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1. Overview 

The goal of WP5 is to use the data developed in WPs 2 and 3 and indices developed in WP4 to 

quantify their variability and change over time, and their link to atmospheric circulation patterns.     

The deliverable 5.2 presented analysis of the INDECIS-ISD climatology, temporal evolution, and 

assessed their Time of Emergence. In this report we explore the relationships between the indices 

and patterns of atmospheric circulation. This covers analysis of the relationships of INDECIS-ISD 

with atmospheric teleconnection indices (Section 2) with an additional focus also on growing 

season characteristics and teleconnection patterns (Section 6) and extension to prediction of 

sectoral indices from atmospheric circulation metrics (Section 7). Links to sectoral impacts are 

further covered through an analysis of how Euro-Atlantic teleconnections affect wind power indices 

(Section 3). In addition, a process-based analysis further outlines the impact of more complex 

circulation metrics associated with blocking high pressure characteristics and their impact on 

sectoral indices (Section 4). These Europe-wide investigations are complimented with a focused 

case study on how atmospheric circulation teleconnections influence precipitation across Calabria, 

a region of southern Italy (Section 5). 
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2. Relationships of INDECIS-ISD with atmospheric teleconnection indices 

Ana Casanueva , Joaquín Bedia, Sixto Herrera, Mª Dolores Frías, Jesús Fernández, Antonio S. 

Cofiño, José Manuel Gutiérrez (University of Cantabria) 

 2.1 Summary 

Climate impact indices, such as INDECIS-ISD, are effective tools to assess local and regional 

sector-specific climate impacts such as droughts, heat waves or wildfires among others. Their 

temporal and spatial variability are therefore impact-relevant and can be related to climate 

oscillations, such as changes in atmospheric patterns. The relationships between impact indices 

and atmospheric patterns can therefore shed light on the mechanisms controlling the variability of 

extreme events. Those links can be analyzed either in temperature and precipitation, but also in 

indices related to precipitation extremes, river flows, snow cover or cereal production (see e.g. 

Rodríguez-Puebla et al. 2007; Carril et al. 2008; Vicente-Serrano et al. 2009; Brands et al. 2013, 

Casanueva et al. 2014). 

INDECIS D51 compiled a list of atmospheric patterns which influence European climate variability. 

INDECIS D52 gave an overview on temporal evolution of the INDECIS-QHDS and INDECIS-ISD, 

including the time-emergence of climate-change signals and relation with atmospheric patterns. 

The UC contribution to D5.3 is focused on the analysis of the relationship between the main Euro-

Atlantic circulation patterns and the variability of a selected subset of INDECIS-ISD. 

In addition, UC  is currently working on the development of an R package for the calculation of 

several INDECIS-QHDS indices and atmospheric patterns, as well as towards its integration within 

the climate4R open-source framework for climate data access and analysis (Iturbide et al. 2019), in 

order to demonstrate the reproducibility and possible integration of INDECIS scientific activities in 

the framework of user-oriented climate services. 

 2.2 Data and Methods 

Data 

E-OBS daily observational dataset (v17) on a 0.5x0.5º regular grid is used to obtain a subset of 

impact indices (INDECIS-ISD) for the period 1950-2017.  It was retrieved from the data services 

provided by University of Cantabria Meteorology Group (UCMG), built on a THREDDS Data Server 

(TDS) by means of the user authorization web application User Data Getaway - Thredds Access 

Portal (UDG-TAP). Data retrieval, further postprocessing and indices calculation were performed 

with the climate4R bundle for climate data analysis and processing (Iturbide et al. 2019). The 

indices (Table 1) span simple indicators expressing, in most cases, threshold exceedances and 

rely on the three primary ECVs, namely precipitation (Pr), minimum temperature (Tmin) and 

maximum temperature (Tmax). They are computed on a seasonal basis (see details in Table 2.1). 

Grid boxes with less than 50% of data in the full period are left blank. Climatological means and 

variability (expressed by the standard deviation normalized by the mean, as percentage) are 

shown in order to give an overview of the selected indices. 

