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Abstract. 15 

This study characterizes the climatology of drought events over the mainland Spain and 16 

the Balearic Islands using high-resolution (1.21 km2) meteorological data from 1961 to 17 

2014. The climatology of drought was assessed based on two widely-recognized drought 18 

indices: the Standardized Precipitation Index (SPI) and the Standardized Precipitation-19 

Evapotranspiration Index (SPEI), considering four different timescales (1-, 3-, 6- and 12-20 

months). Drought events were simply defined as sequences of months with negative 21 

values of the indices. We analyzed the spatial and temporal variability of the frequency, 22 

duration and magnitude of the drought events. In general, the frequency of drought events 23 

is higher in the northern than in the southern regions. Conversely, the average duration 24 

and magnitude of the drought events in central and southwestern regions duplicate those 25 

recorded in northern areas. Although drought characteristics exhibit a general north-south 26 

gradient irrespective of the drought timescale and the drought index analyzed, we found 27 

important spatial differences in terms of both drought duration and severity. As opposed 28 

to the SPI, the SPEI shows, on average, higher drought durations and magnitudes at 1-, 29 

3- and 6-month timescales. Albeit of the absence of significant temporal changes in30 

drought duration or magnitude at the regional scale, a non-significant tendency toward 31 
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higher drought duration and magnitude is observed over the majority of Spain. Our result 32 

provide valuable guidance to stakeholders and decision-makers on detecting, monitoring 33 

and adapting to drought impacts at local, regional and national scale in Spain.  34 

Keywords: Drought, Spain, SPI, SPEI, Climatology. 35 

 36 

1. Introduction 37 

 38 

Drought is one of the main climatic risks affecting Spain, with drastic impacts on both 39 

natural and human environments (Vicente-Serrano et al., 2014a). Several historical 40 

drought episodes in Spain have already been identified either in documentary sources 41 

(e.g. Vicente-Serrano and Cuadrat, 2007; Domínguez-Castro et al., 2008, 2014) or from 42 

dendrochronological records (e.g. Tejedor et al., 2016, 2017). The available long 43 

instrumental data covering the entire 20th century suggests an increase in the frequency 44 

and severity of drought episodes across Iberia (Vicente-Serrano, 2006a and 2013). In 45 

Spain, droughts have strong impacts on crop yields (Páscoa et al., 2017; Vicente-Serrano 46 

et al., 2006), forest fires (Gouveia et al., 2012; Pausas, 2004; Turco et al., 2017), forest 47 

decay and mortality (Camarero et al., 2015a), surface water resources (Lorenzo-Lacruz 48 

et al., 2013) and groundwater (Lorenzo-Lacruz et al., 2017). It is important to note that 49 

the impacts of drought on different environmental and societal sectors are broadly determined 50 

by the timescale at which drought is assessed. In specific, the impacts of drought on agriculture 51 

and vegetation activity are mainly related with 3-, 6- month timescales (Pacoa et al., 2017; Peña-52 

Gallardo et al., 2019; Gouviera et al., 2017). On the other hand, the hydrological impacts of 53 

drought depend on the characteristics of the basins. In particular, small basins with permeability 54 

rock substrates respond quickly to drought at short times scales (e.g. 2-3 months), while basins 55 

with a dominant role of groundwater reserves respond to longer timescales (i.e. more than 10 56 

months) (Lorenzo-Lacruz et al., 2013). In the same context, the response of the forests to drought 57 

is better assessed at short timescales (i.e. 1–3 months) in humid-temperate hardwood forests, 58 
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whereas they respond to medium-to-long timescale (more than 4 months) in warm-dry conifer 59 

forests (Peña-Gallardo et al., 2018). 60 

Drought has a remarkable social concern in Spain, due to its adverse impacts, particularly 61 

in local rural communities. The impacts of drought on crop failure, urban settlements, 62 

urban water resources, and even ecology have already been documented in earlier works 63 

(e.g. Pausas and Fernández-Muñoz, 2012; Camarero et al., 2015b).  64 

Several studies analyzed droughts in Spain from a climatic perspective, focusing mainly 65 

on the complex atmospheric mechanisms controlling drought severity (e.g. Vicente-66 

