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1. INTRODUCTION

The North Atlantic Oscillation (NAO) is the most sig-
nificant driver of winter climatic variability over the
North Atlantic region, and one of the most broadly
studied climatic indices in the literature (Hurrell et al.
2003). According to Linés (1981), much of the rainfall
in the Iberian Peninsula is due to frontal systems com-
ing from the North Atlantic. One therefore expects a
relationship to exist between the rainfall series
measured over the Iberian Peninsula and the NAO.
Indeed, such teleconnections between the North
Atlantic and large-scale weather over Europe have
been demonstrated by, e.g., Ratcliffe & Murray (1970),
Meehl & van Loon (1979), Barnett (1984), García et al.
(2001), and Trigo et al. (2002). With respect to the Iber-

ian Peninsula, the influence of the NAO on the penin-
sula’s rainfall has been shown by several workers,
including Zorita et al. (1992), Rodríguez-Puebla et al.
(1998), García et al. (2002), Goodess & Jones (2002),
Mateos et al. (2002), Muñoz-Díaz & Rodrigo (2003),
and Trigo et al. (2004). However, these studies used
monthly rainfall series, so that the only characteristic of
rainfall studied was the accumulated quantity in each
month. In the present work, we take the study of this
NAO-Peninsula rainfall relationship a little further, by
using a temporal scale that reflects the structure of the
rainfall: the daily time-scale more clearly. Due to the
episodic character of rainfall, an exhaustive study
needs to analyze both the frequency of occurrence and
the intensity of the events. At the daily scale in partic-
ular, the structure of the rainfall is related to the
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sequence of dry days and wet days and the value of the
daily accumulated rainfall. The importance of studying
these different characteristics of rainfall — frequency,
intensity, and duration of events — in the context of a
changing climate has been noted by Trenberth et al.
(2003), among others. There are various statistical
models in the scientific literature that take these char-
acteristics of precipitation into account in studying
rainfall processes. These include Markov chains,
recurrence theory, Poisson processes, and Neyman-
Scott cluster models (see Waymire & Gupta 1981 for
more information). Their results, however, are some-
times difficult to interpret because of the complexity of
the dual analysis of both the frequency and the inten-
sity of precipitation. In the present study, therefore,
instead of applying one of these statistical models
directly to the daily rainfall series, we use a technique
now recommended and directed by CLIVAR through
the Expert Team on Climate Change Detection, Moni-
toring and Indices (ETCCDMI, www.clivar.org/organi-
zation/etccd/): the creation of rainfall indices as indica-
tors of climate variability. These series of daily rainfall
indices simplify the analysis of the structure of the
rainfall on a daily time-scale. In particular, using the
daily rainfall data series, we constructed series of rain-
fall indices based on the frequency and intensity of the
rainfall events by defining different categories of rain-
fall exceeding certain thresholds. As frequency indices
we took the number of rainy days and dry spells in
each category, and as intensity indices the values of
accumulated rainfall in each category and the rainfall
maxima. Because of the high degree of seasonality of
rainfall in the Iberian Peninsula, each index was
evaluated separately for each season as follows:
spring (March-April-May), summer (June-July-
August), autumn (September-October-November),
and winter (December-January-February). 

For each observatory and season, we applied a
rank-based Kendall test as a measure of the corre-
lation between the NAO index series and each of the
series of indices. This non-parametric test was
selected due to the non-normality of the daily rainfall
events in Iberia. The resulting Kendall statistic rk and
its significance level was also subjected to a spatial
study. 

Thus, the main aims of the present work were: (1) to
study which daily rainfall indices in Iberia are influ-
enced by the NAO index; (2) to identify spatially coher-
ent regions with a common influence of the NAO.

The structure of the paper is as follows: Section 2
describes the data used for the study and the construc-
tion of the rainfall index series. The relationships found
between the NAO index and the rainfall index series
are discussed in Section 3. The pertinent conclusions
are presented in Section 4. 

