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1. Introduction 

Extreme precipitation events are of key importance in environmental risks assessment (e.g. 

floods, droughts, erosion, etc.), and their effects on human activities (Werner and Cannon, 2016; 

Bordi et al., 2009; Rosenzweig et al., 2002). Since most of the extreme events in mid-latitudes 

are triggered by short-term and spatially-constrained precipitation events, the daily timescale is 

the minimum required resolution to analyse the patterns of the extreme events. Monthly, seasonal, 

or lower resolutions are useful for climatic descriptions and global trends analyses, but they mask 

single precipitation processes that are only made apparent with higher resolution data based on 

their duration (time length of the events), frequency (occurrence over time) and intensity (amount 

of precipitation per time). 

Precipitation in Spain is characterized by a great spatial variability caused by its orographic 

configuration, its latitudinal position between the Atlantic Ocean and the Mediterranean Sea and 

local factors as orientation or altitude (De Luis et al., 2009). High intensity precipitation events 

are relatively frequent, especially in the eastern side of the Iberian Peninsula (IP) and the Balearic 

Islands (González and Bech, 2017; Monjo et al., 2016; Dominguez-Castro et al., 2014, Romero 

et al., 1998), mostly related to convective atmospheric conditions that are able to discharge great 

amounts of precipitation in a few days or even hours (Meseguer-Ruiz et al., 2017; Martín-Vide, 

2004). Conversely, the western side of the IP has a more regular inter-annual pluviometric regime 

(De Luis et al., 2010), but the extreme events in this area related to the Atlantic cyclonic 

conditions can also lead to heavy environmental risks (Garmendia Pedraja et al., 2017; Fernández-

Montes et al., 2014; Rasilla and García-Codrón, 2011). The behaviour of these extreme events is 

not the same in time and space neither in duration, frequency nor intensity. The understanding of 

precipitation trends, and specially of their extreme events, is essential to develop strategies of 

mitigation and adaptation to the changes in environmental processes. 

Despite the high variability in the spatial distribution of extreme precipitation, trends have 

experimented, globally, an increase in the last decades (Groisman et al., 2005; Westra et al., 2013; 

Donat et al., 2014). The AR5-IPCC report (IPCC, 2013) addressed a decrease in total precipitation 



	

	

in all the Mediterranean basin from 1951 to 2010, agreeing with previous studies in Spain showing 

a decrease both in total amounts (Del Río et al., 2010, Vicente-Serrano et al., 2014) and in extreme 

precipitation (Hertig et al., 2017, Vicente-Serrano et al., 2017; Merino et al., 2015), and others 

with great variability in results showing important differences in the spatial distribution of the 

trends, especially between the Mediterranean fringe and the rest of the IP (Bartolomeu et al., 

2016; Martínez et al., 2007).  

All of these previous works, and those focused on the spatial and temporal variability of the 

extreme precipitation in Spain (e.g.: Ramos et al., 2017; Herrera et al, 2012; Martín-Vide, 2004) 

or in its specific regions (e.g.: Casas et al., 2006; Peñarrocha et al., 2002), were grounded on the 

point-based information of the observatories. The selection of the observatories with the longest 

data series may constrain representative results of the whole territory, mostly due to a general 

lack of continuous data over time and space in different areas. However, there are some 

exceptions where the problem was comprehensively addressed considering the Spanish Iberian 

Peninsula (IP) and the Balearic Islands through gridded datasets (Quintana-Seguí et al., 2017; 

Merino et al, 2015; Herrera et al, 2012) that allow to extend the information about the extreme 

events over the spatial dimension. In these works, although they are technically well developed, 

they did not use all the available information, having also a mid-low spatial resolution. Both two 

factors strongly affect the detailed description of small areas with great interest that, due to their 

climatic characteristics, have more probabilities to turn into risk areas. These gridded datasets, 

although they are a useful tool to describe the basic characteristics of the climate and even to 

validate regional climate models, they overestimate the number of precipitation days and 

underestimate the high amounts of precipitation (Quintana-Seguí et al., 2017), which relies on 

unsuitable estimates of droughts and extreme precipitation events. Recently, an open access daily 

gridded precipitation dataset of Spain, SPREAD (Serrano-Notivoli et al., 2017a) was published, 

using almost 13,000 observatories in its creation. This high-resolution dataset is optimal for the 

study of the extreme precipitation as discussed in Serrano-Notivoli et al., (2017a, 2017b).  