Serrano and López-Moreno, 2006; García-Herrera et al., 2007; Trigo et al., 2013) and 67 

their spatio-temporal patterns. A representative example is Vicente-Serrano (2006 and 68 

2013) who analyzed the variability of droughts in the Iberian Peninsula since the 69 

beginning of the 20th century using the Standardized Precipitation Index (SPI), suggesting 70 

strong spatial variability of drought. Previous works show strong spatial differences in 71 

the temporal evolution of drought indices over Spain, concluding that drought occurrence 72 

is not simultaneous among all regions. However, the regions whose climate is largely 73 

controlled by different atmospheric circulation mechanisms are found homogeneous in 74 

terms of drought variability (see, for example, Rodríguez-Puebla et al., 1998; Serrano et 75 

al., 1999; Trigo et al., 2004; Martín-Vide and López-Bustins, 2006; Lorenzo-Lacruz and 76 

Moran Tejeda, 2016).  77 

The climate of Spain is extremely complex, with strong spatial variability of temperature, 78 

precipitation and aridity conditions (Martín-Vide and Olcina, 2001); it also shows 79 

noticeable recent temporal trends (Vicente-Serrano et al., 2017a). For example, while 80 

northern Spain is characterized by its humid oceanic conditions, central Spain shows 81 

strong continental features, given the distribution of mountain chains (e.g. the Iberian 82 

System, Sierra Nevada). On the other hand, northeastern and southeastern Spain are 83 

characterized by semiarid climates, with annual precipitation generally lower than 300 84 
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mm. Nevertheless, although the general features of climate in Spain are well-known, with 85 

several studies analyzing climate droughts (e.g. Vicente-Serrano, 2006b; Vicente-Serrano 86 

and Lopez-Moreno, 2006; Vicente-Serrano et al., 2014a), a comprehensive assessment of 87 

the spatial and temporal characteristics of drought events in Spain from a climatological 88 

point of view is still lacking. This includes a detailed spatial assessment of the differences 89 

in the frequency, duration and magnitude of drought episodes. Although few studies 90 

assessed the frequency of dry spells obtained from daily precipitation series (e.g. Martin-91 

Vide and Gómez, 1999; Lana et al., 2008), they identified the spatial patterns of drought 92 

based on the general patterns of precipitation and aridity over the region. 93 

Here we analyze -for the first time- the spatio-temporal characteristics of drought events 94 

in the mainland Spain and the Balearic Islands based on a very high-resolution (1.21 km2) 95 

spatial dataset spanning the period between 1961 and 2014. The overriding objectives of 96 

this study are to: i) determine the spatial differences in the characteristics of drought 97 

events over mainland Spain and the Balearic Islands; ii) explore differences in the 98 

observed spatial patterns as a function of the selected drought index (SPI vs. SPEI) as 99 

well as the different drought timescales (i.e. 1-, 3-, 6- and 12-month); and iii) identify the 100 

possible temporal changes in the characteristics of drought events and the spatial patterns 101 

of these changes. 102 

 103 

2. Data and Methods 104 

 105 

2.1. Dataset 106 

 107 

We used a high-resolution (1.21 km2) weekly dataset of SPI and SPEI that covers the 108 

mainland Spain and the Balearic Islands between 1961 and 2014. The dataset was recently 109 

developed by Vicente-Serrano et al. (2017b) at timescales from 1- to 48-month, being 110 

publicly available through http://monitordesequia.csic.es. This dataset was developed 111 
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using raw climatic data, including maximum and minimum air temperature (2269 112 

observatories), precipitation totals (2269 observatories), wind speed (82 observatories), 113 

relative humidity (179 observatories) and sunshine duration (112 observatories). First, the 114 

grid of each variable was computed using the  universal kriging interpolation algorithm 115 

