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What is ENSO?

El Nino-Southern Oscillation

El Nifio SST anomaly composite La Nifia SST anomaly com_p05|te -
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Source: Okumura and Deser, 2010

 Anomalous warming and cooling of east Pacific
sea surface temperature (SST, 2-7 year period)



What is ENSO?

* Connected to severe climatic events: droughts, storms,

floods, heat waves, bushfires (e iz et al. 2001, Mcphaden et al. 2006,
Sarachik and Cance 2010)

Precise ENSO prediction enables socie-
ties to prepare for such climatic events
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What is ENSO?

 Warm water volume (WWYV) leads ENSO sea surface

tem peratu Fe (SST) (e.g. Wyrtki 1985; Jin 1997; Meinen and McPhaden 2000;
McPhaden 2003; McPhaden 2012)
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-2 WWV is a precursor of ENSO

WWYV: Volume of equatorial Pacific (120°E-
280°E; 5°N-5°S) water above the thermocline




Under-
standing
of WWV

Under-
standing
of ENSO

* Dividing WWV into:

|. Ekman and geostrohpic transports (veinen and Mcphaden 2001; Meinen 2005;
Bosc and Delcroix 2008)

II. East and WQS_t_(M_e_Ln_gn_a,n_d_M;%_a@n 2000; Izumo et al. 2018; Planton et al. 2018)

lIkInstantaneous and adjusted responses (Vidregor et al. 2016; Neske and

McGregor )




Instantaneous and adjusted WWV responses

1.5 layer shallow water model forced by an equatorial westerly wind event (WWE)
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* Adjusted response plays prominent role in cyclic ENSO theories
(e.g. Suarez and Schopf 1988; Jin 1997)



Instantaneous and adjusted WWV responses

Equatorial westerlies El Nino
— adjusted WWV discharge
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Instantaneous and adjusted WWV responses

* 1-year wind forced SWM spin up run (monthly) = free evolution for 3

months
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* 3rd month of free evolution defined as adjusted contribution

* Difference beween wind forced simulation and adjusted contribution
defined as instantaneous contribution



Instantaneous and adjusted WWV responses

* Shallow water model results forced by ERA-interim winds (Neske and McGregor, 2018):
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Instantaneous and adjusted WWV responses

* Shallow water model results forced by ERA-interim winds (Neske and McGregor, 2018):
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Instantaneous and adjusted WWV responses

* Shallow water model results forced by ERA-interim winds (Neske and McGregor, 2018):
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Instantaneous and adjusted WWV responses

* Shallow water model results forced by ERA-interim winds (Neske and McGregor, 2018):
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Instantaneous and adjusted WWV responses

* ENSO predictability >1 season depends on the adjusted

Correlation coefficient
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— Post-2000 control/ENSO SST lead correlation largely reflects

the instantaneous/ENSO SST lead correlation




Instantaneous and adjusted WWV responses

* Shallow water model results forced by ERA-interim winds (Neske and McGregor, 2018):
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Instantaneous and adjusted WWV responses

* Shallow water model results forced by ERA-interim winds (Neske and McGregor, 2018):
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Instantaneous and adjusted WWV responses

* Throughout most literature: increase in instantaneous
response = increase in adjusted response:

SWM pycnocline output
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— It is a good approximation: correlation between equatorial
wind stress and Rossby wave signal ~0.75 (Ilzumo et al. 2018)



Instantaneous and adjusted WWV responses

* Throughout most literature: increase in instantaneous
response = increase in adjusted response:

Wind stress forcing <107 SWM pycnocline output
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More correctly: Strength and sign of Rossby
wave signhal depends on the wind stress curl
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Research question < /

Are the strongest equatorial wind
stresses always followed by strong
adjusted contributions?



ldentifying strongest equatorial winds

* Instantaneous contribution east of 200°E is chosen

SWM pycnocline output
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ldentifying strongest equatorial winds

* Instantaneous contribution east of 200°E is chosen

SWM pycnocline output
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Modeling adj. responses to strongest equatorial winds

—_—WWV

inst.east
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e 11 peaks
= 12 troughs

* Forcing the SWM with each 3-month forcing period of
the WW V<t east P€aks and troughs = 23 model runs



Modeling adj. responses to strongest equatorial winds

Eqg. westerlies Eqg. easterlies
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* Transitioning simulations:

— adjusted response of opposite sign (expected from theory)
* Neutral simulations:

- no adjusted response (between 0.2 and -0.2 - 10'*m?)




Modeling adj. responses to strongest equatorial winds

Eqg. westerlies Eqg. easterlies
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5out of 11... 3outofl2..

...simulations lead to a transitioning adjusted
response (consistent with theory)



Modeling adj. responses to strongest equatorial winds

* Pre- to post- 2000 differences:

x10

-Pre-2000: 6/12

simulations are
by A _________ Iﬁm ]1 transitioning
W]

&
5
WWlﬁJ ...... CAVAEL NJ Post-2000: 2/11

simulations are
! _WWVinst.east tra nSItIOnlng

A A B A B ||| N B S B
1980 1985 1990 1995 2000 2005 2010 2015

— Consistent with post-2000 decrease in
adjusted contribution (Neske and McGregor, 2018)




Modeling adj. responses to strongest equatorial winds

* Composite
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Modeling adj. responses to strongest equatorial winds

* Composite WWVjnst east Peaks forcing | . forcing:
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Modeling adj. responses to strongest equatorial winds
* Composite SWM output
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Modeling adj. responses to strongest equatorial winds
* Composite SWM output
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ENSO precursor?




