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Abstract

A comparison of simulated and observed overtu
Overturning in the Subpolar North R20R&ntpiec i Bd
i's presented, considering biohtei foept waandaod e va
the obséeéeraaspomal est i AmEetsds (aOtW) b airat t @SSNOER

sectwhoincshasmowor role for 4ddtet iLmadrtaldeor mé&aem 4 ¢
t hoeverturning in thelhsubkepalrer 9N@ratrh i Atilpaantiincg.
word¢antirng ua 8oocteddmreiacte hul ati ons with ©6rheiffere
simulaseoascommon seargfngnaemasphbeall g forcini
horizont al resolutions of thersbmUliVvanhgonsesobhn
0.-0A05A. While there are many differences bet:
among the indivtidromhd tsiamglpatitomps operties, the
ignificantly | arger transports at OE than at
verturning circul atipeast ogebbéeh pgepvhdasdadm

i mul ati ons and observations, mcarntelEwahradtt ded s
iven dept hpoodudeins g teysu cdluaskeafiss.peafa@aanfic ed | at i on

S
o
pictahoeveofturning pr opiey tamalsyassdssieat unebot iht
S
g
tend to be much more prominent in depth space

transpormnt ef edtednneesed at O&Ei mhhbae O&dMaMhy show | a
(smaller) transports with positive (onceegaant i ve)
near the OSKHNWPLtHhetoi sruxc,h rel at ilonn smhegpo Iwi ttiho d e
si mul ahteiroanmss,part profiles agree betteili nwith tF

some other metrics Woearsitdrearsdpomt Duar anaadlyculs:
referencmdde pt 2000at her than the ocean surfac:

at OW increase modestl y.
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1l ntroducti on

The AtMeamntdbDweratlud ncaoggati on (AMOC) depicts a si

view of ratheli meosploaxa,l] threel ati on patterns
to the gl obal circulation system primarily ac
associated heat, salt, anmndteinf @aceasc ¢sainadtlee car b

particul artlogu ldteicddaad & ihAdMOG clad 2 spr of ound | mpac
climate of thenslnrtrhhengl olgalarelaismate (see revi
2016; Sutton et al;. ,Ja&dW0kis8gnazdda mad f.eetr e2al2e2s 2 he9
i mpamatlsg c ome als@utt i talhr eawegthi tadfmpsaer@a lsur f ace t em
(SSTshihrygl ude i mpacts on At | &mhitntcerhturrapicaale ac
Convergence Zone, ptlkSeihpeilt atniddhrA mgteesmgenst o me r

climate over North America and Eualblpewi amd ot

significant societal and etchpen e me o cferngpdauwcd oy F u

(decadal and | onger) AMOC variability seen in
2010; DanabashptghhaMO&€t i &1 t ho2a@Ihia jdaomp erpe rets enft a
dynami cal memory of the climate Tsay otngm,witthus

assodqiugptpeeceh et eaoomamtni adshe NontmpoAttlaannt ifoor de
climate prediction simulations (see Meehl et

signiifmpcaacntts, there i s al $eM@&C gwiolwi ncgh a nngtee riens t

climate with many recent st o tiseteasb ifloictuys iaanngd ocno |
t AeMOC (e.g., Caesar ,20601aj] . Wei2j0dB8;etCaalsayr 202 @&
2024) .

In the absence ofbacsdmtiorhpeu s/rad tiude mis0o8fd soum Kk n o wl
ot hnreean state, spatial and temporal variabilit
mechamitdddOduring the kiomesrifcam mediebdsi mul a
Unf ortunately, models remasnt mnecaoMQ@C samedti tisn
variyabFbrtexampl e, results from about 20 ocea
interannually varying a2?a pphesrriioccd daast apeertts dofo
of the Cooridde aR efde rOecrecaen HX p e rLiamgret & (YE@QRE r , :
et al., 2009) show a rather o¢tahghapmeasoft yme
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space, e.g., betweenandNAaAhd depPtisvspacbdbotbhanrsl
2014). There is a broad agreement among these
interadeaocatdal vari adbedpittye annidgnirfeindant di ffer e
structures ofiliviadii@adtiilnd yt lpatt teirmsl| ated vari al
dictated by the i mpos,2d1f69grcilmgbObDdnDaaabdaglswg
and Danabasoglu et al. (2016), these AMOC di f-
to biases in(tLt&epgilLabroeckamp peod enti al temperatu
di stributions, mi-xked ¢ayer -nb&ipenihlidairfdiredteaneceae s i
properties are also seen in ocean reanalysis
2071 Jackgs2dirp eetv eanle d o urgdnanmgeklat ygied vy t he same obs
datasets. Il n these product s, di fferences aris
the deep anglasabweslislalasoctehaen conti nental shelf r
underl ying oceatmmpnordted ot eafarseegeh fMiiomwg e e a n

simul ationwmodélardief iamtemces in AMOC properties:s
simulations participating in phasesMldf; gt.he Co
Cheng et al ., 2018y yWeinj)erntr Mot egolv.20 2202t ori ca
variabiliawerandede@dmetinddec acdeessarfirloyn éogpreeaa dwi t |
Si mul atdowmpsl;ed heiemudlhadbti an s omewhat stronger we.
earlier compared sfte.ighe Damadasoigiwl| ti an . , 2
2013; Xu et al., 2019, Weijer et al., 2020)
As discussed in Buckley & Marshall (2,@abhd), Zh
references therein, interannual AMOC variabil
momentum fluxes, i .-Breqwendg. AMOCcoatrabiliity
buoyancy fluxes at high | atitudes of the Nort
simulations identifyidsesaglivetreni nfedr mgtidee pr eng
as Iimportant regions | inkéd mangowhswuiaadamoABO
associdtredulemmwy variability mechanism involve
pri mavéehgr &&i obnut al so with cont rtiltbaitt i aorniss eo vferr
l ong episodes of the positive phase of the No
contribute tox emms idteinvsa twp parrodneael pieensii nega do fls &y s e g
foll owed by downstream AMOC | ntergtse gda cett i aln.,,
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Sidorenko asmmadbalve, r202fiences) . Evi ddnmlie® nf or su
| ofwr equency AMOC vatiadi hlgeSydrasnictdhued eoshdtglpeact i v
water formati emsrsegiidn eafitnegr olfowni x ed,alnalyer de
t hlagsiwr equency AMOZLn viae i jbupstito doyyc eidaped saitnregd NA O

buoyancy flux L% emaloineg Yeagrert RE Danmlabrasogé u,

anal ysi speafmidrdeispmod v/ii ng model si muHeaad Sanskecyont i
regomndecadal Fomeekamphgb, sensitivity experi me
refined suB°iiamge detorali.ng(2023) conclude that t1}
fromLSkgion and that AMOC decald&lonwarcitainl,i ty

especially during exceptionally cold winters.
(20200 i wh a di sproporttheonlaS eilny AMOQ ed ercoa dea If ovra
Specifically, despite a weak mean surface di a
variability can be traced towahbmbuowanpyofiloc

the western subpolar gyré& plhagianghareubst ahtat
many biases in thepotbeavhpraddaoct L&¥atoeircti(hdi red
20109nNd failure to adequately represent the den
(Danabasogl.wWeeal ab. ndoteegopacyl owri ability ass
mass formationkceiNowmdvegGraee®leasdand the Arcti
downstream AMOC variability (Zhao et al ., 202.

