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1. Executive summary 

 
A set of case studies representative of extreme events across Europe has been investigated.  A 
number of analysis techniques have been applied in order to assess the evolution of episodes of 
extreme conditions and the physical processes involved.  This analysis has enabled conclusions to be 
drawn regarding the potential predictability of such events and to what extent improvements in 
forecast systems may lead to more skillful prediction of similar events in the future. 

Each partner gave focus to a different set of case studies, including the contribution of soil moisture to 
the 2003 and 2010 heat waves, the identification of moisture sources and their contribution to heavy 
episodes of precipitation and the role of the subtropical jet in modifying midlatitude planetary wave 
activity.  A summary of partners’ contributions and their main findings is given below:   

 

 Soil moisture contributions to 2003 and 2010 heat waves (Section 3.1) 

o The likelihood of the 2003 and 2010 heat waves could have been assessed up to 4 
months in advance.  

o For the 2003 event, the atmospheric circulation was predictable independently of the 
soil initial conditions; for 2010, a correct forecast would require correct initialisation of 
soil moisture. 

o Soil moisture does have perspective for better seasonal forecasts 

o Further analysis will be given to the large-scale circulation associated with the 2003 
heat wave. 

 Moisture sources and contribution to heavy precipitation events (Section 3.2) 

o The location of moisture gain is consistent independent of the magnitude 3-day 
precipitation events in Southern France but SST anomalies in the central-eastern 
Atlantic appear to be linked with the magnitude of the heaviest precipitation events. 

o Seasonal forecasts for autumn 2014 fail to reasonably capture the correct moisture 
sources or transport of moisture leading to extreme precipitation. 

o This analysis has been extended to precipitation contributing to the Central Europe 
floods of May-June 2013, in which work is on-going. 

 Role of Subtropical jet in modifying the midlatitude planetary waves activity (Section 3.3). 

o A process-oriented global index HS for the planetary scale wave activity has been 
introduced. 

o The role of the subtropical jet in catalyzing midlatitude planetary wave activity has been 
highlighted. 

o Further work will assess this source of potential predictability in seasonal forecast 
systems. 

 

This Deliverable has contributed towards a greater understanding on the physical processes that 
influence extreme events in Europe with a number of forthcoming papers in preparation.  Work is on-
going and will continue to define the direction in which further developments are aimed. 
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2. Project objectives 

With this deliverable, the project has contributed to the achievement of the following objectives (see 
DOW Section B.1.1.2): 

No. Objective  Yes No 

1.  To achieve an objective exhaustive evaluation of current forecast 
quality from dynamical, statistical, and consolidated systems to 
identify the factors limiting s2d predictive capability 
 

X  

2.  To test specific hypotheses for the improvement of s2d predictions, 
including novel mechanisms responsible for high-impact events 
using a process-based verification approach 
 

X  

3.  To develop innovative methods for a comprehensive forecast 
quality assessment, including the maximum skill currently 
attainable 
 

X  

4.  To facilitate the integration of multidimensional observational data 
of the atmosphere-ocean-cryosphere-land system as sources of 
initial conditions, and to validate and calibrate climate predictions 
 

 X 

5.  To achieve an improved forecast quality at regional scales by 
better initialising the different components, an increase in the 
spatial resolution of the global forecast systems and the 
introduction of important new process descriptions 

X  

6.  To assess the best alternatives to characterise and deal with the 
uncertainties in climate prediction from both dynamical and 
statistical perspectives for the increase of forecast reliability 
 

 X 

7.  To achieve reliable and accurate local-to-regional predictions via 
the combination and calibration of the information from different 
sources and a range of state-of-the-art regionalisation tools 
 

 X 

8.  To illustrate the usefulness of the improvements for specific 
applications and develop methodologies to better communicate 
actionable climate information to policy-makers, stakeholders and 
the public through peer-reviewed publications, e-based 
dissemination tools, multi-media, examples for specific 
stakeholders (energy and agriculture), stakeholder surveys, 
conferences and targeted workshops 
 

 X 

9.  To support the European contributions to WMO research initiatives 
on s2d prediction such as the GFCS and enhance the European 
role on the provision of climate services according to WMO 
protocols by creating examples of improved tailored forecast-
based products for the GPCs and participating in their transfer to 
worldwide RCCs and NHMSs. 
 

