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Abstract:

The moving coefficient of variation over a 30 year period has been applied to
precipitations series in  seven meteorological stations in Andalousia, starting from the
late 18" century until 1996. These coefficients show important variability changesin the
region: periods of either strong or weak variability have been detected, describing a
cyclic pattern in these time coefficient series. A 44-year cycle is predominant in the
stations located in the northern part of the region, whereas an 88 year cycle is found in
southern Andalousia. Rainfall variability and the North Atlantic Oscillation of the
atmosphere have been compared in order to find the possible links existing between
them.
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I ntroduction.

The magjority of climatic change studies try to identify significant variations of central
tendency values of time series, especialy for temperature and less frequently for rainfall
series. These studies begin to achieve clear results in relation to temperature: increasing
minimum temperature values, particularly for urban environments. On the contrary,
rainfall research does not achieve such precise results, and in some cases discrepancies
can even be found in different studies referring to the same spatial area; that is the case
of the Mediterranean (Tabony , 1981; Djellouly et Daget, 1989; Maheras, 1988;
Maheras et Vafiaris, 1990; Benito, Orellana y Zurita, 1994). However, variability
pattern has rarely been under consideration in this type of studies. More often, this
topic has been indirectly dealt with by use of the analysis of extreme events (Kutiel et
al., 1996) and the IPCC document even uses this methodology when examining
variability trends (Houghton et al., 1996).

Therefore, variability is a major descriptive parameter for observational series, like the
central tendency ones and, for many spatiad domains, such as the Mediterranean,
variability both defines and characterises those environments having important socio-
economic effects. Thus, periods of weak variability facilitate water resource
management due to the fact that most years have rainfall values close to the annual
average. The opposite occurs when variability increases and extreme values multiply,
provoking droughts and floods, which cause negative impacts (Pita, Camarillo y
Aguilar, 1998; Aguilar y Pita, 1996).

The same considerations can be made in relation to the North Atlantic Oscillation.
Most research has been focused on trend analysis (Kalnicky, 1987; Makrogiannis et al.,
1991; Hurrel, 1995; Karl, 1995 and Ruizdelvira and Ortizbevia, 1997) but very little has
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been done to analyse its variability. So, various reasons would seem to suggest the need
for this type of study in our region.

1.- Aims, data and methods.

This paper has two main objectives, first to examine rainfall variability changes over
time, as well as identifying the temporal and spatial pattern of this parameter and,
secondly, to assesstheir relationship with the North Atlantic Oscillation.

In order to study rainfall variability in Andalousia, records from eight meteorological
stations were selected. All of them were well distributed over the region and had a

minimum record length of 60 years, as can be seen in figure 1.

Figure 1: Study area
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The homogeneity of the rainfall series was checked by using the double mass cumul
test, thus ensuring that all series were reliable and homogeneous. Only three series
presented gaps in their records and in those cases they were completed by simple linear
regression analysis with the best-correlated neighbouring station.

Rainfall variability pattern was studied using moving coefficient of variation in annual
totals for a 30-year period. The choice of this coefficient was based on its characteristic
of being a standardised measure, which alowed for the comparison between different
meteorological stations. Regarding the period length, a 30-year period was considered
according to the World Meteorological Organisation and, also, due to the fact that the
moving coefficient of variation starts to stabilise after a 30-year period; when reducing
this period length, the coefficient of variation became too fluctuating and, consequently,




the representativeness of the variability series was quite weak. When analysing time
series variability pattern , spectral techniques were applied.

The North Atlantic atmospheric circulation pattern was analysed using the NAO index
values obtained by Jim Hurrell, from 1865 to 1995 (Hurrell, 1995). This index is based
on the difference of normalized sea level pressure between Ponta Delgada, Azores, and
Stykkissholmer, Iceland.

The monthly data from the NAO index provided the basis for both annual and seasonal
totals and in these, the moving averages and the moving standard deviations for a 30-
year period were calculated. These new series, indicative of the general pattern of the
NAO index and its variability, would later be used to check for any possible
connections between rainfall variability in Andalousia and the North Atlantic
Oscillation pattern.

2.- Results.
2.1.- Rainfall variability pattern.