While there have been intermitteheMOCndrr @agison
contributors at sever al | ati tudes as well as

Sanford, 1985; Bryden et al ,201200;05Se nTd odte eelt. ,
continudas, ntramsl comprehehaigae nells enrovmaetnit wma lo
during the |l ast couple of decades. Thd¢ |l RAPI D

Array at 26.5AN is the first such observation
2004 (Cunningham et aMOC BagGde. AThAMMBADPuUut h At | .
34.5AS has been operational since2021030 9p e rbiuotd i
(Meinen edandala ,| &2r0gleB)uncertainty due to the hi
systemfe Overturning in thel CGuNooyl ay &d&tort h At
approxi matFdlgys 517N -h dsirm ebsesvati onal effort

data since August7)20DOENAPoFdied seta alruciadl mis
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focusing on the northern North Atlantic, a re
frequencydr ibwery aAiMQC variability with deep wat
reviews by Buckley & Marshall, 2019 and Zhang
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Fi guOBNAP sections. The red andt bnecaonrggehgd ot s i |
OSNAWe satnd O EMARr especdadaaingdo bT#Heiknes show t he
closest model grid Iines througKNCARE HDEBSNAP mo
NCARgrsi,d resfpsetei xpp.gnMadke |A7ba tNICyATRE tsr ya | fsroo ns h o w
in col odrhe@irk wmpur pli @ghboxes indicate the Labr ai
Sea (rightr)esrpeecieanvsen yhi as anal ysi s.

OSNAP observationsst bmaudest gqimni pg otvi @ebport me
L Santdheeast ern s ubgedarratyeivyea saidipgemlre pfear otdhd r&® n
August 2014 Rw eltulaylt.B,6 8280 20%)ser vati ons show th
saltyowuepprerAtl antic waters into colder and fr e
eastern subpolar gyre siska,swehmmmhabiati hg bbt hhe
circulation (Lazi et atl .a] 2PR22610) LaolZ.heas2 0 DB RAP
observat iminmoarl eevhHe®llura ng timi stmarki ccdontrast wi
modeling studies which tbheSheécwnstepaamqgtencyor
AMOC wvariability. While a few earlier studies
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2007) al so argudadLe8 mir AMOGI wvamr iradbli ¢ i ft gr, OSNAP
the most compelling evidence to date with dir
OSNAP west anAls ealstuded atve asb tmeoespio desl itrhgptst udi
typifcadudy ont tlkSen r o étemmdHitleic a d sslc atl ienste©® 65 &l A P

obseralatri esytoirldl itsoo short to provide guidance

Thisndiegauddif hgerteme ersalesh edfween t he OSNAP obser
l osganding view fr ossmpraocviaasich tseitndudtadianoenrst ihfai ¢ ¢ «
during the Pulbkisthuedh eyse amask.e use of foobrsceerdvat i on
oceamly and coupl ed model -rsicrulreatsiod rus i(oinmrscl, u dai
at mospher e r efaonraltyhseiisr pcroontbuicntast i o h Bl eo cTaht el yo npsr ion
deevmat er formation, water mass transformati on,
these watdeaownsmintenamcAMOCderi ng théadmoegehhe®8N;/
several studies identify the I rmhagemgSeaeor
stroAgeéese el ated variability (e.g. SiBetenhketetl
202Megann etChaaf.i,k 2e0t2 BEaul .e,t) ,220R2@2nsd2 G224 nt with ot
Howevéae, ubbumaee of tareds et Meeiempe wanm ied Biloleidt y
examplPetit et talaacédRROBOdYanguyefl uxes over the
these dense waters o.f Thies swibew lilag aNlogeichesnip psatr
by Fu et R@atshhegwbh@24) hewlmoveéeheuremaishgrsa part of O
significantly correlated with water mass tran
the I rminger &hadafi&g&elk@anabdas@®0&2)the | rminger

of action for subpolar AMOC variability, ar gui
for I rminger Sea density variations on multip
connections between the I rminger Sea density

findwatbas dominating the central Il rminger Se
advected intoThuiue, dlatma mmgeetri \Seai.nt er preduwltd on
be hat the I rminger Sea AMOC variability has i

madgg ansf o masiuoh ace ibnu otyhaen clayd o tl Riexneass y ud y, al

(2020) assert that density anomalies generate
i nt eSS where they domi navtoeg et rePeckartd igtty avdar i(a0i:
i denthiesays a key pathway for upper North Atl ant
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from thsabpasbemnmyeepobthtgesi f i c & thieWe wii tnhail d y

note that wusing obser VZotui centalaland 2r0e2s0ma\hwaynsdi sL o
that due tompudbsitamhenamal an,d tshad i melwhme mafl | e
forocedse waters exported outhef obberuk8tisnatel

As indicatmddelarfiicdel ity remains a challenge \
North Atlantic (e.gTheDamodlk&s oe¢ bivaesyecnmaad t jnoi 2x8i 1n
t he Nosodviecr fSlecaws, compl ex fl ow paftchuwady e and |
i mportant faacrntoraisb u tmprag t( emgdel Lhizaees et al ., 2
2023; LozSoenmre, 02(02t3h)eese processes are represent
observat troensso liunt ihoing hmo d e | sr ecsoompuatrieodn tcoo utnhteeirrp a
al ., UB0OBROARES.NAP observations, Li et al. (2021)

Current and WesexBt ademhmand yCwumroenatl i es, t hese

strongly correlated, resulting i nAoaudryatmelde st
repriemsguretor r eslt @tmpenm at ure, salinity, and curren
pat hways, with minimali aematrhamr blit dg+a blohawd bfgadamr v
resoloctemaanchel s t o achieve. Il ndeed, Jackson & P
salli$Send t ostprroondguecre wat es f,eagtmhnhrespbndt hgly s
connections with downstream AMOCprodlidavnesr|tyhzeel de s
n

t heargeestudyyly i n gtoload Q@HNZAEReWeNetnt vwaittiho n s

Il n t he p,ywes dmtk es tan@y ee\pb daicgketrheeded!|l uati on of
simul ated trCaSiNsApPFbs esvagmaoR2sOt2f2o rpstihnegdda O G set
rcedseacan( FOSI )Oweifrmwlrat idouness. e segise ment of
idel ity denwdalmark&s for anidmuledae @ d hOpSaNogRle O t | € S

