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Figure 9.8 Major surtace currents of the world ocean.
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Depth (m)

Depth (m)

PMOC and AMOC under modern conditions

Indo Pamﬁc MOC and Potentlal Temperature Sea Surface Salinity
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The modes of AMOC and PMOC might change during stadials in the last deglaciation.

Change of ICE Sheet
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Implying a Sea Saw )

between AMOC and PMOGC
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Besides the Kuroshio, there is a warm belt in the central Pacific
Subtropical Counter Current——Part of PMOC

e T

(] - -.\.::.I.': - 1Tt o - o
i i ] " e - et T L L
o £ ey R : , .'t'i;_-'/;;?'_—‘:ﬁ s e
i R TR S :
- - k- _ . o il T .

308 B

B80S -

808 -
J0E 60E SO0E 120E 150E 180 150W 120W 20W B60W 30W © 30E



45N

40°N

35°N

30°N
25°N -‘

. i = ' ‘h
ba SSTF ’
M' [Oka and Qiu, 2011]

120°E 140'E 160°E 180° 160 w 140°'W

Subtropical
v I‘_ front _|_| Morth
® Mode Water——
Low PV water Subtropical Counter Current

Main
pyenocline

[Kobash/ et al., 2006]

N N NN '\\\'\\\\




This warm belt is due to more mode water, stronger STCC by cold event and deep convection
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AMOC |, PMOCT, the seesaw of AMOC and PMOC
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Locations of paleo records :
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Liu et al., 2013
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Depth (m)

Depth (rm)

What affects deep convection besides salinity?

Observed deep convection in the North Atlantic

is related to storm activities in the westerly

Deep convection in 2008
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CESM Water Hosing Experiments: Fresh water input in the North Atlantic and shutdown the AMOC
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Storm is dominant for the ocean heat loss and SST change
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Water Hosing Experiment-YD simulation:

Strong Westerly, Strong Storm, Increased Convection, Strong PMOC
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Shutdown of AMOC-Cold SST in North Atlantic-Atmospheric Teleconnection
Strong, Southward Westerly and Storm-Deep Convection-Strong PMOC

Arctic Low
+NAO

Fresh D] 3

WPSC: Western Pacific Spring Cocling;
EPD: Eastern Equatorial Pacific Dipole;
EPE: Equatorial Pacific El Ninc-like Pattern;
10°N o o o o o -60 ECU: Enhanced Coastal Upwelling
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Fii. 13. Schematic diagram of global teleconnections in response to AMOC shutdown.

Storm Change after AMOC Shutdown Wu et al., 2008,JC



Why AMOC Shutdown Increase Westerly and Strom?
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Heat Transport(PW)
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AMOC-PMOC Sea Saw in modern climate

1.5
R AMOC Strength
g
Stefan et al.,, 2015 .
o 1930 1950 1970 1990 2010
Year AD
35 u T L T T T
| e Kuroshlo Transport
ol TK (JMA) [1 ! s -"- -
) & - ‘1.
gn- !
g
m-
Wei et al 2013

15—
1955 1960 1966 1970 1976 1980

Time (year)

1985 1990

- 1.0

- 105

- 10.0

1mmm

Warming Period : AMOC U , KC ﬂ

Hiatus

Period : AMOC I, kel

(096) XSPUIN @

Global Warming

”/century

Wu et al., 2012, NCC
I [ [ ] [T —

-14-12-1.0-08-06-0.4-0.2 0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4

Hiatus

Kosakad&Xie, et al., 2013,Nature

o

ol A Iiﬂ\

/ N . 5

ILFF 4 .,_-fJ
455 = N & o -
T — o : a

T e =
8e - AR T ETUL TR N S T

i BIE 1208 180 20 0] _ b




Deep Convection in Labrador Sea is not important
Overflow between Subpolar Atlantic and Nordic Sea is Dominant

~ The OSNAP Array |

West and East ' Eastern Boundary
Greenland Arrays Ridge Array Array

Lozier...Lin et al., 2017, BAMS

Lozier*...Lin et al., 2019, Science
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Mesoscale Eddies contribute a lot to AMOC
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Summary

* There is a Sea-Saw between AMOC and PMOC.

* Besides salinity, the storm induced deep-convection is also important
to explain the observed Sea-Saw, especially in the YD event.

* The modern observation imply that the deep-convection may be not
important for the formation and change of AMOC, but eddies play
some roles on the AMOC variability.






