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Abstract

In this paper, series of drought occurrence and drought extension in the Iberian Penin-
sula are constructed for the 1600–1750 period from seven rogation series. These
rogation ceremony records come from Bilbao, Catalonia, Zamora, Zaragoza, Toledo,
Murcia and Seville. They are distributed across the Peninsula and include the areas5

with the most characteristic Iberian climate types, influenced by the Atlantic and the
Mediterranean conditions, described from modern data. A seasonal division of the se-
ries shows that spring is a critical season for rogation series in most of Iberia, being
Bilbao the only site were the highest number of rogations is detected for a different
season. The annual analysis of the series shows a dramatic difference between the10

period 1600–1652, when droughts are characterized by its local character; and the pe-
riod 1653–1749, when they affect to broader regions or even to the whole Peninsula.
The analysis of spring series confirms the existence of the two periods detected in the
annual analysis. Finally, secondary documentary sources are used to further charac-
terise the two most extended droughts in the period, 1664 and 1680, and to verify the15

extension of the areas affected by droughts recorded through rogation series.

1 Introduction

Drought has been exhaustively analysed in Iberia during the recent years (Pérez-
Cueva and Escrivá, 1982; Mart́ın-Vide and Gomez, 1999; Estrela et al., 2000; Ol-
cina, 2001; Gil Olcina and Morales Gila, 2001; Paredes et al., 2006; Vicente-Serrano,20

2006a, b; Vicente-Serrano and López-Moreno, 2006; Lana et al., 2008; Sousa et al.,
2010). Most of these studies have been made from instrumental records (a length of
approximately fifty years) and they focus mainly, in analysing the length of the drought
periods or their spatial extension, since those variables are very closely related with the
drought impact upon the society and the environment. Another important objective has25

been to divide the peninsula in homogeneous hydrologic regions, in order to be able
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to produce drought contingency plans for those regions. There seems to be a general
agreement that most of Iberia has experienced a trend towards drier conditions in the
recent decades, in a similar way as in many other Mediterranean regions, see Sousa
et al. (2010) for details. Additionally, projections for future drought frequency indicate
an even more noticeable increase, not only in drought frequency but also in intense5

precipitation frequency over the area (Zwiers and Kharin, 1998; Kharin and Zwiers,
2000; Tebaldi et al., 2006). However, due to the limited length of the available series,
it is difficult to assess if the recorded trend is a signature of a low frequency variability
pattern, or an anticipation of a future and drier climate in the region.

Consequently, in order to a more robust characterization of drought variability, it10

is indispensable to have series as long as possible. In Spain, precipitation series
longer than one century are very rare and there are not many studies using those
series (Vicente-Serrano, 2006a, b). In order to obtain longer precipitation time se-
ries, two have been the most important sources: tree rings (Creus-Novau et al.,
1995; Creus-Novau et al., 1997; Saz and Creus-Novau, 1999; Saz, 2003) and doc-15

umentary sources (Rodrigo et al., 1995, 1999; Garcı́a et al., 2003; Rodrigo and
Barriendos, 2008). However, it is difficult to find any paper centred in the analy-
sis of droughts temporal and spatial variability in Spain for the pre-instrumental pe-
riod. Rogations records for Zamora (Álvarez-Vázquez, 1986), Catalonia (Mart́ın-
Vide and Barriendos, 1995), Toledo, Seville and Catalonia (Barriendos, 1997), Al-20

icante (Zamora, 2002), Zaragoza (Vicente-Serrano and Cuadrat, 2007) or Toledo
(Domı́nguez-Castro et al., 2008) are also available, but they focus only on local char-
acteristics. Currently, new series and analysis are being produced for other Iberian
locations like Badajoz, Huesca, Teruel and Barbastro within the Salvà-Sinobas project
(http://salva-sinobas.uvigo.es/index/eng). In all the cited studies, frequency and in-25

tensity of droughts at a local level is analysed, however, none of them study drought
patterns at a regional scale. In this paper, we present an analysis of regional drought
patterns and their temporal variability built from some of those local rogation series for
the pre-instrumental 1600–1750 period.
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2 Data and method

The present paper analyzes drought occurrence in Spain between 1600 and 1750 us-
ing rogations as a climate proxy. Rogations are religious rites celebrated in order to ask
for a change in the meteorological situation during those periods when meteorological
conditions caused impacts on the development of crops. Two types of rogations can be5

differenced according to pluviometric regime: “pro-pluvia” rogation, the rite celebrated
when rain is needed; and “pro-serenitate” rogation, the one celebrated when rainfall is
damaging crops.

