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Seasonal climate forecasting is a field with enarsnpotential influence in different socio-economgctors,
such as water resources, agriculture, health, aadyg. Yet, winter atmospheric circulation anonslie the
North Atlantic sector and the associated surfageaté conditions in Europe still represent a hurtdie
formulate skilful seasonal predictions. This prgj&iDIS, aims to advance understanding of the Isitiaun
and prediction of the remote influence of two daamihtropical variability modes on the North Atlant
European (NAE) region. These predictors are: Eloh8duthern Oscillation (ENSO) in the Pacific Oce
the leading interannual variability mode in thepioal troposphere; and the quasi-biennial osaita
(QBO), the leading interannual variability modethe tropical stratosphere. ENSO is highly predietamnd
constitutes the cornerstone of seasonal forecaskimg QBO is well constrained by initialization ands a

long persistence, and is considered as the mostigirgy source of seasonal forecast quality apamfr

ENSO. However, many scientific questions remainesoived concerning their tropical-extratropi
teleconnections, and model systematic errors ookgen the problem. SIDIS will focus on the stratwsjc
pathway of the ENSO/QBO teleconnections to NAE puodsue better representation of the stratospl
circulation as well as gaining insight into the dymcal mechanisms of the linkages. This goal wal
undertaken by implementing targeted model developsneith a hierarchy of climate models, by carry
out carefully designed atmosphere-only simulati@rs] by performing an unprecedented set of idedl
seasonal forecast experiments. SIDIS is very timehhelping to reduce model biases in the rele
stratospheric processes and to increase curresrsaaorecasting capabilities for the winter NAkface
climate.
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Garcia-Serrano Part B1 SIDIS
Section a: Extended Synopsis of the scientific proposal (max. 5 pages)

This project has been designed to address one swéntific question: what is the impact of corrgctl
representing stratospheric variability and dynamiasd its influence upon the troposphere, on tlesceal
prediction skill of the winter Euro-Atlantic clime@

The aim is to improve seasonal forecasting cap@dsli namely more accurate and more reliable sealson
predictions, of winter surface climate in the Nowltlantic-European region by both better simulating
stratospheric circulation and enhancing understamgdiof the stratospheric pathway involved in the
dominant tropical-extratropical teleconnectionsierannual time-scales.

This goal will be undertaken by implementing taegetmodel developments with a hierarchy of climate
models and by performing an unprecedented setgitsgty and seasonal forecast experiments.

Seasonal climate forecasting is a field with enarsnpotential influence in different socio-economgctors,
such as agriculture, health, water managementgaadyy. Given the chaotic nature of the climatdesys
one might question the feasibility of forecastitignate conditions months in advance. Yet, seasclirahte
prediction is feasible because atmospheric varigbidn seasonal time-scales is modulated by slowly-
varying boundary conditions, such as sea surfaopdeature (SST), and can retain memory from interna
processes with very slow relaxation rates, suchhase in the stratosphere. These fluctuations ate n
noticeable in day-to-day weather conditions butob®e evident in seasonal averages, e.g. two/threg¢hmo
means (e.g. Shukla 1998). Seasonal climate predibths progressed considerably in the last deaaidindn
tropics remain the region where seasonal foreaastamost successful (see Doblas-Reyes et al. 20y13 f
review). This project, SIDIS, will focus on the twmain modes of interannual variability at tropitzditudes,
which are relatively well predicted and/or consteal by initialization (e.g. Tripathi et al. 2015utker et al.
2016), and for which tropical-extratropical telenentions affecting the Euro-Atlantic sector haverbe
robustly shown in observations (e.g. Smith et &l12 Anstey and Shepherd 2014 Nifio-Southern
Oscillation (ENSO), the leading interannual variability modethe tropical troposphere; and theasi-
biennial oscillation(QBO), the leading interannual variability modetie tropical stratosphere.

In most of the extratropics, and in particular lie tNorth Atlantic-European (NAE) region, the andesl
predicted by general circulation model (GCM)-basedsonal forecast systems have usually been weak an
barely added valuable information over a forecaseld on climatology or persistence. This can bé&a@au

by the high level of atmospheric internal variaijliparticularly during winter — the target seasérSIDIS.
Half of the winter NAE atmospheric variability issociated with the North Atlantic Oscillation (NAG)
meridional air-mass seesaw tied to the strengtthefAzores High and Icelandic Low, which strongly
influences European climate on interannual timéescgsee Hurrell et al. 2003 for review). The ldagting
problem in seasonal forecast systems over NAEasght to be potentially alleviated by better repremg
stratospheric circulation and stratosphere-tropesgplcoupling in the models. The surface impact of
extratropical stratospheric variability is actuallgry prominent in the Euro-Atlantic sector, pradjeg on the
NAO pattern. This surface signature holds for barlomalies of the polar stratosphere (e.g. Hitch@uk
Simpson 2014; Shaw et al. 2014) and tropical-exipatal stratospheric pathways (e.g. Anstey and
Shepherd 2014; Calvo et al. 2016). The stratospleiiuence on tropospheric variability has beegdty
detected and analysed, but not until recently ls@asonal forecast systems started to explore tenead
prediction skill provided by this connection. Tipistential effect on the forecast quality was longa@pated
(e.g. Douville 2009), and the last generation oéfast systems have yielded traces of added s&ilihe
stratosphere (Scaife et al. 2014a; Domeisen &04b; Stockdale et al. 2015); however, the preae of
resolving the stratosphere and simulating stratesplprocesses is unclear and needs to be progeshssed
(Kang et al. 2014; Butler et al. 2016). As reviewsd Kidston et al. (2015), whether seasonal climate
predictions can benefit from representing stratespiiroposphere interactions remains to be teSHEIS

will tackle this challenge, and address the sepatanhtribution of the tropical stratosphere and gb&ar
stratosphere to the prediction skill of the winkE surface climate. The action will follow a hiechical
approach, performing the same set of idealizedosehdorecasts with suppressed variability in the t
stratospheric regions, using both state-of-thexadt intermediate-complexity modelhe completion of this
research could represent a major breakthrough trimational level for the climate forecasting conmity
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The goal of SIDIS is not only to identify the keyusces of predictability but also to improve undinsling
and simulation of the mechanisms responsible far pinedictability. The project deals with the EN&f
QBO extratropical teleconnection to NAE, both ofigthprojects on the NAO pattern (Fig. B1), thereby
representing suitable phenomena that can enhagmat predictability. SIDIS will improve predictioof

the ENSO/QBO-NAE teleconnections by gaining nevigimsinto the stratospheric dynamics at play and by
reducing model biases in the relevant stratospimdcessesThe former will be undertaken by performing
comprehensive and novel atmosphere-only sensigxjgriments that will help to address some unvesbl
scientific questions related to the ENSO/QBO-NAEctnnectiongsee below) The latter will be carried
out by implementing cutting-edge parameterizatioihgson-orographic gravity waves specially desigifad
better representing tropical (QBO-like) and extagiical (i.e. Brewer-Dobson) stratospheric circutatiand
variability, by explicitly taking into account the connectitm their sources (Lott and Guez 2013; de la
Camara and Lott 2015; de la Camara et al. 201@&sd non-orographic gravity waves (NGWSs) or buoyancy
waves, linked to convection in the tropics andranfs and jet imbalances in the extratropics, pyapa
upwards from the troposphere and are fundamentat¢arately simulate atmospheric circulation néar t
tropopause and in the stratosphere. As such, dimaidels are starting to incorporate source-related
parameterizations of NGWs to reduce biases (Beeteal. 2016).SIDIS will additionally perform a
pioneering activity by assessing the role of soustated NGW parameterizations in forecast moahich

is not yet in the strategic/implementation plarB&fARC (Stratosphere-troposphere Processes andRibieir

in Climate;http://www.sparc-climate.or)y/In particular,_SIDIS will assess for the firghé the impact of a
source-based NGW parameterization on the forecedity of the winter NAE surface climate.

deep BD

teleconnection .3 -

stratosphere

o (La Nifia)
1 shallow BD
e .
S oPE T AR 200 e
Q 5
3 1 QBO-NAE
Q r——————— 2 teleconnection

30N 60N 90N (WQBO)

NAO Byt
-predictand- ST

Figure B1: [left] Schematic of the key elements in SIDIS: &, the QBO and the NAO; upward-propagating
planetary (thick green) and non-orographic graytyn green) waves; the shallow and deep branch#seoBrewer-
Dobson circulation; and the stratospheric polatesqrcoupled to the NAO in the troposphere. [rigltp) Composite
of January-February sea level pressure anomalied.doNifia winters (adapted from lza et al. 201@jot{om)
Composite of January 1000hPa geopotential heigithalies for WQBO (adapted from Anstey and ShepR6éddt).

EL NINO-SOUTHERN OSCILLATION (ENSO)

ENSO can be characterized as a dipole in oceancdogd¢nt across the tropical Pacific, in which ocea
atmosphere coupled processes trigger anomalous (#rhifio) or cold (La Nifia) events over the cehtra
eastern equatorial Pacific (e.g. Chang and BatfiS®8). The ENSO influence on the winter NAE
atmospheric circulation has only recently beenidated. The canonical ENSO teleconnection takesegla
mid/late-winter (JFM), not in the conventional wantseason (DJF), and consists of a dipolar pressure
anomaly that resembles the NAO pattern (Fig. B19.réviewed by Bronnimann (2007), this canonical
ENSO-NAE teleconnection has been stationary andstotwver the past 300 years and is linear for BoNi
and La Nifa events. SIDIS will maximize North AtEnatmospheric predictability emanating from ENSO
by using JEM as target season.

The underlying mechanisms of the ENSO-NAE telecotioe however, remain to be properly understood.
Tropospheric and stratospheric pathways have beggested to be at play in establishing the canbnica
NAO-like response but a unifying framework has beérsive to date. A national project — DANAE, in
which Garcia-Serrano is also the Pl — will examtine tropospheric pathway by applying Rossby wave
source and ray-tracing diagnostics to gain insigttt the dynamics of the ENSO wavetrain respongs ov
the North Pacific-American sector and its propagatto NAE. Complementing DANAE, SIDIS will
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comprehensively focus on the stratospheric pathefathe ENSO-NAE teleconnection, with the aim of
improving process understanding and isolating ttietaspheric impact on the regional forecast skill.
Additionally, SIDIS will clarify the time-dependentole of both pathways for the ENSO-NAE
teleconnection by using sensitivity experimentdimithout stratospheric variability.

There is evidence of a linear impact of ENSO onttbpical stratosphere via a modulation of the upmge
through the tropical tropopause (e.g. Randel et2@09; Calvo et al. 2010; Abalos et al. 2015). The
associated subtropical wave-forcing primarily a$ethe ‘shallow branch’ of the Brewer-Dobson (BD)
circulation (Abalos et al. 2014), which connects ttopics to middle latitudes in the lower stratuse (see
Fig. B1). SIDIS will assess for the first time tbentribution of changes in the shallow-BD circubatito the
timing of the ENSO-NAE teleconnection by means efisstivity experiments supressing variability ire th
tropical-subtropical stratosphere. Concomitant with ENSO signal in tropical stratospheric upwellin
there is an ENSO modulation of the downwellingha polar stratosphere as part of the ‘deep brawictiie
BD circulation (see Fig. B1), which also tends &linear (e.g. Randel et al. 2009; Calvo et al.(20This
perturbation is associated with anomalies in theperature and strength of the polar vortex. Howebere

is no agreement on the effective wave-forcing & ENSO signal. Some studies suggest that it afiees
the interference of the ENSO-forced wavetrain whith climatological wave over the Aleutian Low regio
(e.g. Garfinkel and Hartmann 2008), but the actn@ction of ENSO-related wave-activity into the
stratosphere occurs at latitudes poleward of alBOON (e.g. Taguchi and Hartmann 2006). SIDIS will
explore the interference of the ENSO-forced wawetveth the climatological wave at high latitudegeo
northern Canada-Alaska, which is where the ENS@asigenetrates deeper into the upper stratospaede,
guantify the contribution of changes in the deep-Blculation to the timing of the ENSO-NAE
teleconnection by means of sensitivity experimsoggressing variability in the extratropical stratosre.

