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Abstract The tropical Pacific plays an important role in modulating the global climate. However, large discrepancies
remain among the various estimates of the long-term trend in the tropical Pacific under global warming. Using multiple
sea surface temperature (SST) and subsurface temperature datasets, this study investigates the long-term trend of SST in
the tropical Pacific and the long-term trend of subsurface temperature in the equatorial Pacific based on the Theil-Sen
trend estimation method. Our results indicate a cooling trend in the Pacific cold tongue region and a warming trend in the
rest of the tropical Pacific under global warming. That is, the long-term trend of oceanic temperature has a La Nifa-like
pattern. Furthermore, this La Nifia-like pattern in the tropical Pacific is induced by the cold tongue mode (CTM). A
positive CTM is characterized by the cold temperature anomaly in the Pacific cold tongue region and the warm
temperature anomaly in the rest of the tropical Pacific. Moreover, the time series of the CTM mainly exhibits a strong
long-term trend, which is induced by the ocean dynamical processes in response to global warming. The La Nina-like
pattern of the long-term trend of the SST and subsurface temperature in the equatorial Pacific indicates the different
aspects of the CTM.
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Fig. 1

Long-term trend of tropical Pacific SSTA (Sea Surface Temperature Anomaly) (°C/50 a) over the period of 1870-2012: (a) HadISSTI; (b)

ERSST; (c) COBE2; (d) Kaplan. (e)—(h) As in (a)—(d), but for the long-term trend of SSTA without the ENSO signal. Stippled regions indicate the

significance at the 95% confidence level (nonparametric Mann—Kendall test)
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Fig. 2 Time-longitude sections of the monthly ocean temperature anomalies (averaged from surface to 20 °C isotherm depth; units: °C) averaged
between 5°S and 5°N for (a) SODA2.2.4, (b) Ishii, and (c) ORAS4. A 9-year Gaussian low-pass filter has been applied to the data
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Fig. 3 Same as Fig. 2, but for the monthly ocean temperature anomalies without the ENSO signal
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Correlation coefficients for the principal

HadISST1 ERSST COBE2  Kaplan
NPC1 HadISSTI - 0.93 0.94 0.98
ERSST - - 0.94 0.95
COBE2 - - - 0.95
Kaplan - - - -
NPC2 HadISSTI - 0.83 0.88 0.93
ERSST - - 0.90 0.86
COBE2 - - - 0.88
Kaplan - - - -
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Fig. 4 Trends (°C/10 a) of ocean temperature anomalies in the equatorial Pacific (averaged for 5°S—=5°N, from surface to 20 °C isotherm depth) for
(a) SODA2.2.4 (1871-2010), (b) Ishii (1945-2010), and (c) ORAS4 (1958-2010) datasets. (d) and (e) as in (a) and (b), but for the period 1958-2010.

The red and blue lines represent the raw trends and trends without the ENSO signal, respectively. The thick lines indicate the significance at the 95%

confidence level (nonparametric Mann—Kendall test)
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EHIBFEERY], CTM j& —> 3 SE R4 H R
BRI S 2 B A BRARIR T = T A KT

;Lp ’

RSN S T 51 (Zhang et al., 20105 257
A 2013; Lietal, 2015, 2017). HAKSFE

N FERBRAZIR TS 5 T ARE AR AR R 2
T EOZ IR AL R IR RS, NI 5] S /R TE AT
FRIFIRAR LG 5%, 3 9 X IELAR T 3 BURIE KT
Mo DXAE R s TS IG5, JRIE AR AR B
BV G55, WD SRS AR IE 2R AT iR 2P AR
Ay WP — DI, 5K BEE— DR, W

WAEREE, TR ERASIE TS 5t 1 MG K P
PEWFPERN JTRGE R . Lietal. (2015) @il iR
PO R, AR BRI 5 IR
A LB FE X B A T2 BB RSP HEA X
KA E ) Sl .

