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Abstract
The purpose of this research was to identify major drought events on the Spanish mainland between 1961 and 2014 by

means of two drought indices, and analyze the spatial propagation of drought conditions. The indices applied were the

standardized precipitation index (SPI) and the standardized evaporation precipitation index (SPEI). The first was calculated

as standardized anomalies of precipitation at various temporal intervals, while the second examined the climatic balance

normalized at monthly scale, incorporating the relationship between precipitation and the atmospheric water demand. The

daily meteorological data from Spanish Meteorological Archives (AEMet) were used in performing the analyses. Within

the framework of the DESEMON project, original data were converted into a high spatial resolution grid (1.1 km2)

following exhaustive quality control. Values of both indices were calculated on a weekly scale and different timescales (12,

24 and 36 months). The results show that during the first half of the study period, the SPI usually returned a higher

identification of drought areas, while the reverse was true from the 1990s, suggesting that the effect from atmospheric

evaporative demand could have increased. The temporal propagation from 12- to 24-month and 36-month timescales

analyzed in the paper seems to be a far from straightforward phenomenon that does not follow a simple rule of time lag,

because events at different temporal scales can overlap in time and space. Spatially, the propagation of drought events

affecting more than 25% of the total land indicates the existence of various spatial gradients of drought propagation, mostly

east–west or west–east, but also north–south have been found. No generalized episodes were found with a radial pattern,

i.e., from inland to the coast.
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Introduction

Drought is one of the climate hazards that causes many

negative impacts on natural and socioeconomic systems

(Stahl et al. 2015, 2016; Van Loon et al. 2016). In addition,

drought analysis is not an easy task, as it is quite difficult to

accurately determine the spatial and temporal dimensions

of drought events (Wilhite and Glantz 1985; Lloyd-Hughes

2014; Vicente-Serrano 2016). For this reason, synthetic

tools—the drought indices–have been developed, mostly

based on the climate information (e.g., Heim 2002;

Keyantash and Dracup 2002). These indices have been

widely used to analyze the spatial and temporal behaviors

of droughts (e.g., Van der Schrier et al. 2006) to identify

drought impacts over a variety of sectors (e.g., Williams

et al. 2013; Vicente-Serrano et al. 2013), and also to

develop the bases for drought-monitoring systems world-

wide (Svoboda et al. 2002).

In addition to uncertainties concerning problems caused

by imprecise identification of the phenomenon, drought
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analyses face the problem of the scarcity of data available

for detailed analysis (Seneviratne et al. 2012); therefore,

because drought events are usually confined to a region

(e.g., Soulé 1992; Lloyd-Hughes and Saunders 2002),

studies using detailed spatial scales seem to be the best way

to improve our knowledge on the behavior of the processes

and associated impacts.

In the western Mediterranean basin and on the Spanish

mainland, drought is a very frequent phenomenon, due to

particular climate conditions. Different studies have iden-

tified ancient droughts by means of historical documents

and different proxies (Domı́nguez-Castro et al. 2012;

Tejedor et al. 2017), and during the instrumental period,

several studies have also identified strong drought events

during the last century (Vicente-Serrano 2006a). On the

other hand, some studies have suggested that the Spanish

mainland has witnessed an increased severity in droughts

over the last few decades (Hoerling et al. 2012; Vicente-

Serrano et al. 2014a), causing heavy environmental, agri-

cultural and economic impacts (e.g., Camarero et al. 2015;

Pascoa et al. 2017). This suggests that drought manage-

ment plans should be put in place to cope with the risk

more efficiently (Maia and Vicente-Serrano 2017).

These studies offer a promising starting point for

research into the recent behavior of drought on the Spanish

mainland; however, it is unsafe to generalize their con-

clusions at sub-regional scales, mostly because data with

low-spatial density was used, and also because an impor-

tant feature of drought events is their strong spatial vari-

ability (Vicente-Serrano 2006a). Thus, several poorly

understood questions on drought behavior on the Spanish

mainland remain, significant among which is how droughts

propagate in space and time. This is a crucial issue that

receives scant analysis in the scientific literature.

