the correlation with the MO/AC regards 
significantly more PCs. The highest CC in absolute value is 0.547, corresponding to the negative 
correlation between the MO/AC and the heavy PC in the Western-North Zone (T1). With regards to 
the SCAND, CCs are significant for almost all the ZRs and PCs, even if CC values are lower than 
the MO/AC ones. The weakest correlation has been found with the EA, with the exception of the 
first PC (the highest negative value is –0.409 has been obtained for the Eastern-Central Zone and 
light PC). Finally, regarding the EA/WR, no particular differences appear among the various PCs 
and the RZs. 

 
Table 2. CCs between the precipitation and the indexes for the different RZs and the various PCs (positive in red and 

negative in black; significant on grey background; highest in bold).  

 EA EA/WR NAO SCAND MO/AC MO/IG 
T1 - light -0.331 -0.399 -0.439 0.271 -0.536 -0.345 
T1 - moderate -0.090 -0.511 -0.239 0.333 -0.507 -0.308 
T1 - moderate-heavy -0.131 -0.523 -0.192 0.303 -0.484 -0.284 
T1 - heavy -0.065 -0.408 -0.206 0.304 -0.547 -0.368 
T1 - severe 0.011 -0.106 -0.116 0.001 -0.117 -0.044 
 T2 - light -0.397 -0.308 -0.314 0.167 -0.338 -0.174 
 T2 - moderate -0.286 -0.432 -0.233 0.327 -0.444 -0.303 
 T2 - moderate-heavy -0.258 -0.443 -0.172 0.402 -0.403 -0.300 
 T2 - heavy 0.024 -0.309 0.009 0.387 -0.190 -0.106 
 T2 - severe 0.100 -0.039 0.078 0.195 -0.073 -0.044 
  I1 - light -0.399 -0.382 -0.475 0.385 -0.480 -0.345 
  I1 - moderate -0.273 -0.404 -0.186 0.340 -0.430 -0.281 
  I1 - moderate-heavy -0.207 -0.344 -0.110 0.297 -0.319 -0.197 
  I1 - heavy -0.024 -0.200 -0.076 0.319 -0.296 -0.194 
  I1 - severe -0.042 -0.066 0.075 0.278 -0.099 -0.150 
  I2 - light -0.409 -0.359 -0.447 0.348 -0.461 -0.302 
  I2 - moderate -0.063 -0.404 -0.125 0.332 -0.417 -0.255 
  I2 - moderate-heavy -0.016 -0.393 -0.096 0.365 -0.475 -0.330 
  I2 - heavy 0.046 -0.292 -0.055 0.384 -0.449 -0.355 
  I2 - severe 0.026 -0.071 0.009 0.297 -0.250 -0.255 
  I3 - light -0.402 -0.267 -0.405 0.356 -0.367 -0.284 
  I3 - moderate -0.083 -0.231 0.002 0.339 -0.324 -0.220 
  I3 - moderate-heavy -0.045 -0.294 -0.227 0.426 -0.511 -0.494 
  I3 - heavy -0.008 -0.158 -0.099 0.446 -0.366 -0.347 
  I3 - severe 0.016 -0.002 -0.005 0.256 -0.119 -0.171 

4. CONCLUSION 

The investigation of the correlation between the precipitation observed in Calabria and the 
teleconnection indexes has been presented in this study, providing useful information regarding the 
dependence of precipitation on global climatic fluctuations. In particular, the spatial distribution of 
the CCs has revealed a greater link with the NAO index only on the Tyrrhenian side. The 
correlations with both the MO indexes used in this analysis appear to be stronger than those 
calculated with the NAO index, and to be uniformly distributed throughout the whole region. 
Similar results have been obtained for the SCAND with significant CC values distributed 
throughout the region but opposite in sign with the ones obtained for the MO and the NAO. Also 
the EA/WR showed a similar pattern to the MO/AC, especially over western Calabria, but with 
different CC magnitudes. Conversely to the other indexes, the EA evidenced insignificant weak 
effects on winter rainfall all over the region.  

These results have been confirmed by the average correlation analysis of the winter rainfall 
evaluated separately for each Rainfall Zone which has shown the highest CC values on the 
Tyrrhenian side. The Ionian Zones do not show good correlations, with the exception of the results 
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relative to the SCAND index. 
The analysis carried out considering the different daily PCs reveals significant correlations of the 

lowest category with the NAO and the EA in all the region. Conversely, the CCs between the PCs 
and the EA/WR and the MO are higher for the moderate-heavy and moderate categories, especially 
on the Tyrrhenian side of the region. Moreover, no particular differences appear among the different 
PCs in the correlation analysis with the SCAND. 

The results obtained in this analysis could be useful for water management planning. In fact, the 
persistence of a certain behaviour in some teleconnections indexes could suggest, in a predictive 
way, some measurement to be applied especially in those Zones where the correlations with winter 
rainfall are highest, particularly in relation to the lowest Pluviometric Categories.  
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