The use of rogations as climate proxies started only recently, when Mart́ın-Vide and
Barriendos (1995) described precisely the climatic and social processes which origi-10

nated the celebration of a rogation and the process in which it was recorded and kept
in historical archives so that now we can access to all their information.

The present paper is based in the use of “pro-pluvia” rogations, since they are those
with information about the absence of rain and, thus, about droughts. It has to be
kept in mind that rogations are not good proxies for every kind of drought. Wilhite15

and Glantz (1985) classified the droughts into four different types: meteorological, agri-
cultural, hydrological and socioeconomic. Rogations are good proxies for agricultural
droughts, since farmers were those who first noticed the lack of moisture for the devel-
opment of the crops and it was them who contacted civil and ecclesiastic authorities
and started the process leading to the celebration of a rogation.20

A drought is considered as agricultural when the moisture available in the soil is
not enough to allow the normal development of crops, in any of their development
stages. Thus, agricultural droughts do not depend only on meteorological conditions,
but they are sensitive to other factors. The nature of the crops themselves or the
different type of soil where they are planted can be very important elements for an25

agricultural drought to develop. As an example, corn water requirements are near
550 mm/year and 5 mm/day during summertime, while wheat water needs are only
about 300 mm/year as long as winter remains dry and spring wet. We have considered
that a drought occurs when a “por pluvia” ceremony is recorded.
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In this paper, the seven most complete rogations series in the Iberian Peninsula,
for the period 1600–1750 (Seville, Murcia, Toledo, Zamora, Zaragoza, Catalonia and
Bilbao) (Fig. 1), have been used in order to characterize the spatial and temporal vari-
ability of intense droughts in Spain. All these series have been built from primary docu-
mentary sources like Capitular Acts or Municipal Minutes (Mart́ın-Vide and Barriendos,5

1995; Barriendos, 1997; Vicente-Serrano and Cuadrat, 2007; Domı́nguez-Castro et al.,
2008; Rodrigo and Barriendos, 2008). Most of them are built from rogations from a sin-
gle archive, but the Catalonian series, which was built with data from different sites like
Girona, Barcelona, Tarragona and Tortosa, so this series being representative of the
northern Mediterranean area of Spain (Fig. 1).10

Figure 2 shows the length of the different series. It can be seen that some series
start at the late 15th century (Gerona and Tarragona) or early 16th century (Zamora
and Toledo), but many of them (Bilbao, Zaragoza, Zamora and Murcia) begin to have
an acceptable confidence level only from the late 16th or the early 17th century, due
mainly to the scarcity of administrative documentary sources in this early stage. The15

last years of most of the series, mostly in the 19th century, are clearly characterized
by a dramatic fall in the number of rogations, mostly associated to two non climatic
factors: a technical one, with better farming and irrigation methods, partly reducing
the farming dependence upon meteorological conditions. Secondly, a social factor
generated after Napoleonic Wars with strong opposition to absolutism in urban areas20

focused on anticlericalism. During the central decades of 19th century the rogations
records decay: because initially they were excluded of administrative documents of City
Councils and; then, civil authorities refused to. A preliminary comparison among all the
available series showed that the period 1600–1750 was the longest with homogeneous
data for all the series.25

Rogation series include information on a daily basis. The exact date of each rogation
is known and, additionally, we know that the bureaucratic process leading to its cele-
bration, which began when farmers decided that, a rogation was needed and ended
when the rite was celebrated, lasted about three days. However, it is not possible to
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identify spatial patterns at a daily scale from rogation series, because a perfect coinci-
dence in the day of the celebration of rogations in two different cities is very unusual,
even if rogations at those locations were indicating that both were under the same
drought episode. On the other hand, the analysis of rogation series at an annual scale
can lead to conclusions very difficult to interpret, since agricultural water needs are5

characterized by a very marked seasonal cycle. Precisely, this seasonal cycle has
as a consequence a higher number of rogations during the most critical seasons for
crop development, spring and autumn in Spain. Consequently, we decided to perform
a seasonal analysis of rogation series. We have considered that a drought has affected
one of the analysed sites when at least one rogation has been celebrated during the10

season.

