5 33 % 45 140 X R OB 2 Vol. 33 No. 1
2009 4E 1 H Chinese Journal of Atmospheric Sciences Jan, 2009

T EOKEL. EA%, 5 2009. (=S EEIRK R IE SR TY 50T UG PR ) B PR A mA R A LR [T, RARME, 33 (1) 179-197. Yu
Lei, Gao Yongqi, Wang Huijun, et al. 2009. Transient response of the Atlantic meridional overturning circulation to the enhanced freshwater

forcing and its mechanism [J]. Chinese Journal of Atmospheric Sciences (in Chinese). 33 (1): 179 - 197.

EHEERKEEEREE S TAXAFEDEE
I AL B Wi oz K% EL AL

TEFN Hag? E£2oZF' Helge DRANGE?

1 Hp [ R4 B RS BRI S T 2 m] i p 2R [ PR ot JEsT 100029
2 R IR AR BRI A R SR L/ B S SR R e L
3 P EB RO, Jbat 100049

B AR R A 5L (Bergen Climate Model, fajfx BCMD » FIFFE1E L vk X A6 R I
RIKBEIAEERE (T = . KPUEL W 5 R (Atlantic Meridional Overturning Circulation, fajFR AMOC) (11 b,
KM, FBHREIHE TERIIMER . JLRIEVER)IZK (North Atlantic Deep Water, f&#% NADW) B4 28 | i
PE P A5 B 2 M 9 IR A (Diapyenal Mixing, fiFK DM) LK KSR %9 Bl F i AMOC (i 537 fiT % =
AR IRV ASRRAE . 25 R, 7ERREE 150 4ERER GREESY 0.4 Sv) AIRKSRIA T QR/KIAE: . FWD . AMOC [#5#
BEFRIAE 50 45 By PRyl 55 FAEHE T 2k 100 4R B Wik . (Rl 7EIRAKIAER AT 50 4RJb K PO R4 g %
4R (Sea Surface Salinity, fA/Fx SSS) Wi/, WK BT, LN IRIB AW, 2B NADW Az ol S8 P ) 55 5

TEHET R 100 4EHr, JRASIETRIRKSRIE AR ARGl Rs . B FIgvE N A B R g A EAER . 23T AMOC
BB E . WREMLRI A LIRS . (1) B 15 F5  NADW 19070, P8 3 IR 4 13 T /K T )2 4538 W55 »
DM B 2B #ig o . AR T o R Eh B AN R 2K 1) BT (2) pg 2 RPN ) 3 58 55 AR XU g et s A b2 sk
ZR RIS 34 8 ff 75 VG ¥ 1) G 9 32 5 S PR BLGE SRR 5 (3) ROV VAR [ b 1 e J38 A2 4 140 T B2 T YR AR it i X
BRI 55, S0 SSS Ml NADW A R IR E , 528, AMOC Z#ikE . WFoRid & M|, wRAKK L 4,
NADW 2 F 2 LUE/RUIMSHE (Irminger Sea) S 4, & Z LRV RI“UEY (SLP) SIZLEL K IG#:
sl (NAO+) MIBLES, oK PO B B 7RE Lim . KPGVEAGT SSS 1EHR .

KR WRAKGRIE BERTIENL  ORVUVEZ ) B

XEHS 1006 - 9895 (2009) 01 -0179 - 19 hESES P732 XEkFRIRED A

Transient Response of the Atlantic Meridional Overturning
Circulation to the Enhanced Freshwater Forcing and Its Mechanism

YU Lei '3, GAO Yongqi ' 2, WANG Huijun !, and Helge DRANGE?

1 Nansen-Zhu International Research Center, Institute of Atmospheric Physics, Chinese Academy of Sciences, Beijing 100029
2 Nansen Environmental and Remote Sensing Center /Bjerknes Centre for Climate Research , Bergen, Norway

3 Graduate University of Chinese Academy of Sciences, Beijing 100049

Abstract The mechanism for the transient response of the Atlantic Meridional Overturning Circulation (AMOC) to

