
AECT-2018-1-0026 Impacts of the Atlantic Multidecadal
Variability on European Climate

1. General Information

Activity Id
AECT-2018-1-0026

a) Activity Title
Impacts of the Atlantic Multidecadal Variability on European Climate

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
During the last century, the North Atlantic sea surface temperature (SST) exhibited
superimposed long-term warming trend and multidecadal fluctuations. This multidecadal
variability is referred to as the Atlantic Multidecadal Variability (AMV). The AMV has been
pointed as the source of marked climate anomalies and associated human impacts over
many areas of the globe. This includes droughts over Africa (in particular the extremely
severe and long lasting 70s-80s sahelian drought, responsible for 100,000 human losses)
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and North America, decline in Arctic sea ice, changes in Atlantic tropical cyclone activity,
and the recent global temperature hiatus. The North Atlantic SST is also a main actor of
the European climate variability. Previous studies argued for the existence of a causal link
between the warm phase of the AMV and warm conditions over Central Europe, dry
conditions over the Mediterranean basin, and wet conditions over Northern Europe,
modulating the river streamflow and the electricity production. The AMV can also impact
the location and activity of the North Atlantic storms by modulating the atmospheric large
scale dynamics. Given the numerous climate impacts of the AMV and their related
consequences on human society, predicting its evolution and its teleconnections is of high
interest.

Coupled Global Climate Models (CGCMs) have been originally developed and used as
numerical tools to investigate and understand the climate system through sensitivity
experiments (e.g., effects of external forcings, ocean-atmosphere coupling, or soil
moisture on climate behaviour), and to assess the climate variability in a statistical way
through long control integrations. There was no effort to phase the model variability with
the observed one. Recently, CGCMs were thought to have reached a sufficient level of
reliability to track observed variability and to be used for predict the climate of the next 10
years or so. In this context, the climate sciences community has conducted internationally
coordinated retrospectives decadal forecasts (hindcasts). This exercise consists in
integrating CGCMs initialized from the available observations and comparing their outputs
to observations. Results from these hindcasts highlighted that the North Atlantic basin is
the most predictable region of the world at multi-year to decadal timescales. However, to
date, decadal predicitons show only limited prediction skill over Europe, with no real
contribution coming from ocean initialization. This limited prediction skill questions the
ability of the current CGCM generation to represent the North Atlantic – Europe
teleconnections.

The main goal of the present proposal is to better estimate and understand the
teleconnections between the AMV and the European climate in order to precisely
determine their predictability. This activity is part of the PRIMAVERA project funded by the
European commission under the Horizon 2020 program. The goal of PRIMAVERA is to
deliver novel, advanced and well-evaluated high-resolution global climate models (GCMs),
capable of simulating and predicting regional climate with unprecedented fidelity, out to
2050. This capability will deliver innovative climate science and a new generation of
advanced Earth System Models. Sector-specific end-users in policy and business will be
identified and engaged individually, with iterative feedback, to ensure that new climate
information is tailored, actionable and strengthening societal risk management decisions.

d) Grants and funded projects related to this activity
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e) Brief description of the Project (if this Activity takes place in the context of a
Technology or Industrial Project)

f) Specific Activity proposed
The main goal of this project is to better estimate and understand the teleconnections
between the AMV and European climate in order to precisely determine their predictability.
The experiments of this project will constitute the BSC (and more largely the EC-Earth
consortium)'s contribution to the Work-Package 5 of the PRIMAVERA project, the HIATUS
project, and the Work-Package 2 of the MEDSCOPE project.

We will perform idealized AMV experiments following the DCPP – Component C protocol

Reference code
CGL2015-70353-R

Project title
HIATUS

Starting date
2016-01-01

Ending date
2018-12-31

Total financing
(in EUR)
101.640,00

Financing source
National

Reference code
H2020 GA
641727

Project title
Primavera

Starting date
2015-11-01

Ending date
2019-10-31

Total financing
(in EUR)
14.967.970,00

Financing source
European

Reference code
ERA4CS GA
641727

Project title
MEDSCOPE

Starting date
2017-09-15

Ending date
2020-09-15

Total financing
(in EUR)
14.796.910,00

Financing source
European
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(Boer et al. 2016) designed from the one presented in Ruprich-Robert et al. (2017). Two
sets of experiments will be performed, called AMV+ and AMV-, in which time invariant SST
anomalies corresponding to the positive and negative phases of the observed AMV are
imposed over the North Atlantic, respectively. In these experiments the model daily SST is
restored to the observed AMV anomalies superimposed on the model’s own daily
climatology over the North Atlantic region from 0° to 73°N. Outside of the restoring region,
the model evolves freely, allowing a full response of the climate system.

