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WHAT ARE “PRECURSORS” OF ENSO?

• WESTERLY WIND BURST  POSITIVE FEEDBACK SUCH AS ZONAL 

CURRENT AND THERMOCLINE FEEDBACK  LEAD TO ENSO

• NPO (NORTH PACIFIC OSCILLATION) – THROUGH ‘SEASONAL 

FOOTPRITING MECHANISM’

• PMM (PACIFIC MERIDIONAL MODE) – SIMILAR TO NPO TYPE BUT 

INVOLVES ‘WIND-EVAPORATION-SST FEEDBACK’ 



Lorenzo et al. (2015; GRL)



EVOLUTION OF ENSO

(Wang and An 2002; Guan and Nigam 2008)

ENSO evolution:
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WNP AS AN ENSO PRECURSOR
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Western North Pacific



WHY WESTERN NORTH PACIFIC (WNP)?

SST DJF Mean

Kuroshio Current

Barotropic model w/ composite WNP heat source/sink

(1) East Asian Winter Monsoon impact
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(2) Oceanic Kelvin wave -

zonal wind triggered

WHY WESTERN NORTH PACIFIC (WNP)?

e.g. El Nino revival
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(2) Oceanic Kelvin wave -

zonal wind triggered
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WHY WESTERN NORTH PACIFIC (WNP)?



IS GLOBAL WARMING ENHANCING 
ENSO PRECURSORS IN THE WESTERN 

NORTH PACIFIC?

mainly caused by GHG

GHG forcing 



25-YR SLIDING CORRELATION OF SSTA

WNP vs. Nino-3.4



CORRELATION FOR ENSO PRECURSORS



USING EARTH SYSTEM MODEL (ESM) –
CESM1 



Historical forcing experiments 
(1850-2005):

25-YR SLIDING CORRELATION OF SSTA

 holy cow



HOW GOOD IS CESM1?

REALISTIC ENSO PRE-CONDITIONS!

OBS 

CESMCESM1 



El	Nino	(DJF-1yr):	PC1(warm)	minus	PC1(cool)	

La	Nina	(DJF-1yr):	PC1(warm)	minus	PC1(cool)	

Top	minus	Middle	

CESM1	

~300yr	

CESM 350-year control run (natural variability)

WNP warming & dynamics

CESM free run



 holy cow
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LEAD-LAG CORRELATION OF NINO3.4 
WITH SST
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Observations CCSM4CESM1-CAM5.1-FV2



A WAY FORWARD?

• CLIMATE MODEL WITH BETTER PHYSICS LEADS TO BETTER 

ENSO SIMULATION

• PARTICULARLY, TRANSITION PHASES…



• NPO-like mode leads WNP to trigger ENSO 

• GHG appears to enhance (accelerate) this process

SUMMARY
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BACK-UP SLIDES
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WNP WARMING & DYNAMICS

Composite analysis:

NCEP + 20CR

&  HadSST



WNP WARMING & DYNAMICS

AMIP run (GISS)



And it’s only half the story!



WHAT IS THE SFM (SEASONAL 
FOOTPRINTING MECHANICM) OR PMM 

(PACIFIC MERIDIONAL MODE)? 
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15 AUGUST 2003 2669V I M O N T E T A L .

FIG. 1. Composites around the winter mean (NDJFMA) CTI (the
CTI is defined as SST averaged from 68S–68N, 1808–908W and is a
commonly used index to describe ENSO variability; Mitchell and
Wallace 2001, manuscript submitted to J. Climate): (a) Simultaneous
SST (NDJFM-averaged), contour interval 0.158C; (b) SLP (NDJFM-
averaged) 1 yr earlier than the SST map, contour interval 0.2 hPa.
The SST map is defined as one-half the difference between SST
averaged over years where the winter CTI exceeds one std dev, and
SST averaged over years where the winter CTI is less than minus
one std dev. The SLP map is constructed in a similar fashion, except
around the years 1 yr prior to those used for the SST map. Positive
contours are solid, negative contours are dashed, and the zero contour
has been omitted. Regions where the t score (based on a difference
in means) exceeds the 95% confidence level are lightly shaded. For
reference, the semiannually resolved CTI is plotted in Fig. 6a.

FIG. 2. Graphic illustration of the data, statistical method, and
summary statistics used in this analysis. The summary statistics are
in the following format: r / NC / SCF, where r is the correlation
between the two resulting time series, NC is the normalized covari-
ance between the two datasets, and SCF is the squared covariance
fraction explained by the leading statistical mode.

referred to as singular value decomposition analysis;
Bretherton et al. 1992) to the three pairs of variables
essential to the SFM: winter midlatitude SLP, summer
Northern Hemisphere tropical zonal wind stress, and
winter (11 months later than the SLP data) tropical SST.
MCA is used on the three pairs of fields with the hopes
that three separate results will provide stronger evidence
than the results of MCA applied to any single pair of
fields. The three MCAs and the data domains are sum-
marized in Fig. 2.

Data used for the MCA are taken from the National
Centers for Environmental Prediction–National Center
for Atmospheric Research (NCEP–NCAR) 40-yr Re-
analysis Project (Kalnay et al. 1996), including SST
[Reynolds reanalysis from 1982 onward, and Met Office
(UKMO) Global Sea Ice and Sea Surface Temperature
(GISST) before 1982]. The domains over which the data
are retained, as well as the time intervals over which
data are averaged, are displayed in Fig. 2. For the re-
mainder of this study, the terms ‘‘winter (0),’’ ‘‘summer
(0),’’ and ‘‘winter (1 1)’’ will refer to the consecutive
seasons over which SLP (NDJFM), zonal wind stress

(April–August, hereafter AMJJA), and SST (October–
February, hereafter ONDJF) are averaged, respectively.
Prior to performing MCA, the 53-yr records (1949–
2001) were spatially smoothed2 for computational ef-
ficiency, and detrended. Next, the winter (0) cold tongue
index (CTI) was linearly removed from the data,3 and
the data were standardized. The removal of the winter
(0) CTI ensures that the summer (0) zonal wind stress
and winter (1 1) SST are independent of ENSO vari-
ability that may have occurred during the preceding
winter. While the removal of the winter (0) CTI is not
necessary to obtain the results presented herein, it serves
to ensure that the seasonal relationships identified by
the MCA are dominated by the SFM and not merely by
the seasonality of ENSO.

In section 3, outgoing longwave radiation (OLR) is
used as a proxy for tropical precipitation anomalies.
Interpolated OLR data [described in Liebmann and
Smith (1996)] are defined from 1979 to 2001. [All data
are from the National Oceanic and Atmospheric Ad-
ministration–Cooperative Institute for Research in En-
vironmental Sciences (NOAA–CIRES) Climate Diag-
nostics Center Web site at http://www.cdc.noaa.gov/.]

Unless stated otherwise, statistical significance is in-
ferred when correlations (or composite differences) ex-
ceed the 95% confidence interval, based on a two-tailed
Student’s t test. For the correlations, the number of de-
grees of freedom is determined via the method outlined
in Bretherton et al. (1999).

2 Each set of four adjoining grid points (two latitudinal points by
two longitudinal points) was averaged together.

3 That is, the winter (0) CTI is removed from the contemporaneous
SLP, the following summer (0) zonal wind stress (lag 1 Ω yr) and
the following winter (1 1) SST (lag 1 1 yr).

Atmo-Ocean coupled climate variability

 MCA  (Maximum Covariance Analysis, 

or SVD of Bretherton et al. 1992)

 similar to Multi-variate EOF 
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