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1. General Information

Activity Id
AECT-2017-3-0015

a) Activity Title
Stratospheric in�uence on climate variability and predictability

b) Area
Astronomy, Space and Earth Sciences

2. Research Project Description

a) Is this a Test Activity?
No

b) Is this a Long Term Activity that will extend over two application periods?
No

c) Brief description of the Project
Seasonal climate forecasting is a �eld with enormous potential in�uence in different socio-economic sectors, such as agriculture, health,
water management, and energy. Given the chaotic nature of the climate system, one might question the feasibility of forecasting climate
conditions months in advance. Yet, seasonal climate prediction is feasible because atmospheric variability on seasonal time-scales is
modulated by slowly-varying boundary conditions, such as sea surface temperature (SST), and can retain memory from internal processes
with very slow relaxation rates, such as those in the stratosphere. These �uctuations are not noticeable in day-to-day weather conditions but
become evident in seasonal averages, e.g. two/three-month means (e.g. Shukla 1998). Seasonal climate prediction has progressed
considerably in the last decade but the tropics remain the region where seasonal forecasts are most successful (see Doblas-Reyes et al.
2013 for review). This activity frames into the national project DANAE (MINECO-RETOS CGL2015-68342-R), where García-Serrano is the PI,
and will focus on the two main modes of interannual variability at tropical latitudes, which are relatively well predicted and/or constrained by
initialization (e.g. Tripathi et al. 2015; Butler et al. 2016), and for which tropical-extratropical teleconnections affecting the Euro-Atlantic
sector have been robustly shown in observations (e.g. Smith et al. 2012; Anstey and Shepherd 2014): El Niño-Southern Oscillation (ENSO),
the leading interannual variability mode in the tropical troposphere; and the quasi-biennial oscillation (QBO), the leading interannual variability
mode in the tropical stratosphere.

In most of the extratropics, and in particular in the North Atlantic-European (NAE) region, the anomalies predicted by general circulation
model (GCM)-based seasonal forecast systems have usually been weak and barely added valuable information over a forecast based on
climatology or persistence. This can be explained by the high level of atmospheric internal variability, particularly during winter – the target
season of DANAE. Half of the winter NAE atmospheric variability is associated with the North Atlantic Oscillation (NAO), a meridional air-
mass seesaw tied to the strength of the Azores High and Icelandic Low, which strongly in�uences European climate on interannual time-
scales (see Hurrell et al. 2003 for review). The long-lasting problem in seasonal forecast systems over NAE is thought to be potentially
alleviated by better representing stratospheric circulation and stratosphere-troposphere coupling in the models. The surface impact of
extratropical stratospheric variability is actually very prominent in the Euro-Atlantic sector, projecting on the NAO pattern. This surface
signature holds for both anomalies of the polar stratosphere (e.g. Hitchcock and Simpson 2014) and tropical-extratropical stratospheric
pathways (e.g. Anstey and Shepherd 2014). The stratospheric in�uence on tropospheric variability has been largely detected and analysed,
but not until recently have seasonal forecast systems started to explore the enhanced prediction skill provided by this connection. This
potential effect on the forecast quality was long anticipated (e.g. Douville 2009), and the last generation of forecast systems have yielded
traces of added skill via the stratosphere (Scaife et al. 2014; Domeisen et al. 2015; Stockdale et al. 2015); however, the precise role of
resolving the stratosphere and simulating stratospheric processes is unclear and needs to be properly assessed (Kang et al. 2014; Butler et
al. 2016). As reviewed by Kidston et al. (2015), whether seasonal climate predictions can bene�t from representing stratosphere-troposphere
interactions remains to be tested. DANAE, then this activity, will tackle the challenge by (i) performing atmosphere-only seasonal hindcasts
and (ii) running sensitivity experiments where the model stratospheric variability will be arti�cially suppressed. The former will contribute to
QBOi – Towards improving the Quasi-Biennial Oscillation in global climate models (http://www.sparc-climate.org/activities/quasi-biennial-
oscillation/), a key initiative of SPARC (Stratosphere-troposphere Process And their Role in Climate) – a core project of the World Climate
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Research Programme (WCRP). The latter will fully address Task 1.2 of the DANAE project.

d) Grant References
DANAE (MINECO-RETOS CGL2015-68342-R)
SPARC-QBOi

e) Brief description of the Project (if this Activity takes place in the context of a Technology or Industrial Project)

f) Speci�c Activity proposed
EL NIñO-SOUTHERN OSCILLATION (ENSO)

