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Could this be due to remote influence from the Gulf Stream’?



The role of the Gulf Stream in sea level rise received special attention in recent \
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for sea level
SCIENTISTS MONITOR the current for signs of

lang term weakening. They've noticed that when
it slows, even temporarily, coastal flood risk rises.

The great offshore current could be increasing sea level on the
Chesapeake Bay. but not all scientists are convinced

Daniel Strain By Dave Mayfiadd

in the Iall of

.
lytrgy roeds Ihrsuynet
e repree.

Val Ezer bad 3z sdea
sbout what might be
conl rived g to e prroby
lern, wad e Ukd Doxnes
wer Usmiversfy ocsam-
Rrapiy profesase knew
where %o look - an ob
scurs webnate Ut coen
piles o daily sverage of
water pouring through
natraf between Fleida
sud the Hahmsaa

Wast 1! showed wus
a dramatx slowzy in

B scomthang ket as the
Florads Curras, s sec
teo of the Guilf Stresm
the mighty sffadore
river thal rages the

8 coast belure veering

N norihesst teward the

vpam Allantic ofl Cape

Hatlero

—_—

B fee GLLF, PALE 1S

Pilot

O30 FILOTONLI

The Vir
Assxmbily
wevkend
poocenyg ¥1

Marny ar
oty affect
of peopic,
the doctee
mermibers &
weatern oy
Others dead
zal thisgs
X Y =

dafferent

soxsxx. vl
Ralph Nect
would wele

Crin
Whi
shro
goes
oy o
et

Sheriffs C
craminal ¢

spoken coe
of the sberi



Impact ofocean dynamic®n sea level rise: ‘
Research triggered by 3 separate studies (2012) thiss 4
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Atlantic coast north of Cape Hatteras. o
Hotspot of accelerated sea-level rise on the .
Atlantic coast of North America | Yiami
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(Method: linear trends over different periods) -

Norfolk (Sewells Point), VA 1969-2011
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Evidence of Sea Level Acceleration at U.S. and Canadian
Tide Stations, Atlantic Coast, North America
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(Method: quadratic line fit) P R e o ey %

GEOPHYSICAL RESEARCH LETTERS, VOL. 39, L19605, doi:10.1029/2012GL053435, 2012,/
Is sea level rise accelerating in the Chesapeake Bay? A demonstration -
nf a novel new approach for analyzing sea level data
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How can ocean dynamics affect coastal sea level?
Sea level is not levedcean current® sea level slope@seostrophicdalance)

Atlantic Ocean circulation:

< [ Sargasso
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Broad, shallow,
weak currents

Narrow, deep,
strong currents

The Gulf Stream keeps sea level on the US East Coadi 11(35 feet) lower
than water offshore.

In warmer climate the Atlantic Ocean circulation is expected to weaken
If the Gulf Stream slows dowA coastal sea level would rise!!!
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Decadal variations of sea level from tide gauge stations
Why do stations in different locations show the same patte

' . | Ezer et al., (2013) '
Correlation between £ (2013)

change in GS and SL.:
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Hourly Sea Level Residual (May—-JUN, 2012)
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Ocean circulation models help to understand the mechanism of

the Gulf Streantoastal sea level relations

(b) Model topography and boundary conditions (b) Model topography and boundary conditions

(from Ezer, 2016)
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How can largescale variations in the ocean offshore can impact coastal sea leve
One of the mechanism is the generationGdastal Trapped Waves (CTW)

On Coastal Trapped Waves: Analysis and Numerical Calculation by Inverse Iteration

Joun M. HUTHNANCE

Department of Oceanography, University of Liverpool, Liverpool, England L69 3BX
{Manuscript received 4 April 1977, in final form 7 October 1977) J PO (197 :

Ocean-to-shelf signal transmission: A parameter study

John M. Huthnance
Proudman Oceanographic Laboratory, Liverpool, UK JGR (200

Simple models show that CTW depend on:

- Length and timescale of forcing

- Frequency of forcing

- Shape of continental shelf and slope
- Shape of coastline




Impact of topography owgoastattrapped-waves(forcing: Slope Current variations)

Coastal SL anomal
(b) Model with simple topography (c) TOPOG simple FORCING SC var
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. SC-Slope Current inflow
GS- Gulf Stream outflow
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Mean SSH and storm tracks

Impact of tropical
storms and hurricanes

Hurricane Isabel
(a) Water level in Norfolk (Sep. 2003) |

(MHHW)

