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1 INTRODUCTION

Mucheffort hasbeenfocusedontheanalysisof tem-
peraturetimeseriesin orderto identify thecausesof
trendsand other variations. It is also of great in-
terestfor predictingstatisticalpropertiesof temper-
ature for activities, suchas agriculture,which are
very sensitive to seasonalclimate variations. It is
well known thatatmosphericcirculationcontrolsre-
gional temperaturechanges,and relationshipsbe-
tweencirculationindicesandtemperaturevariations
have beenobtainedin many studies(Hurrel 1996;
Maherasand Kutiel 1999; Slonosky et al. 2001;
Trigo and Palutikof 1999). The Iberian peninsula
(IP) climateis subjectto bothsubtropicalandmid-
latitude weathersystemsand the seasonalpredic-
tions requirebetterunderstandingof the links be-
tweenregionalclimateandtheatmosphericandsur-
faceconditions. Therefore,the aims of this paper
areto determine:the significanttrendsin tempera-
turetimeseries;whetherornotthetrendispresentin
all seasons;which componentof temperature,max-
imum or minimum, is responsiblefor the mostsig-
nificanttrendandthepossiblecausesof temperature
variationsto find apotentialsourceof predictability.
The resultsassesssignificant trends in maximum
winter temperatureand in minimum summertem-
perature.Thesevariationsareconnectedwith atmo-
sphericAtlantic circulation for winter andseasur-
facetemperaturefor summer. Therelationshipsare
identified in the temporalandspectraldomainand
thelinks couldbeusefulfor statisticalpredictionsof
anomaloustemperatureregimes.

2 DATA AND METHODS

This studyusesthe temperatureseriesfrom differ-
ent sourcesas: 1) observationsof mean,maximum
andminimumrecordedat55stationsirregularlydis-

tributed over the IP for the period 1949 to 2000
(Font Tullot 2000),providedby theMeteorological
Institutesof SpainandPortugal;2) observed grid-
ded(0.5x0.5)monthlymeantemperaturesavailable
throughthe Climate ImpactLINK Project(New et
al. 2000)for the period1949to 1995;3) observed
gridded (0.5x0.5) monthly meantemperaturesin-
terpolatedfrom the Global Historical Climatology
Network (Willmott andMatsuura2001)for the pe-
riod 1950to 1999;4) monthlymeanmaximumand
minimun air temperaturesof reanalysisdata from
the National Centersfor EnvironmentalPrediction
(NCEP)for theperiod1953to 1999at 2.5 grid lat-
long(Kistler etal. 2001).Reanalysisdataof Geopo-
tential andwind from NCEP;seasurfacetempera-
ture at 2.0 grid lat-lon from the ClimatePrediction
Center(CPC)andtheclimateindicesfrom CPCand
the Arctic Oscillation. The surfacetemperaturere-
analysisdatawere testedwith the observationsat
stationsandgriddedbecauseNCEP-NCARreanaly-
sisdataarebecomingvery usefulfor climatic stud-
ies. The meanannualtemperaturepatterns(Figure
1) obtainedwith datafrom different sourceswere
very similar. ChelliahandRopelewski (2000)also
foundthatreanalysisdataandgriddedobservedtem-
peraturewerewell correlated.However, thepatterns
of variability measuredby thestandarddeviationare
quitedifferent.

Thetimeseriesof annualtemperatureanomaliesev-
idencea slight decreaseuntil 1970’sandthena ten-
dency to increaseup to thepresenttime (Figure2),
whichis in agreementwith otherregionalandglobal
studies(Parker et al. 1994; Tett et al 1999). The
analysisof temperatureevolution by seasonsindi-
catesastrongertendency to anincreasein maximum
winter temperature(Tmaxw)andin minimumsum-
mertemperature(Tmins). Therefore,theresultsob-
tainedfor theTmaxwandtheTminswereexplored.�
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Figure1: Spatialdistribution of annualmeantemperature(C).
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Figure2: Timeseriesaf annualtemperature anomalies.

