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Geerts and Linacre (1998) http://www-

das.uwyo.edu/~geerts/cwx/notes/chap11/e

quat_upwel.html

Hypothesis:
Thermocline depth at the equator is correlated with strength 

of zonal wind speed through wind-driven upwelling

Halpern and Freitag (1987)

20Jan –24 Apr1979

• Westward wind speed would raise 

thermocline

• Eastward wind speed would deepen 

thermocline
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Link to Previous Version of ONI (ERSST.v3b)

 

Notice: Because of the high frequency filter applied to the ERSSTv4 data

(Huang et al. 2015, J.Climate), ONI values may change up to two months after

the initial "real time" value is posted. Therefore, the most recent ONI values

should be considered an estimate.

DESCRIPTION: Warm (red) and cold (blue) periods based on a threshold of +/-

0.5oC for the Oceanic Niño Index (ONI) [3 month running mean of ERSST.v4

SST anomalies in the Niño 3.4 region (5oN-5oS, 120o-170oW)], based on

centered 30-year base periods updated every 5 years.

For historical purposes, periods of below and above normal SSTs are colored in

blue and red when the threshold is met for a minimum of 5 consecutive

overlapping seasons. The ONI is one measure of the El Niño-Southern

Oscillation, and other indices can confirm whether features consistent with a

coupled ocean-atmosphere phenomenon accompanied these periods.

 

-->

Year DJF JFM FMA MAM AMJ MJJ JJA JAS ASO SON OND NDJ

1950 -1.4 -1.2 -1.1 -1.2 -1.1 -0.9 -0.6 -0.6 -0.5 -0.6 -0.7 -0.8

1951 -0.8 -0.6 -0.2 0.2 0.2 0.4 0.5 0.7 0.8 0.9 0.7 0.6

1952 0.5 0.4 0.4 0.4 0.4 0.2 0 0.1 0.2 0.2 0.2 0.3

1953 0.5 0.6 0.7 0.7 0.7 0.7 0.7 0.7 0.8 0.8 0.8 0.7

1954 0.7 0.4 0 -0.4 -0.5 -0.5 -0.5 -0.7 -0.7 -0.6 -0.5 -0.5

1955 -0.6 -0.6 -0.7 -0.7 -0.7 -0.6 -0.6 -0.6 -1.0 -1.4 -1.6 -1.4

1956 -0.9 -0.6 -0.6 -0.5 -0.5 -0.4 -0.5 -0.5 -0.4 -0.4 -0.5 -0.4

1957 -0.3 0 0.3 0.6 0.7 0.9 1.0 1.2 1.1 1.2 1.3 1.6

1958 1.7 1.5 1.2 0.8 0.7 0.6 0.5 0.4 0.4 0.5 0.6 0.6

1959 0.6 0.5 0.4 0.2 0.1 -0.2 -0.3 -0.3 -0.1 -0.1 -0.1 -0.1

1960 -0.1 -0.2 -0.1 0 -0.1 -0.2 0 0.1 0.2 0.1 0 0
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1961 0 0 -0.1 0 0.1 0.2 0.1 -0.1 -0.3 -0.3 -0.2 -0.2

