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I. INTRODUCTION  
 
Several studies have been carried out in order to 

analyse the influence of surface features and geographical 
factors on lightning activity. The surface features analysed 
include air surface temperatures (e.g. Pinto and Pinto, 2008), 
sea surface temperatures (e.g. Altaratz et al, 2003; Tinmaker 
et al, 2010), elevation parameters (e.g. Dissing and Verbyla, 
2003; Neuwirth et al, 2012), lake-effects (e.g. Steiger et al, 
2009), land use (e.g. Rozoff et al, 2003), type of vegetation 
(e.g. Carleton et al, 2008), fire scars (Kilinc and Beringer, 
2007), among others. Linear regression models, including 
bivariate or multivariate analysis, have been the most 
common approach to investigate the relationship between 
geographical and terrain variables and lightning activity, 
namely the density of cloud-to-ground discharges (CGD). 

The present study is focused on the analysis of the 
relationship between patterns of CGD densities in Portugal 
and a set of geographical variables, more precisely 
continentality (distance to ocean), topographic features (e.g. 
elevation and slope aspect) and terrain parameters (e.g. land 
use and geological units). Analysis of annual and monthly 
scales will be performed in order to investigate how these 
relationships behave and change along the seasons of the 
year. In this sense, three geographical approaches were used 
for the mainland Portugal: the whole territory, the north 
sector and the south sector; the last two were divided by the 
Tagus river, which crosses Portugal from east to west, 
splitting the country into two different mainland parts with 
very different terrain characteristics (Fig. 1). 

 
II. DATA AND METHODS 

 
This study was carried out using different datasets 

encompassing information on lightning activity and 
geographical features of Portugal mainland territory. With 
regard to lightning activity, only data of cloud-to-ground 
discharges (CGD) were used, covering a period of seven 
years (2003-2009). These data were collected by the 
Portuguese lightning detection network (cf. Santos et al., 
2012), which is maintained by the National Weather Service 
(Instituto Português do Mar e da Atmosfera; IPMA), 
consisting in four IMPACT 141 T-ESP sensors (Carvalho et 
al., 2003; Ramos et al., 2007). According to Rodrigues et al., 
(2010), this network allows a detection efficiency of about 
90% for CGD with intensities higher than 5 kA. Additional 
details about this network and its corresponding sensors can 
be found in Santos et al. (2012). 

 
In the present study, five factors were analysed and 

compared with the annual and monthly spatial distribution of 
CGD (2003-2009) for the three geographic units: 

- Elevation, divided in 9 classes (Fig. 1); 
- Aspect, classified in 4-point directions (a 8-point 

direction map was also used, but no difference was 
found in the results); 

- Distance to the ocean, from the west shoreline, divided 
in 8 classes (Fig. 1); an analysis using the distance to the 
ocean integrating the south shoreline was also performed 
but no significant differences were found in the results; 

- Geology, grouped in 9 main geological formations (plus 
the water bodies); 

- Land use, simplified in 6 main types (urban areas, 
aquatic areas and wetlands, areas without or with sparse 
vegetation, pastures and temporary crops, open forests 
and permanent crops and forests). 

 

  
FIG. 1: Spatial distribution of Elevation (on the left) and Distance to 
Atlantic Ocean from the western shoreline (on the right); the purple 
line represents the division between “north” and “south” by Tagus 
river. 
 

Both elevation and aspect maps were generated from 
the SRTM (Shuttle Radar Topography Mission; NGA and 
NASA; resolution of about 90m). The geological formations 
were extracted from the Geologic Map of Portugal, 
1/500000 scale (from LNEG/INETI); the land use was based 
on the Corine Land Cover information (CLC, 2006), 
1/100000 scale. Both geological and land use were 
simplified in respect to shape and size parameters (linear and 
small features were dissolved in the surrounding ones). 
Thereafter, all the spatial variables were split in two parts – 
North and South –, having Tagus river as a natural limit. 

The geographical data integration and analysis 
followed the methodology presented below: 
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