Variations of the Arctic Oscillation and its
Impact on East Asian winter

Kengo Miyaoka, Yoshinori Oikawa, Kazuto Takemura and Shotaro Tanaka
Japan Meteorological Agency
Global Environment and Marine Department
Climate Prediction Division




Purpose

e (Qverview of the variation of the Arctic
Oscillation

* |nvestigation of the impact on the
climate in East Asia

Climate Prediction Division, JMA



INDEX
Arctic Oscillation (AQO)

A large scale mode of climate variability

The phase of the SLP anomaly around the north pole different
from the one around mid-latitude regions

The first mode of EOF analysis using the
monthly Sea Level Pressure (SLP)
AO Winter
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Period: December to February in 1958-2012

AO index

Projecting the AO leading pattern to the
monthly anomaly SLP over 20N-90N
latitude.
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INDEX

ENSO index

30N

PDO index

The first mode of EOF analysis using the
Sea Surface Temperature in the North
Pacific (north of 20N)
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ENSO index:

Five-month moving averaged “NINO.3” SST
anomaly

El Nifo:

More than +0.5 for six consecutive months
La Nifa:

Less than -0.5 for six consecutive months

The distribution of winter mean SST
anomalies linearly regressed on the PDO
index.

Typical SST anomaly patterns (PDO+)
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Time series of ENSO index (Last 10 years)

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

Chmate Prediction Division, JMA
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Data

 Reanalysis Data: JRA-55 (kobayashi et al., 2015)

(~Sea Level Pressure )
JRA-55 — the Japanese 55-year ® AO Index
Reanalysis » - Surface Temperature
- Total PreC|p|'Fat|on Rate |
o _ _ \_ ®» Climate in East Asia -
http://jra.kishou.go.jp/JRA-55/index_en.html
e Sea Surface Data: COBE-SST (ishii et al., 2005)
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About the Index Data in this Report:

 Three months (DJF) averaged data
* Period: Winter from 1958/1959 — 2013/2014

Note: “Precipitation” refers to “Total Precipitation Rate” after this slide E

Climate Prediction Division, IMA



Historical Variability and Relationship

Long-term trend for AO, ENSO and PDO Indices
Classification of AO, ENSO and PDO (+ or -)

Composite Analysis of AO under El Nifio/La
Nifia years and PDO+/PDO- years




Historical Variability in AO/ENSO/PDO Indices
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_ The AO- frequently appeared after late 1990s.
Correlation between AO and

ENSQO: -0.1, PDQO:-0.2
(No significant) Climate Prediction Division, JMA @




Classification of years (Winter)

Positive (More than +0.1 Negative (Less than -0.1 )

1972, 1974, 1975, 1988, 1989, 1991, 1992, 2006 1959, 1962, 1964, 1965, 1967, 1968, 1969, 1976, 1978,
1963, 1971, 1980, 1982, 1983, 1990, 1994, 1998, 1999, 1984, 1985, 1993, 2000, 2003, 2009, 2010, 2012
2001, 2004, 2007, 2008, 2011 1958, 1970, 1973, 1977, 1979, 1981, 1986, 1987, 1997,

2002, 2005, 2013

El Nifio (More than +0.5 for consecutive 6 months) La Niila (Less than +0.5 for consecutive 6 months)

1965, 1968, 1969, 1972, 1976, 1982, 1986, 1987, 1991, 1967, 1973, 1975, 1984, 1988, 1995, 1998, 1999, 2005,
1997, 2002, 2009 2007, 2010

Positive (More than +0.5) Negative (Less than -0.5)

1958, 1959, 1960, 1969, 1976, 1977, 1980, 1982, 1983, 1961, 1964, 1967, 1968, 1970, 1971, 1973, 1975, 1988,
1984, 1985, 1986, 1987, 1993, 1995, 1997, 2002, 2005 1990, 1994, 1999, 2001, 2007, 2008, 2010, 2011, 2012

The year of 2000 refers to the boreal 2000/2001.

Climate Prediction Division, JMA :@



Relationship with ENSO
: te Analys

From the El Nifio/La Nina years, the years of AO+/AO- is selected

SLP Anomaly
All AO+

El Nifo years

La Nifa years

Classification of AO+/AO- events
in El Nino years

AO+(+0.1) /AO-(-0.1)
El Nifo years 3 9

La Niﬁa yearS 5 6 :?—45—35 -2.5 -1.5 -05 0.5 1.5 2.5 .’.»m—
 EI Nino: AO- occurs more often than AO+

« Same anomaly around the Eastern Pacific under
the different AO pattern and the same ENSO E

The value in “()” means threshold

Climate Prediction Division, IMA



Relationship with PDO

Composite Analysis

From the PDO+/PDO- years, the years of AO+/AO- is selected
SLP Anomaly

PDO+ years

PDO- years

Classification of AO+/AO- events
in PDO years

AO+(+0.1) AO-(-0.1)

PDO+ years 3 13
PDO- years 10 7
The value in ()" means threshold e AO- occurs more often than AO+ under PDO+

Climate Prediction Division, IMA 10

e AO+ occurs under PDO- more often than PDO+
.)



