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Scope of the Workshop 

•  "Understanding the relationship between coastal sea level and 
large-scale ocean circulation” – International Space Science Institute 
(ISSI) Workshop- 5-9 March 2018, Bern, Switzerland 

•  39 participants 

•  Coordination: 
Ø  Anny Cazenave, ISSI, Switzerland  

Ø  Teodolina Lopez, ISSI, Switzerland 

Ø  Catia Domingues, U. of Tasmania, Australia 

Ø  Benoit Meyssignac, LEGOS, France 

Ø  Rui Ponte, AER Inc., USA 



Scope of the Workshop 



Scope of the Workshop: objectives 

•  Identify the various factors associated with both large-scale and local 
variability that can influence coastal sea level in the context of 
climate change 

①  Review current understanding of coastal sea level variability 
from seasonal to multi decadal time scales 

②  Characterize the spatio-temporal structure of sea level 

variability and trends across the coastal zone 

③  Identify the key processes causing coastal sea level changes and 
trends 

④  Relate signals seen at the coast to broader scale open-ocean 
variability and change 



•  Identify the various factors associated with both large-scale and local 
variability that can influence coastal sea level in the context of climate 
change 

⑤  Review currently available observing systems informing on sea 
level changes in coastal areas and identify gaps and 
uncertainties 

⑥  Assess the capability of ocean syntheses to model coastal sea 
level variations on a broad range of time scales as well as of 
climate models to simulate climate-related future coastal sea 
level 

Scope of the Workshop: objectives 



•  A 5 days workshop with 35 presentations 

•  Session 1 (day 1, 9 presentations): General Context 

•  Session 2 (day 2, 4 presentations): Interactions between the large-
scale and small-scale (eddy, wave) circulations and their impacts on 
the coastal zone sea level at seasonal to multi-decadal time scales 
(observations and modelling) 

•  Session 3 (days 2 and 3, 7 presentations): Forcing agents at work in 
the coastal zones and their impact on coastal sea level 

Ø The GODAE OceanView Coastal Ocean and Shelf Seas Task Team 
(COSS-TT): towards seamless transition from large-scale ocean 
forecasting to the coastal scales 

Scope of the Workshop: agenda 



•  Session 4 (day 3, 2 presentations): Impacts of internal climate 
variability (climate modes: ENSO, AMO, PDO, IPO, SAM, IOD, AMV, 
etc.) on coastal sea level 

•  Session 5 (days 3 and 4, 6 presentations): Observations of coastal 
sea level: characterization, uncertainties improvements 

•  Session 6 (day 4, 7 presentations): Coastal (absolute and relative) 
sea level projections 

•  Session 7: discussion (day 5):  

Ø Recommendations for improvements in term of modelling and 
observations 

Ø Identification of review articles and associated authors 

Scope of the Workshop: agenda 



Link with World Climate Research 
Programme (WCRP) 

•  Regional Sea-level Change and 
Coastal Impacts is one of the 7 
WCRP Grand Challenges 

•  The leadership of this Grand 
Challenge is made by 18 people 
(3 co-chairs and 15 members), 
where 5 were directly linked to 
the ISSI Workshop (2 co-chairs and 
3 members) 

https://www.wcrp-climate.org/grand-challenges/grand-challenges-overview 



Links with COSS-TT 

•  How COSS-TT can interact with this community? 

Ø  Interactions between large-scale ocean dynamics and sub-mesoscale 
processes: impacts on coastal sea level (slides from Tal Ezer 
presentation) 

Ø  Fine resolution is necessary to faithfully represent key scales of motion 
and topographic waves (slides from Stephen Griffies) 

Ø  But fine resolution is not sufficient 

ü  Need better understanding of numerical closures (friction) and 
boundary conditions 

ü  Need better understanding of flow-topography interactions 
(waves, eddies, mixing, boundary layers); details matters! 



How	can	large-scale	ocean	dynamics	impact	coastal	sea	level?	
-	simple	answer:	Sea	level	is	not	level:	ocean	currents	à	sea	level	slope		

-	real	answer:	its	complicated	(Gulf	Stream;	coastal-trapped-waves;	Rossby	waves,	
etc.)	

~1m	

~100km	 Atlantic	Meridional	
Overturning	Circulation	

(AMOC)	

Wind,	Pressure,	NAO,	AMO,	etc.	