 X 
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3. Detailed report on the deliverable 
 
3.1 Soil moisture contributions to 2003 and 2010 heat waves 

Both 2003 and 2010 heat waves had dramatic consequences on the surrounding populations and 
neither of those extreme events has been predicted in advance (Ballester et al. 2011; Poumadère et 
al., 2005). Moreover, results of attribution studies seem to suggest that this type of heat wave is more 
likely to occur in the future due to climate change (Meehl and Tebaldi 2004). Thus, to be able to adapt 
and mitigate the effect of such heat waves, decision makers need a reliable and anticipated prediction 
of this kind of event. In the present study, we demonstrate that those heat waves’ likeliness could have 
been better assessed up to 4 months in advance. This allows us to investigate the mechanisms 
underlying the occurrence of the heat waves and especially the role of dry soil moisture initial 
conditions, which has been suggested to be a crucial factor for the occurrence of both heat waves 
(Weisheimer et al. 2011; Quesada et al 2012; Fischer 2014). 

 

3.1.1: Experimental set up 

The seasonal hindcast experiments are conducted using the EC-Earth2.3 forecast system (Hazeleger 
et al. 2011). EC-Earth2.3 consists of three model components, the Integrated Forecasting System 
(IFS) cycle 31r1 for the atmosphere, NEMO2 for the ocean and LIM2 for the sea ice. The model 
resolution chosen for the atmosphere is a spectral triangular truncation at a wavenumber 159 and for 
the computation of physical processes reduced Gaussian grid N80, which corresponds to a mesh 
resolution of around 120 km in the midlatitudes, with 62 layers in the vertical. EC-Earth uses the H-
TESSEL (TESSEL for Tiled ECMWF Scheme for Surface Exchanges over Land) scheme for the land 
surface (van den Hurk et al. 2000), which includes an improved representation of hydrology over the 
TESSEL scheme, in agreement with more recent IFS cycles (Balsamo et al. 2009). The model has 
four active soil layers extending to a depth of 2.89 meters, without considering capillary rise of 
groundwater or horizontal exchange of soil water. The oceanic component is NEMO (Madec 2008) 
using the ORCA1 horizontal resolution (which is 1° although with a highly irregular, tripolar grid) and 
42 vertical levels. The LIM2 sea-ice model is coupled to the ocean (Fichefet and Maqueda 1997). All 
model components are coupled through the Ocean Atmosphere Sea Ice Soil version 3 
(OASIS3;Valcke 2006) coupler. To assess the impact of a realistic land-surface initialization on sub-
seasonal and seasonal forecasts two seasonal hindcast experiments have been performed. A 10-
member, four-month long hindcast experiment has been performed over the period 1981-2010 with 
start dates the first of May of each year. The ocean, sea-ice and atmospheric components are 
initialized with ORAS4, IC3 sea-ice analysis and ERA-Interim, respectively. In the INIT experiment the 
land surface is initialized with the soil moisture and temperature and snow from ERA-Land (Balsamo 
et al. 2015), which provides consistent land surface conditions to the forecast system since both share 
the same land-surface model version. The ensemble is constructed by using atmospheric singular 
vectors and the five ocean analyses available from ORAS4. The CLIM experiment initializes the land 
surface using the climatology of ERA-Land for the corresponding start date, this being the only 
difference between INIT and CLIM. With this set up, the impact of the land-surface initialization can be 
isolated from all the other factors that influence the forecast quality in climate forecasting. 

