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ODbjects:

(1) What are the leading modes of
ocean mixed-layer heat budget terms in
GODAS In the tropical Pacific and the

assoclation with ENSQO?

(2) What are interdecadal changes of
these leading modes and their

assoclation with ENSQO?
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Main Approaches:

(1) Use combined-EOF (cEOF) including 6 terms (Qu,
Qv, Qw+Qzz, Qq, Total, and observed SST tendency)
to 1dentify the leading modes of the 6 terms In the
whole period (1979-2010), 1979-1999, 2000-2013, to
examine the leading modes and their interdecadal
changes.

(2) By calculating lead-lag correlations of the PC1/PC2
with different variables to examine the connection of
the leading modes with ENSO and the interdecadal
changes.
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Data:
(a) The main dataset used in this work is the heat budget diagnosis of ocean
mixed layer (Huang et al. 2010) from GODAS. The tendency of ocean

temperature of the ocean mixed layer is defined as:

oT
E=Qu+Qv+Qw+sz+Qq+R

Where, dT /ot is the tendency of mixed layer ocean temperature. Q,, is zonal
advection, Q,, i1s meridional advection, Q,, is vertical entrainment, Q,, IS
vertical diffusion, and Q,, s adjusted surface heat flux. The adjusted surface
heat flux (Q,) Is the net surface heat flux plus heat flux correction (introduced

by a relaxation of model SST to observed SST) minus the penetrative
shortwave radiation. The sum of all Q terms is referred to as total forcing in
this work. R is the residual term, which contains the effect of horizontal heat
diffusion and the contributions of the sub-monthly processes.

(b) Surface wind stress from R2, and the depth of 20°C isotherm (D20),
ocean temperature and current from GODAS.
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1: Leading patterns for the
whole period: 1979-2013
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PC1 and CEOF1 of Heat Budget and observed SST Tendency Anomalies (1979-2013; C/Mon)

() Time Series of PC1 (19%, Shading) and Nino3.4 (Line)
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cEOF1: Peak phase of

ENSO

(a) both total forcing and
SST tendency are small.
(b) Qu, Qv, Qw+Qzz (Qq)
are positive (negative),
suggesting that peak phase
occurs while the dynamical
and thermodynamic
contributions are in balance.
© maximum values are
along the equator for Qu,
Qw+Qzz, Qq, off-the-
equator for Qv.

(d) variability of PC1
became smaller after 2000,
consistent with our (JC,
2013) and others previous
works.
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Lead and Lag Correlations (Bar: 1979-2013; Solid: 1979-1999; Dash: 2000-2013)
(a) PC1 and NINO3.4

0.9 - . ; , ,
. . . . . | .

05- B RLMITRITEMEME TR 1 TR

0.3- : : ' : wa fo \

"---......—' ‘ :
°||||||||||||| o
-0.31
06 . ; ‘ ; . ; ; ; ; .

-24 -20 -16 12 -8 -4 0 4 8 12 16 20 24

Nino3.4 Leads PC1 Nino3.4 Lags

cEOF1: Peak phase of ENSO:

Maximum correlation presents when Nino3.4
lags PC1 by 0-1 month




cEOF1 is tied up ENSO peak phase and associated with Bjerknes feedback

processes (SST and wind stress anomaly regressions onto PC1)

Lead and Lag Regressions SST & Surface Wind Stress onto PC1
(SST (C) &UV (N/m#*%2); Heat Budget CEOF: 15S—15N, 135.5E—74.5W; 1979—2013)
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Unique role of Qv: expand the SSTA in meridional direction
(Qv anomaly was mainly determined by advection of anomalous T by climatological
meridional current and tended to broaden the ENSO SSTA pattern meridionally)

Cor (shading; 99%) & Reg (contour; C/Mon) of Normalized Nino3.4 (left)/PC1 (right) & —vdT/dy (GODAS, 0—55m)
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(b) Climatology Current and Anomaly Temperature
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PC2 and CEOF2 of Heat Budget and observed SST Tendency Anomalies (1979-2013; C/Mon)
(a) Time Series of PC2 (10%, Shading) and WWV (Line)
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cEOF2: development\

phase of ENSO

(a) both total forcing and
SST tendency are positive
and comparable.