QUASI-BIENNIAL OSCILLATION (QBO)

The QBO is the most prominent variability mode wdpical stratospheric zonal winds characterized by
downward-propagating westerly (WQBO) and eastdtQBO) regimes with a periodicity of approximately
28 months. The QBO wind regimes descend at abauirbh&nth until they are dissipated in the tropical
tropopause (~100hPa). In mid-winter, the WQBO (EQPRBase shows westerly (easterly) wind anomalies
in the lower stratosphere and easterly (westerlgghnomalies in the middle stratosphere (e.g. Blagtdal.
1999; see Fig. B1). The QBO is mainly driven by apidvpropagating, convectively-forced equatorial esav
(i.e. Kelvin waves, mixed Rossby-gravity waves, asmall-scale gravity waves) that break in the
stratosphere and deposit momentum flux (e.g. Baiddial. 2001). Because the QBO has such a lorgg tim
scale and persistence, its evolution is expectebdetgredictable, thereby potentially useful forseeel
forecasting. The QBO is indeed the most promisiogmtial source of seasonal prediction skill ajfann
ENSO (Smith et al.2012; Kidston et al. 2015; Budéerl. 2016); it is actually seen as a ‘glimmeihope’

for seasonal forecasting (Hoskins 2013). However, @BO has proved difficult to simulate accurately
climate models. As introduced above, SIDIS will Ienpent a source-based NGW parameterization in order
to better, and more realistically, simulate wavedm#ow interaction in the tropical stratosphere.

Despite the lack of tropical stratospheric variapi(i.e. QBO-like) in most of the climate modets#écast
systems, their skill at capturing the evolutiortropical winds once initialized is quite high, evieriow-top
models (Butler et al. 2016). The forecast systeramtain the state of the initialized tropical windsich is
dominated by the state of the QBO, due to slowxeglan rates in the tropical lower stratosphereyfiés
1998). The QBO-related, initialized tropical wingersist throughout the forecast winter (e.g. Mdtsirad
Scaife 2009); hence the QBO still represents anpialesource of extratropical predictability evénriodels
themselves do not internally generate QBO-likealdility. The QBO-NAE teleconnection (Fig. B1) appea
to be mediated by the influence of the QBO on tregaspheric polar vortex (Garfinkel et al. 201261 1b),
which is called the Holton-Tan mechanism and retiesthe modulation of upward-propagating planetary
waves and the associated changes in the BD ciimulaYet, the simulation/prediction of this tropica
extratropical teleconnection remains a challengerfany climate models (Scaife et al. 2014b), bott+iop
and high-top (Butler et al. 2016). SIDIS will assdsr the first time the impact of implementing@usce-
based NGW parameterization on the representatidrskiti of the QBO-NAE teleconnection. Likewisegth
dynamics underlying the Holton-Tan mechanism aile reit well understood (see Anstey and Shepherd
2014 for review). In particular, it is not estabksl yet whether the QBO-related wind anomalieshin t
tropical upper (e.g. Pascoe et al. 2006) or loway. (Garfinkel et al. 2012) stratosphere are keyhe QBO-
vortex relationship. SIDIS will investigate whictopical wind regime in the QBO vertical structuseniore
relevant for the QBO-NAE teleconnection by perfarmtargeted atmosphere-only simulations.
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The project is divided into five work-packages: ffdor research (WP1-4), which are described bekmd

one for management and dissemination (WP5). Tha toails in SIDIS are: (i) the state-of-the-art @it
model EC-EARTH3.2 [BSC is part of the EC-EARTH cortigim] with IFS cy36r4 as atmosphere model at
T255L91 (~80km horizontal resolution, 91 verticavéls — top 0.01hPa), and NEMO3.6 as ocean model in
ORCA1L75 configuration; and (ii) the intermediat@atplexity climate model SPEEDO [Kucharski et al.
2015] with SPEEDYv41 as atmosphere model at T36t4DQkm horizontal resolution, 8 vertical levels —
only two in the stratosphere, 100 and 30 hPa) NEERIO3.0 as ocean model in ORCA2L46 configuration.

WP1 — MODEL DEVELOPMENT
Task 1.1 — New parameterization of non-orographawity waves in EC-EARTH
[Postdocl, 1 year; Collaborators: F. Lott (LMD, Fnae), J. von Hardenberg (CNR, Italy)]

The current parameterization of NGWs in EC-EARTI¥|Rvhich was implemented by J. von Hardenberg
and tuned for T255L91, follows a source-unrelatgpraach where the amplitude of the momentum flux is
zonally-symmetric and prescribed as a functiorabfude, thereby not representing the intermittexttire of

the NGWs and leading to systematic errors (de lmaa et al. 2016). SIDIS will upgrade the NGW
parameterization in EC-EARTH/IFS by implementinge thource-related parameterizations used in the
atmospheric model LMDz for both convective wavedevant for the tropical stratosphere; Lott and ue
2013) and frontal waves (relevant for the extratalpstratosphere; de la Camara and Lott 2015).

Task 1.2 — Implementation of stratospheric levals$ mon-orographic gravity waves in SPEEDO
[Postdoc2, 1.5 years; Collaborators: F. KucharsikETP, Italy), R.J. Haarsma (KNMI, Holland), F. Lptt

SIDIS will develop a comprehensive and sustainamjerovement by providing SPEEDY with a proper
stratosphere; the outcome will be named strato-SFERBnd double the layers in SPEEDY [adding the
levels of 150, 70, 50, 20, 10, 5, 3, 2, and 1 hPhE implementation of strato-SPEEDY will rely dmet
parameterization devised by Polvani and KushnedZ2@lus a radiative forcing mimicking the shortwav
radiation flux prescribed as a seasonally-varyingfile of ozone concentration, as in the current
stratospheric layers of SPEEDY (100 and 30 hPagkinhal. 2010). The new levels will be hard-coded
individually and strongly tied to the adjusted paederizations, with a damping scheme in the uppastm
level that allows absorption of waves and preveptgious reflection, as in the current version BEEDY.
SIDIS will additionally implement in strato-SPEEDIMe same source-related NGW parameterizations as in
EC-EARTH/IFS (Task 1.1), with the aim of improvingpresentation and minimizing biases in circulation
and variability of both the tropical and extratrcgdistratosphere.

WP2 — TELECONNECTIONS
Task 2.1 — ENSO/QBO-NAE teleconnections in EC-EAR®H vs new NGWs
[Postdocl, 1 year; PhD, 6 months; PI, 1 year; Cbbaators: H. Douville (CNRM, France), |. Bladé (UB)

Two long control runs of 200 years (after spin-uith EC-EARTH will be performed using fixed radiegi
forcing at year 2000, with both the current andriber source-based parameterizations. The compaoifson
both simulations in terms of teleconnection dynamdll allow estimating the impact of the NGW
parameterization on the ENSO/QBO teleconnectiotisdgolar vortex and NAE surface circulation.

Task 2.2 — Sensitivity experiments of ENSO/QBO-Ni#&leconnections with EC-EARTH
[PI, 2 years; Collaborators: R.J. Haarsma, . BlafiéB, Spain)]

Four short transient runs of 3 months (JFM) witl #timospheric component of EC-EARTH (IFS) will be
performed. The experimental protocol will be simiiathe one used in Garcia-Serrano and Haarsni®)20
namely control and perturbed transient runs, atisggiing of a 200-member ensemble of integratidhe
different initial conditions for January 1st ar&eaa from each year of the simulation in Task 2He Tontrol
runs use SST climatology as boundary conditiothénperturbed runs, a SST anomaly will be presdribe
the tropical Pacific with climatology elsewhere NNEO’). The other two transient runs are similar to
‘ENSO’ but nudging the tropical (ENSO-noTROP’) tite polar (‘ENSO-noPOL") stratosphere to model
climatology from the simulation in Task 2.1. Thesgeriments are constrained by relaxing the zoredm
spectral component of the temperature, vorticityd divergence fields to the corresponding climagglo
from 50hPa (in ‘ENSO-noTROP’) or 10hPa (in ‘ENSOP@L’) upwards, thus supressing variability.
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Two additional transient runs of 3 months (JFM) wé performed to analyse which tropical wind regjimm
the QBO vertical structure is key for the QBO-NAderonnection. In this case, the 200-member enssmbl
of integrations use SST climatology as boundaryditiom, but differ in the atmospheric conditionsherl
perturbed runs are constrained by nudging the dabpower stratosphere (30hPa-100hPa; ‘QBOlower’) o
the full tropical stratosphere (3hPa-100hPa; ‘QBDfto QBO composites from the simulation in Ta&K..

Task 2.3 — Sensitivity experiments of polar vordéXE coupling with strato-SPEEDO
[PhD, 1.5 years; Collaborators: F. Kucharski, |.d81€]

A comprehensive set of moderate (5K) and stroné&)Bratospheric temperature perturbation expertsien
will be performed with stratro-SPEEDY to assesstitming of the surface response to circulation ¢fegnin
the polar stratosphere — typically in the rangeEddSO/QBO-induced perturbations (e.g. Bell et al.
2009/Garfinkel and Hartmann 2011a). 200-memberrebies of 90-day integrations starting on Januaty 1s
will be carried out. The atmospheric initial comalits will be obtained from a 200-year integratioithw
strato-SPEEDO (after spin-up) with fixed radiatfeecing at year 2000. The control and perturbeddient
runs will use SST climatology as boundary conditibine heating perturbation will be prescribed atpblar
stratopause (1hPa), upper stratosphere (5hPa)lensttdtosphere (10hPa), and lower stratospherd?¢y0

WP3 — SEASONAL PREDICTION

The BSC is positioned at the cutting edge of clarfatrecasting research. It routinely performs sealso
hindcasts (i.e. retrospective forecasts), whicluerssthe successful completion of the tasks in WIP@.
exercise follows a hierarchical approach, perfogmasmultaneously the same suite of idealized sedson
hindcasts with EC-EARTH_[Task 3.1Rostdoc3, 3 yeafsand strato-SPEEDO [Task 3.2Restdoc2, 2.5
yearg. Note that F.J. Doblas-Reyes (BSC) will co-aditse postdoctoral researchers.

Two kind of hindcasts will be considered: K@alistic hindcastsusing observational estimates to initialize
the forecast systems each January 1st over thedpEir9-2016 (38 years); and (i#@¢rfect-model hindcasts
where the potential effect of the drift on the siated dynamics is absent as the model remains iown
attractor, although at the expense of estimatirigantmal skill but model predictability. In the tiat, 40 start
dates, spacing five years, will be selected from280-year control runs (Task 2.1 for EC-EARTH; K23
for strato-SPEEDO). For each start date an enseait88 members will be generated with singular @ect
perturbations (Buizza and Palmer 1994). In eachd,kim suite of four hindcast experiments will be
performed: (i) a control hindcast (‘CTL’) with tHall ocean-atmosphere model, including the new NGW
parameterization (WP1); (ii) a deteriorated-modieldbast (‘OLD-NGW’ in EC-EARTH, ‘NO-NGW’ in
strato-SPEEDO)); (iii) a hindcast similar to ‘CTLubnudging the tropical stratosphere to model diaieay

as in Task 2.2 (‘noTROP’), thus supressing tropstedtospheric variability (the QBO); and (iv) andcast
similar to ‘CTL’ but nudging the polar stratosphéoemodel climatology as in Task 2.2 (‘noPOL’), tbley
supressing variability associated with the polatesa

WP4 — MODEL BIASES
Task 4.1 — Impact of NGW parameterization on madiedes

[PI, 6 months; Collaborators: F. Lott, J. von Haneerg]

The comparison of the 200-year long control rusnflEC-EARTH (Task 2.1) and strato-SPEEDO (Task
2.3), in terms of mean climate, will allow assegdine impact of NGW parameterization on model kiase
() strength, position, and variability of the gtspheric jet and North Atlantic tropospheric jéi)
amplitude and phase of the climatological planeteayes; and (iii) the Brewer-Dobson circulation.

Task 4.2 — Impact of resolving the stratospherenodel biases

[PI, 6 months; Collaborators: F.J. Doblas-Reyesydn Hardenberg]

The comparison of the hindcasts ‘CTL’, ‘noTROP’ &ndPOL’ in WP3, in terms of mean climate, will
allow assessing the impact of resolving the trd@oa polar stratosphere on model biases (as ik Z.43.

Task 4.3 — Impact of resolving the polar stratosplom model biases with sensitivity experiments
[PhD, 2 years; Collaborators: F.J. Doblas-ReyesBladé]

Three additional 200-year control integrations wate-SPEEDO (after spin-up; radiative forcing agty
2000) by nudging the polar stratosphere to modeilatblogy from 5hPa, 10hPa, and 50hPa upwardsweill
performed to further assess the impact of resolthegoolar stratosphere on model biases (as in 43k
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change scenaridJniversity of Barcelona International Summer Sah&@BISS), Spain

2006 Teacher Assistant — ‘Elements ebhysics Fluids Dynamics’ in charge of C.R. Mechos

(UCLA, USA), Dept. Geophysics and Meteorology, MQMadrid, Spain
* ORGANISATION OF SCIENTIFIC MEETINGS

2016-Sep Convener of the session ‘Towards bett@enstanding mid-latitude atmospheric
teleconnections’ at 16th European Meteorologicali®&yg Annual Meeting, Trieste, Italy

2014-Dec Organising Committee of the WWRP/WCRRefinational workshop on polar-lower
latitude linkages and their role in weather anthalie’, Barcelona, Spain

2010-2012 Co-convener of the session ‘Tropidah&e Variability and Teleconnections: past,
present and future’ at the European GeosciencesnUaeneral Assembly, Vienna, Austria

* COMMISSIONSOF TRUST

[international] Contributing Author to the 5th IBGAssessment Repddbhapter 11(Kirtman et al. 2013):
Near-term climate change: projections and predidigh in ‘Climate Change 2013: The
Physical Science Basis’. Cambridge University Pr@§8-1028.

