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Hypothesis:
Thermocline depth at the equator is correlated with strength

of zonal wind speed through wind-driven upwelling
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El Nino, La Nina and Normal Intervals
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Equator
170w 1205V§
Year | DJF | JFM |FMA [MAM| AM3J | M33 | JJA | JAS | ASO | SON |OND | NDJ |
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 |super el Nifio 1
1998/ 2.1 (1814|1005 [-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 LaNifal
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 {0204 070809 [1.0[1.2]1.3]1.1 ENinoz
200309 (0.6 |04 | 0 [-02[-0.1[0.1[0203[04][04]04
2004/ 03 (02 ]0.1 (010203050707 ]0.7]0.7]0.7 N
2005/ 0.6 |06 |05]05]|0402]01]| 0 | 0 |-0.1|-04]-0.7 F'Nfo2
2006|-0.7 [-0.6 [-0.4[-0.2[ 0.0 0.1 02[03]05[08[0.9]1.0 £ nifo3
2007[0.7 (03] o [-0.1[-0.2[-0.2[-0.3[-0.6[-0.8[-1.1[-1.2[-1.3 LaNina2
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| 02|04 |0.5]0.6 0.7 1.0 1.2 1.3 EINifo4
2010{ 1.3 (1.1 |0.8|0.5| 0 [-0.4[-0.8[-1.1[-1.3[-1.4[-1.3[-1.4 |, nifa3
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 LaNifia 4
2012(-0.7[-0.6 |-0.5[-0.4|-0.3|-0.1]/ 0.1 [03 |04 [04[02][-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] 0O 0 0 o [02]04]06]056
2015/ 0.5 | 04 [0.5/0.7 /0.9 [1.0[12[15[1.8 2.1 2.2 ]23[ =
uper El Nifio 2

2016| 2.2 | 1.9 |1.5 | 1.1 [ 0.7 | 0.1 | -03 |-06 | -08 |-08 |-08 | ' s

http://www.cpc.ncep.noaa.gov/products/analysis_monitoring/ensostuff/ensoyears.shtmi



Data Acquisition (1)
Satellite Measurements
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Data Acquisition (2)
ECCO: Estimating the Circulation and Climate of the Ocean
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An Example: 5-m Depth Ocean Speed in Mi—Latitude Pacific and Atlantic




Zonal Wind Speed Along Equator
Thermocline (20°C Isotherm) Depth Along Equator

Easterly Wind Collapse /
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175 m ~ Depth of Bottom of Upwelling Zone 1
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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




Observed Correlations and Conventional Wisdom
(Typical El Nino and La Nina)

West Pacific 3 B _ _
. Weaker westward El Nino Conditions Atlantic and Indian
wind O = ; - Ekman dynamics
+ Weaker upwelling ~ + ?@f ' applicable
« Deeper thermocline o S ' East Pacific
« Ekman dynamics not '-S=—————==% .
dominant Equator —1  Stronger westward wind
" Stronger upwelling
« Shallower thermocline depth
« Ekman dynamics not
: dominant
120°E 80°W
. La Nina Conditions
West Pacific o oooo- R :
« Stronger westward i%ﬁh :
: ~r
wind S { 3
« Stronger upwelling " __ East Pacific
» Shallower Equator _ gfome .  Weaker westward wind
thermocline i : «  Weaker upwelling

« Ekman dynamics
not dominant

« Deeper thermocline depth
 Ekman dynamics not
dominant

- 7
120°E BOW
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http://www.pmel.noaa.gov/tao/elnino/nino_normal.html

Zonal Wind Speed and Thermocline Depth
1997-1998 Super El Nino
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Zonal Wind Speed and Thermocline Depth
2015-2016 Super El Nino

| <Jun 2015 — Nov 2015>
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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 Nifio and La Nina 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 Nino Event
o Indian Ocean — correlation was negative
o West Pacific — correlation was positive
o East Pacific — correlation was negative
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