This research intends to show, through the use of the SPREAD dataset, the first comprehensive 

study of the spatial variability of trends in extreme precipitation in Spain through 12 indices with 



	

	

the aim of: i) understand the spatial variability of these type of events through time; ii) evaluate 

the rate of change of the extreme precipitation considering its duration, frequency and intensity 

from 1950 to 2012; and iii) analyse the geographical factors that lead the spatial distribution of 

trends in this period. The paper is organized as follows: section 2 describes the dataset and the 12 

indices used to compute and analyse the trends; section 3 shows the spatial and temporal 

distributions of the trends, which are summarized and discussed in section 4. 

 

2. Data and methods 

2.1. Input data, precipitation indices and trends 

We used the high-resolution dataset called SPREAD (Serrano-Notivoli et al., 2017a) (available 

at https://digital.csic.es/handle/10261/141218), which covers the Spanish Iberian Peninsula, the 

Balearic and the Canary Islands with serially-complete data series of daily precipitation from 

1950 to 2012 in a regular grid of 5x5 km (1971-2012 for Balearic and Canary Islands). This 

dataset was built by using all the available precipitation information in Spain (12,858 

observatories). The development of the dataset was carried out with the R package reddPrec 

(Serrano-Notivoli et al., 2017c) in three steps: 1) quality control of the original data; 2) 

reconstruction (filling missing values) of the original data series; and 3) estimates of daily 

precipitation values in a regular grid of 5x5 km based on the reconstructed series. The 

methodology is fully detailed in Serrano-Notivoli et al. (2017c and 2017d) and the description 

and validation of the dataset is explained in Serrano-Notivoli et al. (2017a). 

To analyse the variability of the trends, we used 12 daily precipitation indices (Figure 1) computed 

from the SPREAD dataset and based on the suite of indices proposed by the WMO Expert Team 

on Climate Change Detection and Indices (ETCCDI). Five of them are related with the 

characterization of the duration of the precipitation events (Table 1 a). Other five indices are 

related with the frequency of the precipitation depicting the events occurrence over time (Table 1 

b). The remaining 5 indices are related with the intensity of the events (Table 1 c), which are 



	

	

useful to show the differences in the maximum records of the events at different temporal scales 

in a territory with varied precipitation regimes as Spain. 

All the indices were computed at the annual (January to December) scale. The value of change 

was obtained through the Sen’s slope (Sen, 1968), and expressed in percentage of change with 

respect to the annual average in the whole period. The significance of these trends was computed 

through the Mann-Kendall test (Mann-Kendall, 1945) at the α = 0.05 signification level. Since 

the period of study was different between the Spanish Peninsula and the Islands, the results are 

not comparable between each other. For this reason, the spatial extent of the trends was explained 

separately, though the statistical expression was the same. 

With the aim of obtain a global sight of the indices evolution in the whole territory of Spain, a set 

of regional series were created. For each year and index, we calculated the mean, the 5th and the 

95th percentile of all grid points. The same procedure of trends’ calculation was applied to all the 

indices. 



	

	

 

Figure 1: The 12 daily and extreme precipitation indices used to analyse the variability of trends. 

