Nat. Hazards Earth Syst. Sci., 11, 125965 2011 y -K
www.nat-hazards-earth-syst-sci.net/11/1259/2011/ G Natura;rll-ldazEaarrdtﬁ

doi:10.5194/nhess-11-1259-2011 A
© Author(s) 2011. CC Attribution 3.0 License. System Sciences

Precipitation concentration changes in Spain 1946-2005

M. de Luis!?, J. C. Gonzlez-Hidalgo!2, M. Brunetti 3, and L. A. Longares'2

IDepartment of Geography, University of Zaragoza, Zaragoza, Spain
2Instituto Universitario de Ciencias Ambientales, Zaragoza, Spain
3|stituto di Scienze dell’Atmosfera e del Clima ISAC-CNR, Bologna, Italy

Received: 10 December 2010 — Revised: 1 March 2011 — Accepted: 3 March 2011 — Published: 9 May 2011

Abstract. An analysis was made of the Precipitation Con- winter, spring and summer were mostly localized and not
centration Index using the new MOPREDAS database ofgeneralized (both increase and decrease). Changes in PCI
monthly precipitation in Spain (Monthly Precipitation Data seem to be complex and appear to be related to global atmo-
base of Spain). The database was compiled after exhaustiv@heric features and synoptic and local factors affecting pre-
quality control of the complete digitalized Spanish Metero- cipitation trends. We discuss the possible explanation linked
logical Agency (AEMet) archives and contains a total set ofto the atmospheric pattern and monthly trends and their im-
2670 complete and homogeneous monthly precipitation seplications.

ries from 1946 to 2005. Thus, MOPREDAS currently holds
the densest information available for the 1946—2005 period
for Spain and ensures a high resolution of results. The Preq
cipitation Concentration Index (PCI) is a powerful indicator

of the temporal distribution of precipitation, traditionally ap- precipitation is one of the most important climate elements
plied at annual scales; as the value increases, the more cogirectly affecting the availability of water resources (Randall
centrated the precipitation. Furthermore PCl is a part of th%t al., 2007). Recently, it has been suggested that one of the
well-known Fournier index, with a IOng tradition on natural most noticeable conseguences of g|0ba| atmospheric warm-
system analyses, as for example soil erosion. In this papeing is water cycle modification (Allen and Ingram, 2002;
the mean values of annual, seasonal and wet and dry periodguntington, 2006), with precipitation being a key point in
of PClin the conterminous Spain and for two normal periodsthe process (Mariotti et al., 2002; Mauguet, 2006).
(1946-1975 and 1976-2005) were studied. The recent IPCC-2007 report (Solomon et al., 2007) con-
Precipitation in Spain follows a general NW-SE spatial firmed an increase in precipitation for the period 1900-2005
pattern during the wet (months) period due to the Atlantic north of 30 latitude, due to global warming (Trenberth et
storm track, while during the dry (months) period, it follows al., 2007). It also confirmed a decrease in the precipitation
a predominantly N-S spatial pattern. As a result, the annuatrom 1970 in tropical areas and an increase in land affected
values of PCI combine the two patterns and show a SW-NEpy drought in tropical and subtropical areas from the 1970s
PCI gradient. (Trenberth et al., 2007). Precipitation in the northern sub-
The analyses of the two sub-periods show significanttropics (20—40N), including the Mediterranean area, did not
changes in the precipitation occurred in conterminous Spairdisplay a clear or significant trend throughout the 20th cen-
from 1946 to 2005, and precipitation concentration increasedury (New et al., 2001). The global hydrological cycle in the
across most of the IP. At an annual scale, PCI increasesegion of the Mediterranean basin is dominated by very high
mostly due to an increase in precipitation concentration durspatial and temporal variability (Lionello et al., 2006; Nor-
ing the wet season. At a seasonal scale significant changaant and Douguedroit, 2006) and model predictions for the
were detected between 1945-1975 and 1976-2005, particeend of the 21st century show a high degree of uncertainty
larly in autumn (increase of PCI values), while changes in(Christensen et al., 2007).
The IPCC-2007 suggests that the sub-regional variability