Helght in meters

. 1 (a) Norf9lk Hourly VYater Level (f\ug-Oct 2°1|5)
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(a) Norfolk Hourly Water Level (Jun-Oct 2015)
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Hurricane Matthew (a) Norfolk Hourly Water Level (Aug-Oct 2016)
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Study airseacoast interactions
during hurricanes in two steps:

1. ' yIFfé&lS bh! |
coupled hurricane model
(HWRHPOM)

2. Sensitivity experiments

with ocean only model:
A No surface forcing
A HF only
A WIND only from HWRBM
A HF+WIND
A Gulf Stream} from FC transport

A Hurricane Matthew is used
as a case study

JOURNAL OF ATMOSPHERIC AND OCEANIC TECHNOLOGY VOLUME 32

Description and Analysis of the Ocean Component of NOAA’s Operational Hurricane
Weather Research and Forecasting Model (HWRF)

RICHARD vi. YALLCNSt Y, ISAAC GINiy, ANC £DU THOMAS

vy, Douversity of Rhodc Is.and, 1. zraganse i, Rhode Island

 SHEININ

CEP/Environmental Modeling Center, College Park, Maryland

LIGIA BERNARDET

NOAA/ESRL/Global Systems Division, and CIRES, University of Colorado Boulder, Boulder, Colorado

(Manuscript received 28 March 2014, in final form 5 September 2014)
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Hurricane Matthew (2016) did not reach the MAdlantic coast, but
nevertheless caused severe flooding there, why?
Surface currents in the coupled model show that the hurricane
disrupts the flow of the Gulf Stream

(a) HWRF 10m max wind (KNT) Oct. 7-12, 2016
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(b) HWRF-POM forecast surf. vel. Oct. 7, 00hr

Ezer(2018)



Thecoupled HWRPOMmModel has some Coastal Sea Level (model-blue vs. obs-red)

skill in predicting coastal sea level, b |

storm surge was not simulated very well

in the MAB (the model was not intended
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On the other handpcean only POM
(1/12deg) forced by wind from the
coupled model has better skill in | AdanticCity
predicting storm surge s Sngm

Coastal sea level during Hurricane Matthew
I I I I I
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We can also use the numerical model to simulate the
contribution of the Gulf Stream by forcing the model with the
Florida Current observations during the storm (but no wind)

Impact of Florida Current on model sea level
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Several days after Hurricane Matthew disappeared, coastal sea level remained hig
(especially in th&€hesapeake Bagnd north of the Gulf stream)

Sea Level Anomaly Day=12
WIND SPEED > 25 m/s
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Altimeter data confirm model results

~ a week before Hurricane Matthew:

typical mesescale eddies

~ a week after Hurricane Matthew:

A Gulf Stream remained weaker along mos
of its path

A coastal sea level remained high along
most of the U.S. coast



Sensitivity model simulations show how the surface forcing impac
temperature changes during the Hurricane (up € £ooling)

(a) SST 10-Oct-2016 (bA?ZTemp. Change due to Hurricane 5

forcing:
WIND+HF
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Note that due to the interaction of Hurricane Matthew with the Gulf Stream, the
pattern of cooling is different than typlcal |mpact of hurricanes

3-day averaged TMI SST anomaly (<C) at end of 5-day model forecas1
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(a) Average Change in Kinetic Energy (top 50m)
] | | | ]

a shortterm direct impact of wind

11
Day in October
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(more stable)

(b) Average Change in Potential Energy (top 50m)
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long-term impact on ocean stabilitg
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Questions:

AWith warming climate, are Atlantic storms
(tropical storms and hurricanes) getting strong
more frequent, or last longer?

ADo storms have a lasting impact on ocean
circulation (e.g., the Gulf Stream)



max storm days

before 1990s

Hur Cat. 12

A shift in the pattern of hurricanes since the 1990s?
More days with stormsdo they last longer due to warmer waters?

Storms and Hurricanes Occurrence (60-85W,20-40N)
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A shift in the pattern of hurricanes since the 1990s?
More days with stormsdo they last longer due to warmer waters?

Storms and Hurricanes Occurrence (60-85W,20-40N)
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Potential lasting impact of tropical storms and hurricanes on the
Lower mean transport and larger probability of extremely weak |

(a) Histogram of FC transport without storm
| I I I II I
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(b) Histogram of FC transport during storm
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