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How can ocean dynamics affect coastal sea level?
Sea level is not level: ocean currents  sea level slope (Geostrophic balance)

• The Gulf Stream keeps sea level on the US East Coast ~1-1.5 m (3-5 feet) lower than 
water offshore  variations in GS strength or position will affect SL.

• In warmer climate the Atlantic Ocean circulation is expected to weaken
If the Gulf Stream slows down  sea level on the US coast could rise!!!
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• The idea that the Gulf Stream can induce coastal sea level variations 
along the US coast on a range of time scales is not new…
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Recent studies confirm the relation between variations in the Gulf Stream and coastal 
sea level, but the exact mechanism and time-scales involved need more research  
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Impact of the Gulf Stream on 
long-term sea level rise 
and decadal variability
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Pattern of sea level rise 
acceleration is affected by 

the Gulf Stream –

Especially north of the 
separation point of the GS

Why?
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(from Ezer, GRL 2015)
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Long-time scale variability (from Ezer et al., JGR, 2013)

Why do stations in different locations show the same pattern? 
SL
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Correlation between 
change in GS and SL:

R=-0.85 (99% conf. lev.) 



Impact of the Gulf Stream on 
short-term variations 

of coastal sea level



Florida Current Transport

Coherent variations in coastal sL along the 
entire U.S. East Coast are anti-correlated 

with the transport of the Gulf Stream 
measured in the Florida Straits 

Short-term fluctuations:



Ocean circulation models can explain how the Gulf Stream can impact 
coastal sea level variations:

Wind-driven
(zonal wind ±5 m/s) 

[response depends on shelf width]      

Gulf Stream-driven
(transport ±10 sv)

[coherent response due to barotropic waves] 
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Hurricane Joaquin
(9/30/2015)

1m sea-lev anomaly 

weak Florida Current  anomaly 

Hurricane Joaquin (Sep-Oct 2015): severe flooding on 
the southeast US coast: a combination of the offshore 
Hurricane, Nor’easter and weakening Gulf Stream

Flooding in Norfolk, VA

Hurr . GS  coastal SL



Hurricane Matthew (Oct 2016): severe flooding in 
southeastern coasts (FL, GA, SC, NC), but also some 
flooding farther north (VA, DE) away from the storm-
within few weeks Gulf Stream weakened from 40 Sv
to 20 Sv!

disruption 
of GS flow 
by storm
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Can we use the cable measurements of the Florida Current to 
predict high water level along the coast?

Correlation between FC transport and high water level

 zero lag between 
FC and WL in the SAB



Correlation between FC CHANGE and high water level

Negative correlation 
and negative lag 
means that when a 
weakening FC is 
detected, high WL 
can be predicted 
over the next few 
days



Sandy 2012

Irene 2011

Joaquin 2015

Testing the regression to predict WL in Norfolk: past 
hurricanes and storms with WL>0.8 m (MHHW)



Future projections
of increased flooding



Acceleration in minor flooding is seen everywhere, but can we project future flooding?
Future flooding depends on:

(1) future sea level rise & (2) tidal range 
(3) storm frequency and intensity & (4) other influences (AMOC, ENSO, NAO, etc.)

?



Norfolk, VA: mean SLR=4.6 mm/y
Last 30y: 6.63, prev 30y: 4.1 mm/y
Acceleration: 0.085 mm/y2

Charleston, SC: mean SLR=3.27 mm/y
Last 30y: 4.37, prev 30y: 3.03 mm/y
Acceleration: 0.045 mm/y2



Key West, FL: mean SLR=2.48 mm/y
Last 30y: 3.78, prev 30y: 2.53 mm/y
Acceleration: 0.042 mm/y2

Miami, FL: mean SLR=5.26 mm/y
Last 10y: 11.3, prev 10y: 2.28 mm/y
Acceleration: 0.9 mm/y2

Note: short record at Virginia Keys
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Some recent ODU papers on the Gulf Stream- Sea Level connections 
(PDFs available on:  http://www.ccpo.odu.edu/~tezer/Pub.html)
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