In this study, we present a descriptive analysis of the

major drought events on the Spanish mainland in recent

decades, based on a high-resolution climate dataset. The

objectives of the study are (i) to identify the major drought

episodes, (ii) to compare the differences in drought iden-

tification between two drought indices: the standardized

precipitation index (SPI), and the standardized precipita-

tion evapotranspiration index (SPEI), and (iii) to identify

spatial propagation gradients of major drought episodes.

Data and methods

A recent gridded drought index database was used, cov-

ering the whole Spain for the period 1961–2014 at the

temporal resolution of 1 week and spatial resolution of

1.1 km2. The original dataset is based on the complete

information digitalized from the archives of Spanish

National Meteorological Agency (Agencia Estatal de

Meteorologı́a, AEMet), and includes precipitation, air

temperature, relative humidity, hours of sunshine and wind

speed needed to calculate the Potential Evapotranspiration

or atmospheric evaporative demand (AED). The AED was

calculated by means of the FAO-56 Penman–Monteith

equation (Allen et al. 1998). Details of the data processing,

gridding and drought index calculation are given in Vice-

nte-Serrano et al. (2017). The dataset can be found at http://

monitordesequia.csic.es.

The SPI and SPEI indices were calculated, which are

two of the most widely used and recommended as drought

indicators worldwide (WMO 2012); the standardized pre-

cipitation index (SPI) is based on precipitation data

(McKee et al. 1993), and the standardized precipitation

evapotranspiration index (SPEI) is based on the difference

between precipitation and the AED (Vicente-Serrano et al.

2010), and includes a water balance. Therefore, by com-

paring both sets of results, the contribution of the AED on

drought severity can be identified.

Major drought periods were defined using three criteria

applied to the weekly time series of SPI and SPEI at a

12-month time lag: (i) a minimum duration of 3 weeks; (ii)

the index threshold \- 1.28 corresponding to return

periods of 10 years, and represents an indication of drought

severity; (iii) and drought conditions, as defined by index

values, should affect more than 25% of the total Spanish

mainland. Finally, to avoid over detection of periods, we

included a new major episode when a minimum temporal

lag of 3 weeks was found between well-identified drought

episodes. In the present paper, our approach assumes sta-

tionary of the climatic conditions, which may not be the

case, so the return periods should be taken with care.

Although they are useful for spatial comparison as it is the

purpose on this article, their validity as indicators of fre-

quency of drought conditions does not hold under a climate

change scenario.

Identification of the drought period focused on

12 months; we also analyzed 24 and 36 months timescales

to determine time propagation, but only the 12-month

results will be shown in detail. Droughts in Spain have very

different dimensions, affecting agriculture, forests and the

frequency of wild fires, but currently the most important

impacts relate to the hydrological dimension, which may

cause heavy losses in highly productive irrigated agricul-

ture, reduce hydropower production, and cause problems

for industry and the water supply (Jerez et al. 2013; Lor-

enzo-Lacruz et al. 2010, 2013). Due to dry summers and

strong interannual variability of the climate in Spain, there

is a very dense network of hydraulic infrastructures. Thus,

after China, Spain has the second highest number of dams

in the world, but the total surface area of the country is 5%

that of China. The purpose of this dense network is to

guarantee the water supply during the frequent drought
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periods. For this reason, hydrological droughts in Spain are

not affected by short term droughts, usually identified on

short SPI/SPEI timescales. Thus, the dense reservoir net-

work even allows a noticeable reduction in the impact of

annual drought events (12-month) on hydrological drought

conditions. For example, the one affecting Spain in 2015

was the most severe since records began, but it did not

cause hydrological droughts due to the large amount of

hydraulic infrastructures. On the contrary, climate drought

conditions recorded during 2–3 years, limit the capacity of

infrastructures to cope with drought events, and cause

problems for irrigation and water supply, as widely

observed between 1992 and 1995. For these reasons, this

paper focuses on long-term drought indices (12, 24 and

36 months), since they are really useful to assess the

severity of hydrological droughts and determine how

annual drought conditions can persist over longer time-

scales. Lorenzo-Lacruz et al. (2010) clearly illustrated how

the multiannual large reservoirs, which are frequent and the

basis for water management in Spain, are responding to

very long drought timescales[ 24-month.