WFSHE 2007 - 08 - 23, 2007 - 12 - 26 YL IEE R

REWE  HEBER CE AR T 8-059105, EK ARBERE GRERARS) BTHITH 40805031, HEBLARBERIHTT I
H KZCX2-YW-218

fREREST Tl 5, 1974 A, I, EENFEEE ORI . E-mail: yulei@mail. iap. ac. cn



180

P

Chinese Journal of Atmospheric Sciences

33 %

Vol. 33

the enhanced and continuous freshwater input into the Arctic Ocean and the Nordic Seas for 150 years is investigated
using a fully coupled climate model (Bergen Climate Model. BCM for short). The responses of the Sea Surface
Temperature (SST), Salinity (SSS), Potential Density (SPD), the North Atlantic Deep Water (NADW) forma-
tion, Diapycnal Mixing (DM) and the wind stress are analyzed. The transient response of AMOC follows a quick
dropping down during the first 50 years, with a gradual recovery for the later 100 years in the freshwater perturba-
tion experiment (FW1). The authors find that the initial weakening of AMOC in the FW1 is mainly caused by de-
creasing of SSS and SPD which leads to a stable vertical stratification and then to the weakening of the NADW for-
mation; however, AMOC recovers though the enhanced freshwater input is continuous and constant during the fol-
lowing 100-year integration by means of a series of feedbacks, which can be summarized as follows: 1) With the re-
duction in the NADW formation, the vertical density stratification in the mid-to-deep ocean at the mid-low latitudes
of the North Atlantic is getting weaker, as a result, the strength of DM, parameterized by stratification-dependent
method, increases and then leads to the increased upwelling; 2) the strengthened westerly and weakened easterly o-
ver the Southern Ocean and the strengthened easterly over the North Atlantic Ocean contribute together to the re-
covery of the northward Ekman transport; 3) the increased northward salt transport and the reduced precipitation o-

ver the North Atlantic subpolar region cause the recoveries of the SSS and SPD at northern high latitudes, and then

the recovery of NADW formation, mainly in the Irminger Sea.
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Fig. 2 Depth - latitude cross section of the 150-year averaged

AMOC (Atlantic Meridional Overturning Circulation) stream
function (Sv) in the control run (CTRL)
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Fig. 3 The time evolutions of the simulated AMOC strength
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Fig. 5 The anomalies (FW1—CTRL) of (a) SSS (Sea Surface Salinity), (b) SST, (c¢) SPD (Sea Surface Potential Density) in the
North Atlantic averaged over years 21 — 50 of integration in the FW1
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Fig. 6 Same as Fig. 5, but for the differences of sea surface quantities between the last 60 years and years 21 — 50 means in the FW1
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Fig. 7 Time series of anomalies of sea surface quantities averaged over the sub-polar region (45°N - 60°N, 60°W - 30°W) in the FW1



. I = 33 4
186 Chinese Journal of Atmospheric Sciences Vol. 33

,;777777’/
|

, P
609y, 30°W 609, 30°W

B8 Ml (ay b) FRAKIRE: (oo &) dhdbakis 25 B A R B R XA TR A DAL S OE AR RS : (ay o) BRATHT 30 4F5 (b, D
UG 60 4F. A BB XERRAAAR 2NN RRERIREG X, WIRAR G5 FR /R WAL R N & R ERIR G X

Fig. 8 The temporal changes of the winter maximum convective mixing regions within the North Atlantic of high latitudes for (a, c) the
first 30 years and (b, d) the last 60 years in (a, b) the CTRL and (c, d) the FW1. The white closure areas represent the winter maximum
convective mixing regions in the Labrador Sea, and the light gray and black shadows are the maximum convective mixing regions in the

Irminger Sea and the Nordic Seas, respectively

1000 T T T T T

500

£
=
5
=
=
£ VRt
g —500 W A
: i
(] * \
< —1000 I 3
= A
£ —1500 TR
2 1
1

é P~ LI

—2000 F — Irminger |’ ]

— — - Labrador
Sso0 b1 Nordic seas | L .
0 30 50 70 % 2 >

Time/a

K9 b RS EAFRIIRIEA XIEEGZRERE (FW1—CTRL) (iR 254k
Fig. 9 Time series of the region-averaged convection depth anomalies (FW1—CTRL) of the maximum winter convective mixing regions in
the North Atlantic

A S E SR E B S 4/NE — 4.1 Sv. A PR AR T R 11 25 S AE R 70 AR N BT S . (HAE R
2.1 Sv WK E s kAR i  2e s 24°N Wig PR 70~150 4EBSA KA . WiHHI2EH —5 Sv il



1 T IO R

I RV A2 1) e AL FO M 107 B AL

No. 1 YU Lei et al. Transient Response of the Atlantic Meridional Overturning Circulation to the Enhanced . . . 187

>
@
L
5]
=
g
£ %
g
g =
a ]
5]
s =
8 .
= Irminger
E — — - Labrador A -
2 _ sof v\ g Nordic seas I\
Total
_35 I 1 1 | | — 5
30 50 60 90 120 150
Time/a