(Borrough and McDonnell 1998; Pebesma, 2004), using latitude, longitude and elevation 116 

of each grid cell as auxiliary variables. Then, the gridded layers were validated using a 117 

jackknife resampling procedure (Phillips et al., 1992). The validation results demonstrate 118 

that the differences between the predicted and the observed values for each observatory 119 

were generally low (see Vicente-Serrano et al., 2017b for further details). Based on the 120 

gridded data of air temperature, wind speed, relative humidity and sunshine duration, a 121 

gridded dataset was created for reference evapotranspiration (ETo) using the FAO-56 122 

Penman-Monteith equation (Allen et al., 1998). The gridded data of precipitation and ETo 123 

were also used to calculate the Standardized Precipitation Index (SPI) (McKee et al., 124 

1993) and the Standardized Precipitation Evapotranspiration Index (SPEI) (Vicente-125 

Serrano et al., 2010) at a wide range of timescales (1- to 48-month). However, in this 126 

work, we restricted our analysis to SPI and SPEI timescales of 1-, 3-, 6- and 12. 127 

 128 

2.2. Methods 129 

Based on the gridded series of the SPEI and the SPI, we computed the series of drought 130 

events. Following the run theory (Yevjevich, 1967), there are several criteria to identify 131 

independent drought events based on thresholds (Fleig et al., 2006). These thresholds are 132 

arbitrary, unless they are based on objective metrics that relate a certain value of a drought 133 

index to specific sectorial impacts. However, this is practically impossible due to the large 134 

number of economic sectors and environmental systems affected by droughts on one hand 135 

and the varying responses of these sectors to different drought timescales on the other 136 
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hand (Pasho et al., 2012; Lorenzo-Lacruz et al., 2013). In this study, an arbitrary threshold 137 

of SPEI and SPI equal to 0 was chosen. Although this threshold allows for the inclusion 138 

of dry periods with low duration and magnitude, it does not bias the analysis given our 139 

interest in characterizing drought events from a climatological point of view. As such, we 140 

defined drought events as n consecutive weeks with values of the SPI or SPEI lower than 141 

0. Once the drought events were identified, the corresponding series of drought duration 142 

and magnitude were computed. The drought duration was calculated as the number of 143 

consecutive weeks with SPEI or SPI values below 0. On the other hand, the drought 144 

magnitude was calculated following the classical approach of Dracup et al. (1980), in 145 

which the SPEI or SPI values are integrated over the full length of the dry period. 146 

Recalling that the values of the indices are negative, the total magnitude was transformed 147 

- for operative purposes- to positive values.  148 

Once the series of drought duration and magnitude were obtained for each grid point, we 149 

mapped the total number of drought events defined based on the SPI and the SPEI at the 150 

four timescales. For each grid point, we also computed the average drought duration and 151 

magnitude of drought events, and the values corresponding to the 90th centile. The 90th 152 

centile serves as a representative metric of the more or less extreme character of the dry 153 

events. The relationship between the different drought variables was assessed by means 154 

of scatterplots. To assess the statistical significance of the relationships between the 155 

spatial patterns of drought, we applied a bootstrap resampling approach that accounts for 156 

the high sampling size of our dataset (412.178 grid points). According to this procedure, 157 

we generated randomly a set of 103 Monte Carlo simulations for each time series. These 158 

simulations were extracted from the gridded dataset by replacement with equal 159 

probability. For each grid point, the correlation matrix was computed using the 103 series 160 
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and the field significance was computed by averaging the p-values of the correlations 161 

using all the simulated series.  162 

To analyze the degree to which a trend of duration or magnitude of the drought events is 163 

consistently increasing or decreasing we used the nonparametric Mann–Kendall statistic, 164 

the statistical significance of the trends was assessed at the 90% level (p<0.1) . The Mann–165 

Kendall statistic is advantageous compared to parametric tests, as it is robust to outliers 166 

and does not assume any underlying probability distribution of the data (Zhang et al., 167 

2001). For these reasons, it has been widely used for monotonic trend detection in a wide 168 

range of hydrological and climatological studies (e.g. Zhang et al., 2001; El Kenawy and 169 

McCabe, 2016). To account for any possible impact of autocorrelation on trend detection, 170 

we applied the modified Mann–Kendall trend test using the FUME package (Santander 171 