1962 -0.2 -0.2 -0.2 -0.3 -0.3 -0.2 -0.1 -0.2 -0.2 -0.3 -0.3 -0.4

1963 -0.4 -0.2 0.1 0.2 0.2 0.4 0.7 1.0 1.1 1.2 1.2 1.1

1964 1.0 0.6 0.1 -0.3 -0.6 -0.6 -0.7 -0.7 -0.8 -0.8 -0.8 -0.8

1965 -0.5 -0.3 -0.1 0.1 0.4 0.7 1.0 1.3 1.6 1.7 1.8 1.5

1966 1.3 1.0 0.9 0.6 0.3 0.2 0.2 0.1 0 -0.1 -0.1 -0.3

1967 -0.4 -0.5 -0.5 -0.5 -0.2 0 0 -0.2 -0.3 -0.4 -0.4 -0.5

1968 -0.7 -0.8 -0.7 -0.5 -0.1 0.2 0.5 0.4 0.3 0.4 0.6 0.8

1969 0.9 1.0 0.9 0.7 0.6 0.5 0.4 0.5 0.8 0.8 0.8 0.7

1970 0.6 0.4 0.4 0.3 0.1 -0.3 -0.6 -0.8 -0.8 -0.8 -0.9 -1.2

1971 -1.3 -1.3 -1.1 -0.9 -0.8 -0.7 -0.8 -0.7 -0.8 -0.8 -0.9 -0.8

1972 -0.7 -0.4 0 0.3 0.6 0.8 1.1 1.3 1.5 1.8 2.0 1.9

1973 1.7 1.2 0.6 0 -0.4 -0.8 -1.0 -1.2 -1.4 -1.7 -1.9 -1.9

1974 -1.7 -1.5 -1.2 -1.0 -0.9 -0.8 -0.6 -0.4 -0.4 -0.6 -0.7 -0.6

1975 -0.5 -0.5 -0.6 -0.6 -0.7 -0.8 -1.0 -1.1 -1.3 -1.4 -1.5 -1.6

1976 -1.5 -1.1 -0.7 -0.4 -0.3 -0.1 0.1 0.3 0.5 0.7 0.8 0.8

1977 0.7 0.6 0.4 0.3 0.3 0.4 0.4 0.4 0.5 0.6 0.8 0.8

1978 0.7 0.4 0.1 -0.2 -0.3 -0.3 -0.4 -0.4 -0.4 -0.3 -0.1 0

1979 0 0.1 0.2 0.3 0.3 0.1 0.1 0.2 0.3 0.5 0.5 0.6

1980 0.6 0.5 0.3 0.4 0.5 0.5 0.3 0.2 0 0.1 0.1 0

1981 -0.2 -0.4 -0.4 -0.3 -0.2 -0.3 -0.3 -0.3 -0.2 -0.1 -0.1 0

1982 0 0.1 0.2 0.5 0.6 0.7 0.8 1.0 1.5 1.9 2.1 2.1

1983 2.1 1.8 1.5 1.2 1.0 0.7 0.3 0 -0.3 -0.6 -0.8 -0.8

1984 -0.5 -0.3 -0.3 -0.4 -0.4 -0.4 -0.3 -0.2 -0.3 -0.6 -0.9 -1.1

1985 -0.9 -0.7 -0.7 -0.7 -0.7 -0.6 -0.4 -0.4 -0.4 -0.3 -0.2 -0.3

1986 -0.4 -0.4 -0.3 -0.2 -0.1 0 0.2 0.4 0.7 0.9 1.0 1.1

1987 1.1 1.2 1.1 1.0 0.9 1.1 1.4 1.6 1.6 1.4 1.2 1.1

1988 0.8 0.5 0.1 -0.3 -0.8 -1.2 -1.2 -1.1 -1.2 -1.4 -1.7 -1.8

1989 -1.6 -1.4 -1.1 -0.9 -0.6 -0.4 -0.3 -0.3 -0.3 -0.3 -0.2 -0.1

1990 0.1 0.2 0.2 0.2 0.2 0.3 0.3 0.3 0.4 0.3 0.4 0.4

1991 0.4 0.3 0.2 0.2 0.4 0.6 0.7 0.7 0.7 0.8 1.2 1.4

1992 1.6 1.5 1.4 1.2 1.0 0.8 0.5 0.2 0 -0.1 -0.1 0

1993 0.2 0.3 0.5 0.7 0.8 0.6 0.3 0.2 0.2 0.2 0.1 0.1

1994 0.1 0.1 0.2 0.3 0.4 0.4 0.4 0.4 0.4 0.6 0.9 1.0

1995 0.9 0.7 0.5 0.3 0.2 0 -0.2 -0.5 -0.7 -0.9 -1.0 -0.9

1996 -0.9 -0.7 -0.6 -0.4 -0.2 -0.2 -0.2 -0.3 -0.3 -0.4 -0.4 -0.5

1997 -0.5 -0.4 -0.2 0.1 0.6 1.0 1.4 1.7 2.0 2.2 2.3 2.3

1998 2.1 1.8 1.4 1.0 0.5 -0.1 -0.7 -1.0 -1.2 -1.2 -1.3 -1.4

1999 -1.4 -1.2 -1.0 -0.9 -0.9 -1.0 -1.0 -1.0 -1.1 -1.2 -1.4 -1.6

