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ABSTRACT FINITE TIME GROWTH MECHANISM
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INTRODUCTION

One of the expected consequences of global warming is the modification of the freshwater
flux, inducing changes in the ocean salinity. Such modifications have been documented in the
North Atlantic over recent decades (Josey and Marsh, 2005; Curry et al., 2003; Curry and
Mauritzen, 2005). In this context, we examine herein the sensitivity of the ocean circulation
to sea surface salinity perturbations through the analysis of optimal initial perturbations.

MODEL AND STEADY STATE

We use the oceanic primitive equation model OPA (Madec et al., 1997) in a global configura-
tion with 2° resolution ORCA2 (Madec and Imbard, 1996). The model is integrated during
200 yr with annual mean forcing to obtain a steady state (leading to an autonomous problem
after linearisation). Additional surface restoring is used for temperature and salinity, but
has been switched off in the linearized equations.
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Sea Surface Temperature and Salinity, Atlantic Meridional Overturning Circulation and Meridional

Heat Transport at the steady state after a 200 yr integration of the global model.

OPTIMAL INITIAL SSS PERTURBATION

We look for the optimal sea surface salinity perturbation influencing the oceanic circulation
in a linearized approach. Optimality is defined with respect to the MOC maximum (48°N).
The optimal SSS for this measure is obtained by propagation of the cost function relative
to the measure, through the adjoint of the linear tangent model OPATAM (Weaver et al.,
2003). In addition we constrain the solution (1) to be SSS only, (2) to conserve salt and (3)
to be normed (in such optimal linear problem a quadratic norm must be used). The optimal
solution can be explicitly written in terms of the two constraints, the adjoint of the linear
tangent model and the cost function.

Maximisation problem: Max ((F|u(7)), |u(0))).
Constraints: (1) |u(0)) =P |u'),(2) (Clu(0)) =0 and (3) {(u(0)|S|u(0)) = 1.
Perturbation propagation: |u(7)) = M(7) |u(0)) .
= Erplicit solution: |u') = (2v;)" (N_lPTMT(T) IF) — NPT ]C)),
with N = PTSP, v, = fct (M(7), | F), |C),N,P, ) and v = fct (M(7),|F),|C),N,P).

The solution depends on the integration time of the adjoint model: we choose to examine
the most eflicient growth in time.
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Optimal 5595 structure modifying the MOC. The response has a maximum at 10.4 yr, confirmed by the

integration of the linear tangent model with the optimal structure for initial conditions.
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A similar mechanism is invoked for

interdecadal oscillations (Colin de
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Linear model integration of the optimal SSS perturbation after 10.4 yr. (left) Density, temperature,
salinity, and velocity perturbations in the upper 600 m. (right) 48°N section with contoured fields of
zonal, merididional and vertical velocities; CI respectively 5 x 1072 and 1072 m s~ 1.

LINEAR VS NONLINEAR TIME INTEGRATIONS

In order to validate the linear ap-
proach, we have compared the linear

and nonlinear time integrations ini-
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sulting in stronger MOC than in the

linear model). This comparison en-
sures that the nonlinear evolution Optimal response of the meridional overturning circulation in-

of the linear optimal perturbation tensity, asa function of the optimal initial perturbation ampli-
can be approximated by the linear fude (mazimum SSS anomaly in psu), according to the linear
model in such amplitude range, but (solid line) and the nonlinear time integrations (crosses). The
not that this pattern is the opti- vertical dashed line corresponds to a typical amplitude of Great
mal perturbation in the full nonlin- Salinity Anomalies (Belkin et al., 1998).

ear problem (Mu et al., 2004).

CONCLUSIONS

Optimal initial surface salinity perturbations modifying the Atlantic Meridional Overturning
Circulation have been obtained, and the associated finite time growth has been described.
The optimal pattern corresponds to an anomaly in the Artic and Irminger seas and leads to
an 0.8 S5v MOC modification for a salinity perturbation equivalent to Great Salinity Anoma-
lies (0.5 psu on 250 m). Because we have studied the optimal perturbation, we know that
this finite time growth is the upper bound for modification of the MOC. In addition, we
have shown that for such perturbations, the linear model response is a good approximation
of the nonlinear evolution. To better understand the optimal structure, delay and growth
mechanism, we are now looking for the eigenmodes of the linear and adjoint models. Note
that the the optimal pattern and delay are very different when computed for maximizing
the poleward heat transport (Sévellec et al., 2008).
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