-  —h
- O

sections in compar iThen stianud rge binewseheaOcean.
|l ntercomparison Project (OMT®)j pnotemrabh| ( Gr 20
forewiedghe at mospheric dat Atsrad spHeamiadl yen st pe od a
suitably adjusted to r wdo;suksujFiOSd eetx paelr.i,meQ 1
intended to provide a controlled and coordina
coupled models thaGrphfitesipatel i n ZM0OPIseDanal

are 9 participating gr ouygpaont/irngeudt &soid nad Ir athi em ®
with 6 differnent hocébae ulgdeksent al resolutions
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from nroovadndaylliAn gt er eesdtodyw i ng r eG.od WA.i oTatsu 0,f & . dldAa
assestshreepweseonoveattonapfago OtSS\hAamges with model
hori zont aTh erreasnosl pexvwiaddsu .aatr el , | & nsdpbesficienhe | atter t
pot echegnxailti es are refer emaed tthg tihees ppece 6 avoed yar
manuscript is.| Wagel y\ad esac ranbpdgid Voef;t a tbanisl e d

anasgsysef indinvedwlathdmegetbti fic reédsamsd for thei
Ssimiltadbhed i elss@meofdd Clomer ed Hoeaerw eanal ysi s of wat

formations anwi ltlr amhe f psr emanudeses giurgn tn ad tl wdy .we n

that because the observational record is shor
vs. the eastern subpolar gyre in AMQCawnadiyashis
of suthefbowncy variability and its relationsh
simulations in compari sonnorttohccartnhi Aabbaetobseéesyv

ofseapaornagtoei ng study.

The manuscript i d3$noSganized ae fsalmmaws ze t he
model simulations and the forcing dat aswets, h
AMOC is calculated in depth and density space
i n Sectmead; ttriamespacési nnBean .t danspoets in de
space itnr ®degspgor th;vartieanbpielriattyurien aSedc ts.&l6annd y d
temper atur e, shalaismist8g,.cWanprdendeéetg g summary an

Se®t .Brief model descriptions are given in Apfg

2 ObservaPamotiat M@astHeonrgc i mghd Met hods

2. @QSNAP Observing System

The OSNAP observing system is desi-gwatdrto pro
columnhadgirmm®oporwvtod ume, heat, and freshwater i
(Lozi ex07)eltt acloonsi sts of -Wewa ,s eachtiicohn sr:u NnGSNAR m |
Labrador shelf to the sout hBwesstt,erwhitcihp roufn sGrfer
southeastern tip of Grelpwe awidl It or efher Stcott hasdhe
and OE, reSpyhARRtuyed ya €60mbi maedi omwpoofings | ocat
continental boundaries and on both sides of t
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275

280

285
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of veldocitthieebboamd agee@est r ophihcheandtEkmar ftloovess
mer i dional vdnd urmegitamsn spforadasmpl ex wepegr aphy,
suppl emghnitdeedr bsgurtvheey scear |l y part of 1tTthe OSNAP o
gridded temperature and salinity data represe
upper 2000 m:bansGodn d n gTse nvpsetrPaptpufiegps(ect i ons f or

regions below 2000 m without moRPaodlkagl lobBaesivm;t

Worl d Ocean Atlas monthly c¢limatology for shal
and Argo (Li et al ., 2017). The data ame obj e
resolution in the vertical aintdh at meo nmarniagi mal2 5r

positiondg hgr ©OS&NtAWed ecord has been recently ex
AugustiJa0 ¥4 20RQBupet iwWdl.ref2®&R25)0 the OSNAP obs
simply as OSNAP.

2. Mod=s |

We U&sei mul ations from 9 groups run with 6 diff
ocemondel s ar eCotolred i hYakrei dcean Model (HYCowm) , t
version 5 (MOM5) and version 6 (MAOM&)e,ant he Mo
(MPAS , the Nucleusli hgroEutrbepe@oateliviad@INEMO) Ocam
Program ver,sivwmi &2h (a&PrOeP 20 o u pilceed mood eal sv a(rsieeet yA popf
The horizont al r e ealduyetsioolnvsi nrga nrgeedtofdr ucknd @yoosn o f
permittiagesolndienddy eAdo BWd | bersotod @da @b si mul at
acronym of the group which produced the si mul
resol uti on ionf dae gsA eneusl eaxta nopnl e, NCAR1, NCARG7, ¢
simulpeéei omsmed by the NCMR @r &anpdh cOu. $lz0n gt a b mi n

resolutionWi trlkesmexcpge ovteltyo t heimanwthodfi €iamulc@toir @
use depth [/ |1 evel coordinates, Batfhew sainndulzat i
formul ations are utilized in the simulations

enables inclusion of | arge amplitude variatio
over the full water col uninhed enputnnb e rA docfr ovfetr t& cCa
| ayerdsgwar 36 in FSU0O8 to 98 in CMCGCO® wiitth mo
varying placement of | evels in the vERotth ctad ,
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i solate the i mpacts of horizont al resol ution

we separate the simulations into three groups
and high resolution (HR). The LR group includ
approxiAnateey, TANU1l, FSU72, NCAR1, NCARG67, an
simulationsArabblwiibn-0i28., ANU25, CMCC25, E
GFDL25, NOC25, and UKMO25. Finally, the HR se
resol ut Aoornsf iofer0,. 1i . e., ANU1O0, CMCCO0®6, FSUOS8,

NOCOBr.i ef destchneogeéel snal ohg wit,pat bmet ec amidt gun

referemntctespvraecisleanbtlien,g eval uatairenprofvitdleai n ns iAmy

2. Forchatpas et s

ThEOSIi mul laai pekyow the OMIP protocol. They ar
dat asets baseAd mos pReeeniadpaypsatnebdRtAS55; Kobayashi et
which were adjusted extensively to correct fo
reasonably balanced heat and freshwater budge
referred -dom, alsasr Re&x3puwattiicadn of 55 km with a tem
Except for the runodifr dleatblaysehe mébanahgsisepdaes:

representiwgend an aatelde f o3 eli fR2g0 2d3a tpaesreito df .o rT hteh eh el:
freshwater, and momentum fluxes needed to for
descri be&8Yeang elrar(g2e0 Bd)e agred We2@& e. t hat t he OM
was formally introduced in Grlilffd@#saweraier (@

to as OMIP phase 1. The protocol wasdol ater up
datasets and it was designated as OMIP phase

approach which we simply refer to as OMI P.

The simulations apply restoring of-mea@aa surf ac

climatol ogy.FAOS3Ili snuil atbeacasaude not have many of
fully scyosutpednesd wi th an active atmosphere, as di
Danabasoglu et al. (2014). Moreover, the | ack

surface freshwater fl uxes iamic &ISISy ,c amo d telayd d we
i preci pUstuaaliloyn,. -mhavepage mOnt hly salinity cli
Ocean Atlas version 2 (WOA13; Zweng et al ., 2



330

335

340

345

350

355

fi
gr
k e

eflhde. OMI P protocol does not prescribe a part
oups can choose their opti mal restoring str

y features in comparison to available obser

t AeMOC t o einbaesxe ndhtatget too weak or coll apse.

globally, including ice covered regions, and
restoring term does not i mpact the global sal
strengths used by the participating groups ar
The OMI P protocehtl cabhgl ssifrourl amuilotnis fiosocealdl wi 5h
t oto6f the forcing datasets-eqWhiilliebraant eidn tseonltu tiis
extent possible, this approach has a few draw
unphysical jummei n afsdr ierag forf? @Gakb3aa kthiroUuliarstcy
year of the subgkrd bent acydche Gegg.nning of the
state reflects that of year 2023 instead of vy
the 20 stedrs5s of a forcing cycle in any analys
degree of repeatability of solutions from one
dependent (e. g,201Ma)n.a bTahsiorgd ,u seutoabaulmbblhyg si mul at

affordable for HR simul ations.