Results

Major drought events on the Spanish mainland

Table 1 shows the main drought periods identified for the

Spanish mainland during the study on a 12-month

timescale. Remember that identification of drought epi-

sodes combines duration, spatial effects and intensity, as

described in Sect. ‘‘Data and methods’’. The table shows

the start and end dates according to year, month and week,

and includes the duration in weeks.

In the period analyzed, we identified a total of 15 major

drought episodes in which at least 25% of land was under

the drought conditions defined by an SPEI value of

\- 1.28. In general, both indices showed strong agree-

ment in identifying the main drought periods between 1961

and 2014. Nevertheless, there are some differences

regarding the start and end weeks of the drought episodes,

and three episodes did not fulfill the requirements in SPI.

The duration of droughts also showed similar patterns,

with the exception of the two main episodes identified at

the end of the study period, when the SPEI detected

drought conditions noticeably earlier and also provided an

earlier end. Among the events identified with the SPEI, the

most prolonged were recorded in 1989 (21 weeks),

1994–1995 (74 weeks), 1999 (27 weeks), 2005–2006

(56 weeks) and 2012 (38 weeks). The table also includes

the main spatial propagation gradients (see below).

Comparison between SPI and SPEI is shown by the

percentage of total land affected by droughts, including

both thresholds (\- 0.28, and\- 0.84, with 10- and

5-year return period, respectively). Obviously, detection of

the surface area differs as a function of the threshold, with

the weakest ones being higher, but there were also some

differences between SPI and SPEI for the three timescales

Table 1 Drought period identification (12-month scale) using SPEI and SPI threshold (\- 1.84)

Event Spatial gradient propagation SPEI Duration SPI Duration

1 W/E 1965-Jun-3/1965-Sep-4 14 1965-Jul-2/1965-Sep-3 10

2 E/W 1970-Dec-4/1971-Apr-2 15 1971-Jan-1/1971-Apr-1 13

3 W/E 1981-Feb-3/1981-March-4 6 1981-Feb-3/1981-Dec-3 8 ? 8?6 ? 10

4 W/E 1981-Nov-1/1981-Dec-3 7

5 E/W 1983-Oct-3/1983-Dec-3 4 ? 3 1983-Sep-4/1983-Dec-2 11

6 E/W 1986-May-3/1986-Sep-2 16 1986-Jan-3/1986-Sep-1 15

7 N/S 1989-Jun-3/1989-Nov-3 21 1989-Jun-2/1989-Nov-2 13 ? 7

8 W/E 1992-Feb-1/1992-Jun-2 18 1992-Feb-1/1992-Jun-2 18

9 E/W 1994-Jan-3/1995-Dec-4 74 1994-Jan-1/1995-Dec-3 75

10 E/W 1999-Feb-1/1999-Feb-4 4 1999-Jan-4/1999-Oct-2 6 ? 3? 21

11 E/W 1999-Apr-2/1999-Oct-2 2 ? 21

12 E/W 2002-Feb-4/2002-May-3 6 ? 5 2002-Feb-4/2002-May-4 13

13 W/E 2005-March-4/2006-Jun-1 53 ? 3 2005-Apr-2/2006-May-2 45

14 W/E 2009-Oct-2/2009-Dec-3 10 /

15 N/S/NW/SE 2012-Feb-3/2012-Dec-4 32 ? 4 ? 2 2012-March-2/2012-Sep-3 4 ? 1 ? 1 ? 16

Duration in weeks. Dates indicate start/end in monthly week

Duration expressed as (?) indicates that between dates of event some weeks did not achieve the spatial threshold of 25% of total land. See text