[national] Contributing Author t€hapter 4(Rodriguez-Fonseca and Rodriguez-Puebla 2010):
Teleconnections affecting Iberian Peninsula climatgability: predictability and expected
changesin ‘Climate in Spain: past, present and futukgls. FF Pérez and R. Boscolo —
CLIVAR Spain, 53-67.

[regional] Co-author o€hapter 5(Calbé et al. 2016Climate projections and future scenarias
‘Third Report on Climate Change in Catalonia’. EAlQueralt and J Martin-Vide — Consell
Assessor per al Desenvolupament Sostenible, Géaedd Catalunya (in press).

- Jury member of the PhD dissertation ‘Non-statioa{50 influence on European and Mediterranean

rainfall: dynamics and modulations’ by J. Lopezd&gas, 2015-Nov, UCM, Madrid, Spain.
- Reviewer forJournal of ClimatgEds. T. DelSole, D.J. Vimont, J. Perlwit@limate DynamicgEds.
J.-C. Duplessy, S. Corti, B. Kirtman, E.K. Schne)jd&eophys. Research LetEds. N. Diffenbaugh,
P. Williams),Journal of Geophys. Research-Atm@sd. C. Zhang)lnternational J. of Climatology
(Eds. R. Huth, S. Gulev, G. McGregoBuyll. Amer. Meteorol. So¢Ed. B. Stevens).

- Reviewer for the Spanish Agency of Assessment daugnihg (ANEP) to evaluate research projects.

* MAJOR COLLABORATIONS

- lleana Bladé (atmospheric dynamics and telecormesti University of Barcelona, Spain

- Reindert J. Haarsma (atmospheric dynamics and @imadelling), KNMI, The Netherlands

- Claude Frankignoul (climate variability) / Julietiignot (decadal prediction), LOCEAN/IPSL, France
- Martin P. King (polar-midlatitude teleconnectiondpiRes/BCCR, Norway

- Hervé Douville (seasonal prediction and ENSO teleections), CNRM/Météo-France, France

- Christophe Cassou (air-sea interaction and ENSfedahections), CERFACS, France

- Daniela Matei (polar-midlatitude and ENSO telecattioms), MPI-M, Germany

- Alvaro de la Camara (troposphere-stratospheredatien and dynamics), NCAR, USA

Of particular relevance for SIDIS are: R.J. Haarswizo contributed to the KNMI version of SPEEDO
and contributes to developing EC-EARTH at KNMI [WIP3]; |. Bladé, leading researcher in atmospheric
dynamics and multi-model assessment of climateabdity [WP2,4]; and H. Douville, who led the
development of a nudging strategy for the strategpipolar vortex at CNRM [WPs2,3]. Thereby,

existing collaborations will strongly support thiesearch.

Finally, the Pl is involved in the project QBOi 8PARC (Stratosphere-troposphere Processes And their
Role in Climate), so that the results of SIDIS willorm and directly impact this community.
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Appendix: All on-going and submitted grants and fdimg of the Pl (Funding ID)
On-going Grants

Project Title Funding source Amount Period Role of the Pl  Relation to current
(Euros) ERC proposdl
DANAE Spanish Ministry| 146.410 (3 years) Pl Related, as DANAE
‘Dynamics of Economy and| + 07/2016- deals with the
and Competitiveness| PhD funding 06/2019 tropospheric
predictability | (MINECO) teleconnection
of the ENSO pathway of ENSO
teleconnectior to the winter Euro-
in the North Atlantic climate; but
Atlantic- there is no overlap
European with SIDS as
region’ DANAE develops
different diagnostics
and employs data
from operational
forecast systems
DPETNA EU-H2020 158.122 (2 years) | PI No direct
‘Dynamics MSCA-IF-EF 06/2015- relationship, as
and 05/2017 DPETNA deals with
predictability the ENSO impact
of the ENSO on the tropical-
teleconnection subtropical North
to the tropical Atlantic in spring;
North but common
Atlantic’ diagnostics are used
APPLICATE | EU-H2020 667.375 (4 years) Contributing No relationship, as
‘Advanced BG10-2016 (total budget 11/2016- researcher WP3 deals with
prediction in 8.715.066) & 10/2020 (WP3 multi-model
polar regions ‘Atmospheric | experiments to
and beyond: and oceanic identify the
modelling, linkages’) response to Arctic
observing climate change
system and
linkages
associated
with a
changing
Arctic
climate’
PRIMAVERA | EU-H2020 1.277.425 (4 years) Contributing No relationship, as
‘Process- SC5-2014 (total budget 11/2015- researcher WP5 deals with the
based climate 11.000.000)| 10/2019 (WPS5 ‘Drivers | influence of Arctic
simulation: of variability sea ice and Eurasian
advances in and change in| snow on decadal
high- European variability of
resolution climate’) European climate
modelling and
European
climate risk
assessment’

! Describe clearly any scientific overlap betweennfBRC application and the current research granhegoing grant
application.
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Grant applications

Project Title Funding source Amount Period Role of the Pl | Relation to current
(Euros) ERC proposdl

MEDSCOPE | [submitted to] [requested] | 2017- Co-Pl at BSC Related, as T2.2
‘Mediterranean, EU JPI-Climate | 1.153.750 2020 and Task leader| deals with the
services chain | ERA4CS-2016 (total budget (T2.2 ENSO-NAE
based on 5.372.198) ‘Teleconnections teleconnection
climate with low- (among other
predictions’ latitudes’) oceanic forcings,

like the Atlantic and
Indian basins); but
there is no overlap
with SIDIS as T2.2
would focus on the
forecast quality
assessment of
hindcasts from
operational forecast
systems and the
potential, derived
climate services
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Section c: Early achievements track-record (max. 2 pages)

During his scientific career, Dr. Garcia-Serrantte (Pl) has worked upon the fundamental initiatife o
exploring teleconnection dynamics for climate prediction. He has recently been able to tackle this
challenge with autonomy thanks to an EU-funded H202arie Skiodowska-Curie Action (MSCA),
DPETNA and a national project funded by the Spanish $ttini of Economy and Competitiveness
(MINECO), DANAE Obtaining these grants has been the reflectiothefPl's solid and coherent career
during his postdoctoral stage, thoroughly buildiagbridge between his theoretical background in
atmospheric dynamics and the practical requiremehtdimate forecasting. These two research interes
started to assemble into a single research liO&EAN (France) tackling the predictability of thiorth
Atlantic Oscillation from Arctic sea-ice variabilit by assessing tropospheric and stratospheric
teleconnection pathways [three publications in mgjarnals have derived from this work: Garcia-8ear

et al. 2015b, Garcia-Serrano and Frankignoul 2@#cia-Serrano et al. 2016]. Below is a diagram
summarising the conception of his research lireeconnections dynamics for climate predictittralso
shows the institutions where the Pl has been dpwgdcis scientific objectives, including those wéhée
has carried out short stays thanks to his fundagisapability (see Section b, CV).

atica | athoR research line
climate predictability & forecasting
- ‘
o . sibis
atLOCEAN [ atBscC 1~ (ERC-STG)
at CERFAGS
DPETNA DANAE
climate variability & teleconnections (MSCA) (MINECO)

at KNMI

During his PhD, the PI developed a deep understgndf the atmospheric dynamics associated with
oceanic forcings, such as ENSO in the tropical fRafGarcia-Serrano et al. 2011a [12 citationdjg t
Atlantic Nifio in the tropical Atlantic (Garcia-Sano et al. 2011b), and temperature anomalies in the
Mediterranean Sea (Fontaine et al. 2010 [26 citaljoGarcia-Serrano et al. 2013b). His work on the
tropical Atlantic variability led to a new statistil methodology to capture time-evolving covariépil
modes; which was named extended-maximum covarianalysis (EMCA) and was applied separately to
time-varying predictors (Polo et al. 2008 [48 ¢@as]) and time-varying predictands (Garcia-Serrainal.
2008 [17 citations]). This time it is also when hisst-cited papewas published (Rodriguez-Fonseca et al.
2009 [73 citations]), where the hypothesis of tlikatic Nifio influence on ENSO was first formulated

After completing his PhD, he moved from the diagivoapproach of climate variability into the progtio
approach of climate forecasting. He acquired adepth knowledge of the forecast quality of seasandl
decadal climate predictions; e.g. publishing pioimgework on the skill of the Atlantic multi-decdda
variability (Garcia-Serrano and Doblas-Reyes 2@ ditations]) and the Indian Ocean (Guemas et al.
2013 [16 citations]). He also brought his expertieewider scopes, such as exploring strategies for
ensemble generation (Du et al. 2012 [21 citatioas]] applicability to climate-related infectiouseses
(Rod6 et al. 2013 [15 citations]). In Garcia-Seorahal. (2012 [11 citations], 2015a), a targetsatedure

for quantitatively evaluating performance in diffat forecast systems was developed.

DPETNAand DANAE are helping the PI to strengthen and widen cormgetg like project management
skills. The PI has fully demonstrated his profiggmand capability to deal successfully with a widege of
scientific challenges, achieving with quality ddetrequired steps to pursue his career developifieatfact
that he has already revealed a high degree of me#plity guarantees the accurate implementation of
SIDIS The completion of this investigation could leadatorldwide cutting-edge results and will certainly
contribute to the overall competitiveness and denek of Europe in climate prediction.

Summary of achievements: author of 32 articlegp@8lished - 3 under review, all in journals rankedhe
first quartile (plus 2 in preparation); 458 totéthtions / H-index 12; 6 non peer-reviewed publmas (e.g.
CLIVAR Exchanges); 4 book chapters (e.g. CLIVAR-Bpa21 oral contributions as first author (4 ired);
participation in 5 European (FP6-FP7-H2020) and a8ional (total budget >1,2M€) projects; active
collaboration with 11 international institutionstegence in the media; invited lecturer at workshapd
summer schools; contributing author to the IPCCAsthessment Report.
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Five relevant publications without PhD advisor Bdriguez-Fonseca, UCM, Spain):

- Garcia-Serrano J.C. Frankignoul, G. Gastineau, A. de la Camaral@f): On the predictability of the

winter Euro-Atlantic climate: lagged influence aftamn Arctic sea-ice. J. Clim., 28, 5195-5216
[AMS/SCOPUS citation track] 7/3 citations, includinButler et al. (2016,Q.J.R.Meteorol.Soc.
142:1413-142y - the last study assessing multi-model seasaedigiion skill in boreal winteiGarcia-
Serrano et al. (2015jeveloped for the first time empirical predictiasfsinterannual variability of the
winter NAO and European surface climate based atidsea-ice concentration, where a stratospheric
pathway appears to be at play in the teleconnedjoamics.
As example of this achievement the European Conomissontacted him for a press interview in
HORIZON - The EU Research and Innovation Magazinecomment on the role played by Arctic sea-
ice changes in European winter climate anomalib&p:{/horizon-magazine.eu/article/european-
temperatures-likely-fall-due-arctic-vortex-us-thawa.htm).

- Doblas-Reyes F.J., I. Andreu-Burillo, Y. ChikamaloGarcia-Serrang V. Guemas, M. Kimoto, T.
Mochizuki, L.R.L. Rodrigues, G.J. van Oldenborgh1@®: Initialized near-term regional climate
change prediction. Nature Comms., 4:1715, doi:1888comms2704.

[SCOPUS] 65 citations — high impact. During hisipéras postdoctoral researcher working on the
pioneering field of decadal climate predictionsfihired at IC3 and then via his own funding at the
University of Tokyo (AORI), the Pl was very prodivet, publishing 11 papers in major journals which
contributed to internationalize his research amtivihe effort culminated in the publication of ghi
collaborative work irNature Commswhich e.g. showed for the first time that muhiraal predictions

of land-surface precipitation in the Northern Hephisre have skill.

- Doblas-Reyes F.JJ. Garcia-SerrangF. Lienert, A. Pinto-Biescas, L.R.L. RodrigueB1®): Seasonal
climate predictability and forecasting: status gmspects. WIREs — Advanced Review, 4, 245-268.
[SCOPUS] 41 citations — strong impact in the field.