2.1 Seasonality of rogation series

As previously described, rogation series are characterized by a high seasonality
caused by the march in farming water demands. But this demand is very variable
throughout the Iberian Peninsula since it depends on local climate and local farming15

needs. Consequently, rogation series at different sites are characterized by noticeable
differences in their seasonal evolution. For example, Bilbao, in the northern Atlantic
edge of the Peninsula, shows a seasonal evolution very different from the rest, with
the highest percentage of rogations being celebrated during summer, while spring is
the season the highest rogation occurrence in all other sites, particularly in Zamora,20

Toledo and Seville (see Fig. 3). In Zaragoza, Catalonia and Murcia, differences among
spring, autumn and winter are much reduced. In Seville, Catalonia and Murcia, i.e., all
the coastal areas but Bilbao, winter is the second season with most rogations, while it
is autumn in interior areas like Toledo and Zaragoza.

But seasonality is not the only difference among different regions. The number of25

rogations is very variable as well. Table 1 show that the Mediterranean regions (Cat-
alonia and Murcia) have many more rogations in the studied period than any other
region, although the number of rogation ceremonies in Catalonia could be overrated
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because it is built as a synthesized series from four different locations. The reason is
that crops in these areas are much closer to their ecological limit and, thus, they suffer
more easily from a lack of water availability for the development of their crops.

When using rogations as drought proxies, it has to be kept in mind that the intensity of
the associated drought depends on the considered season. For example, in a semiarid5

region where dry-land crops are grown, a small delay in the beginning of spring rains
can lead to the celebration of rogation due to the potential loss of the crops, while in
summer, no rogation would be made unless the scarcity of water is so big that there
is not enough for cattle or even for human use. Similar arguments are valid for the
different sites studied in this paper. The percentage of water deficit which will cause10

damage in crops grown in wet lands (like Bilbao) is much higher than in semiarid areas
(Murcia) and, thus, rogations will be much more frequent in drier areas.

In summary, it can be said that the analysis of drought intensity from rogation series
will be different depending on the analysed area and on the season of their celebration.
Thus, in this work we have worked at a seasonal scale and we do not attempt to15

evaluate the intensity of the identified droughts but only their spatial extension.

3 Results

The spatial extension of drought episodes during the period 1600–1750 has been anal-
ysed using Toledo as the reference. In addition to the fact that Toledo is nearly in the
centre of the analysed sites, there are other reasons for this. First, it includes 8420

rogations, which is an intermediate number between more than 200 rogations in the
Mediterranean sites (Catalonia and Murcia) and less than 40 rogations in those sites
with the lowest number (Bilbao and Seville). Second, Toledo is characterized by the
highest values when conditional probability of simultaneous drought occurrence be-
tween any two sites is computed. Table 2 shows the conditional probability of a rogation25

celebration when a rogation is celebrated in Toledo.
As expected, the highest conditional probability values with Toledo are obtained

for Zamora. This is because they are the two cities with the most similar climate

1117

http://www.clim-past-discuss.net
http://www.clim-past-discuss.net/6/1111/2010/cpd-6-1111-2010-print.pdf
http://www.clim-past-discuss.net/6/1111/2010/cpd-6-1111-2010-discussion.html
http://creativecommons.org/licenses/by/3.0/


CPD
6, 1111–1137, 2010

Shift in spatial
pattern of Iberia

droughts

F. Domı́nguez-
Castro et al.

Title Page

Abstract Introduction

Conclusions References

Tables Figures

J I

J I

Back Close

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

D
iscussion

P
aper

|
D

iscussion
P

aper
|

D
iscussion

P
aper

|
D

iscussion
P

aper
|

(continental with Atlantic influence). The following one is Seville, again a city with
an important influence from the Atlantic. In fact, in spring, values for Seville are higher
than for Zamora. Conditional probability values for Zaragoza, with a continental cli-
mate but under Mediterranean influence, are lower. Much lower values are obtained
for Catalonia and Murcia, with a climate very different to that in Toledo. Finally, Toledo5

series is the best scrutinised rogation series in the Iberian Peninsula. From Barriendos
et al. (1997) and Dominguez-Castro et al. (2008) we know about its main features and
the length of the droughts affecting Toledo at a daily scale. Thus, our knowledge about
this series is an important background for the interpretation of the new results.