2000 -1.6 -1.4 -1.1 -0.9 -0.7 -0.7 -0.6 -0.5 -0.6 -0.7 -0.8 -0.8

2001 -0.7 -0.6 -0.5 -0.3 -0.2 -0.1 0 -0.1 -0.1 -0.2 -0.3 -0.3

2002 -0.2 -0.1 0.1 0.2 0.4 0.7 0.8 0.9 1.0 1.2 1.3 1.1

2003 0.9 0.6 0.4 0 -0.2 -0.1 0.1 0.2 0.3 0.4 0.4 0.4

2004 0.3 0.2 0.1 0.1 0.2 0.3 0.5 0.7 0.7 0.7 0.7 0.7

2005 0.6 0.6 0.5 0.5 0.4 0.2 0.1 0 0 -0.1 -0.4 -0.7

2006 -0.7 -0.6 -0.4 -0.2 0.0 0.1 0.2 0.3 0.5 0.8 0.9 1.0

2007 0.7 0.3 0 -0.1 -0.2 -0.2 -0.3 -0.6 -0.8 -1.1 -1.2 -1.3
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2008 -1.4 -1.3 -1.1 -0.9 -0.7 -0.5 -0.3 -0.2 -0.2 -0.3 -0.5 -0.7

2009 -0.8 -0.7 -0.4 -0.1 0.2 0.4 0.5 0.6 0.7 1.0 1.2 1.3

2010 1.3 1.1 0.8 0.5 0 -0.4 -0.8 -1.1 -1.3 -1.4 -1.3 -1.4

2011 -1.3 -1.1 -0.8 -0.6 -0.3 -0.2 -0.3 -0.5 -0.7 -0.9 -0.9 -0.8

2012 -0.7 -0.6 -0.5 -0.4 -0.3 -0.1 0.1 0.3 0.4 0.4 0.2 -0.2

2013 -0.4 -0.5 -0.3 -0.2 -0.2 -0.2 -0.2 -0.2 -0.2 -0.2 -0.2 -0.3

2014 -0.5 -0.6 -0.4 -0.2 0 0 0 0 0.2 0.4 0.6 0.6

2015 0.5 0.4 0.5 0.7 0.9 1.0 1.2 1.5 1.8 2.1 2.2 2.3

2016 2.2 1.9 1.6

NOAA/ National Weather Service
NOAA Center for Weather and Climate Prediction 
Climate Prediction Center
5830 University Research Court 
College Park, Maryland 20740 
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Link to Previous Version of ONI (ERSST.v3b)

 

Notice: Because of the high frequency filter applied to the ERSSTv4 data

(Huang et al. 2015, J.Climate), ONI values may change up to two months after

the initial "real time" value is posted. Therefore, the most recent ONI values

should be considered an estimate.

DESCRIPTION: Warm (red) and cold (blue) periods based on a threshold of +/-

0.5oC for the Oceanic Niño Index (ONI) [3 month running mean of ERSST.v4

SST anomalies in the Niño 3.4 region (5oN-5oS, 120o-170oW)], based on

centered 30-year base periods updated every 5 years.

For historical purposes, periods of below and above normal SSTs are colored in

blue and red when the threshold is met for a minimum of 5 consecutive

overlapping seasons. The ONI is one measure of the El Niño-Southern

Oscillation, and other indices can confirm whether features consistent with a

coupled ocean-atmosphere phenomenon accompanied these periods.

 

