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ABSTRACT

Malmberg’s salinity criterion for the inhibition of oceanic deep convection is extended here to account for
increases in salinity caused by evaporation, brine rejection, and mixed-layer deepening. Roughly speaking, ac-
counting for evaporation permits deep convection for waters up to ~(0.2 psu fresher than Malmberg’s critical
salinity of 34.7 psu. An additional 0.2 psu of freshness is permitted in regions of ice formation at rates such as
that in the Greenland Sea. Typically a further 0.1 psu is permitted because of the salinizing effect of mixed-layer
deepening. On a global ocean scale, the difference between Malmberg’s criterion and the present criterion is rel-
atively minor: both criteria suggest that the North Atlantic is salty enough to feed the global thermohaline over-
turning cell but that the North Pacific is too fresh. On a regional scale, the difference between the criteria is more
significant, This is illustrated with surface salinity maps for the Greenland Sea, a region known to produce bottom
water for the overturning cell. Each criterion predicts that the relatively fresh inshore waters are not capable of
deep convection but that the saltier offshore waters are. However, the new criterion places the onshore-offshore
dividing line 100-200 km closer to Greenland than does Malmberg's criterion. A large geographical area lies
between the two dividing lines and would thus be misjudged by Malmberg’s criterion. Furthermore, the new sta-
bility boundary is shifted inshore by a distance equal to the offshore decay scale of the buoy ancy flux associated
with cold air outbreaks from the continent. In effect, then, the buoyancy fluxes driving the ocean convection are
much larger than otherwise would have been predicted.
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1. Introduction

A major difficulty in detecting slow variations in the
ocean or atmospheric state, such as those anticipated
to result from increased greenhouse warming, is the
presence of short-term (e.g., decadal) variability in
the relevant geophysical time series (Broecker 1975,
1992). Although the existence of decadal variations
in the ocean state has been recognized for some
time (Brewer et al. 1983; Schlosser et al. 1991; Read
and Gould 1992; Levitus 1989, 1990), the present
understanding of cause and effect is too limited to
permit disentangling these processes from presumed
longer timescale global climate change signals.

A suspected link between oceanic motions and the
state of the climate, perhaps in the form of the “con-
veyor belt” model (Broecker 1991), motivates much of
the present effort to couple atmospheric and oceanic
climate models. The principle of a connection be-
tween hydrographic properties and the rate of thermo-
haline overturning in the North Atlantic has been well
established; reviews by Rooth (1982), Broecker and
Denton (1989), and Weaver and Hughes (1992) pro-
vide an introduction to a growing literature. Accumu-
lating evidence suggests that changes in hydrography
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are linked to changes in overturning rate. A surface
freshening caused by the input of glacial meltwater
during the termination of the last glaciation appears to
have inhibited convection in the North Atlantic (Boyle
1990; Keigwin et al. 1991), causing large changes in
European climate (Broecker 1991). Simulating this
dramatic ““Younger Dryas” event has become a litmus
test for paleoclimate models (e.g., Wright and Stocker
1994). On shorter timescales, it has been speculated
that decadal climate variations result from modulation
of the rate of deep convection (Marsden et al. 1991;
Mysak et al. 1990). Here again, changes in the surface
hydrography are thought to be a key feedback link.
While numerical modeling is a powerful tool for
exploring the detailed links between hydrography and
convection in specific situations (Hakkinen et al. 1992;
Madec et al. 1991a; Madec et al. 1991b; Skyllingstad
et al. 1991), a simply stated principle underpins the
general assumption of a link between hydrography
and deep convection. The principle stems from Malm-
berg’s (1969) suggestion that surface salinities less
than a critical value of 34.7psu will prevent local
deep convection from producing water dense enough
to drive the large-scale thermohaline overturning cell.
The purpose of the present paper is to extend Malm-
berg’s criterion (reviewed in section 2) to account
for hydrographic changes associated with evaporation
(section 3), brine rejection (section 4), and mixed-
layer deepening (section 5). An application of the new