In order to estimate the impacts of model resolution on the representation of the AMV –
Europe teleconnections, we will perform the AMV experiments using two EC-Earthv3.2
resolution: T255-ORCA1 / T511-ORCA025 configurations, which corresponds to a spatial
resolution of 80 km / 40km in the atmosphere and 100 km / 25km in the ocean.

With the two model configuration we will perform ensemble simulations (25 members for
T255-ORCA1, 10 members for T511-ORCA025) in order to robustly estimate the climate
impacts of AMV, and in particular, its impacts on the occurrence of weather extremes. In
order to focus on the internal climate response and to capture the potential response and
adjustment of other oceanic basins to the AMV anomalies, the simulations will be
integrated for 10 years with fixed external forcing conditions at pre-industrial levels.

The outputs of the proposed experiments will allow us to investigate the AMV impacts on
the European climate, in particular we will focus on the impacts on weather extremes such
as heat waves and flood. The comparison of our experiments with the ones performed by
the PRIMAVERA partners will allow us to estimate the robustness (model dependency) of
our results.

As the experiments scheduled demands a high quantity of CPU hours (9.312.000 CPU
hours in total), we plan to divide our proposal into two phases. In Phase 1, the first half of
the ensemble members will be performed, and in Phase 2 the second half will be
performed.

g) Computational algorithms and codes outline
EC-Earth3 comprises three major components: IFS (atmospheric component), NEMO
(oceanic component), and OASIS3 (coupler). It is essential to configure and build separate
executable for each one of them. IFS and NEMO fully support a parallel environment, while
OASIS3 supports a pseudo-parallel environment. OASIS3 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 OASIS3 does not generate any output. At the end of a simulation the three
components always generate restarts separately (IFS in binary, and NEMO and OASIS3 in
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NetCDF format).

For configuring 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 configuration 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-Earth3 supports several configurations which have already been tested on various
supercomputing platforms, Marenostrum4 among them. In this activity we will use the
T255-ORCA1 / T511-ORCA025 configurations, which corresponds to a spatial resolution
of 80 km / 40km in the atmosphere and 100 km / 25km in the ocean. 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-Earth3 are available, v3.0, v3.0.1, v3.1 and v3.2. This
activity is planned to be carried out with the version v3.2.

3. Software and Numerical Libraries

Software components that the project team requires for the activity.

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

b) Compilers and Development Tools
GCC, TOTALVIEW, INTEL, MVAPICH2

c) Utilities + Parallel Debuggers and Performance Analysis Tools
CMAKE, PERL, PYTHON, GNUPLOT, NCVIEW, NCL, 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 Yohan Ruprich-Robert
Gender Male
Institution Barcelona Supercomputing Center
e-mail yruprich@bsc.es
Phone +34934 137 725
Nationality France

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
Yohan Ruprich-Robert graduated in Climate sciences from the University Toulouse III
(France) in 2014 (Laboratory: Cerfacs). He worked between 2014 and 2017 at Princeton
University / GFDL (NJ, USA) as a postdoctoral researcher in close collaboration with NCAR
(CO, USA) and WHOI (MA, USA). He is conducting since September 2017 postdoctoral
researches in the very dynamic Earth Sciences department of BSC, who is fully integrated
in the European climate sciences community. His mobility since obtaining his PhD allowed
him to develop strong international collaborations.

He has 5 published, 1 in press, 1 in revision, and 3 submitted articles in international Q1
peer-reviewed journals (including 4 as first author). He has a total of 70 citations, with an
h-index and an i-index of 4 (sources: Google Scholar). He gave about 20 presentations
(including 3 invited talks, 11 oral presentations, and 9 poster presentations) in international
conferences and workshops. He has contributed to 4 national scientific projects
(MORDICUS, EPIDOM, IRCAAM, NOAA-AMOC) and he is currently involved in 3 European
projects (PRIMAVERA, PREFACE, MEDSCOPE) and 1 national project (HIATUS). Finally, he
co-supervised during 4 months the work of a PhD student during here visit to GFDL.