for explanation how to identify events
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analyzed (Fig. 1). The 12-month scale identified many

drought periods affecting more than 25% of territory. It

means that extended areas of the Spanish mainland were

very frequently affected by drought conditions and is

clearly related to the high interannual variability of rainfall

in areas with a Mediterranean climate. On the other hand,

on the 24- and 36-month scales, fewer episodes were

found; nevertheless, some of these affected over 50% of the

Spanish mainland, particularly from 1980, when extended

areas under drought conditions were identified on 24- and

36-month scales. However, the relationship between

timescales is far from simple: some episodes on the

12-month scale were not identified on the 24- or 36-month

scales (see Fig. 1).

Figure 2 gives the comparison of percentage of total

land affected by drought according to the SPEI and SPI,

where the lines represent the difference in the percentage of

surface area affected. Positive values indicate a larger area

of drought according to the SPEI and vice versa. The dif-

ferent behavior between the two drought indices shows that

since 2000, SPEI has progressively expanded identification

of longer and more severe drought episodes than the SPI,

and suggests that the role played by the AED could be

Fig. 1 Evolution of land affected (in %) accordingly SPEI ( ) and SPI ( ) at three temporal scales (12, 24 and 36 months) and two drought

index thresholds (\- 1.28 and\- 0.84)
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responsible for the increase in drought episodes on the

Spanish mainland.

Filtering this information and isolating those events in

which SPEI detected[ 50% of Spanish mainland under the

threshold of - 1.28 (Fig. 1), led to a logical reduction in

the number and length of drought events (data not shown).

This suggests that some of the drought events identified in

Table 1 (e.g., 1981, 1983, 1986, 1989, 2002 and 2009) may

have depended more on factors controlling precipitation

(see discussion).

These results suggest that drought events on the Spanish

mainland can affect extensive areas, and second, the rela-

tionship between temporal scales varies greatly among

episodes and does not follow a straightforward pattern. In

some cases, the events detected on 12-month scales did not

propagate to longer timescales (episodes first and second

from Table 1, see Fig. 1). In other cases, the relationships

were much more complex, and the temporal propagation of

drought events detected at shorter (i.e., 12-month) to longer

scales (i.e., 24 and 36 months) was combined with new

drought episodes recorded at a shorter timescale. This

caused an overlap in detection of drought episodes (see

below). Figure 3 shows the evolution of areas (as a per-

centage) affected by drought conditions according to dif-

ferent timescales during events occurring between 1989

and 1995. The figure provides information on the rela-

tionship between the three temporal scales analyzed and

shows how temporal lags in some cases are well recog-

nized (continuous lines), but in others, there is an effect

from overlapping episodes, or perhaps from temporal

scales not analyzed in this paper (dashed lines).

Spatial drought propagation

The spatial propagation of major drought episodes was

analyzed by examining the sequential chart of weekly SPEI

and SPI indices. Three general spatial propagation gradi-

ents were identified during the analyzed period for the

major drought episodes, with the two longitudinal (W–E

and E–W) being more frequent than the latitudinal (mostly

N–S). These gradients are indicated in Table 1. The three

spatial patterns were recognized in sequences of episodes

between 1989 and 1995, during three successive events

(numbers 7–9 on Table 1). The structure of this sequence,

which may explain the total severity of the drought and

also the complexity of drought analyses, was as follows:

North–South gradient. Episode 7, from 1989-June 3
to 1989-November-3

The areas affected by the defined threshold did not cover

more than 50% of total land and the episode lasted for

21 weeks. This episode is the only one recorded in the

dataset that shows a generalized north to south gradient,

with clear asymmetry between the northern coastland and

the Mediterranean region when the drought index returns

positive values. The drought was particularly severe in

November and the episode propagated to longer SPEI

timescales in the expected temporal lag (Fig. 4).