ENSO can be characterized as a dipole in ocean heat content across the tropical Paci�c, in which ocean-atmosphere coupled processes
trigger anomalous warm (El Niño) or cold (La Niña) events over the central-eastern equatorial Paci�c (e.g. Chang and Battisti 1998). The
ENSO in�uence on the winter NAE atmospheric circulation has only recently been elucidated. The canonical ENSO teleconnection takes
place in mid/late-winter (JFM), not in the conventional winter season (DJF), and consists of a dipolar pressure anomaly that resembles the
NAO pattern. As reviewed by Brönnimann (2007), this canonical ENSO-NAE teleconnection has been stationary and robust over the past 300
years and is linear for El Niño and La Niña events.

The underlying mechanisms of the ENSO-NAE teleconnection however, remain to be properly understood. Tropospheric and stratospheric
pathways have been suggested to be at play in establishing the canonical NAO-like response but a unifying framework has been elusive to
date. DANAE, in which García-Serrano is the PI, will examine the tropospheric pathway by applying Rossby wave source and ray-tracing
diagnostics to gain insight into the dynamics of the ENSO wavetrain response over the North Paci�c-American sector and its propagation to
NAE (Task 1.1). Likewise, DANAE will comprehensively focus on the stratospheric pathway of the ENSO-NAE teleconnection, with the aim of
improving process understanding and isolating the stratospheric impact on the regional predictability; this will be undertaken by performing
and analysing sensitivity experiments with/without stratospheric variability (Task 1.2). This RES application will provide the model
simulations to DANAE.

Through DANAE, García-Serrano is pursuing the projection of his research interest (Teleconnection Dynamics for Climate Prediction) at
international level. Firstly, as envisaged from its conception, the project relies on an international environment – the Work Team includes a
large number of external collaborators: R. J. Haarsma (KNMI, Netherlands), D. Matei (MPI-M, Germany), T. Ambrizzi (USP, Brazil), A. de la
Cámara and M. Ábalos (NCAR, USA). Secondly, obtaining the project has allowed expanding the collaboration as in-kind contribution to two
Belmont Forum/JPI-Climate projects: ‘The potential of seasonal-to-decadal-scale inter-regional linkages to advance climate predictions -
InterDec’ (PI D. Matei, MPI-M, Germany), and ‘Globally observed teleconnections and their role and representation in hierarchies of
atmospheric models - GOTHAM’ (PIs L. Gray/S. Osprey, U. Oxford, UK). With the latter, BSC is also contributing to SPARC-QBOi (see Sect.
2.c).

QUASI-BIENNIAL OSCILLATION (QBO)

The QBO is the most prominent variability mode of tropical stratospheric zonal winds characterized by downward-propagating westerly
(WQBO) and easterly (EQBO) regimes with a periodicity of approximately 28 months. The QBO wind regimes descend at about 1km/month
until they are dissipated in the tropical tropopause (~100hPa). In mid-winter, the WQBO (EQBO) phase shows westerly (easterly) wind
anomalies in the lower stratosphere and easterly (westerly) wind anomalies in the middle stratosphere (e.g. Randel et al. 1999). The QBO is
mainly driven by upward-propagating, convectively-forced equatorial waves (i.e. Kelvin waves, mixed Rossby-gravity waves, and small-scale
gravity waves) that break in the stratosphere and deposit momentum �ux (e.g. Baldwin et al. 2001). Because the QBO has such a long time-
scale and persistence, its evolution is expected to be predictable, thereby potentially useful for seasonal forecasting. The QBO is indeed the
most promising potential source of seasonal prediction skill apart from ENSO (Smith et al.2012; Kidston et al. 2015; Butler et al. 2016); it is
actually seen as a ‘glimmer of hope’ for seasonal forecasting (Hoskins 2013). The QBO has proved di�cult to simulate accurately in climate
models, though. However, the last version of EC-EARTH [the in-home climate model at BSC, Earth Sciences Dept.] has been found to
realistically simulate QBO-like variability (Christiansen et al. 2016; Davini et al. 2016).