- Garcia-Serrano J. F.J. Doblas-Reyes, R.J. Haarsma, |. Polo (2013gcadal prediction of the
dominant West African monsoon rainfall modes. bpbgs. Res. — Atmos., 118, 5260-5279.
[SCOPUS] 8 citations. This study offered for thestfitime the validation of decadal prediction syse
upon the West African monsoon variability. Due te hovelty of the findings ibarcia-Serrano et al.
(2013a) the work received support and publicising by Armerican Geophysical Union through the
Research Spotlight “Can West African monsoon ré#ifia predicted on decadal time scales?” in EOS,
Transactions American Geophysical Union, vol. 91,29, page 260 (2013).

- Garcia-Serrano J. F.J. Doblas-Reyes (2012): On the assessmentartsugface global temperature
and Atlantic multi-decadal variability in the ENSBMES decadal hindcast. Clim. Dyn., 39, 2025-2040.
[SCOPUS] 28 citations — strong impact in the fiélithis study discussed for the first time the effeict
hindcast start-date frequency in the Atlantic Mdiicadal Oscillation (AMO) skill. It also evidenced
AMO skill beyond the global-warming signal, thuseomg the possibility of forecasting low-frequency
climate variability related to the AMO. This workomtinued in Garcia-Serrano et al. 2012
(Understanding Atlantic multi-decadal variability gutiction skill, Geophys. Res. Lett. 39:L18708&
citations]) and Garcia-Serrano et al. 201Bdded-value from initialization in predictions oflatic
multi-decadal variability, Clim. Dyn., 44, 2539-Z5F3 citations]).

Note that three recent publications do not invaditber postdoc advisors or PhD advisor: Garciag®erd.,
R.J. Haarsma (201@&Jon-annular, hemispheric signature of the winterrtNoAtlantic Oscillation, Clim.
Dyn. doi:10.1007/s00382-016-3292-XKing M.P., J. Garcia-Serran{2016, Potential ocean-atmosphere
preconditioning of late autumn Barents-Kara seadoacentration anomaly, Tellus A, 68:28%8dignot J.,
J. Garcia-Serrano, D. Swingedouw, A. Germe, S. Bgul?. Ortega, E. Guilyardi (2016, Decadal prealicti
skill in the ocean with surface nudging in the IPSM5A-LR climate modelClim. Dyn.,47:1225-1246)

Invited presentations at international scientifremts:

- ‘Polar-nonpolar atmospheric linkages: observationsl anodel diversityin the EU/JPI-Climate InterDec
Kick-Off Meeting. Hamburg, Germany, Nov-2016.

- ‘Predictability of the Euro-Atlantic climate from &ic sea ice variability in the WCRP “Workshop on
understanding, modelling and predicting weatherdingate extremes”. Oslo, Norway, Oct-2015.

- ‘Predictability and empirical predictions of the wen NAO, in the EU/FP7 SPECS 2nd General
Assembly. De Bilt, The Netherlands Oct-2013.

- ‘Seasonal-to-decadal prediction of the West Africabnsooh in the EU/FP7 QWeCl Final Project
Meeting. Barcelona, Spain, Jul-2013.
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ERC Starting Grant 2017
Understandingtratospherignfluence on tropospherdynamics fonmproving
North Atlantic-Europeaseasonal forecastsSIDIS

Part B2: The scientific proposal (max. 15 pages)

This project has been designed to address one swéntific question: what is the impact of corrgctl
representing stratospheric variability and dynamiasd its influence upon the troposphere, on tlesceal
prediction skill of the winter Euro-Atlantic clime®

The aim is to improve seasonal forecasting cap@dsli namely more accurate and more reliable sealson
predictions, of winter surface climate in the Nowdtlantic-European region by both better simulating
stratospheric circulation and enhancing understawgdiof the stratospheric pathway involved in the
dominant tropical-extratropical teleconnectionsiaterannual time-scales.

This goal will be undertaken by implementing taegetmodel developments with a hierarchy of climate
models and by performing an unprecedented setgitsgty and seasonal forecast experiments.

Section a. State-of-the-art and objectives

Given the chaotic nature of the climate system, wight question the feasibility of forecasting dita
conditions months in advance. Yet, seasonal clippegdiction is feasible because atmospheric vditalon
seasonal time-scales is modulated by slowly-varyijagndary conditions, such as sea surface temperatu
(SST), and can retain memory from internal procesgth very slow relaxation rates, such as thosehén
stratosphere. These fluctuations are not noticeabttay-to-day weather conditions but become eviden
seasonal averages, e.g. two/three-month means $bugkla 1998). Seasonal climate prediction has
progressed considerably in the last decade butréipics remain the region where seasonal forecasts
most successful (see Doblas-Reyes et al. 2013fdew). This project, SIDIS, will focus on the twiain
modes of interannual variability at tropical laties, which are relatively well predicted and/or stoained

by initialization (e.g. Barnston and Tippett 20I3jpathi et al. 2015; Butler et al. 2016), and f@ich
tropical-extratropical teleconnections affectinge tEuro-Atlantic sector have been robustly shown in
observations (e.g. Smith et al. 2012; Anstey anepBérd 2014, ; Kidston et al. 2015t Nifio-Southern
Oscillation (ENSO), the leading interannual variability modethe tropical troposphere; and theasi-
biennial oscillation(QBO), the leading interannual variability modetlve tropical stratosphere. Note that
intraseasonal phenomena, like the Madden-Julianll@&m (MJO; e.g. Cassou 2008), are the subjéct o
sub-seasonal forecasting.

In most of the extratropics, and in particular e tNorth Atlantic-European (NAE) region, the signal
predicted by general circulation model (GCM)-basedsonal forecast systems have usually been weak an
barely added valuable information over a climataabforecast. Boreal winter, the target seasoBIBAS,
represents the main hurdle in this scenario. Th@-&tiantic winter stands for the season with thedst
prediction skill based on persistence, which canekglained by the high level of atmospheric intérna
variability. The winter in this region is also teeason with the overall largest systematic erralymamical
forecasting, particularly for the pressure fieldyface temperature and precipitation (e.g. Rodweld
Doblas-Reyes 2006; Doblas-Reyes et al. 2009, 2@v@n so, some traces of skill in Europe, for insta
associated with ENSO and its stratospheric telesttion (e.g. Scaife et al. 2014a; Domeisen et G152
Butler et al. 2016), have been reported in the meggeneration of seasonal forecast systems, which
encourages further assessment and fosters tatggbechches.

Seasonal forecasting is a field with enormous gi@tkmnfluence in different climate-sensitive, soci
economic sectors, such as agriculture, health, wasnagement, and energy. The relevance of making
available trustworthy information at seasonal tiseeles is indeed recognized by the WMO Global
Framework for Climate Services. In the Euro-Atlargector, the winter North Atlantic Oscillation (K
dominates atmospheric variability and stronglyuefices surface climate on interannual time-scakeg, is
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associated with changes in the westerly flow reagiiie continent from the ocean and latitudinattsiuf

the North Atlantic storm-track (see Hurrell et @003 for review). Thus, forecasting the NAO is of
paramount importance for skilful predictions of &pean climate anomalies. The NAO pattern shows a
meridional dipole between middle and high latitudésthe North Atlantic, with a strengthening of the
Azores High (anticyclonic anomalies) and a deepgninthe Icelandic Low (cyclonic anomalies) duritgy
positive phase (Fig. B2.l). These anomalies arketinto warmer/wetter than average conditions over
northern Europe and colder/dryer than average tondiover southern Europe. The reversed atmospheri
anomalies and climate conditions occur during tegative phase of the NAO (e.g. Hurrell et al 2003).
Interestingly, both the ENSO and QBO extratropielconnections project on the NAO pattern (Fig.lI32
thereby representing suitable interannual phenortieatacan enhance NAE seasonal predictability. &fne
the main goals of SIDIS is to improve simulatiom gmmediction of the ENSO/QBO-NAE teleconnections by
enhancing understanding of their mechanisms. Utaledsng the dynamical processes involved in
predictability has been identified by the WMO Woflilimate Research Programme as one of the much-
needed efforts in climate research.

ERA40 b) EC-EARTH ) SPEEDO

-9 -8 -7 -6 -5 -4 -3 -2 -1 1 2 3 4

Figure B2.1: Hemispheric regression of mid-winter (Januaryfbaby) sea level pressure anomalies [in hPa] dmdo t
corresponding NAO index, obtained as standardized-series associated with the leading EOF ovelNtAE region
(90°W-40°E/20°N-90°N), in observational data (ERAd@nalysis, a; adapted from Garcia-Serrano €(ll), EC-
EARTHS3.1 (b; adapted from Garcia-Serrano et al.720and SPEEDO (SPEEDY-MICOM, c; adapted from Garci
Serrano and Haarsma 2016).

EL NINO-SOUTHERN OSCILLATION (ENSO)

ENSO can be characterized as a dipole in oceancogd¢nt across the tropical Pacific, in which ocea
atmosphere coupled processes trigger anomalous (#riiio) or cold (La Nifia) events over the cehtra
eastern equatorial Pacific in conjunction with aalopressure seesaw (the Southern Oscillation) dmtw
eastern and western regions of the tropical basm Chang and Battisti 1998). The main reasortHer
attention ENSO receives is that it affects weatherate variability in large parts of the world,maly the
ENSO teleconnections. This project focuses on #ewiical ENSO phenomenon, characterized by SST
anomalies with an arrowhead shape settling offSbath American coastline, for which robust tropical
extratropical atmospheric teleconnections have leséablished (e.g. Trenberth et al. 1998; Alexarede.
2002; Hoerling and Kumar 2002). A convenient measair ENSO is the Nifio3.4 index, defined as the
anomaly of SST averaged over the region 5°S-5°NY¥7IR0°W; the strength of an ENSO teleconnection is
then defined as the linear regression coefficiéthe field in question on the Nifio3.4 time-sefjes). Sterl

et al. 2007; Yang and DelSole 2012).

ENSO is the most important source of predictabdityseasonal time-scales (e.g. Doblas-Reyes 204R).
The ENSO influence on the North Pacific-AmericarP@ sector is well known: the atmospheric response
displays a wavetrain structure arching northeastwahose centres of action are organized in theafied
Tropical-Northern Hemisphere (TNH) pattern, whishdistinct from the internally-generated Pacificrtkio
America (PNA) pattern (e.g. Robertson and Ghil 198xander et al. 2002; Straus and Shukla 2002;
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DeWeaver and Nigam 2002; Nigam 2003; Bladé et @082 The ENSO influence on the winter NAE
atmospheric circulation has only recently been idhted. The canonical ENSO signal takes place in
mid/late-winter, namely January-to-March (JFM), riotthe conventional winter season (December-to-
February; DJF), and consists of a dipolar surfaesgure anomaly that resembles the NAO pattern (e.g
Smith et al. 2012). As reviewed by Brénnimann (20@7is canonical ENSO-NAE teleconnection has been
stationary and robust over the past 300 years aithéar for El Nifio and La Nifia events. SIDIS will
maximize North Atlantic atmospheric predictabilgnanating from ENSO by using JFM as target season.

The underlying mechanisms of the ENSO-NAE telecotioe however, remain to be properly understood.
Tropospheric and stratospheric pathways have haggested to be at play in settling the canonicsaoase
but a unifying framework has been elusive to date.

With regard to tropospheric mechanisms, some miodedtudies have suggested that transient-eddyitgcti

in the North Atlantic basin generates a NAO-likgrnsil in response to the downstream extension of the
ENSO-forced wavetrain propagating across the NRAosde.g. Cassou and Terray 2001a, 2001b; Merkel
and Latif 2002; Pohimann and Latif 2005). Howewsn, clear evidence has been found in observations
supporting a link between ENSO and the NAO via tlug/nstream effect (Brénnimann 2007). Some authors
pointed to model biases as key to explain this egoppaconnection (Cassou and Terray 2001a, 2001). A
alternative and simpler view was proposed by G&Beiaano et al. (2011), who interpreted the carabnic
NAO-like surface pattern as resulting from the westl tilt with height of the Rossby wavetrain traggd
remotely from the tropical Pacific. This westwartt is a characteristic feature of quasi-barotropic
teleconnection patterns (e.g. Hsu and Wallace 198%)ir interpretation can explain the observed o
and Gouirand 2003; Bronnimann 2007; Fereday &(l8; Li and Lau 2012) and simulated (Gouirand.et a
2007) intraseasonal variation of the ENSO impacthen NAE atmospheric circulation from early-winter
(November-December; ND) to mid-winter (January-feeby; JF), since the ENSO-forced wavetrain is not
completely established until January (Wang and Ba02Bladé et al. 2008). The intraseasonal timinthe
development of the ENSO teleconnection to the NAEt@ can be traced back to the NPA sector, in
agreement with Livezey and Mo (1987) and Alexareteal. (2002), who also showed that the wavetrain
response to ENSO is stronger in JF than in Decenfitdadé et al. (2008) used simple Rossby waveguide
arguments to attribute the late timing of the dxrb@ical NPA response to changes in the mean-famsva
result of which the sensitivity of the NPA circutat to tropical forcing in the central-eastern Hacis
stronger in JF than in ND (Newman and Sardeshm@@8)L They also pointed out that the subtropidaisje
strongest in January and thus represents a strengigity source. A national project — DANAE, inhich
Garcia-Serrano is also de PI — will examine thpdspheric pathway by applying Rossby wave sourde an
ray-tracing diagnostics to gain insight into theamics of the ENSO wavetrain response over the hifA

its propagation to NAE; this will be performed upboth observational data and operational forecast
systems, i.e. the EUROSIP and NMME multi-models. mBlementing DANAE, _SIDIS will
comprehensively focus on the stratospheric pathefathe ENSO-NAE teleconnection, with the aim of
improving process understanding and isolating tfe#aspheric impact on the regional forecast skill.