 

 

 

 

 

 

 

 



	

	

Table 1. Computed indices over the daily gridded dataset 

Identifier Description Units 

a) Duration indices 

CDD Maximum length of dry spell  Days 

CDDm Mean length of dry spell  Days 

CWD Maximum length of wet spell  Days 

CWDm Mean length of wet spell  Days 

b) Frequency indices 

NWD Number of wet days (precipitation over 0 mm) Days 

R10mm Number of days with precipitation over 10 mm Days 

R20mm Number of days with precipitation over 20 mm Days 

c) Intensity indices 

RX1 Maximum 1-day precipitation mm 

RX5 Maximum 5-day precipitation mm 

PMED Daily median precipitation intensity 
(Median of daily precipitation in wet days) mm 

SDII Daily precipitation intensity  
(Annual precipitation / number of wet days) mm 

R95rel Contribution of daily precipitation events over the 95th percentile 
to the total annual precipitation % 

 

 

 

2.2. Validation 

A comprehensive validation of the SPREAD estimates was done in Serrano-Notivoli et al. 

(2017a), where the authors applied a leave-one-out (LOO) cross validation by comparing the 

observations with the estimates. These estimates were computed at the same location as the 

stations and for the same days when they recorded precipitation. The observed values did not 

participate in the creation of their corresponding estimates (leave-one-out procedure), which 

assured a reliable and independent validation. The validation of the core data of SPREAD covered 

a wide collection of error measurements from means, medians and high percentiles to frequency 

distributions and error statistics, all of them applied to the whole series and partitioned by altitudes 

and quantiles. These parallel comparisons between observations and estimates assure the 



	

	

reliability of the final dataset by using widely used validation methods (Guenzi et al., 2017, 

Acquaotta et al., 2016). 

In order to test the consistency of the trends in this research, the same approach was followed. 

We selected the 613 stations with more than the 90% of observations within the study period 

(1950-2012 for the IP and 1971-2012 for the islands) and their corresponding LOO estimates 

from Serrano-Notivoli et al.  (2017a). The spatial distribution of the validation dataset is shown 

in Figure 2. 

The 12 indices and their annual trends were then calculated based on the observed values and 

additionally based on their LOO estimates. Kernel Density (KDE) plots were created and 

compared in order to check whether the distribution of the magnitude of the trends was similar. 

This LOO cross-validation method is the only that allows an independent comparison. Otherwise, 

an assessment based on the comparison of the observations and their nearest grid points would be 

inappropriate due to the following facts: 1) the estimates at grid points are computed from the 

nearest data series, which include the observed values to be compared; and 2) the estimates are 

not computed at the same exact locations of the observatories, which could lead to differences 

depending on the differences of the geographical variables (altitude, latitude and longitude) 

between them. 



	

	

 

Figure 2. Location of the stations used to validate the trends of the indices. All of them (613) had 

more than the 90% of observations in the study period (1950-2012 for the IP and 1971-2012 for 

the islands). 

 

3. Results 

3.1. Validation 

The validation of the SPREAD dataset in Serrano-Notivoli et al. (2017a) showed that the 

prediction of wet and dry days was not biased as well as the magnitude estimation in daily means, 

medians or high values (over the 95th percentile). This validation was based on the comparison of 

the means, the medians, the 95th percentile and the frequency distributions considering the whole 

series and only the wet days, obtaining Pearson correlations over 0.9 in all the cases. Also, the 

ratio of means and standard deviations, the mean error (ME) and the mean absolute error (MAE) 

were evaluated to the whole series and splitting them by altitudes and by quantiles. The ratios 



	

	

were always very near to 1 (no bias) and the error measurements were near to 0 in ME and MAE. 

The same analysis was applied at a monthly scale and to the complete suite of indices used in the 

present study with similar results. In addition, the accuracy of the wet/dry estimation was 

evaluated with a high percentage of hits in both cases (near to 95% in dry days and near to 80% 

in wet days). 

The comparison between the indices computed from the original observations and from their 

corresponding estimates showed an absence of a global bias in the mean and the variance. 

However, RX1 and R20mm showed slight underestimations in the IP and Balearic Islands (from 

-3 to -5%) and SDII in the Canary Islands (-5%), where NWD was overestimated (+13%). 