 

3.1.2: Results 

Figures 1.1a and d, which display the observed 2m-temperature anomalies for summer 2003 and 
2010 respectively, show the occurrence of a strong heat wave over western Europe and Russia. 
Figure 1.1b-c and e-f, show the CLIM and INIT prediction of those two events. Instead of displaying 
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ensemble-mean anomalies, which usually are seriously damped when compared to the reference, the 
forecast odds are computed from the ensemble. The odds are the ratio between the probability for the 
anomalies to be in the upper quintile, the interquintile range or the lower quintile, and the 
climatological probability of these three categories (respectively 20%, 60% and 20%). Each point is 
attributed to the category corresponding to the highest odds ratio. If the point is attributed to the 
interquintile range or if there is no category assigned (the categories with two highest odds ratio have 
an equal value) the point is drawn in white. If the point is attributed to the lower/upper quintile 
category, the corresponding odds ratio is plotted with the left/right color scale. The odds ratio is a 
useful way of representing the signal in a probabilistic way because it gives an estimate of how 
anomalous the probability of the event is (i.e. the number of times it can occur above its climatological 
frequency) independently of the baseline. These Figures allow visualizing how the hindcasts predict 
the extreme quintile categories for each point. Figure 1.1, clearly shows that the 2003 heat wave is 
predictable four months in advance, even without the correct soil initial conditions at the beginning of 
the forecast. This result suggests that the 2003 heat wave is large-scale driven and that this prediction 
system is able to forecast the concern phenomenon. In 2010, Figure 1.1 shows that 2010 heat wave is 
predictable but only with the correct initialization of soil at the beginning of May, which suggests that 
the dry soil conditions from previous spring were crucial for heat wave development. 

In order to understand when soil condition is important for the 2003 heat wave development, and thus 
better understand the mechanisms underlying this heat waves, Figure 1.2 displays the evolution of the 
temperature and soil anomalies during summer 2003 both in the observation and in the CLIM and INIT 
experiments for May, June, July and August starting months.  Figure 1.2a shows clearly that both INIT 
and CLIM are generally forecasting warm anomalies during the whole summer independently of the 
starting month (except in July for which INIT is better than CLIM). The small magnitude of the 
difference between INIT and CLIM suggests that the soil initialization conditions are not crucial for the 
development of the heat wave except in July. However, Figure 1.2b shows that a dry soil anomaly is 
generated in CLIM and the amplitude of this anomaly is very comparable to the one in INIT. Again, the 
only exception occurs for the forecast initialized in July, for this starting month CLIM is not able to 
generate the dry soil conditions, probably because the temperature anomaly simulated is too low in 
July. This shows that the correct forecast of the atmospheric circulation in both simulations generates 
the correct soil conditions even without the correct initialization, when the forecast is initialized in May, 
June and August. In July, in CLIM without the correct land initial condition, the beginning of the heat 
wave is not forecasted. 

In 2010, the behavior of CLIM and INIT are quite similar and successful for the prediction of the 2010 
heat wave when the forecast is initialized in June and in July. As in 2003, for this two start dates, the 
atmosphere generates straight away dry soil conditions. However, the forecast initialized in May and 
August strongly differ. For the forecasts initialized in May, both simulations fail to reproduce the high 
temperature of June, so in INIT the dry soil conditions remains, while in CLIM an excess of 
precipitation (not shown) generate moist soil conditions. Thus, the heat wave only developed in INIT, 
which have dry soil conditions. In August, the amplitude of the temperature anomalies is better 
simulated with the correct initialization. 
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Figure 1.1: a) Anomalies of detrended 2m-temperature in JJA 2003. The dots indicate the area where 
the anomaly is in the upper quintile (estimated over 1981-2010). b) Odds in CLIM for T2m for JJA 
2003. The odds are the ratio between the probability for the anomalies to be in the upper quintile, the 
interquintile range or the lower quintile and with the climatological probability of these three categories 
(20%, 60% and 20%, respectively). Each point is attributed to the category corresponding to the 
highest odds ratio. If the point is attributed to the inter-quintile range or if there is no category assigned 
(the categories with two highest odds ratio have an equal value) the point is drawn in white. If the point 
is attributed to the lower/upper quintile category, the corresponding odds ratio is plotted with the 
left/right color scale. c) Same as b) but for INIT. d-e-f) Same as a-b-c) but for 2010.  
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Figure 1.2: a) Detrended monthly anomalies of T2m (top and middle) and soil moisture averaged in 
the box represented on the Figure 1a in 2003. The stars show the observed anomalies and the 
number above: the quantile corresponding to this anomaly. The box-and-whisker plots show the 
distribution of the anomalies for the members of the 2 simulations (left of the star: CLIM, right of the 
star: INIT). In black the simulations initialized in May, blue: June, red: July, green: August. b) Same as 
a) but for integrated soil moisture. 
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3.1.3: Conclusion and prospects 