Figure 4 includes all the droughts recorded in Toledo, and shows which of them10

coincide with droughts in other regions. White boxes represent seasons when Toledo
is the only area where a rogation is celebrated. Blue boxes indicate that rogations
were celebrated in Toledo and another region (Toledo+1), green for Toledo+2, yellow
for Toledo+3, orange for Toledo+4 and red for Toledo+5. Figure 4 does not include the
Bilbao series, since only one case is coincident for this series and Toledo. That case is15

spring 1664, when rogations were celebrated in all the available locations. This lack of
coincidence between Bilbao and Toledo is due, as explained before, to the noticeable
differences between their climates and crops, as easily observable in the seasonality
of rogations previously shown (Fig. 3).

The analysis of Fig. 4a shows that, at the annual scale, two different periods are20

easily identified:

– Period 1 (1600–1652): droughts are characterized by a limited spatial extension.
Four (Toledo+3) is the highest number of regions with simultaneous droughts.

– Period 2 (1653–1749): rogations are celebrated simultaneously in a higher num-
ber of locations. Along this period, all the cases of rogations simultaneously cel-25

ebrated in five or more locations (Toledo+4 and Toledo+5) are recorded. Spring
1664, the only year with seven simultaneous rogations, is included in this period.

The seasonal analysis (Fig. 4b–e) shows that this division into two sub-periods is
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due, mostly, to spring droughts (Fig. 4c), since spring is the season with the highest
number of rogations. However, spring series has a period, between 1700 and 1734,
when droughts are very scarce and their extension is very limited, affecting only to
two (Toledo+1) or three (Toledo+2) locations, thus, with characteristics very similar to
those of period 1 (1600–1652) described in the annual analysis. In winter (Fig. 4b),5

the increase of droughts extension occurs in 1724, while it is in 1715 for autumn series
(Fig. 4e). In summer, the scarce number of rogations celebrated makes it impossible
to identify any separation between both periods.

In order to verify whether this change in the spatial extension of the drought pattern
depends on the location used for the analysis, we computed the frequency of simul-10

taneous occurrence in any of the considered locations. Figure 5 shows the results for
both periods. Here, 0 means that no droughts are recorded, 1 that it is recorded in just
one location and so on until it is detected in the seven analyzed locations. We have
done so both for period 1 and period 2 and for the different seasons (Fig. 5). As seen
in Fig. 4, the transit between both sub periods is not simultaneous for every season,15

being in 1724 for winter, 1653 for spring and 1715 for autumn. Consequently, both pe-
riods have a different length in Fig. 5. The most noticeable differences occur in spring,
when changes in drought extensions are more evident. Years with no drought (0 loca-
tions) or with local droughts (1 or 2 locations) show up during both periods with a very
similar frequency. However, widely extended droughts (5, 6 or 7 locations affected) do20

not appear during period 1 (1600–1652). Droughts affecting to 4 locations (intermedi-
ate extension) are nearly as frequent during period 1 as during period 2; and it is with
droughts affecting 3 locations where the biggest differences are identified, being during
period 1 more than double than during period 2.

These differences are not so well marked in the other seasons. Winter and autumn25

show drought frequencies very similar along both periods for 3 locations (autumn) and
4 locations (winter). Period 2 shows a slight increase in the frequency of droughts
affecting 5 or 6 locations during winter, and for droughts affecting 4 or 5 locations
during autumn.