The results of the leave-one-out validation of the trends in the daily precipitation indices yielded 

satisfactory results globally (Figure 3). The kernel densities of the trends (distinguishing between 

significant and non-significant ones) were similar between observed and estimated values, and 

no spurious positive or negative trends were apparent. There were, however, differences, since 

the trends computed with the estimated values tended to slightly over-estate the negative trends 

in CDDm and the positive trends in CWDm and in NWD. The negative trends in PMED were 

also slightly magnified by the estimated dataset. Despite these differences, all these major trends 

were also found for these indices in the observed dataset, which yields confidence in the results 

of the analysis. The rest of the indices showed very close distributions between the observed and 

estimated datasets. 



	

	

 

Figure 3: Kernel Density Estimates of the trends in observed (solid lines) and estimated (dashed 

lines) values for each climatic index at point-based locations of the observatories. Black lines 

represent the significant trends and grey lines the non-significant ones. 

 

3.2 Trends in the duration the events 

The maximum and mean lengths of dry spells (CDD and CDDm) showed strong and significant 

negative trends (NTs) over large parts of peninsular Spain, with trends of -1.4 to -0.4 days per 

decade (Figure 4a, b). Trends were especially intense and significant in the Mediterranean fringe 

and in the western Canary Islands. Negative trends in the mean length of dry spells (CDDm) 

included almost a 61% of the territory (Table 2). Conversely, the maximum and mean lengths of 

wet spells (CWD and CWDm) exhibited, especially in the northern IP and in the southern 

Mediterranean coast, positive trends (Figure 4c, d). Unlike the dry spells indices, the trends were 

more clear and significant in the case of the CWD in the IP, but none of the islands. However, the 
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change in these indices, expressed in days, was so negligible that the rate of change was below 

0.1 days per decade. The two dry spells indices (CDD and CDDm) showed significant trends 

when considering all the grid points, while the wet spells (CWD and CWDm) did not yield 

significant trends. 

 

Figure 4: Spatial distribution of the precipitation events duration trends (a, b, c, d) and temporal 

evolution of the mean annual values (bottom right). Black lines in plots represent the annual mean 

of the indices values surrounded by their 5th and 95th percentile (grey shadows). Straight red lines 

represent the trend (significant: CDD and CDDm; non-significant: CWD and CWDm). 



	

	

 

Table 2: Percentage of territory with negative significant (NTs); positive significant (PTs); and 

all non-significant (ns) trends. The significance threshold was set to p-value<0.05. 

 NTs PTs ns 

CDD 22.66 0.86 76.48 

CDDm 60.99 2.52 27.69 

CWD 2.09 16.66 81.25 

CWDm 10.30 19.82 69.88 

NWD 1.93 53.69 44.38 

R10mm 18.61 3.10 78.29 

R20mm 18.02 1.90 80.08 

RX1 7.80 1.02 91.18 

RX5 11.12 0.42 88.46 

PMED 70.21 2.10 27.69 

SDII 63.62 0.84 35.54 

R95rel 13.61 1.25 85.14 

 

3.3. Trends in the frequency of the events 

The number of wet days (NWD) showed a clear positive significant trend over almost 54% of the 

territory, including the IP and the Canary and Balearic Islands (Figure 5a). The spatial patterns 

were similar to the previous indices, with most of the changes located on the eastern part of the 

peninsular Spain, along the Mediterranean coast. In this case, the global trend was positive and 

significant, with a mean change of +2.4 days per decade. The number of days with precipitation 

over 10 and 20 mm (R10mm and R20mm) (Figure 5b, c) showed a predominance of negative 

trends, although R10mm had positive trends in the Mediterranean fringe and in the south of 

Tenerife Island, in both cases less intense in the R20mm. In a lower fraction of the territory (18%) 

these trends achieved significance. Globally, both indices showed a non-significant decrease 

when considering the average annual data (-0.5 days/decade in R10mm and -0.3 in R20mm). 



