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How coarse can ocean
resolution be?

- How do you choose the appropriate
ocean resolution for your particular
application?

* What compromises are you making with
your choice of ocean resolution?
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"" Observations of mesoscale
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* Coherent vortices, radius of about 50-100 km

« Generated by baroclinic and barotropic
Instabilities

« ~215,000 eddies with 4 weeks or longer lifetime
over 20 years (Chelton et al., 2011)

sl © [hey are everywhere in the ocean!

Chelton et al., 2011




Resolution to resolve Rossby radius

Hallberg 2013
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Space-time characteristic
il Of ocean processes
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Spanning the eddy regime
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Parameterising eddies
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http://www.sciencedirect.com/science/article/pii/S1463500310001253
http://www.sciencedirect.com/science/article/pii/S1463500310001253
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e function of resolution

Hadley Centre

14 T . T T T T T T T T T 3
13 =
12 = Resolution (A) =
et 0100 E
= 'F —— 10 km E
= 10 12.5 km = .
£ of 16 km 160U LA s
F 182 km > M
(=5
2 SE 20 km ] e -2.0 km
E: 7 25 km = 1400 4
= - 33 km =
= 40 km 3 2
£ s E I
E 4 |
8 = 3
g SE 1000
(= = E 3 -
1 SRR o =2
o —;;1;6’/' =< 800
1 E Il L 1 1 1 ! 1 Il 1 Il 1 i -
o 200 400 600 800 6C 800
10000 vy R B ; . Py
== R000: - 400
I?_
o 8000 E
= . 500 | |
3y 7000 - Resolution 1 sy :: '_.i
= = 1 E ‘ 3
é 5000: :ggr:m E Fo R AN KT WS NP WS e el e v 8
= 5000 F 168 km — 400 600 800 1000 1200
- - 18.2 km 3
= 4000 Ff 20 km 1
= - 25 km ]
3 weof — B Hallberg 2013
5 , b , allberg
£ 2000 |- E
S s ]
= 1000 | —
o :. . ] Lo () 1 1 L 1 1 | 1 1 3
o} 200 400 800 800 1000 1200 1400 1600 -
e Gyyiteh on GM when
= 16 km Rescolution = (C)
3 —— —— Total Transport \ = =
. Explicit Eddies 7 = *
% Parameterized \ __E
- 3
= 3
o 3
& 8F =
=2 E
E: TE
= ~
=0 -]
= =
= - 3
£
3 4 -
s 3 3
= 3
S 5 =
- E
o
—1 Bovalea i Toeees Taaalaaalaaalosaloaaelaaalonalasalosataaalasalaas
o 200 400 800 800 1000 1200 1400 1800
Y (km)

www.metoffice.gov.uk




~

Met Office
Hadley Centre

www.metoffice.gov.uk

Outline

Introduction
— Resolving the Rossby radius
— Parameterisation considerations
Benefits of resolution
— Energetics
— Heat Budgets
— Tropics
— Thermohaline circulation
— Coupling
Conclusions
— Choices for your application
— Cost considerations
— Traceable model hierarchy




Eddy Kinetic energy

1/4°

Met Office
Hadley Centre

0 100 200 300 400 500 600 700 800 | oW @ W W
(a) Kinetic energy power spectral densities PI er re Math I Ot
I j I

[—high—-resolution
coarse—grained
low—resolution

powerfwavenumber [m’s fkm™"]

Mana and Zanna, 2013

107° 10
www.metoffice.gov.uk total wavenumber K = /&2 + 2 [k 1]




Backscatter parameterisations

Lower Layer
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Jansen et al., 2015
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Temperature drifts
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« Eddy parameterisations do approximately the right thing

* Drifts are residual of large cancellations!