1119

http://www.clim-past-discuss.net
http://www.clim-past-discuss.net/6/1111/2010/cpd-6-1111-2010-print.pdf
http://www.clim-past-discuss.net/6/1111/2010/cpd-6-1111-2010-discussion.html
http://creativecommons.org/licenses/by/3.0/


CPD
6, 1111–1137, 2010

Shift in spatial
pattern of Iberia

droughts

F. Domı́nguez-
Castro et al.

Title Page

Abstract Introduction

Conclusions References

Tables Figures

J I

J I

Back Close

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

D
iscussion

P
aper

|
D

iscussion
P

aper
|

D
iscussion

P
aper

|
D

iscussion
P

aper
|

These results confirm that the shift in the drought pattern during the mid 17th century
is not a characteristic of the Toledo series but it is a general feature for the whole Iberian
Peninsula. It is seen, as well, that this shift is more evident during spring than in any
other season, even when this fact could be due to the bias induced by the proxy used.
This was expected since spring is the season with the highest number of rogations and5

when the development of traditional Iberian crops is more critical.
Precipitation in the Iberian Peninsula, and droughts, show a high spatial variability

caused by its orographic complexity and to the high number of atmospheric mechanism
processes affecting precipitation. These physical mechanisms and its consequences
have been studied and related with the main patterns of atmospheric circulation in the10

Atlantic sector and at hemispheric and global scales (von Storch et al., 1993; Mart́ın-
Vide and Fernandez, 2001; Pozo-Vázquez et al., 2001, 2004). Precipitation over the
Peninsula has been studied, as well, associated with different weather types (Goodes
and Palutikof, 1998; Trigo and DaCamara, 2000; Goodes and Jones, 2002; Paredes
et al., 2006; Vicente-Serrano and López Moreno, 2006).15

In order to analyse droughts affecting to those regions with differenced precipita-
tion patterns, we have classified three different types: Mediterranean (affecting, at
least, Catalonia, Murcia and Zaragoza); Atlantic (affecting, at least, Seville, Toledo and
Zamora) and Iberian (affecting to the six locations). This division was made based in
the studies cited in the previous paragraph and confirmed by the conditional probability20

analysis performed with rogation series (Table 2, for Toledo). In fact, this distribu-
tion resembles much to that presented in Vicente-Serrano (2006b), when they analyze
Iberian agricultural droughts from instrumental data, even when we use only 7 sites
and, consequently, contours are not so well defined as in their classification, made
from 51 observation points.25

Time evolution of the three drought types is presented in Fig. 6 (boxes). This fig-
ure shows very clearly the separation between period 1 (1600–1652), when no re-
gional droughts are identified; and period 2 (1653–1750), with abundance of regional
droughts. Again, from this figure, it becomes evident that the shift in drought pattern in
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1653 affects to the whole Peninsula and not only to parts of it.
Figure 6 also shows that period 2 has a differenced sub-period within it, between

1700 and 1737 (discontinuous line), when only Mediterranean droughts are identified.
In fact, this sub-period coincidences with the period when the spatial extension of the
spring droughts was very limited, similar to period 1 in the main division (Fig. 4c).5

However, Fig. 6 shows that this sub-period is very different to period 1, since in period
1 no droughts are identified at all, while, along this new sub-period, Mediterranean
drought frequency is very similar to the rest of period 2, but with no Atlantic droughts.

4 Discussion and conclusions

Rogation series suggest a shift in the drought distribution pattern in the Iberian Penin-10

sula near 1652, with two clearly differenced periods: period 1 (1600–1652), when lo-
cal droughts, affecting only a few sites in the Peninsula, are dominant; and period 2
(1653–1750), when droughts affect to more sites simultaneously and regional or penin-
sular scale droughts can be identified.

This idea is reinforced when other documentary sources are consulted in order to15

better describe particular drought episodes. A detailed analysis from secondary doc-
umentary sources (ARAMM, 1850; Villar and Macias, 1887; Estrada Segalerva, 1970;
Fontana Tarrats, 1971–1977; 1974–1975; 1976; Álvarez Saenz de Buruaga, 1994;
Ramı́rez de las Casas Deza, 1995) is presented for two of the most extended droughts
identified with rogation series:20

– Spring 1664: the only drought affecting to all the seven sites with rogation series
(Fig. 7a and Table 3).

– Spring 1680: drought affecting to all sites but Bilbao. It is the longest last-
ing drought between 1506 and 1900 in Toledo (Dominguez-Castro et al., 2008)
(Fig. 7b and Table 4).25

Figure 7, Tables 3 and 4 includes many of the locations where secondary documentary
sources with information about these droughts and their effects have been found. It
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shows that both drought episodes are homogeneously distributed throughout most of
the Iberian Peninsula, with no gaps in the documentary references about the drought
or its impacts. The exception in the north of the Peninsula, in the 1680 drought, was
expected known that Bilbao had no rogation registered for that year and season.