Metorology Group, 2012) within the R platform (R Core Team, 2017). This statistic 172 

returns the corrected p-values after accounting for temporal pseudo-replication (Hamed 173 

and Rao, 1998; Yue and Wang, 2004). This procedure is especially relevant when 174 

assessing temporal trends in SPI and SPEI at times scales higher than 1-month. Normally, 175 

the series at timescales higher than 1-month are impacted to some degree by temporal 176 

self-correlation (or temporal memory), which increases with the timescale considered. If 177 

self-correlation was not considered and a standard test assuming time independence was 178 

used, artificially low p-values would be obtained. To assess the magnitude of change in 179 

drought duration and magnitude, we used linear regression between the series of time 180 

(independent variable; expressed in weeks) and the drought duration or magnitude 181 

(dependent variable). The drought duration and magnitude was assigned to the week in 182 

which each drought episode was finished. The slope of the regression indicates the 183 

amount of change, with higher slope values indicating greater change. 184 

 185 

3. Results 186 
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3.1 Temporal evolution of seasonal and annual values of SPI and SPEI  187 

Figure 1 illustrates the evolution of the seasonal (i.e. DJF, MAM, JJA, SON) and annual 188 

SPI and SPEI, averaged over the mainland Spain and the Balearic Islands. The annual 189 

series show high variability, with no significant trends over the entire period. As depicted, 190 

more anomalous droughts were mainly noted in the 1990s and 2000s. These severe 191 

droughts were identified in all seasons, apart from autumn in which the most severe 192 

droughts were recorded in the 1980s. At annual scale, the most anomalous drought events, 193 

as revealed by both the SPI and SPEI, were observed in 1995 and 2005. While negative 194 

trends are mainly assigned to winter and summer, the trend is statistically significant only 195 

during summertime. On the other hand, spring shows no significant trend, meanwhile 196 

autumn exhibits a slightly positive trend. Figure 2 depicts the spatial distribution of the 197 

magnitude of change of the seasonal and annual SPI and SPEI. The annual magnitude of 198 

change is similar for SPI and SPEI, with a predominant negative trend over the whole 199 

study domain. Few exceptions are found along the Mediterranean coast and in the 200 

northern regions. For winter, spring and autumn, the trends are generally similar for SPI 201 

and SPEI, with a predominance of negative trends in winter and spring and positive trends 202 

during autumn. In summer, the magnitude of change shows consistent spatial patterns for 203 

SPI and SPEI, with negative trends in all the study domain, except for northwestern 204 

regions. Nevertheless, this pattern is intensified and more significant for SPEI, especially 205 

in the southern and central regions. 206 

 207 

3.2 Spatial characteristics of drought events 208 

Figure 3 illustrates the spatial distribution of the number of drought events. Notably, the 209 

number of drought events decreases as a function of the increase in the drought timescale. 210 

The total number of drought events during the study period exceeds 200, considering the 211 

1-month timescale, compared to 100-150 at the 3-month timescale and 50-100 at the 6-212 
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month timescale. As expected, the lowest number of dry events is recorded considering 213 

the 12-month, with values ranging between 20 and 80. There are noticeable spatial 214 

differences in the number of drought events, combined with contrasts among the drought 215 

timescales. In general, irrespective of the drought index and the timescale, the northern 216 

region of Spain exhibits a higher number of drought events, compared to other regions. 217 

This north-south gradient is particularly evident at 1- and 3-month timescales using SPEI. 218 

In contrast, SPI and other timescales of SPEI show less clear spatial gradients, with lower 219 

frequency of drought events in central (6-month) and southwestern (12-month) Spain. 220 

Although there is a high degree of consistency between the observed spatial patterns using 221 

SPI and the SPEI, this agreement is not perfect. At the 12-month timescale, the maximum 222 

Pearson’s r correlation coefficient does not exceed 0.79 (Figure 4). In general, the SPI 223 

tends to record a higher number of events than SPEI, with the exception of the 12-month 224 

timescale, in which both indices show a similar number of events. 225 

The spatial distribution of the average magnitude and the duration of the drought events 226 