The QBO-NAE teleconnection appears to be mediated by the in�uence of the QBO on the stratospheric polar vortex (Gar�nkel et al. 2011a,
2011b), which is called the Holton-Tan mechanism, and relies on the modulation of upward-propagating planetary waves and the associated
changes in the Brewer-Dobson circulation (Ábalos et al. 2014, 2015). Yet, the simulation/prediction of this tropical-extratropical
teleconnection remains a challenge for many climate models (Scaife et al. 2014). Likewise, the dynamics underlying the Holton-Tan
mechanism are still not well understood (see Anstey and Shepherd 2014 for review). In particular, it is not established yet whether the QBO-
related wind anomalies in the tropical upper (e.g. Pascoe et al. 2006) or lower (e.g. Gar�nkel et al. 2012) stratosphere are key for the QBO-
vortex relationship. SPARC-QBOi aims at understanding which tropical wind regime in the QBO vertical structure is more relevant for the
QBO-NAE teleconnection by performing targeted atmosphere-only simulations. In particular, EXP5 of SPARC-QBOi will analyse a set of
atmosphere-only retrospective climate forecasts, or hindcasts (http://users.ox.ac.uk/~astr0092/Papers.html). This RES application, via the
DANAE project, will provide model hindcasts to SPARC-QBOi.

EC-EARTH

The modelling tool is the state-of-the-art climate model EC-EARTH3, its last version [BSC is part of the EC-EARTH consortium], with IFS
cy36r4 as atmosphere model at T255L91 (~80km horizontal resolution, 91 vertical levels – top 0.01hPa) and NEMO3.6 as ocean model in
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ORCA1L75 con�guration. Two kinds of simulations will be performed in this activity:

(i) SPARC-QBOi atmosphere-only hindcasts. These hindcasts will use ECMWF ERA-Interim reanalysis for atmospheric initial conditions and
have prescribed SSTs and radiative forcing as in observations. The forecast system EC-EARTH3 will be launched on the standard start-dates
of May 1st and November 1st over the period 1979-2015 (37 years). The length of the simulations will be 12 months (1 year). For each start-
date an ensemble of 10 members will be generated with singular vector perturbations (Buizza and Palmer 1994). The outputs will allow
evaluating and comparing (with other models in SPARC-QBOi) the skill of the modelled QBO in a seasonal prediction context, and studying
the model processes driving the evolution of the QBO. [with 384 cores and 2 hours per simulated year in atmosphere-only mode, these 740
simulations (37x2x10) will require 568.320 CPU-hours]

(ii) DANAE coupled runs. Two long control runs of 100 years with EC-EARTH3 will be performed using �xed present-day climate conditions
(radiative forcing) observed during the year 2000. The �rst simulation, FREE, will consist of a free coupled run with the standard set-up. The
second simulation, NUDG, will be constrained by relaxing the spectral component of vorticity and divergence to the corresponding
climatology of FREE from 10hPa (middle stratosphere) upwards, thus supressing stratospheric variability associated with tropical upwelling
and polar downwelling. The feasibility of NUDG has been proved in the RES application AECT-2017-2-0007 (led by Omar Bellprat), where the
nudging methodology has been implemented and tested in EC-EARTH3. The comparison of FREE and NUDG in terms of teleconnection
dynamics will allow estimating the impact of stratospheric variability on the ENSO/QBO teleconnections to the polar vortex and NAE surface
circulation. [with 512 cores and 3 hours per simulated year in coupled mode, these 200 years of simulation will require 307.200 CPU-hours]

g) Computational algorithms and codes outline
EC-EARTH is a European model (http://www.ec-earth.org/) that comprises three major components: IFS (atmospheric component), NEMO
(oceanic component) and OASIS (coupler). It is essential to con�gure and build separate executables for each one of them. IFS and NEMO
fully support a parallel environment, while OASIS supports a pseudo-parallel environment. OASIS requires Cray pointers. For IFS there is a
possibility to activate an OpenMP switch but in this case the implemented MPI should be thread-safe. IFS generates the output in GRIB
format and NEMO in NetCDF, while OASIS does not generate any output. At the end of a simulation the three components always generate
restarts separately (IFS in binary, and NEMO and OASIS in NetCDF format).

For con�guring and building the model executable, GNU make 3.81 or 3.81+, FORTRAN 77/90/95 complaint compiler with preprocessing
capabilities and NetCDF4 deployed with HDF5 and SZIP are needed. A newly designed tool for automatic build con�guration called "ec-conf"
can be used. This useful tool requires Python 2.4.3 or 2.4.3+ (although it does not work yet with Python 3.0+). For NEMO, FCM, bash and perl
are essential, and the GRIB_API I/O 1.9.9 or 1.9.9+ and GRIBEX 370 are required for IFS. GNU date (64-bit) is also required for executing the
model with the run scripts.