As
re
Ma
Fo
t h
cy
cy
mo

S i

Th
f o
be

ov

detailed in Appendix A, the simulations do
asons that include which end year was avail
ny simulations use a sl i gehst |bye fsohroer ttehre fvoerrcyi

r example, ANU1l and ANU25 simulations go f ol
e -A058 peri od, and the simulations were ext
cle. Similarly, NCAR1 ane& ONGARIEN i oidmd loat itdre:
cles and 'acgctbeekaended to the end of 202

st of the HR simulations are integrated onl
mul ations have been integrated for a range
ese differences in simulation | engths as we

rcing cycles for some simulations certainly
cause our analysis conclee  n stcotyhdeleel adsith fdeerceandcee

erturning transports are relatively smal/|l d
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peri(mdsd shDhvemef ore, we are confoindeat that wus
participating simulations does not i mpact our
same forcing cycles for a given L RexacnedptHR osret
ANYU we use the following cycles for each si mu
FSUWGEOMAR25, GEMOGBWMROS,, NOC1, NOC25, NOC12, an
for ANU1O0; cycle 5 for E3SM27, NCAR1, and NCA
GFDL25.

As indicated i n Sectsco2velr, tthheei BAUSHNyASF2 002b@slefr evrait C
Forecfasanal ysi s, WwWeOR2epéeheofuftobr 2ma8MR7si mul a
GFDL25, and NCAR67, we use shorter periods fr
years, i.e., 2020, 2018, and 2018, respective
OSNAP and modad tshimalawempomsal frequency 1 s wh:
simul.€&oimpased to use of higher frequency samp
calculations if tekeyoweone¢ eaplkeetavairl aekbe] tw
way for the spati,als wspepdhetend onygsdef e@8ahéneott
for transpomt acmmderdnilytatt iiimg $rheeg iSnmeut her n Ocean

2. BABransport Lines

The OSNAP array ai 4 ariott maked séckcgwirdhl i nes, req
met hod to extract tOEnmMo®d®aM | owmteput Foal amg st pal
a tool to obtain btrlnk elmeggtrriaudtintebes OSMA®Pe moor
for each participating model. The tool return
then used®ytm@n ndgx ttedhdeexitreadtfi el ds al ong this
simulation. As such, the tool provides direct
sections, without rAesguamieatkgs aapniye -daabsdd rtpobhbeask i o n
in Fig. 1 show tdfaNOAREINNCQAEK eme gp ¢ @dteic\aaleye t he
l ines follow a model 6ds grid, both zonal and m
cal cul ations depending on WwligaHiedv elri nceo. mpWen enrnott
chose to use this approach based on the actua
okextracting the sections strié¢orytiwol rewsogst

i s a straight fpronirdli g ptrloeacaact ual .t rSencsopnodr,t ¢
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compari sons of NoGABhi nmeltahtoidosn suspirnogduced very s

shown), providing

2.6Gal cul ation of AMOC

The overturningsstommomhunwctaboul ated in both

the foll owing

whebies t h-eopmah eyed intoiintagn o ss;
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equations:
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wheries t h

respectively,

integrati

e s e alwaet esru Gdsecd di Eptit st e

the eastern and
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ons ar e pe.rfroormmetdh & rhoing hbeost tt oalm duspi,t y

justification for our appro
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TTFLi shiesopy cknnadIsmst .Hiheseliesquidmnmb nishe | engt hs ar e

the transpsdr tdsi saprlea yiémd sd) Wi tSh

above equations, th

transports,

e

neg

ative

t((kFe 19i gn convent

and positive p

r

imed hectoiveeltyr ninng uprl oftrsa npsrpeosr et n tcead

only use -thewreslodt vietdi es, i .e., the relativel
not 1 nMel mdobeacde. t h-ap t heeboatoomn met hod used her
modeling community to compute overturning tra
bott om, i.e., a zero transport, I § hk hdboevint o Pp h i
approach employed in the OSNAP observational

expect some small di fferences between our tra

observaniotunrs t rimnesweOrdesnsi stently calwupl ated

approach,

including

for

OSNAP.
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Overturning in densitgi apwaraldt mamsflyr matnine@rc.t
However, in both depth andcadnecnessiltagrisopnwae d #ahd
sout fwawawd constant depth and densittyherespect.i
AMOC in both depth and density g pnacae ppitosaeihd e s
advocaltoezdi eébry et 2ZAHanfh2dnia®3) lanMcher ef or e, in our
wea p pbloyt h met hods.

For demtce anal ysis,naveiauestd ceadc hd i sacd eslplasz at i on .
analysis, we employ Biommomademsnst l.tf asgemsl and
Speci fliccaalcluyl,at i ons aorceesatnef acencaddt ohefeuse a
2428 .¢ggm3ki th 105 density bins. Thm3fbdrn denncsrietniee
|l ess and gregm% ereshbfoakRdebgki ons use a refere
The density range g3 béevewese B38. 0i asdgn88 hOi kec
f or -3258.9003 k OgmEBf &r -3365.g0G3k andgndf o6dbe nks* t 3 @b k

Al so, for consistency acrnoesasn aplolt esnitmualla tti eoompse,r
salinity to cal cul altOe edgeunastii(tdlce»o lugs tnhgt & hBa rTkEeOr

As discussed in Lynn & Reid (1968), there is
purposefi sWhskeéul to connect ssirof adceee pveat eorv ema
transports, it does not necessarily hhepdawdge an
it i gnores the prestsdeedeftepesiahl gensgithe n
potential densi-mydeptille,r eiragye.b, et aono4 @0 G ppropri at
adopt Auvasse aofcompr ams®enkbtubhaweit i s more suita
focus on transportis350rOThmas j | gf betiveeaf 1pO6ssu

transports are d&pipsr oepmpilaotyeeldy tion celxupdeeddi.t e c o mp a

I n OSNAPema yBetrwal )yraobpmet constraint acr oss

enforced (Lozier et al ., 2019) . Speci fiically,
intended toteremrters@mdpdrtingmeasur eémentem@aen D3 1Se€
by an etgumermat eward transport at OE. This is aft
application of a spatially wuniform, but ti me
there is no transport into the Arctic Basin a
the Bering Strait. Lozier et al. (2019) repor
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this fl ow iTshercecfo@ame eadmpg wtri.. ng t he si mul ated ti
i mMmpose any constr-aemostr dsspgporchs anythensur f ad
out of the Arctic Basin assodNeatmned emotsttla toafh @ B
our wdustes a | ower | idmmiott fsohro wd ennesairio yseuamidace or

transports.