	

	

 

Figure 5: Spatial distribution of the precipitation events frequency trends (a, b, c) and temporal 

evolution of the mean annual values (bottom right). Black lines in plots represent the annual mean 

of the indices values surrounded by their 5th and 95th percentile (grey shadows). Straight red lines 

represent the trend (significant: NWD; non-significant: R10mm and R20mm). 

 

3.4. Trends in the intensity of the events 

The maximum one- and five-day precipitation (RX1 and RX5) indices showed a predominance 

of negative and non-significant trends, with the exception of the Guadalquivir Valley in the 

southern IP (Figure 6a, b). The Canary Islands showed a west-east transition from positive to 

negative trends, being significant in the most eastern island, while the Balearic Islands showed a 

south-north transition from positive to negative trends. Although the spatial and temporal patterns 



	

	

were very similar between both indices, RX1 showed more variability, which leaded to a less 

intense global trend (-0.8 mm/decade vs -2.1 in RX5). Both indices reached near to 10% of all 

territory of significant trends, which was not enough for a global significant trend when averaging 

all the grid points. 

The daily median precipitation intensity (PMED and SDII) showed a strong and significant 

negative trend (NTs) in most of the territory (over 60%) (Figure 6c, d). This trend was, overall, 

intense and significant for PMED in the IP, especially along the Mediterranean fringe, in the 

Central Range, and also in the Balearic and Canary Islands. Although the trends in SDII were also 

generally negative in the IP, they were less intense and even positive (albeit non-significant) in 

the Canary Islands. The global trends showed a decrease of -0.4 mm/decade in PMED and -0.5 

mm/decade in SDII, both of them being significant. 

The contribution of daily precipitation events over the 95th percentile to the total annual 

precipitation (R95rel) showed a predominance of negative trend in the IP (Figure 6e), with the 

exception of the Guadalquivir Valley, specific locations in the northern IP and the eastern Canary 

Islands. These trends were non-significant in most of the territory. A slight non-significant 

negative trend resulted when considering the whole territory (-0.8% per decade). 



	

	

 

Figure 6: Spatial distribution of the precipitation events intensity trends (a, b, c, d, e) and temporal 

evolution of the mean annual values (bottom right). Black lines in plots represent the annual mean 

of the indices values surrounded by their 5th and 95th percentile (grey shadows). Straight red lines 

represent the trend (significant: PMED and SDII; non-significant: RX1, RX5 and R95rel). 



	

	

 

3.5. Overview of the Spanish daily precipitation trends 

The twelve analysed indices computed to show the temporal evolution of the duration, frequency 

and intensity of the daily precipitation revealed a global decrease of the duration and intensity of 

the precipitation events, especially when considering single events of one or five days duration 

(RX1, RX5), and an increase of the frequency especially in the number of precipitation days. 

These trends were especially intense all along the Mediterranean fringe where were revealed 

negative and significant trends in the duration of the dry spells (CDD, CDDm) and the intensity 

of the events (PMED, SDII), positive significant trends in the number of wet days and the length 

of wet spells (NWD and CWD) and, overall, an inverse behaviour in almost all indices compared 

to the rest of the IP. However, a great part of the territory showed magnitudes of trends near to 

zero (from -0.5% to +0.5 of annual rate of change) in all the studied indices (Figure 7) and only 

those related with the intensity (PMED and SDII) showed a large part of the territory with 

significant negative trends (20% and 10%, respectively). The percentage of territory with negative 

trends was higher in 9 of the 12 indices, being the positive ones dominant only in those related 

with the number of precipitation days.  



	

	

 

Figure 7. Frequencies (%) of trend values for all grid points in each index. 

 

4. Discussion and conclusions 

Due to the latitudinal position and the orographic configuration of the IP and the islands, most of 

the spatial distributions of the climatic variables in Spain are related with geographical factors, 

from the precipitation regimes (González-Hidalgo et al., 2011) to the extreme events (Serrano-

Notivoli et al., 2017b; De Luis et al., 2011; Martín-Vide, 2004). However, the trends do not show 



	

	

the same clear patterns and sometimes are related to atmospheric drivers but also explained by 

local factors (Esteban-Parra et al., 1998; González-Hidalgo et al., 2010; De Luis et al., 2010 and 

2011).  