In this study, we have shown that the 2003 and 2010 heat waves’ likeliness could have been 
assessed up to 4 months in advance. In the case of 2003, soil initial conditions are not essential to 
reproduce correctly the heat wave from any starting month between May and August. This result 
shows that the atmospheric circulation is predictable for this event independently of the soil Initial 
conditions. The successful prediction of the atmospheric circulation leads directly to the generation of 
dry soil conditions, which have positive feedback on the heat wave development. In 2010, the same 
mechanisms occurs if the prediction starts in June and July. However, the forecast initialized in May 
can forecast correctly the heat wave only if the soil is properly initialized, this because the dry soil 
conditions will persist in May and June, and moist soil conditions will develop in the simulation with the 
climatological initialization. 

The results of the study suggests that 2003 is remotely driven thus it appears crucial to better 
understand what is the large scale pattern associated with this heat wave. A weather regime analysis 
will be conducted on these experiments. In order to assess the robustness of this results the present 
study a multi model analysis will be conducted in similar set of experiments realized with the newer 
version of EC-Earth and by the others partner of the SPECS: Meteo-France and ECMWF. 
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Figure 1.3: Same as Figure 1.2 but for 2010. 
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3.2 Moisture sources for heavy precipitation events 

3.2.1 Introduction 

Extreme precipitation and its subsequent impacts constitute a major environmental hazard.  Climate 
change induced by anthropogenic activities is expected to exert a considerable influence on global 
precipitation patterns and the frequency and intensity of heavy precipitation events (e.g. Seneviratne 
et al. 2012). The provision of reliable information about the likelihood of heavy precipitation occurrence 
is an increasingly important challenge in seasonal forecasting.  Skillful forecasts at lead times of one 
to three months are dependent on the forecast system’s representation of physical processes that 
impact on the probability of extreme precipitation.  Anomalous sea surface temperatures are known to 
influence precipitation occurrence, particularly in the tropics.   

Episodes of extreme precipitation in the observational record provide an opportunity to identify the 
processes responsible in the evolution of extreme events and to assess the representation of such 
events in the corresponding forecast.  In accordance with the goals of this Deliverable, we compare 
sources and transport of moisture in observed and predicted datasets, specifically with regard to 
extreme precipitation during the autumn (SON) of 2014 in the Cévennes region of southern France.  
Advection of moisture from warm post-summer Mediterranean waters lead to thunderstorms is known 
to result in extreme precipitation across the region (Vautard et al., 2015).  We address to what extent 
was the seasonal forecast for SON 2014 able to provide information about the likelihood of the 
occurrence of extreme precipitation associated with a so-called “Mediterranean event”. 

 

3.2.2 Method 

Source regions were determined using a back trajectory analysis based on a two-dimensional 
Lagrangian method (Dominguez et al., 2006; van den Hurk and van Meijgaard, 2012).  For each grid 
point within a given target domain, and for each 6-hourly interval with precipitation, the product of the 
horizontal wind and atmospheric moisture content was vertically integrated to construct a series of 
upstream columns up to a period of 10 days.  In determining moisture sources in the observational 
record, all meteorological fields were taken from ERA-interim (Dee et al., 2011).  All seasonal forecast 
data was taken from the ECWMF Seasonal Forecasting System 4. 