Additionally, secondary documentary sources provide information about the intensity5

of the drought. Both analysed cases, 1664 and 1680, were severe droughts, being the
second one more severe. In 1664, the drought did not only affect the crops, but also de
cattle. Villar y Macias (1887) wrote about its impact in Salamanca: “the drought steril-
ized the fields and caused big mortality among the cattle”; also in Burgos, where farm-
ers were concerned about cattle: “there is not enough water for the pasture” (Fontana10

Tarrats, 1971–1977). References about the drought in 1680 describe it as very long.
In the Balearic Islands, it almost did not rain between February and October (Fontana
Tarrats, 1974–1975): “Rogations begin on February 11th with very limited success.
Crops are scarce. Wells dry up and La Palma irrigation ditch was narrowed with al-
most no water. It barely rained until mid October”. In Cuenca, an extreme drought is15

described by Fontana Tarrats (1971–1977): “An extreme drought in Cuenca, water is
scarce even in the snow wells”. And in Castilla la Nueva (southern half of the central
Iberian Plateau), the drought began in the previous winter (ARAMM, 1850): “It was
noticeable the dryness in Castilla la Nueva during winter and spring . . . ”.

Another difference between the two droughts is the date, the Table 3 show that most20

of the rogation ceremonies in 1664 were in April and May nevertheless in 1680 were in
March and April (Table 4).

Thus, secondary documentary sources reinforce the results obtained from rogation
series. Additionally, these sources are useful to obtain a better estimation of the spa-
tial extension of the droughts and provide new information about their intensity and25

duration.
Finally, it is noticeable that the spatial shift in the Iberian droughts pattern (1653)

matches quite well with the onset of the Maunder Minimum (1645–1715) (see Fig. 6).
All the Iberian droughts and all the Atlantic droughts, but the one in 1739, are identified
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during this minimum in solar activity. Even if speculative, this coincidence could be
indicating that solar activity could be a relevant forcing for this shift. However, this
asseveration should be considered with caution, since there are no previous studies
detecting this relationship during the instrumental period and we lack of a physical
mechanism to explain it.5
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1970.5
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Table 1. Number of years with rogations for every season and for the whole year.

Location Winter Spring Summer Autumn Sum

Toledo 14 46 4 20 84
Zamora 4 46 5 4 59
Zaragoza 15 39 9 24 87
Seville 12 19 0 8 39
Catalonia 61 102 31 58 252
Murcia 81 78 3 63 225
Bilbao 1 6 14 2 23
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Table 2. Conditional probability of rogation celebration when a rogation has been celebrated in
Toledo.

Winter Spring Summer Autumn

Seville 0.33 0.79 ∗ 0.38
Catalonia 0.16 0.39 0.03 0.17
Murcia 0.11 0.27 0.00 0.14
Zamora 0.50 0.52 0.00 0.75
Zaragoza 0.27 0.41 0.11 0.25

∗ No rogations on this site and season.
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Table 3. Sites with a drought documentarily registered in spring 1664, location, date and detail
about the information extracted.

No Locality Celebration/Cause Date

1 Bilbao General procession/high necessity of water for production 7 May
(fruits of the earth)

2 Merindad General procession/scarcity of water for the pasture 26 May
de Ubierna

3 Burgos General procession/by the drought 8 May
4 Soria Simple rogations/by the drought Spring
5 Zamora Exhibition of images/water needs for breads and fruits 19 Apr
6 Zaragoza Masses and processions with the intercessor within the church/ Apr

by the drought
7 Barcelona Simple rogations/by the drought 15–27 May
8 Salamanca General procession/by the drought 20 Apr–23 May
9 Toledo General Procession/by the great scarcity of water 1 Feb–15 May

10 Badajoz General Procession/by the great infertility due to the drought May
11 Úbeda General Procession/extreme drought 2 May
12 Córdoba General Procession/extreme drought First days of Apr
13 Jaén General procession/by drought Spring
14 Murcia Exhibition of images/by the great needs of water on the fields 24 Mar–9 May
15 Sevilla General procession/by the scarcity of water 28 Apr
16 Loja Petition in church/by drought 2 Sep
17 Malaga General procession/to remedy the drought was agreed to bring 5 May

water through from the river Guadelmedina to supply fountains
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Table 4. Sites with a drought documentarily registered in spring 1680, location, date and detail
about the information extracted.

