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Statistical features of ENSO impact on Asian winter monsoon
f La Nina years
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El Nifio year 82,86,87,91,97,02 La Nifia year 84,88,95,98,99,00,05,07
Dark and light shadings show 95% and 90% confidence level based on t-test, respectively.

- In the upper troposphere, cyclonic (anticyclonic) anomaly over southern
China during EI Niflo (La Nina).

- In the lower troposphere, anticyclonic (cyelonic) anomaly over Se%
Asia during El Nifo (La Nina). Howatm(wﬂ

influence climate?



Statistical features of ENSO impact on Asian winter monsoon

Composite of EL Nlno/La Nma DJF
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- Warm in South Asia to
southern Japan.
- Dry around Indonesia,
wet in eastern China to
southern Japan.

El Nifio Years: 51, 57, 63, 65, 68, 69,
72,76, 82, 86, 87, 91, 97, 02

In La Nifla Years:

- Cold in Asia,
especially Southeast
Asia.

- Wet around Southeast
Asia.

J ' " L B La Nifia Years: 49, 54, 55, 64, 67, 70,
| Temperature 7 |_a N|na ears Precipitgtion |_a N|na years 73, 75, 84, 88, 95, 98, 99

) : normalized temperature anomaly compared with neutral phase >= 0 (< 0)

) : precipitation ratio compared with neutral phase >= 100% (< 100%)
: significant at 95% or more of confidence level based on t-test
. significant at 90% or more and less than 95% of confidence level based on t-test (':3(;% bt

by anomalous circ.




SST anomaly in 2005/2006 winter
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- La Nifa event had continued since autumn 2005.

Features of recent El
& La event, discuss
some mechanism of
ENSO impact

La Nina in 05/06 win.




Climate in December 2005
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- Extremely cold temperature was observed over northeastern Asia.
- Monthly mean temperature of Japan was the lowest since 1948.

- Extremely wet condition was observed in the Philippines.

Features of early
winter because quite
anomalous pattern
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Atmospheric feature in December 2005
200hPa stream function and OLR E
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- Wave activity flux: Takaya and Nakamura (2001)
- It indicates propagation of Rossby waves

Rossby wave source

)

Vl: divergent wind

: anomaly from climatology

é' . absolute vorticity : climatology

- Rossby wave source is derived from vorticity equation
- It indicates the advection of absolute vorticity by divergent flow

- Anticyclonic anomaly in southern China was
generated by divergent wind anomaly in
association with active convection over the
South China Sea.

- Rossby wave packets propagated eastward
from southern China.

- The jet stream meandered around East Asia
and brought extreme cold air

around Japan. %‘

seen statistically’in
earlv winter




Statistical features of La Nina impact in early winter

Composite of La Nina years
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La Nifia years 84, 88, 95, 98, 99, 00, 05, 07

850hPa stream function anomaly (Dec.

- In the upper troposphere, anticyclonic and cyclonic anomalies in southern
China and the Pacific Ocean east of Japan were dominant in early winter.

- In the lower troposphere, stronger Asian winter monsoon Is suggested.




Atmospheric response to the heating by the LBM
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Color: Vertical-integrated diabatic heating
anomalies (maximum 8 K/day) around 400 hPa

- The atmospheric response to
the diabatic heating from the Bay
of Bengal to the South China Sea
IS...

- Anticyclonic and cyclonic
anomalies are found in the upper
troposphere.

- Stronger cold surges are also
found in the lower troposphere.

- These suggest the active
convection there is important for
the formation of the observed
atmospheric anomalies over East
Asia.

LBM: Linear baroclinic model
Watanabe and Kimoto (2000)

Global, time-dependent, primiti
linearized about the observe

Response is quite
similar to the
observed anomalies
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Possible mechanism during the La Nina event
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- Anticyclonic anomaly in southern China in the upper troposphere is generated by
divergent wind anomaly associated with active convection over the South China Sea.

- Rossby wave packets propagate eastward from southern China to east of Japan.

- The jet Stream meanders around East Asia.

- It brings cold air outbreaks around Japan and Southeast Asia. “I



SST anomaly in 2006/2007 winter
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- El Nifio condition had continued since summer 2006
although JMA’s definition of EI Nifio event did not satisfy.

- SST anomaly over the Indian Ocean was above normal.

JMA defines that the EI Nifio (La Nifia) is such that the 5-month running mean SST devia
for Nifio.3 continues +0.5°C (-0.5°C) or higher (lower) for six consecutive months or longer.



Climate in December 2006

Precipitati'on ratio
(Dec. 2006) (Dec. 2006)

- Above normal temperature was observed in most of East and South Asia.
- In Japan, warm and extremely wet condition was observed.