-->

Year DJF JFM FMA MAM AMJ MJJ JJA JAS ASO SON OND NDJ

1950 -1.4 -1.2 -1.1 -1.2 -1.1 -0.9 -0.6 -0.6 -0.5 -0.6 -0.7 -0.8

1951 -0.8 -0.6 -0.2 0.2 0.2 0.4 0.5 0.7 0.8 0.9 0.7 0.6

1952 0.5 0.4 0.4 0.4 0.4 0.2 0 0.1 0.2 0.2 0.2 0.3

1953 0.5 0.6 0.7 0.7 0.7 0.7 0.7 0.7 0.8 0.8 0.8 0.7

1954 0.7 0.4 0 -0.4 -0.5 -0.5 -0.5 -0.7 -0.7 -0.6 -0.5 -0.5

1955 -0.6 -0.6 -0.7 -0.7 -0.7 -0.6 -0.6 -0.6 -1.0 -1.4 -1.6 -1.4

1956 -0.9 -0.6 -0.6 -0.5 -0.5 -0.4 -0.5 -0.5 -0.4 -0.4 -0.5 -0.4

1957 -0.3 0 0.3 0.6 0.7 0.9 1.0 1.2 1.1 1.2 1.3 1.6

1958 1.7 1.5 1.2 0.8 0.7 0.6 0.5 0.4 0.4 0.5 0.6 0.6

1959 0.6 0.5 0.4 0.2 0.1 -0.2 -0.3 -0.3 -0.1 -0.1 -0.1 -0.1

1960 -0.1 -0.2 -0.1 0 -0.1 -0.2 0 0.1 0.2 0.1 0 0

http://www.cpc.ncep.noaa.gov/products/analysis_monitoring/ensostuff/ensoyears.shtml
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Data Acquisition (1)
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1961 0 0 -0.1 0 0.1 0.2 0.1 -0.1 -0.3 -0.3 -0.2 -0.2