2. DATA

The data used in this study were daily rainfall series
at 35 observatories distributed over the Iberian Penin-
sula during the period 1958 to 1997. They were kindly
supplied by 3 sources: Instituto Nacional de Meteo-
rología de España (INM, www.inm.es), European Cli-
mate Assessment and Dataset (ECA, http://eca.knmi.
nl), and Real Instituto y Observatorio de la Armada
Española en San Fernando (Cádiz) (ROA, www.roa.
es). A selection was made from a larger set of data
series, taking into account their temporal extension
with as few gaps as possible (in all cases <2%), and
their spatial location in order for the sample to be rep-
resentative of the orographic diversity of the Iberian
Peninsula. The data were first represented graphically
for a preliminary verification of the goodness of their
behaviour. A further check of the homogeneity of the
series by means of Buishand tests (Buishand 1982)
showed all the series to be homogeneous. 

As noted above, the daily rainfall series were broken
down into frequency and intensity in order to extract
information on rainfall structure. It was therefore nec-
essary to distinguish different types of rainfall by
defining specific thresholds representative of each
type. 

There is no uniformly accepted criterion in the liter-
ature for the definition of such thresholds. Some
authors take fixed thresholds to study their rainfall
series, based on a specific value of the rainfall that
depends on the pluviometric status of the region under
study (e.g. Karl & Knight 1998, Brázdil et al. 1999,
Kunkel et al. 1999, Brunetti et al. 2002, and García-
Herrera et al. 2003). Others opt for the use of spatially
variable thresholds based on certain percentiles of
rainfall, but these are usually applied to the study of
intense rain, using the higher percentiles (Suppiah &
Hennessy 1998, Nicholls & Murray 1999). 

In our case, the choice of the most appropriate cri-
terion was somewhat complicated. The orographic
diversity of the peninsula and local phenomena cause
the intensities to vary sharply from one observatory to
another. A choice of fixed thresholds does not seem
therefore to be very suitable for establishing the differ-
ent categories of the peninsula’s rainfall. While spatially
variable thresholds seem preferable, any given cate-
gory would then include very dissimilar rainfall values
from different regions. The criterion finally adopted
aimed at a compromise between the 2 definitions, tak-
ing as fixed thresholds the average over all the obser-
vatories of the values of certain percentiles of seasonal
rainfall. In particular, the 33% percentile was taken as
the light/moderate boundary, and the 66% percentile
as the moderate/intense boundary. The observed mean
values for these percentiles were 2.5 mm and 7.5 mm,
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respectively (daily values). In addition to the light,
moderate, and intense rainfall events, a further cate-
gory, very intense precipitation events, was considered
because of their importance due to the damage that
they can cause. The very intense rainfall boundary was
taken to be the 90% percentile. The corresponding
observed mean value was approximately 15 mm. Hay-
lock & Nicholls (2000) took a similar approach in a
study of rainfall in Australia because of the great spatial
variability of rainfall intensity over that continent.
Hence, with the same thresholds for all the stations, we
established 4 categories of rainfall in the peninsula:
light (0.1–2.5 mm), moderate (2.5–7.5 mm), intense
(>7.5 mm), and very intense (>15 mm). These, together
with the total rainfall (>0.1 mm), constitute the set of
categories for which the rainfall indices are evaluated.
They are consistent with those used in the ECA 
project (http://eca.knmi.nl/documents/Appendix_E.pdf),
but adapted to the values of rainfall in Iberia. 

Seasonal series of rainfall indices were constructed
from the daily rainfall series for each of the 35 observa-
tories. One set of series, related to the frequency of
rainfall, consisted of the number of rainy days in the
categories of total, light, moderate, intense, and very
intense rainfall, for each season of the year. Also
related to the frequency, and complementary to the
previous set, were the series of medians and maxima of
dry spells counting the number of dry days between 2
total rain events. Series related to rainfall intensity
were constructed based on the accumulated rainfall in
each category during each season. The maxima of sea-
sonal rainfall were also studied. These indices are
included in the definitions of the 27 ETCCDMI
core indices (http://cccma.seos.uvic.ca/ETCCDMI/
index.shtml). The description of this set of indices is
summarized in Table 1 for frequency and intensity,

