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Abstract This study investigates the responses of the Atlantic Meridional Overturning Circulation (AMOC) simulated by
the FGOALS-g2 (grid-point version 2 of Flexible Global Ocean—Atmosphere—Land System model) to three different RCPs
(Representation Concentration Pathways) of CMIP5 (Coupled Model Intercomparison Project Phase 5). In this investigation,
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two indices are used: (1) The AMOC index, defines as the maximum value of AMOC between 15°N and 65°N, at depths
greater than 500 m, and (2) AMOC extending index, which is the maximum value of AMOC between 15°N and 65°N, and
between 2000-m and 2500-m depth. It is found that under RCP2.6 and RCP4.5, both the AMOC index and the AMOC
extending index show decreasing trends from 2006 to 2040, following which the AMOC index presents a increasing trend
and the AMOC extending index maintains its high value between 2041 and 2100. In contrast, under RCP8.5, rapid decreasing
trends are been identified in the time series of both the AMOC index and the AMOC extending index.

Through analysis of the mechanism of formation of the North Atlantic deep water, the main component of AMOC, it
can be concluded that the long-term trends in AMOC are determined by deep water formation in the
Greenland—Iceland—Norwegian (GIN) Seas, while the decadal variability of AMOC is modulated by deep water formation
in the Labrador Sea. Meanwhile, it can be shown that due to the stratification stability at around 2000-m depth in the
Northern Atlantic Ocean increasing by 30%—40% under RCP2.6 and RCP4.5, the increasing deep water, indicated by the
recovering AMOC index, could not sink down any further, which is the reason for the non-recovery of the AMOC

extending index.
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Fig. 1 The AMOC (Atlantic Meridional Overturning Ciculation) (colored) of the 20th century experiment (1980-2005) and its long-term (2006-2100) trends
of AMOC (colored) under three different RCPs (Representation Concentration Pathways) (b) RCP2.6, (c) RCP4.5, and (d) RCP8.5 simulated by FGOALS-g2.

The long-term trends in b, ¢, and e are estimated based on least-squares, while the black points indicate the areas with a significant level that is less than 0.05

by two-tailed ¢ tests
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Fig.2 (a) AMOC index, (b) AMOC extending index, and (c) global average SST under three different RCPs simulated by FGOALS-g2, the AMOC index and

AMOC extending index have been processed by a 5-point running average
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Fig. 3 The winter mixed layer depth (MLD) (colored) of the 20th century experiment (1980—2005) and its long-term (2006—2100) trends (colored) under (b)
RCP2.6, (c) RCP4.5, and (d) RCP8.5 simulated by FGOALS-g2. The three red lined boxes in panel (a) are named as GIN (Greenland—Iceland—Norwegian)
(top), Labrador (bottom left), and Irminger (bottom right) seas. The blue curved lines on each panel indicate the place where the mean sea ice concentration
from 1980—2005 of the 20th century experiment is 15%, while the red curved lines on panels b, ¢, and e indicate the place where the mean sea ice concentration
from 2081-2100 is 15% for RCP2.6, RCP4.5, and RCP8.5, respectively. The long-term trends in panels b, ¢, and d are estimated based on least-squares, while

the black points indicate the areas with a significant level that is less than 0.05 by two-tailed ¢ tests
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Fig. 4 The correlations between area weighted winter mixed layer depth of three seas and (a) AMOC index, (b) AMOC extending index under three different
RCPs simulated by FGOALS-g2 during 2006—2100. The two red curved dashed lines indicate the correlations with a significant level that is 0.05 by two-tailed

1 tests
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Fig. 5 (a, b, ¢) The changes of density in the upper ocean (0-500 m) of Labrador Sea during wintertime and (d) its correlations with AMOC index and AMOC
extending index under three different RCPs simulated by FGOALS-g2. The density in panel a is estimated with the annually averaged potential temperature and
salinity during wintertime, the density in panel b is estimated with the annually averaged potential temperature and a fixed salinity, while that in panel c is
estimated with the annually averaged salinity and a fixed potential temperature. The fixed potential temperature and salinity is set to the value in 2006 under

RCP2.6. The two red curved dashed lines in panel d indicate the correlations with a significant level that is 0.05 by two-tailed ¢ tests
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region of 44°N-60°N in the Northern Atlantic Ocean. The potential density is estimated with respect to the 2328 m depth
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