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Motivation

ACC buoyancy fluxes and wind stress are not zonally
uniform, and have a large scale pattern

NCEP-NCAR %
reanalysis
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Motivation

Large and Yeager 1984-2006
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Observations and data assimilation show the ACC
along-stream air-sea flux variations are large, and
robust



Motivation

Q: What are the implications of large scale along-
stream variations in buoyancy and wind forcing on
the residual overturning of the ACC?



Goal

Take 2d residual overturning from MR2003

Perturbation expansion about zonal average to look
at first order zonal variations in residual circulation



Observations of forcing

(a) wind stress [10‘1 Nm-2]
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Observations of forcing

(a) buoyancy [10‘2 ms—2]
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Observations of forcing

(a) buoyancy flux [10‘7 m2s—-3]
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Formulation

Starts out similar to MR 2003:
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Formulation

Starts out similar to MR 2003:
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Formulation

Starts out similar to MR 2003:

P  oT,
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time-mean momentum X 02
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Formulation

Starts out similar to MR 2003:

P  oT,
. —fv:—a—+a' and
time-mean momentum X 0%

P oT,

fu=——+—,

ay 02
- 0B
time-mean buoyancy v-Vb=-V- (VD) + =
residual velocity Vies = V T V7,

. R KA a KA

streamfunction (u*, v¥) = = ——W* and P = (W



Formulation

0B
-.Vb = —.
07

Buoyancy Vv

Ires

* Interior flow assumed fully adiabatic

e Assume diabatic eddy fluxes in the mixed layer are secondary to direct fluxes



Formulation

Assume that departure of the solution from its along-
stream average Is asymptotically small

<b1> along stream
<b()> ~ O

Cross stream
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Formulation

Assume that departure of the solution from its along-
stream average Is asymptotically small

(b 1>
<b()>

E —

along stream

Cross stream

~ 0.1

Asymptotic expansion, separate variables into 2d
zonal average and weak fundamental harmonic

V=V, 2) T vix,y,2) e
v:E: — V(:;:(y. Z) 4 V:{:(_x. y. Z) + . . .

b=byy,z)+b(x,y,z)+- - -

v, = Re[V,(y, z) exp(ikx)],
vi = Reiﬁ(’y, 7) explikx)],
b, = Re[lsl(y, z) explikx)],

and

(8)



Formulation

Same thing for forcing (assuming ~& 1st harmonic??)

B = By(y,z) + Bi(x,y,z) + - - -, B, = Re[B,(y, z) exp(ikx)], and

Te = Toxy) + TlX, y) + - - o, 7, = Re[ 7, (y) eXP(l'k-’C)],



Formulation

Same thing for forcing (assuming ~& 1st harmonic??)

B = By(y,z) + By(x,y,z) + - - -, B, = Re[B(y, z) exp(ikx)], and

Te = TooV) + T, y) + - - o, T, = Re[7,(v) exp(ikx)],

Now rewrite buoyancv eauation with these definitions

0B
V... -Vb=—.

Ires * dZ

(Vo +v,+--2)-V(by+ b, +- - ')+(V(:§):+V:1}:+' © )

-V(by+ b, +- - )=



Formulation

B, Same as 2D

Zero-order balance: - Vb, = .
Yores " Y00 =577 MR 2003



Formulation

B, Same as 2D

Zero-order balance: - Vb, = :
Yores " Y00 =577 MR 2003

. 0B,
First-order balance: €  Vires® Y00 T Vores - VO = P



Formulation

By Same as 2D

/ero-order balance: es " VDo = :
ero-order balance:  v,,..- Vb, 97 MR 2003

B,
First-order balance: €  Vires® Y00 T Vores - VO = P

Do the same for momentum, continuity and eddy
closure.



Formulation

First-order correction (3D)

9B,
V1 res Vb() T vO res Vbl - o -

0z
db, db, db
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Formulation

Transform equations to variable | = distance along
zero-order isopycnals

by. J f’] dz

0
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2 model solutions

4. Diagnostic model (buoyancy and air-sea fluxes
orescribed)

5. Prognostic model (solve tor buoyancy and air-sea
fluxes, with northern boundary condition and
relaxation to buoyancy distribution)



Solution

Zero-order (2D) el
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Diagnostic solution

First-order (3D)
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Overturning is enhanced in the Atlantic-Indian sector and

reduced In the Pacific sector
RM2006 Fig. 6



Prognostic solution

Relax mixed layer buoyancy to target distribution
Prescribe stratification at northern boundary (No x variation!)

Buoyancy flux parameterization: B = —A\(b,, — b*).



Prognostic solution

Relax mixed layer buoyancy to target distribution

Prescribe stratification at northern boundary (No x variation!)

Buoyancy flux parameterization:
Solution
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Prognostic solution
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amplitude of fundamental harmonic of buoyancy,
weak relative to mean
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Prognostic solution

B(10~'m?/s°

0
0

X X

L | 1 | J
180W Q0w 0 Q0E 180E

Implied buoyancy and buoyancy flux RM2006 Fig. 11



Prognostic solution
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Decreased isopycnal PV gradient in Pacific reduces

downgradient PV flux -> weaker residual circulation
RM2006 Fig. 12



Physical interpretation

Atlantic Sector Pacific Sector Atlantic

Increase in buoyancy AND buoyancy gradient (on
poleward side) in the Atlantic leads to strengthened
iIsopycnal PV gradients

RM2006 Fig. 13



Current approaches

Focus on 3-dimensionality through looking at
differences between Atlantic and Indo-Pacific basins

-Only sinking in one basin

-width of basins differ



Thompson, Stewart and Bischofft

A Multibasin Residual-Mean Model for the Global
Overturning Circulation




Motivation

Ditterent overturning circulation and stratification in
Atlantic vs Pacific

Atlantic (60°W-10°W) Pacific (170°W-100°W)
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-500

Motivation

Observed isopycnal depth differences
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Motivation

Goal: bridge gap between idealized two-dimensional,
residual-mean overturning and complex, fully three-

dimensional models

Approach: Two separate two-dimensional basins that
can exchange properties through the AC or ITF.
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Moaqel

1.Apply coarse discretization in the ACC, with diabatic
processes (buoyancy forcing and diffusive upwelling in

basins).
2.Prescribe high latitude dense water formation

3. Consider case with 2 sectors only, and look at
exchanges between Atlantic and “Pacific”



4-layer model
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Model vs observations

Analytical solution
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Questions?