respectively. Further information about the spatial dis-
tribution of the frequency indices over Iberia may be
found in Gallego et al. (2004). These series of indices
reflect the structure of the peninsula’s rainfall, and
may allow one to determine any relationship that exists
between the NAO and the different categories of rain-
fall over the Iberian Peninsula. In order to check for the
possibility of an increasing number of low precipitation
events due to improvements in rain gauges, the light
and total categories were re-computed taking 1 mm as
the rainfall minimum. No significant differences were
found in the results between the 2 minimum rainfall
values. 

3. RELATIONSHIP BETWEEN THE NAO INDEX
AND THE SERIES OF RAINFALL INDICES

The NAO is one of the most prominent and recurrent
patterns of atmospheric circulation variability, and dic-
tates the climatic variability of a great part of the
Northern Hemisphere (Hurrell et al. 2003). In the
region of study of the present work, it is known that the
index with both the most intense signal and the great-
est influence on the Iberian Peninsula is the winter
NAO index (wNAO). To determine which characteris-
tics and categories of the daily rainfall over Iberia are
influenced by the NAO index, 2-sided rank-based
Kendall tests as measures of the correlation were per-
formed between each series of rainfall indices and the
NAO index series. The null hypothesis of the Kendall
test was the non-existence of any association1 between
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Category Description

Rainfall frequency
Number of rainy days Total Seasonal count of days when PRCP ≥ 0.1 mm 

Light Seasonal count of days when 0.1 mm ≤ PRCP < 2.5 mm 
Moderate Seasonal count of days when 2.5 mm ≤ PRCP < 7.5 mm 
Intense Seasonal count of days when PRCP ≥ 7.5 mm 
Very intense Seasonal count of days when PRCP ≥ 15 mm 

Dry spells Medians Seasonal median of no. of consecutive days with PRCP < 0.1 mm 
Maxima Seasonal maximum of no. of consecutive days with PRCP < 0.1 mm 

Rainfall intensity
Accumulated rainfall Total Seasonal rainfall amount when PRCP ≥ 0.1 mm 

Light Seasonal rainfall amount when 0.1 mm ≤ PRCP < 2.5 mm 
Moderate Seasonal rainfall amount when 2.5 mm ≤ PRCP < 7.5 mm 
Intense Seasonal rainfall amount when PRCP ≥ 7.5 mm 
Very intense Seasonal rainfall amount when PRCP ≥ 15 mm

Rainfall maxima Seasonal maximum 1-day precipitation 

Table 1. Indices of rainfall frequency and intensity. PRCP: precipitation

1We use the term association to mean a statistically significant
correlation obtained by means of the rank-based Kendall
test as a measure of the correlation between 2 variables
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the NAO and the respective rainfall index, and the
alternative hypothesis was the existence of such an
association, independently of whether it be positive or
negative. The sign of the association was taken to be
the sign of the Kendall statistic, rk. The evaluation of
the test was made for 2 significance levels: 10% and
5%. The NAO series used were those constructed by
Hurrell 1995  (www.cgd.ucar.edu/cas/jhurrell/indices.
html). These series and the rainfall index series are
seasonal. The period of study chosen was 1958 to 1997.
Since we believed the wNAO to be the strongest over
our region, we performed preliminary correlations
between the wNAO and the rainfall indices in each
season by means of the Kendall test. The most signifi-
cant values of rk (~ ±0.6) were obtained with the winter
data. The other seasons — spring, summer, and
autumn — gave lower and very isolated significant val-
ues of rk (~ ±0.2). Season-to-season calculations, corre-
lating the NAO index in each season with the series of
rainfall indices in the same season, gave practically the
same results, and only in winter was a significant asso-
ciation found. Henceforth, therefore, we shall only pre-
sent the results for that season. 