(Figures 5 and 6, respectively) was inversely proportional to the spatial distribution of the 227 

number of events (Figure 3).  The average duration and magnitude was therefore shorter 228 

in northern Spain, independently of the drought timescale. In contrast, the average 229 

duration and magnitude was more than double in some areas of the central and 230 

southwestern Spain. Notably, the average drought duration in southwestern Spain is 231 

higher than 32 weeks at the 12-month timescale, compared to only 14 weeks in northern 232 

Spain. 233 

There is a strong relationship between the spatial patterns of the average duration and 234 

magnitude (Pearson’s r correlation coefficients above 0.9), irrespective of the drought 235 

index and the timescale (Figure 7). The only exception is the 1-month SPI, at which a 236 

lower association is found (Pearson’s r = 0.7). Moreover, there are some differences in 237 
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the average magnitude and duration of the drought events, as suggested by both SPI and 238 

SPEI (Figure 8). As illustrated,  the 1-, 3- and 6-month timescales show higher duration 239 

and magnitude of the drought events for the SPEI than for the SPI. These differences are 240 

small, though being statistically significant. In contrast, at the 12-month timescale, there 241 

are statistically significant differences between the SPI and SPEI, with higher duration 242 

and magnitude of drought events for the SPI than for the SPEI.  243 

In order to determine the spatial frequency of drought events with high duration and 244 

magnitude, we calculated the 90th centile of the duration and magnitude series at each 245 

grid cell. As illustrated in Figure 9, the spatial distributions of the 90th centile calculated 246 

for drought duration closely resemble those of the average values (Figure 5). However, 247 

there are some spatial differences, as a function of the selected drought index and 248 

timescale. For example, more than 10% of the drought events recorded in southwestern 249 

Spain at 1-month SPEI exhibit a duration of more than 15 consecutive weeks. In the 250 

meantime, this region shows a duration higher than 90 weeks using the 90th centile at 12-251 

month timescale, which are clearly reinforced considering the SPI. Again, there is a good 252 

agreement between the spatial patterns of the 90th centiles of drought magnitude (Figure 253 

10), but with spatial differences as a function of the drought timescale.      254 

 255 

3.3 Temporal evolution of drought duration and magnitude 256 

The analysis of the temporal evolution of drought events duration and magnitude 257 

averaged over the whole domain did not reveal significant trends, either using the SPI or 258 

the SPEI (Table 1). Table 2 shows the percentage of the surface with positive and negative 259 

trends in drought duration and magnitude. Independently of the drought index and 260 

timescale, the non-significant (either positive or negative) trends predominate. The 261 

percentage of surface showing statistically significant positive trends in the duration of 262 

drought events varies between 2.98% (6- months SPI) and 13.23% (1-month SPEI). 263 
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Similarly, the surface with statistically significant negative trends oscillates between 264 

1.45% (6-month SPEI) and 14.6% (1-month SPI). Notably, the surface affected by 265 

statistically significant positive trends is higher for the SPEI than for the SPI for both the 266 

magnitude and duration series, and for all timescales as well. 267 

The observed differences in the average duration (Figure 11) and magnitude (Figure 12) 268 

between the end and the beginning of the period of analysis show strong spatial 269 

variability, as a function of the drought timescale and the drought index. Positive 270 

differences in the drought duration at the 1- and 3-month timescales dominate over 271 

northeastern Spain, being stronger for the SPEI than for the SPI. The duration of drought 272 

events at the 3-month timescale increases in these regions by almost one week per decade 273 

since 1961. On the contrary, a decrease of duration is found over large areas of the 274 