PLEZEREN, FE4ERREEREH,
P PE R BEOF 43 (1 38 — 45 N ENSO, &
AR BRAR AL, S R PRI IR A A
ANEVEA .. i3 EOF 8 A N CTM, RE 4R
BB NS NSRS ) SR IS/ SEPN

n\\

Hdb B
E'\



6 s, SRR 5

No. 6

RS PN R RN S G ER AT
LI Yang et al. Long Term Trend of Tropical Pacific Temperature under Global Warming

731

HadISST1 : 1870-2012

11.1%

30°N
20°N
10°N

EQ
10°S

20°S
30°S
120°E  140°E  160°E

180°
ERSST : 1870-2012

12.6%

30°N
20°N
10°N

EQ
10°S

20°S
30°S
120°E  140°E  160°E

(e)

180° 160°W 140°W 120°W 100°W 80°W  60°

COBEZ2 : 1870-2012
30°N

20°N
10°N

EQ
10°S
20°S

30°S = T T T
120°E  140°E  160°E

-

Kaplan : 1870-2012 10.2%

30°N
20°N
10°N
EQ =450
10°S
20°S
30°S
120°E  140°E  160°E

T
180° 160°W 140°W 120°W 100°W 80°W  60°W

Time coefficient

160°W 140°W 120°W 100°W  80°W  60°W

Time coefficient Time coefficient

Time coefficient

180° 160°W 140°W 120°W 100°W 80°W  60°W

(b) 11.1%

4.0

1890 1910 1930 1950 1970 1990 2010

1910 1930 1950 1970 1990 2010

1890 1910 1930 1950 1970 1990 2010

T T T T T
1950 1970 1990 2010

Year

T ™
1910 1930

6 [FES, {HEOF 5 ik
Fig. 6 Same as Fig. 5, but for the second EOF mode

FHBIREMRKRERR “TERARA” K&
#, Bifl La Nifia B (K&, 2 CTMERE
AR Z R ERANFEAIL. #52, iR
PRI K T A A BRAR R T 5N I CTM K3
BB RTEI.

N T 25 ] B CTM G By AT PR IR IR 1 5
e, K AT DR ST35F  2R P R 7R3E YRR 2 HgR [R] )H
F|CTM b BT IR R 2 iR SODA 2.2.4 %
B BN 1871~2010 4, AIf LR 2R PRk ik
I 1871~2010 4F . Wil 7a iz, 24 CTM N IEALAH
INf, BT R A BRSSP XON AR S, T
A X 22 A R JH At A R ST 35 DX 30 2 T 7
X AF|H EOF 3843 /0 CTM =% [a] B — 8, 5 2,

db =

TERERTIRETE ST, CTM XM {7518 KPR
TR “PHIEARA 7 K&, 54l La Nifia 3
KIS, X5 4 BRI FRFTRA M LB
ENSO J& B #vis KPR K e s m - (K
le-1h) —%. FER, KEFWRALRKZ (B 7b
U4 UL BB R RPN e, AR R IE Y
KPEENREF R, X5 3EBRRERRTRRGH
IR R R JZ IR KGR R R. H
b, fEABRERE ST, MERFERRZEMRE
JFHER CPBEARR” KK, B4 La Nifia 8¢
MK MES, & CTMAERZREMREZEE L
AN R4



SR UIECEZNE A/ 24 %

732 Climatic and Environmental Research

Vol. 24

(a) SST

30°N
20°N |
10°N

EQ

120°E 140°E 160°E 180°

(b) Subsurface temperature
20
40
60
80

100

Depth/m

120

140

160

180

120°E 140°E 160°E 180°

160°W 140°W 120°W 100°W 80°W

160°W 140°W 120°W 100°W 80°W

K7 CTM HIAREALIT A FES) (NPC2) [HIHF] () WRIRE R (BAAL: °C) M (b) REJZHE T (5S°~5°N-F1y, H#fr. °C). i
FWhE K H HadISST1 %k}, KR 2K H SODA 2.2.4 Bkl . BRI A/ RRIMBIL 95% B EMHAKFE, (b BRI KZIRE

(20 °CE 4D
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of the SODA2.2.4 dataset in the equatorial Pacific regressed upon the normalized principal component of cold tongue mode (NPC2). The shading

indicates the correlation coefficients that exceed the 95% confidence level. The red line in (b) indicates the thermocline depth (20 °C isotherm)
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