These tr ans peomptlaocyad rcaiiPgitt hbaemsse d MewiEd iTamali n g
Diagh@METRI C) (Paasctkrawgcec i METROZ1 enabl es consi st e
observed and si mul ated AMOC esti mates at wvari
The package can be used with different ocean

additional, alternative approaches to calcul a

3Transpogset i Bisme

We st atrhtei miet evol uti on of transport profiles i
transports per wtnithe e®IMAP ipreof,i liens Savr en bas eoc
dat asred sprof i INCARamNIZARrame shown as exampl es
simulations for brevity. The OSNAP profiles a
primarily due to the methodology used to esti
are der i vwiedptfhr odww faurhilc hei ght moorings bracket
and salinity measurements onoft hneestee rnso oa pnanrgts vae
general, transport magnitudes and the depth r
better agreementNOAR wepeanr tOCHBUA Pahrahn@ Adtt MM h e

| atter shows a wermnytpradminme rste,a sdbeneadercycl e at
weaker, eGWedcinalbloy hll OSBIAPNeavnedrt hel ess, there e
bet ween OSCAMsaak as a band of northward trans:
2300 m presaent@ivin MOISBNEFR.g 1 n
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FiguTeag@sport profile timeseriesNCARdepnd (@,
fNCAR. The top and OMan@E mrecpwecai el gr Posi ti\
contours indicate northward and sout hward tra

Note that di fferent scales are used for the t

The correspondi ngA)tisaneasece ie&rse imr awinded yin Fig.
integrated transplirke teazBvispacdeptMEBENSGE.r eak ar
2ddi sappear after binning. As in Fig. 2, promi
OSNAP NCA®t hanN®ARhand a stronNCAR.aslomchded,ycd e
seasonah OgbsABsotpronounced asatieibbth simel awWw
magnitudes of the t OBansopnog tosb saerrev actoinopnasr aabnl de nac
the simulated transporOotWw paet il ad@aR.| yThleen 4 alriQo

bl ack lines inddarmseimpaaeld ma@sihmivnt thes isfThe e tr ans
detail s of t Hbhes aitsicmmessseerdi ebse | wiwml,| consi dering a
Here, we note that the density at which the m
ti mboth observations and simulations. So, eve
ma X i mum tarta nas pgojrvtesn e/t thene snvihti ¢ b achihfsfsebre t ant s al | y.

OW, OSNAP has two interesting char avetakr i sti cs.
particularly prior to 2018, with nearly no po
nonnegligible negative tr ahtshproorutgsh oiunt dehnes ittiyme
|l atter feature NGAR obnuetiwdvaigtehp r ms ¢ m it dhtersheersg a n d

seasonality.
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FiguTeaBsport profilg)tsmaseriesmi fNMQAR i O8NAI
andf NCAR. The top and OMan@®B mrecepwecai el gr The

l i nes in all dehnesiptayn etlismasgheomu stshpeo § ist hTelee t r ans p

transpor Notar ¢ hian 9v.fferent scales are used f

To provide a broader context for the observat
annmahbhn maxi mum triamspafcoer ttihree sfeurlilesf orcing cy
simul ations ar & herses @ mtaend piona tBeenn eed oafEdt rhuec t e
maxi momt hl y me awh etrrea nmsopnotrhtlsy mean t emperatur e
compmdret hly me@ahedsobitdibback whné¢e toapr edasiht
| i nes tihned irceastpeenotdiey e mmwaintsi ( MMM) f or each panel
maxi mum transports and their variability diff
show general agreement with OSNAP with their

total transpordds . atdh ed9s i(rkumlgagtbibayas r ansports o
A few of the simulationRhameg@get oAMdWnyoriAnNU2 5,
various timérseegmemssto be at sOWghouwkhbhkeafif ng
1990 si mul ated transports with the OSNAP obse
transports (pat yooffi stShndu | iNCiAaRdIT | wadg Wi tlh a mean

transport of =2D22Sweftdrodt reat h®5 8T hairsg er eapnrpel si et nut
i mprovement compared téoa mIMmM&EDMNDITOHpempmairetd afn I
al. (2019) for a previous VverCOREmRLtafostphermade
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datasets (see Dambhbasogubluateedatrang2paod)s at O
anad0 Sv W,Fedgeh)wd4a h a sl ight weakenl@agO0Osrehd ag
contrastOSMWNAM iGGW,at er heihhle gbitmudmstpear t Tmagni t u
maxi mum tomalgnti tedgegpgamtdpdi marily reflect thos
that theseithotdelnstingnsparctes do not need to ref
transports as they ar e Awmootn go btthaei nseidnual ta ta ocnosn, s

the | owest transport magnitudes at both OW an

The flroempuency variations of these transports &
stages dur2i0mgB tphea 1109058 a s | i g hlt9 MOesa;k ean isnlgi guhntt i
strengthening -WwnNx0Gd; admodita troer emi dil s d éaren eemilde ow e
simulations. While the initial weakening tren

FOSI simulations which show rather steady AMO

et al., 2016), subseguent strengthening and w
ot her FOSI siomae taitmatness afnrdom ot her products (€
and Jackson et al ., 2Q@D22p. pEoi oelxamel eompaot et

0f0. 21 I0LRP, (MR) 10aqHR)rSyt her t odami natted ploy t sh
of TGvhi ch are consi sibe@BO.wno6t hSetphger treadn gen olfac k s «
(2022) for the AMO®resat ismatidsaratpe4s od.
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in Fig. 5. The solid black lines rlenmpneéeséngt OS
standar d( SI@heat eepecsftoirvee aMMM panel are also pr
bl ack | i Eisgs AtdcsgdVet he seasehatwweaegkywi i B OSNAP
showing generally |l arger trsamsmpomtsrinbupr iwnd

mini mum i nM&eptembehe simulations dal @t capt
di spldayfifreg i ng maxi mum and mi ni munkxtcreapnts pfoorrt
NCAR1,andRsMRnul laai glaisgt er around the OSNAP spr e
outlier with the | argest tmamcomdRtas&ER S NR&as on
and FSU72 have the | owest transporHRB, near th
simulations tend to be outsi de tHeer eQS NANRJ 1sOp raen
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CMCCO06 are t h@SNAPR ssepsrtg ado. b sARBNBAIEBS NAP has a