EC-EARTH supports several con�gurations that have already been tested on various super-computing platforms, MareNostrum3 among
them. This activity will be carried out with the T255-ORCA1 con�guration, which corresponds to a spatial resolution of 80 km in the
atmosphere (IFS-T255) and 100 km in the ocean (NEMO-ORCA1). In order to store sources and initial data, the experiments require at least
~100 GB of disk space for each release. Currently, four releases of EC-EARTH are available: v3.0, v3.0.1, v3.1 and v3.2. This activity is
planned to be carried out with the latest version, v3.2.

In the context of the experiments planned that will use the T255-ORCA1 con�guration, a benchmarking performed previously suggests that,
taking into account the average load of the MareNostrum queues, optimum performance is obtained when using 512 cores in coupled mode
(384 in atmosphere-only). This is a con�guration that runs faster than previous experiments at MareNostrum but still remains scalable for
this resolution. This con�guration generates 2 GB of output per month of simulation.

3. Software and Numerical Libraries

Software components that the project team requires for the activity.

a) Applications + Libraries
BLAS, HDF5, LAPACK, NETCDF, SCALAPACK, UDUNITS, NCO

b) Compilers and Development Tools
GCC, INTEL, MVAPICH2

c) Utilities + Parallel Debuggers and Performance Analysis Tools
CMAKE, PERL, PYTHON, NCVIEW, AUTOCONF

d) Other requested software
GRIB_API, GRIBEX, CDO and CDFTOOLS

e) Proprietary software
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4. Research Team Description

a) Personal Data
Name of Team Leader Javier García-Serrano
Institution Earth Sciences Dept., BSC-CNS
e-mail javier.garcia@bsc.es
Phone +34 934137725
Nationality Spain

b) The employment contract of the activity leader with the research organisation is valid at least 3 months after the end of
the allocation period.
Yes

c) Curriculum Vitae of the Team Leader
During his scienti�c career, Dr. García-Serrano has worked upon the fundamental initiative of exploring teleconnection dynamics for climate
prediction. He has recently been able to tackle this aim with autonomy thanks to an EU-funded H2020 Marie Skłodowska-Curie Action,
DPETNA “Dynamics and predictability of the ENSO teleconnection to the tropical North Atlantic”, and a national project funded by the
Spanish Ministry of Economy and Competitiveness (MINECO), DANAE “Dynamics and predictability of the ENSO teleconnection in the North
Atlantic-European region”, which is allowing him to build his own research team at the Barcelona Supercomputing Center (BSC). Obtaining
these grants is a re�ection of the candidate’s solid and coherent career during his postdoctoral stage, thoroughly building a bridge between
his theoretical background in atmospheric dynamics and the practical requirements of climate forecasting. He is currently leading the
‘Atlantic Variability and Predictability’ research line at BSC. He is also convening the session ‘Understanding mid-latitude atmospheric
teleconnections’ at the annual meetings of the European Meteorological Society.

Summary of achievements: author of 32 articles, all in journals ranked in the �rst quartile (including high-impact journals, 1 in Nature
Communications and 2 in Bulletin of the American Meteorological Society); 621 total citations / H-index 14; 6 non peer-reviewed publications
(e.g. CLIVAR Exchanges, WGNE-Blue Book); 3 book chapters (e.g. CLIVAR-Spain, TICCC-Catalonia); 23 oral contributions as �rst author (4
invited); participation in 5 European projects (FP6 AMMA, FP7 QWeCI and NACLIM, H2020 PRIMAVERA and APPLICATE), 8 national projects
(MULCLIVAR, PICA-ICE, DEVIAJE, TRACS, MOVAC, TROVA, AVACOA, REN2002-03424), and in-kind contribution to 2 Belmont Forum/JPI
Climate projects (InterDec and GOTHAM, thanks to the applicant’s MINECO project DANAE); active collaboration with 11 international
institutions; presence in the media; invited lecturer at workshops, university seminars and summer schools; co-author of the open-source
‘S2Dveri�cation’ R-package; contributing author to the IPCC 5th Assessment Report.

