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ABSTRACT

The comment by Rahmstorf suggests that a numerical problem in Tziperman et al. (1994, TTFB) leads to a
noisy E — P field that invalidates TTFB's conclusions. The authors eliminate the noise, caused by the Fourier
filtering used in the model, and show that TTFB’s conclusions are still valid. Rahmstorf questions whether a
critical value in the freshwater forcing separates TTFB’s stable and unstable runs. By TTFB's original definition,
the unstable runs in both TTFB and in Rahmstorf ’s comment have most definitely crossed a stability transition
point upon switching to mixed boundary conditions. Rahmstorf finally suggests that the instability mechanism
active in TTFB is a fast convective mechanism, not the slow advective mechanism proposed in TTFB. The
authors show that the timescale of the instability is, in fact, consistent with the advective mechanism.

1. Introduction

In an effort to simulate the air—sea interaction pro-
cess, modelers often employ ‘‘mixed boundary condi-
tions.’”” This involves the usc of restored surface tem-
peratures (usually to observed SST) and fixed fresh-
water fluxes. Hence, in mixed b.c., like in the real
system, there is a direct feedback between SST and air—
sea heat flux but no feedback between the freshwater
flux and the surface salinity. The freshwater flux used
in mixed b.c. is usually diagnosed from a steady-state
solution of the same model, run out to equilibrinm with
salinity restoring (the spinup phase).

In the last few years a number of papers have been
written on the stability of the thermohaline circulation
(THC) as simulated in ocean-only models using mixed
boundary conditions. Some of these studies have re-
ported most interesting dynamical behaviors such as
THC collapses or initial instabitities followed by strong
oscillations. These strongly unstable behaviors might
be relevant for explaining large paleoclimatic fluctua-
tions but probably are not relevant to present day cli-
mate variability considering that the ocean—atmo-
sphere system seems to be quite stable at present. It
seems likely to us that at least some of these strongly
unstable behaviors are caused by the use of idealized
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ocean GCMs that are not in a realistic parameter regime
for today’s climate.

In order to investigate this possibility, we (Tziper-
man et al. 1994, hereafter TTFB ) examined the stability
of the thermohaline circulation using a realistic-
geometry primitive equation ocean GCM. We found
that carefully formulated mixed boundary conditions
lead to a circulation that is stable, as the real ocean
appears to be. This was our main goal and our main
conclusion. We showed that the development of THC
instabilities is dependent on the strength of the fresh-
water forcing as determined by the time constant used
to restore surface salinities in the spinup phase. A salt
flux field (implied E ~ P) produced with a relatively
strong restoring constant (1/39 day ~') causes the THC
to be unstable, while a flux field produced with a
weaker restoring constant (1/120 day~') allows the
overturning to remain completely stable. Both flux
fields provide net freshening in the latitude band where
sinking occurs in the North Atlantic. However, the flux
field derived with the strong restoring constant contains
substantially more net fresherning, equivalent to an ex-
tra 0.7-0.8 m yr~! of fresh water at 60° and 64°N.

The model solutions derived with 1/39 day ™' and
/120 day ! salinity restoring times are very similar.
Both solutions maintain surface salinity fields that are
very close to the observations {the rms deviation be-
tween the model solution and the Levitus (1982) sur-
face salinity fields is only 0.22 ppt even for the 1/129
day ! solution]. The sensitivity of the overturning to
this relatively small change in the surface restoring in-
dicated to us that the two solutions must lie close to