Introduction

Correspondence to: in precipitation should be analysed in depth. This requires
J. C. Gonalez-Hidalgo detailed spatial datasets going as far back as possible in time
2t (icgh@posta.unizar.es) (Huntington, 2006).
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Recently, great importance has been placed on precipita- To facilitate spatial analysis of precipitation, stations were
tion in Spain, not only from the point-of-view of climate, interpolated onto a regular grid. The grid resolution cho-
but also as a natural resource due to scarcity and high spatialen was equal to the mean distance between the 2.670 se-
and temporal variability (de Castro et al., 2005). However,lected stations (10km, i.e., 1/10 degree longitude and lati-
until now, there have been no detailed, high resolution analytude). The final gridded dataset consists of 5.334 cells cov-
ses covering the whole country (de Castro et al., 2005). Theering the whole of Spain. Previous analyses have confirmed
new Spanish database, MOPREDAS (Monthly Precipitationthe internal consistency and coherence of the database. De-
Database of Spain) constitutes a very suitable tool for thistails on the database and grid construction can be found in
purpose, because of its temporal record and its spatial densonzlez-Hidalgo et al. (2011).
sity (Gonalez-Hidalgo et al., 2011). The Precipitation Concentration Index (PCI, Oliver,

Recent studies using MOPREDAS databases identifyl980), proposed as an indicator of rainfall concentration and
large spatial and temporal variability in the behaviour of rainfall erosivity (Michiels et al., 1992), was calculated on an
precipitation across Spain. Thus, the precipitation trendstnnual scale for each grid point according to Eg. (1):
vary from coherent spatial trend patterns in particular months

or seasons, to highly regionalized trend patterns in others %p?
(Gonzlez-Hidalgo et al., 2011; De Luis et al., 2010a) and PClaua= = ' 100 @
these changes may have a strong influence, modifying flu- ~ 2™~ 15
i i S ahili 2
vial regimes, groundwater recharge and water availability (_let)
1=

(Aguado et al., 1992; Paredes et al., 2006; Lopez-Moreno

et al., 2009), which might also affect hydroelectric produc- wherep; is the monthly precipitation in month

tion (Paredes et al., 2006) and erosion (Michiels et al., 1992), The precipitation concentration index was also calculated

etc. Precipitation totals on annual, seasonal or monthly scalesn a seasonal scale for winter (D-J-F), spring (M-A-My)

are key elements affecting water availability, but precipita- summer (In-JI-A), autumn (S-O-N), and on supra-seasonal

tion concentration in time also plays a decisive role. scales for wet (October to March) and dry (April to Septem-
In this respect, there are some straightforward indica-ber) seasons according to Egs. (2) and (3):

tors to evaluate the precipitation concentration that can be

used to provide information on its variability and to anal- ipg

yse and understand hydrological processes (Apaydin et al '

i=1

2006). Different indices have been used for this purposePClseaSO”a‘: 3 25, @

and among these the Precipitation Concentration Index (PCI) (Z pi)?

(Oliver, 1980) is recommended, as it provides information on i=1

long-term total variability in the amount of rainfall received 6

(Michiels et al., 1992; Apaydin et al., 2006; De Luis et al., _ZP,Z

2010b)' PCISUpra seasonat— I;l— -50 (3)
This paper analyses the variability in space and time (> pi)?

of the PCI by using the dense precipitation database MO- i=1

PREDAS, recently developed for the Spanish conterminous

land. The PCl is calculated for annual and seasonal scaleé.o‘ccordlng to the proposed formulae, on the annual, seasonal

as well as for the wet and dry seasons over a 60-year pv.=f3m;3j ;uprg_—sigso?ﬁl scalfe, tthe I_(?wes_tt theoret|ga!tv?lue g.f PCl
riod (1946—2005), and, therefore, enables the comparison pa2 ©-2» ndicaling the perfect unriormity in precipitation dis-

tween two independent 30-year sub-periods (1946—1975 anHibution (i.e., that same amount of precipitation occurs in
1976-2005) each month). Also, on all scales, a PCI value of 16.7 will

