Multi-decadal simulation of Atlantic
Ocean climate variability driven by
realistic high-frequency
atmospheric reanalysis

Z. Garraffo, G.Halliwell, L. Smith, G. Peng, E.
Chassignet



North and Tropical Atlantic simulation with
The Hybrid Coordinates Ocean Model (HYCOM)

Resolution 1/3 degree, period 1948-2003.

mix.layr.temp  mean: 1965.00-1966.01 [30.3H]

Mediterranean Sea as -
marginal Sea boundary '
condition
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Specified P-Y Model
Parameters:

Bathymetry
Gibraltar Width: 20km
Gibraltar Sill depth: 280m
Shelf-slope break depth: 625m
Slope of continental slope: 0.012

Specified Atlantic Ocean
Water Properties

model < T, S of Gibraltar inflow water
model ¢ T, S of entrained interior water a
shelf-slope break

P-Y Model Output

Gibraltar inflow transport (Mi)
Gibraltar outflow T, S, transport
(Ms)

Med. Surf. Fluxes
E-P over Mediterranean (.55m/y)
Net Q over Mediterranean
(-13 W/m”2)

Entrained interior water transport
(Me)
Mo — final oroduct water T

Mediterranean sea

parameterized as marginal
sea boundary condition,
Price-Yang-(Baringer)-Model

Gibraltar

Inflow P > >
Water

(GIW)

Straits of
Gibraltar

Entrained
Interior —>» OO

Water —> CA
EIW
(EIW) }OO

Shelf-slope
Break

Injected
Product
Water
(IPW)

*E-P, Q over Med kept constant



mix.layr.temp  mean: 1965.00-1966.01 [30.3H]

Forcing (NCEP)
NCEP/NCAR 1948-1978
NCEP/AMIPII 1979-2003

wind stress anomalies,
wind speed, air temp.,
radiation, water vapor
Rivers
Other detalls:
Wind stress mean ERA15m

(for consistency with a spin up)
Ocean land mask for wind anomalies
SSS relaxation, no E-P, no extra SST relaxation




Start with:
SSH and NAO index
Transport index

Florida Current transport



Sea Surface Height

NAO+(strong westerlies NAO-(weak westerlies) NAO*-NAO-
and trades)

sea surf. height mean: high nao, 82-84, 89-96 [30.3H] sea surf. height mean: low nao, 86_97 [30.3H] .

ssh high nao - low nao (after1982, cm)
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Expt 30.3, SSH vs NAO (3yr running mean)

Following Curry-McCartney baroclinic transport index

nao and model SSH difference subtropical gyre — subpolar gyre

14

T0

Q1.2

HYCOM ASSH °

-5 1 1 1 1 1 1
1360 1980 1870 1380 1930 2000 2010
Year

1950 1975 2000

Generally model lags NAO, as in Curry-
McCartney
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After 1960, minima in
agreement with Curry-
McCartney transport index
minima in 1970, 1981,1989.



Curry-McCartney (2001) transport index, subjective reading
Model transport index
Model transport (upper 2000m, same end points)

transport indices and fransport
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Good agreement
Model indicates decadal and maybe ~30 year oscillation



Following Baringer and Larsen, 2001

Normalized Anomalies: 2-Year Running Mean From Monthly

Florida current transport
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Following Baringer-Larsen,
NAO and FIorlda Current transport (27N)

MAD and hycom 27M Florida Current transport ~27M: Florida Cur re15'."erdn.|pt prtMCIG
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After 1980, FC transport in opposite phase to NAO, but not
before 1980.

FC variations do not completely follow Sv transport,

or Sv+MOC at that latitude, but more complex

Studied by de Coetlogon et al, 2006 from several OGCMs.



Curl Tau anomaly, NAO+-NAO-

Before 1982

curl tau hlgh -low nao before1 982 (*1.e”B)
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Some results on convection
And MOC



Convection: Mixed Iaver depth

mix.layr.thickness mean: 1950.01-2004.00 [30.3H] - mixed layer depth, Labeadsr Sea S8W G0N
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mixzed layer dapth, Labrador Sea 58W G0N
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From Fritz Schotﬂ
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yer Th|ckness Variability of ULSW/LSW, 1948-2003
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DWBC: Deep Western Boundary Current  NAC: North Atlantic Current
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Big pulse of LSW in
1992-4, then decline of
deep convection and
shallow upper LSW
formed

e warming of Labr. Sea!



Expt 30.3 overturning (z coord)

OGS 43M, 2 yr running maan 203 MOC
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Eof1 Eof2

expt_30.2 MOS ecf 1 annual. 19652003, subsampled 3. not—detrendsad

expt_30.3 MOGC eof 2 annual. 19652003, subsampled 3. not—detrended
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Mean MOC (theta)
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Model SST variability vs observations
Mean N.Atlantic SST

SST eofs



Observed and model mean winter

North Atlantic SST, 0-70N
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1st eof of detrended SST observed ERSST VS model
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2nd eof of detrended SST, observed ERSST vs model.
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In progress/to be started:

Atlantic 1/12 degree ecmwf forcing 1960-
present (spinup started)

Probably Global 1/3 interannual

Simulations done at Pittsburgh
Supercomputing Center and at ERDC.