West–East gradient. Episode 8. 1992-February-1–1992-
June-2

The following episode was identified from 1992-February-

1 and 1992-June-2 on the 12-month timescale, lasting for
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18 weeks. This episode overlapped the previous episode 7

of 1989, which did not recover at the 24- and 36-month

timescales (see Fig. 3). For this reason, large areas affected

by drought on the 12-month scale were also affected on the

24- and 36-month scales simultaneously, with more than

50% of total land under drought conditions. The spatial

propagation of defined drought conditions on 12-month

time-scales shows a clear gradient from west to east. Please

note that there is no data from Portugal to avoid misin-

terpretation of the spatial gradient from the Atlantic coast

of the Iberian Peninsula. In the eastern Mediterranean

coastal areas, no general drought severity was detected

(Fig. 5). Finally, the proper 12-month drought event

(number 8) was propagated at 24- and 36 months according

to the expected lags.

Fig. 3 The relationship between timescales in drought episodes.

Figure shows from top to bottom (a) the precipitation, expressed as

anomalies; (b) the percentage of land affected by defined threshold at

12 months; (c) at 24 months and (d) at 36 months, in the sequence of

three episodes from 1989-June-3 to 1995-December-4 (from seventh

to ninth episodes following Table 1). Slight shade (in vertical)

indicates the duration of drought events. Continuous lines represent

the relationships between monthly timescales, accordingly lags of

12–24–36 months for specific events identified at 12-month scale (see

Table 1). Dashed lines indicate at 24 and 36 monthly scale episodes in

which more than 25% of total land was under drought conditions not

detected at 12-month scale
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East–West gradient. Episode 9. 1994-January-3–1995-
December-4

This sequence of drought periods finished with the longest

episode recorded in the entire dataset. This ninth episode

lasted for 74 weeks between June 1994 and December

1995. The new drought period identified on the 12-month

timescale coincided with extended areas detected at 24 and

36 months relating to the previous episode, indicating a

reactivation of the long-term drought conditions from the

previous event. At the peak of highest severity, more than

85% of the Spanish mainland was under drought conditions

on the 12- and 24-month timescales, and also more than

77% of the area was under drought conditions at 36-month

SPEI in December 1995. This drought episode shows a

clear gradient of propagation from east to west (Fig. 6).

Discussion

General comments

Droughts in Spain have very different dimensions, affect-

ing agriculture, forests and the frequency of wild fires, but

currently the most important impacts relate to the hydro-

logical dimension, which may cause heavy losses in highly

productive irrigated agriculture, reduce hydropower pro-

duction, and cause problems for industry and the water

supply (Jerez et al. 2013; Lorenzo-Lacruz et al.

2010, 2013). Due to dry summers and strong interannual

variability of the climate in Spain, there is a very dense

network of hydraulic infrastructures. Thus, after China,

Spain has the second highest number of dams in the world,

Fig. 4 Drought episodes from 1989-June-3 to 1989-November-3. The map collection shows the spatial evolution pattern (North–South) of SPEI

values at selected weekly intervals

Acta Geophysica

123



but the total surface area of the country is 5% that of China.

The purpose of this dense network is to guarantee the water

supply during the frequent drought periods. For this reason,

hydrological droughts in Spain are not affected by short

term droughts, usually identified on short SPI/SPEI time-

scales. Thus, the dense reservoir network even allows a

noticeable reduction in the impact of annual drought events

(12-month) on hydrological drought conditions. For

example, the one affecting Spain in 2015 was the most

severe since records began, but it did not cause hydrolog-

ical droughts due to the large amount of hydraulic infras-

tructures. On the contrary, climate drought conditions

recorded during 2–3 years, limit the capacity of infras-

tructures to cope with drought events, and cause problems

for irrigation and water supply, as widely observed

between 1992 and 1995. For these reasons, this paper

focuses on long-term drought indices (12, 24 and

36 months), since they are really useful to assess the

severity of hydrological droughts and determine how

annual drought conditions can persist over longer time-

scales. Lorenzo-Lacruz et al. (2010) clearly illustrated how

the multiannual large reservoirs, which are frequent and the

basis for water management in Spain, are responding to

very long drought timescales[ 24-month.