indicate that the total precipitation was concentrated in 1/2
of the period and a PCI value of 25 will indicate that the
total precipitation occurred in 1/3 of the period (i.e., total an-
2 Data and methods nual precipitation occurred in 4 months; total supra-seasonal
precipitation occurred in 2 months and total seasonal precip-
We used the monthly precipitation database (MOPREDAS)itation occurred in 1 month).
recently presented by Goalez-Hidalgo et al. (2011). This According to this classification, Oliver (1980) suggested
database was set up following an exhaustive quality controthat PCI values of less than 10 represent a uniform precipi-
process designed to detect suspicious data and inhomogéation distribution (i.e., low precipitation concentration); PCI
neous series. MOPREDAS contains a total of 2.670 com-values from 11 to 15 denote a moderate precipitation con-
pleted homogenous series from the total original observatoeentration; values from 16 to 20 denote irregular distribution
ries (6.821) and extends from December 1945 to Novembeand values above 20 represent a strong irregularity (i.e., high
2005 (60 years). precipitation concentration) of precipitation distribution.
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Period 1946-1975 Period 1976-2005 t-test signifficance level

I cxceptionally likely
I Extremely likely
[ very likely

|:| As likely as not
[ Astikely as not
[ very likely

I Exvemely likely

I cxceptionally likely

Fig. 1. Mean value of the Precipitation Concentration Index (annual scale) during the pe(@ds945-1975 andb) 1976-2005.(c)
Changes between periods according to different levels of probability categorized as follow: exceptionallylik€lp(); extremely likely
(p <0.05); very likely (p < 0.10); as likely as notg > 0.10). Blue positive, red negative changes.

In order to explore changes of PCI in time, the PCI in- Autumn (Fig. 2j, k) shows a spatial pattern similar to sum-
dex was calculated for two 30-year independent sub-periodsner, but with lower PCI values.
(1946-1975 and 1976-2005). Statistical significance of the Significant changes in the PCl index between 1945-1975
differences between the 30-year periods at each grid poindnd 1976—2005 occur in winter in the extreme NW of the
was assessed using-#est with different levels of probabil- IP where precipitation concentration significantly decreases
ity categorized as follows: exceptionally likely (<0.01); (Fig. 2c). During spring, precipitation concentration rises in
extremely likely (p <0.05); very likely (p <0.10); very low  most of the IP, but areas where there are significant increases
probability (»p >0.10). are spread throughout the territory (Fig. 2f). During sum-
mer, a general decrease in the PCl is displayed mainly in the
western and southern areas, while significant increases are

3 Results found in the north-east (Fig. 2i). On the other hand, there is
a general increase in precipitation concentration in autumn
3.1 Annual precipitation concentration index over most of the IP, with the exception of the Mediterranean

coast, where PCI values decrease (Fig. 2I).
The precipitation concentration index (PCI) calculated on an
annual scale varies across the area under study from values1l Wet-Dry season precipitation concentration index
lower than 10 in the central Pyrenees to higher than 20 in
southeast (Fig. 1). In general, lower values are detected ifuring the dry season, PCl values show a clear north (lower)
the northern Iberian Peninsula, while higher values are foundo south gradient (higher) (Fig. 3a, b). In contrast, a clear
in the south and along the Mediterranean coast. Spatial patvest (lower) to east (higher) gradient is observed during the
terns are similar in the two 30-year periods analysed (Fig. laywet season (Fig. 3d, e).
b). However, we detected a general increase in PCl values in Changes in precipitation concentration between the two
the most recent period. Thus, significant increases in precipperiods analysed are mainly not significant during the dry
itation concentration values are found mainly in the centralseason (Fig. 3c), while highly significant changes are ob-
Pyrenees and Ebro basin to the north-east, the Iberian rangserved during the wet season, where an extremely likely in-
to the east inland and to the south-west (Fig. 1c). crease in precipitation concentration is found in the central
Pyrenees, central IP and South West (Fig. 3f).

4 Seasonal precipitation concentration index

5 Discussion
The precipitation concentration index calculated on a sea-
sonal scale shows complex spatial patterns of precipitatiorPrecipitation variability has caused serious problems over the
across Iberian Peninsula (IP). During winter, higher PCI val-last few decades in Spain and this has generated a social and
ues are detected in the eastern IP along the Mediterranegpolitical debate that has not reached a general consensus in
coast, while lower values are detected in northern areagstablishing an accepted basis for water planning and future
(Fig. 2a, b). Spring (Fig. 2d, e) is the season where precipi-management of the most essential of natural resources (Bar-
tation is generally more regularly distributed within months reira, 2003; Pulido-Calvo et al., 2003; Embid and Gurrea,
(lower PCI values), while summer (Fig. 2g, h) is the season2004). At the beginning of the 1990s, a long, persistent
where higher PCl values are observed (especially in the SW)drought period caused high stress to agricultural and forest
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Period 1946-1975 Period 1976-2005 t-test signifficance level
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Fig. 2. Mean value of the Precipitation Concentration Index (seasonal scale) during the periods 1945-1975 and 1976-2005 and changes
between periods according to different levels of probability categorized as follow: exceptionally likel.01); extremely likely p <