1962 -0.2 -0.2 -0.2 -0.3 -0.3 -0.2 -0.1 -0.2 -0.2 -0.3 -0.3 -0.4

1963 -0.4 -0.2 0.1 0.2 0.2 0.4 0.7 1.0 1.1 1.2 1.2 1.1

1964 1.0 0.6 0.1 -0.3 -0.6 -0.6 -0.7 -0.7 -0.8 -0.8 -0.8 -0.8

1965 -0.5 -0.3 -0.1 0.1 0.4 0.7 1.0 1.3 1.6 1.7 1.8 1.5

1966 1.3 1.0 0.9 0.6 0.3 0.2 0.2 0.1 0 -0.1 -0.1 -0.3

1967 -0.4 -0.5 -0.5 -0.5 -0.2 0 0 -0.2 -0.3 -0.4 -0.4 -0.5

1968 -0.7 -0.8 -0.7 -0.5 -0.1 0.2 0.5 0.4 0.3 0.4 0.6 0.8

1969 0.9 1.0 0.9 0.7 0.6 0.5 0.4 0.5 0.8 0.8 0.8 0.7

1970 0.6 0.4 0.4 0.3 0.1 -0.3 -0.6 -0.8 -0.8 -0.8 -0.9 -1.2

1971 -1.3 -1.3 -1.1 -0.9 -0.8 -0.7 -0.8 -0.7 -0.8 -0.8 -0.9 -0.8

1972 -0.7 -0.4 0 0.3 0.6 0.8 1.1 1.3 1.5 1.8 2.0 1.9

1973 1.7 1.2 0.6 0 -0.4 -0.8 -1.0 -1.2 -1.4 -1.7 -1.9 -1.9

1974 -1.7 -1.5 -1.2 -1.0 -0.9 -0.8 -0.6 -0.4 -0.4 -0.6 -0.7 -0.6

1975 -0.5 -0.5 -0.6 -0.6 -0.7 -0.8 -1.0 -1.1 -1.3 -1.4 -1.5 -1.6

1976 -1.5 -1.1 -0.7 -0.4 -0.3 -0.1 0.1 0.3 0.5 0.7 0.8 0.8

1977 0.7 0.6 0.4 0.3 0.3 0.4 0.4 0.4 0.5 0.6 0.8 0.8

1978 0.7 0.4 0.1 -0.2 -0.3 -0.3 -0.4 -0.4 -0.4 -0.3 -0.1 0

1979 0 0.1 0.2 0.3 0.3 0.1 0.1 0.2 0.3 0.5 0.5 0.6

1980 0.6 0.5 0.3 0.4 0.5 0.5 0.3 0.2 0 0.1 0.1 0

1981 -0.2 -0.4 -0.4 -0.3 -0.2 -0.3 -0.3 -0.3 -0.2 -0.1 -0.1 0

1982 0 0.1 0.2 0.5 0.6 0.7 0.8 1.0 1.5 1.9 2.1 2.1

1983 2.1 1.8 1.5 1.2 1.0 0.7 0.3 0 -0.3 -0.6 -0.8 -0.8

1984 -0.5 -0.3 -0.3 -0.4 -0.4 -0.4 -0.3 -0.2 -0.3 -0.6 -0.9 -1.1

1985 -0.9 -0.7 -0.7 -0.7 -0.7 -0.6 -0.4 -0.4 -0.4 -0.3 -0.2 -0.3

1986 -0.4 -0.4 -0.3 -0.2 -0.1 0 0.2 0.4 0.7 0.9 1.0 1.1

1987 1.1 1.2 1.1 1.0 0.9 1.1 1.4 1.6 1.6 1.4 1.2 1.1

1988 0.8 0.5 0.1 -0.3 -0.8 -1.2 -1.2 -1.1 -1.2 -1.4 -1.7 -1.8

1989 -1.6 -1.4 -1.1 -0.9 -0.6 -0.4 -0.3 -0.3 -0.3 -0.3 -0.2 -0.1

1990 0.1 0.2 0.2 0.2 0.2 0.3 0.3 0.3 0.4 0.3 0.4 0.4

1991 0.4 0.3 0.2 0.2 0.4 0.6 0.7 0.7 0.7 0.8 1.2 1.4

1992 1.6 1.5 1.4 1.2 1.0 0.8 0.5 0.2 0 -0.1 -0.1 0

1993 0.2 0.3 0.5 0.7 0.8 0.6 0.3 0.2 0.2 0.2 0.1 0.1

1994 0.1 0.1 0.2 0.3 0.4 0.4 0.4 0.4 0.4 0.6 0.9 1.0

1995 0.9 0.7 0.5 0.3 0.2 0 -0.2 -0.5 -0.7 -0.9 -1.0 -0.9

1996 -0.9 -0.7 -0.6 -0.4 -0.2 -0.2 -0.2 -0.3 -0.3 -0.4 -0.4 -0.5

1997 -0.5 -0.4 -0.2 0.1 0.6 1.0 1.4 1.7 2.0 2.2 2.3 2.3

1998 2.1 1.8 1.4 1.0 0.5 -0.1 -0.7 -1.0 -1.2 -1.2 -1.3 -1.4

1999 -1.4 -1.2 -1.0 -0.9 -0.9 -1.0 -1.0 -1.0 -1.1 -1.2 -1.4 -1.6

2000 -1.6 -1.4 -1.1 -0.9 -0.7 -0.7 -0.6 -0.5 -0.6 -0.7 -0.8 -0.8

2001 -0.7 -0.6 -0.5 -0.3 -0.2 -0.1 0 -0.1 -0.1 -0.2 -0.3 -0.3

2002 -0.2 -0.1 0.1 0.2 0.4 0.7 0.8 0.9 1.0 1.2 1.3 1.1

2003 0.9 0.6 0.4 0 -0.2 -0.1 0.1 0.2 0.3 0.4 0.4 0.4

2004 0.3 0.2 0.1 0.1 0.2 0.3 0.5 0.7 0.7 0.7 0.7 0.7

2005 0.6 0.6 0.5 0.5 0.4 0.2 0.1 0 0 -0.1 -0.4 -0.7

2006 -0.7 -0.6 -0.4 -0.2 0.0 0.1 0.2 0.3 0.5 0.8 0.9 1.0

2007 0.7 0.3 0 -0.1 -0.2 -0.2 -0.3 -0.6 -0.8 -1.1 -1.2 -1.3
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2008 -1.4 -1.3 -1.1 -0.9 -0.7 -0.5 -0.3 -0.2 -0.2 -0.3 -0.5 -0.7

2009 -0.8 -0.7 -0.4 -0.1 0.2 0.4 0.5 0.6 0.7 1.0 1.2 1.3

2010 1.3 1.1 0.8 0.5 0 -0.4 -0.8 -1.1 -1.3 -1.4 -1.3 -1.4

2011 -1.3 -1.1 -0.8 -0.6 -0.3 -0.2 -0.3 -0.5 -0.7 -0.9 -0.9 -0.8

2012 -0.7 -0.6 -0.5 -0.4 -0.3 -0.1 0.1 0.3 0.4 0.4 0.2 -0.2

2013 -0.4 -0.5 -0.3 -0.2 -0.2 -0.2 -0.2 -0.2 -0.2 -0.2 -0.2 -0.3

2014 -0.5 -0.6 -0.4 -0.2 0 0 0 0 0.2 0.4 0.6 0.6

2015 0.5 0.4 0.5 0.7 0.9 1.0 1.2 1.5 1.8 2.1 2.2 2.3

2016 2.2 1.9 1.5 1.1 0.7

NOAA/ National Weather Service
NOAA Center for Weather and Climate Prediction 
Climate Prediction Center
5830 University Research Court 
College Park, Maryland 20740 
Page Author: Climate Prediction Center Internet Team
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1961 0 0 -0.1 0 0.1 0.2 0.1 -0.1 -0.3 -0.3 -0.2 -0.2