The timing of the wavetrain response to ENSO mighfundamental when seeking a unifying framework of
the ENSO-NAE teleconnection involving the strataseh It has been suggested both that ENSO has a
strong and robust influence on the stratosphege @arcia-Herrera et al. 2006; Randel et al. 2608) even
that ENSO-induced stratospheric changes may doaitha&t ENSO impact on the NAE region (e.g. Ortiz
Bevia et al. 2010; Butler et al. 2014). It is wontbting that, consistent with the establishmerthefENSO-
forced wavetrain in January, most studies assedsiagseasonal evolution of the zonal-mean ENSO
temperature and zonal wind anomalies in the siphtre show that the ENSO signal begins with maximum
amplitude in January and propagates downwards aftere(Manzini et al. 2006; Cagnazzo and Manzini
2009; Ineson and Scaife 2009; Bell et al. 2009¢ fared Seidel 2009). Although all these studieseatrat

the downward influence of the ENSO-induced stratesip anomalies on the troposphere is strongdatén
winter (February-March; FM), they differ in the émpretation of this result. For some, the downward-
propagating signal is responsible for the ENSO-N®&Econnection (Ineson and Scaife 2009), while for
others it helps the NAE SLP anomaly to persist iedoly-spring (March; Cagnhazzo and Manzini 2009).
Given the results of Garcia-Serrano et al. (20htkording to which the tropospheric ENSO-forced
wavetrain alone can explain the NAO-like signaturdF, we speculate here that the tropospherionzath
dominates the ENSO-NAE relationship in mid-wintdF), whereas the stratospheric pathway becomes
dominant in late-winter (FM). SIDIS will clarify thtime-dependent role of both pathways for the ENSO
NAE teleconnection by using sensitivity experimenith/without stratospheric variability.
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Concerning the dynamics involved in the stratosphsathway, prior upward propagation of ENSO-indlice
waves from the troposphere into the stratospheregsired (Manzini et al. 2006). There is evidenta
linear impact of ENSO on the tropical stratospherg. Randel et al. 2009): El Nifio (La Nifia) eveats
associated with a reinforcement (weakening) ofsinetropical tropospheric jet, which then becomesemo
(less) effective at channelling resolved and gyawave upward propagation (de la Camara et al. 014
whose dissipation and drag in the lower stratospireensify (damp) the Brewer-Dobson (BD) circudati
thus enhancing (inhibiting) the upwelling througe ttropical tropopause (Randel et al. 2009; Catval.e
2010; Abalos et al. 2015). This subtropical wavesiftg primarily affects the ‘shallow branch’ of ti&D
circulation (Abalos et al. 2014), which connects topics to middle latitudes in the lower stratuse (e.g.
Birner and Bonisch 2011). SIDIS will assess forfihgt time the contribution of changes in the &halBD
circulation to the timing of the ENSO-NAE telecontien by means of sensitivity experiments suprggsin
variability in the tropical-subtropical stratospéer

Concomitant with the ENSO signal in tropical stegtieeric upwelling, there is an ENSO modulationhef t
downwelling in the polar stratosphere as part ef‘tteep branch’ of the BD, which also tends toibedr
(e.g. Randel et al. 2009; Calvo et al. 2010). Peiturbation is associated with anomalies in theakmean
temperature and strength of the polar vortex sthe(egg. Manzini et al. 2006; Cagnazzo and Mar2@4i9).
However, there is no agreement on the effectiveewaxcing of this ENSO signal. Some studies suggest
that it arises from the interference of the tropmsic ENSO-forced wavetrain with the climatological
stationary wave over the Aleutian Low region (&arfinkel and Hartmann 2008), but the actual ingecof
ENSO-related wave-activity into the stratosphereuce at latitudes poleward of about 60°N (e.g. Tagu
and Hartmann 2006). The discrepancies could bealtres different data period considered in thoséiss;

for example, Garfinkel and Hartmann (2008) compubbdervational composites over NDJF, probably
mixing in various signals, whereas Taguchi and idarin (2006) performed sensitivity experiments under
perpetual January conditions, more likely isolatimg ENSO signal when it is at its maximum. Notat tihe
target of SIDIS is the mean seasonal stratosphesigonse to ENSO, which is approximately lineag.(e.
Butler et al. 2014; Calvo et al. 2016; Iza et &l1&), rather than disturbances on short times¢depgs and
weeks) associated with sudden stratospheric wasnimgpich may be internally generated within the
atmosphere (e.g. Manzini et al. 2006). SIDIS wiplere the interference of the ENSO-forced wavatrai
with the climatological stationary wave at highitlades over northern Canada-Alaska, which is wiileee
ENSO signal penetrates deeper into the middle-ugpretosphere (Garfinkel and Hartmann 2008), and
guantify the contribution of changes in the deep-Blculation to the timing of the ENSO-NAE
teleconnection by means of sensitivity experimsngressing variability in the extratropical stratosre.

The comprehensive and systematic comparison thatbeiperformed in SIDIS between the observed
tropospheric/stratospheric dynamics linked to tla@anical ENSO-NAE signal in mid/late-winter and the
teleconnection mechanisms simulated in targete@spirere-only and seasonal hindcast experimentst apa
from being unprecedented, could clarify the asaifglusive unifying view of this remote relatiopshnd
provide insight into the sources of prediction|dkit the Euro-Atlantic climate.

QUASI-BIENNIAL OSCILLATION (QBO)

The QBO is the most prominent variability mode wdpical stratospheric zonal winds characterized by
downward-propagating westerly (WQBO) and eastd&RQBO) regimes with a periodicity of approximately
28 months. The QBO wind regimes descend at abauiritknth until they are dissipated in the tropical
tropopause (~100hPa). In mid-winter, the WQBO phsisews westerly wind anomalies in the lower
stratosphere and easterly wind anomalies in thedlmigtratosphere (Fig. B2.ll-bottom); through one
complete cycle, the EQBO phase depicts anomalieppbdsite sign (e.g. Randel et al. 1999). The QBO i
mainly driven by upward-propagating, convectivedyeed equatorial waves (i.e. Kelvin waves, mixed
Rossby-gravity waves, and small-scale gravity watleat break in the stratosphere and deposit mament
flux (e.g. Baldwin et al. 2001). A standard diagio$o define the QBO phase is based on the egahtor
zonal-mean zonal wind at 50hPa;g{e.g. averaged over 2°S-2°N — Anstey and She@tdrd, or over 5°S-
5°N — Butler et al. 2016); although, for instarefining the QBO phase at 40hPa has been foundécalme
strongest correlation with the extratropics (Dutderand Baldwin 1991).
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Figure B2.11: [top] (left) Forcing field for the atmosphere-gntensitivity experiments (La Nifia) based on the
regression of SST anomalies onto the Nifio3.4 indeXanuary-February, 1958-2002. (right) Composftdanuary-
February sea level pressure anomalies for La Nifidevs (adapted from Iza et al. 2016). [bottomJt)I&ertical-
meridional structure of zonal-mean zonal wind anie@saand (right) polar projection of 1000hPa geeptill height
anomalies in January for a WQBO-EQBO compositeedifiice (adapted from Anstey and Shepherd 2014).

Because the QBO has such a long time-scale andteeise, its evolution is expected to be predietabl
thereby potentially useful for seasonal forecastifiee QBO is indeed the most promising source a$seal
prediction skill apart from ENSO (Smith et al.20Kidston et al. 2015; Butler et al. 2016); it iswdly
seen as a ‘glimmer of hope’ for seasonal forecggtitoskins 2013). However, the QBO has proveddiffi

to simulate accurately in climate models. Rathanth high model top (beyond the stratopause ~1laPa),
fine vertical resolution in the stratosphere isuidfiat to be important in simulating the vertical pagation of
waves and momentum deposition that drive the QB@ tlds condition alone might not be enough. Models
that are able to internally simulate QBO-like vhiiidly employ a non-orographic gravity wave (NGWhad
parameterization. It has been shown that modelledisvin the tropical lower stratosphere remain a&imo
constant if NGWs are not included/parameterizedaifcet al. 2000). And, it is recognized that
parameterized NGWSs contribute as much as the medolaves to forcing the QBO (Giorgetta et al. 2006;
Richter et al. 2014). Among the high-top modeldipigating in CMIP5, only those with a large numloér
vertical levels and NGW drag parameterization (MH#SM-MR, CMCC-CC, HadGEM2-CC, MIROC-ESM)
simulate QBO-like variability (Lott et al. 2014)n Icurrent seasonal forecast systems, only halthef t
properly stratosphere-resolving models, with a hiighand good vertical resolution, do spontaneously
generate QBO-like variability (MetOffice-GloSeaSCMWF-S4, MPI-ESM-MR); these models have NGW
schemes (Butler et al. 2016). Thus, it is posditie a NGW parameterization is key to accuratetyusating

the QBO. Along this line of reasoning, Dunkerto84T) showed that the contribution of NGWs is neagss
to generate a QBO with realistic period and amgétuRecent theoretical and modelling efforts have
successfully tried to understand the mechanisrggedring NGWs relevant for QBO-like variability atal
parameterize the connection to their sources, natrapical convection (e.g. Lott and Guez 2013; lills

et al. 2015). From its hierarchical approach, SIDMil implement a source-based NGW drag
parameterization in both intermediate-complexitd atate-of-the-art atmospheric models in orderetbel,
and more realistically, simulate wave/mean-floveiattion in the tropical stratosphere.
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Despite the lack of tropical stratospheric variapi(i.e. QBO-like) in most of the climate modets#écast
systems, their skill at capturing the evolutiortropical winds once initialized is quite high, evieriow-top
models (Butler et al. 2016). The forecast systeramtain the state of the initialized tropical windsich is
dominated by the state of the QBO, due to slowxeglan rates in the tropical lower stratosphereyfiés
1998). The QBO-related, initialized tropical wingsrsist throughout the forecast winter (Boer andhitan
2008; Marshall and Scaife 2009; Scaife et al. 20Btller et al. 2016) before the winds convergeais
model climatology; hence the QBO still represenisotential source of extratropical predictabilityea if
models themselves do not internally generate QRO®-ariability. The QBO-NAE teleconnection appears
to be mediated by the influence of the QBO on theta@spheric polar vortex, thus on the NAO (Garéinét

al. 2011a, 2011b). Yet, the simulation/predictidnttiis tropical-extratropical teleconnection renwia
challenge for many climate models (Scaife et all4®), both low-top and high-top (Butler et al. 216
Interestingly, Marshall and Scaife (2009) showedt titne low- (L38 up to ~3hPa) and high- (L60 up to
~0.004hPa) top versions of HadGEM1, with the sarmodzbntal resolution and vertical levels in the
troposphere, were able to reproduce the QBO impadhe polar vortex as well as on surface European
climate; both versions having the same NGW dragrpaterization. The dynamics through which the QBO
affects the extratropical stratospheric circulatepppears to be internal to the stratosphere, bynsneé
modulating the upward propagation of troposphedwes, mainly planetary Rossby waves (see Anstey and
Shepherd 2014 for review). Observational (Randel.et999) and modelling (Garfinkel et al. 2012)dsés
have shown that this QBO modulation translates sftanges in the shallow and deep branches of the
Brewer-Dobson (BD) circulation. On the other hathe, aspect of the extratropical circulation mosisgeve

to a source-based NGW drag parameterization isabytine BD circulation (de la Camara et al. 2016).
this case, the sources of NGWs are mid-latitudatérojet instabilities and storm-tracks (Plougonaeni
Zhang 2014; de la Camara and Lott 2015). Thus @oinceivable that a better representation of the B
circulation thanks to a more realistic represeatatf the vertical distribution of the NGW drag tiead to
improved simulation and prediction of the extratcap QBO signature. Complementary to the effectren
tropical stratosphere, SIDIS will assess for thst fiime the impact of implementing a source-bas&iv
parameterization on the representation and skihefQBO-NAE teleconnection in seasonal hindcéosith)

to the polar vortex and at surface.

