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ABSTRACT

Basin-wide and regional decadal variations in the North Atlantic are investi-
gated using the output from a prognostic coupled ice-ocean model. The study
is divided into two parts. The basin-wide decadal variation in the North Atlantic
is discussed in Chapter 2, and the decadal variation of the convective activity
in the Labrador Sea, especially focused on the contribution of preconditioning,
is discussed in Chapter 3. In this chapter, it is also shown how the convective
intensity is modified and is linked to the basin-scale oscillation. Both of the
phenomena involve the dominant role of the temperature variations. Chapters
2 and 3 are intended as separate reports and therefore contain their respec-
tive introductions and conclusions. The general conclusion in Chapter 4 draws
together the results of this entire study.

In the North Atlantic there exist 12-14 year or quasi-decadal oscillations.
Temperature anomalies that represent the upper heat content anomalies cir-
culate around the North Atlantic basin at these timescales. It is shown from
the model resutls that the Thermohaline Circulation (THC) is a central com-
ponent in inducing the 12-14 year basin-wide oscillations. Responding to the
changes in the THC the horizontal circulations adjust to a new oceanic state.
During this transition, wave dynamics in the form of Rossby waves and ad-
vection/propagation along the western boundary play a role, influencing the

horizontal circulations.
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The basin-wide phenomenon suggests the important role of the convection
process in the region of deep-water formation that is a driving source of the
THC. In the following study, the dynamics of the decadal variability of the
convective activity in the Labrador Sea is discussed. The mixed-layer depths
(MLD) in the convective region show a clear decadal oscillation. It turns out
that most of the variability in the MLD is accounted for by a simple mathemat-
ical model. Various analyses using the simple model lead to a conclusion that
oceanic stratification before the convection more significantly contributes to the
convective activity than the atmospheric forcing over the region of interest. The
oceanic stratification is strongly controlled by the anomalies in the upper ocean
heat transport which are advected/propagated from the subtropics as part of
the basin-wide oscillations. This may indicate that the decadal oscillations are

the ocean-only mode.
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1. INTRODUCTION

The North Atlantic is a dynamically interesting part of the world ocean. In par-
ticular, the dynamical processes involving the thermohaline circulation (THC)
in the Atlantic communicate with the other oceans across the globe. The re-
cent issues of global warming and climate change have drawn much attention to
the North Atlantic Ocean since this ocean is crucial for the forcing mechanism
for the THC (IPCC, 2000). Many numerical (Grotzner et al., 1998; Hikkinen,
1999) and observational (Deser and Blackmon, 1993; Sutton and Allen, 1997;
Mizoguchi et al., 1999) studies indicate that the North Atlantic exhibits 12-14
vear oscillations in such parameters as temperature and salintiy. Temperature
increase directly impacts the sea-level rise by contributing to the thermal expan-
sion (IPCC. 2000). Indirectly it modifies the amount of sea ice that melts into
freshwater, which secondarily alters the THC and may lead to global climate
change (Mauritzen and Hakkinen, 1997).

In the light of the 12-14 year fluctuation, it has been under debate whether
this oscillation is derived and maintained from the system that involves the air-
sea coupled or ocean-only mode. Grétzner et al. (1998) in their model study
explained the physical mechanism of the quasi-decadal oscillations as the delayed
feedback of the Gulf Stream, whose signals are carried by the mean currents and
the modification of the gyral strength through anomalous windstress curl. This

is a counterpart hypothesis in the North Atlantic of the North Pacific first pro-



posed by Latif and Barnett (1994). The interdecadal mode found in a coupled
model by Delworth et al. (1993) resulted simply in an ocean only mode which
was excited by the stochastic atmospheric forcing, analogous to the box model
experiment of Griffies and Tziperman (1998). Frankignoul and Hasselmann
(1977) showed using the mixed layer model that the decadal variability in the
sea surface temperature (SST) anomalies was forced by the atmospheric white
noise. Following their idea, Saravanan and McWilliams (1998) demonstrated
that a simple coupled model of advective thermal ocean and white noise at-
mosphere induced a quasi-decadal spectral peak, where the variability at these
timescales also depended upon the parameter choice in the advection speed of
the ocean surface temperature.