Features of early
winter because quite

- QT




Atmospheric feature in December 2006

ave source <0
; generation of anticyclonic
anomaly by divergent wind

PR " BT L =

N .
- &y
A
_— L ] -
i A . R gy P
[ T—l % L - P - -
. 5 — III. ____.-" P A Ew
. ' ' ' - - ",
h

; . T ]
850hPa stream function and OLR anomalies, 40 _J0 20 10 14 Z0  Ju 4

and wave activity flux (Dec. 2006) : : :
SRR 7 T - Anticyclonic anomaly over India was
Weak cold air v

break enhanced by divergent wind anomaly
F)u'Frea S associated with active convection over the
X Indian Ocean.

- Rossby wave propagation strengthened
cyclonic and anticyclonic anomalies over

southern China / Aleutian WI
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Statistical features of EI Nino impact in early winter

Composite of EI Nifio years

In early winter during EI Nino,

- Convective activities were
enhanced not only over the
central Pacific but the Indian
Ocean,

- At the upper troposphere
anticyclonic anomalies found
over the Arabian Sea.

- A wave train appears from the
Indian Ocean to North America.

El Nifio years 82,86,87,91,97,02
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The JMA’s seasonal forecast model in winter 2006/2007
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- Ensemble forecast model predicted similar tropical divergence and wave train as
in the analysis.

- It suggests this wave train was strengthened by the tropical convee%
including over the Indian Ocean. .



Possible mechanisms during the EI Nino event
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- Anticyclonic anomalies over the Arabian Sea
associated with enhanced convection are strengthened.
- Rossby wave packets propagating along Asian jet form
a wave train from the Indian Ocean to North America. N
- This mechanism is different from Trenberth et al.. s ek
- At the lower troposphere anticyclonic anomalies are
observed over the Philippines and east of Japan.

- It results in warm and humid weather over East' Asia.

- Trenberth et al. suggests active convection overtr
eastern Pacific relates to the generation of a wave train.



Current oceanic and atmospheric condition
and
El Nino outlook in winter 2008/2009



Oceanic condition in September 2008

- In September 2008, the SST over the Nifio.3 was near normal.

- Positive SST anomalies in the western and eastern equatori ifi
negative SST in the central part were observed. -




Oceanic condition in September 2008

Depth-longitude cross sections of temperature (upper) and Time-longitude cross section of OHC (vertically
anomalies (lower) along the equator in the Pacific Ocean. averaged temperature in the top 300 m)
anomalies along the equator in the Pacific Ocean.

- Subsurface negative temperature anomalies in the central part strengthened.

- Positive anomalies in the eastern part weakened.
—

- Positive anomalies'in the western part-persisted.



Atmospheric condition in September 2008
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- Convective activities were enhanced near the Philippines and over
eastern Indonesia, and suppressed over the equatorial Indian Ocean.

- In the central Pacific, easterly wind anomalies were observed at the lower
troposphere during September.

—



Performance of El Nino forecast model

Anomaly Correlation RMS Error

NINO 3 Forecast NINO 3 Forecast
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- The CGCM as the EIl Nifio forecast model was replaced with new one having
higher oceanic and atmospheric resolutions in March 2008.

- According to 300 hindcast experiments from 1979 to 2003, the forecast skill
was much improved.

- The anomaly correlation for 6-month lead time is over 0.7.

- The RMSE of the current model is less than climatology by 9 months lead-time.

CGCM: Coupled ocean-atmosphere General Circulation Model 2! .



Model Forecast for Nino.3
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Thick line shows the observed SST deviation for Nifio.3 and boxes show the predicted one
by the El Nifio forecast model. Each box denotes the range with the probability of 70%.

- The Nino.3 SST will be near normal during the prediction period.

——



Conclusion for the El Nifio outlook

- The Nino.3 SST is likely to be near normal in the
months ahead.

- During autumn and winter, El Nino and La Ninha event,
which are the dominant predictable inter-annual variation
of the climate system, are unlikely to develop.

- Without El Nino or La Nifa event, it is difficult to make a
winter season prediction from the viewpoint of inter-
annual variation.




Thank you for your attention
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Atmospheric feature in December 2005
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-Convective activities were enhanced over Bay of Bengal and South China Sea
associated with the La Nifa event

- Strong anticyclone was formed over southern China

- The quasi stationary Rossby wave packets propagated along the Asian Jet

- Cyclonic anomaly was dominated over the*Pacific Ocean east ofﬂa-p_.
2



Atmospheric feature in December 2006
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- Convective activities were enhanced over the Indian Ocean
- Anitcyclone was observed over India to the Arabian Sea
- Quasi stationary Rossby wave sometimes propagated eastward along Asian Jet

- Cyclonic and Anticyclonic anomalies were enhanced over southern China and
the Pacific Ocean east of Japan

- Alutian Low shifted eastward from normal position 5.