1962 -0.2 -0.2 -0.2 -0.3 -0.3 -0.2 -0.1 -0.2 -0.2 -0.3 -0.3 -0.4

1963 -0.4 -0.2 0.1 0.2 0.2 0.4 0.7 1.0 1.1 1.2 1.2 1.1

1964 1.0 0.6 0.1 -0.3 -0.6 -0.6 -0.7 -0.7 -0.8 -0.8 -0.8 -0.8

1965 -0.5 -0.3 -0.1 0.1 0.4 0.7 1.0 1.3 1.6 1.7 1.8 1.5

1966 1.3 1.0 0.9 0.6 0.3 0.2 0.2 0.1 0 -0.1 -0.1 -0.3

1967 -0.4 -0.5 -0.5 -0.5 -0.2 0 0 -0.2 -0.3 -0.4 -0.4 -0.5

1968 -0.7 -0.8 -0.7 -0.5 -0.1 0.2 0.5 0.4 0.3 0.4 0.6 0.8

1969 0.9 1.0 0.9 0.7 0.6 0.5 0.4 0.5 0.8 0.8 0.8 0.7

1970 0.6 0.4 0.4 0.3 0.1 -0.3 -0.6 -0.8 -0.8 -0.8 -0.9 -1.2

1971 -1.3 -1.3 -1.1 -0.9 -0.8 -0.7 -0.8 -0.7 -0.8 -0.8 -0.9 -0.8

1972 -0.7 -0.4 0 0.3 0.6 0.8 1.1 1.3 1.5 1.8 2.0 1.9

1973 1.7 1.2 0.6 0 -0.4 -0.8 -1.0 -1.2 -1.4 -1.7 -1.9 -1.9

1974 -1.7 -1.5 -1.2 -1.0 -0.9 -0.8 -0.6 -0.4 -0.4 -0.6 -0.7 -0.6

1975 -0.5 -0.5 -0.6 -0.6 -0.7 -0.8 -1.0 -1.1 -1.3 -1.4 -1.5 -1.6

1976 -1.5 -1.1 -0.7 -0.4 -0.3 -0.1 0.1 0.3 0.5 0.7 0.8 0.8

1977 0.7 0.6 0.4 0.3 0.3 0.4 0.4 0.4 0.5 0.6 0.8 0.8

1978 0.7 0.4 0.1 -0.2 -0.3 -0.3 -0.4 -0.4 -0.4 -0.3 -0.1 0

1979 0 0.1 0.2 0.3 0.3 0.1 0.1 0.2 0.3 0.5 0.5 0.6

1980 0.6 0.5 0.3 0.4 0.5 0.5 0.3 0.2 0 0.1 0.1 0

1981 -0.2 -0.4 -0.4 -0.3 -0.2 -0.3 -0.3 -0.3 -0.2 -0.1 -0.1 0

1982 0 0.1 0.2 0.5 0.6 0.7 0.8 1.0 1.5 1.9 2.1 2.1

1983 2.1 1.8 1.5 1.2 1.0 0.7 0.3 0 -0.3 -0.6 -0.8 -0.8

1984 -0.5 -0.3 -0.3 -0.4 -0.4 -0.4 -0.3 -0.2 -0.3 -0.6 -0.9 -1.1

1985 -0.9 -0.7 -0.7 -0.7 -0.7 -0.6 -0.4 -0.4 -0.4 -0.3 -0.2 -0.3

1986 -0.4 -0.4 -0.3 -0.2 -0.1 0 0.2 0.4 0.7 0.9 1.0 1.1

1987 1.1 1.2 1.1 1.0 0.9 1.1 1.4 1.6 1.6 1.4 1.2 1.1

1988 0.8 0.5 0.1 -0.3 -0.8 -1.2 -1.2 -1.1 -1.2 -1.4 -1.7 -1.8

1989 -1.6 -1.4 -1.1 -0.9 -0.6 -0.4 -0.3 -0.3 -0.3 -0.3 -0.2 -0.1

1990 0.1 0.2 0.2 0.2 0.2 0.3 0.3 0.3 0.4 0.3 0.4 0.4

1991 0.4 0.3 0.2 0.2 0.4 0.6 0.7 0.7 0.7 0.8 1.2 1.4

1992 1.6 1.5 1.4 1.2 1.0 0.8 0.5 0.2 0 -0.1 -0.1 0

1993 0.2 0.3 0.5 0.7 0.8 0.6 0.3 0.2 0.2 0.2 0.1 0.1

1994 0.1 0.1 0.2 0.3 0.4 0.4 0.4 0.4 0.4 0.6 0.9 1.0

1995 0.9 0.7 0.5 0.3 0.2 0 -0.2 -0.5 -0.7 -0.9 -1.0 -0.9

1996 -0.9 -0.7 -0.6 -0.4 -0.2 -0.2 -0.2 -0.3 -0.3 -0.4 -0.4 -0.5

1997 -0.5 -0.4 -0.2 0.1 0.6 1.0 1.4 1.7 2.0 2.2 2.3 2.3