 

http://meteo.unican.es/climate4r
http://meteo.unican.es/udg-tap/home
http://meteo.unican.es/climate4r
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Index 

Code 

Index Name Description Units Seasonal 

agg. fun 

ECV 

RR1 Wet day 

frequency 

Nº of days with Pr Ó 1 

mm 

Days/season sum Pr 

SDII Simple 

precipitation 

intensity 

index 

Mean wet-day 

precipitation 

mm/day mean Pr 

TR Tropical 

nights 

Nº of days with 

Tmin>20°C 

Days/season sum Tmin 

SU Summer 

days 

Nº of days with 

Tmax>25°C 

Days/season sum Tmax 

FD Frost days Nº days with Tmin< 0°C Days/season sum Tmin 

ID Ice days Nº of days with 

Tmax<0°C 

Days/season sum Tmax 

Table 2.1. Description of considered INDECIS-ISD. 

 

Data for the teleconnection indices is available from the US Climate Prediction Centre (CPC, 

https://www.cpc.ncep.noaa.gov/data/teledoc/teleindcalc.shtml). CPC indices are derived from the 

first 10 Rotated Principal Components (rPCA) of monthly mean standardized 500-mb height 

(hgt500) anomalies. They are associated with the main modes of atmospheric variability in the 

northern hemisphere: NAO, EA, WP, EP/NP, PNA, EA/WR, SCA, TNH, POL, PT (Table 2.2).  We 

additionally consider two teleconnection indices related to sea surface temperature (SST) 

anomalies in the Pacific Ocean, namely NINO3.4 and ONI, available from the National Center for 

Atmospheric Research (NCAR, https://climatedataguide.ucar.edu/climate-data/nino-sst-indices-

nino-12-3-34-4-oni-and-tni). 

The monthly values from 1950 to 2017 are aggregated into mean seasonal values for the sake of 

comparison with the climate impact indices. 

 

 

 

https://www.cpc.ncep.noaa.gov/data/teledoc/teleindcalc.shtml
https://www.cpc.ncep.noaa.gov/data/teledoc/teleintro.shtml
https://climatedataguide.ucar.edu/climate-data/nino-sst-indices-nino-12-3-34-4-oni-and-tni
https://climatedataguide.ucar.edu/climate-data/nino-sst-indices-nino-12-3-34-4-oni-and-tni
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Index 

Code 
Index Name Variable Source 

NAO North Atlantic Oscillation hgt500 (or 
z500) 

https://www.cpc.ncep.noaa.gov/data/tel 

EA East Atlantic Pattern hgt500 (or 
z500) 

https://www.cpc.ncep.noaa.gov/data/tel 

WP West Pacific Pattern  hgt500 (or 
z500) 

https://www.cpc.ncep.noaa.gov/data/tel 

EP/NP East Pacific/ North Pacific 

Pattern  
hgt500 (or 
z500) 

https://www.cpc.ncep.noaa.gov/data/tel 

PNA Pacific/ North American 

Pattern 
hgt500 (or 
z500) 

https://www.cpc.ncep.noaa.gov/data/tel 

EA/WR East Atlantic/West Russia 

Pattern 
hgt500 (or 
z500) 

https://www.cpc.ncep.noaa.gov/data/tel 

SCA Scandinavian Pattern hgt500 (or 
z500) 

https://www.cpc.ncep.noaa.gov/data/tel 

TNH Tropical/ Northern 

Hemisphere Pattern 
hgt500 (or 
z500) 

https://www.cpc.ncep.noaa.gov/data/tel 

POL Polar/ Eurasia Pattern hgt500 (or 
z500) 

https://www.cpc.ncep.noaa.gov/data/tel 

PT Pacific Transition Pattern  hgt500 (or 
z500) 

https://www.cpc.ncep.noaa.gov/data/tel 

NINO3.4 El Niño/Southern 
Oscillation 

SST https://climatedataguide.ucar.edu/climate-
data/nino-sst-indices-nino-12-3-34-4-oni-
and-tni 

ONI Oceanic Niño Index SST https://climatedataguide.ucar.edu/climate-
data/nino-sst-indices-nino-12-3-34-4-oni-
and-tni 

Table 2.2 Description of the teleconnection indices used. 

