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the sense that each of the patterns tends to highlight distinct localities and their areas of influence do not
overlap exceedingly. All the PGs appear clearly associated with the topographic entities of the region
(Figure 2). The relative position of these entities and the main rain-bearing atmospheric systems will
determine the occurrence of these idealized patterns. Although the attribution of meteorological causes to
the rainfall patterns is not the objective of this work, we made a visual inspection of a sample of
meteorological maps for each cluster (as given by ECMWF gridded analyses), in order to better interpret
each PG.

S1 represents rainfalls almost exclusive of western Andalucia, especially in its westernmost part. The
maximums are found, therefore, in the mountains of Sierra de Aracena. A secondary maximum is found
about Sierra de Ronda, which also participates actively in other PGs. As emphasized in Romero et al.
(1998b), Sierra de Ronda is a peculiar zone, favourably exposed to a wide range of flows, and as a
consequence presenting the maximum yearly rainfalls of the whole region. Pattern S1 is principally
associated with Atlantic depressions west of the Iberian peninsula inducing southerly to westerly humid
winds over western Andalucia.

S2 characterizes quite substantial rainfalls about the Gibraltar Strait area (maximum in Sierra de
Ronda), but affecting in general the bulk of Andalucia except its eastern part. This is a very extensive
pattern that may be also reflected in Catalonia region, especially in the Pyrenees mountains. As S1, this
pattern is a logical result of upper level troughs close to the Atlantic coasts with the associated
low-pressure systems at low levels providing southwesterly-westerly flows over Andalucia. The teleconnec-
tion between this area and Pyrenees mountains is explained by large depressions lying about western
Spain, which provide the aforementioned flows and also warm and moistened southerly flows over the
Pyrenees mountains. Atlantic depressions are hardly effective for the remainder areas, which become
strongly sheltered (especially the southeast). As a result, this PG is characterized by little rain in these
areas.

S3 is characterized by rainfalls in the mountainous interior of central and western Andalucia, away
from the coast except in the Gibraltar Strait area. In this case, the main centre is Sierra de Cazorla, and
secondary maximums are found in Sistema Subbético, Sierra de Ronda and Sierra de Aracena. The
Pyrenees mountains, and even Sierra de Tramuntana mountains of Mallorca, can sporadically participate
in this PG. S3 pattern is principally related to the passage of cold fronts over the Iberian Peninsula, which
are associated with mid-latitude disturbances.

S4 is a particular PG of Andalucia, especially of its central part, and is maximized over the
south/southeast facing slopes close to the coast. Probably the signal over the Sistema Penibético
mountains is too weak due to the poor coverage of stations in these mountains (see Figure 2). This PG

Table I. Summary of the 11 pattern groups obtained for significant daily rainfalls (see Figure 2 for locations)

Pattern Days General area (maxima)
group included
S1 551 Western Andalucia (Sierra de Aracena, Sierra de Ronda)

S2 492 Central-western Andalucia and Pyrenees mountains (Gibraltar Strait area)
S3 388 Interior Andalucia, Gibraltar Strait area and Pyrenees mountains (Sierra de
Cazorla, Sistema Subbético, Sierra de Ronda)

S4 211 Central Andalucia (Sistema Penibético and South Coast)
S5 259 Southeast area (east-facing slopes and coastal areas)
S6 294 Southern Valencia, East Murcia, Ibiza and northern Mallorca (Sierra de Aitana
area)
S7 296 Northern Valencia and South Catalonia (Gulf of Valencia)
S8 385 East of Catalonia (coastal zones)
S9 368 Pyrenees mountains and interior Catalonia (western Pyrenees)
S10 401 Mallorca (Sierra de Tramuntana mountains)
S11 296 Mallorca and Menorca (north-eastern mountains of Mallorca)
3941
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Figure 7 (Continued)
of Sierra de Ronda, Sistema Subbético, Sistema Penibético, Sierra de Cazorla and Pyrences. PG T4

represents heavy precipitations in the southeast, and T5 is a more local PG representative of heavy
rainfalls forced by Sierra de Aitana mountains. PG T6 is characteristic of rainfalls along the coastal band

Table ITI. Summary of the eight pattern groups obtained for torrential daily rainfalls (see Figure 2 for locations)

Pattern Days General area (maxima)
group included
T1 54 Western Andalucia (Sierra de Aracena, Sierra de Ronda)
T2 77 Central-western Andalucia (Gibraltar Strait area)
T3 43 Central Andalucia and Pyrenees (Sierra de Ronda, Sistema Subbético, Sierra de
Cazorla, South Coast and western Pyrenees)
T4 57 Southeast region (east-facing slopes, Sierra de Aitana and coastal zones)
TS 47 Sierra de Aitana zone, Ibiza and northern Mallorca (Sierra de Aitana area)
T6 59 Northern Valencia (coastal areas)
T7 49 Catalonia (coastal areas)
T8 63 Mallorca and Menorca (Sierra de Tramuntana mountains)
449
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Figure 8. Seasonal distribution for the eight PGs of torrential daily rainfall

of eastern Spain, most pronounced along the Gulf of Valencia. The Catalan pattern T7 focuses its main
action on litoral and prelitoral areas; and T8 is characteristic of important rainfalls in the Balearics, with
the maximums usually found in Sierra de Tramuntana mountains.