P10 Kb ekm A UOK A R i (FW1—CTRL) BRI (L . BOHL SRR SR A s i i X AR TR A BRI S i

YARFR) B A3
Fig. 10 Time series of the anomalies (FW1—CTRL) of the deep

shows the total anomalies of deep water formation rate within the

NIRRT EE IR —2. 2 Sv, BMRE T K2 2. 8 Sv,
mREER (B 11b) WAEIE N . 1l 283 AR GE IR )2
5 B K AE S AETT 70 AFENIEES —5 Sv, B OR
) 100 4EH B KR . Fe B 54 Tl a0 1) 22 46 /N
N —2 Sv /ity [l pg ZEad 30°S WY I IR )= 5 2%
BEK AR REAEFT 70 4F B 208 T dhl g/ T4y
4.1 Sv, FEHET R 70~ 80 47 N 5 #E il 55 1Y 2 HH
—4. 1 Sv Fi/NR A —2. 8 Sv 27 B TIRAKIRE:
Hh AT AR R

(2) F R BE K ) b 19 1% i 12 451
IR KRB o K PE 7 2R K (6<<27. 1)
T b 1 A 3 2 A% i A X 4 3 56 7 B () AR £k
(FW1—CTRL) . HAMEAFAE ST 2 w5 % B K 122
FEFRIESEA — 3, X BN FRGA

R TR K AR S R 2 R B )
A RLER ST ANl 2 55 1 i By Asd) , @ b
Sl i e g AT AR I FE IR KR
b TR KRG AR RS R IR AR e S
AMOC s CanEl 3) AH—2L.
3.1.5 DM 5 k@R &Ky LR

Munk (1998) B YR HE £, =1X10"" m’/s
I DM R, IS AR 2w b ol 4k
W, RERHILEEORXT DM #1725k, A&
PR A ATSE (Moum et al. , 1986; Oakey et
al. , 1994) 7R, DM HAG 43 3 (10 25 [a] 43 A 22

dense water formation rates within northern high latitudes. Thick curve

sea areas (right ordinate)

S TEC B T HL Y B0 0 A R NS, DM
HA k=0, 1X10 " m*/s B g, M7EREIT R 7R
VR IV M 5 A Py 42 B 3 D) SCRT AR 3] &, = 100 X
107" m?/s %, Gargett (1984) AR 4 LI
T —F 5 F SRR S EE T %

bo=aN" (q~0m,N= /&%),
o 9=z

Hrp, kR HIRG REL N AR NPESE
(B s D),

MR IX —ZHib ) %8 . DM B3R FE 5 9 7 N
KR A R R FR e 2 i KK AL 2 45 B
DM (13 FERESS » IS EE T 2845 DM i #20 i
THEERN TS B B 2. BCM 2R A T
X2 %, Hp

b, = 3X 107 N '(ecm?/s). (2)

FATE SR 8 1l i v DR P v T 2 N e LR
B AARHE (B 13) . B FERKER)Z T
TR Z K 455 W8 . KPS ZE N DM Y
SREEBEIREE R [ (2] HeAh, 200 m REEE
FEINA DM )2 1000 m LR 9 DM /h—A i
o IRELRFAE S LI T 15 B A FEAE (Polzin et al.
1997; Ledwell et al. , 2000; Gregg et al. , 2003;
Garabato et al. , 2004) BN, fEBLEEARE FIRAT]
FKZWnig/KiRE h DM 17424k (FW1—CTRL) [0
K14 (WSO ED 1. oK B ET 30 4, K7g



. I = 33 4
188 Chinese Journal of Atmospheric Sciences Vol. 33

&

£

2

g

5

g

2

g

B

=}

3

5

=

A

%

b=

2

g

5

g

=

g

R

=]

S

5

% Equator

g —30° : !

_6 1 1
50 100 150
Time/a
BT RPEPEZ K I B A B9 (FW1—CTRL) : () 254k 22 -704% 22 -1 (GSR) . 48°N, 24°N = A Wi 1

&5 (b) ZEad ARiEFIRG 1Bk 30°S WA L 15 T8

Fig. 11

the sections of Greenland — Scotland - Ridge (GSR), 48°N and 24°N; (b) through the sections of the equator and 30°S

Time series of the anomalies (FW1—CTRL) of southward transports of deep dense water in the Atlantic Ocean: (a) Through

Difference of volume transport/Sv

Difference of volume transport/Sv

Equator

—F  30°S 1 |

Time/a

El 12 [\ 11, {5 ERK e Emasik (FW1—CTRL)