The goal of this project is not only to improve dlitions but also to improve understanding of the
mechanisms providing predictability. Concerning @BO-NAE teleconnection, it remains unclear which
levels or vertical structure of the tropical QBOshetrongly influence the winter polar vortex (Agsiand
Shepherd 2014). SIDIS will tackle this questionhwét comprehensive set of sensitivity experiments. A
introduced above, the most accepted explanatiorthfierQBO influence is based on its modulation of
upward-propagating planetary waves, which is cathedHolton-Tan mechanism (Holton and Tan 1980). By
modulating the latitudinal extent of the winter wegbes (waves cannot propagate through easterigsy
the QBO may guide planetary wave activity towarigg hatitudes or into the tropics; increased extyaical
confinement of wave activity, corresponding to dep@rd shift of the zero-wind line associated wtitle
EQBO phase, is expected to weaken the vortex, whéeopposite situation during the WQBO phase is
expected to strengthen the vortex. However, theaayes responsible for this coupling between low and
high latitudes is still not well understood (seesfay and Shepherd 2014 for review). In particutas not
established yet whether the QBO-related wind aniesah the tropical upper (e.g. Pascoe et al. 2@06)
lower (e.g. Garfinkel et al. 2012) stratospherekane for the Holton-Tan mechanism, thereby for @RO-
vortex relationship. SIDIS will investigate whictopical wind regime in the QBO vertical structuseniore
relevant for the QBO-NAE teleconnection by perfarmtargeted atmosphere-only simulations.

It also remains unresolved how the QBO-vortex iatehip interacts with the stratospheric effectENSO
(e.g. Tripathi et al. 2015; Butler et al. 2016)thsugh there is no clear mechanism by which thes@lud
ENSO and the phase of the QBO would be linearlstedl (Anstey and Shepherd 2014), previous studies
have been inconclusive due to the concurrence difid (La Nifia) events with EQBO (WQBO) winters.
The interaction between ENSO and QBO is expecteletmon-linear (e.g. Calvo et al. 2009), but the
observational record is unfortunately too shoradequately separate the two influences. Complemetda
both the atmosphere-only sensitivity experimentENSO-related SSTs and QBO-related tropical winds,
SIDIS will analyse the ENSO/QBO-NAE teleconnectidnslong coupled runs, which contain a large
number of ENSO and QBO cycles, and are able toigecstatistically discriminant sampling and robests

to assess their potential link.
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The suite of climate simulations and model imprams) that will be carried out in SIDIS facing the
accurate representation and skilful prediction lo¢ tQBO and its remote influence on the polar voaed
the Euro-Atlantic tropospheric circulation, in addin to be novel and timely, could certainly impgov
modelling the stratospheric dynamics involved, gaisight into the mechanisms at play, and help
understanding the regional predictability forcedthg tropical QBO.

MODEL SYSTEMATIC ERRORS

The impact of ENSO/QBO on the extratropical stralb@se is conceivably sensitive to the stratospheric
representation of the model. SIDIS will assessBERN&O/QBO teleconnections in parallel upon two ctena
models from a hierarchical approach, with intermesicomplexity and state-of-the-art atmospheres,
respectively, in order to obtain robust model-irglggient conclusions.

Prospects for seasonal forecasting are encouragimge improved process understanding may transigte
improved predictions. This exercise requires arr@pyate assessment of the obtained skill for sybset
comparison with model improvements in terms of ¢ast quality. But ideally this assessment needseto
complemented with the identification of GCM biasedtimately working towards their elimination.
Limitations in forecasting planetary waves, whicle aprecursors of stratospheric anomalies, and
stratospheric model biases have been identifiddrakering factors in this context (see Tripathakt2015

for review). Likewise, the potential lack of wavesd&n momentum convergence in the modelled
extratropical stratosphere could explain the wegpkaducibility of teleconnections from the tropioNAO-

like variability (Molteni et al. 2016), in agreentenith the weak teleconnectivity from ENSO/QBO tet
North Atlantic shown in current forecast systemg.(8utler et al. 2016). SIDIS will improve represation

of both the stratosphere and the stratosphericepsas relevant for the ENSO/QBO-NAE teleconnections
Firstly, the implementation of a source-based NGWameterization aims at reducing biases in the
stratosphere (e.g. de la Camara and Lott 2015pr8&g as both ENSO and the QBO influence the shall
and deep branches of the Brewer-Dobson (BD) citicuathe implementation of such an interactive NGW
drag parameterization, with a significant impacttib@ annual cycle of the BD circulation (de la Céaet

al. 2016), provides a clue to improve simulation tbe teleconnection dynamics. Thirdly, adding
stratospheric levels in the intermediate-complexitymospheric model presumably allows a better
representation of wave processes and thus a befpersentation of the stratospheric circulationaf@bn-
Perez et al. 2013), which markedly influences NAfaspheric variability (e.g. Lott et al. 2005; Seat al.
2005, 2015; Douville 2009). Finally, it has beemwh that a biased polar stratosphere leads to sedhia
North Atlantic eddy-driven jet (Shaw et al. 201<l,improving the former could help improving thada

This project offers a suitable scenario for imprayithe predictability of the winter surface climatethe
North Atlantic-European region by means of betegresenting stratospheric circulation and variatyilas

well as better understanding the dynamics involveithe ENSO/QBO extratropical teleconnections. 3éte

of simulations and sensitivity experiments that el conducted in SIDIS, being comprehensive attthgu
edge, will point out aspects that need to be cameidl in seasonal forecast systems to enhance their
prediction skill and improve confidence in actuaidcasts over the Euro-Atlantic sector

Following the identification of all the issues alkow list of concrete objectives has been designed:
- To quantify the impact of the tropical and patmatosphere on the NAE seasonal prediction skill.
- To improve process understanding of the stratspipathway in the ENSO/QBO-NAE teleconnections.

- To identify the most influential layer in the polstratosphere (upper, middle, lower) in setthmg timing
of the NAE response to stratospheric vortex anasali

- To achieve a more realistic simulation of trop{€@BO) and extratropical (BD) stratospheric vailigp
- To assess the role of resolving the polar stpdtese on model biases over the North Atlantic.

- To explore the link between model systematicreremd the success/lack of prediction skill overENA
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Section b. Methodology

To achieve the objectives mentioned above, thevafig set of tasks has been considered. The prigect
divided into five work-packages (WPs): four for easch (WP1-4) and one for management and
dissemination (WP5). Further details follow belolihe schedule of activities and the human resources
required to successfully execute them are sumnthiristhe following chronogram.

yrl yr2 | yr3 | yré HHRR
old NGW GWs | exp. ENSO + QBO | hind. PI
EC-EARTH new NGW new NGW | | Postdocl
perfect-model + realistic hindcasts Postdoc3
strato-SPEEDY + NGW | perfect-model + realistic hindcasts Postdoc?
SPEEDO . . : .
obs | biases| exp. biases + hind. | exp. coupling PhD
WP1 - Model development — Teleconnections
— Seasonal prediction —Model biases

WP1 - MODEL DEVELOPMENT

The efforts to be undertaken in SIDIS on model tgwaent are key for the success and scope of theqgbr
since there is a strong aim at improving represiemand prediction of the stratospheric processesived

in the ENSO/QBO-NAE teleconnections. Thus, in ddditto rely on the expertise of two experienced
researchers (Postdoc 1,2), the project will coutit the guidance and support of Francois Lott (LML,
France) on the implementation of a source-based NI parameterization and of Fred Kucharski (ICTP,
Italy) on the implementation of stratospheric laviel the atmospheric component of SPEEDO, as wgell a
with regular interaction with relevant senior stists — Jost von Hardenberg (CNR, Italy) and Reainde
Haarsma (KNMI, The Netherlands).

Task 1.1 — New parameterization of non-orographawity waves in EC-EARTH

Personnel: Postdocl [1 year, 50%] Collaborators: Lott [guidance, discussion]
J. Garcia-Serrano [5%; advisor] J. von Hartberg [discussion]

GW parameterizations control the mean-state anidhitity of the troposphere and stratosphere inrantr
climate models; orographic GWs were first introdlite reduce biases in the upper troposphere anerlow
stratosphere, while NGWs have been incorporatentvedirds to reduce large biases in the stratosrate
mesosphere (de la Camara et al. 2016). Contraribydgraphic GWs, for which the source mechanisms a
relatively well understood, the mechanisms excitN@GWs are less evident; for this reason, early
parameterizations of NGWs have no relation withirttemurces (e.g. Lott et al. 2005). The current
parameterization of NGWs in the last version of EGRTH (EC-EARTHS3.2), which was implemented by
J. von Hardenberg and tuned for the configurati@B5L.91 in the atmospheric component (IFS, Integrate
Forecasting System) — approx. 80km horizontal te¢gwl and top at 0.01hPa, follows a source-unrdlate
approach. In particular, the amplitude of the motmenflux associated with NGWs is zonally symmetric
and prescribed as a function of latitude (greea imFig. B2.1lla). This parameterization is ingulrby the
one in the previous version of the model, EC-EARTHSvhich has the same atmospheric component as in
EC-EARTHS3.2 and the ECMWF System4 (IFS cycle 3¢rddl line in Fig. B2.ll1a).

The absence of sources in NGW parameterizatioristlimir potential calibration with the growing nber

of in-situ and satellite observations, and is aseanf systematic errors (de la Camara et al. 2@46nurce-
based parameterization, where the amplitude of N@¥¢ends on the resolved dynamics in the model (Fig
B2.1lIb), may additionally favour a framework foegolution-independent tuning. SIDIS will upgrade th
NGW drag parameterization in EC-EARTH, to be impderted in version 3.2 and carried over to the coming
versions, following the recent insights gained itlie mechanisms generating NGWSs. Particularly, SIDI
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will implement in EC-EARTH (namely, in IFS) the sca-related NGW drag parameterizations used in the
atmospheric model LMDz. For convective waves, r@hdvior the tropical stratosphere, the Lott and Z5ue
(2013) scheme translates grid-scale precipitatibm subgrid-scale GW stress. For frontal waveso@ased
also with fluctuations in the jets), relevant ftwetextratropical stratosphere, the de la Camaralaitid
(2015) scheme translates grid-scale vorticity d@adikty conditions into subgrid-scale GW stress.

b) new NGWs
- convective stress -

a) old NGWs
0.004 —r FAW

0.0035 f

0.003 f

0.0025

0.002

amplitude of launched momentum flux

0.0015 ECMWEF-S4 & EC-EARTH3.1 (IFS cy36r4) at T255 —— 4
FS cy36r4 > T255
IFS cy40/41 at T255 ———
) . EC-EARTH3.2 (IFS cy36r4) at T255
-80 -60 -40 -20 0 20 40 60 80
latitude

0.001

Figure B2.1ll : (a) Current parameterization of NGWs in EC-EARTId8pendent on the model version and resolution
(courtesy of J. von Hardenberg). (b) Examples ofithhed GW stress (mPa) for [top] convective waedtei( Lott and
Guez 2013; courtesy of A. de la Camara) and [bdtfoontal waves (adapted from de la Camara and 2015).

Task 1.2 — Implementation of stratospheric levals$ mon-orographic gravity waves in SPEEDO

Personnel: Postdoc?2 [1.5 years, 40%)] CollaboratofF. Kucharski [guidance, discussion]
J. Garcia-Serrano [7.5%; advisor] F. Lotdidance, discussion]
R.J. Haarsma [discussion]

The atmospheric component of SPEEDO is the Sireglifarameterizations primitivE-Equation Dynamics
(SPEEDY) model. It is an intermediate-complexity @K8 based on a spectral primitive equation coreand
set of simplified parameterization schemes, whi@renespecially designed to work in models with pust
few vertical levels but are similar to those addgtestate-of-the-art AGCMs (Molteni 2003). Therstard
configuration of SPEEDY has a triangular spectrahc¢ation at total wavenumber 30 (T30) — approx.
400km horizontal resolution. The KNMI version of EEEDY has a vertical resolution of seven layers (L7)
with the levels corresponding to 925, 850, 700,, 51D, 200, and 100 hPa (e.g. Haarsma and Hazeleger
2007; Garcia-Serrano and Haarsma 2016); while @ié°lversion has a vertical resolution of eight taye
(L8), adding the level of 30hPa to L7 (e.g. Kingatt 2010; Kucharski et al. 2013; see blue levals i
SPEEDO of Fig. B2.1V). The coupled model SPEEDOKEEBY-Ocean), was configured for the Atlantic
basin using the Miami Isopycnic Coordinate Oceand®8o(MICOM) version 2.7 (e.g. Hazeleger and
Haarsma 2005), but currently can be configuredalplby coupling SPEEDY to the Nucleus for European
Modelling of the Ocean (NEMO) model version 3.0ingsthe OASIS3 coupler, with the tripolar set-up
ORCAZ2 — 2° nominal horizontal resolution and a icaprefinement to 0.5° (Kucharski et al. 2015) the
following, SPEEDO refers to SPEEDY-NEMO/ORCAZ2.