• 	The	Gulf	Stream	keeps	sea	level	on	the	US	East	Coast	~1-1.5	m	(3-5	feet)	lower	than	
water	offshore	à	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	à	sea	level	on	the	US	coast	could	rise!!!				

Ezer (ISSI 2018) 



1938	

2001	

• 	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…	

1984	[observations;	monthly-seasonal	scales]	

[model;	decadal	time-scales]	

But	the	issue	received	more	
attention	in	recent	years…	

Ezer (ISSI 2018) 
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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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Ezer (ISSI 2018) 
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Ezer (ISSI 2018) 



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:	

Indication	of	southward	propagation	
of	signal	along	the	coast	

Ezer (ISSI 2018) 



Tropical	storms	may	have	non-negligible	impact	on	the	long-term	variability	of	the	Gulf	Stream	

1982-2016	

greater	probability	
of	weak	Gulf	Stream	

Ezer (ISSI 2018) 



Significant	impact	of	topography	on	coastal-trapped-waves	
(forcing:	fluctuations	in	Slope	Current,	say	variations	coming	from	the	Labrador	Sea)	

Ezer (ISSI 2018) 



Some	conclusions	and	thoughts:	
•  Clear	evidence	of	teleconnections	between	large-scale	offshore	ocean	dynamics	

and	local	coastal	sea	level	variability,	but	the	mechanisms	are	complex,	because:	
1.	different	time	and	length	scales	involved	(days-seasonal-interannual-decadal)	
2.	different	forcing	involved	(wind,	pressure,	storms,	Gulf	Stream,	NAO,	AMOC,	etc.)	
3.	Challenging	problem	for	climate	models:	require	to	resolve	both,	large-scale			
climate	variability	and	sub-mesoscale	processes	such	as	coastal	trapped	waves.		
	
•  For	the	US	East	Coast,	the	Gulf	Stream	plays	a	major	role		

	(similar	processes	can	be	at	work	for	other	coasts)		

Short-term	forcing	
wind,	pressure,	storms,	
mesoscale	eddies,	etc.	

Long-term	forcing	
	NAO,	AMO,	AMOC,	
climate	change,	etc.	
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Griffies (ISSI 2018) 



Griffies (ISSI 2018) 



Griffies (ISSI 2018) 



Outcomes of the Workshop: ISSI book 

•  ISSI book (n° 75) named “Coastal Sea Level and link with open ocean 
processes”, which will also be published as a Special Issue in Surveys 

in Geophysics (Springer, IF 3.76) (rule: maximum of 2 articles/person)  
1)  Introduction 

2)  Concepts and Terminology for sea level change and variability at global, 
regional and local scales 

3)  Forcing Factors Causing Sea Level Changes at the Coast 

4)  Interactions Between Mean Sea-level, Tide, Surge and Flooding: Mechanisms 
and Contributions to Sea Level Variations at the Coast 

5)  Coastal sea level and related observations from existing observing systems 

6)  An overview of local wind and pressure effects on coastal mean sea-level 
variation 



7)  Sea level and the role of coastal-trapped waves in mediating the interaction 
between the coast and open ocean 

8)  Runoff impact on coastal sea level 

9)  Contribution of Wind Generated Waves to Coastal Sea Level Changes 

10)  Impacts of natural internal climate modes on coastal sea level 

11)  Detection and Attribution of Sea Level Variability in the Open Ocean and 
Coastal Zones 

12)  Low-frequency coastal sea level variability: atmospheric forcing and oceanic 
chaos 

13)  Satellite altimetry measurements of sea level in the coastal zone 

14)  Uncertainties in long term process-based coastal sea level projections 

15)  Probabilistic sea level projections at the coast by 2100 

 

Outcomes of the Workshop: ISSI book 



•  Dedicated White paper for OceanObs2019: abstract 350 on 
Observational Needs: Sea Level   

•  Title: Towards comprehensive observing and forecasting systems 
for monitoring and predicting regional to coastal sea level 

Ø Lead by Rui Ponte + 49 co-authors (including M. Cirano, P. de Mey 
and V. Kourafalou) 

Ø COSS-TT contributed as leading authors of 2 subsections: 
4 - Current modeling systems 

4.1 – Coastal models and sea level forecasts 

5 - Recommendations for observing and modeling systems 

5.2 Modeling/forecasting system requirements  

Outcomes of the Workshop: white paper 



Thank you 

COSS-TT:	Coastal	Ocean	and		
																		Shelf	Seas	