It is important to identify the limitations associated with this methodology.  Other examples of moisture 
transport analysis have used three-dimensional trajectory schemes (e.g. Sodemann and Zubler, 2010; 
Wei et al., 2012).  That is, those that consider the vertical movement of moisture in the atmosphere.  
The method used here thus far considers only the horizontal transport of moisture well mixed within an 
atmospheric column.  For its ease of use and applicability to the extratropics, where the degree of 
wind shear may be assumed to be substantially smaller than within tropical and sub-tropical latitudes, 
the two-dimensional approach was preferred here although further method development may include 
a three-dimensional analysis. 
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3.2.3 Sources of moisture in observed record and potential predictability 

Back trajectory analysis was used to determine the sources and transport of moisture associated with 
extreme precipitation episodes in the Cévennes in the observed record.  Figure 2.1 shows the 
cumulative evaporation (E) and evaporation minus precipitation (E-P) at each grid point along a 
trajectory as a contribution to the total diagnosed September precipitation in the target region between 
1979 and 2014.  Where a grid point is crossed by two or more trajectories, E and E-P for each are 
summed respectively to give a total.  In each Figure, the vectors show the mean direction and strength 
of moisture transport (defined by the vertical integral of the product of horizontal wind and specific 
humidity) during the 10 day period preceding the precipitation event.  In general, the most prominent 
regions of net moisture gain (E-P) occur in the western Mediterranean and in the Atlantic west of the 
Straits of Gibraltar.  

As a next step, back trajectory analysis was applied to extreme precipitation events only.  Seasonal 
maxima of 3-day precipitation totals from ERA-interim were identified for each year between 1979 and 
2014.  Figure 2.2 shows the back trajectories and moisture sources associated with three wettest 
seasonal maxima.  In the case of each event, moisture is transported from the Atlantic and, to some 
extent, the western Mediterranean.  The contribution of net moisture gain along each set of trajectories 
differs but in general the key source regions of moisture exhibit consistency with the long-term 
climatology composite shown in Figure 2.1.  Composites of 36 seasonal maxima (1979-2014), 
showing the total moisture contribution accumulated for all seasonal maxima, provide further evidence 
for this consistency (not shown). 

Comparison of Figures 2.1 and 2.2 clearly extreme precipitation events are, in general, not associated 
with difference sources of moisture to events of smaller magnitudes.  Given that the source regions of 
moisture are consistent, it is necessary to consider the role of Atlantic and Mediterranean sea surface 
temperature (SST) in the governing the magnitude of precipitation extremes.  Figure 2.3 shows the 
correlation between the seasonal maxima and sea surface temperature (SST).  A region of significant 
correlation (>0.3) exists in the Atlantic suggesting that the heaviest precipitation episodes are 
associated with long trajectories of moisture accumulation.  

 

3.2.4 Representation of September 2014 extreme precipitation in seasonal forecast 

Despite the relative consistency in the sources of moisture associated with precipitation in Southern 
France, forecasts are seasonal timescales of particularly heavy precipitation are known to lack skill.  
To further assess the reasons for this, focus was given to the analysis of extreme precipitation in the 
Cévennes during 16-18 September 2014.  Back trajectories and moisture sources for this event are 
shown in Figure 2.4 (right panel).  The event was characterised by a narrow, persistent flow from the 
Mediterranean and warm post-summer Atlantic waters.  The maximum 3-day precipitation totals were 
identified for each of 51 ensemble members for the September 2014 forecast made with a lead time of 
one month.  Figure 2.5 shows moisture sources (E-P) associated with the three wettest events within 
the set of ensemble member maxima.  Analysis of these and other maxima events (not shown) 
suggests that the forecast is able to capture Mediterranean and Atlantic sources may contribute 
toward heavy-to-extreme precipitation but rarely does moisture from both regions contribute to the 
event in question, as was the case for the September 2014 event.  Diagnosis of the forecast system’s 
lack of skill in correctly reproducing observed moisture sources is difficult and merits further analysis.  
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Figure 2.1: Cumulative E (top) and E-P (bottom) associated with September precipitation in Southern 
France (outlined by red box) between 1979 and 2014. 
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Figure 2.2: Back trajectories and cumulative evaporation associated with wettest three seasonal 
maxima. 
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Figure 2.3: Correlation of seasonal maxima of three-day precipitation totals and SST. 
 