Mediterranean coastland. At 6- and 12-month timescales, central, southern and 275 

northeastern Spain show an increase in the duration of drought events, on the order of 276 

more than 6 weeks per decade between 1961 and 2014 (12-month timescale). These 277 

patterns are spatially consistent with those observed for drought magnitude (Figure 12), 278 

but with a remarkable increae using the SPEI at all considerd timescales. This feature can 279 

be observed for the 1-, 3- and 6-month timescales (Figure 13). As illustrated, the 280 

frequency of positive differences (i.e. more duration and magnitude of drought events) is 281 

higher for the SPEI than for the SPI. At the 12-month timescale, these differences are 282 

much lower, although both indices suggest positive differences and accordingly an 283 

intensification of drought severity.  284 

Significant correlations are found between the differences in drought events duration and 285 

magnitude obtained with the SPEI and the SPI (Figure 14). These correlations are higher 286 

considering 1- and 3-month timescales, compared to 12-month SPEI and SPI. Overall, it 287 
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can be noted that the clouds of points were biased toward more positive values for the 288 

SPEI than for the SPI.  289 

 290 

4. Discussion and conclusions 291 

 292 

This study presents the first climatology of drought events for mainland Spain and the 293 

Balearic Islands, considering different drought timescales (1,3,6 and 12 month) and two 294 

different drought indices: the Standardized Precipitation Index (SPI) and the Standardized 295 

Precipitation Evapotranspiration Index (SPEI). This study benefits from a recently 296 

developed high spatial resolution (1.2 km2) gridded dataset of drought indices over Spain.  297 

Our study shows strong spatial differences in the frequency and the average duration and 298 

magnitude of the drought events. In general, there is a north-south gradient, irrespective 299 

of the drought index or the drought timescale. Drought espisodes are more frequent in 300 

northern Spain, compared to cental and southern Spain. In contrast, drought duration 301 

tends to be shorter in the north, and the magnitude tends to be lower. Moreover, although 302 

there are some spatial differences among drought timescales in the areas with lower 303 

frequency and higher duration and magnitude. Indeed, this pattern does not imply that 304 

northern Spain cannot record drought episodes of special severity. In 1990, the large cities 305 

of northern Spain suffered from water restrictions due to extremely severe drought events. 306 

Climatic characteristics explain the observed spatial differences in drought events. 307 

Northern and northeastern regions are more humid, mainly influenced by low pressure 308 

systems associated with the Polar front (Serrano et al., 1999), besides other numerous 309 

meteorological mechanisms (Llasat and Puigcerver, 1997; Campins et al., 2000). This 310 

explains shorter drought events in the northern regions, where drought events terminate 311 

quickly and replaced frequently by humid conditions. On the contrary, central and 312 

southern Spain are less impacted by synoptic conditions favorable for precipitation, and 313 
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converserly highly influenced by subtropical highs (Serrano et al., 1999), which tends to 314 

have a stronger persistence.  315 

Although these spatial patterns are generally consistent at different drought timescales, 316 

they also show some considerable differences. The reasons of these differences are 317 

unclear and further research is needed to establish the possible causes. A possible reason 318 

might be the different influence of atmospheric circulation quantified at different spatial 319 

scales. One hypothesis, that needs to be validated, is that the persistent anomalies in the 320 

atmospheric conditions may drive the variability of droughts at short timescales (i.e. 1-3 321 

month), whereas longer drought timescales can be more influenced by anomalies in the 322 

general (continental/hemispheric) circulation patterns. Since the influence of weather 323 

types and atmospheric circulation mechanisms on precipitation in Spain is quite complex 324 

(Rodríguez-Puebla et al., 1998; Serrano et al., 1999; Valero et al., 2004; Martín et al., 325 

2004; Vicente-Serrano and López-Moreno, 2006), it is reasonable that this complexity 326 

translates to droughts characteristics. In any case, these results also stress the strong 327 

complexity of drought episodes in Spain. On one hand, the general spatial patterns of 328 

drought indices show strong differences, as a function of the timescales. This coincides 329 

with the results shown in Vicente-Serrano (2006b), who pointed out that drought spatial 330 

patterns vary considerably in relation to the different temporal influence of precipitation 331 

events recorded at local/regional spatial scales.  332 

Moreover, the use of two different drought indices has allowed for establishing the spatial 333 

differences among them. In general, the spatial patterns of the average drought duration 334 

and magnitude seem to be similar for the SPEI and the SPI. Nevertheless, drought 335 

duration and magnitude were in general higher for the SPEI than for the SPI. This is 336 

mostly evident at the 1-month timescale, but also at the 3- and 6-month timescales. This 337 

finding can be explained by the influence of the atmospheric evaporative demand (AED) 338 
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on drought severity, which is included only in the SPEI calculations and not in the SPI. 339 