3 RESULTS

To reducethe data dimensionalityand to remove
some noise variations, the Empirical Orthogonal
Functions(EOFs) were obtained. The associated
principalcomponent(PC)timeserieswereanalyzed
to identify trend, anomalouswarmer and cooler
spells and other interannualvariations. The first
EOFsof Tmaxw andTmins, which described�����
and ����� of the total variance,representmeanstate
andmostsignificantvariability of temperature.Ta-
ble I depictsthecorrelationcoefficientsbetweenthe
first principal componentof Tmaxw obtainedwith
the stations � �"!#��$&% and reanalysis �'�"!#��(�% data,
andalsowith somecirculation indicessuchas the
EastAtlantic patternof February(EA2), the Arctic
Oscillationof February(AO2)andtheIberianOscil-
lation Index (IOI) of winter, which is thedifference
in geopotentialat 700 hPa betweenthe areas[5W
to 5E and20N to 30N]-[30W to 20 W and45N to
50N]. TheIOI is proposedin thisstudyto character-
izethewinter temperaturevariationsovertheIP; the
dipolewasextractedfrom the compositeof geopo-
tentialdifferenceat700hPafor thefour warmerand
four cooleryearsaccordingto PC1of Tmaxw(Fig-

ure 3). The dipole structurewasalso identifiedby
thecorrelationmapbetweenthefirst PCof Tmaxw
andthegeopotentialat700hPa.

Figure3: Compositeof 700hPa differencefor thefour warmer

andfour cooleryears according to PC1of Tmaxw.

TABLE I: Correlation coefficients between )+*-,/. (reanalysis

data) and )+*-,/0 (stationdata) of Tmaxwand other indicesex-

plainedin thetext.)+*-,/0 1+2�3 2�453 6�4+6)+*-, . 798 : , 798 ; 3 798 <>= 798 ?@<
Figure4 shows the PC’s of Tmaxw, obtainedwith
the reanalysisand station data, and the IOI. The
threetime seriesshow an increasetrend, mesured
by theMann-KendallZ testthatare: �"!#� $BADCFE G ,
�"!#� (HAJI�E K , LNMOL AJI�E P .
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Figure4:Timeseriesof TmaxwPC’s andIOI.

TableII depictsthecorrelationcoefficientsbetween
thePC of Tminsobtainedfrom reanalysisdata,the
stationdata,the North Atlantic Oscillationof July
(NAO7),andtheSSTfor thearea[20W to 10Wand
25N to 45N], or theIberianSSTIndex (ISST).This
centerof action (Figure 5) was recognizedby ob-
tainingthecompositeSSTmapfor thefour warmer
andfour coolersummeryearsandit wasalsoiden-
tified by correlationbetweenthe first PC of Tmins
andtheSSTover theAtlantic region.



Figure5: Compositeof SSTdifferencefor thefour warmerand

four cooleryears according to PC1of Tmins.

TABLE II: Correlation coefficients betweenQ+R-S/T (reanalysis

data), Q+R-S/U (stationdata) of Tminsand the indicesNAO7 and

ISST. Q+R-S U VXW�Y+Z [�\]\N^Q+R-S/T _9` a@_ _9` b&c _9` Z>d
Figure6 shows the evolution of the PCsof Tmins
andthe ISST, the time seriesindicatean increasing
trendsince1975andtheMann-KendallZ testsare:e"f#g9hjilkFm k

,
e"f#g�noiqp�m k
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Figure6: Timeseriesof TminsPCsandISST.

The IOI andISST indiceswould be usefulfor pre-
dicting extremetemperatureanomaliesin winter or
summerrespectively by meansof downscalingtech-
niques. The associationbetweenthe variability of
indicesand temperatureover the Iberianpeninsula
is obtainedwith theheterogeneouscorrelationmaps
betweentheindicesandthetemperaturetimeseries.
Previous papers(Sáenz et al. 2001a,b)found that
ithe main temperaturevariationsover the IP areas-
sociatedwith EA but they are not associatedwith
NAO. In this paperwe proposethe IberianOscilla-
tion Index (IOI) to downscaleanomalousmaximum
temperaturein winter, and the Iberian seasurface
temperature(ISST)to downscaleminimumtemper-
ature in summer. The Energy balanceand water

cycle arebeinginvestigatedto explain the different
seasonaltemperaturebehavior.
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