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Reexamining linkages between US east coast sea level and the AMOC
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United States east coast (USEC) sea level rise is already having adverse societal, and
consequences. Looking forward through the 21st century, regional ocean dynamics related to the Atlantic Meridional
Overturning Circulation (AMOC) have the potential to drive disproportionately high rates of coastal sea level rise
along the US east coast relative to other locations (i.e. “sea level rise hotspots”).
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a) Monthly mean tide gauge sea level (in mm relative to year 2000) at the
Battery (New York City) (blue line). Projections of relative sea level (RSL)
change, relative to year 2000, for RCP 2.6 (blue) and RCP 8.5 emissions
scenarias rod) (Kopp et o, 2014). Shacing ndicatos 17-631d porcentle
range of RSL projections. b) CMIP5 RCP 4.5 ensemble mean dynamic
sea level (DSL) change from 1976-2000 to 2076-2100 (in m).

Over the past decade, scientific and societal
interest in the relationship between AMOC and
USEC sea level have been addressed by a wealth of
research studies, both model- and observationally-
based. This poster highlights some of the

lusions of a recently

d review paper.

Theoretical basis for an AMOC-sea level relationship

A DSL (x,y,m) = a(x,y)AAMOC (m)

* +e(x,y,m)

x * a) Change in maximum AMOC strength for a 28 CMIP5 model, RCP4.5-
* forced, ensemble, from 1976-2000 to 2076-2100, as calculated by Chen et
* al. (2018). c) Linear regression coefiicient (a) of DSL change against the
* change in maximum AMOC strength for the models shown in (a) (m/Sv). e)
Variance in DSL change explained by AMOC change (%).
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Predictions:
+ Scaling coefficient between 1-2 cemSvy!

+  Weak along-coast gradients

Assumptions: R e

* Applics only to zonally integrated transport © Regression coefficient of annual mean sea level and
+ Temporally constant vertical velocity profile (He) AMOC transport (at the same latitude) between 100 and
1300 m using a 1° ocean model, for the period 1950-2009,

+ Negligible ageostropic and nonlinear terms without wind forcing (from Woodworth et al., 2014).

Adiagnosic relationship between the AMOC and DSL can be derived from the zonal momentum equation:
s
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here i th onal aclocty and e il sl s he Corols freuenc, i e, i ongitde, i rssr, s density, P s the casard
viscous force per unit volume, and D/Dr i the material rate of chany

16w 1) zonaly iniegat over he basin;and 2) negct the adsection of relativ angulat momentum (e st em) th erm involving w (sualy eglected in
the Primitive Equations). and the viscous term, this reduces to an integrated geostrophic balanc
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Equation (2) relates the meridional northward mass transport at cach latitude (T the zonal integral of ) to bottom pressure at the castern () and the western
boundary (piy).
First, we note that the castern boundary pressure is very close to being a function of depth alone, independent of atitude, at east below a depth of around 100 m
(Hughes & de Cucva, 2001 Sbtrucing off i fesnce fuctonofdpthinour dfniton ofp (whic o should b considersdto be g prossre anomaly,

referenced to the casterm boundary va find that integrating over depth from the surface (z = 0) to the depth of the maximum in the
ovcruming sreamtunction ¢ = 1), w find ht he ol mrtard s transport oo depth s given by
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where P is the westen er the depth ra sealevel then follows
o the assumprion fhat the depah sveraged pressors i s 20ne 15 relate 10 he boumary pressure ar 1 Surce, P whioh 5 1t rlated 10 nverse
barometer-corrected boundary sea level Ay by poghu = Do, where we use a reference density po. Rewriting in terms of this near-surface western boundary
pressure anomaly, we find

Q== smwo = = Faghy. (4)

an effective
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which would be cqual to H if th Iy (or cquivalently the. 1) was independent of depth above z = ~H. If the zonally-integrated
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Reamanging, we find that the coastal sca-level signal can be writien 15
hup = = o, 6)
i which it is shown how the coustal sea-level signal hy is egatvely rlated o the sirength ofthe overturning @/po, and the sze of the signal s larger i the
eective layer thickness H, is smaller. With uniform norhward zonally-inegated flow above about 1000 m depth, equation (6) predicts a sea-level change of 1
rup of meridional transport. With  linear ncrease i velocity rom z<ro at 1000 m to & maximum at the surface, then pressure a the surfoce s
ice the depth-average, leading 10 a scaling of -2 cm Sv-!
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Map of the ratio of DSL change to AMOC change (in m/Sv; 2076-2100 minus 1976-2000) for 25 RCP4.5-
forced CMIP5 models with AMOC weakening larger than 2 Sv.

* Numerical models and theoretical considerations support an anti-phase relationship
between AMOC strength and dynamic sea level along the US east coast.

* However, the amplitude and pattern of sea-level variability associated with AMOC
variations is forcing-, timescale-, location-, and model-dependent

* Observational analyses focusing on shorter (generally less than decadal) timescales
show robust relationships between some components of the North Atlantic large-scale
circulation and coastal sea-level variability, but the causal relationships between
different observational metrics, AMOC, and sea level are often unclear.

Ways forward

New research, and the incorporation of existing research, that seeks to understand:

« Relationships between AMOC and its component currents
* The role of ageostrophic processes near the coast

* The interplay of local (continental-shelf) and remote forcing

« Causal drivers of AMOC changes (e.g. wind vs. buoyancy forcing)

Observations

* OSNAP array: perspective on AMOC’s meridional coherence (Lozier et al. 2017)

« New campaigns over the USEC shelf and slope (Gawarkiewicz et al. 2018)

Models

* Broadening metrics of ocean circulation beyond the maximum AMOC strength

« High-resolution simulations

- A tof tum budget:

The AMOC-sea level relationship in observations

Direct AMOC monitoring only available since 2004
*  Goddard et al. (2015) find a relationship with
interannual AMOC anomalies.

Piecuch et al. 2015 and Piecuch et al. 2016 show
this is largely due to local atmospheric forcing;
Piecuch et al. (in review) show that correlation
arises from LOCAL ageostrophic responses of
northeast US sea level and Ekman transport
across 26°N by large-scale wind field.

Indirect evidence (AMOC “proxies™)
* Florida current/Gulf Stream strength (e.g. Park
and Sweet 2013; Ezer 2013)
* Gulf Stream North Wall (e.g. Kopp et al. 2013,
McCarthy et al. 2015)

* SPG heat content and density differences
(McCarthy et al. 2015; Frederikse et al. 2017)

All indirect evidence relies on a (generally
model-derived) relationship between
AMOC proxies and AMOC strength
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Schematic of key AMOC-related components of the North Atlantic
:an (modified from Garcia-lbafiez et al,, 2018). Abbreviations are
as follows: FC=Florida Current; NRG=Northern Recirculation Gyre,
LC=Labrador Current; NAC=North Atlantic Current; DWBC=Deep
Western Boundary Current. IC=Imminger Current; EGIC= East
Greenland Current. Three source waters for NADW are noted:
LSW=Labrador Sea Water, ISOW=lceland-Scotland Overflow
Water; DSOW- Denmark Straits Overflow Water. Box indicates the
USEC region.
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