As seen in Table III, T2 pattern is significantly more frequent than the remainder PGs, and is followed
by the Mallorca pattern T8. The least numerous group is T3, that relies importantly on interior zones.
Note that the lowest probability obtained in the last section for significant rainfalls in eastern Andalucia,
Murcia and Valencia (S4 to S7; Table I), is not observed for torrential rainfalls (Table III).

The seasonal distribution of the PGs (Figure 8) confirms a different scenario for the occurrence of
heavy precipitations than for general rainfalls (Figure 5). An accentuated maximum is observed in this
case during the autumn season. In this period, synoptic disturbances become very effective through the
strong interaction between large amounts of water vapour released from the warm Mediterranean and
coastal terrain features (Romero et al., 1997, 1998a; Doswell et al., 1998). This is the most substantial
season for all PGs except for the Andalusian patterns T1, T2 and T3, which tend to manifest higher
frequencies in winter (but not so clearly as in the general case, Figure 5). The spring season loses its
relative importance in this case, and torrential events are rarely observed during June, July and August
(none of T3 and TS5 events have occurred in 30 years).

As for significant rainfalls, the decadal distribution in this case (Figure 9) shows distinct behaviours in
the different subdomains. It is worth noting the accentuated reduction during the second decade of T4,
TS5 and T6 rainfalls, which are characteristic of the eastern peninsular regions (see Figure 7). These
patterns approximately double their frequencies in the third decade, widely exceeding the levels of
occurrence of the first decade. Such a tendency was also observed for significant rainfalls in the same
areas, but only for the first two PGs (S5 and S6 in Figure 6). Concerning the Andalusian PGs, it is
remarkable for the decrease of T3 events during the third decade (also experienced by the similar S3), and
the important increase of T2 events in the same period. The Catalan pattern T7 reduces its incidence
during the last decade, and the Balearic PG T8 shows a remarkable maximum in the second decade.

Copyright © 1999 Royal Meteorological Society Int. J. Climatol. 19: 95-112 (1999)



110 R. ROMERO ET AL.
4. CONCLUSIONS

As part of the general objective of characterizing the pluviometry of Mediterranean Spain, in this work
the authors’ attentions have been focused on the spatial distribution of rainfalls in that area. Considering
daily rainfalls of enough significance on one hand (3941; 1964—-1993), and only heavy rainfalls on the
other hand (449; for the same period), our particular objective has been to derive a simplified collection
of spatial patterns governing those events. This task has been accomplished by means of cluster analysis,
forcing all individual days to become classified in non-overlapping clusters, or pattern groups (PGs). As
a result, 11 and 8 PGs have been produced for significant and torrential rainfalls, respectively (Figures 4
and 7).

A visual inspection of those PGs confirms that the extent of region and the exposure/sheltering systems
induced by the complex topography are sufficiently important as to produce a clear regionalization of the
rainfalls. In a broad sense, three main scenarios can be easily conceived: (i) characteristic of rainfalls in
the bulk of Andalucia except its eastern part, and occasionally including the Pyrenees mountains; (ii)
representing wet events along the east-facing lands of eastern Andalucia, Murcia and Valencia, and
sometimes the Balearics and coastal Catalonia; (iii) comprising rainfalls in definite zones of the northern
part of the Spanish Mediterranean (Pyrenees mountains, eastern Catalonia—northern Valencia, or the
Balearic Islands). However, the resulting PGs complete that oversimplified model with additional details,
and have permitted a quantitative analysis of the pattern frequencies, interseasonal and interdecadal
variability, and also their persistences and links across wet episodes.

It is interesting to note that the spatial patterns obtained for both types of rainfalls are basically
equivalent. The patterns reflect in both cases the dominant role exerted by the topography for the spatial
distribution of rainfalls. Distinct seasonal distributions have been observed though. For rainfalls in
general, the western Andalucia patterns show a clear preference for the winter months, followed almost
indistinctly by spring and autumn, and are infrequent in summer, whereas for the torrential limit, winter
and autumn are similarly important and the spring season becomes unimportant. With regard to the
eastern patterns, for the general case they tend to be similarly frequent in spring and autumn, showing
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Figure 9. Interdecadal variability for the eight PGs of torrential daily rainfall
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additional peak values in winter the Balearic and southern Valencia PGs and in summer the northern
Valencia and Catalan patterns, whereas for torrential events, all of them have a clear predilection for the
autumn season.

On the other hand, whilst precipitation forecasts from mesoscale models are certainly promising, it is
thought the results here could be taken into consideration for weather forecasting tasks. Precipitation is
a very complex variable, being the final result of a wide range of atmospheric scales and their interactions.
For that reason, accurate rainfall forecasts can not be given directly by operational large-scale numerical
weather prediction models. Rather, the forecaster has to use the model outputs in combination with
regional conceptual models on rainfall distribution, which in the case of the western Mediterranean are
intimately related with the topography. Undoubtedly, once the fundamental synoptic (or sub-synoptic)
circulation patterns leading to each of the PGs is determined (this work is reserved for a following paper),
new predictive elements will be available for the regional forecaster. The distinction made between total
and torrential rainfalls may have particular sense when searching the governing atmospheric structures,
since discriminant factors of the latter type of rainfalls could be obtained. Finally, the synoptic
climatology started in this paper may contribute to assess the impact of future tendencies of the general
circulation on the rainfall regimes of Mediterranean Spain.
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