In regard of the results, there is little evidence to suggest that the orography acts as a strong driver 

of the spatial patterns of the observed trends. However, mountain areas as the Central Range, 

where the highest values of precipitation are due to the elevation (Serrano-Notivoli et al., 2017a; 

Duran et al., 2012), is strongly noted in frequency and intensity trends (almost all negative 

significant trends except the PTs in the number of days with precipitation). Furthermore, the 

eastern Pyrenees (northeast IP) showed a negative significant trend in almost all situations of 

duration, frequency and intensity of the events, indicating a heavy decrease of precipitation 

previously addressed by Vicente-Serrano et al. (2017). These authors found a clear decrease in 

extreme precipitation and lower when considering the contribution of intense events to annual 

totals as well as in this study. Also, Esteban et al. (2012) showed a significant decrease of extreme 

precipitation in Andorra (central Pyrenees) and Buisán et al. (2015) did not found any significant 

trend in the number of precipitation days in central and western Spanish Pyrenees, sustaining the 

great variability in this area found in the duration of the precipitation events. Due to its spatial 

extent and position, this decrease of extreme precipitation in the eastern Pyrenees could be more 

related to a combination of altitude and specific Mediterranean-based atmospheric situations than 

only to an elevation factor, which notes the need of further studies at seasonal or monthly scale. 

Indeed, the orography usually acts as a complementary factor to others like the sea distance to 

explain the spatial distribution of the climatic variables, which can explain many patterns in 

coastal areas associated to specific atmospheric situations. For instance, Fernández-Montes and 

Rodrigo (2015) noted, in south-east IP, a general decrease in summer precipitation and an increase 

in winter, especially in semiarid regions, not differentiated in this study because of the annual 

scale. Regarding the Atlantic side of the IP, previous studies showed that there is a strong 

relationship between the North Atlantic Oscillation (NAO) and Mediterranean Oscillation (MO) 

and the frequency and intensity of the rainfall events in south-western IP (Rodrigo and Trigo, 

2007; Gallego et al., 2005). These findings are difficult to address in our results, again because of 



	

	

the annual scale used compute the indices, which reveals the need of more detailed studies 

combining the use of all the available information and the consideration of teleconnections and 

probably a weather types classification to improve the understanding of the spatial distribution of 

the trends. However, Goodess and Jones (2002) addressed that, despite the great influence of the 

Atlantic air masses on the annual and seasonal precipitation in the IP, the changes in daily 

precipitation cannot be attributed exclusively to changes in the atmospheric circulation. 

Furthermore, the combination of insularity and latitude is also a key factor to explain the extreme 

precipitation regime especially in the Canary Islands, that showed a highly differentiated 

behaviour in eastern islands, with negative trends in almost all the studied indices (duration, 

frequency and intensity), while western showed more variability. These zonal differences could 

be due to the lack of long daily data series and the great difference in total amounts between 

islands (García-Herrera et al., 2003). The effect of the local orography, the lower precipitation 

rates (lower than 100 mm per year in many stations) and the irregular spatial and temporal 

distribution of the stations, make necessary further research focused in this territory. 

The geographical configuration of the IP, the Balearic and the Canary Islands produces great 

variations in the spatial distribution of any climatic event and especially of precipitation. 

Furthermore, the spatial patterns of the extreme precipitation also vary depending on the temporal 

resolution of the original data (Gonzalez y Bech, 2017). Many previous works characterised their 

trends based on a few stations, but comparing their results with those based on high-resolution 

dataset the difference is clear because the use of a higher number of stations allows to show the 

local variations and a more reliable temporal evolution of any climatic variable. 