betdefri ned sdaempal edytbwitthhmtmaxti nduWn transport
mi ni mum trandsApagrutadp liyn wihret en.mul ati ons capture
phasing relatively wkhhlexceptiforcitedt he It et M
particul anl WRe gi,wedadlelinobhissh®w an i ncreasing ¢tr
September in conttmra&ntd w.iMo® SN AdPenurl eed siomg have
are lbel owar thet hew@®@8NAP UG paledhedp,i catgeadi ni nast he M
Among all the si2riuelnaatiinosn swi tohnilny tAANeU OSNAP spr e
seasonalbwetychas a somewhat different. phasing t
NCAR1 has again the highest transports among
ANU10 and FSU0O8 among HR show the | owest tran
OSNATPhe total transports remain below or near
and MR, refleCFigg. thosenaofrbtiQEast, HR transpor
OSNAP spread ex€Eeptvef GotdUda@nmple t ude seasonal
OW and OE mwmbkyd@Goelrlch ot her, resulting in a muc
total Fraad ppprravti de a quantitative comparison
those of OSNAP, -weasmgaulacwel atid ftelree nrccecst bet ween
2.S'v (LR). 8 &8mMOSBMR)Y HR);2fRvw (OMWMB). 9 8n dSRMR)Y HR)

for;aEB4Sv (LR) 6 8undSMR) HR) for the total tran

NCAR1 is a clear outlier with theatl &W esro ntgr a
the simulations. Theipwhiach-opsh@adset ws i hhe DISNARE
that of Fi g. 3c with a minimum transport in A
transport cell s i 8utcoh hniegghaetri vdee ntsriatnys pcolrats sceesl .|

in both OEEMRP, abdt t hey gamanzde eishseiweldensi ti es
remain much smalllteri st haalns oi ni NNGARIs.t i ng to not e
boundary | ayleS edephhsccort hhebuMbec®SNAPt sebbiva
not-l ecmat e d eweigtiho ntsheof maxi mulm ant eheed OISAWE®r seept
was purposely | och8ed cragdrur telvea lieexritstu led«f patfrhntee d f
basThmse aspects, includimwgldudbl seavecnalgacyedl

foll ow up study, C 0 n sa mdr rainred awnaaddyris onsa.ss f or ma-
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demonstrates that the simulated transports ar
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6g) , the simulations | argely follow the OSNAP
~27kg3m there are differences from observation
thesedemisght y transports are relatively small

AMOC varombdddadal Yeagmescalt eal ., 2021). NCARL1
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transport whilt QUFRuUts h®wSv.the highest negative
di stinct peak=3arao unedat2u7etied Bnroktg rpm@INAMR qr ot her
FSUO8 deviates the most from observations and
kg=3mt OE (,Fi@gesh) 66h | arge majority of the si mu
with negative sP2Pope8sKhbom densirases with OSNAP
steeper negati2&<de<pxAdkg mideme | yomo net flow
< 27. 9 skege nmal sSce vreirga.| Fd)ct ors may contribute t
simulations and OSNAP, includingethpébhattanees |
sal ipmiotpyerti es, @asmdnpgdaongi wife Gureckearrl akrdR2srh 31 T wa
<A <~27.8%kgthe simulations tend to agree bette
observedparangeul drelre, f ANUBR, FSU72, and NCARG6
magnitudes, and NCAR1 has the | argest magnitu
transports at high Yenppeprchtasbessphrf2ed8tbg
densities in the simulations. The total trans
6¢c &md .6 FSU72 has the smallest maximum transp
transport at OW. iT$le0 nnx3 82 twidl Np.rpofritl es, i n
show better agreement amnd HMBDSHNAK gthr nn atl hl oys, e woe
note that all FSUO8 profiles are noisy, parti.
mi smat chA baetwemants used in tloé rmaoaddlysi s and
coordinates. SpecifAcakckegmewittshatehagihv eleynss m.
wi t &@li model | ayer tcdainf fbeel éw enrnse,d tihnus | eading to
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The details of the timenean westto-eastcumulative volume transports for the upper and lower
620 limbs and their total across the OSNAP sections are presented in Fig. 7. Here, the upper (lower)

limb is defined as the transport between the ocean surface (bottom) and the density surface of the

maximum transpost Again,t he sol i d black | ines represent OFf
showilngnont hly SDs. I n the plots, the negative
northward transports, respectively.

625 The observations show strong boundary transports inSiveith southward and northward
transports narrowly confined to the western and eastern boundaries of the basin, respectively.
There are no appreciable transports withinitieerior of thebasin, indicating little, if any,
density transformatioanr overturningthere The upperand lowetlimb boundary current
transports arabout 7and 30 Sv, respectively. Across OSNAP East, there are again strong

630 boundary currents. The lowemb transports clearly show the southward flowing Denmark
Strait overflow waters to the east of Greenland and the Faroe Bank Channel overflow waters
along the eastern flank of the Reykjanes Ridge. The total southward transports reach ~30 and
~15 Sy, respectively, in these regidesy., Fig. 7g)In contrast to the Labrador Basin, there are

compensating, i.e., northward, transports in the interiors of the Irminger and Iceland Basins.

635 Arguably, many of these observed transport features are much better reproduced in the HR
simulations(Figs. 7gi) than in LR(Figs. 7ac) and MR(Figs. 7df), likely due to better
representation of boundary currents in HR vitisthigher resolutionNevertheless, there are a
few notable differences between HR and OSNAP, including more spatial variabilityLiB the
the simulations in the lower limb with CMCC06 and GEOMARO5 showmgewhasmaller

640 transports. The simulated Faroe Bank Channel overflow transports are also smaller than OSNAP.
In the upper limb, CMCCO06 hasséghtly larger transport magnitude compared to OSNAP and
the other simulations. We note that HR shows a bump around 2500 km to the east of the Iceland
Basini a feature also present in MR, indicating a strong northward transport followed by a

modest southward traport. Such a feature is absent in OSNAP.

645 Both MR and LR show large discrepancies with OSNAP in both loawret uppedimb
transports with no apparent advantage for MR. These differences are particularly obvious in the
LS with simulatedboundary currenfransports ranging between abo&tto about 40 Sv in the
lower limb. HereNCAR1 andNOC25show transports comparable to those of OSNAP, with



NCARL1tending to be larger than in OSNAP. The simulation spreads are also large in the

650 Irminger and Iceland Basins. We note that FSE7@ UKMO25have mostly weakeand
strongerdower-limb transportsrespectivelyacross the sections compared to OSNAP and the
other models.
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Figure 7.Time-mean westo-east cumulative transports across the OSNAP sadtorthe(a, d,
g) upper limb,(b, e, h)lower limb, and(c, f, i) full depth. The upper, middle, and bottom rows

655 are for LR, MR, and HR, respectivelf.h e sol i d bl ack |l ines show the
gray shadi ng momdihdat istgandard deviation. The p
indicate northward and southward transports,
topographic features for each grid resolution

i netlheft panels wiitdghidieptihn gkmen on t he
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5 T™emeen TransportsSpac®epth and