The number of associations found in winter for the
period 1958 to 1997 is summarized in Table 2. Many of
the observatories present a negative association in the
Kendall test for the series of number of rainy days,
accumulated rainfall, and rainfall maxima, whereas
dry spells present a positive association with the
wNAO. This is consistent with the findings of Muñoz-
Díaz & Rodrigo (2003) and Yiou & Nogaj (2004) that, in
southern Europe, rainfall extremes are controlled by
NAO– (floods) and NAO+ (droughts). Only for the cat-
egory of light rainfall, both in number of cases and in
accumulated rainfall, does there exist a mixture of
negative and positive associations. 

With respect to the number of cases, the greatest
number of associations observed (all negative) corre-
sponds to the total and intense categories of winter
rainfall. With respect to the accumulated rainfall also,
the total and intense rainfall categories present the
greatest number of negative associations with wNAO.
For both the frequency and intensity characteristics,
the categories that follow in the number of associations
found are those of moderate and very intense rainfall
(with the same number) and, finally, light rainfall. This
suggests that the association between wNAO and the
total rainfall indices, both in the number of rainy days
and in the accumulated values, is mainly through the
influence of the wNAO on the intense rainfall rather
than on light rainfall. This hypothesis is further sup-
ported by the values of the rk statistic given by the
Kendall test. Figs. 1 to 6 show maps of these values
for various daily rainfall indices at all of the observa-
tories, constructed by interpolation over the Iberian

Peninsula in order to check for the existence of coher-
ent regions having a similar association with wNAO.
For the total rainfall category in winter, Figs. 1 & 2
show the existence of a strong association between the
wNAO and the number of rainy days and the accumu-
lated values, respectively. The greatest values (in
absolute terms) of this association correspond to a
large area which includes the west, southwest, and
interior of the Iberian Peninsula, and are found for the
category of intense winter rainfall both in number of
cases and in the accumulated values, as shown in
Figs. 3 & 4. 

The behaviour of the maxima of the dry spells is
opposite to that of the total number of rainy days, there
being a positive correlation with wNAO over an exten-
sive region of the peninsula (Fig. 5). The medians of
the dry spells do not seem to be affected by NAO as
much as other indices. They have a positive association
for about half of the observatories, but without any
spatial coherence. This may be due to the robustness of
this index as an estimator, so that one would expect it
to be less affected by external agents. The rainfall
maxima, although with lower values of the statistic,
show negative associations in the region of the great-
est wNAO influence (Fig. 6), and there is also a nega-
tive association between wNAO and accumulated
rainfall. In agreement with the findings of monthly
data analyses, the smallest associations correspond to
observatories near the Mediterranean and Cantabrian
Seas. For the rest of the rainfall indices, the values of
the correlation are smaller, and local patterns of
behaviour appear that give rise to isolated regions in
the maps that are very difficult to interpret. 
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– + WA

Number of rainy days
Total rainfall 29 0 6 
Light rainfall 12 1 22 
Moderate rainfall 25 0 10 
Intense rainfall 29 0 6 
Very intense rainfall 25 0 10 

Dry spells
Medians 0 18 17 
Maxima 0 27 8 

Accumulated rainfall 
Total rainfall 29 0 6 
Light rainfall 17 1 17 
Moderate rainfall 24 0 11 
Intense rainfall 29 0 6 
Very intense rainfall 24 0 11 

Rainfall maxima 17 0 18

Table 2. Number of associations found between the wNAO
series and each of the winter series of rainfall indices. WA: 

without association
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Fig. 1. Kendall test of the association: winter NAO index
(wNAO) – total number of rainy days in winter. Symbols ex-

plained below
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Fig. 4. Kendall test of the association: wNAO – accumulated
intense rainfall in winter. Symbols explained below

Fig. 5. Kendall test of the association: wNAO – maxima of dry 
spells in winter. Symbols explained below

Fig. 2. Kendall test of the association: wNAO – total accumu-
lated rainfall in winter. Symbols explained below

Fig. 3. Kendall test of the association: wNAO – number of 
intense rainy days in winter. Symbols explained below

Fig. 6. Kendall test of the association: wNAO – maxima of 
rainfall in winter. Symbols explained below