(b) Qu, Qv, Qw+Qzz (Qq)
are positive (negative) in
c&e Pacific and negative
(positive) in the far e.
Pacific, suggesting that the
development phase occurs
while the dynamical
(thermodynamic)
contribution is positive
(negative) in c&e Pacific
and negative (positive) in
the far e. Pacific.

© variability of PC2 also
became smaller and
positive after 2000,
consistent with our (JC,
2013) and others previous
works.
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/Correlation of PC2 and WWV: Bar: 1979-2013; Solid & Black: 1979-1999; Dash & Green: 2000-2013 \

(b) PC2 and WwWV
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cEOF2: Development phase of ENSO
Maximum correlation presents when wwv lags PC2 by 1-
2 months, suggesting that cEOF2 may be mainly

assoclated recharge/discharge process.
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CEOF2 is tied up ENSO development phase
(D20 and surface wind stress anomaly regressions onto PC2)

Lead and Lag Regressions D20 (Shading) & Surface Wind Stress onto PC2
(D20 (M) &UV (N/m=x2); Heat Budget CEOF: 15S—15N, 135.5E—74.5W; 1979—2013)
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2. Interdecadal change of the
leading patterns between two
periods: 1979-1999 and 2000-2013




Compared
with that in
1979-1999,
the amplitude
reduced for
both cEOF1
and PC1 In
2000-2013:

Left: 1979-99
Right: 2000-13

TSREE 80 T 120w ™ 150E 180 150W 120W

':E% Left: 1979-9(3‘2] _Right: 2000-13 ,\‘{i;Z”

mmmmmm
B - y




10N

« |_1ttle change

108

_ for both cEOF2
- and PC2 In two

120W

oow

180 150w 120W

o0wW

180 150W 120W

90w

5‘{:

150E 180 150W 120W

Right: 2000-13

R

1 50E 150W 120W

- Periods:

EQ
108

« Left; 1979-99
* Right: 2000-13

10N
EQ
108

10N
EQ
10S




/ Variance; Left: 1979—1999; Right: 2000—-2013
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Wavelet analysis of Nino3.4: Shortening of the period

Wavelet of Nino3.4 Index (1979—2013)
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Variance (CxC)

Variance of Component of Wavelet of Nino3.4 (Line: 1979

4 Wavelet analysis suggests that ENSO shifts from 2-4 years

averaged in 1979-1999 to 1.5-3 years afker”2000
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Results

» CEOF1 corresponds to the ENSO mature phase

Qu: The contribution from the zonal advection was relatively small along the
equator. Qw+Qzz (Qq): the vertical entrainment and diffusion (surface heat flux)
had pronounced maxima with positive (negative) values along the equatorial
central and eastern Pacific.

Qv: The meridional advection displayed a different spatial pattern with large
positive values on both sides of the equator and smaller values along the equator,
expanding SSTA in meridional direction.

> CEOF2 links to the ENSO development phase

The amplitudes of the dynamical and thermodynamical terms were smaller than
that in cEOF1 and spatial distributions displayed an opposite variation between
the Central American coast, and central and eastern tropical Pacific.

> Interdecadal Variation (1979-1999 and 2000-2013):
Coupling in the tropical Pacific weakened at ENSO time scales.

ENSO shifted to a relatively higher frequency regime from 2-4 years averaged in
1979-1999 to 1.5-3 years after 2000.
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More Information

Comments or ask PDF files, send mail or e-mail to
Dr. Zeng-Zhen Hu

Climate Prediction Center

NCEP/NWS/NOAA

NOAA Center for Weather and Climate Prediction (#3130)
5830 University Research Court

College Park, Maryland 20740

Tel: +1-301-683-3441; Fax: 1-301-683-1557
Zeng-Zhen.HU@NOAA.GOV
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Lead and Lag Correlations (Bar: 1979-2013; Solid: 1979—-1999; Dash: 2000-2013)

o T e ey T cEOFL &
S O cEOF2:
Compared with
| M | 1979-1999
LU (][] . - 1 (solid/dark line)
1T ~— b | and 1979-2013
e A T b ®* (bar), frequency

becomes higher
for both PC1 &2,
and correlation 1s
smaller for PC1
In 2000-2013
(dashed/green
line).
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