The application of this method shows the existence of important changes in the moving
coefficient of variation for all the series under study. Minimum values of coefficient
fal to 20%, whereas the maximum values vary between 35% to 45%, with the average
difference of variation of 15% to 20%. Nevertheless, there are certain meteorological
stations that exceed these values (seefigure 2).

The weakest variability period occurs at the end of the 19™ century for all the studied
stations. From then onwards there is a general increase in variability, with maximum
values being reached at the present times for the southern observatories, and in the
middle of the 20th century for the northern ones. In the case of the Gibraltar station,
which has a much longer record length, second maximum and minimum variability
periods are found, the former at the beginning of the 19" century and the latter in the
late 18" century and in the early 19™.

Figure 3: Pearson correlation coefficients (R) calculated between annual rainfall moving
coefficients of variation (30 years) of studied stations
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These results shed light on a spatial pattern in the region, where important differences
between the northern and southern domains are found. Pearson's correlation coefficient
was calculated between the moving coefficient of variation of all record series, and this
spatial pattern became evident, with strong links between the observatories of the same
gpatial domain (Pearson's values from 0,8 to 0,9) and weak correlation coefficients
between stations from different spatial domains (see figure 3).

To illustrate this phenomenon more clearly, the average moving coefficients of variation
in the northern and southern stations were calculated separately. Then, the spatia
pattern was particularly clear from the mid 20™ century onwards, when the southern and
northern domains began to show opposite trends (see figure 4a). Up to the 1950's, both
domains describe almost the same tempora pattern but, from then onwards the
observatories located south experience an increase in their variability index, whereas the
northern stations start to decrease.

Furthermore, the absolute differences between the coefficient values of both regions
remain constant around 3% up to the 1950's. From that date to the present time, the
differencesincrease up to 20% in recent years (see figure 4b).

Figure 4 a): Moving coefficients of variation (30 years) for the North and South
West areas
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Figure 4 b): Absolute differences between the moving coefficients of variation of the North
and South West areas
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Both spatial domains have experienced a cyclic pattern in their variability, but with
different wavelength and amplitude. In the southern domain amplitude is high, with
differences between maximum and minimum coefficient of variation values over 20%.
On the contrary, in the northern domain the wave amplitude fallsto 15%.

With respect to the wavelength, its characteristics are shown in the periodogramms of
each domain (see figure 5). For the southern one the periodogramm shows an 88 year
harmonic which explains 50% of the series variance. In the northern part of the region a
similar 89-year harmonic can be found, coinciding with the total number of the series
values and explaining 33% of the variance, but this harmonic is not the main one ; there
isa44,5 year harmonic which explains 46% of the series variance.

Figure 5: Periodogramms of the moving coefficients of variation of the North and
South areas of Andalousia
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We should emphasise the presence in both domains of an 80 to 90 year cycle, matching
the Gleisberg cycle, which has been largely documented and verified for solar activity
(Burroughs, 1992; Landscheidt, 1993; Rind et Overpeck, 1993) and which has clear
repercussions on certain climatic features like temperature (Stelmacher, 1995). Trying
to connect such different phenomena could be too risky, but it might be worth doing
more research in this direction.

2.2.- Rainfall variability and itslinkswith the North Atlantic Oscillation index.

In order to analyse the possible relation between the NAO index and rainfall variability,
the correlation matrices were calculated. First, a calculation was made between the
moving coefficient of variation (MCV) series and the mean NAO index series and,
secondly, between MCV and the standard deviation of the NAO index, both at annual
and seasonal time scale.



Many of the correlation coefficients calculated were statistically significant, but some
facts in particular should be highlighted. Firstly, the correlations between rainfall
variability and the average values of the NAO index are much stronger than the
correlations with its standard deviations, i.e., its variability. The reason behind this
apparently surprising fact could be that periods of intense rainfall variability in the
Mediterranean area are usually linked to the existence of some extremely wet years.
Such years are generally associated with meridian positions of the jet stream, which, in
their turn, generate very low values in the NAO index. As a consequence of this, high
values of rainfall variability usually coincide with low values in the NAO index, and
this is how the strong negative correlation existing between both magnitudes appears.
This correlation in particularly acute in the northern part of the region, where it reaches
an average value of —0,83, with an almost perfect covariation between both magnitudes,
and it is somewhat weaker in the south, where this value falls to —0,45 (see figures 6 and
7). For their part, the correlation coefficients between rainfal variability and the
variability of the NAO itself are positive and much weaker than the previous ones, only
showing any statistical relevance on very few occasions (see figure 6).