Defining a drought period involves deciding which

thresholds to use, and we focused on episodes covering the

largest surface areas under defined drought thresholds. This

meant that some minor drought periods (regional to local)

were not identified in this study, but there is evidence

proving that they are frequent on the Spanish mainland

(Vicente-Serrano et al. 2014; Peña-Gallardo et al. 2016).

We hope in future to be able to analyze all drought periods

Fig. 5 Drought episode from 1992-February-1 to 1992-June-2. The map collection shows the spatial evolution pattern (West–East) of SPEI

values at selected weekly intervals
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affecting the Spanish mainland to develop a drought cata-

log. In the meantime, this research shows that when iden-

tifying outstanding global drought events, the use of

thresholds based on the drought index combined with the

surface area affected by droughts are an interesting tool,

even though they are insufficient to determine the real

severity of these events at sub-regional scales. The use of

different timescales is equally important for this purpose.

Nevertheless, this is a difficult task, since a simple

assumption of temporal propagation of the drought condi-

tions across different timescales is not so simple, as illus-

trated in this paper, for events between 1989 and 1995. In

summary, individual drought events must be put in a

temporal context because in many circumstances they are

promoted or exacerbated by past conditions.

In this study, we identified ‘‘simple’’ major drought

episodes on a timescale of 12 months. These are the less

complex droughts analyzed, and in general, they were

found at the beginning of the study period. This became

more complex when seeking to extend 12-month drought

episodes to 24- and 36-month scales, when we detected

overlapping effects at times. In these episodes, the eventual

propagation from shorter to longer timescales is much

more difficult to detect, since the drought conditions are

not clearly identified at shorter timescales. This would be

much more complex if shorter (\ 12-month) and longer

([ 36-month) scales were incorporated. In short, a drought

episode must be understood according to its temporal

context and never analyzed as an isolated feature.

Fig. 6 Drought episode from 1994-June-3 to 1995-December-4. The map collection shows the spatial evolution pattern bottom (East–West) of

SPEI values at selected weekly intervals
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Differences between drought indices

There is a progressively divergent evolution of the per-

centage of land affected by drought conditions defined by

two different drought indices for the Spanish mainland.

Given the diverse nature of the indices, it suggests that the

triggering factors driving droughts on the Spanish mainland

may have changed during the last few decades.

Various studies have suggested a possible role of global

warming on drought severity on the global scale (e.g.,

Trenberth et al. 2014) following intensification of the

hydrological cycle as a consequence of increased AED

(Huntington 2006). Nevertheless, the uncertain availability

of data is a serious drawback, and prevents a general

conclusion being drawn on this issue on a global scale

(Seneviratne et al. 2012). In this paper, we sought to avoid

these constraints in our regional analyses of drought on the

Spanish mainland using a high-resolution spatial dataset,

and the main results suggest that the surface affected by

droughts in the last two decades may be caused by different

mechanisms from previous ones.

We found that the area detected under drought condi-

tions prior to c. 1990 usually has a higher SPI than SPEI

indicator. This result suggests that prior to 1990, droughts

were mostly related to changes in precipitation, and after

1990 that, in addition to the role of precipitation variability,

the atmospheric evaporative demand (AED) has acted as

drought triggering factor. These results are coherent with

temperature and precipitation evolution on the Spanish

mainland, where the most recent studies have detected a

general temperature increase from 1951 to 2010, particu-

larly between 1970 and 1990, mostly affecting the spring

and summer minimum records (Gonzalez-Hidalgo et al.

