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|) Local balance between the Tibetan anti-cyclonic circulation
and Western Pacific divergence.

2) Warm pool (western pacific) effect of teleconnection from
the Atlantic Ocean.
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Observational Summer mean pattern

(a) Divergence
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’?ﬂ Global Circulation Model

(2) Velocity potential (c) Precipitation
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’14& Global Circulation Model

m(a) Velocity potential (c) Precipitation

0 90E 180 90w 0 0 90E 180 90w 0

N T

22 A
45 AT ‘ ":7.!-_ 454
ST
o, N S - .
s S 2l — :

=== e —_———
————— — —————— i
—_—e——————— — T —_———————— i
45 £ Z 45 ¥

e S :
908 - T " 908 + v
0 90E 180 90w 0 0 90E

léO 96W 0



Linear barotropic model

= Eddy streamfunction computed with linear models with /C = 1/10day.

Contour interval is 5x10% m2/s.

90N Non-Divergent Linear Model . Streamfunction removed zonal mean from GCM
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’\?0“ Linear barotropic model

Sverdrup Balance —gvl =—fDT —x{
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Sverdrup Balance

Anti-cyclonic flow at
upper layer.

Large scale monsoon flow during boreal summer is ma

intained low field
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|) Local balance between the Tibetan anti-cyclonic circulation
and Western Pacific divergence.

2) Warm pool (western pacific) effect of teleconnection from
the Atlantic Ocean.
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L) Atlantic warming from Observation

=  Observations: | lyear Moving Averaged Sea Surface Temperature Data: ERSST(v.3)

1920 1930 1940 1950 1960 1970 1980 1990 2000
Years

" Glo.SST :
Globally averaged SST
= NASST:
North Atlantic averaged SST



??“ Atlantic warming from Observation

» | lyear Moving Averaged (1963-2002)
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£y Atlantic warming from Observation

» SVD analysis with SST and JJA Precipitation

| Period | UsedData] ________ Method

SST(K) 1915-2002 ERSST(v.3) Detrended
10 year Low-pass filtered
Precipitation(mm/day)  1963-2002 CRU JJA mean
(a) SST sv1 (22 40%) (b) PRCP SV1 (18 19%)
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Y The Atlantic Meridional Overt
urning Circulation(AMOCQC)

could be and important driver for Glo
bal climate variability.
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Atlantic warming from Observation

" Differences between 1980s and 2000s  [00-09] — [80_89]

(1) SST (ERSST) (2) U850(m/s) (NCEPI)
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AGCM Experiments

1. Aqua planet Experiment
- Control R : Zonal-mean SST
- Anomaly R : Zonal-mean SST + Atlantic SSTA

2. Warm Pool run
- Control R : Zonal-mean SST + Warm Pool

- Anomaly R : Zonal-mean SSST + Warm Pool + Atlantic SSTA

3. Realistic SST run
- Control R : Observed Climatological SST
- Anomaly R : Observed Climatological SST + Observed Atlantic SSTA



’? | o~ Aqua planet experiment

= Results from AQUA PLANET

[Ideal. ATL Forcing] - [No Forc.]
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’? ; » Warm Pool run

= Considering an idealized VWarm Pool

[Zonal Mean SST + Idealized VWarm Pool]
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Effects of Warm Pool in the Equatorial Pacific

» Considering an idealized Warm Pool Hong, Kang, Ham (2012, APJAS)
- Longitudinal location of Maximum SST
- '~ " IWarm Pool] [Ideal. ATL Forcing] — [No Forc.]
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D Role of Warm Pool

Strong Rainfall

East.PAC.
| I y L
Warm Pool
Strong Convergence
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Strong easterly in western-central Pacific,

Increasing Precipitation in western Pacific

Atlantic Heating
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Realistic SST run

» Experimental design with atmospheric GCM

v SST Boundary Condition

[Clim. SST]
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g?\Q Responses to Atlantic heating in SNU AGCM

= Results from SNUAGCM
[Real. ATL Forcing] — [No Forc.] : Mean difference ™% “ Anomalous”

(1) Anomalous PRCP (mm/day) (2) Anomalous U850 (m/s)
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= Results from SNUAGCM
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CGCM Experiments

1. Control Run
- Atlantic Ocean : SST Nudging with model climatology

- other Oceans : Free run

2. Anomaly Run
- Atlantic Ocean : SST Nudging with model climatology + observed SSTA

- other Oceans : Free run
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Nudging method

A nudging

7! l

TIFOR

time
Nudging equation for temperature

AT /3t =—v-VT+ Q/pCLAH + TIFOR-TL /7iT

= 7V : model SST
» 7UFOR : CNTL_EXP - CGCM climatology

ANOM_EXP - CGCM climatology + Atlantic SST anomaly
» 7J7°J : relaxation time scale | day
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L) Annual mean state

Méaddet SSINUCEETM
= Result from a COUPLED GCM Experiment 40yrs (Use later 39y))
- Annual mean SST(°C) and PRCP(mm/day)
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’:w Annual mean difference of current

Model : SNU CGCM
= Result from a COUPLED GCM Experiment 40yrs (Use later 30yr)

- zonal current (m/s) and temperature (°C)
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’;» Oceanic Feedback

IND. West.PAC. East.PAC. ATL.
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Deep thermocline in the west, shallow in the east



’?““" ENSO variance

= Result from Coupled GCM Experiment (nudging method)

- SST anomalies( °C ) and Standard deviation of SST anomaly

= CNTL_EXP

Model : SNU CGCM
40yrs (Use later 30yr)

= ANOM_EXP
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L) Regressed wind stress onto NINO3.4 index

Model : SNU CGCM
= Result from a COUPLED GCM Experiment 40yrs (Use later 30yr)

* The statistical atmosphere and
the intermediite ocean model
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@QQ Difference of Annual mean PRCP
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Atlantic SSTA associated with natural decadal variability

— Atlatnic

 Natural variability exists in the Atlantic with decadal time scales.

* Atlantic SSTA has been warmed during recent decades regardless of global warming.

D

This induces change in wind and current fields.

D

|— Atmosphere & Ocean

— Changes in the Pacific
* It is intensified by the effect from Warm pool, showing stronger easterly and inc

o=
3

reased precipitation over the Western/Central Pacific.

» Consequently, ENSO variance has been reduced.




Thank you for your attention.



?\?0 Experimental design with Coupled GCM

[model climatology SST] [SST anomaly forcing]
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9’@, £) Annual mean state
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Model : SNU CGCM
= Result from a COUPLED GCM Experiment Iyrs (Use later Syr)

- Annual mean SST(°C) and PRCP(mm/day)
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. Model : SNU CGCM
= Result from a COUPLED GCM Experiment 40yrs (Use later 30yr)
= CNTL_EXP = ANOM_EXP
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’?w Composite of Precipitation with NINO 3.4 Index

Model : SNU CGCM

» Result from a COUPLED GCM Experiment 40yrs (Use later 30yr)
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