 
 
 

  
Figure 2.4: Total precipitation (from ERA-interim) 16-18 September 2014 (left); back trajectories and 
contribution of E-P to Southern France precipitation (right). 
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Figure 2.5: Net moisture gain (E-P) (%) associated with the three wettest 3-day precipitation totals 
within the seasonal forecast ensemble. 
 
 
3.2.5 Outlook and application to large-scale precipitation events 

A back trajectory analysis tool has been used to quantify observed sources of moisture in regular and 
extreme precipitation events in Southern France and the extent to which these are reproduced by 
seasonal forecasts.  While there is a long-term consistency in the location of ocean-bourn moisture 
sources and an apparent relationship between central-eastern Atlantic SST and the magnitude of 
precipitation extremes, the seasonal forecast for September 2014 fails to reasonably capture either 
the correct source or transport of moisture leading to extreme precipitation in the Cévennes mountain 
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region.  The results presented here currently form the basis of a paper in preparation to be submitted 
before the end of the year. 

As stated in Section 3.2.2, the ease with which the back trajectory method can be applied makes it 
particularly attractive in analysing different extreme precipitation case studies across Europe and, 
potentially, different parts of the world.  There is also potential to extend the analysis to precipitation 
extremes on larger scales.  The same analysis has been performed on the heavy precipitation and 
subsequent floods in Central Europe during May and June 2013.  Preliminary results suggest that the 
moisture sources for the Central Europe are reasonably well-captured in the forecast ensemble’s 
simulation of heavy precipitation episodes.  Work is on-going and, for brevity, no plots are shown here. 
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3.3 Role of Subtropical jet in modifying the midlatitude planetary waves activity 

To analyze the coupling between extratropical planetary wave activity, a proxy of intense blocking 
events frequency, and the subtropical jet, we have taken advantage of the spatio-temporal spectral 
decomposition introduced by Hayashi (1979) to introduce a global index for the planetary scale wave 
activity, as described in Di Biagio et al (2014) and in Dell’Aquila et al (2015). The Hayashi technique 
assumes a complete coherence between the eastward and westward components of standing waves  
(i.e. characterized by fixed spatial nodes/antinodes) and attributing the incoherent part of the spectrum 
to real travelling waves, allowing a clear separation between travelling vs standing waves of an 1D+1D 
field (Dell'Aquila et al., 2005; Lucarini et al 2006; Di Biagio et al., 2014).  The standing component of 
the power spectrum is generally associated with planetary waves interacting with orography (Charney 
and De Vore, 1979; Charney and Straus, 1980) and are catalyzed by the subtropical jet (Benzi and 
Speranza, 1989; Ruti et al., 2006). 

In this context, we compare different reanalysis products: NCEP reanalysis (Kistler et al. 2001), 
ERA40 (Uppala et al. 2005); ERA Interim (Dee et al. 2011); the deterministic reanalysis ERA20C (Poli 
et al 2014); the probabilistic NOAA 20th Centennial reanalysis (NOAA 20CR) (Compo et al 2011) and 
atmospheric-only centennial integrations (ERA20CM) carried out in the framework of the ERA-CLIM 
project (Hersbach et al 2015). In addition of this, we consider another dataset of ERA20CM AMIP 
simulations with stochastic physics (hereafter ERA20CM-SP) which differ from the ERA20CM 
companion integrations in that stochastic perturbations are applied to the physical tendencies  (Palmer 
et al. 2009; Weisheimer et al. 2014). The two ERA-CLIM datasets consist of ten and three ensemble 
members respectively. However, for sake of consistency and fair comparison, here we consider only 
those three ensemble members of ERA20CM forced by the same realisations of the HadiSST dataset 
(Kennedy et al. 2014) used for the correspondent ensemble members in ERA20CM-SP.   

