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DATABASES 

Synoptic Data 

Variables . Anomalies of: 

 Mean sea level pressure (SLP)  

 Temperature at 850 hPa (T850) 

 Geopotential 500 hPa (Z500) 

The atmospheric circulation types were inferred from 

grids taken from the 20th Century V2 Reanalysis Project 

(20CRP). 2º horizontal resolution.  Available from 1871. 

Intensity Rainfall Database 

SMC-Project: “Generació de les corbes IDF a Catalunya”: 

 

 The data set used in this study has been obtained from the digitalization of the strip charts recorded between 1905 

and 2003 by a siphon rain gauge located in the Ebre Observatory (Tarragona, Spain).  

 

 From these records the maximum rainfall amounts collected in different time intervals (t) between 5 minutes and 

24 hours (5, 10, 15, 20, 25, 30, 35, 40, 45, 50 and 55 minutes, 1, 2, 6, 9, 12, 15, 18, 21 and 24 hours ) have been 

calculated (Pérez-Zanón, 2012).  

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    METHODOLOGY 

● Principal Component Analysis in S-Mode  To reduce the number 

                of variables. 

● Cluster Analysis-Hierarchical   To obtain the number of cluster. 

● Cluster Analysis - K-means       To obtain the n patterns (cluster). 

● Discriminate Analysis                To validate the model. 

The aim of the study is to analyse the meteorological 

temporal scales and classify the synoptic maps associated 

with the 21 extreme rainfall events recorded in the Ebro 

Observatory showing a return period equal or longer than 

10 years for durations from 5 minutes to 24 hours. To 

achieve this aim it has been applied 3 different 

methodologies: Rainfall Intensity Group, Intensity 

weighed index and Multivariate Analysis. 
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Extreme Rainfall Episodes  

From the Ebre Observatory records, rainfall events 

showing intensities equal or larger than the 10-year 

return period intensity values given by the generalized  

IDF equation for the durations (t) that have been 

selected (Pérez-Zanón, 2012) . 

 

 

 

RESULTS: Correlation Synoptic Patterns and Rainfall Intensity groups 

Intensity Rainfall Group I  Synoptic Type 4. Spatial correlation coefficient =  0.89 

 Group I is representative of extremely local or microscale rainfall events, with a clear seasonal influence (7 of the 8 cases were recorded between August and November) 

and an evident diurnal surface heating effect in the convective development (took place after midday). 

 IP: Low-medium index, with values less than 1 

 The synoptic configuration promotes the precipitation in Catalonia due to the south-east flux linked with pressure and geopotential negative anomalies over the west of 

the Iberian peninsula.  

 The wet and warm flow from the Mediterranean sea with the low and the cold air in the middle levels of the troposphere promotes the instability and the occurrence of 

thunderstorms. 

Principal remarks 1. RIG 

GROUP  I 

GROUP  IIA 

Intensity Rainfall Group IIA  Synoptic Type 5. Spatial  correlation coefficient =  0.91 

 The 4 events of group IIA show high rates till 35 – 60 minutes. Group IIA can be identified as meso-γ-scale convective systems, at the edge of microscale. 

 IP:  Medium index, with values between 0.75 and 1.  

 The synoptic configuration promotes the precipitation in Catalonia due to the south flow linked with pressure and geopotential negative anomalies over the Iberian 

peninsula.  

 The cut-off low pressure system with cold air in the middle levels of the troposphere promotes the instability and the occurrence of severe thunderstorms. 

GROUP  IIB 

Intensity Rainfall Group IIB  Synoptic Type 6. Spatial  correlation coefficient =  0.77 

 Group IIB presents high intensities for 12–24 hours is linked to meso-α and meso-β scales. The meteorological situations causing this type of rainfall in the 

Mediterranean area are often very active fronts moving slowly with intense mesoscale rainfall systems developed inside. 

 IP:  Medium-high index, with values between 0.75 and 1.25. 

 The synoptic configuration promotes the precipitation in Catalonia due to the east flow linked with pressure and geopotential negative anomalies over the 

Mediterranean area.  

 The intense flow of east or south-eastern linked to this configuration with the anomalies of geopotential and temperature in the middle levels of the troposphere 

stimulates intense thunderstorms and long-lasting rainfall episodes due to an stagnation of the synoptic configuration. 