Eddies transport heat upwards
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Mean advection role
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Equatorial currents
1/4°
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Ocean model resolution will have little impact
on El Nino once Kelvin and Rossby waves

resolved Guilyardi et al., 2004
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Role of Tropical Instability
Waves
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Graham, 2014
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Heating by TIWs ~75% greater at high
resolution during La Nina — reduced cold
bias and enhanced asymmetry in ENSO
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Key features of the global
ocean circulation

Met Office
Hadley Centre

Great ocean conveyor belt
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Gulf Stream and Kuroshio
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Improved winter blocking at
e eddy permitting resolution
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Resolution affects the mean
state

~

Met Office
Hadley Centre

= Heat flux
error
ﬂ% reduction

%. liInked to

s SSTs in
Gulf

Uzsz Stream

Roberts et al., submitted

www.metoffice.gov.uk




Resolution changes heat
transport
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Agulhas current Is |mportant

Met Office

Hadley Centre

35S K

40S T,

Latitude

45S : n
10E_ 20E 30E 40E

9 12

o
Longitude

R
Ey
[T [ [ . A
2 3 4 5 6 7 8 9 10105 11 11.5 12 125 13 135 14 15 16 17 Eo\
Temperature (°C)
. \ Latitude of AAIW
& _10F \\ 3
< \
= £ | .
3 -20F K| |
|
B H’ A I 1 ]
ok Mrrl'{\ Jﬂ | M\ﬁh'ﬂ..l.’\ Iy Jd,"MU'\F'“.M"f\,w\f'.’\i"'"“\J"‘r“p’“ iy fﬂ b b 'Wﬂ iyl J“
0 _40(; I ‘ I 260
1/2° SSH mean (cm) SSH s.d. (cm) Year
. Biastoch et al., 2008 Banks et al., 2007
—_— 1/10
—_— AVISO

Representing the Agulhas is key to the
A————— long term properties of a climate model




Overflows need resolutlon
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Overflows
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Topographic control at overflows
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AMOC
stronger at

‘eddy
resolving’
resolution

www.metoffice.gov.uk

AMOC across resolutions
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A Temperature [ C]

Importance of resolution for
ocean heat uptake
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Heat uptake increases with eddy resolving model

Linked to large-scale circulation differences which change
redistribution of heat (cf Banks and Gregory, 2006)
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Heat uptake related to AMOC
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Antarctic Circumpolar Current
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Eddy response
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Eddy saturation means that the ACC doesn’t
sSpin-up Iin response to increased winds

Response of low resolution models could be
compromised unless parameterisations can
account for this




Does the atmosphere care
about the ocean resolution?
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Impact of eddy-atmosphere
Interaction
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Interaction of eddies with the atmosphere

Impacts on the ocean circulation
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What about vertical
resolution?
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Vertical resolution to resolve

the diurnal cycle

Met Office (d)
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Impacts include
large-scale
warming of SST
and enhanced
seasonality in
Tropics

Bernie et al., 2008
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Thoughts on resolution choice

Short range ocean forecasting
- resolution to resolve mesoscale features

Seasonal

- sufficient ocean resolution for accurate atmospheric
circulation, Equatorial regions but also mid-latitudes

Decadal

- ocean memory becomes important — need accurate
circulation particularly in subpolar gyre and overflows

Climate

- long-term heat and freshwater budget and circulation
to get accurate response (including impact of eddies)
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Cost considerations

ORCAO025: 1 year =7.5 node days
<1 TB/model year

ORCA12: 1 year= 180 node days
7 TB/model year

Diagnostics need careful thought at higher resolution to
diagnose budgets and overturning on density surfaces as
well as track eddies
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Traceable hierarchy at GOG6

Enabling better understanding of the impacts of
resolution on climate
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Take-home messages

Met Office .
R Al * Tropics and boundary currents suggest a minimum

1,° horizontal resolution

* Require sufficient vertical resolution to resolve
diurnal cycle (1m near surface)

 Overflows require specific consideration (nested
approach for high horizontal and vertical resolution
or parameterisation)

 Benefits of eddy-resolving include eddies, fronts
and topographic control. Emerging results are likely
to lead to improved parameterisations or improved
evidence for high resolution

 Traceable model hierarchies allow systematic
assessment and enable greater understanding

www.metoffice.gov.uk
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