The goal of SPEEDY is to achieve computationalcefficy while maintaining characteristics similar to
state-of-the-art AGCMs with complex physics. SPEEDah be used even with limited computational
resources (it can be run on any conventional neolte workstation), making it a very relevant toof f
researchers in developing countries (i.e. ICTP'ssion) and for graduate students, who gain bettensfic

and software insights allowed by a simple modehthaght be possible with state-of-the-art modele(l
EC-EARTH/IFS). The objective of SIDIS is to develapcomprehensive and sustainable improvement by
providing SPEEDY with a proper stratosphere; thécame will be named strato-SPEEDY, which will
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supply an intermediate-complexity climate modeftatstSPEEDO, resolving the atmosphere up to the
stratopause (1hPa) and coupled to a global oceael(iiEMO/ORCA?2). Strato-SPEEDY will double the
layers in SPEEDY (L8), to eventually have 17 (L¥@e green levels in Fig. B2.1V), with an increased
vertical resolution around the tropopause and énldlwer stratosphere [adding the levels of 150,an@, 50
hPa], which allows a better representation of wavecesses and thus a better representation of the
troposphere-stratosphere interaction, and havirgadditional layers above the current top in SPEEDY
(30hPa) — 20, 10, 5, 3, 2, and 1 hPa. The implesientof strato-SPEEDY will rely on the parametatian
following Polvani and Kushner (2002) plus a radiatiforcing mimicking the shortwave radiation flux
prescribed as a zonally-symmetric, seasonally-agryirofile of ozone concentration, as in the curren
stratospheric layers of SPEEDY (100 and 30 hPapgkihal. 2010); the new levels will be hard-coded
individually and strongly tied to the adjusted paederizations, with a damping scheme in the uppestm
level that allows absorption of waves and preveptsious reflection, as in the current version BEEDY .

L91 vs L17

0.01

0.1

hPa

10 - 10

100 - 100

SPEEDO

500
1000 - &

- 500

EC-EARTH

Figure B2.IV: lllustration of the vertical levels in the atmbgpic component of EC-EARTH (IFS with L91; left)dan
SPEEDO (SPEEDY with L8; right, blue) together wiitle improvement for strato-SPEEDO (L17; right, bigesen).

SPEEDY includes basic components of physical patenzations used in more complex AGCMs, such as
convection, large-scale condensation, clouds, saiflaxes of momentum and energy, and verticauditfn.
SPEEDY has a drag parameterization for orograpMés@®ut not for NGWs. SIDIS will implement the
same NGW parameterization as in EC-EARTH/IFS (Thdk but upon strato-SPEEDY, with the aim of
improving representation and minimizing biases ircutation and variability of both the tropical and
extratropical stratosphere. Likewise, SIDIS wiltkke the challenge of tuning the parameterized NGy

to try to obtain spontaneously-generated QBO-lilaiability in strato-SPEEDY, being aware that
simulating QBO-like variability in such an intermatk-complexity model would be a major success.

WP2 — TELECONNECTIONS

Process understanding is a crucial aspect of SIEMSe it aims at improving simulation and prediotof

the ENSO/QBO-NAE teleconnections not only by betepresenting the stratospheric processes involved
(WP1's objective) but also by gaining insight ink@ dynamical mechanisms that underlay these eksmen
and their interaction. The execution of this WPl Wwénefit from the interaction with senior scietgisvith a
large experience in teleconnection dynamics, whbenRI already collaborates with: lleana Bladé (UB,
Spain), Hervé Douville (CNRM/Météo-France, Frande)]. Haarsma (KNMI, The Netherlands), and Fred
Kucharski (ICTP, Italy); note that additionally Bladé will co-advise the PhD student.
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Task 2.1 — ENSO/QBO-NAE teleconnections in EC-EAR®H vs new NGWs

Personnel: Postdocl [1 year, 50%)] Collaboratond: Douville [discussion]
PhD student [6 months, 12.5%)] |. Bladé @dission; co-advisor]
J. Garcia-Serrano [1 year, 15%; advisor]

Two long control runs of 200 years minimum (aftpinsup) with EC-EARTH3.2 will be performed using
fixed present-day climate conditions (radiativecing) observed during the year 2000, with bothdheent
(‘old NGW'’; Fig. B2.llla) and the source-based (m&NGW’; Task 1.1) parameterization of NGWSs. The
comparison of both simulations in terms of tele@mtion dynamics will allow estimating the impacttbé
NGW drag parameterization on the ENSO/QBO teleccimes to the polar vortex and NAE surface
circulation. It will also set a benchmark of the detled variability and timing of the dominant preses
involved in the ENSO/QBO teleconnections for th@@tphere-only (Task 2.2) and seasonal hindcask(Tas
3.1) experiments. A set of diagnostics will be #&aplto characterize the model performance, and beill
compared to two reanalysis products (in turn, torege observational uncertainty): ECMWF ERA-Interi
(Dee et al. 2011), and NASA MERRA (Rienecker e®fll1). The diagnostics to be applied include dvat
not limited to, monthly regression analysis onte winter (DJF) Nifio3.4 index [ENSO] and Januagy, Et
50hPa [QBOQ] of (i) vertical cross-sections of zemaan zonal wind and temperature; (i) geopotential
height at 1000hPa (surface), 300hPa (upper troposph50hPa (lower stratosphere) and 10hPa (middle
stratosphere); (iii) Eliassen-Palm flux computeahirdaily data (e.g. Vallis 2006); (iv) residual mevnal
circulation in the Transformed Eulerian Mean forisral computed from daily data (e.g. Abalos et all40

Note that 200 years of simulation include approxetya80 complete QBO cycles, which allow assestieg
potential link between ENSO, the QBO, and theiedehnections. Correlation and composite analysks wi
be used to address this issue, which is not fesasibing observations due to the shortness of ttwrde
Depending on results, these control simulations beagxtended to 500 years to testing robustness.

Task 2.2 — Sensitivity experiments of ENSO/QBO-N#&Econnections with EC-EARTH

Personnel: J. Garcia-Serrano [2 years, 30%] Cobadtors: R.J. Haarsma [discussion]

|. Bladé [discussion]

Four short transient runs of 3 months (JFM) with étmospheric component of EC-EARTH3.2 (IFS) wal b
performed to identify the key mechanisms involvadtie ENSO-NAE teleconnection. The experimental
protocol will be similar to the one used in GarSierrano and Haarsma (2016), nhamely control (‘CTL) ss
and perturbed transient runs, all consisting oD@-@ember ensemble of integrations. The differettial
conditions for January 1st are taken from each gédine long control run in Task 2.1, so that tkertesng
conditions are different for each ensemble membérdémain within the intrinsic variability of theadel.
The ‘CTL_sst’ runs use SST climatology as boundamydition. In the perturbed runs, a SST anomaly wil
be prescribed in the tropical Pacific with climaigy elsewhere. To partially separate results frioennodel
framework, and for ease of comparison, observati&sls (ERSST; Smith et al. 2008) will be used to
define the anomalous forcing fields, which corregpdo the regression of ERSST January-February
anomalies onto the Nifio3.4 index in DJF; this wél El Nifio runs — multiplying the regression bywll

set the forcing field for La Nifia runs (Fig. B2ttp). El Nifio and La Nifia experiments are carriat to
assess potential non-linearities in the atmosphregponse; this pair of experiments are collegtisllled
‘ENSO’ runs. The amplitude of the SST regressiom nsaamplified to reach a maximum of 2.5°C at the
equator, similar to previous studies (e.g. Tagumid Hartmann 2006), in order to compensate for the
damping in surface heat fluxes that results fromsaering the ocean as an infinite reservoir oft hea
capacity. The other two pair of transient runs sireilar to ‘ENSO’ but nudging the tropical ('ENSO-
NoTROP’) or the polar ‘(ENSO-noPOL’) stratospheydtte model climatology from the long control rum i
Task 2.1. These experiments are constrained byimglathe zonal-mean spectral component of the
temperature, vorticity, and divergence fields te ttorresponding climatology from 50hPa (in ‘ENSO-
NnoTROP’) or 10hPa (in ‘ENSO-noPOL’) upwards, thupressing stratospheric variability in the target
region, associated with tropical upwelling and pai@wnwelling/polar vortex, respectively. The same
diagnostics as in Task 2.1 will be applied to tresmulations.

Three transient runs of 5 months (NDJFM) with thraaspheric component of EC-EARTHS3.2 (IFS) will be
performed to analyse which tropical wind regimethe QBO vertical structure is key for the QBO-NAE
teleconnection, a scientific question that is stilkesolved (Anstey and Shepherd 2014), and tcadbe
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timing of the extratropical response along the @ealscycle. In this case, the three 200-memberrabkse
integrations use SST climatology as boundary camitbut differ in the atmospheric conditions — all
starting each ensemble member on November 1st éarh year of the long control run in Task 2.1. The
control runs ('CTL_atm’) employ actual initial catidns in the whole depth of the atmosphere. The
perturbed runs are constrained by nudging thedabpower stratosphere (30hPa-100hPa; ‘QBO_lowar’)
the full tropical stratosphere (3hPa-100hPa; ‘QB@)fto the EQBO and WQBO composites in Task 2.1
during the complete integration, on top of theiahiconditions in the tropical troposphere and a&xapical
atmosphere. The nudging in the tropical stratosphsrrestricted to 30°S-30°N. EQBO and WQBO
experiments are carried out to assess potentiallimearities in the atmospheric response. The same
diagnostics as in Task 2.1 will be applied to tresmilations.

Task 2.3 — Sensitivity experiments of polar vorléXE coupling with strato-SPEEDO

Personnel: PhD student [1.5 years, 37.5%)] Colladtors: |. Bladé [discussion; co-advisor]
J. Garcia-Serrano [5%; advisor] F. Kuchars$#tiscussion)]

A comprehensive set of moderate (5K) and stroné&)Bratospheric temperature perturbation expertsien
will be performed with stratro-SPEEDY to assess timing of the tropospheric-surface response to
circulation changes associated with a warming/ogobf the polar stratosphere — typically in thegeof

the ENSO/QBO-induced perturbations (e.g. Bell e2@D9/Garfinkel and Hartmann 2011a). The aim is to
evaluate the hypothesis of Hitchcock and Simpsdi4p that the most relevant aspect is not the wind
reversal in the middle stratosphere but the an@®madh the lower stratosphere, immediately above the
tropopause. As in Task 2.2, transient runs willdomsidered because (i) the transient response sllow
investigating the causality more cleanly, and {{i¢ response in observations will probably neveche
equilibrium, implying that the transient responseriore relevant to interpret the observed anomaligd-
member ensembles of 60-day integrations startinglamuary 1st will be carried out with both signs
(warming, cooling) of the heating perturbation®rder to assess potential non-linearities in theapheric
response. The atmospheric initial conditions wil bbtained from a 200-year integration with strato-
SPEEDO (after spin-up) with fixed radiative forciagyear 2000. The control and perturbed trangiemsg

will use SST climatology as boundary condition. Theating perturbation will be prescribed at the
stratopause (1hPa), upper stratosphere (5hPa)|ersttdtosphere (10hPa), and lower stratosphetePE)0
The perturbation will be uniform over 60°N-90°N.eThame diagnostics as in Task 2.1 will be applied t
these simulations. Depending on results, both dméral simulation and the ensemble size of theiSeit
experiments may be extended to 500 years/membeesvém 1000 due to the computational efficiency of
strato-SPEEDOV/Y) to testing robustness.

WP3 — SEASONAL PREDICTION

Incorporating a well-resolved stratosphere intosemal forecast systems and representing relevant
stratospheric processes in their teleconnectiomgpraomising ways to enhance prediction skill (&glland

et al. 2012; Smith et al. 2012; Kidston et al. 2015 this WP, SIDIS will assess the impact of diating
stratospheric variability and stratospheric pathsvapn the forecast quality of a set of targeted weas
hindcasts performed with EC-EARTH3.2 and stratoSP&. The Climate Prediction group at BSC, the
host of the PI, is positioned at the cutting-ed@eclonate forecasting research, developing forecgst
capabilities for time-scales ranging from a few kgege.g. Prodhomme et al. 2016) to a few decadgsDe

et al. 2012) into the future. It routinely perforssasonal hindcasts and forecasts (e.g. Guemas2étiLa).
This ensures the successful completion of the taskertaken in WP3. Note that F.J. Doblas-Reye<(BS
Spain) will co-advise the postdoctoral researchie¥wP3.

