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1 Executive Summary

In a peewreviewed paperBiastoch et al. (2021) describe a hierarchy of global 1/4° (ORCA025)
and Atlantic Ocean 1/20° nested (VIKING20X) eseaice models. They shothat the eddy

rich VIKING20X configuration performed in hindcasts of the pe& y@ars under CORE and
JRA55lo atmospheric forcing realistically simulate the lesgale horizontal circulation, the
distribution of the mesoscale, overflow and convecpvecesses, and the representation of
regional current systems in the North and South Atlantic. The representation of the AMOC, and
in particular the longerm temporal evolution, strongly depends on numerical choices for the
application of freshwater fl@s. The interannual variability of the AMOC instead is highly
correlated among the model experiments and also with observations, including the 2010
minimum observed by RAPID at 26.5° N. This points to a dominant role of the wind forcing. The
ability of themodel to represent regional observations in western boundary current (WBC)
systems at 53° N, 26.5° N and 11° S is explored. The question is whether WBC systems are able to
represent the AMOC, and in particular whether these WBC systems exhibit simparalem
evolution to the one of the zonally integrated AMOC. Apart from the {sasie measurements

at 26.5° N, it is shown that the outflow of North Atlantic Deepwater at 53° N is a good indicator
of the subpolar AMOC trend during the recent decades, pnoéded in density coordinates.

The good reproduction of observed AMOC and WBC trends in the most reasonable simulations
indicate that the eddyich VIKING20X is capable of representing realistic fenelgigd and
oceanintrinsic trends.

2 Introduction

The Atlantic Ocean circulation influences the above lying atmosphere and plays a key role for
climate and climate change. It also shapes the distribution of biogeochemistry in the ocean and
determines the connectivity of marine ecosystems. The Atlantidddeal Overturning
Circulation (AMOC) summarizes the fdimensional ocean circulation and provides an integral
metric for the state of the ocean circulation and its impacts. It is one of the most important
variables evaluated in ocean and climate madels

Circulation changes in the Atlantic Ocean occur in a range of temporal scales. Owing to the
dominance of the mesoscalehelton et al., 2011a snapshotiewgives the impressiaiat the

ocean is a seaf eddies without an existence afoherent current systemyVhile this mesoscale

is important for the dispersal of quantities and organisms over large distavesags over

longer time periods offer views on the larggale circulation variability. On intera@hto decadal
timescales, the ocean currents and hydrographystrongly determined by the atmospheric
forcing, the mechanistic forcing of the wjrahd the thermohaline forcing through heat and
freshwater fluxes.
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Ocean general circulation models (OGChh realistic settings and forced by observed
atmospheric data of the past decades simulate the full range of dpatjporal scales of
circulation changes, from the mesoscale to the decadal variaR@CMs provide important

tools for the descriptionfahe Atlantic circulation. They expand and guide the interpretation of
naturally limited observations and provide physically consistent answers of the mechanistic
understanding of the evolution and the interplay of oceanic current systems. In iAtlaatic, t
simulated velocities, temperatures, and salinities of OGCMs provide the input for Lagrangian
dispersal studies to trace the spreading of marine organisms.

The AMOC isharacterised by the northward transport of warm waters in the upper layers of the
Atlantic and the southward flow of cooler water in deeper layerd.iddéinked to the amount of
heat transported northwardt shapes the climate in those nations whose coastlines are warmed
by its influence (e.g. mild temperatures in Europée AMOG@lso determines the amount of
anthropogenic trace gaseStflorofluorocarbonsG@Fg, CQ) taken up and stored in the ocean,
thus buffering global warming.

The AMOC is in the focus of WP1, connects the individual tasks that consider tisedérge
circulation and its influences of specific regions, guides the setup of ocean observations, and is an
important driver for ecosystem connectivity. Within WP1, Taskorovides the framework by
setting up, verifying and analysing ocean models and by providing output of the past decades for
further analyses and studies of ecosystem connectivity. GEOMAR performs two models to fulfil
this goal: VIKING20X covering thi Atlantic, and INALTZ&chwarzkopf et al., 2018jth a

specific focus on the South Atlantic and Agulhas region.

This report is an introduction and summary of a larger report on the Atlactidation variability
of the last 50 yearas simulated by the stataf-the-art highresolution model VIKING2@éat has
been acceptedo the international peereviewed literaturgBiastoch et al., 2021)ast 50 years
is the timescale that is of intereftr most studies in iAtlantic artle best known in respect to
ocean observations.

