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Outline

e spectral analyses of the SODA reanalysis SST field in two regions along the
Gulf Stream front, 1958-2007

» prominent and statistically significant interannual oscillations
e mechanistic model of atmospheric response to SST fronts
» marine ABL + QG free atmosphere
e atmospheric model response to SODA monthly history
» two extreme states of the atmospheric simulations
e castward extension of the westerly jet associated with the front
e quiescent state of very weak flow

» similar interannual periodicities to those found in SST



The North Atlantic Oscillation and our weather ...

First Half of Winter 2009-10...Why so cold and snowy? EEANALYSIS DATA
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Why has the first half of the 2009-10 winter been so cold and snowy?

The first half of the 2009-10 winter is just about in the books; and undoubtedly, this winter has been one of the coldest and snowiest
winters in the history of Kansas City so far. Fortunately, the weather pattern across the northern hemisphere is undergoing a signfficant shift,

cm?‘mgfng’ and the horrible weather of late is modifying to more typical winter conditions. However, through January 11th, average temperature and ~ o
Outlooks snowfall for Kansas City lie in the coldest and snowiest top 5 of al-time; and consecutive days of snow depth of greater than 3 inches has
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. and hopes for “near-term” decadal climate prediction?
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Simple models of the ocean gyres and eddies

Satellite image of the sea surface Bifurcation diagram for the barotropic Spectra of idealized double-gyre
temperature (SST) QG model of the double-gyre problem model and COADS SST
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Curl of the wind stress

Ghil, Checkroun, Simonnet (2008) © T e 7
Jiang, Jin and Ghil (1995)

Simonnet, Ghil, Dijkstra (2005)

... could the ocean be driving the NAO through oscillations in the Gulf Stream SST front?



spectral analyses of the SODA

e SST (-5m), 1958-2007, sof L { o=
monthly, 0.5° (SODA v2.0.2-4), : f}%

Cape Hatteras and Great Banks
regions analyzed separately

e annual cycle removed using 12-
month running average

80 60 40 20 0
min= -0.86 max= 28.15

e multi-channel singular
spectrum analysis (MSSA) of CHR: 34N-43.50N, 75W-60W
grldded SST GBR: 42N-50N, 55W-35W

e statistical significance
assessed against red noise
null-hypothesis



Cape Hatteras SST Spectrum
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Cape Hatteras SST
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Phase composites of 8.5-yr mode

time= 3.2 yr
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® |arge scale meander
of front

® 5.2 and 3.8-yr
modes exhibit similar
structure
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Banks

Region SST spectrum o
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® extension/contraction of the current

® 5.7 and 3.2-yr modes exhibit similar
structure



Atmospheric model

A quasi-geostrophic (QG)

atmospheric model in a

periodic B-channel, first “H1
barotropic (Feliks et al.,
2004; FGS’04), then H2

baroclinic (FGS’07). Marine

AMBL

atmospheric boundary layer
(ABL), analytical solution.

Ax=Ay=50km

Atmospheric boundary layer model:

constant-depth, well-
mixed moist boundary
layer in equilibrium with
the underlying SST field

QG Potential Vorticity eqn:
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Response to an idealized SST front

Prescribed SST
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FIG. 1. Prescribed SST pattern for an oceanic front of length 600
km with strength 7* = 6.1°C and frontal-width parameter d = 50
km; see Eq. (15). Contour interval (CI) is 2°C, starting at =6°C;
positive contours are solid; negative and zero contours dashed.
Axes in nondimensional units of Ax counts, where Ax = Ay = 50
km/L, L being the length scale; see Eq. (1).
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F1G. 3. Mean streamfunction field for 7* = 6.1°C (CI = 2): (a) barotropic and (b)
baroclinic.

Total circulation: stronger and longer
jet in the upper layer than in the lower

Feliks et al (2007)



Interpretation of atmospheric response
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CONFLUENCE THEORY OF THE HIGH TROPOSPHERIC JET STREAM

By Jerome Namias and Philip F. Clapp

’ U. S. Weather Bureau, Washington, D. C.
(Manuscript received 31 January 1949)

Atmospheric jet

TROPQPAUSE

CoLD WARM

e o o
A B

H d [ 0 (1 alpﬂ H “Jet streak”

H,dt] oz

SST-front driven pumping drives
thermally direct circulation
“PV injection”




Response to SODA: Steamfunction snapshots

time = 1980.8 time = 1992.3
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SST front and w(HE)

time = 1980.8

time = 1992.3
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Spectrum of atmospheric response
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time= 3.1 yr
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Si-spectra of observed and simulated NAO index
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Atmospheric response when driven by spatially-
smoothed SODA SST

Surface streamfunction snapshots MSSA Spectra
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Postscript:
Spectrum
of Nile

River flow

Feliks et al. (2010, sub
judice)
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Summary

e spectral analyses of the SODA reanalysis SST field in two regions along the
Gulf Stream front, 1958-2007

» prominent and statistically significant interannual oscillations
e mechanistic model of atmospheric response to SST fronts
» marine ABL + QG free atmosphere
» transverse thermally direct circulation spins up QG jet over front

» anticyclonic vorticity to the south and cyclonic to the north of the jet axis
gives rise to Ekman damping and spin down

e atmospheric model response to SODA monthly history
» two extreme states of the atmospheric simulations
e castward extension of the westerly jet associated with the front
e quiescent state of very weak flow

» similar interannual periodicities to those found in SST



additional slides



Phase composites of Grand
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The JJG model’s equilibria
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Observed and simulated NAO indices

(a) 12-month running mean
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