Advection/propagation of the temperature anomalies seems to play an im-
portant role in determining the timescales of the low-frequency variations and
transmitting the signals to distant locations. Hansen and Bezdek (1996), using
observational data, studied the advecting features of the sea surface tempera-
ture (SST) anomalies. The warm and cold anomalies propagated around both
the subtropical and the subpolar gyre circulation. In the subtropics, Hikkinen
(2000) showed that anomalies of the averaged temperature over the upper 1000
m in her model result propagated westward from the eastern boundary. It took
the anomalies about 4-7 years to cross westward across the Atlantic basin. An-
other example of the advective temperature anomalies was discussed by Sutton
and Allen (1997). A series of warm and cold anomalies propagated along the
Gulf Stream and the North Atlantic Current (NAC) eastward and poleward.

The observed advecting/propagating SST features seem to be manifested in



numerical ocean modeling experiments that exhibit decadal oscillations under
steady forcing with mixed surface boundary conditions (Weaver and Sarachik,
1991). Temperature and salinity anomalies wer: advected between the subtrop-
ical and subpolar gyres eastward and poleward. The anomalies originated from
the region of deep-water formation. Furthermore, the oscillation was character-
ized by the unstable fluctuation of the THC between two states. Observational
evidence found in the SST anomalies was shown by Mizoguchi et al. (1999), in
which warm and cold anomalies alternately propagated from the Labrador Sea
eastwards with a 14 year period. This suggests that variability in the horizontal
circulation seems to be associated with that in the THC through the region of
deep-water formation. An observational study by Deser and Blackmon (1993)
showed that a basin-wide decadal oscillation found in the SST anomaly is led
by the fluctuation of sea ice concentration in the Labrador Sea region, which is
a forcing region for the THC, and may support an idea that the THC initiates
the variability of the horizontal circulation.

A numerical experiment by Mauritzen and Hékkinen (1997) showed that the
freshwater carried over from the Arctic considerably contributed to the change
in the amount of the transport in the meridional overturning cell (MOC). It
may be possible that the decadal oscillation in the system is completely altered
due to the change in ice. The interdecadal fluctuation found in a global coupled
ice/ocean/atmosphere model was attributed to the variations of ice export from
the Arctic to the North Atlantic (Holland et al., 1999). The variations in the ice
export and overturning circulation were associated with the surface temperature

and salinity conditions south of Greenland and in the Labrador Sea region. The



decadal modes found in the above model studies appear to be predominantly
driven by a convective mechanism.

Before discussing the dynamical process of convection at the decadal
timescales, it is necessary to understand how it occurs at very short timescales
because the physical interpretation at the shorter timescales can directly be ap-
plied to the longer timescales. At the short timescales the convection process
in the open ocean is triggered by winter storms and then exchanges large vol-
ume of water masses between the surface and the intermediate or deep ocean
(Marshall and Schott, 1999). One of the interesting aspects of the THC is the
huge disparity between the limited size of sinking regions, which are known
to be located in the Labrador, Greenland, Weddell and Mediterranean Sea,
and much larger area by upwelling in the lower latitude ocean (Marshall and
Schott, 1999). Convection in these regions feeds the thermohaline circulation.
Warm, salty water that is driven poleward becomes dense. due to the surface
cooling in the subpolar region, and then sinks to greater depths and flows equa-
torward. Gascard (1978) and Killworth (1983) suggested that the convection
process includes three different phases such as "preconditioning” on the large-
scale in order of 100 km, "violent mixing” on the scale of 1 km and "sinking
and spreading” on the scale that involves the baroclinic eddies and stratification
processes. The oceanic state in the preconditioning stage contributes greatly to
determining how deeply the ocean mixing can reach. Observational evidence
regarding the convection process, in particular the intensity during the violent
mixing that controls the volume of water masses at the decadal timescales, is

limited except for few works (Dickson et al. (1996); Houghton (1996)). Orne






