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In the low-frequency limit
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In the low-frequency limit

converge In space & time
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In the low-frequency limit

converge In space & time

Interaction between
Meridional and ENSO
Modes
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In the low-frequency limit

SSTa Correlation with PC1 of 6-
year lowpass SSTa

ENSO-LIKE DECADAL
VARIABILITY

Zhang et al. 199/; and many others
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SSTa Correlation with PC1 of 6-
year lowpass SSTa
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OBSERVATIONS
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OBSERVATIONS

1 Meridional Modes:

in the extra-tropics initiates the
evolution of Pacific decadal variability
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Di Lorenzo et al. GRL, 2015




1 Meridional Modes:

LAG=-1.5YR

LAG=0YR

LAG=1.5YR
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in the extra-tropics initiates the
evolution of Pacific decadal variability

growth

peak

2 ENSO Modes:
teleconnected responses
associated with the zonal
mode response

decay

Di Lorenzo et al. GRL, 2015



Weakening off- L
equatorial
trade winds

SLPa Correlation with ENSO Mode

-60

LEAD growth

LAG=0YR | peak

08 -06 -04 02

ENSO
Teleconnection
Patterns decay
— - .
-250 -200 -150 -100 Work by Zhang, Ch/ang,
ﬁ% B Om Vimont, Anderson, and others



3
a % d NSLP,,,
2r SSLPpre
Weakening off- 11 0
equatorial
trade winds o v [' ' ‘ ~ ‘ “
-1
-60 2
-250 -200 -150 -100 ) R=0.05

1950 1960 1970 1980 1990 2000 20102016

04 03 02 01 0 01 02 03 04

Zhao and Di Lorenzo, 2017, in revision



d GOF" d > NSLPp
40 gl ] re
2r SSLme
Weakening off- 11 0
equatorial
trade winds o v [' ' ‘ ~ / ‘ “
‘ -1
-60 | 2
250 -200 -150 -100 ) R=0.05

1950 1960 1970 1980 1990 2000 20102016

ENSO,,

21 ENSO ‘
1 1 / ’ ‘ 1
‘\N ') MJ/' ‘ ‘V»f
250 200 150 -100 | R=0.60

B . T TN 050 1960 1970 1980 1990 2000 20102016

ENSO
Anomalies

-40 [
-60

Zhao and Di Lorenzo, 2017, in revision



Weakening off-
equatorial
trade winds

-60

-250 -200

ENSO
Anomalies

-40 [
-60

ENSO
Teleconnection
Patterns

08 -08 04 02

0

02 04 06 08

: W AR N\“ [

NSLPpre
SSLPpre

\N

_2 L
R=0.05
1950 1960 1970 1980 1990 2000 20102016
3 r
ENSO,,
2F ENSO
1t ‘ ’ .
Ll R / |
oYWV VW /3
AL WA B v '/ Y/
_2 5
R=0.60
1950 1960 1970 1980 1990 2000 20102016
NSLP;,ost
2r \ SSLP o5 ]
1 - \ « ‘ ‘ ‘
L AN \ |
0 q "/ ' ARAVA | (1 ‘ '
At Y \ f IWV
_2 L
R=0.61 | | | |
1950 1960 1970 1980 1990 2000 20102016



Between ~50% of PDV and
Tropical PDV can be explained

by Meridional Modes




Between ~50% of PDV and
Tropical PDV can be explained
by Meridional Modes

QUESTION:
So how does a Meridional work
and how does It interact with

ENSO?




WINTER (JFIVI)

ATMOSPHERIC
FORCING

North Pacific Oscillation

QUESTION:
So how does a Meridional work
and how does It interact with

ENSQ?
SLP ANOMALY
-2 0 +2
B 'l

UNITS OF STD



WINTER (J)
SLPA_ % By

ATMOSPHERIC
FORCING

\ North Pacific Oscillation

SLP ANOMALY

0

-2 +2
I .