0.05); very likely (p < 0.10); as likely as not > 0.10). (a), (b) (c)) Winter; (d), (e), (f)) Spring;(g), (h), (i)) summeryj), (k), (1)) autumn.

Blue positive, red negative changes.

areas (Pguelas et al., 2001; GdezHerrera et al., 2007; Vi- precipitation totals on different temporal scales (Rgdez
cente and Cuadrat, 2007), while at the end of the 1990s an@uebla et al., 1998; Goalez-Rouco et al., 2001; Moss-
beginning of 2000s, heavy rainfall caused floods and humamann et al., 2004; Saotillo et al., 2006; Valero et al., 2009;
and financial losses (Llasat et al., 2003; Barrera et al., 2007Gonzlez-Hidalgo et al., 2011, 2010; De Luis et al., 2010a).
Barnolas et al., 2008). Precipitation totals for annual, seasonal or monthly scales
This explains why so much research has been conducte@'® key elements affecting water availability, but precipita-
on this topic for the last decade in Spain. Studies have beeHON concentration in time also plays a decisive role.
made on a national scale in an attempt to identify trends in
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Period 1946-1975 Period 1976-2005 t-test signifficance level
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Fig. 3. Mean value of the Precipitation Concentration Index (wet-dry periods) during the periods 1945-1975 and 1976-2005 and changes
between periods according to different levels of probability categorized as follow: exceptionally likel.01); extremely likely p <
0.05); very likely (p < 0.10); as likely as notz > 0.10). (a), (b), (c) dry season{d), (e), (f) wet season. Blue positive, red negative changes.

On an annual scale, precipitation concentration in the IPchanges. During the first period (1945-1975), spring precipi-
can be described as strongly irregular on the south and easation predominated in inland areas; winter precipitation pre-
(more influenced by the Mediterranean), irregular in the cen-dominated to the west and north; and on the Mediterranean
tral south-west areas, moderately irregular in the centralcoast, autumn rainfall contributed the highest amount of pre-
northern part and uniform in the northern areas (more in-cipitation to annual totals. During the second period (1976—
fluenced by the Atlantic). Such spatial patterns result from2005), a dramatic change was observed, with a decrease in
different behaviour patterns in the precipitation trends in thethe percentage of spring precipitation over the annual total;
IP during the wet and dry seasons. Thus, during the dry seahowever, the autumn percentage increased in many central-
son (April to September), and especially during summer pe-nland areas (de Luis et al., 2010a). These changes were
riod, PCI values are distributed according to a clear N to Scaused by precipitation characterised by an extensive sig-
gradient, ranging from uniform precipitation in the north to nificant negative trend in March, and a significant positive
strongly irregular concentration in the south. On the con-trend in October (Goredez-Hidalgo et al., 2011); thus, due
trary, during the wet season (October to March) precipitationto monthly behaviour, the total precipitation during the wet
concentration is lower all over the IP and especially duringseason (October-March) falls within a shorter period (irre-
winter, and PCI is distributed according to a clear W to E spective of global trends during the wet season), and explains
gradient (from uniform precipitation concentration in the W the spatial changes in PCI between 1945-1975 and 1976—
and central areas of IP to moderated irregular in the Mediter2005, which may underlie the significant changes occurring
ranean coast). in inland areas.

In addition to great spatial variability across the IP, PCI Therefore, changes in PCI seem to be complex and appear
shows temporal changes if it is evaluated for the two 30-yeato be related to global atmospheric features and synoptic and
periods (1946-1975 and 1976-2005). Results indicate thaiocal factors affecting precipitation trends. In a previous pa-
in general, on an annual scale, precipitation concentratiorper (see de Luis et al., 2010a), we discussed such a relation-
increased across most of the IP particularly from SW to NE,ship, including changes in storm tracks associated with the
with this increase being caused by an increase in precipitaNAO during winter (Paredes et al., 2006), and the observed
tion concentration particularly during the wet season (Octo-increase in cyclone frequency in the western Mediterranean
ber to March). region in autumn (Trigo et al., 2000; Bartholy et al., 2009).