d) Names of other researchers involved in this activity
Francisco J. Doblas-Reyes (francisco.doblas-reyes@bsc.es)
Virginie Guemas (virginie.guemas@bsc.es)
Pablo Ortega (pablo.ortega@bsc.es)
Omar Bellprat (omar.bellprat@bsc.es)
Martin Ménégoz (martin.menegoz@bsc.es)
Juan C. Acosta (jacosta@bsc.es)
Etienne Tourigny (etienne.tourigny@bsc.es)
Chloé Prodhomme (chloe.prodhomme@bsc.es)
Eleftheria Exarchou (eleftheria.exarchou@bsc.es)
Roberto Bilbao (roberto.bilbao@bsc.es)
Valentina Sicardi (valentina.sicardi@bsc.es)
Raffaele Bernardello (raffaele.bernardello@bsc.es)
Neven Fuckar (neven.fuckar.@bsc.es)
Pablo Echevarria (pablo.echevarria@bsc.es)
Mario Acosta (mario.acosta@bsc.es)

e) Relevant publications
FJ Doblas-Reyes, I Andreu-Burillo, Y Chikamoto, J García-Serrano, V Guemas, M Kimoto, T Mochizuki, LRL Rodrigues, GJ van Oldenborgh
(2013): Initialized near-term regional climate change prediction. Nature Communications, 4:1715, doi:10.1038/ncomms2704.

FJ Doblas-Reyes, J García-Serrano, F Lienert, A Pintó-Biescas, LRL Rodrigues (2013): Seasonal climate predictability and forecasting: status
and prospects. WIREs Climate Change - Advanced Review, 4, 245-268.

J García-Serrano, V Guemas, FJ Doblas-Reyes (2015): Added-value from initialization in predictions of Atlantic multi-decadal variability.
Climate Dynamics, 44, 2539-2555.

J García-Serrano, C Frankignoul, MP King, A Arribas, Y Gao, V Guemas, D Matei, R Msadek, W Park, E Sanchez-Gomez (2016): Multi-model
assessment of linkages between eastern Arctic sea-ice variabilty and the Euro-Atlantic atmospheric circulation in current climate. Climate
Dynamics, doi:10.1007/s00382-016-3454-3.

J García-Serrano, C Cassou, H Douville, A Giannini, FJ Doblas-Reyes (2017): Revisiting the ENSO teleconnection to the tropical North Atlantic.
Journal of Climate, 30, 6945-6957.
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5. Resources

a) Estimated resources required for the Activity for the current Application Period

Requested machine MareNostrum 4 ((Technical description to be con�rmed)
Interprocess communication Null

Typical Job Run

Number of processors needed for each job 384.00

Estimated number of jobs to submit 740.00

Average job durations (hours) per job 2.00

Total memory used by the job (GBytes) 65.00

Largest Job Run

Number of processors needed for each job 512.00

Estimated number of jobs to submit 200.00

Average job durations (hours) per job 3.00

Total memory used by the job (GBytes) 65.00

Total disk space (Gigabytes) Minimum 2000.00 Desirable 3000.00

Total scratch space (Gigabytes) Minimum 10000.00 Desirable 10000.00

Total tape space (Gigabytes) Minimum 0.00 Desirable 0.00

Total Requested time (Thousands of hours) 875.52

If this activity is asking for more than 5Million CPU hours, you need to justify the amount of resources requested for the activity. (max 1000
characters)

INFORMATION: The estimated cost of the requested hours, considering only the electricity cost, is 936.8064 euros.

The architectures selected for the requested resources are only a suggestion. If no hours in this machine/these machines are available,
please grant resources in any other similar architecture where the codes used for the application may run e�ciently.
** this option implies that if no hours in this machine/these machines are available, the acces committee will reject the full application.

6. Abstract for publication

Seasonal climate forecasting is a �eld with enormous potential in�uence in different socio-economic sectors. Yet, winter atmospheric
circulation anomalies in the North Atlantic sector and the associated surface climate conditions in Europe still represent a hurdle to
formulate skillful seasonal predictions. This activity aims to provide the climate model simulations needed to advance understanding and
predictability of the remote in�uence of two dominant tropical variability modes on the North Atlantic-European region. These predictors are:
El Niño-Southern Oscillation (ENSO) in the Paci�c Ocean, and the quasi-biennial oscillation (QBO), the leading variability mode in the tropical
stratosphere. Thanks to this activity BSC will contribute for the �rst time, via the national project DANAE, to World Climate Research
Programme SPARC.

7. Contact with CURES during last year

Information about the RES Users Committee (CURES).

a) User has contacted the CURES during last year
No

b) If not, indicate why you have not contacted the CURES
Because this is my �rst application to RES.
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