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El Nino - Southern Oscillation (ENSO)

Deser et al (2010)
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Model Overview

High- resolution
Climate Models

Earth System Models 4 A
(CMIP3, 5 and 6) + context

Intermediate Complexity
Ocean/Atmosphere models

(ICMs)

Earth System Models of

Intermediate Complexity 1 [y :
EMICS) + spatial

Conceptual Ocean/Atmosphere
Models

5
Conceptual Earth System Models ] t empor al

# Processes

Dijkstra, Nonlinear Climate Dynamics, CUP (2013)



Example ICM:
Zeb|ak Cane model of ENSO
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Coupled (Bjerknes’) positive feedbacks

background trade winds

malyy’ thermocline
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Thermocline feedback Upwelling feedback Zonal advection feedback

Delayed negative feedback due to
equatorial wave propagation




Tipping behavior
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Instability of the annual mean state

VdVaart et al. JAS, (2000)
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. ENSO mode patterns
period ~ 4 years

Spatial patterns: background state
Period: ocean adjustment
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Instability of the annual mean state

Cold tongue VdVaart et al, JAS, (2000)

temperature |
zonal wind
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Hopf bifurcation: ENSO mode
. ENSO mode patterns
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Coupled (Bjerknes’) positive feedbacks

background trade winds

slocit) anomalyy  thermocline
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pertL{bed thermocline
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Tipping behavior
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Salt - Advection Feedback




Salt - Advection Feedback

A fresh water fresh water

T no damping of salinity anomalies
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Edﬂuilibrium global surface
lemperature response 10 a
radiative forcing due to

| a doubling of

the atmospheric CO:

- concentration
AT
b‘fr'.i. 1.—
AR
N S{] f: feedback
1 f parameter

S2 = 0.4-1.2 K/(Wm-2)

or 1.5 - 4.5°C for doubling CO>

Palagoclimate

Equilibrium Climate Sensitivity (°C)

Chapter 12 of IPCC-AR5 (2013)
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Areh""the changes going to be ‘smooth’ or ‘bumpy’?
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~uture Climate Change (CMIP5)

Forcing
Response

Concantration - CO-eq. (Incl. all forcing agenis)
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~uture Climate Change (CMIP5)

Forcing
Response

Concentration - CO,-aq. (Incl. all lorcing agents)
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Eiuilibrium global surface
lemperature response 10 a
radiative forcing due to
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Chapter 12 of IPCC-ARS5 (2013)




Feedbacks on different time scales PALAEOSENS,
Rohling et al., Nature 491 (2012)
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Feedbacks on different time scales PALAEOSENS,
Rohling et al., Nature 491 (2012)

Years  Decades Centuries  Millennia Multi-millennia /Myr
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Feedbacks on different time scales PALAEOSENS.,
Rohling et al., Nature 491 (2012)

Years Decades Centuries Millennia Multi-millennia /Myr

Clouds, %ater vapour,

Lapse rate, show/sea ice Weathering
Upper ocean ~ 100 years —_—
CH > Plate tectonics
4
Vegetation
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Cqrbon cycle

o

Earth system sensitivity 5 = Bopni= . ;T
COZ]

Correct for slow feedbacks, e.g. S _ al
[CO2LN = AR
[CO3] -+ JﬁR[L”

Equilibrium sensitivity Sa: corrected for all slow feedbacks




How identifier in Tables 1 and 2

Estimates of equilibrium climate
sensitivity over geological time

Range of S2 from proxy data
corresponds to those
from instrumental data
over a large interval of
geological time once Sr is
corrected
for the slow feedbacks

®LaM
Plaistocens
Pliocana
Miocane
Eocana

® PETM

® Cratacecus
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