Figure 6: Correlation coefficients between annual NAO index moving average (left)
/ moving standard deviation (right) (30 years) and the moving C.V.
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Figure 7: Standardized NAO index moving average (30 years) and moving coefficients of
variation (30 years) of the North and South-West areas
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To go further in this research, different mean NAO indexes were calculated on a
seasonal time scale and correlation coefficients between rainfall variability and each of
these new NAO indexes were calculated (see figure 8). Some aspects should be
emphasised: First of all, the fact that correlation coefficients are always negative and
statistically significant, except for the summer and autumn, when correlation is positive.
The autumn high correlation value in the northern domain also stands out

Figure 8: Correlation coefficients obtained between mean seasonal NAO index and annual
rainfall moving coefficients of variation
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Secondly, the role of winter in differentiating between the northern and the southern
domains in the region. In the southern domain the winter NAO index is the one that
better correlates with rainfall variability (-0,81). If we extend the NAO index period, the



correlation value decreases as we enlarge the index to include more months; when
considering the annual average, the correlation coefficient drops to -0,45. In the rest of
the region, there is a good correlation with the winter NAO values (-0,71), but it does
increase as we lengthen the period, reaching its maximum value for the mean annual
index (-0,83). It seems that rainfall variability for the southern domain is determined or
caused by the winter NAO performances, whereas in the northern domain all seasons
have a part to play in this phenomenon.

In order to explain this occurrence, it is not enough to simply refer to rainfall regime
pattern since, both in the north and the south of the region, winter is the wettest season
of the year. The reasons have to be found within the seasonal pattern for rainfall
variability; undoubtedly, in the south, as can be seen in these results, rainfall variability
is essentially linked to the atmospheric circulation pattern in winter, while, in the north,
circulation registered throughout the year constitutes rainfall variability. The concrete
mechanisms through which this connection develops are, as yet, unknown to us, but we
hope to examine them in forthcoming investigations.

3.- Conclusions.

From the several conclusions that we can point out we have chosen the following ones.
Concerning rainfall variability in Andalousia three facts can be highlighted:

Firstly, rainfall variability in Andalousia significantly changes over time. There are
periods of low variability (late 19th century and early 20th) and others of extreme
variability (second half of the 19th and 20th century) separated by periods of transition.

Secondly, rainfall variability distinguishes two spatial domains. the southern one,
where it is weaker and more regular, and the northern domain, with high and much
more irregular variability. Both spatial domains present cyclic variability pattern but
with different wavelength: in the north there is a dominating 44-year cycle but a second
89-year one also exists. In the southern spatial domain the 88-year cycle predominates,
thus explaining most of the variance of the series.

Thirdly, in recent years there is a maximum difference between the northern and
southern domains; whereas the moving coefficients of variation start to decrease in the
northern domain, the southern one registers the maximum values of the whole
observational period. The time coincidence between this phenomenon and global
warming registered from the 1940s onwards could allow us to consider it as one more
element in the spectrum of climate change. Nevertheless, we think that the most likely
hypothesis is the one which attributes it merely to the way in which the dominant cycles
in each domain, which are not coincidental, are seen to overlap. In any case, the patterns
of these waves will have to be followed closely over the next few years.

With regard to the links between rainfall variability and the NAO index, the most
outstanding fact is the strong negative correlation existing between them. It also should
be mentioned that the spatial differences previously found reappear at a seasonal level;
winter NAO indexes explain rainfall variability in the southern domain, whereas the
NAO index value throughout the year determines rainfall variability in the northern
domain.



Acknowledgements.

This research has been carried out with the economic support of the Plan Nacional del
Clima (Nationa Climatic Plan). Project CL196-1842-C05-05.

Bibliography

AGUILAR and PITA (1996): “Evolucion de la variabilidad pluviométrica en Andalucia
occidental: su repercusion en la gestion de los recursos hidricos’, in MARZOL,
DORTA and VALLADARES (Ed): “Clima y agua: la gestion de un recurso
climatico”, Tabapress, La Laguna, 299-311.

