What can we do with a hierarchy

of coupled models?
Example of South Atlantic

coupled variability
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Modeling the Climate System



Why use numerical models in climate
research?

-Quantitative tests hypotheses on climate variability

«Prediction and projections of climate

Typically one wants to:

«Perform long or many runs (ensembles) for stable results
«Resolve as much processes as possible
«Explore parameter space

«Experiment on “what if” scenario’s
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Dimension

2

global EBM
Saltzman Models

pulse response
models

global mixing models

geochemical box
models

advection-diffusion
models, HILDA

EBM (lat)

radiative-convective
models (z)

EBM (lat/long)

AGCM + 88T

ACGM + mixed layer

thermohaline models
(lat/z):

wind-driven circulation
models (lat/long)

deep ocean models
lat/long

ACGM + slab ocean
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SPEEDY

ATMOSPHERE

G-MODEL
SEA MICOM

PRESCRIBED THERMODYNAMIC DYNAMIC
OCEAN OCEAN OCEAN
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Primitive equation atmosphere
T30 horizontal resolution
7 layers

simplified physics

grid point temperature, soil moisture
soil ice, show, run off.
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passive slab, + anomalous Ekman currents, + anomalous wind
mixing, + anomalous barotropic flow

: linear 1.5 layer shallow water model for tropical
Pacific

isopycnic (constant density) coordinate primitive equation ocea
model (Bleck et al. 1992)

1 degree horizontal resolutiton

20 layers
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IN ANY COMBINATION FOR DIFFERENT BASINS.
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Zonal eddy compenent of GH300 (DJF)
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SPEEDO MEAN STATE NEAR SURFACE ATMOSPHERE

annual mean NCEP
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: SST error

MICOM/ATLANTIC (rest

LBM
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prescribed SST



1 degree MICOM, 20 layers Levitus 1998

LONGITUDE
LONGITUDE
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EXAMPLE OF USE OF SPEEDO

MECHANISMS OF DOMINANT MODES OF
VARIABILITY IN THE SOUTH ATLANTIC
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Dominant mode of South Atlantic coupled variability
(sea surface temperature and sea level pressure)

a) Expl. Var.: 38.349
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Dominant forcing mechanisms for SST variability
(Lagged regressions on SVDs of SST)
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Dominant forcing mechanisms for SST variability
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SLAB MIXED LAYER

SLAB + ANOMALOUS EKMAN TRANSPORTS
SLAB + ANOMALOUS WIND-INDUCED MIXING
SLAB + ANOMALOUS BAROTROPIC FLOW

OCEAN GENERAL CIRCULATION MODEL: MICOM

syl q35[30|0J0919V\| SpUBlIapa >’.’.’I>IU!UO>,




Ko:SZ:._A Nederlands Meteorologisch Instituut

SvD §#1 S5T

1

107%

S0

SO

SVD 1 MSLP
a) Expl. Var.: 98.348




oT/ot =- Q/(hp,C,) + F
Q : surface heat flux
h . mixed layer depth

. prescribed climatological heat flux from spin
up of Speedy (represents oceanic heat transport,
‘gflux’)
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SVD #1 MSLP SVD #1 SST
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SVD #1 MSLP SvD §1 SST

B

=
O
=
=
Al
—
T
pd
)
Q.
)
il
QO
>
Q
n
<
)
—t
@
O
-
o
O
aa,
wn
@)
Q
=)
wn
g
—
c
c
s

B & & B B ¥ 3 6 8 5 &




KoE.:Z:._A Nederlands _/\_mﬁmoqo_om._mnr Instituut

LL
+
gi-)
O
=
Q
i
=
@




SVD #1 MSLP SVD #1 SST
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SVD #1 MSLP SvD §1 SST
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aT/ot = -(U’ .OT +w AT)/h -

Q/(hp,C,) +F
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SVD #1 SST

SVD #1 MSLP
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Ekman flux

Surface flux
Wind=induced mixing
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Time variability
(spectra of principal compoonent of SST SVD)

varignece

0.02 amy  00s ] 0.z

frequency (eycles/season) frequerncy {cycles/season)

Speedy-MICOM Speedy-Slab+Ekman+wind mixing
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Take the Speedy
atmosphere model and

prescribe climatological
SST + anomalous SST

pattern associated with
dominant South Atlantic [ e
SST variability

SSTA (Celcius)




OMEGA 500 hPa (0.01 Pa/s)

Precipitation (mm/day)
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RESPONSE IN VARIABILITY (standard deviations

of GHs500), NOT IN THE MEAN.




SPEEDO simulates pattern of coupled South Atlantic
variability very well

Hierarchy of models is succesfully used to find that:
Latent heat fluxes, Ekman transport and wind mixing
contribute to the generation of the pattern. Ocean dynamics

are not very important for this mode

South Atlantic SST variability affects tropical circulation
and perhaps even more..

No preferred time scale found, while data shows 12-14 yr
Variability (comes from Pacific?)
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