No Locality Celebration/Cause Date

1 Soria General procession/by the drought and thanksgiving 30 Apr
masses for the rain obtained

2 Valladolid Exposure of the intercessor in church/great drought 4 Apr
3 Zamora General procession/by the water shortage 11 Feb–28 Apr
4 Zaragoza Masses and processions with the intercessor within Mar–Aug

the church/by the drought
5 Barcelona General procession/4 months without rain, the winds 16 Feb–17 May

dry up the crops
6 Salamanca Exposure of the intercessor in church/by the drought 31 Mar
7 Segovia Exposure of the intercessor in church/by the drought, 26 Mar

in may thanksgiving masses
8 Madrid General procession/drought in Castilla la Nueva Apr
9 Cuenca General procession (20 000 people)/even the snow 4 Apr

wells are dried. The last rain was 26 Dec 1679
10 Toledo General procession/by the drought, thanksgiving 17 Mar

masses 14 May
11 Badajoz General procession/by the drought 21 Mar
12 Cáceres General procession/no rainfall in the first three 8 Mar–21 Apr

months, and the last autumn was drier
13 Jerez de los caballeros General procession/by the drought Apr
14 Aspe General procession/by the drought 10–31 Mar
15 Murcia General procession/by the lack of water for the crops 13 Feb–4 Apr
16 Jaén General procession/by the drought Spring
17 Sevilla General procession/by the gravity of the drought 8–23 Mar

for the land and fruits
18 Almeŕıa Extraordinary rogation/by the drought 29 Mar
19 Jerez de la Frontera General procession/by the drought Apr
20 Medina sidonia Petition in church/lack of rain Spring
21 Conil Petition in church/lack of rain Spring
22 Mallorca Petition in church/the wells and the Palma channel 11 Feb

were dry, barely rain until halfway through October
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Fig. 1. Location of the rogation series used in this manuscript.

1131

http://www.clim-past-discuss.net
http://www.clim-past-discuss.net/6/1111/2010/cpd-6-1111-2010-print.pdf
http://www.clim-past-discuss.net/6/1111/2010/cpd-6-1111-2010-discussion.html
http://creativecommons.org/licenses/by/3.0/


CPD
6, 1111–1137, 2010

Shift in spatial
pattern of Iberia

droughts

F. Domı́nguez-
Castro et al.

Title Page

Abstract Introduction

Conclusions References

Tables Figures

J I

J I

Back Close

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

D
iscussion

P
aper

|
D

iscussion
P

aper
|

D
iscussion

P
aper

|
D

iscussion
P

aper
|

Fig. 2. Length of rogation series. Darker areas denote a higher confidence in rogation series
quality.
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Fig. 3. Rogation series seasonality at the seven analysed sites.

1133

http://www.clim-past-discuss.net
http://www.clim-past-discuss.net/6/1111/2010/cpd-6-1111-2010-print.pdf
http://www.clim-past-discuss.net/6/1111/2010/cpd-6-1111-2010-discussion.html
http://creativecommons.org/licenses/by/3.0/


CPD
6, 1111–1137, 2010

Shift in spatial
pattern of Iberia

droughts

F. Domı́nguez-
Castro et al.

Title Page

Abstract Introduction

Conclusions References

Tables Figures

J I

J I

Back Close

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

D
iscussion

P
aper

|
D

iscussion
P

aper
|

D
iscussion

P
aper

|
D

iscussion
P

aper
|

Fig. 4. Annual and seasonal simultaneous rogations in Toledo (T) and any other site, Seville
(S), Catalonia (C), Murcia (M), Zamora (Zm), Bilbao (B), Zaragoza (Zr), for the period
1600–1750.
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Fig. 5. Frequency of different drought extensions during periods 1 and 2 in winter, spring, and
autumn.
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Fig. 6. Boxes identify spring droughts: Iberian (dark gray), Mediterranean (light gray) and
Atlantic (black). The lower line indicates the yearly sun-spot number (right axis; data from
Group Sunspot Number ).
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Fig. 7. Sites with a drought documentarily registered in spring 1664 (a) and spring 1680 (b).
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