 

3.3.1 Main Results 

The wintertime mid-latitude atmospheric low frequency variability is studied here by considering to the 
December-January-February (DJF) daily 500 hPa geopotential height data averaged over the 
latitudinal belt 30◦N–75◦N, where most of the low-frequency waves activity is observed (Dell’Aquila et 
al. 2005).  

The good agreement between different reanalysis products such as NCEP, ERA40, ERA-Interim in 
terms of the representation of low frequency variability atmospheric variability has been shown and 
widely discussed in previous studies (e.g. Dell'Aquila et al 2005, Lucarini et al 2007, Di Biagio et al 
2014). Therefore, we can use the NCEP reanalysis as a reference for the second half of the 20th 
century and the first decade of the 21st century.  The climatological averages of the standing 
component (with fixed spatial nodes/antinodes) of Hayashi power spectra for DJF period from NCEP 
are in fairly good agreement with those computed from ERA20C, ERA20CM (-SP) for the 
(overlapping) period 1951-2010 (Figure 3.1).  

The consistency of Hayashi spectra between the different datasets leads to a common definition of 
spectral sub-domains for the integral metric of the energy associated to the standing waves. The 
planetary scale energy HS, mostly associated to blocking events and catalyzed by the subtropical jet 
(Benzi and Speranza, 1989; Ruti et al., 2006), is computed by integrating, for each DJF period, the  
standing component of the power spectrum over the low frequency-low wavenumber spectral domain, 
corresponding to 10–45 days and zonal wave numbers between 2 and 4 (Di Biagio et al 2014; 
Dell’Aquila et al 2015) . 
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In Figure 3.2 the time series of HS from different datasets are displayed. The time evolution of the 
reanalysis products (thick curves) during the last thirty years (when satellite observations became 
available) is in good agreement. This supports the notion that the assimilation of only surface fields 
only (as in ERA20C) can be sufficient to generate high-quality upper-hair variability for the extra 
tropical belt during the winter season. The index of planetary wave activity, HS, displays pronounced 
decadal variations, but no trend. Interannual and decadal variations in HS are consistent among 
different reanalyses also during the first quarter of the second half of the 20th century (i.e. when the 
data coverage was more limited). The ERA-CLIM AMIP integration exhibits a systematic, non-
negligible, overestimation of waves activity and related interannual variability. 

To identify the atmospheric patterns associated to the oscillations of HS we show in Figure 3.3 and 
Figure 3.4 the maps of correlations between the global index with the  seasonal averages of 
geopotential height Hgt at 500 hPa and air temperature Ta at 850 hPa. The positive correlation with 
500 hPa Hgt over the Atlantic sector, present in both the reanalyses here considered, suggests that 
high values of HS are associated to an stronger anticyclonic pattern over Atlantic typical of blocking 
events (Figure 3.3). These patterns bring cold anomalies over Southern Europe and warm anomalies 
over US and western Pacific coasts  (Figure 3.4). These features are not completely reproduced in the 
AMIP integrations, especially for the ERA20CM-SP runs.   

To highlight the role of subtropical jet in catalyzing and modifying  the midlatitude planetary wave 
activity we show in Figure5 the correlations between the global index HS  and the seasonal averages 
of zonal wind speed at 200 hPa with different time lags (0 days; 30 days; 60 days before).  In the 
‘traditional’ Reanalyses (e.g. NCEP, Era-Interim (here not shown)) a strong jet over north America and 
east Pacific, in correspondence of weaker zonal winds over West Pacific, can trigger, two months 
before, forthcoming winter seasons with enhanced planetary waves activities. These features are not 
fully reproduced in the AMIP runs suggesting a relevant role played by assimilation (even if only for 
surface fields as in the case of ERA20C) to correctly reproduce coupling between extra-tropical 
planetary wave activity and the subtropical jet.  