Legend to figures: Isolines show the value of the Kendall statistic rk. Symbols show the significance level for each observatory:
5% (filled triangles) and 10% (hollow triangles). The orientation of the triangles indicates the positive (up) or negative (down) 

character of the associations found, and crosses indicate no association
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It is known that a negative association exists be-
tween wNAO and the monthly accumulated rainfall
which is especially marked in the west and southwest
of the Iberian Peninsula. As can be seen in Figs. 1 to 4,
this negative association carries over to other indices of
daily rainfall. Similar zones emerged for the rainfall
indices that presented the greatest associations with
the wNAO: the west and southwest of the Iberian
Peninsula together with the interior as the best corre-
lated regions, with a negative association to the wNAO
index; the Mediterranean coast and the north of Iberia
as the worst correlated regions, almost without associ-
ation to wNAO; and the rest of the Iberian peninsula,
with less marked behaviour. This distribution of the
correlation is coherent with the correlations reported
by other workers, such as Goodess & Jones (2002), at
the monthly and seasonal scales for rainfall amounts
over Iberia, and the small associations found close to
the Mediterranean Sea and the north of Iberia are in
agreement with conclusions drawn from the monthly
data (Hurrell 1995, Rodó et al. 1997, Esteban-Parra et
al. 1998). 

4. SUMMARY AND CONCLUSIONS

The influence of the NAO on monthly precipitation
over Iberia has been well documented. In the present
study, we went one stage further by analyzing this
influence on the daily rainfall over this area, taking into
account the characteristics of the precipitation repre-
sented by frequency and intensity. In particular, defin-
ing frequency and intensity rainfall indices for different
rainfall categories, we explored which characteristics
and categories of daily rainfall over Iberia are in-
fluenced by the NAO index, and identified spatially
coherent regions with a common influence of the NAO. 

The results confirmed that the wNAO is negatively
well-correlated with rainy spells corresponding to
large amounts of rainfall, in both frequency and inten-
sity, over the west, southwest, and interior of the Iber-
ian Peninsula. It is also significantly negatively corre-
lated with the winter rainfall maxima, and positively
well-correlated with the winter maxima dry spells.
From these results, one could say that the wNAO
essentially affects the category of intense rainfall, both
in frequency and in accumulated values, and that other
categories of rainfall (especially light and moderate)
are less affected by changes in wNAO. Hence, the
association between the wNAO and the winter total
rainfall indices, in number of cases and in accumulated
values, is primarily due to the effect that wNAO has on
intense winter rainfall. 

The reason may be that a NAO negative phase has a
weak subtropical high pressure centre, with the storm

track at lower latitudes than usual. This allows cyclonic
perturbations and associated frontal systems to pass
across the Iberian Peninsula. They bring moisture-
enriched air (Hurrell 1995) that drives intense precipi-
tation especially over the west, southwest, and interior
of Iberia, the regions most affected by these frontal
systems coming from the North Atlantic Ocean (Linés
1981). A NAO positive phase would drive these frontal
systems to higher latitudes and their effects over Iberia
would be restricted to the northwest. Precipitation over
the Mediterranean coast is due less to the effect of
these frontal systems than to the mesoscale system
associated with more local convective phenomena,
hence its weak association with NAO. 

These features would explain why the spatial distri-
bution of the Kendall statistic rk evaluated for each
winter rainfall index - wNAO pair of series showed the
west, southwest, and interior of the Iberian Peninsula
to be the regions best correlated with the wNAO, and
the Mediterranean coast and north of Iberia to be the
worst correlated zones. These results are consistent
with those obtained by other workers using monthly
data, and indicate that the marked changes observed
at the monthly scale are related to changes in the fre-
quency of the intense categories of daily precipitation.
Our current research efforts focus on identifying the
more detailed physical mechanisms that underlie the
present findings, in part following the lines set out by
Corte-Real et al. (1999), Ulbrich et al. (1999) and
Goodess & Jones (2002) for the monthly scale data. 
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