During his doctoral and postdoctoral researches he developed strong expertise on decadal
climate variability and potential predictability. Using several state-of-the-art climate
models, he investigated the mechanisms driving the Atlantic Meridional Overturning
Circulation (AMOC) decadal variability and its impacts on the North Atlantic – Europe
climate. He performed ensemble member simulations to estimate the potential decadal
predictability associated with AMOC variations and their climatic impacts. He set up an
innovative experimental protocol, which allows to highlight the climate teleconnections
associated with the observed North Atlantic decadal variability using coupled models. His
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protocol has been adopted by the Decadal Climate Predictability Panel (DCPP) of the 6th
Coupled Model Intercomparison Project (CMIP6) and it is currently used for internationally
coordinated experiments (cf. CMIP6 DCPP-component C). Those simulations are the
object of the present proposal.

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)
Louis-Philippe Caron (louis-philippe.caron@bsc.es)
Javier Garcia-Serrano (javier.garcia@bsc.es)
Martin Ménégoz (martin.menegoz@bsc.es)
Juan C. Acosta (jacosta@bsc.es)
Etienne Tourigny (etienne.tourigny@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)
Pablo Echevarria (pablo.echevarria@bsc.es)
Mario Acosta (mario.acosta@bsc.es)
Thomas Arsouze (thomas.arzsouze@bsc.es)

e) Relevant publications
Ruprich-Robert Y. et al.

Ruprich-Robert Y.

Boer G., …, Doblas-Reyes F., …, Ruprich-Robert Y. et al. “The Decadal Climate Prediction
Project (DCPP) contribution to CMIP6”. Geoscientific Model Development (2016), 9,
3751-3777.

Doblas-Reyes F., Andreu-Burillo I., Chikamoto Y., García-Serrano J., Guemas V., Kimoto M.,
Mochizuki T., Rodrigues L., van Oldenborgh G. “Initialized near-term regional climate
change prediction”. Nature Communications (2013), 4:1715, doi:10.1038/ncomms2704.

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

5. Resources
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a) Estimated resources required for the Activity for the current Application Period

Requested machine
MareNostrum 4 ((Intel(R) Xeon(R) Platinum 8160, 2.10GHz
with Intel(R) Omni-Path / 165888 cores)

Interprocess
communication

Tightly Coupled

Typical Job Run

Number of processors needed for
each job

4656.00

Estimated number of jobs to submit 250.00

Average job durations (hours) per job 8.00

Total memory used by the job
(GBytes)

700.00

Largest Job Run

Number of processors needed for
each job

0.00

Estimated number of jobs to submit 0.00

Average job durations (hours) per job 0.00

Total memory used by the job
(GBytes)

0.00

Total disk space
(Gigabytes)

Minimum 5000.00 Desirable 20000.00

Total scratch space
(Gigabytes)

Minimum 100000.00 Desirable 250000.00

Total tape space
(Gigabytes)

Minimum 0.00 Desirable 0.00

Total Requested time (Thousands of
hours)

9312.00

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

As the experiments scheduled demands a high quantity of CPU hours (9.312.000 CPU
hours in total), we plan to divide our proposal into two phases. In Phase 1, the first half of
the ensemble members will be performed, and in Phase 2 the second half will be
performed.

INFORMATION: The estimated cost of the requested hours, considering only the electricity
cost, is 9963.84 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 efficiently.
** this option implies that if no hours in this machine/these machines are available, the
acces committee will allocate the activity in any other similar machine.

6. Abstract for publication

During the last century, the North Atlantic sea surface temperature (SST) exhibited
superimposed long-term warming trend and multidecadal fluctuations. This multidecadal
variability is referred to as the Atlantic Multidecadal Variability (AMV). The AMV has been
pointed as the source of marked climate anomalies and associated human impacts over
many areas of the globe. Given the predictability of the North Atlantic SST, the AMV is seen
as a potential source of predictability for the European climate at decadal timescales. The
main goal of this proposal is to better estimate and understand the teleconnections
between the AMV and European climate in order to precisely determine their predictability.
Idealized AMV experiments will be performed with EC-Earthv3.2.
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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 I have not needed it.

Barcelona Supercomputing Center, 2016
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