Thtimeanwerturning trandsphbhensipame bfotdmd@PNAP aa
the simulations at OWS8aandd OEllps ke pplow i tidheald ¢ .n

figgaeswell as jnanhhakbphabeSecal d@d)dering of

expedite wbmmbanetsomfs si mul at i,oresx cferpdmftohre ssvaampe
GFDL and GEOMAR simulations to kedm telaec hGE@NA
pl 8t mahpaan €lco |l or sshibawd isrogu)t hward (bl ue) and nort
function of density and depth. Thesé& bame ,tr an
|l i sted 2.n5 serdteadaanh model 6s vertical grid. We g
than transport p¥r bemiatusedepthh,s iwag. t h&v tmansp
in either depA$s oshbhedpnasrnstipensphoeer i ght then sh
transpempdtpac&Speci fically, the thin blue, red,
transmodtepf br spheesout hward, northward, and t
and nopntrhamasrmpdrt s, respect isaeakegygr e(gmetneidnh e gtr att a&
in the vertical, starting from the bottom, th
aroebt at hedk b))l aS8kmilhaeky, whem ipanin elrter asnusnpnoerdt s
acrosersstant density bins, the top plots are ol
space. The thick black | ines show the overtur
from the denseseéesbenthiceh bskagme Tphrebsi &) | adyaet s it dvery ian
now cal Audpaced ifmtheaefoffr e, cal cul ated maxi mur
noted Weelnmw.e that this analydtempeonde@tdasi |y
salinity space to obtai AsHiegdleacnt aientaahestpoot

information, we only discuss a few notable fe

| ®SNAPt he OE transports iam ec anmop a&r idd esnwiithahttl hyo o
ont i smawwtulrswar d and northward transport bands c
| assreass ptelert 0 wvaptdlgg®Bh OW he structure i s a bit
ontinuous sout hwarab dluOtd ® 8 gho rdte pbtahn ds pbl e ttwse etnw o
ands occudrerpitnhg aantd maibdy ssal oceamsi Wyt WAt &tr her
Xxhibits broader density ranges at all depths
ompared toseCW.i cArthe bot & n s pbdrvt 9§ nc ebro tdlxeda ek cG.i o

o oo T O O O
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summed tfmrangIporrgvaenaell ss ubst anti al cancell ations
flows in depth space, producaitn g ortehls seic\v a lloym $s m
have some noise in the upper 500 m. The integ
rat herhagptedOW wi t-detit nadwmakxi mum or fl ow struct
t hneo ivseyl obcainodys F iNge.vezdda.hel es s, its maximum trans
Svi.n contraspace heveartpamni nde pirwaétdhl e ana xO®Enuins
transpor8t.2vof HhBibeome¢ e bst eotfc smout hward and nort hwa
density s(ptacpe .mshtededniax i murb .d3m d nPBvp ofrotrs GaW eand
respectively. We ndtsepatcheatarteh elsaer gterra ntshpaonr ttsh ei |
transports ofA 3 p8pcraensde nlt2e.d TiBe sFeing.nd6 cate t hat
of the transportsf,ati tOBR ridpesp @We | sr 8pHA% BNt IinNng

reductWenwill come back to this point | ater ir

It is interesting to note that some degreeaicellatiorof northward and southward flows in
OSNAP occurs at all depths. In density space, tbaseellatios are less uniform, especially at
OW where they are pronounced &> 36.9 kg m?. At OE, anycancellationis confined to
intermediate density classes with not maahcellatiorof northward flow ofA < 36.4 kg m*in
the upper 1000 m and the southward flovA 2& 37.1 kg n? below ~2000 m.

Arguably, the simulations captur el G@md&eltvheadn t r
at OW3S8amaggs.ln all s-dmbil aedossut awaweldl transpor
cl asses thatalenbtbeen desnttihrreo wgelpe bAnandr ahwapgetr a
region ext ésedr fngbdlusttod dept h and diagonally in
35.5 to *\aG.e7x akpg umed at OE. However, the nort
anahi gher densities seen in OSNAP is Il argely
UKMO25. Consequently, summadambcrht howa rsd utt rhavas pd
transports brmel davwtatboaurtd 1i5M0hi gh density c¢cl asse
aggregated transports at OBSasANUDEtaveE nANIUL S
occurring THetWewmp sT3§¢ arfmouwWredthdO®ot i ng that t
estimate iKssp-a&.e2 Sv.e llmaxi mum aggregated trans
E3S2W to58bouh AANNURGMCCINSCAR10, and NCAR1, brac
OSNAP transport of 14 Sv. While most simul ati
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3f or the positiveptopanspertnsagmeemenh with OS
narrower in ANUR® mamaetadwaren) 7&2b out 38(.t206p apnadn e3l6s. 7

al | simul ation sated). IPkgeame c on OSNWAPpéakprese
NCAR1, and NOC1l, Ilikely due to | arger northwa
compared to the other simulations. Among the

noi si er tr aindsepnosrittsy ibn ndneepdt ht tr lxehop cwret 0,f Itihlkee lry |

vertical |l evel s.

At OW, the simulations appear to struggle to
TA panelsowalhlhd samonrcge t he si nmulltahto bognese absi nwned d
transports show si miolhaads ,r atnhsepiorr ts umangend taindde sa ¢
transport magnitudesosnsietemal wet ht leaébcesddl a©OkE on
sout hward and northwarfl sppaares podt snoieitp riadtmhe led ¢
the observedagdrragatuarnke dosfa mahipeld ynt Wweelplt h space,
maxi rawgrgr etgragaresdports are most-29dm@depndwi2ndBgewi
feawxcepti onsANSBSEBSMAING@BDLYS haweakr anbports of
abot. 5 EBSMRiHieras siesntoi aslilgyni fi canbhANUIlanasmpdrt a
GFDL25, gdgihgemief iac@&nbetasacewtlhvaaridonasnd nort hwar d
some simulations exhibit noise in their summe
which are cancelled in the aggregatenthsitnnanspo
aggregated transport profil eB3 %W HRXWLE8 nond sHhSD
any notabl e *rad6pldtmt heropposite end, NCAR1
wi lBSY off sc@®le in Fig.
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bott omanseIlgghrte @ he summed transports in depth s
|l ines displaying the southward, northward, an
nort htwaamds ports, respectneeMehypw Sihmi sammegd thar
density space. alnse,lthbertghtkabbdathkpl pnes ar e

transports Wimhheagggtreegan)gi ofnr om the bottom and

and density space, respectively.
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To expand upon our earlier discussion, we ass
densities on overturning transporlRs Pcaoaneslisd ear i
shawe -megame maxi mum transport/A magodensdéeés easfar
OW, OE, and total transportsAtrasppotritwvelay.e F
consi Bt gheltyt Kan tah os esoniamud rdey@sa®nvs a7188 v
respectivel pneAmu @&t ¢ alhd rt dheamd Wwiim h an average |
ofl 88which i1 s small er t hteatnagtulaodee dyeo rt OV ssmar t
we first compute the raf aoslsepa@litiacthg c@mbh tbrean
denot¥ednas, respectively. We thEhmppesentedai sc
Fitkd. This measure const lbhearxd muhre twietnlas tpdoerm ssic th ya
both OW. amde OEi gur e ehkaweendtsthyatf drhi,si trlasmmet aboif
them clustering@il.obu,ghilnydildicteientgn i lbAursgoedras i n
compared A.ANURadsde FOSU72 have tHhEk. 9 aamges2, rati o
respedMei nelty that tared sMReuddhtofontshe sLRiuch | ar
the HR simulations, whiTchhersceld-ie & $feidn dairnogusn darae r a
conxivgttdr t he OSNAP observations which are inc
s howi gl d-oit epea vla | uedionf Rdlg .
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Figl2rSecatt ert i pmecatmns X iofhiu m t rAawn s psopratcs@ )i f n@dn\y,
OE, (@ndt(d)t aScat tyetY pd ¢ todxt) as a funktion of
spakltrleR, MR, samd | HR i ons sagruea riensa in ccai srécd relssy, r es p ¢