2015, 2017), while no significant trend in precipitation was

found except for March and June (negative and significant)

between 1946 and 2005, and particularly from 1970

(Gonzalez-Hidalgo et al. 2011); the results have been

confirmed and updated to 2015 by Notivoli (2017). Fur-

thermore, recent evaluation of AED on the Spanish main-

land suggested a global increase of about 125 mm since

1960, which has been attributed to the increase in vapor

pressure deficit (Vicente-Serrano et al. 2014b). These

findings agree with the results of higher drought detection

by SPEI than SPI in the last two decades, and suggest that

the water supply to the atmosphere has not been sufficient

to cope with the water demand, in line with the warming

observed (Vicente-Serrano et al. 2014c). In brief, the global

drought framework has recently been driven by new tem-

perature conditions that control AED, irrespective of the

evolution of precipitation.

Drought event propagation processes

Spatial variability of drought events is highly complex on a

regional scale. This has been demonstrated in several

regions of the world (e.g., Skaggs 1975; Song et al. 2014;

Capra and Scicolone 2012), and also in previous analyses

in the Iberian Peninsula (Vicente-Serrano 2006b) where it

has been suggested that spatial drought patterns may differ

as a function of the timescale of the drought index, and

longer timescales may give rise to more diverse patterns,

given the longer impact of the specific local precipitation

events.

In the present study, we confirmed these previous find-

ings at high-resolution level, but the results go further and

show that there are different spatial gradients of drought

propagation.

On mainland Spain, we found three spatial drought

propagation gradients that could be linked to several fac-

tors controlling droughts. Various explanations have been

suggested for precipitation and temperature evolution

linked to global and local factors (e.g., Gonzalez-Hidalgo

et al. 2011, 2017), in which different hemispheric circu-

lation mechanisms, or more local ones, such as land use

changes, have been suggested. Regardless of the exact

reason, which is not the objective of this paper, we found

that the onset of main drought episodes followed a coast-

inland gradient, and no episodes were identified from

inland to the coast. It is highly probable that this relates to

the main sources of moisture from the Atlantic or

Mediterranean water masses (Gimeno et al. 2010), and

suggests that the low value of convective rainfalls on

annual total precipitation, mostly produced in summer and

highly irregular, thus with little effect on both drought

indices.

The spatial propagation of droughts also shows the

effect caused by the main relief features in the spatial

distribution of affected areas, and resembles the well-

known spatial areas affected by the most prominent tele-

connection patterns. Thus, under west–east propagation

episodes, the mountains act as a frontier separating the

central-western Spanish conterminous land under drought

conditions from the Mediterranean coastland that may be

under moist conditions. These features closely resemble the

spatial distribution of the North Atlantic Oscillation effects

on precipitation and temperature, particularly during the

Winter months. Under east–west propagation episodes, the

same is true in the opposite direction, and resemble the

areas affected by the Western Mediterranean Oscillation.

This mountain border effect is more evident when the

affected areas are less than 25% of total land (not analyzed

in the present paper), but clearly recognized in the case of
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1979–1980 episodes in the Mediterranean coastland (not

presented).

The third most significant results concern the onset of

drought. Apparently, drought episodes start at two different

times: (i) the cold months from autumn (1971, 1981, 1994

and 1995), and (ii) the end of winter or beginning of spring

(1965, 1992, 2005 and 2012). The differences in the onset of

droughts would be able to explain the behavior of the event,

and the differences found in the SPI and SPEI. In the first

case, when drought starts at the end of autumn it seems to

suggest that the previous summer avoided drought condi-

tions by spring–summer precipitation delayed to the begin-

ning of autumn, notwithstanding the positive significant

trend of precipitation in October, this should be taken into

account in future detailed research. In the second case, when

drought starts at the end of winter, it seems to be related with

scant winter precipitation. In brief, we can conclude that

there are different types of drought, depending on their ori-

gin, sometimes promoted by scarce rainfall (the first case), or

by means of a more complex mechanism combining low

rainfall and the different factors controlling AED.

These findings could be the reason lying behind divergence

in surface detection by SPI and SPEI, and also how drought

spreads differently according to different temporal scales.

To conclude, the high-resolution analyses of drought on

both scales, spatial and temporal, in the Spanish conter-

minous land indicates the extreme complexity of the phe-

nomenon, the need for further research, and caution when

extrapolating from general conclusions.
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