GROUP  III 

Intensity Rainfall Group III  Synoptic Type 3. Spatial  correlation coefficient =  0.33 

 synoptic rainfall events with intensities exceeding the 10-year return period level  only for time intervals higher than 9 hours.  Description: Group III: four events. 

 IP:  Low index, with values between 0.5 and 0.75. 

 The synoptic configuration promotes the precipitation in Catalonia due to the east flow linked with pressure and geopotential negative anomalies over the 

Mediterranean area.  

 The flow of east linked to this configuration with the anomalies of geopotential and temperature in the middle levels of the troposphere provoke rainfall in Catalonia: 

advective and long-largest rainfall with low intensities? 

GROUP  IV 

Intensity Rainfall Group IV  Synoptic Type 1. Spatial  correlation coefficient =  0.79 

 Three of the days implicated exceed the imposed threshold between 10 minutes and 24 hours and the remaining one does for the whole considered temporal range (5 min–

24 h). These rainfall events are the most complex storms, showing the joint action of processes corresponding to more than one of the meteorological scales. This kind of 

complex events are caused by synoptic situations producing large scale rainfall at the same time that mesoscale convective systems cause extreme intense rain, with even 

embedded smaller convective cells. Constitute the main cause of rain flood in the area 

 IP:  High index, with values between 1.25 and 1.75. 

 The synoptic configuration promotes the precipitation in Catalonia due to the south-east flow linked with pressure and geopotential negative anomalies over the Iberian 

peninsula.  

 The flow of south-east (warm and wet) provokes long-lasting rainfall in Catalonia. This rainfall may be both convective due to the high degree of the tropospheric 

instability and advective due to the anticyclonic blocking, which prevents the progress of the low pressure center to the east. 

2. IP 

1. The three methods used, composites of cluster analysis (RIG), Intensity weight index (IP) and multivariate analysis show similar results.  

2. The synoptic types linked to severe rainfall in the south of Catalonia are characterized by low pressure systems that advect warm and wet air in the low levels of the troposphere 

from the Mediterranean sea. The predominant flows are, first, the south-east and, second, the east. 

3. The configuration in the middle levels of the troposphere (maps not  shown) is dominated by: 

negative anomalies of geopotential, indicating the presence of a low or a cold front  and temperature  anomalies, promoting the unstabilization of the atmosphere 

4. These type of configurations promotes the occurrence of severe convective events due to: 

the difference of temperature between the two levels analyzed (warm air from the Mediterranean sea and negative anomalies of temperature in the middle levels of the 

troposphere)  

the contribution of humidity in the lower levels of the atmosphere. 

Furthermore, the stagnation of the synoptic configuration due to the presence of the high pressure system in Europe can provoke long-lasting rainfall. 
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3. Multivariate Analysis 1. Composite RIG 

2. Intensity weighted index (IP): Casas et al (2004) proposed the intensity 

weighted index IP to reflect the severity and complexity of the registered rainfall 

events according to the contribution of the different meteorological scales to the 

origin of rainfall. For each storm, the maximum intensities I5, I60, I120 and I1440, 

corresponding to 5-minutes and 1, 2 and 24-hour durations, respectively, are 

selected as rainfall rate indexes to represent the local scale, small mesoscale, large 

mesoscale and synoptic scale contributions. The IP index is calculated as follow:  

3. Multivariate Analysis (Aran et al., 2011; Peña et al., 2011): Another classification of these events is 

obtained applying multivariate techniques to daily anomalies of SLP, T850 and Z500, corrected at each grid 

point by the squared root of the latitude, The steps followed are: 

where T is the chosen return period  (10-year) for the index normalization 

1. Rainfall Intensity Groups (RIG): To investigate the prevailing meteorological temporal scale, the 21 

extreme events (intensities values equal or larger than the 10-year return period for any duration) have been 

classified using a cluster analysis (unweighted pair group method using arithmetic averages) and four groups 

are obtained (I, IIA, IIB, III and IV). The anomaly pressure composite is obtained with the days of each group 

separately (composite RIG). 

Scheme of the different multianalysis 

methodologies applied 

Classification of the RIGs according 

to its IP index 

A total of 21 extreme events were identified. 


