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1 INTRODUCTION 

The main impacts of climate change may occur through changes 
of extremes. 
We study two extremes: warm days (TX90), which is the fre-
quency of days above the 90

th
 percentile of maximum temperature 

and cold nights (TN10), which is the frequency of days below the 
10

th
 percentile of minimum temperature. 

This presentation shows results on TX90 and TN10 variability in 
winter (DJF), spring (MAM), summer (JJA) and autumn (SON). 
To explain the TX90 and TN10 variability we considered their links 
with large-scale variables. 

2 DATA  AND METHODS 

The TX90 and TN10 indices are derived from version 2.0 gridded daily data at 0.5 resolution  pro-
vided by the ENSEMBLES-RT5 European project (Haylock et al. 2008, Klein Tank et al. 2002) (E-
Obs). TX90 (TN10) time series were determined by obtaining the 90

th
 (10

th
) percentile of maximum 

(minimum) temperature corresponding to the period 1961 to 1990 and by computing the frequency of 
days on which maximum (minimum) temperature exceeds that extreme condition covering the period 
1950 to 2008. To derive the extremes we used the ClimDex software (CCl/CLIVAR/JCOMM Expert 
Team on Climate Change Detection and Indices (ETCCDI) 
We used the teleconnection indices from http://www.cpc.noaa.gov/data/teledoc/telecontents.shtml  
and http://www.cdc.noaa.gov/data/timeseries/AMO/  
To obtain the links between teleconnection indices and the extreme índices we used correlation and 
spectral analysis: Singular Spectrum Analysis (SSA) and Maximum-Entropy Method (MEM). 

Time series of  warm days (TX90) averaged over the Iberian Peninsula 

Time series of  cold nights (TN10) averaged over the Iberian Peninsula 

DJF MAM JJA SON 

TX90 Kendall Z  Trend(% days/da) 

DJF 3.3 1.5 ± 0.6 

MAM 3.5 1.9 ± 0.4 

JJA 5,1 2.1 ± 0.5 

SON 0.9 0.4 ± 0.5 

DJF MAM JJA SON 

TN10 Kendall Z  Trend(% days/da) 

DJF -1.7 -0.9 ± 0.7 

MAM -3.0 -1.0 ± 0.5 

JJA -3.1 -1.1 ± 0.3 

SON -2.0 -0.6 ± 0.4 

Trend  of  TN10 by using Sen´s method and 
Kendall’s test 

Probability density function (JJA) 

Log(TX90) 

3 TREND ANALYSIS 

4 LINKS BETWEEN TX90, TN10 AND LARGE-SCALE VARIABLES 

TX90 EA_DJF SCA_MAM SCA_JJA SCA_SON 

RAW 0.46 ± 0.09 -0.44 ± 0.10 -0.59 ± 0.08 -0.39 ± 0.10 

LF 0.30 ± 0.11 -0.31 ± 0.10 -0.36 ± 0.11 -0.19 ± 0.13 

HF 0.50 ± 0.08 -0.49 ± 0.09 -0.44 ± 0.11 -0.20 ± 0.12 

TN10 EA_DJF AMO_MAM AMO_JJA AMO_SON 

RAW -0.60 ± 0.08 -0.48 ± 0.09 -0.42 ± 0.10 -0.44 ± 0.10 

LF -0.45 ± 0.09 -0.74 ± 0.05 -0.52 ± 0.08 -0.54 ± 0.09 

HF -0.58 ± 0.09 0.25 ± 0.11 -0.29 ± 0.10 -0.16 ± 0.14 

Links between the de-trend  Log(TX90) and EA, SCA indices 

Links between the de-trend  Log(TN10) and EA, AMO indices 
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5 CONCLUSIONS 
Warm days (TX90) show a positive trend with greater significance in summer.  Cold nights (TN10) 
show a negative trend with greater significance also in summer. 

TX90 increase toward eastern part of Iberian Peninsula. TN10 decrease toward south-western part of 
Iberian Peninsula. 

TX90 variability is better linked with the East Atlantic (EA) teleconnection index in winter and with the 
Scandinavian (SCA) teleconnection index in spring, summer and autumn. TN10 is better linked with 
EA in winter and the Atlantic Multidecadal Oscillation index (AMO) in spring, summer and autumn.  
The links with atmospheric indices (SCA) are most significant in the range of High Frequency (HF) 
variability. The links with Sea Surface Temperature (AMO) are most significant in the range of Low  
Frequency (LF). 

Trend  of TX90  by using Sen´s method and 
Kendall’s test 
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