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a b s t r a c t

Simulated inter-annual to decadal variability and trends in the North Atlantic for the 1958–2007 period from

twenty global ocean – sea-ice coupled models are presented. These simulations are performed as contribu-

tions to the second phase of the Coordinated Ocean-ice Reference Experiments (CORE-II). The study is Part II

of our companion paper (Danabasoglu et al., 2014) which documented the mean states in the North Atlantic

from the same models. A major focus of the present study is the representation of Atlantic meridional over-

turning circulation (AMOC) variability in the participating models. Relationships between AMOC variability

and those of some other related variables, such as subpolar mixed layer depths, the North Atlantic Oscillation

(NAO), and the Labrador Sea upper-ocean hydrographic properties, are also investigated. In general, AMOC

variability shows three distinct stages. During the first stage that lasts until the mid- to late-1970s, AMOC is

relatively steady, remaining lower than its long-term (1958–2007) mean. Thereafter, AMOC intensifies with

maximum transports achieved in the mid- to late-1990s. This enhancement is then followed by a weakening

trend until the end of our integration period. This sequence of low frequency AMOC variability is consistent

with previous studies. Regarding strengthening of AMOC between about the mid-1970s and the mid-1990s,

our results support a previously identified variability mechanism where AMOC intensification is connected

to increased deep water formation in the subpolar North Atlantic, driven by NAO-related surface fluxes. The

simulations tend to show general agreement in their temporal representations of, for example, AMOC, sea

surface temperature (SST), and subpolar mixed layer depth variabilities. In particular, the observed variabil-

ity of the North Atlantic SSTs is captured well by all models. These findings indicate that simulated variability

and trends are primarily dictated by the atmospheric datasets which include the influence of ocean dynamics

from nature superimposed onto anthropogenic effects. Despite these general agreements, there are many dif-

ferences among the model solutions, particularly in the spatial structures of variability patterns. For example,

the location of the maximum AMOC variability differs among the models between Northern and Southern

Hemispheres.

© 2015 Elsevier Ltd. All rights reserved.

1. Introduction

This study presents an analysis of the simulated inter-annual to

decadal variability and trends in the North Atlantic Ocean for the

1958–2007 period from a set of simulations participating in the

second phase of the Coordinated Ocean-ice Reference Experiments

(CORE-II). It is Part II of our companion paper, Danabasoglu et al.

(2014) (hereafter DY14), where the mean states in the Atlantic basin

from these simulations are documented to provide a baseline for the

present variability analysis.

Our primary focus is again on the Atlantic meridional overturn-

ing circulation (AMOC), but here we investigate representation of

its inter-annual to decadal variability and trends in the participat-

ing models. As stated in DY14, AMOC is presumed to play a major

role in decadal and longer time scale climate variability and in pre-

diction of the earth’s future climate on these time scales through its

heat and salt transports and its impacts on sea surface temperatures

(SSTs) and sea level. Due to lack of long and continuous AMOC obser-

vations, the main support for such an important role for AMOC in in-

fluencing the earth’s climate comes from coupled general circulation

model (CGCM) simulations. In long control simulations with CGCMs,

usually for pre-industrial conditions run without either changes in

radiative forcings or inclusion of anthropogenic forcings, AMOC in-

trinsic variability is rather rich with a variety of time scales, e.g., inter-

annual, decadal, centennial. Furthermore, such low frequency AMOC

anomalies tend to precede the basin scale SST anomalies in the At-

lantic Ocean, thus suggesting a driving role for AMOC in models (e.g.,

Delworth et al., 1993; Danabasoglu, 2008; Kwon and Frankignoul,

2012; Delworth and Zeng, 2012; Danabasoglu et al., 2012). Hence, the

basin scale, low frequency variability (40–70 year period) of the ob-

served SSTs in the Atlantic Ocean is assumed to be linked to AMOC

fluctuations. This basin scale SST variability is usually referred to as

the Atlantic Multidecadal Variability (AMV) or Atlantic Multidecadal

Oscillation. AMV represents an index of detrended, observed (North)

Atlantic SST variability estimated from instrumental records and

proxy data (e.g., Schlesinger and Ramankutty, 1994; Kushnir, 1994;

Delworth and Mann, 2000). We also note that some studies sug-

gest that variability of AMOC and upper-ocean temperatures may be

potentially predictable on decadal time scales (e.g., Griffies and

Bryan, 1997; Pohlmann et al., 2004; Msadek et al., 2010; Branstator

and Teng, 2010), thus making appropriate initialization of the AMOC

state for decadal prediction experiments an important endeavor.

For studies of AMOC variability and its mechanisms and predic-

tion, CGCMs are an essential tool. However, their fidelity remains a se-

rious concern, and a fundamental understanding of the mechanisms

of simulated AMOC variability remains elusive (see Liu, 2012 and

Srokosz et al., 2012 for recent reviews). For example, the magnitude

and dominant time scales of AMOC variability and its mechanisms

can differ substantially from one model to another (see above refer-

ences), from one version of a model to another (Danabasoglu, 2008;

Danabasoglu et al., 2012), and, in some cases, even from one time seg-

ment of a model simulation to another (Kwon and Frankignoul, 2012;

2014). Some oceanic subgrid scale parameterizations are shown to

affect the variability of AMOC as well, e.g., magnitude of vertical dif-

fusivity coefficients (Farneti and Vallis, 2011); representation of the

Nordic Sea overflows (Yeager and Danabasoglu, 2012) and of meso-

and submesoscale eddies (Danabasoglu et al., 2012). In addition, var-

ious aspects of AMOC variability are sensitive to both the atmosphere

and ocean model resolutions (Bryan et al., 2006). Given these signif-

icant model sensitivities and many unanswered questions, there is a

critical need for improving our understanding of the mechanisms and

assessing the fidelity and robustness of simulated AMOC variability

against limited available observations.

The CORE-II hindcast experiments provide a common frame-

work to address some of these issues. Specifically, they can be

used to investigate AMOC variability and its mechanisms on sea-

sonal, inter-annual, and decadal time scales and to understand and

separate forced variability from natural variability – the latter in

combination with (coupled) control experiments that exclude ex-

ternal and anthropogenic effects. Additionally, robustness of vari-

ability mechanisms across models can be evaluated. Continuous,

observationally-based estimates of AMOC are available only starting

in early 2004 through the Rapid Climate Change transbasin observ-

ing array installed along 26.5°N (RAPID; Cunningham et al., 2007).

The CORE-II hindcasts – along with the reanalysis products – can

provide complementary information on AMOC for the pre-RAPID era.
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