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Robust response of AMOC interdecadal variability
to future intense warming
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Based on 19 experiments using five models of the
Coupled Model Intercomparison Project Phase 5, our
study (1) finds a shortened and weakened interdecadal
variability (IV) of Atlantic Meridional Overturning Cir-
culation (AMOC) over a future intense warming pe-
riod in the 22nd and 23rd centuries, and proposes
that warming-induced changes of oceanic dynamics
may be responsible for these changes of AMOC-IV.
As the key modulator of long-term climate variation,
AMOC-IV and its response to global warming are im-
portant for future climate projection.

Parker’s letter (2) casts doubts on our results,
mainly because there is no evidence in the AMOC’s
reconstruction consistent with our projection. We be-
lieve his comment does not disprove our results. As
pointed out in our study (1), the response of AMOC-IV
to warming is only significant under intense warming
scenarios, such as Representative Concentration Path-
way (RCP) 60/85. In the weak warming scenarios of
RCP26/45, even for the period of full warming in,
say, the 22nd and 23rd centuries, there is no robust
cross-model response of AMOC-IV. Therefore, for the
early stage of current global warming from the mid-
19th century to the present, in the AMOC reconstruc-
tion based on scattered tide gauge data, it’s not sur-
prising at all that the change of AMOC-IV is not
detected, because the warming is too weak.

Another argument of Parker concerns the insignif-
icant weakening of mean AMOC strength in AMOC’s
reconstructions. First, this change of mean AMOC is
not relevant to our study, which deals mainly with the
interdecadal variability of AMOC. Second, even for
the mean AMOC change, the opposite impact be-
tween greenhouse gases (e.g., refs. 3 and 4) and aero-
sols (e.g., refs. 5 and 6) could lead to the insignificant

trend during the early stage of current global warm-
ing. With intensified warming in the future, warmer/
lighter surface water may lead to a robust reduction of
mean AMOC strength (e.g., refs. 7 and 8) and an al-
teration of AMOC-IV (1).

Furthermore, the long reconstruction of AMOC in
Parker’s letter (2) has not been seriously validated by
other observations, such as Rapid Climate Change
(RAPID) array (9). Actually, reliable observations of
AMOC are limited for the validation of the simulation
ability of AMOC in coupled climate models, espe-
cially for its long-term variability (10). In fact, the sim-
ulated AMOC-IVs in the five models used in our study
(1) are different in their dominant timescales and mag-
nitudes, due to the different model details. However,
their responses to global warming are almost consis-
tent, especially for strong warming scenarios. As a
sensitivity study of AMOC-IV responding to warming,
not as a real prediction, our study is valuable for our
understanding and projection of the possible climate
change in the future.

Overall, we welcome the interest and comment
from Parker very much. However, his comment does
not pose any serious challenge to our conclusion.
Indeed, we feel that his comment is not very relevant to
our work, because it can’t be tested with the short time
series of present AMOC (even ignoring its great uncer-
tainty in the reconstruction).

Acknowledgments
This work is supported by the National Basic Re-
search Program of China (Grants 2012CB955200
and 2015CB953902) and the National Natural Sci-
ence Foundation of China (Grants 41206024 and
41130105).

aPolar Climate System and Global Change Laboratory, Nanjing University of Information Science & Technology, Nanjing 210044, China;
bDepartment of Atmospheric and Oceanic Sciences, University of Wisconsin-Madison, Madison, WI 53706; cNelson Center for Climatic Research,
University of Wisconsin-Madison, Madison, WI 53706; dLaboratory for Climate and Ocean-Atmosphere Studies, School of Physics, Peking University,
Beijing 100871, China; eGeophysical Fluid Dynamics Laboratory, National Oceanic and Atmospheric Administration, Princeton University, Princeton,
NJ 08542; and fScripps Institution of Oceanography, University of California, San Diego, La Jolla, CA 92037
Author contributions: J.C., Z.L., and S.Z. designed research; J.C. and W.L. performed research; L.D., P.L., and H.L. analyzed data; and J.C. and Z.L.
wrote the paper.
The authors declare no conflict of interest.
1To whom correspondence may be addressed. Email: chengjun@nuist.edu.cn or zliu3@wisc.edu.

E2762–E2763 | PNAS | May 17, 2016 | vol. 113 | no. 20 www.pnas.org/cgi/doi/10.1073/pnas.1604999113

L
E
T
T
E
R

D
ow

nl
oa

de
d 

at
 N

O
A

A
 C

E
N

T
R

A
L 

LI
B

R
A

R
Y

 o
n 

N
ov

em
be

r 
17

, 2
02

0 

http://crossmark.crossref.org/dialog/?doi=10.1073/pnas.1604999113&domain=pdf
mailto:chengjun@nuist.edu.cn
mailto:zliu3@wisc.edu
www.pnas.org/cgi/doi/10.1073/pnas.1604999113


1 Cheng J, et al. (2016) Reduced interdecadal variability of Atlantic Meridional Overturning Circulation under global warming. Proc Natl Acad Sci USA 113(12):
3175–3178.

2 Parker A (2016) Atlantic Meridional Overturning Circulation is stable under global warming. Proc Natl Acad Sci USA 113:E2760–E2761.
3 Solomon S, et al. (Eds.) (2007) Climate Change 2007: The Physical Science Basis. Contribution of Working Group I to the Fourth Assessment Report of the
Intergovernmental Panel on Climate Change (Cambridge Univ Press, Cambridge, UK).

4 Meehl GA, et al. (2013) Decadal climate prediction: An update from the trenches. Bull Am Meteorol Soc 95(2):243–267.
5 Delworth TL, Dixon KW (2006) Have anthropogenic aerosols delayed a greenhouse gas-induced weakening of the North Atlantic thermohaline circulation?
Geophys Res Lett 33(2):L02606.

6 Ding Y, et al. (2014) Ocean response to volcanic eruptions in Coupled Model Intercomparison Project 5 simulations. J Geophys Res 119(9):5622–5637.
7 Rahmstorf S (1999) Decadal variability of the thermohaline ocean circulation. Beyond El Nino, ed Navarra A (Springer, Berlin), pp 309–331.
8 Zhang R (2010) Latitudinal dependence of Atlantic Meridional Overturning Circulation (AMOC) variations. Geophys Res Lett 37(16):L16703.
9 Cunningham SA, et al. (2007) Temporal variability of the Atlantic meridional overturning circulation at 26.5°N. Science 317(5840):935–938.

10 Buckley MW, Marshall J (2016) Observations, inferences, and mechanisms of Atlantic Meridional Overturning Circulation variability: A review. Rev Geophys,
10.1002/2015RG000493.

Cheng et al. PNAS | May 17, 2016 | vol. 113 | no. 20 | E2763

D
ow

nl
oa

de
d 

at
 N

O
A

A
 C

E
N

T
R

A
L 

LI
B

R
A

R
Y

 o
n 

N
ov

em
be

r 
17

, 2
02

0 