Seasonal rainfall in conterminous Spain has changed drah fact, a positive trend in the sea level pressure has been ob-
matically between 1945-1975 and 1976-2005 (de Luis eserved in the Mediterranean basin recently (Brunetti et al.,
al., 2010a), and PCI is strongly linked to these seasonaR002), particularly evident in winter and spring, and linked
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to the more frequent and persistent anticyclones over th&arrera, A., Altava-Ortiz, V., Llasat, M. C., and Barnolas, M.:
Mediterranean and to redistribution of precipitation among Heavy rain prediction using deterministic and probabilistic mod-
the seasons, with a reduction in rainfall in winter, spring and els — the flash flood cases of 11-13 October 2005 in Catalonia
summer (De Luis et al., 2010a). Thus, a relevant part of spa- (NE Spain), Adv. Geosci,, 12, 121-1280i:10.5194/adgeo-12-

tial changes in PCI can be interpreted in terms of changes in 121-2007 2007. i
atmospheric circulation. Bartholy, J., Pongracz, R., and PattagyAbraham, M.: Analyz-

. . . . s ing the genesis, intensity and tracks of western Mediterranean
Given that, in the Ibgnan Pen.m.sula, glqb_al precipitation cyclones, Theor. Appl. Climatol., 96, 133-144, 2009.
follows two spatial gradients, their juxtaposition seems to begnetti, M., Maugeri, T., and Nanni, N.: Atmospheric circulation
the underlying cause for the spatial pattern of PCI observed ang precipitation in Italy for the last 50 years, Int. J. Climatol.,
Globally, during the wet period, precipitation follows a gen- 22, 1455-1471, 2002.
eral NW-SE spatial pattern due to the Atlantic storm track, Christensen, J. H., Hewitson, B., Busuioc, A. Solomon, S., Qin, D.,
while precipitation during the dry period follows a predom-  Manning, M., Alley, R. B., Berntsen, T., Bindoff, N. L., Chen,
inantly N-S spatial pattern. As a result, the annual PCl spa- Z., Chidthaisong, A., Gregory, J. M., Hegerl, G. C., Heimann,
tial pattern combines the two gradients and shows a SW-NE M., Hewitson, B., Hoskins, B. J., Joos, F., Jouzel, J., Kattsov,
global PCI spatial pattern (Fig. 1a and b). V., Lohmann, U., Matsuno, T., Molina, M., Nicholls, N., Over-

. S S ) peck, J., Raga, G., Ramaswamy, V., Ren, J., Rusticucci, M.,
Even if past precipitation trends are not indicative of fu Somenville, R., Stocker, T. F., Whetton, P.. Wood, R. A.. and

ture tendencies, the ,reSUItS pre_sented in this paper are yalu- Wratt, D.: Regional Climate Projections, in: Climate Change
able for Water Planning Agencies and should be taken into 1, physical Science Basis, Contribution of Working Group | to

account, since the implications of described changes might he Fourth Assessment Report of the Intergovernmental Panel on
have a strong influence on natural processes such as soil ero- climate Change, edited by: Solomon, S., Qin, D., Manning, M.,
sion, modifying fluvial regimes, groundwater recharge and Chen, Z., Marquis, M., Averyt, K. B., Tignor, M., and Miller, H.
water availability, and may affect the production of hydro- L., Cambridge University Press, 2007.

electricity. Finally, if we consider that the PCI index is part de Castro, M., Maib-Vide, J., and Alonso, S.: El clima de Esjea

of the well-known Fourier index on research into erosion, Pasado, presente y escenarios de clima para el siglo XXI, Im-
our results show that the precipitation factor has changed Pactos del cambio cliatico en Espéa, Ministerio Medio Ambi-

and this should be borne in mind when carrying out studies _€nte. Madrid, 2005. .
on erosion de Luis, M., Brunetti, M., Gonzlez-Hidalgo, J. C., Longares, L.

A., and Martn-Vide, J.: Changes in seasonal precipitation in the

. Iberian Peninsula during 1946—-2005, Global Planet. Change, 74,
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