 

3.3.2 Summary, Conclusions and next steps 

Once obtained a process-oriented index HS for planetary waves activity, we have identified the 
corresponding atmospheric patterns associated. High values of HS correspond to an enhanced 
meridional component of geopotential field, with a more anti-cyclonic pattern over the Atlantic sector 
generally associated to blocking events. This leads, during wintertime, to a cold anomaly over Central-
Southern Europe and a warm anomaly over US.   

We have highlighted the role of subtropical jet in catalyzing the midlatitude planetary wave activity 
considering the maps of correlations between the index defined above and the zonal wind field at 200 
hPa with different time lags (0 days -30 days -60 days before).  In the ‘traditional’ Reanalysis (e.g. 
NCEP, ERA-interim) a stronger jet over North America and weaker over West Pacific two months 
before can trigger forthcoming winter seasons with enhanced planetary waves activities. These 
features are not fully reproduced in the AMIP runs suggesting a relevant role played by assimilation 
(even if only for surface fields as in the case of ERA20C).  

In the next months this methodology will be applied to SYS4 hindcast to check if these signals of 
predictability over midlatitudes related to subtropical jet are still present even in the seasonal forecast 
systems.  
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Figure 3.4: Climatological average over 60 winters (1951-2010) for the standing component of 
Hayashi power spectra for DJF geopotential height at 500 hPa, in the latitudinal belt 30°N–75°N. The 
Hayashi spectra have been obtained by multiplying the spectra by kj𝜔m 𝜏 /(2𝜋), 𝜏 = 90 days so that 
equal geometrical areas represent equal variance in log-log plots, and their units are square meter. 
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Figure 3.5: Time series of the integral measures  of <Hs(LFLW)> for the planetary waves in the 
latitudinal belt 30◦N–75◦N, by the ERA20C, NCEP, NOAA 20th CEN, ERA-Interim, ERA40, and ERA-
CLIM ERA20CM, ERA20CM-SP . We apply a 5-year running mean 
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Figure 3.6: Correlation between the Hs index and the geopotential height Hgt at 500 hPa for different 
datasets over the 1951-2010 period. For the Era-CLIM AMIP simulation we report the ensemble 
mean. The contour lines are for Hgt at 500 hPa long term eddy mean. In the tippled areas the 
correlations are statistically significant at 90% (Pearson coefficients) 
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Figure 3.7: Correlation between the Hs index and the Air temperature Ta at 850 hPa for different 
datasets over the 1951-2010 period. For the Era-CLIM AMIP simulation we report the ensemble 
mean. The contour lines are for Ta at 850 hPa long term eddy mean. In the stippled areas the 
correlations are statistically significant at 90% (Pearson coefficients). 
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Figure 3.8: Correlation between the Hs index and the zonal wind field U at 200 hPa for different 
datasets over the 1951-2010 period with different time lags (0, 30 days, 60 days before). For the Era-
CLIM AMIP simulation we report the ensemble mean. The contour lines are for U 200 hPa long term 
mean. In the tippled area the correlations are statistically significant at 90% (Pearson coefficients). 
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6. Efforts for this deliverable 

 

Partner Person-months 

(actual) 

Person-

months  

(in-kind) 

Period covered 

4. KNMI 4  36 months 

9. ENEA 3  36 months 

1. IC3 3.47  36 months 

Total 10.47  36 months 

 

7. Sustainability  

 

 A key finding within this deliverable is that soil moisture initial conditions could be important to 
forecast heat waves.  This contribution is also part of WP3.1. 

 Links between sea surface temperature and heavy precipitation in Europe are as yet 
inconclusive and subsequent work is required to further an understanding and quantification of 
these processes. 

 One of the possible sources of skill for seasonal forecast for the midlatitudes could be an 
improved representation of large scale dynamics and in particular of the underlying processes 
that can modify the low frequency atmospheric variability (10-45 days). 

 

 
 
 


