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Coastal ocean transition zones and connectivity

< 500 m deep
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Coastal ocean dynamics

Topographic steering & 
vorticity constraints

Friction, instabilities and non-
linearities drive exchange

(eddies, upwelling/downwelling, 
Ekman drain, Ekman 

transport...)

Buoyancy (heating)
vs

Mixing (wind, tide)

Buoyancy (freshwater, heating)
vs

Mixing (waves, wind, tide)

Geostrophic frontal 
jets & baroclinic  

instabilities

Freshwater plumes 
& coastal currents

Internal wave 
propagation, inertial 
motions & diapycnal 

mixing

Turbulent bottom 
boundary Periodic stratification 

and estuarine 
circulation

Complex suites of 3D processes and interactions
Baseline picture changes regionally

Boundary 
current 

transport

Dense water cascades

Coastal up- and 
downwelling

Ice formation & 
melt

Waves

IT wave 
generation 
& mixing

Barotropic tides

mm’s- to O(100) km
seconds - decades
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Coastal ocean role in Earth system

70% of global tidal 
energy dissipation

20% of global 
marine primary 

productivity 

20% of oceanic 
CO2 uptake

Diverse habitats 
and species

40% of particulate 
organic carbon 

export

Cross-shelf transport 
supplies 60-90% of N & 

P required for 
production

O(500 Sv) 
exchange 
(globally)

Blue carbon 
storage

Global 
scale 

transports 
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Coastal ocean resources and services

Renewable energy 
(tide, wind, waves)

Aggregate extraction

Maritime economy 
(leisure & tourism, 
industry, freight)

Transport links

Global 
communication 
infrastructure

Oil & gas 
extraction

Carbon capture 
& storage

Fishing & 
mariculture

Natural 
coastal 
defence
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Coastal ocean hazards and pressures

Slope failure & 
landslides

Navigation & 
shipping 
hazards

Oil, gas, CO2
leaks

Bottom 
trawling

Overfishing

Storm surges, 
flooding, erosion, 
wave overtopping, 

saline intrusion

Injection of 
pollutants

Eutrophication, 
harmful algal blooms,  

oxygen depletion

Direct human and climate driven hazards and pressures

Acidification

Warming, 
increased stratification, 

circulation changes

This is not the 
future coastal 

ocean we want
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Defining the global coastal ocean

• How do we currently define the global coastal ocean?

• Isobaths (200-500 m)

• Geographic setting and geomorphology associated with 

the ocean-shelf boundary 

(eastern- western boundaries, polar, sub-polar, tropical, marginal seas)

• Shelf- or slope-dominated ; wide vs. narrow

• These classifications are not based on objective, dynamical 

understanding and quantification that is appropriate for the 

problem/solution in question

• Nor do they draw upon the wealth of observational and 

modelling data we have available
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Defining the global coastal ocean

• Why might we want a dynamically based typology?

• Upscaling budgets (e.g. carbon and nutrient fluxes...)

• Identifying downscaling priorities 

(e.g. identification of processes missing in coarse-res global models)

• Global scale quantification of a resource or function

(e.g. energy, habitat niche, water mass formation...)

• Wider assessment of risks and vulnerability 

(e.g. hypoxia, coastal erosion, pollutant dispersal...)

• Wider implementation of locally developed technology, solutions 
or observation design 

(e.g. renewable energy devices, mariculture, CCS schemes, coastal observatories...)

• Wider adoption of policy and governance approaches
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Defining the global coastal ocean

Although geographically remote, not all coastal areas are 

necessarily unique – there will be locations where relevant 

sets of dominant forces and balances are similar

The challenge is to develop a new, flexible and 

dynamically based approach to identifying 

coastal ocean typologies and behaviors
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Redefining the 
global coastal 
ocean: concept 
and ambition
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Next steps...
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Questions?


