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Abgtract A moving ttest technique (MTT) is developed for quantitatively detecting the decadal abrupt changes
(DACs) in the annual mean time series of Qobal Sea Surface Temperature ( GSST) field for 139 years (1867-
2005) . The data used in this paper are Extended Reconstruction Sea Surface Temperature (ERSST) from National
Oceanic and Atmospheric Administration (NOAA) . A correction to the efective degrees of freedom of ttest is a
dopted for the dependency of time seriesof SST to be examined. This study focuses on abrupt change of mean val ue
at decadal timescales. The spatial distribution of the DACs of GSST are shown in severa epochs as follows: 1894
1901, 19051909, 1920-1930, 1939-1945, 1954-1958, 1973-1979 and 1994-1998. The DACs of the Pacific
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Ocean took on PDO-like modes through all the epochs. The authors confirmed the decadal abrupt change years
(DACYs) of GSST with the time coefficient of the second mode of GSST field. Our results show that the well-
known 1924 , 1942 and 1976 DACs of GSST are not unique, a s found around 1894, 1907, 1956 and the recent
1997 DACs. The equatoria Pacific Ocean and the South Pacific Ocean are likely to be the most senstive area to the
DACsof GSST. The next ones are the North Pacific Ocean, the South Indian Ocean and the North Atlantic Ocean.
The third one is the South Atlantic Ocean. Decadal modes (DMs) in the GSST field are got from epoch diff erences
of the averaged field between the episodes 18951906 and 1893-1880, 1908-1923 and 1895-1906, 19251941 and
1908-1923, 1943-1955 and 1925-1941, 1957-1975 and 1943-1955, 1977-1996 and 1957-1975, 1998-2005 and 1977-
1996. They take on Pacific decadal oscillation (PDO) modesin the Pacific at all the epochs with only differencesin
intenson and position. The meridiona structure of the DMsin the Atlantic Ocean is dissymmetrical , warm trend is
dominant. The opposite phasesof DMsin GSST field occurred between DMs 1895-1906 minus 1880-1893 and 1908-
1923 minus 18951906 , 1925-1941 minus 1908-1923 and 1943-1955 minus 1925-1941, 1977-1996 minus 1957-1975
and 1998-2005 minus 1977-1996 in most areas. The PDO index (November-March) computed with the NOAA
ERSST is detected by MTT. The DACYsof the PDO are 1908, 1924, 1942, 1956, 1976 and 1997. The DACYs
1908, 1956 and 1997 arefirst found. They are the same as the DACYsof the GSST in essence except 1894. It indi-
cates that the PDO takes an important part in DACsof GSST. If the 1997 DACY exists, the epoch 1998 up to the
present is a new decadal background in the GSST field. The present intenson of the DM in GSST field is stronger
than that in the epoch 1943-1955; and the PDO, might be smilar to that in the epochs 1909-1923 and
1957-1975.

Key words global sea surface temperature (GSST) , moving ttest technique (MTT) , decadal abrupt change

(DAC) , decadal mode (DM) , Pacific decadal oscillation (PDO)
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Fig.2 Spatial distributions of GSST (global sea surface temperature) abrupt changes during (a) 1894-1901, (b) 19051909, (c)
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1

Table 1 Pioneer abrupt change areas, together with itsabrupt change yearsand characters,

in each process of abrupt changes

1894 1901 1894 (38°N 48N, 166°W 176°W)
1894 (83°S 42s, 160°E 180°E)
1894 (50°S 60°S, 20°W 52°W)
1894 (20°S 16°N, 100°W  154°W)
1894 (42°S 56°S, 120°W  150°W)
1905 1909 1905 (12°S 6°N, 82W 98°W)
1905 (44°S 68°S, 84°W 100°W)
1920 1930 1920 (°S &N, 138E 152°F)
1939 1945 1939 (832°N  4C°N, 50°W  60°W)
1939 (#S 14°S, 17C°E  150°W)
1939 (50°S 60°S, 10°E  70°E)
1973 1979 1973 (36°S 44°S, 76°E  100°E)
1973 (30°N 38N, 164°E 170°W)
1994 1998 1994 (0> 16°N, 116°E 160°E)
1994 (24°S 36°S, 136°W  150°W)
1994 (20°N  40°N, 10°W  40°W)
2 1
Table 2 Partition table for number of pioneer abrupt change areas in Table 1
2 2 0 2
5 4 3 2
5 4 4 1
1 1 1 0
2 2 1 1
2 2 2 0
2 2 2 0
2 2 1 1
1 1 0 1
GSST , 3b , GSST
GSST 1894 1907 1924 1942 1956 1976
EOF , 1997 (3 :
PDO ,
EOF , 30°S
EOF , , 30°S
28 %, : ( ) :
«C ), ( 3a) :
15 %, , , ,
MTT ( 3b)
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Fig.5 PDO (the Pacific decadal oscillation) index and episode average between abrupt points significant at 95 % confidence level
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