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What is a climate model?
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* The Navier-Stokes Equations in three dimensions.



Schematic for Global
Atmospheric Model
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NCAR Community Earth System Model



Climate models

For decades scientists have been using [utid&@nklale&18nbEEN to help us learn
more about the Earth’s climate. Known as climate models, they are driven by the
fundamental physics of the atmosphere and oceans, and the cycling of chemicals
between living things and their environment. Over time they have increased in

complexity, as separate components have merged to form coupled systems.
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Ny do we need

mate models?

e Study the internal
variability of the climate
system

* Discern anthropogenic
impacts from natural
variability

e Our best tools to project
future climate under
different warming
scenarios
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The ocean regulates climate by
redistributing heat around the globe.

Thermohaline Circulation
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[CREDIT: Robert Simmon, NASA. Minor modifications by Robert A. Rohde]



Agulhas Current feeds the AMOC through the leakage
of warm, saline waters from the Indian Ocean.
The Agulhas Current System
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Present h Past [Beal et al., 2011]
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“Highly variable Agulhas leakage plays a crucial role in glacial terminations,
timing of climate change and resulting resumption of the AMOC.”
[Peeters et al., 2004]



“Ongoing increases in leakage under anthropogenic
warming could strengthen the AMOC at a time when
warming and accelerated meltwater input in the North

Atlantic is predicted to weaken it”
[Bea/ et al. 201 1 ] ongiuce
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The Agulhas System embedded in the Southern Hemisphere Supergyre
[Beal et al., 2011]
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Quantiftying

Leakage




Modeling Agulhas leakage

* Many try to observe Agulhas Leakage, but there is
yet an established way. Best estimate: 15 Sv (10°
m?3/s) [Richardson 2007]

* Models of various complexity have been used to
study Agulhas leakage since 1980s [de Ruijter et al.,
1999]

* Resolving mesoscale features such as the Agulhas
Rings and Retroflection is critical to capture
Agulhas leakage realistically. [Biastoch et al., 2008]
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Simulated SSH compared to the observed ADT
from satellite altimetry
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 Strong recirculation near the ACT mooring array.
* Regular eddy path ways, associated with eastward bias of retroflection
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Agulhas leakage can be quantified using an
offline Lagrangian particle tracking approach

10 randomly picked particles at different layers
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* Release particles
with attached
volume transport

* Follow their
trajectories for a
specific period

e Sum up the particles
that cross a control
section at every time
steps.
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i.e. [Biastoch et al. 2009], [Durgadoo et al., 2013], [Weijer et al., 2012]
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These peaks can be attributed to the passage
of Agulhas rings across the GoodHope line

Cross-sectional velocity
at the GoodHope line [m/s]

Surface Current Speed [m/s]
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* 4 Rings per year, compared to 6 per year in observations [Elipot and Beal., 2015]
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Using monthly velocity field to quantify Agulhas leakage
variability at longer than seasonal time scales is sufficient

Monthly mean leakage timeseries

— p2d — m2d —— mon
f l l 1 \} | \) \ | | I ‘ |  (
AN ” KA N A AR A A L
! /”"' {1 !‘/WM‘\A‘I / ~f “ \1/'““ \‘41‘9“ : ,“‘r(’.j,l \Hml f\ v"&u“\g”l,
1950 1955 1960 1965 1970

Mean [std]

11.9[7.0]; 11.2 [7.0]; 12.3 [6.5] p2d Pentad to daily daily
r=0.88 r=0.71 m2d Monthly to daily  daily

mon Standard monthly monthly



Transport (Sv|

26 Sv

20

0

o]
o
L

[}
o
L

47% of leakage transport are associated with

pPassing rings

Leakage Timeseries

25°S
30°S

I 1 1] TR

45°S

Lodin il ) ki

1945 1950 1955 1960 1965 1970
Year

e 26 Sv threshold (90th percentile of
p2d daily timeseries)

e 98 ring events during 1945-1970

* Anidealized event lasts 20 days

e Divide the accumulated transport
of 98 idealized rings by that for the
entire period.
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Ensemble of leakage transport
evolution during a ring event
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Local climate imprints of mterannual Ieakage

m/sSv’' degCSv"'

variability

* How much each variable
increases, when leakage
increases by 1 Sv.

Laten‘;c
* SLP regression is Heat flux
consistent with TAUX shift.

e TS and surface fluxes
share a east-west N TE RS 1 Convec.
contrasting pattern. inity R Rainfall
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* Using a SST based Agulhas leakage

proxy following Biastoch et al. [2015]

e The reduced summer convective

rainfall is consistent with our model

* Very different in other seasons.
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Decadal trends of westerlies and Agulhas leakage in
the 20" century run.
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* 0.33 Sv per decade since 1956 in HRCO7.

* 1.2 and 1.7 Sv/decade using Lagrangian particle [Biastoch et al. , 2009, 2015].

* 0.84 Sv/decade since the mid-1960s using a SST based proxy [Biastoch et al., 2015]
* Spurious westerlies trends in reanalysis [Marshall, 2003; Swart et al., 2015] 26
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Summary

* Climate models are powerful tools to study the
climate system and to project future climate.

* Agulhas leakage may affect the climate system by
modulating the global thermohaline circulation.

* Lagrangian particle tracking is the go-to method to
qguantify Agulhas leakage.

* Leakage variability can affect the regional climate
of southern Africa, i.e. decrease summer rainfall.
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