3 Methodology

In this study a nested configuration, VIKING20X, with nominal horizontal 1/20° resolution in the
Atlantic Ocean between 33.5°SDit0°N is used(Figurel). It is based on the Nucleus for
European Modelling of the Ocean nefiNEMO, Madec, 2016pde version 3.6, combined with

the Louvain la Neuve s&@ model(LIM2, Fichefet & Morales Maqueda, 19NEMO is based

on the primitive equations describing the dynathiermodynamic state of the ocean discsetl

on a staggered Arakawa grid while the twaayer seace model simulating one ice class with a
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6
viscousplastic rheology is solved on a B gFigeglobal configuration (ORCAO028)yvesasa host

for the eddyrich configuration VIKING2@xingAdaptive Grid Refinemem Fortran(AGRIF,
Debreu et al., 2008p regionally increase the resolution by embiedda secalled nest.

VIKING20X is based on the success of VIKI(EBRBehrens, 2013; Erik Behrens et al., 2017,
Boning et al., 2016; Breckenfelder et al., 2017; Gary et al., 2018, 2020; Handmann et al., 2018)
and has been demonstrated to realistically simulate the ADEChi et al., 202@nd Labrador
Sea(Rieck eal., 2019) All full verification is given in Biastoch e{2021).

VIKING20X provides the physically consistent spatial and temporal framework of the ocean
observations in the North and South Atlantic (Task 1.2) and for the determination e$dzlein
modes (Task 1.4). The uHlnah resolution models, e.g. of the Walvis Ridge (Task 1.3), are
embedded into the basiacale circulation and hydrography through VIKING20X. Output from the
VIKING20X hindcasts is also used to advect virtual biologi@aisons such as mussel or sponges
larvae to be combined with the genomic analyses (Task 1.5).

Several model hindcasts are performed under the two different atmospheric forcinG &R&
(version 2)JLarge & Yeager, 2008nd JRA580 (Tsujino et al., 2018)
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Figurel. Domain and resolution (in km) of the VIKING20X nest within the global ORCA025 model

4 Basinwide Circulation

The structure of the mean sea surface hei(®H;Figure?) is robust among the different
hindcast experiments and forcinghichconfirmsthe existence of the North Atlantic subtropical
and subpolar gyres, the equatorial circulation, and the Souémtitindian Ocean supergyre.
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7
Compared to a coarser resolved vergORCA025VIKING20Xhows an enhanceével of the

mesoscale as well as ra improved structure of western boundarycurrents. A prominent
difference is the realistic separatiohthe North Atlanticurrent and its subsequent northward
turn into the Northwest Corner in VIKING20X.

(a) ORCAD25-JRA (b) VIKING20X-JRA-short (c) AVISO SSH variance
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Figure2. Standard deviation of sea surface height (if) im(a) ORCAO0ZIRA, (b) VIKING20X
JRAshort, and (c) satellitaltimetry (AVISQ)calculated over the period 199819.

While the horizontal circulation is strongly determined by the grid resolution and the wind field,
the AMOGstrongly depends on both wind and thermohaline driving mechanismsnvbiges

the applied atmospheric forcing itsghiut is also impacted and determined by the sea surface
salinity restoring timescales and other details of the atmospheric foiBatgens et al., 2013)
Notably, he AMOGlIiffers not only in the mean circulatighigure3). The general structurgvith

North Atlantic Deep Water (NADW) and Antarctic Bottom Water (AABW)sceksble in all
experimentsbut differ in strength. In consequence, different experiments also show different
trends over the hindcast lengthsigure4).
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Figure 3. Mean AMOC (1998009, in Sv) in (a) ORCAJES (b) VIKING20RAong, (c)
VIKING20dRAshort, and (d) VIKING2@CORE.
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Figured. AMOC strength at 26.5°N in experiments at 1/20° (VIKING20X) resolution compared to
OMIPL(Danabasoglu et al., 201éhd-2 (Tsujino et al., 202@nd RAPID observations.

5 Regional Changes

The evolution of the basiscale horizontal circulation and the AMOC is reflected in many regional
current systems. The circulation in the subpolar North Atlantic is represented by an index based
on sea surface heightigureb). It is highly correlatewith the upper ocean density in the centre

of the subpolar gyre, the upper ocean salinity in the eastern North Atlantiche North Atlantic
Oscillation (NAO) index. The decadal variability of the gyre strength is a response to wind stress
curl varialdity over the subpolar North Atlantic (hence NAO).

Figure5. Time series of the annual mean subpolar gyre index in the experiments and based on
observations (orange). Here, the index is defined as the second PEQRaaalysis for non
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