UNITS OF STD




WINTER (J)
SLPA_ % By

ATMOSPHERIC
FORCING

SLP ANOMALY

0

-2 +2
I .

UNITS OF STD




ATMOSPHERIC
FORCING

SLP ANOMALY

0

-2 +2
I .

UNITS OF STD




ATMOSPHERIC
FORCING

Meridional
Modes

SPRING (JFM)

Vimont et al., 2001, Anderson, 2003, Alexander et al., 2011
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PERSISTENCE of the WARM BLOB in 2014/15
Di Lorenzo et al. Nature CC, 2016
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PERSISTENCE of the WARM BLOB in 2014/15
Di Lorenzo et al. Nature CC, 2016
1 ATMOSPHERIC R;- ‘ 3 |

h\.
GENERATES WARM BLOB
WINTER

PDO-like

ENSO
Teleconnection
Pattern

Meridional
Modes ENSO like WFALL2015

-_—



PERSISTENCE of the WARM BLOB in 2014/15
Di Lorenzo et al. Nature CC, 2016
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PERSISTENCE of the WARM BLOB in 2014/15
Di Lorenzo et al. Nature CC, 2016
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SUGGESTION:
Increase in multi-year persistence of the

Atmospheric Drivers of the marine
heatwaves




CLIMATE HYPOTHESIS for the DECADAL VARIABILITY

Di Lorenzo et al. GRL, 2015
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CLIMATE HYPOTHESIS for the DECADAL VARIABILITY

Di Lorenzo et al. GRL, 2015
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Evidence for a Significant INCREASE IN THE PDV VARIANCE
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Evidence for a Significant INCREASE IN THE PDV VARIANCE

PACIFIC DECADAL VARIABILITY INDEX
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Evidence for a Significant INCREASE IN THE PDV VARIANCE

20-year Running Variance
PACIFIC DECADAL VARIABILITY INDEX
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Evidence for a Significant INCREASE IN THE PDV VARIANCE

QUESTIONS

Why Is Pacific Decadal Variance increasing?
Is this related to greenhouse forcing?




CLIMATE HYPOTHESIS for the DECADAL VARIABILITY

Di Lorenzo et al. GRL, 2015

=

ENSO
Teleconnection
Pattern

Meridional

Modes ENSO-like

k. —




CLIMATE HYPOTHESIS for the DECADAL VARIABILITY
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CLIMATE HYPOTHESIS for the DECADAL VARIABILITY
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CLIMATE HYPOTHESIS for the DECADAL VARIABILITY

HYPOTHESIS #2

The Meridional Modes are getting
stronger.
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CLIMATE HYPOTHESIS for the DECADAL VARIABILITY
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CirimaTE HvpaTHESIS for the DECADAL VARIABILITY
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CLIMATE HYPOTHESIS for the DECADAL VARIABILITY

Sensitivity of SST to winds
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CLIMATE HYPOTHESIS for the DECADAL VARIABILITY
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Model to explain ENSO-like Decadal Variability
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Model to explain ENSO-like Decadal Variability
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Pacific Decadal Variability (PPAI Talk)

I.Dacific climate modes tend to ENSO-like pattern in low-frequency limit

(Is/lap of low frequency modes, and their tendency to approximate ENSO-like

:I'he dynamics of ENSO-like decadal variability can be understood as the interactions between MM/ENSO
$ingying progression

Diagram introduction with processes and relation to climate modes
0
Schematic intro

PDV variance increasing

I?’DV index in observations and model showing increasing variance
I.\/Iechanisms for PDV increasing

SVES and increase thermodynamic feedback

Stronger coupling may impact statistics of extremes

0

How stronger coupling MM/ENSO can lead to stronger coupling of North Pacific mode and the multi-year persistence of
warm/cold events

Predictability of PDV may want to explore subsurface dynamics

o)

Source of surface PDV predictability are related to the growth and decay of the PDV, but limited to a 1-3 years
o)

Exploiting and understanding subsurface dynamics may lead to longer “decadal” predictability