1998 2.1 1.8 1.4 1.0 0.5 -0.1 -0.7 -1.0 -1.2 -1.2 -1.3 -1.4

1999 -1.4 -1.2 -1.0 -0.9 -0.9 -1.0 -1.0 -1.0 -1.1 -1.2 -1.4 -1.6

2000 -1.6 -1.4 -1.1 -0.9 -0.7 -0.7 -0.6 -0.5 -0.6 -0.7 -0.8 -0.8

2001 -0.7 -0.6 -0.5 -0.3 -0.2 -0.1 0 -0.1 -0.1 -0.2 -0.3 -0.3

2002 -0.2 -0.1 0.1 0.2 0.4 0.7 0.8 0.9 1.0 1.2 1.3 1.1

2003 0.9 0.6 0.4 0 -0.2 -0.1 0.1 0.2 0.3 0.4 0.4 0.4

2004 0.3 0.2 0.1 0.1 0.2 0.3 0.5 0.7 0.7 0.7 0.7 0.7

2005 0.6 0.6 0.5 0.5 0.4 0.2 0.1 0 0 -0.1 -0.4 -0.7

2006 -0.7 -0.6 -0.4 -0.2 0.0 0.1 0.2 0.3 0.5 0.8 0.9 1.0

2007 0.7 0.3 0 -0.1 -0.2 -0.2 -0.3 -0.6 -0.8 -1.1 -1.2 -1.3
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2008 -1.4 -1.3 -1.1 -0.9 -0.7 -0.5 -0.3 -0.2 -0.2 -0.3 -0.5 -0.7

2009 -0.8 -0.7 -0.4 -0.1 0.2 0.4 0.5 0.6 0.7 1.0 1.2 1.3

2010 1.3 1.1 0.8 0.5 0 -0.4 -0.8 -1.1 -1.3 -1.4 -1.3 -1.4

2011 -1.3 -1.1 -0.8 -0.6 -0.3 -0.2 -0.3 -0.5 -0.7 -0.9 -0.9 -0.8

2012 -0.7 -0.6 -0.5 -0.4 -0.3 -0.1 0.1 0.3 0.4 0.4 0.2 -0.2

2013 -0.4 -0.5 -0.3 -0.2 -0.2 -0.2 -0.2 -0.2 -0.2 -0.2 -0.2 -0.3

2014 -0.5 -0.6 -0.4 -0.2 0 0 0 0 0.2 0.4 0.6 0.6

2015 0.5 0.4 0.5 0.7 0.9 1.0 1.2 1.5 1.8 2.1 2.2 2.3

2016 2.2 1.9 1.5 1.1 0.7
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Satellite'Measurements
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• Bathymetry

• Mean dynamic topography

• Ocean surface topography

• Bottom pressure

• Sea surface temperature

• Sea surface salinity

• Vertical profiles of T and S

• Horizontal velocity

• Climatological T and S

• Sea ice cover

• Wind stress

• Air-sea flux estimates

+

NASA$Advanced

Supercomputing

Seasat

TOPEX
NSCAT

SeaStar TRMM
QuikSCAT

Terra

Jason

SeaWinds

Aqua

GRACE
ICESat OSTM Aquarius

An Example: 5-m Depth Ocean Speed in Mid-Latitude Pacific and Atlantic

Data Acquisition (2)
ECCO: Estimating the Circulation and Climate of the Ocean
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Zonal Wind Speed Along Equator
Thermocline (20°C Isotherm) Depth Along Equator

Indian: YES Stronger eastward wind correlated with deeper thermocline

West Pacific: No Stronger westward wind not correlated with shallower therm.