Fig. 12 Same as Fig. 11, but for the anomalies (FW—CTRL) of northward transports of upper light wate



14 THEE A R IRK SR S 5 T 5T R PGP 28 ) A U e B S HATL

No. 1

YU Lei et al. Transient Response of the Atlantic Meridional Overturning Circulation to the Enhanced . . . 189

EHIRE B (5"N~35°N) DM 5 FF 1) 0% 3 A B
2 (& 14a), (HRETIEBT RIS 60 £ 25 90 48, iR’
SIFIRW onas (& 14b) . fEfJ5 60 4R . B4
KPGVE 1500 m LAF A9 3% ELIR A5 08 B2 3 3k i (&
140). 7£ Yu et al. (2008) f TAEH & B, 2K
R/ i BT ) 4 U s S K U VR 25 DM
R R R, A5 (Nilsson et al. , 2003; Mo-
hanmmad et al. , 2004) B, DM #3564 F) T
R )2 K ) T .

R T LK IR R, FRATTAT LA
R DA B AR MR 1
B AEZERIRY AL A, TR J2 8 ORI B T 7K n)
MHEAIKFE HF R R . 7E— D E A
W SRR LR B A5 2 i e A S A
WEA2E, AT DA oK A 28 1R AR B AR L

0

- 8.'62\_/_"- 6362\—/—’/——112\
5001 1/—\?—/—\2\16\
e ———
1000{— 12 12 24
16— 18 3]
15004~ —————2 36
2000 4— 24 28 M
£ !
S0 —
£ 30001 —— 22 \/—’\3,2\/\

3500 1

ol N
Y
i :

5000
305 10°S 10°N  30°N 50°N 70°N

5500

13 5 P 150 4RV 300 R PG F 2N T BIR G 10 4 1
(Hfi7: em?/s)

Fig. 13 The 150-year averaged diapycnal mixing (cm?/s) with in
the Atlantic Ocean basin in the CTRL

FHAL AR . PR AT AT DA AL R PG 24°N
R TE P A I8 155 2 PO 167 0 R ) 3 ) AL AT g X
(B 15), SRR ARG op P v IR 4 B il
HRZE BEh IR LT 27, 63 LUR 45 %% B
) W BT TR ARk, 25 R 16
Fim. IR, KA 50 A4 IR,
RAGREE H B R PR R BRI LR IG5 . X IE
JEHT DM BB GRT S B (Nl 14, FERAES
W, SFRER R 1.8 Sv A
3.2 ARERKIRIBIKXIE AN R
3.2.1 #HT@EAEY . B RFHE 7K

17 (G RED SRR IR KRR bk
BRA ISR (RIFR SLP) LA K Hb 16 K37
r SRR 22 5. Hirh ZEIR KR 5 1Y AT D
(20~50 4F) (] 17a) , #6824 M LIRS . PrAii £t
PAZR SLP B, Fe RIS MEy 0. 6 hPa, Huifii T
PR T TE X vk & B AL BRI b 25 SLP 355 . A
HC L T UK S AR IR0 53 SR U KB A 43
X3k SLP G 3G 5%, I 1) 75 48 it 22 $y L K PG v
7S TR R SRR AR RS Y SLP iy s Hh I XU
M)2= 55 SLP 2% 4y UCEL: fEhifi b 2 LIy
A RS TR R A P22 LA AR B R WA I
A PGACRIG TR . FEAS B 22 B XS DL R A6 VG AR
T3 b 25 W B — A OB S8 DDA, R Ak
P i) SLP; P VLR BL/RAR S (70°N~80°N) |
ARG . 5K Bk b 25 1 74 XU 8 A<OE 7 1)
A5, X TFUKE R SLP 2255 Aok, fE PR ¥
JERVGFE, ARFFIE IG5, VAR R . Bl IR
AR HEFT . KA SLP AR M HE— 25 7
AR 7EH: TR M 60~100 4E[a] (& 17b) 4

30°N
20°N |

10°N |

30°S

1
120°W 80°W

1
40°W 0° 40°E

K15 VYT 247N IR P W 18T =22 1A i — 30 o) 2 PAT Ay DX 3
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(a) Distribution of the zonally-averaged wind stress in the Atalntic Ocean; (b) distribution of the zonal wind-induced Ekman trans-
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anomalies of Ekman transports. positive anomalies indicate the strengthening of northward transports
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Fig. 14 Temporal changes of the anomalies (FW1—CTRL) of diapycnal mixing in the Atlantic Ocean basin for (a) years 20 =50, (b) years
60 =90 and (c) years 91 - 150
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