Relationship with Climate in East Asia

e Elements:
Surface temperature & Precipitation

e Composite Analysis:

1. Case of El Nino/La Nina/PDO+/PDO-

(No concern about the phase of AO)

2. Case of AO+/AO-
3. Case of El Niho/La Nina/PDO+/PDO- under AO+/AQO-

e (Correlation between Indices and
temperature/precipitation in several region

Note: The phase of AO is defined below after this slide:

AO+: more than 0.5/ AO-: less than -0.5 -
Climate Prediction Division, JIMA 1



East Asia: Surface Temperature
ENSO composite and PDO Composite
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* Almost Below normal (Not Significant)

Climate Prediction Division, IMA

Below-=af®= Above




East Asia: Surface Temperature
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No Cases

PDO+&A0O+0.5 "

Gray: 90% significance Around the northern East Asia

AO+: Above Normal, AO-: Below Normal
Below =il Above Climate Prediction Division, JMA ,

¥ PDO-8AO-0.5




East Asia: Surface Temperature
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Climate Prediction Division, IMA
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East Asia: Precipitation
ENSO composite and PDO Composite

El Nifo years La Nina years
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Around the southeastern East Asia

El Nifio: Above Normal, La Nifia : Below Normal

Climate Prediction Division, IMA




East Asia: Precipitation

No Cases

PDO+&AO+0.5
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Gray: 90% significance Around the south of East Asia
Below <= Above AO+: Above Normal, AO-: Below Normal
Climate Prediction Division, JMA 16




Precipitation

Time Series for Winter
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Colored figures: 95% significance
 Region 2 and 4 has the significant correlation with AO index

* Region 5 has the significant correlation with NINO index

Climate Prediction Division, IMA



Conclusion
Negative AO more frequently appeared after late 1990s

No statistically significant correlation with PDO or ENSO
about the phase of AO

However,

El Nino years: Occurrence of AO- is more than that of AO+
PDO+ years: Occurrence of AO- is more than that of AO+

AO+: Occurrence of AO+ is more often under PDO- years than

PDO+ years
Climate Prediction Division, JMA l



Conclusion: East Asia

Surface Temperature
e Larger correlation with AO rather than PDO or ENSO

e Around the northern East Asia

AO+ : Above normal, AO- : Below normal

Precipitation

e Significant Correlation with AO in the west and south of East Asia

Close Relationship
between AO Index and the climate in East Asia
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CPD/JMA CPD/JMA
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Composite

CPD/JMA CPD/JMA
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SLP Anomaly

El Nino

La Niha

Composite Significance

DATA1  JRA— 55 slp ANOM lat 0:90 lon = —45:315 Ievel = 1:1
timi 1958120100: 20‘\5020‘\00 ave = 12YR 0)
years = 19865, 1965 1969, 1972. 19?5 1982 '\986 1987, I991 '\99?

DATAZ  JRA-! 55 slp  ANOM lat —45:315 level =
time = 1958120100: 201‘020100 ave = 44YR(3+1MQ) unalys

Relationship with ENSO

AO+ AO-

DATAT JRA-SS slp ANOM. lol = 20.90 lon = —45315 level = 11
o z DATAT JRA-SS slo. ANOM ol = 20:80 lon = —£5:315 level = 1:1
years = 1979 Sggy 2001 20100 205020108" ave' =" H(3+1W0) me = 1998120100:20{5020100  ave = 5YR(3+1MO)
DATAZ JRA-355 slp ANOM lat = 20:90 lon = —485:315 level = 1:1 %:?;Z'Jgiﬁgswsla FAT
time = 1958120100:2014020100 ave = 54YR(3+1MQ) analysis slp

OM = —45:315 level =
time = 1955120100 2014020100 ave = 51YR(3+1M0O) nnalys




Relationship with PDO

SLP Anomaly
PDO+ PDO-

DATAT JRA=55 slp ANOM Jot = 20:90 lon = —45:315 level = 1:1 DATA1  JRA— 55 slp  ANOM lgt = 20:90 lon = —=45:315 Ievel = 1:1
time = 1958120100:2015020100 ave = 27YR(3+1MO time = 1958‘\20100 2015020100 _ ave = ZQYR( MO)

years = 1958, 1959, 1960, 1963, 1969, 1876, 1977, 1979, 1980, 1881, years = 1961, 1962 1964, 1965, 1966, 1967, 1968 1870, |Q7| ‘!972

DATAZ JRA-55 sip ANOM ot = 20:90 lon = —45:315 level = 1:1 DATAZ JRA-55 slp ANOM laot = 20:90 lon = 315  level = 1:1
time = 1958120100:2014020100 ave = 29YR(3+1MO) analys time = 1958120100:2014020100 ave ZTYR(SﬂMD) ﬂnulys




Relationship with PDO

SLP Anomaly
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The number of Events
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» AO+ occurs under PDO- more often than PDO+

(- Threshold of AQ Is 0.1 « AO- occurs more often than AO+ under PDO+

Climate Prediction Division, JMA 2



Overview

Time series of the AO index, ENSO index and PDO index (Winter season)

4

mmAQ
mm ENSO Index
3 —AO (5 year average) ||

—PDO(5 year average)

Extreme negative AO
|

The negative AO frequently appeared after late 1990s.

Climate Prediction Division, JMA 2



Daily Variation

Consideration of the monthly or daily variation

AO

Climate Prediction Division, JMA 2



Climate Prediction Division, JMA 2
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