BENITO, ORELLANA and ZURITA (1994): "Andlisis de la estabilidad temporal de los
patrones  de precipitacion en la Peninsula Ibérica’, in PITA and AGUILAR (Ed):
"Cambios y variaciones climaticas en Espafa”, Publicaciones de la Universidad de
Sevilla,183-193.

BURROUGHS (1992): "Weather Cycles. Real or Imaginary?', Cambridge University
Press.

DJELLOULI and DAGET (1989): "Le climat méditerranéen, change-t-il? Précipitations
de quelques stations algériennes’, Publications de I'AIC, vol. 2, 227-232.

HOUGHTON and al. (1996): "Climate Change 1995. The Science of Climate change.
Contribution of Working Group 1 to the Second Assessment Report of the
Intergovernmental Panel on Climate Change”, Cambridge University Press.

HURREL, J.(1995): “Decadal trends in the North Atlantic Oscillation: Regional
temperatures and precipitation”, Science, vol. 269, 676-679.

JACOBEIT (1987): "Variation of trough positions and precipitation patterns in the
mediterranean ared’, Journal of Climatology, 7, 453-476.

JOHNSON, D.(1989); “Seasonal precipitation in Spain and atmospheric
teleconections’, XIV General Assembly of the European Geophysical Society,
Barcelona.

KALNICKY, R.(1987): “Seasons, singularities, and climatic changes over the
Midlatitudes of the Northern Hemisphere during 1899-1969”, Journal of Climate and
Applied Meteorology, vol. 26, 1496-1510.

KATZ, R. and BROWN, B.(1991): “The problem of multiplicity in research on
teleconnections’, International Journal of Climatology, vol.11, 505-513.

KARL, T. and a. (1995): *“ Trends in high-frequency climate variability in the
twentieth century”, Nature, 377, 217-220.



KOZUCHOWSKI, K.(1993): “Variations of hemispheric zonal index since 1988 and its
relationship with air temperature”, International Journal of Climatology, vol.13, 853-
864.

KUTIEL, MAHERAS and GKIKA (1996): "Circulation and extreme rainfall conditions
in the Eastern Mediterranean during the last century”, International Journal of
Climatology, 16, 73-92.

LAMB, P.and PEPPLER, R.(1987): “ North Atlantic Oscillation: concept and
application”, Bulletin American Meteorological Society, vol. 68, No. 10, 1218-1225.

LANDSCHEIDT (1983): "Solar Oscillations, Sunspots Cycles and Climatic Change”,
in MC CORMAC (Ed): "Weather and Climate Responses to solar Variations', Colorado
Associated University Press, 293-308.

MAHERAS (1988): "Changes in precipitation conditions in the Western Mediterranean
over the last century”, Journal of Climatology, vol. 8, 179-189.

MAHERAS and VAFIARIS (1990): "Analyse spectrale des séries chronologiques des
préci pitations en M éditerranée occidentale”, Publications de I'AIC, val. 3, 421-429.

MAKROGIANNIS, T., SAHSAMANOGLOU, H., FLOCAS, A. and BLOUTSONS, A.
(1991): “Anaysis of monthly zonal index values and long-term changes of circulation
over the North Atlantic and Europe”, International Journal of Climatology, Vol.11,
493-503.

PITA, CAMARILLO and AGUILAR (1998): “L’'évolution de la variabilité
pluviométrique en Andalousie (Espagne)”, in Publications de | Association
Internationale de Climatologie, vol. 10, 313-325.

RIND and OVERPECK (1993): "Hypothesised causes of decade to century scale
climate variability: climate models results’, Quaternary Science Review, vol. 12, 357-
374.

RUIZDELVIRA, A. and ORTIZBEVIA, JM. (1997): “Precipitation, drought and
oceano. meteorological influences in the Spanish climate’, Proc. Of the Third
Conference on Climate Variations, 23-36.

STELLMACHER (1995): "L'évolution de la température de I'air & I'echelle du siecle et
sa relation avec les variations de l'activité solaire", Publications de |’ Association
Internationale de Climatologie,, vol. 8, 337-344.

TABONY (1981): "A principa component and spectral analysis of European rainfall”,
Journal of Climatology, 1, 283-294.