This has been observed in different drought episodes in Europe during the last two 340 

decades. For example, the 2003 drought that affected Central and Western Europe was 341 

accompanied by high temperatures that exacerbated AED and caused a strong reduction 342 

of carbon sequestration in the region (Ciais et al., 2005). The importance of a feedback 343 

effect between drought and AED was also described in central Russia in 2010 344 

(Barriopedro et al., 2012), and Western Europe in 2017 (Sánchez-Benítez et al., 2018), 345 

where drought severity was enhanced by thermodynamic processes that reinforced the 346 

AED. Nevertheless, we also noted that the differences among the SPI and SPEI get lower 347 

as timescale increases. As such, the average duration and magnitude of the drought events 348 

tended to be higher for the SPI than for the SPEI at 12-month timescale. This implies that 349 

the influence of AED on drought duration and magnitude seems to be dependent on the 350 

drought timescale. 351 

Several studies in Spain (e.g. Vicente-Serrano et al., 2014a) and Southern Europe (e.g. 352 

Stagge et al., 2017) suggested that drought indices that account for precipitation and the 353 

AED (e.g. the SPEI) show different temporal behavior over the past decades, compared 354 

to those indices based only on precipitation (e.g. the SPI). As opposed to the SPI, the  355 

SPEI reveals a tendency toward more decrease (i.e. more negative values and accordingly 356 

more drought conditions). Other authors suggested an increase in drought severity in the 357 

Mediterranean region using drought indices based only on precipitation (e.g. Hoerling et 358 

al., 2012). However, over the Iberian Peninsula, long term changes did not show a 359 

significant trend (Vicente-Serrano, 2013). For the mainland Spain and the Balearic 360 

Islands, this study also demonstrates no significant changes in drought duration and 361 

magnitude at the regional scale for both the SPI and SPEI. Even for the increase found 362 

for some instances at the 12-month timescale, this increase was statistically non-363 
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significant. At the grid scale, our results indicate that the positive trends (towards higher 364 

duration and magnitude) prevail in the study domain, compared to negative trends. The 365 

surface affected by positive trends in the magnitude and duration of the drought events 366 

was much higher considering the SPEI than the SPI. This pattern was found at both short 367 

and long timescales. A possible explanation of the increase in positive trends can be the 368 

observed increase in the AED during the last decades (Vicente-Serrano et al., 2014b). 369 

This implies that the severity of drought events, mainly attributed to precipitation deficit, 370 

can be aceletrated due to high AED. This explaines why some areas of Spain show strong 371 

changes in the duration and magnitude of drought episodes when considering the SPEI.  372 

To conclude, it is important to stress that despite the absence of significant trends at the 373 

regional scale over Spain, there are important spatial differences, with strong changes in 374 

the duration and the magnitude of drought events, mostly in the northeastern and southern 375 

Spain. These regions suffered from critical water availability issues during the severe 376 

drought episodes that occurred over the last two decades (Vicente-Serrano et al., 2017a). 377 

This study provides a detailed spatial assessment of drought characteristics over Spain 378 

using high-resolution spatial data, spanning the past five decades. Such assessment can 379 

provide guidance to stakeholders and decision-makers on detecting, monitoring and 380 

adapting to drought impacts in different sectors (e.g. crop yield, agriculture, water 381 

resources management).   382 
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Table 1: Magnitude of change and trend significance of annual values of spatially-585 

averaged magnitude and duration of drought events considering the SPI and SPEI at 1, 586 