Considering the period 1950-2012, the daily precipitation events in Spain tended to become 

slightly more frequent (NWD) but with a lower intensity (PMED), most especially along the 

Mediterranean. The intense events (R10mm, R20mm, RX1 and RX5) did not show a strong 

change, as well as the proportion of the annual precipitation falling in the most intense events 

(R95rel). Contrasting trends were found in the Mediterranean for the wet and dry spells (CDD, 

CDDm; and CWD, CWDm), with decreasing mean and maximum dry spell duration and 

increasing wet spell duration. Our study is only referred to mean and maximum annual number 



	

	

of days without precipitation. Merino et al. (2015) found similar patterns in wet spells trends, but 

they showed a global increase of dry spells (inverse to our results), which could be due to the use 

of a few observatories or even to the homogenization process. However, in a later study at sub-

daily scale, Merino et al. (2017) indicated that a decrease in the average precipitation could affect 

to the frequency of the longest extreme precipitation events, which could lead into inconclusive 

trends. In this respect, a reliable dataset of estimates is of key importance to obtain consistent 

trend values. The good fit between observations and estimates showed in the validation of 

SPREAD (Serrano-Notivoli et al., 2017a) assured the accuracy of the indices in each grid point, 

which was confirmed by the similarity of the trends (see section 3.4). 

The frequency of the wet events seems to have been increased when considering all the events 

(precipitation over zero), but decreased when considering a threshold of high precipitation (10 

and 20 mm, respectively), which might be due to an increase of low precipitation events. These 

patterns were similar to those found in previous studies (Merino et al., 2015). 

On the other hand, the intensity of the events showed a clear decrease, but the global figures 

(considering all the territory) addressed decreases lower than 0.5 mm per decade, which are 

negligible numbers in most of the cases. These low rates of change were very common in almost 

all the indices with the exception of the median and mean precipitation intensity (Figure 7). 

Gallego et al. (2006) also found these negative trends at different intensities and, in a later work 

(Gallego et al., 2011), same trends in duration were found (only 27 stations covering 1903-2003 

period) with a similar increase in the number of wet days and a decrease in dry spells. López-

Moreno et al. (2010), using a dataset of 217 stations covering the 1955-2006 period, detected 

similar negative trends in duration, frequency and intensity in northeast IP except for an 

increasing in wet spells as shown in our results. Also, Beguería et al. (2009) found a decrease in 

the extreme precipitation in the Mediterranean side of northern IP, and Rodrigo (2010) showed, 

using 22 stations in the IP from 1951 to 2002, that there was no increase in the probability of 

extreme wet conditions in Spain in the same period.  

These great spatial and temporal variability of the daily precipitation trends is also observed in 

other regions out of the Mediterranean basin. Zandonadi et al. (2016) showed for Brazil an 



	

	

increase in total precipitation due to extreme events (32 stations, 1986-2011), but with significant 

changes only in R10mm and R20mm. However, conversely to our results, they did not find 

changes in daily intensity. These opposed results show that the decreasing in the intensity is not 

global and the differences are emphasized depending on factors as the type of atmospheric 

dynamics that cause the precipitation events. In this regard, Agel et al (2015) showed that the 

differences between inland and coastal precipitation intensity may be related to the frequency of 

convective or frontal processes and therefore to the availability of water vapour content 

encouraging them. 

All of these previous studies addressed these changes in specific regions of Spain or in the whole 

territory but using only a few stations, which is insufficient to analyse the whole territory trends. 

For this reason, the studies using datasets with dense stations networks are useful to understand 

the behaviour of the precipitation in complex areas as the IP (Gonzalez-Hidalgo et al., 2010). 

Furthermore, the consistency of the results with previous works about precipitation trends in 

Spain depends, mainly, on the time span and the number of data series used, as well as in other 

variables such as temperature (González-Hidalgo et al., 2017). 

The current analysis of the daily precipitation trends provided a comprehensive view of the trends 

behaviour in Spain. However, further analysis regarding specific regions of interest and/or at 

different temporal scales (monthly, seasonal) could provide a new insight of the recent evolution 

of precipitation in a territory where this variable is of key importance due to its interest in 

environmental risks, water resources and decision-making policies. 
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