 

 

https://www.cpc.ncep.noaa.gov/data/tel
https://www.cpc.ncep.noaa.gov/data/tel
https://www.cpc.ncep.noaa.gov/data/tel
https://www.cpc.ncep.noaa.gov/data/tel
https://www.cpc.ncep.noaa.gov/data/tel
https://www.cpc.ncep.noaa.gov/data/tel
https://www.cpc.ncep.noaa.gov/data/tel
https://www.cpc.ncep.noaa.gov/data/tel
https://www.cpc.ncep.noaa.gov/data/tel
https://www.cpc.ncep.noaa.gov/data/tel
https://climatedataguide.ucar.edu/climate-data/nino-sst-indices-nino-12-3-34-4-oni-and-tni
https://climatedataguide.ucar.edu/climate-data/nino-sst-indices-nino-12-3-34-4-oni-and-tni
https://climatedataguide.ucar.edu/climate-data/nino-sst-indices-nino-12-3-34-4-oni-and-tni
https://climatedataguide.ucar.edu/climate-data/nino-sst-indices-nino-12-3-34-4-oni-and-tni
https://climatedataguide.ucar.edu/climate-data/nino-sst-indices-nino-12-3-34-4-oni-and-tni
https://climatedataguide.ucar.edu/climate-data/nino-sst-indices-nino-12-3-34-4-oni-and-tni
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Correlation analysis 

The relationship between impact and teleconnection indices is assessed through regression 

models, considering in all cases detrended time series, in order to avoid misleading results due to 

temporal trends. A linear regression is fitted between each teleconnection index (as predictor) and 

each impact index (predictand). The regression coefficient shows the sign and strength of the 

relation between predictor and predictand, i.e. how much the mean of the dependent variable 

changes given a one-unit shift in the independent variable. Statistically significant coefficients (at a 

significance level of 0.05) are shown. 

2.3 Results  

Relationships with teleconnection indices 

Regression coefficients for all 12 teleconnection indices (see Table 2) are analyzed for the six 

climate impact indices (see Table 1). Here we show the most relevant results for each index. The 

four seasons are presented for the precipitation-derived indices, whereas results for the most 

relevant seasons for the temperature indices are included. 

RR1 
The main modes of variability associated with RR1 are NAO, EA, SCA and NINO3.4 in different 

parts of the continent, in agreement with previous literature (e.g. Casanueva et al. 2014). A dipole 

structure is evident when relating winter NAO and RR1 (Fig.2.1): positive phases of NAO favour 

higher frequency of wet days in northern Europe and the British Isles, whereas the opposite 

behaviour is found in southern Europe. In summer, negative correlation is found between positive 

phases of NAO and RR1 in the Atlantic watershed. Some significant negative correlations also 

arise in the intermediate seasons in Central and eastern Europe. 

The most important relationships between RR1 and EA are found in western Europe in winter, in 

the Atlantic watershed in spring and in the British Isles and southern Norway in summer (Fig.8). 

Some negative correlations are found in the eastern Mediterranean area. SCA largely drives the 

frequency of wet days in the Scandinavian Peninsula and northeastern Europe along the four 

seasons (negative correlation, Fig.2.3). RR1 in southern and southwestern Europe are positively 

related to SCA positive phases in summer and the intermediate seasons, respectively. Although 

the effect of Pacific SST anomalies over Europe is limited, el Niño 3.4 phases are related to wetter 

conditions in the Iberian Peninsula in autumn, whereas la Niña events are associated with wetter 

springs (Fig. 2.4). 

SDII 
Regression coefficients for SDII are between ±1 mm/day for all teleconnection patterns. 

Statistically significant values are obtained in winter, in southwestern Iberian Peninsula (negative 

correlation) and north and east of Europe with NAO (Fig.2.5), and in eastern Europe and Norway 

with EA/WR (Fig.2.6). 
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Fig. 2.1 Regression coefficients for RR1 ~ NAO (days/season). Statistically significant values (p-

value < 0.05) are depicted in purple. 

 

 

Fig. 2.2  As Fig.2.1 for RR1 ~ EA. 
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Fig. 2.3  As Fig.2.1 for RR1 ~ SCA. 

 

 
Fig. 2.4  As Fig.2.1 for RR1 ~ NINO3.4. 
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Fig.2.5  As Fig.2.1 for SDII ~ NAO (units of the coefficients are mm/day in this case). 

 

Fig.2.6  As Fig.2.1 for SDII ~ EA/WR (units of the coefficients are mm/day in this case). 

 

 