ENSO precursor?

8 months later
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Conclusions

65% of the strongest equatorial winds lead to no adjusted response (neutral
simulations) = at odds with traditional models describing ENSO as a self-sustained
oscillation (e.g. Suarez and Schopf, 1988; Weisberg and Wang; 1997, Picaut et al., 1997; Jin, 1997)

Neutral simulations dominate post-2000 period = consistent with post-2000 decline in
adjusted WMWYV (Neske and McGregor 2018)

Considering the wind stress curl/co-exsitence of equatorial and off-equatorial winds is
crucial for understanding details of ENSO dynamics (consistent with McGregor et al. 2016)

Adj. westerly discharges (trans. peaks) are twice as frequently than adj. easterly
recharges (trans. troughs)

Precursor skill is good for adj. westerly discharges (trans. peaks) but poor for ad,.
easterly recharges (trans. troughs)

- explain why El Niflos are more often followed by La Nifias than the
other way around (e.g. Kessler 2002; Larkin and Harrison 2002)

SWM results are consistent with GFDL-MOMO025 simulations



Thank youl!




References

-Bosc, C., & Delcroix, T. (2008), Observed equatorial rossby waves and enso-related warm water volume changes in the equatorial pacific ocean. Journal of Geophysical Research: Oceans, 113 (C6).
-Diaz, H. F., Hoerling, M. P., & Eischeid, J. K. (2001), Enso variability, teleconnections and climate change. International Journal of Climatology, 21 (15), 1845-1862.

-Harrison, D. E., & Vecchi, G. A. (1997). Westerly wind events in the tropical Pacific, 1986—95. Journal of climate, 10(12), 3131-3156.

-lzumo, T., Lengaigne, M., Vialard, J., Suresh, I., & Planton, Y. (2018). On the physical interpretation of the lead relation between Warm Water Volume and the El Nifio Southern Oscillation. Climate
Dynamics, 1-20.

- Jin, F.-F. (1997), An equatorial ocean recharge paradigm for enso. part i: Conceptual model. Journal of the Atmospheric Sciences, 54 (7), 811-829.

-Kessler, W. S. (2002). Is ENSO a cycle or a series of events?. Geophysical Research Letters, 29(23), 40-1.
-Larkin, N. K., Harrison, D. E. (2002) ENSO warm (El Nifio) and cold (La Nifia) event life cycles: Ocean surface anomaly patterns, their symmetries, asymmetries, and implications. Journal of Climate

14(10):1118-1140

-McGregor, S., Timmermann, A., Jin, F. F., & Kessler, W. S. (2016). Charging El Nifio with off-equatorial westerly wind events. Climate dynamics, 47(3-4), 1111-1125.

-McPhaden, M. J. (2003). Tropical Pacific Ocean heat content variations and ENSO persistence barriers. Geophysical research letters, 30(9).

-McPhaden, M. J., Zebiak, S. E., & Glantz, M. H. (2006), Enso as an integrating concept in earth science. science, 314 (5806), 1740-1745.

-McPhaden, M. J. (2012), A 21st century shift in the relationship between enso sst and warm water volume anomalies. Geophysical Research Letters, 39 (9).

-Meinen, C. S., & McPhaden, M. J. (2000), Observations of warm water volume changes in the equatorial pacific and their relationship to el nifio and la nifia. Journal of Climate, 13 (20), 3551-3559.
-Meinen, C. S., & McPhaden, M. J. (2001), Interannual variability in warm water volume transports in the equatorial pacific during 1993-99. Journal of physical oceanography, 31 (5), 1324-1345.
-Meinen, C. S. (2005). Meridional extent and interannual variability of the Pacific Ocean tropical-subtropical warm water exchange. Journal of physical oceanography, 35(3), 323-335.

-Neske, S., & McGregor, S. (2018). Understanding the warm water volume precursor of ENSO events and its interdecadal variation. Geophysical Research Letters, 45(3), 1577-1585.

-Okumura, Y. M., & Deser, C. (2010). Asymmetry in the duration of El Nifio and La Nifia. Journal of Climate, 23(21), 5826-5843.

-Suarez, M. J., & Schopf, P. S. (1988), A delayed action oscillator for enso. Journal of the atmospheric Sciences, 45 (21), 3283-3287.

-Planton, Y., Vialard, J., Guilyardi, E., Lengaigne, M., & lzumo, T. (2018). Western Pacific oceanic heat content: a better predictor of La Nifia than of El Nifio. Geophysical Research Letters, 45(18),
9824-9833.

-Weisberg, R. H., & Wang, C. Z. (1997), A western Pacific oscillator paradigm for the El Nino Southern Oscillation. Geophysical Research Letters, 24(7), 779-782.

-Wyrtki, K. (1985). Water displacements in the Pacific and the genesis of El Nifio cycles. Journal of Geophysical Research: Oceans, 90(C4), 7129-7132.



Appendix |

WWV anom. [m3]
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