Ventilation Age: Compare 4C age difference between planktonic and benthic foraminifers

to estimate the age of bottom waters. Affected by: Ventilation strength + Water depth
Convection depth in the Okhotsk Sea and Bering sea: Select: <2000-m depth only
* 1400-2400 m during the H1. By Jaccard and Galbraith [2013]
 1750-2100 m during the H1and YD. By Max et al., [2014]
Adapted
Core ID Longitude Latitude Water Depth (m) Area Used in Figure Reference
B34-91 150.34°E 49.14°N 1227 Okhotsk Sea Fig. 2-3.B Keigwin (2002), Okazaki et al. (2010), Cook et al. (2015)
GGC27 150.18°E 49.60°N 995 Okhotsk Sea Fig. 2-3.B Keigwin (2002), Okazaki et al. (2010), Okazaki et al. (2010), Cook et al. (2015)
LV27-2-4 144.75°E 54.50°N 1305 Okhotsk Sea Fig. 2-3.B Gorbarenko et al. (2010), Okazaki et al. (2014)
936 148.31°E 51.02°N 1305 Okhotsk Sea Fig. 2-3.B Gorbarenko et al. (2004), Okazaki et al. (2014)
GGC15 150.4°E 48.6°N 1980 Okhotsk Sea Fig.2-3.B Keigwin (2002), Okazaki et al. (2010)
GGC18 150.4°E 48.8°N 1700 Okhotsk Sea Fig.2-3.B Keigwin (2002), Okazaki et al. (2010)
GGC20 150.4°E 48.9°N 1510 Okhotsk Sea Fig. 2-3.B Keigwin (2002), Okazaki et al. (2010)
S0178-13-6 144.70°E 52.72°N 713 Okhotsk Sea Fig. 2-3.B; Fig. 2-3.0  Max, Letal. (2014)
LV29-114-3 152.88°E 49.37°N 1765 Okhotsk Sea Fig.2-3.B Max, L et al. (2014)
S0201-2-101KL 170.68°E 58.87°N 630 Bering Sea Fig.2-3.B Max, L et al. (2014)
$0201-2-85KL 170.40°E 57.50°N 968 Bering Sea Fig. 2-3.B; Fig. 2-3.D  Max, L et al. (2014)
$S0202-18-6 179.43°W 60.12°N 1100 Bering Sea Fig.2-3.B Max, L et al. (2014)
Abandoned
. . Water Depth
Core ID Longitude Latitude (m) Area Reference
MDO01-2416 167.73°E 51.27°N 2317 Emperor Seamounts Sarnthein el al. (2006), Okazaki et al. (2010) >2000 m
0oDP883 167.77°E 51.20°N 2385 Emperor Seamounts Sarnthein el al. (2006), Okazaki et al. (2010) >2000m
S0201-2-12KL 162.37°E 53.98°N 2145 Bering Sea Max, L et al. (2014) >2000 m
$0201-2-77KL 170.68°E 56.32°N 2135 Bering Sea Max, L et al. (2014) >2000 m
RNDB 10PC 167.665°E  51.296°N 2364 Emperor Seamounts Keigwin et al. (2015) >2000 m
RNDB 11PC 167.975°E  51.073°N 3225 Emperor Seamounts Keigwin et al. (2015) >2000 m

V34-98 153.20°E 50.11°N 1175 Okhotsk Sea Gorbarenko et al. (2002). Okazaki et al. (2014) No data durine 10-20 Ka
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<:| AMOC strength

Based on: 3'Pa/?3%Th ratio

Ventilation Age for the Okhotsk Sea
and Bering Sea based on 4C

Select: <2000 m depth only

Ventilation Age for the western North
Pacific subtropical gyre based on “C

At least one value for the H1
and YD period

Ventilation Strength for the Okhotsk
Sea and Bering Sea based on benthic
foraminifers 813C

<:| Reconstructed SSS

KT90-9, 21; KT90-9,5; KH94-3,LM-§;

MDO01-2421; CH84-04
{1 55 proxy

Core: GHO02-1030

Select:
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<:| Seesaw of AMOC and PMOC

MOC definition:
Max streamfunction between 20°N-60°N, below 500-m

<:| Water Age at 1000-m for NA and NW P

North Atlantic : north of 30°N
Northwest Pacific: 30°N- 60°N, 140°E-180°E

<:| Northwest Pacific SSS

Area: 30°N- 60°N, 140°E-180°E

Atmospheric and Oceanic MHT
in the northern hemisphere

Bjerknes Compensation

<:| Storm induced atmospheric
MHT in the Northwest Pacific

140°E-180°E

21K CCSM3 Simulation, Liu et al.,

Area: 30°N- 60°N,

Pacific and Atlantic MHT in
the northern hemisphere

2013
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