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Summary 29-9-2020: SST variability

Ocean mixed layer temperature: dXt — —fthdt —+ O'th

Wiener process

Standard deviation

t
X, =e "(Xo+ 0/ e’ dWs)
0

Continuous: Ornstein-Uhlenbeck process
Discrete: red noise or AR(1) process

The red noise spectrum serves as a null-hypothesis for SST variability!



Understanding Dansgaard-Oeschger events?
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Clement et al., Rev. Geophysics (2008)



Spectral characteristics

13-50 kyr BP

31-36 kyr BP

Which processes determine the preference
for the millennial time scale?

Schultz, Paleoceanography (2002)




Dynamical systems approach

The Taylor-Couette Flow

Abraham, R. H. and Shaw, C. D.,
Dynamics, the Geometry of Behavior,
(1988)



Transition behavior

Taylor vortices Wavy vortices



Phase/State space
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Geometry of motion!



Representations
Trajectories in |
State/Phase / / |
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Bifurcation Theory Chaos Theory Ergodic theory

Steady --> Periodic --> Quasi-periodic --> ... --> Irregular (Chaotic) ... -> Turbulent



Application to Climate Variability

# Scales

High- resolution

Climate Models Earth System Models

(CMIP4,5 and 6)

. . Earth System Models of HENA DTS
Intermediate Complexity
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Conceptual Models \ Climate Box Models =
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\ # Processes Chapter 6

‘Minimal’ Model:
‘jJust enough’ processes to capture phenomenon under study




Stochastic dynamical systems approach

Hierarchy of .
nodels Dynamical system
"Unresolved' processes
(‘noise")
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Geometrical
view of motion

One person’s signal is another person's noise



Towards understanding ...
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Question time



Climate variability on Greenland during the last
100,000 years

Younger Dryas

: 1 . Dansgaard-Oeschger Events
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NGRIP Ice Core Cold

time (kyr)
Clement et al., Rev. Geophysics (2008)




Wind stress

d Mean wind stress and momentum flux 1984—2006 (N/m?)
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Surface Circulation
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Heat Flux

(b) Mean heat flux 1984—2006 (W/m?)
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Fresh water flux
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Along Atlantic N-S section:

Temperature [C]

Salinity
(Ppt)



Meridional Overturning Circulation (MOC)

0 458
\If(y,z,t):// i), 2 s

v: meridional velocity

Model determined

Meridional overturning streamfunction (Sv)
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MOC': Volume transport in latitude/depth (is observable)



Changes in the MOC
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Connection MOC and meridional heat
transport

Heat Transport vs. MOC

MHT (incl Ekman) (PW) =0.12 + 0.079*MOC, R?= 0.94
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Johns et al., JClim, (2010)



The Stommel model
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Stommel, Tellus, (1961) Cessi, JPO, (1994)



Dimensionless model

— = —L’]i(ilf—l)—ﬂ?(l‘l'#g(ﬂ:_y)z):

— = F—y(l+u*(z—y)?).

9 Q‘td('—TTe)E

Parameter Meaning Value Unit —

t, temperature relaxation time scale 25 days V
H mean ocean depth 4500 m

tq diffusion time scale 180 years
ta advective time scale 29 years
q transport coefficient 1.92 x 1012 m? s71 a = td/t-r
% ocean volume 300 x 4.5 x 8200  km®
ar thermal expansion coefficient 10—4 K1
g haline contraction coefficient 76 1074 -

g S0t
Sy reference salinity 35 g kg F — $00%d F g.

2] meridional temperature difference 25 K l':ET HH
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Dynamical systems: theory

X . state vector A parameter

f - vector field t:  time
X & ]Rd ; d : dimension

autonomous f(X, )\)

non-autonomous f(X, t, )\)



Attractor
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Pullback Attractor

dx 4
— = —
dt

X(t): trajectory
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Elementary transitions (co-dim 1 bifurcations)
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Elementary transitions (co-dim 1 bifurcations)
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Why determine full bifurcation diagrams?
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Interpretation sensitivity studies



d < 10 : Matcont, Content, PyDSTool, and several more

10< d< 100 : AUTO

http://indy.cs.concordia.ca/auto/

100< d < 1077 : Specialized, tailored codes
(similar setup as AUTO, but with different solvers)


http://indy.cs.concordia.ca/auto/

Equilibria dimensionless Stommel model

1
0.81 ":
0.6f ;,'
0.4 F=0.8 ”‘”.' |
=0 e y
i SO : :
0.4 1.3 ~
_0.60 ya 0.5 y 1 yC 15
2 2 3 4
' ' Y yoo2y° oy
o — OO y:_V,(y);V(y):_(Fy_?_M2(?_?+Z))



Equilibria dimensionless Stommel model
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The salt-advection feedback

A fresh water fresh water

T no damping of salinity anomalies

S strong damping of heat anomalies




Tipping phenomena

(@) (b) (c)
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Transitions and probability density function
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Synchronization

Effects of noise + periodic forcing:

F(t) = F + Asin(wt) + o&(t)
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Stochastic resonance: mechanism
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Stochastic resonance
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Liz Gonzales (You Tube)



http://www.adgie.f9.co.uk/azimuth/stochastic-resonance/Javascript/StochasticResonanceEuler.html

Results in an EMIC

freshwater
forcing ‘noise’

temperature

+ periodic forcing
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Ganopolski & Rahmstorf, PRL, (2002)
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Early warning of saddle node bifurcations?
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Observations?
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NGRIP Ice Core Cold

Stochastic resonance has been proposed as a mechanism
for the Dansgaard-Oeschger events, but this theory has several
problems

Possibly just noise induced transitions in the AMOC
(Occam’s Razor)



