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A driver for coastal-ocean modelling
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Big mismatch in scales between climate change
information and societally relavent impact

Multi model ensemble (AR4):

Decrease in mid- low- latitude basins
*Increased stratification, slowed circulation

Increase (variable) in high latitudes
*Relaxation of light limitation



Shelf Sea dynamics: Physics

Physics characterised by proximity to land and shallow depth

Turbulent mixing at multiple boundary layers, inc surface waves
Growing coastal-trapped waves (e.g. tides, surges)

Small horizontal length scales (~h%°)

Freshwater flux from land

Air-sea fluxes dominant, low (thermal/mechanical) inertia
Exchange with open-ocean — often constrained by PV

Complex coastlines, regions of restricted exchange



A key difference between open ocean and shelf seas

« Shelf seas are in (dynamic) thermal equilibriums,

» Deep ocean/regional seas are not

Global Warming
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‘Permanent stratification necessarily increases
Inhibits winter mixing
*Seasonal stratification doesn’t necessarily
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Shelf sea dynamics: Ecosystems

Ecosystem characterised by proximity to land and shallow depth

Flux from land: CDOM, carbon, nutrients, etc
Benthic-pelagic coupling
Complex optics (CDOM, sediments)

Soft tissue carbon pump requires lateral transport or burial (hard tissue
largely unquantified) — if well mixed sometime during the year
Interaction with shelf-sea physics (fronts, coastal currents, internal tides
etc): highly heterogeneous



The Northwest European Continental Shelf

Broad tidally dominated, downwelling shelf
Boarders subpolar and subtropical gyres
Strong deep winter mixing
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POLCOMS-ERSEM
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More later.......



Carbon Budgets of NW European Shelf

Diagnosing the shelf seas carbon pump inorganic carbon budget 1989-2004
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Future Climate Impact experiments

Change in Primary Production
between:

CONTROL:1981-2000
A1B: 2080-2099

Direct forcing from IPSL-CM4
Inc. nutrient bc.s
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Impacts of climate change in shelf sea ecosystem
Driver — Response experiments
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Model views of Ocean-shelf exchange
Summed across sections
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Detailed sections and profiles
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Hybrid-Ocean-Shelf Modelling
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Figure : New transitional vertical coordinate system (SZT).

NEMO: original designed as a global GCM
French and ltalian ocean model in CMIP5;
UK in CMIP6, UKESM1

Now developed for shelf sea applications:

Free surface, timesplit surface pressure gradient
Variable Volume

GLS mixing

Hybrid vertical coordinates

O’Dea et al JOO 2012
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NEMO-shelf features in a northern
North Atlantic extraction of 1/12
global model

This mixes up changes in
resolution, tides, coordinates and
turbulence model
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Pan-Arctic coastal-ocean modelling
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Tides have a substantial effect on
ice formation

Relates to several processes
including increased shear in
clockwise component of ocean-ice
boundary layer near critical lat.

Trends:
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Conclusions

On annual to decadal time-scales Ocean-Shelf exchange cannot be
neglected in Coastal-Ocean Modelling. Requires

— Appropriate process and scale representation
— Robust nesting approaches

— Basin scale models

Connections between open-ocean and coastal-ocean modelling
communities helps

Currently building a 1.5km NW European shelf model as part of a regional
coupled system
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Validation

Normalised error: RMSE/c,
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Nucleus for European Modelling NEMf’)
of the Ocean ’ —

« A partnership between:
— UK: NOC, Met office
— France: CNRS, MERCATOR
— ltaly: INGV, CCMC
* Widely used across Europe and internationally,

— 240 projects in 27 countries (14 in Europe, 13 elsewhere), in excess of
600 registered users worldwide

— Ocean model in French and ltalian IPCC contributions, and for the UK in
the next IPCC process

* Open source and freely available
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Scales: the motivation for finer resolution

1t Rossby Rad
*Eddies
*Fronts
*Coastal
upwelling
*Internal
Tides

H/(dH/dx)
Scale of

topographically |

steered
barotropic
currents

Cumulative distributions

First Rossby Radius (|y|>5)

1/48 |
1/36

124 ||

112
Resolving

Bumiwipdg

14

RN S U A - —— [y —p—

15 2 25 3 35 4 45
e=L/(max(Ax Ay)

ol
o

(¢,

Depth relative to slope

L | 142 1
I
I , |

1/4

Resolving

Buipnjox3
Bunywiad

|
|
|
|
| |
| |
I |
I |
| |
| |
I |
| |
I |
I |
I |
| |
I |
I |
| |
| |
1 1
1 3

25 35 4 45 5
e=L/(max(Ax Ay)

NF

15

ol
o

AXAY based on scaling ORCAQ083



Regional winter N v’s N uptake following year
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