East Pacific: No Stronger westward wind not correlated with shallower therm.   

Atlantic: YES Equal wind strength correlated with equal thermocline depth

Easterly Wind Collapse

D = 4 m s-1

D = 1 m s-1

<4 El Niño Events>

<4 La Niña Events>

< Normal>

Indian                                        Pacific                               Atlantic

175 m ~ Depth of Bottom of Upwelling Zone



7

6/ 17/ 14 1:33 AMEl Niño Theme Page: images

Page 1 of 2http:/ / www.pmel.noaa.gov/ tao/ elnino/ nino_normal.html

Home | El Nino | Normal | La Nina
 

TOP

TOP

6/ 17/ 14 1:33 AMEl Niño Theme Page: images

Page 2 of 2http:/ / www.pmel.noaa.gov/ tao/ elnino/ nino_normal.html

 TOP
Department of Commerce / National Oceanic and Atmospheric Administration
Pacific Marine Environmental Laboratory / Tropical Atmosphere Ocean Project

Disclaimer | Privacy Policy | Feedback: oar.pmel.taogroup@noaa.gov

East Pacific
• Stronger westward wind

• Stronger upwelling

• Shallower thermocline depth

• Ekman dynamics not 

dominant

http://www.pmel.noaa.gov/tao/elnino/nino_normal.html (based on 1982-1983 Super El Niño)

East Pacific
• Weaker westward wind

• Weaker upwelling

• Deeper thermocline depth

• Ekman dynamics not 

dominant

• Weaker westward 

wind

• Weaker upwelling

• Deeper thermocline

• Ekman dynamics not 

dominant

West Pacific
• Stronger westward 

wind

• Stronger upwelling

• Shallower 

thermocline

• Ekman dynamics 

not dominant

West Pacific
Atlantic and Indian
• Ekman dynamics 

applicable

Observed Correlations and Conventional Wisdom

(Typical El Niño and La Niña)

http://www.pmel.noaa.gov/tao/elnino/nino_normal.html
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Zonal Wind Speed and Thermocline Depth

1997-1998 Super El Niño

<Jun 1997 – Nov 1997>

<Dec 1997 – May 1998>

Substantial collapse 

of easterly wind

No bell-shaped curve

Indian                                        Pacific                               Atlantic

40- to 50-m deeper 

than in typical El Niño
• Stronger eastward wind

• Increased downwelling

• Deeper thermocline

• Ekman dynamics 

dominant  

West Pacific

• Weaker westward wind

• Reduced upwelling

• Deeper thermocline

• Ekman dynamics not dominant

East Pacific
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Zonal Wind Speed and Thermocline Depth

2015-2016 Super El Niño

Collapse of easterly wind

Small bell-shaped curve

<Jun 2015 – Nov 2015>

<Dec 2015 – May 2016>

• Stronger eastward wind

• Increased downwelling

• Deeper thermocline

• Ekman dynamics dominant  

West Pacific  

East Pacific
• Weaker westward wind

• Reduced upwelling

• Deeper thermocline

• Ekman dynamics not dominant

20- to 30-m deeper 

than in typical El Niño

Indian                                        Pacific                                Atlantic
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Summary

• Hypothesis
➢ At the equator, thermocline depth and strength of zonal wind speed 

are correlated through wind-driven upwelling

• Results
➢ Typical El Niño and La Niña Event

o Indian – correlation was positive

o West Pacific – correlation was negative

o East Pacific – correlation was negative

o Atlantic – correlation was positive  

➢ Super El Niño Event

o Indian Ocean – correlation was negative

o West Pacific – correlation was positive

o East Pacific – correlation was negative

Thank You