In particular, SIDIS aims at addressing the contiidn of the tropical stratosphere, the polar esphere,
and the ENSO/QBO extratropical teleconnections hte prediction skill of the winter NAE surface
circulation and climate. The exercise follows ar&iehical approach, performing simultaneously thmes
suite of idealized seasonal hindcasts with theesibthe-art EC-EARTH and the intermediate-compiexi
strato-SPEEDO models. The objective is twofold, elgndentifying the key sources of predictabilityca
understanding the dynamics responsible for thatiptability.
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Two kind of hindcasts will be considered: (igalistic hindcasts using ECMWF ERA-Interim for
atmospheric conditions and ORA-S4 (Balmaseda €(dl3) for oceanic conditions to initialize thedoast
systems on the standard start-date for winter &mtsc- each November 1st — over the period 1976-238
years); and (iiperfect-model hindcastsvhere the potential effect of the drift on theglated dynamics is
absent as the model remains on its own attradtbiQuagh at the expense of estimating not actudl skt
model predictability. As predictability changes lwitnean climate (e.g. DelSole et al. 2014), theegotrf
model hindcasts are conducted with radiative fardired at present-day conditions. 40 start datpacing
five years, will be selected from the 200-year oointuns (Task 2.1 for EC-EARTH; Task 2.3 for strat
SPEEDO). For each start date an ensemble of 30 erembill be generated with singular vector
perturbations (Buizza and Palmer 1994).

In each kind, a suite of four 5-month long (NDJM)dtast experiments will be performed: (i) a cohtro
hindcast (‘CTL’) with the full ocean-atmosphere mbfdincluding the new source-based NGW
parameterization (WP1); (ii) a deteriorated-modigldbast (‘OLD-NGW’ in EC-EARTH, ‘NO-NGW’ in
strato-SPEEDO) with the previous/absent NGW pararzsition, respectively; (iii) a hindcast similar t
‘CTL’ but nudging the tropical stratosphere to modématology as in Task 2.2 (‘noTROP’), thus
supressing tropical stratospheric variability (tlee QBO); and (iv) a hindcast similar to ‘CTL’ botidging
the polar stratosphere to model climatology as askT 2.2 (‘noPOL’), thereby supressing variability
associated with the polar vortex. In addition te tiagnostics described in Task 2.1, deterministid
probabilistic skill scores will be used.

Task 3.1 — Seasonal hindcasts with EC-EARTH

Personnel: Postdoc3 [3 years, 100%)] CollaboratoFsJ. Doblas-Reyes [guidance; co-advisor]

J. Garcia-Serrano [7.5%; advisor] R.J. Haara [discussion]
H. Douville [discussion]
Task 3.2 — Seasonal hindcasts with strato-SPEEDO

Personnel: Postdoc2 [2.5 years, 60%] CollaboratofF.J. Doblas-Reyes [guidance; co-advisor]

J. Garcia-Serrano [6.5%; advisor] R.J. Haara [discussion]
H. Douville [discussion]

WP4 — MODEL BIASES

To better understand the performance of the twectst systems, i.e. relative merits and deficiendheir
systematic errors in the course of the forecast tiitl be identified. Likewise, the link betweeree model
systematic errors and the success/lack of prediskdl over the NAE region will be explored. Tharpose

is to lay the foundation for reducing bias-relatetertainties and improving the simulation and jwtexh of
the NAE surface climate and ENSO/QBO teleconnestinrfuture seasonal hindcast/forecast experiments.

Task 4.1 — Impact of NGW parameterization on mdikdes

Personnel: J. Garcia-Serrano [6 months, 7.5%] @btrators: F. Lott [discussion]
J. von Hardenberg [discussion]

The comparison of the two long control runs ‘old WGand ‘new NGW' from Task 2.1, in terms of mean
climate, will allow assessing the impact of the N@Vvdg parameterization on the EC-EARTH3.2 biases. |
particular, SIDIS will evaluate (i) strength, pdsit, and variability of the stratospheric jet andrtk
Atlantic tropospheric jet; (ii) standard deviatiand leading variability modes of geopotential heigbrth of
20°N, using Principal Component Analysis, at 10@0(grface), 300hPa (upper troposphere), 50hPalow
stratosphere) and 10hPa (middle stratosphere);afiiiplitude and phase of the climatological planeta
waves; (iv) zonal-eddy heat flux at 100hPa; andhg)Brewer-Dobson circulation.
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Task 4.2 — Impact of resolving the stratospherenodel biases

Personnel: J. Garcia-Serrano [6 months, 7.5%] @bdrators: F.J. Doblas-Reyes [discussion]
J. von Hardenberg [discussion]

The comparison of the realistic and perfect-modedidasts ‘CTL’, ‘noTROP’ and ‘noPOL’ from Task 3.1,
in terms of mean climate, will allow assessingithpact of resolving the tropical and polar strate=e on
the EC-EARTH3.2 biases. The same metrics as in #dswill be applied.

Task 4.3 — Impact of resolving the polar stratosplom model biases with sensitivity experiments

Personnel: PhD student [2 years, 50%] Collaboratol. Bladé [discussion; co-advisor]
J. Garcia-Serrano [5%; advisor] F.J. Dobi&eyes [discussion]

A similar approach to Task 4.2 will be followed fetrato-SPEEDO, but only the ‘CTL’ and ‘noPOL’
perfect-model hindcasts (from Task 3.2) will belgsad to remain in the model framework and avoitt dr
effects, for ease of comparison with the sensytieitperiments.

SPEEDO underestimates the amplitude of the NACadlaentre of action at high latitudes, as compéred
observations and EC-EARTH (Fig. B2.1), as well agsfto reproduce the amplitude and orientatiothef
North Atlantic jet, likely linked to the fact th&PEEDY does not have a proper, active stratosy{lseeia-
Serrano and Haarsma 2016). Following the identificaof the main biases in SPEEDY and strato-
SPEEDY, applying most of the metrics in Task 4.iwto separate 200-year integrations with climatuialy
SSTs, a set of sensitivity experiments will be peried to further assess the impact of resolvingpthiar
stratosphere on model biases over the NAE regibreelradditional 200-year integrations of strato-SPE
with climatological SSTs but nudging the polar s&isphere to model climatology from 5hPa (upper
stratosphere), 10hPa (middle stratosphere; to heigtent with ‘noPOL’), and 50hPa (lower stratosphe
upwards will be carried out. The same metrics asagk 4.1 will be applied. Depending on resultgsth
sensitivity experiments may be extended to 500 sydar even 1000 years due to the computational
efficiency of strato-SPEEDQY) to testing robustness

WP5 — PROJECT MANAGEMENT AND DISSEMINATION
Personnel: J. Garcia-Serrano [4 years, 3.5%)]

This work-package will ensure the appropriate impdatation of the project and widely disseminate the
outputs throughout its duration. It is feasiblentkato the strong administrative support at BSE froject
Management Office, Transfer and Communication @ffiand Outreach Group). WP5 will monitor the
progress of the project, ensure timely preparatibacientific reports, facilitate communication amgothe
collaborators’ institutions (BSC, CNR, CNRM/MétécaRce, ICTP, KNMI, LMD/IPSL, UB), and organize
the project meetings. The latter consist of thregetmngs to ensure that action items are under aray will

be hosted by BSC [project month 13, 30, 46]; nbtd there is no kick-off meeting. These project tings

are not intended to be internal symposia but opafiecences, in which researchers not directly welin
SIDIS, e.g. from other groups in Spain (N. CaNdGM) or Europe (N. Keenlyside - UiB/BCCR, F. Molten

/ T. Stockdale - ECMWF, S. Osprey - U.Oxford), Wik invited. In addition to the official collabooas
described above, SIDIS will be supported by an ibele Expert Board (EEB), which comprises two
internationally recognised experts in the fieldsthtosphere-troposphere dynamics and predictalllisa
Manzini (MPI-M, Germany) and Adam A. Scaife (Metio#, UK), who will provide their expert opinion
and feedback during the project development. ThB &t be invited to the project meetings and reglyl
updated by the Pl via teleconferences and electimmimunication. The results of SIDIS will be polded

at the meetings of the projects DynVar and QBOSBARC (Stratosphere-troposphere Processes And their
Role in Climate) where the EEB members are stroimgtglved. WP5 will prepare a 6-month report with
major advances for the ECMWF, with which BSC/EC-BARshares the atmospheric model (i.e. IFS); and
deliver a yearly brochure summarising results astfdewements for research centres producing opesdtio
seasonal forecasts (e.g. those contributing to NMiwvie EUROSIP). Under WP5, the project will also
undertake a final report that, in addition to sumimiag the scientific goals, will identify priorityesearch
lines to enhance skill of the NAE climate by advagahe impact of model improvements on predicaoal
their potential to reduce uncertainties in seasforaktasting.
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Section c. Resources (including project costs)

Personnel: Salary for the Pl (48 months — 249.09B%)erienced researcher starting in year 1 / Podte
Tasks 1.1, 2,1 (24 months — 120.000€); Experienesearcher starting in year 1 / Postdoc2 — Tasks312
(48 months — 240.000€); Young researcher startingear 2 / Postdoc3 — Task 3.1 (36 months — 138)000
PhD student — Tasks 2.1, 2.3, 4.3 (48 months -000£).

Equipment: BSC has hosted outstanding high perfecem@omputing (HPC) facilities since its inception
2006; and all the computational resources will tailable for SIDIS [i.e. MareNostrum Ill, 48896 esr/
1017TFlops, where all simulations will be perforfhedowever, additional equipment is required for a
successful implementation of the work plan. Du¢h® unusually large number of seasonal hindcasts an
sensitivity experiments that will be performed &hd output frequency (daily), a particular infrasture
will be needed for post-processing and storageardetmemory FatNode [IntelXeon E5-2600v3, 6 core
1.6GHz / 16x32GB] 8.334€ + 30 HPC disks of stora@d B [disk cabinet, IBM 7200rpm / 6Gbps] 7.830€.
Four workstations (for Postdoc1-2-3, PhD) will beeded to work in autonomy [Dell OptiPlex 9020 / i7-
4790 3.6GHz / RAM 8GB] 4.402€.

Travels — SIDIS personnel: 4 European GeoscienecegsnlJannual assembly [4x410€ registration, 4x140€
return ticket, 4x375€ accommodation] 3.700€; 2 Am@r Geophysical Union, fall meeting [2x410€

registration, 2x850€ return ticket, 2x670€ accomatimh] 3.860€; 4 SPARC workshops [4x300€ return
ticket, 4x360€ accommodation] 2.640€; 4 Europeajept meetings [similar budget as before] 2.640€.

Publications: It is intended to produce a minimuin¥ @rticles in major journals (e.g. 3 Journal dih@ate,
3x2.700=8.100€; 2 Climate Dynamics, 2x2.200=4.400&eophysical Research Letters, 2x1.800=3.600€)
plus 1 high-impact publication (e.g. Nature Com&300€); all in open-access.

Other — Hosting: Three 1-month visits at BSC — Eclarski (Task 1.2, project month 2/strato-SPEED® a
10/NGWSs) and F. Lott (Task 1.1, project month 3/N&W EC-EARTH) [3x300€ return ticket, 3x1.710€
BSC Residence, 3x43€ local transport] 6.159€.

Other — SIDIS meetings: (see WP5) Three meetingjs Wpeople from abroad — 3 SIDIS collaborators + 2
EEB members + 2 invited researchers [3x7x395€ ol flight, Residence, transport, catering)] 829

Other — CFC: Costs for mandatory audit certificqt@ertified Financial Consultant] 1.546€.

Cost Category Total in Euro
Pl 249.050€
Senior Staff 0€
Personnel Experienced Postdocs 360.000€
Young Postdoc 135.000€
PhD Student 104.000€
Direct | i. Total Direct Costs for Personnel (in Euro) 848.050€
Costs | Travel 12.840€
Equipment 20.566€
Consumables 0€
Other gopds Publications (including Open Access fees) 19.8P0€
and services g :
Other (Hosting + SIDIS meetings + CFC) 16.000€
ii. Total Other Direct Costs (in Euro) 69.206€
A — Total Direct Costs (i + ii)(in Euro) 917.256€
B — Indirect Costs (overheadsP5% of Direct Costs (in Euro) 229.314€
C1 - Subcontracting Costgno overheads) (in Euro) 0€
C2 — Other Direct Costs with no overhead$in Euro) 0€
Total Estimated Eligible Costs (A + B + CYin Euro) 1,146.570€
Total Requested EU Contribution(in Euro) 1,146.570€
Please indicate the duration of the project in morits: 48
Please indicate the % of working time the Pl dedidas to the project over the 85%
period of the grant:
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