NCARG67 i s showlhdedsrcekg rde saastieoxmt .l | uidnienag oSN AR )t h
theoboef fsi airentiimce adfehdp agreado/ n @ nleial s & e wn

referewxfa

6 Tr aStsgpmodar d De VvSipaatcieons i n

We examine the variabcbnsydefismatxt memepdinodiss pd
maxi mum transportsgiavien tBfairr OWy ntOEl,y a®iDls t hei r

Obt ai Ahesgp aibre s et plsottast isshtagwe icfioirgraenitat i ons bet ween

of the maximum transportaband tOBE aavmp lhi tt @adger
transports associ awWreidl ewi alhl ltalreggegi muwlrataibond s tar
external variability, their SDs dif frarmagraonsi d

in response toeshpecyandy fadr diimgds-wat etuéflesmatcto
events can dif fEire asdrmuldsetrebdBaDIisatarens)] i ght 1y h
t hanWhutthCe spread of the simulated SDs is | arg
(2.6% at OW is |l ower than thos&. 88 absOEsi swul



| argeiralslhmuml|l ati ons. Bahdéstktadblyatitdbes ewiarlei n 1 S

observational maxi mum transports at OW and OE
795 NOC1, and tNoLCBBbeaOSNAP BHPUGAMHer SCAR1 have the |

SDs3(®Yy, BINAW shows the 9ndM |LtstOED SMist hof ANU

NCARBMONICARrien better BabgaeeménEIWMPHhSEH R

ishe | owest among t her ahnppoNAPs o8ngsd.iagFg@er tthiean o

t hosnee aof6 y mal Bti ons, with FSUB3SZdaandd GENDARED5 cl o
800 havel awest wSlDihght | y2 ISwywer t han
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FigwrSealter pmeas wméxit mummstthreanms pnomttshl y st anda
(SDsfh spac@)f @@y, OE(¢c) andtal . The horizont al das
respentsievmdhbe wSRsh shaditnlgeidrnSID datei vgrtical shéa
i ndi clatSeD ranges for OS$§RAKPeRna xNRnusm mMa la@m@ipoms a
805 indicatgedriewyandistcdres,NCrARHGe dtsi wehlowllmeas a di a
correl ati o(ne xccoleufdfiincgi el SNsAP) awethnthedbédl dnf ea
indicating statistical si,gal tutaned dedi hhea93
St udetnettoise tr egr essi on flornefsatarbgtalts st lcawn y si

correlations.
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7Temper dBaurieDi agr ams

We next consider i(spadtiesbiftiyhil(aTgot @ md 6ODasgnudept hs

depicteddlin Thieg®e. at e based on montlhslpyaweee.an da
note that some of the differences in the spre
mi-dept hs, tdueee daufe ¢ dahv medetMbugnbee t hat beca

we are primarily interested in deep --and abyss
cutofhetdtepelkcl ude even | arger spreads in the
fine vertical resolutions near the surface.

For OW 4amidy S di agr hiris AGp are mp a d aiB34ds5c.82i m s u

sal tmi tcyver the sprewidtloft hdé ep rsmeemiodnad dyi fdin gguhrl & sg
sev kefge atfuorresbr e ni OB NAP, S is rather oniform a
~1500 m. As sAieh37 wlstheagve ndveintshi fi cation with de
cooling from roughWey n®tAeC t8hodtia &t ghmeasned .Tdo AlCot n «
identify mechanisms driving these T and S pro
both |l ocally and remotel LIl incéusiamgdanzenyg al
water § >widt7Th’ayg deprnhi stent with OSNAP, but ther
and S pErpeprtSWe8r and UKMO25, trhaet hseirmlmiekenj,o n s
di agonal structurk®osat &iogh|l deinens yshoaondenssi fi
l ow T Honvke vANU2BR CMCC25, FSU08, GEOMAR25, NOC
densi fi catriiammarod gurtahtr orugglha tciowe liyngconstant S. |
ot her s iamudl a tnidoenddd; ARSNAMm,as densification due t
hi gher TShe adiussanti nuous nature of T and S prc
HYCOWM i sdrsetpegcni c Weoal dioFedbtJ®®. tdloets not appear
much density diAsnongbthieosiaul daépoms, UKMO25 a
than 37wi0t kgtme highest S and warmest T value:

the overflow waters (see bel ow).

At OE 6a&Fridsl wle employ wider rangesifiBaACat OW
and 1346..50 psu, respectively. bame&k emhlgef vami bngh
(~ACand~-3%. 4t psuYwehfamd-3St. 9vpbups with a maxi.
density ofar-cBuneh POt hdeeep ocean has, a rath
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and densification is due to colder T. This di.
However, all but three have3malxn nfuSiJ0d8,n sN QA Rls,
UKMO25, the maximum densities are closer to t
war mer waters. FSU08, &iSvUd@nbiamipe MTARSGT S ts unro av,
reflecting their density | ayer sd.enAsgatiyn,c |FaSls7e2s

Hi gh density classes at OE are thought to be

(DS) and Faroe Bank Channel (FBC) overfl ows.

and S Aa@red 234.84 psu for DS (Legg et AC., 200
and 35.1 psu for FBC (Legg. e@QSNMAP ,s ROWS ; muMahu rc
wat er tnhaasns etshe above esovenatTeaws ari s@3 egprac cFB @Gn
to different observational PAersbds anibmab attde s a
the simulRSUDON,s , NOARly, r @ andakUKMMIO®2 5des s bt it Be cl o
observed values at OE. adhmohbowhpaereambBCARILzate:
DS and FBC overfl ows. I n NCAR1, the parameter
mai ntain distinct properties of the two overf
war mer and swaédhies ithapr olbslelry due to a syner ¢
coordinate sy-staeme3mni d qiedghafiofgecht At | anti c sub
andubpolsar Whiideer hybrid a®tgnicthicgnildy reduce
di apycnavhemisii mgNloa tdii cg otviedmievowsa bl y resul ts i
t hdee ngiotmp e nTaanftle b ioafs etshe upper wagtrernmtdeEelpemdrs dow
Bruci af.@ORfdorett rad SdUeDt8a iilss )t.he only simul ati on

temperaturedCcoldserthantBose observed at OE.
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