3, 6 and 12 months timescales. 587 

 588 

 Magnitude 

 1 month 3 months 6 months  12 months 

 

change 

10 years p-value 

change 

10 years p-value 

change 

10 years p-value 

change 

10 years p-value 

SPI -0,059 0,36 -0,27 0,16 2,053 0,1 8,203 0,17 

SPEI 0,052 0,92 0,402 0,93 1,22 0,44 4,673 0,85 

  Duration 

SPI 0,068 0,77 -0,253 0,17 1,897 0,15 6,512 0,32 

SPEI 0,073 0,94 0,325 0,83 0,616 0,58 2,749 1 

 589 

 590 

 591 

Table 2: Percentage of surface showing positive and negative trends in the duration and 592 

the magnitude of drought events. 593 

 SPEI SPI 

 Magnitude Duration Magnitude Duration 

 
1 

month 
3 

month 
6 

month 
12 

month 
1 

month 
3 

month 
6 

month 
12 

month 
1 

month 
3 

month 
6 

month 
12 

month 
1 

month 
3 

month 
6 

month 
12 

month 

Negative (p < 
0.1) 3.63 2.91 1.45 1.56 1.10 3.07 1.74 2.09 14.61 6.01 4.76 2.25 3.94 5.06 4.38 2.47 

Negative (p > 
0.1) 24.27 16.41 15.46 10.40 18.23 14.49 20.35 19.62 49.93 43.26 28.25 16.42 36.73 28.38 32.26 25.70 

Positive (p > 
0.1) 64.24 76.30 79.39 81.04 67.44 78.10 74.29 72.10 33.09 47.85 64.26 75.23 53.96 62.85 60.38 66.05 

Positive (p < 
0.1) 7.86 4.37 3.70 7.00 13.23 4.33 3.63 6.19 2.37 2.88 2.73 6.10 5.37 3.71 2.98 5.78 

 594 

 595 

 596 
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 597 

Figure 1: Temporal evolution of the (a) seasonal and  (b) annual SPI and SPEI series 598 

averaged for the whole study domain. 599 

  600 
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 601 

Figure 2: Seasonal and annual amount of change (Z unit/decade) in the SPI and SPEI 602 

and their statistical significance. 603 

 604 

 605 

 606 
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 614 
 615 

Figure 3: Spatial distribution of the number of drought events considering the SPI and 616 

SPEI at the timescales of 1-, 3-, 6- and 12-month. 617 
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 619 

 620 
Figure 4: Relationships between the number of drought events recorded with the SPI 621 

and SPEI series at timescales of 1-, 3-, 6- and 12-month. 622 
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 624 
Figure 5: Spatial distribution of the average magnitude of the drought events 625 

considering both SPI and SPEI at the timescales of 1-, 3-, 6- and 12-month. 626 
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 628 
Figure 6: Spatial distribution of the average duration (weeks) of the drought events 629 

considering both SPI and SPEI at the timescales of 1-, 3-, 6- and 12-month. 630 
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 632 
 633 

Figure 7: Relationships between the average duration and magnitude of drought events 634 

considering timescales of 1, 3, 6 and 12 months and both drought indices (SPEI and 635 

SPI). 636 
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 638 

Figure 8: Boxplots showing the series of drought duration and magnitude for 1-, 3-, 6- 639 

and 12-month using the SPEI and SPI. The central solid line indicates the median. The 640 
whiskers represent the 10th and the 90th, while the 25th and the 75th are plotted as the 641 

vertical lines of the bounding boxes. 642 
 643 
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 645 
Figure 9: Spatial distribution of the 90th centile of drought duration series. 646 
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 648 
Figure 10: Spatial distribution of the 90th centile of drought magnitude series. 649 
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 653 
Figure 11: a) Spatial distribution of the magnitude of change (weeks per decade) in 654 

drought duration between the years 1961 and 2014, and the b) Sign and significance of 655 

the trends 656 
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 658 
 659 

Figure 12: Spatial distribution of the differences of magnitude of change (z units) in 660 

drought magnitude between the years 1961 and 2014, and the b) sign and significance 661 

of the trends. 662 
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 664 
 665 

Figure 13: Density plots showing differences in drought duration and magnitude 666 

obtained with the SPI and SPEI. 667 
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 669 
 670 

Figure 14: Scatterplots showing the relationships between differences in the magnitude 671 

(upper panels) and duration (lower panels) of drought events between the years 1961 672 

and 2014, as derived from the SPEI against SPI. 673 
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