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A new perspective on the weak relationship between ENSO and Atlantic Ninos
A new perspective on the weak relationship between ENSO and Atlantic Ninos
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While it has long been documented that ENSO has a strong influence on the northern tropical Atlantic, there appears to be n
clear link with equatorial Atlantic variability. Thus the correlation between Pacific Ninos and equatorial Atlantic warm events
(also called Atlantic Ninos) is rather weak, about -0.1 when ENSO leads by two seasons. Several attempts have been made
explain this weak relationship but a comprehensive understanding remains elusive. This is partly due to the small number c
well-documented events, and partly to the poor representation of tropical Atlantic climate in general circulation models (GCMs).
The present study re-examines the problem using satellite-era reanalyses and observations as well as GCMs with comparative
realistic representations of tropical Atlantic climate. We find that in both observations and GCMs the influence of tropical Pacific
SST on equatorial Atlantic surface winds is strongly seasonal, with pronounced impacts limited to boreal spring. During this
season negative Pacific SST anomalies induce equatorial surface westerlies in the tropical Atlantic. In GCMs these equatori
westerlies lead to a deepening of the thermocline, which is typically followed by an Atlantic Nino one season later. Thus the
correlation between tropical Pacific SSTs and Atlantic Ninos is about -0.5 when the Pacific leads by two seasons. In observatior
and reanalyses, on the other hand, the relation between equatorial Atlantic winds and Atlantic Ninos is much weaker. Thus, i
both models and observations ENSO induces similar wind patterns over the western equatorial Atlantic in MAM. In observations
however, this wind stress forcing is only one of the factors controlling the evolution of equatorial SSTs. Other factors controlling
equatorial Atlantic SSTs will be discussed.
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Variability and change in sea level in the tropical Pacific

oo oot
YASUDA, Tamaki*

lDpoooo
I'Meteorological Research Institute

oo0il1oo00000O0OOOOOOOOOOOOOOOOOOOOOOOODOOOOOOOOOOOOOOOOOOO
goboooooboooobooooooooooboooboooooboobOoobbooboooooooobobooobDboogoo
ooooobooobooboooboooooboooboooboooboooooobooboooobboobooobooboboooboo
Oo000o0ooooOooo0oO0oooooooooobobo0o0ooooooooDooObopDleso OO 1990000 bO
Oo0oo0o00oooo0ooDbo0oo>0000Db0000DbObO0O0ODbObOO019oO DO OO0 OooODOooDoOonoOon
oooooboobooilsconbOoOoOoOopoooobooOooleeoObooooooooooooooboooooooooD
O000ooooooooooO0ooooooooooODOOOoDOOoO0OOOoOoOo97oODDOOOO 200000000000
gooooooobobobooooooooboobobooooboooobobobooboooooobOobobooooon
O000OC0COO00O00000000000D000O0OO/D000OOENSCDOODODODO ENSO/ENSO Modoki O O
ocooooboooooooo0ooooo0ooooDooooobooOooo200000DODO00DODOOOODOOOOO
obooboboooooboboobooooboobooboooo>>O0b00oobooboooboobooobooboooobooon
0000000000000 0000000000000000OO0O0OO000000O0OO 1900 bO0O0O0O0O0O0O00
gooooooooooooobooo>o0gbopo2000000O00C0O000000O0ODDOODOOOOOOOODDOO
ooboooooooooobboooobooobooboooooboooboboooboboooobobooboooooboooboboOooon
oboooOoboboooooooboobooboboooooooboobobooooooobOoboboooboooooboOon
boboobooooooooobooobooooobooboooobooobooooooobooboooooboooobooon

oo0o0o0:0000,00000,ENSO,0DOO0O0ODODOOO,O00O00Od
Keywords: sea level, tropical Pacific, ENSO, Pacific Decadal Oscillation, global warming

1/1



Japan Geoscience Union Meeting 2012 @ ;
(May 20-25 2012 at Makuhari, Chiba, Japan) °
©2012. Japan Geoscience Union. All Rights Reserved. ]agg‘sgimc

Union

AAS23-05 0 0:301A 00:50 220 15:00-15:15

OO0000000000000 WakerDOOOOOOOOOoOoOoOoOoad
Regional patterns of tropical Indo-Pacific climate change linked to the Walker circulation

slowdown
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Regional patterns of tropical Indo-Pacific climate change are investigated over the last six decades based on a synthesis
in situ observations and ocean model simulations, with a focus on physical consistency among sea surface temperature (SS
cloud, sea level pressure (SLP), surface wind, and subsurface ocean temperature. A newly developed bias-corrected surface w
dataset displays westerly trends over the western tropical Pacific and easterly trends over the tropical Indian Ocean, indicative of
slowdown of the Walker circulation. This pattern of wind change is consistent with that of observed SLP change showing positive
trends over the Maritime Continent and negative trends over the central equatorial Pacific. Suppressed moisture convergence o
the Maritime Continent is largely due to surface wind changes, contributing to observed decreases in marine cloudiness and lar
precipitation there. Furthermore, observed ocean mixed layer temperatures indicate a reduction in zonal contrast in the tropic
Indo-Pacific characterized by larger warming in the tropical eastern Pacific and western Indian Ocean than in the tropical wester
Pacific and eastern Indian Ocean. Similar changes are successfully simulated by an ocean general circulation model forced wi
the bias-corrected wind stress. Whereas results from major SST reconstructions show no significant change in zonal gradie
in the tropical Indo-Pacific, both bucket-sampled SSTs and nighttime marine air temperatures show a weakening of the zon:e
gradient consistent with the subsurface temperature changes. All these findings from independent observations provide robt
evidence for ocean?atmosphere coupling associated with the reduction in the Walker circulation over the last six decades.
Keywords: climate change, Walker circulation, air-sea interaction, tropical Indo-Pacific
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Changes in intensity of the wintertime North Pacific Subtropical High on quasi-decadal

timescale
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Temporal variations of the North Pacific Subtropical High (NPSH) intensity, which is defined by the sea level pressure averagec
within a region of 120?145W, 20?40N, during 60 winters from December 1950/February 1951 to December 2009/February 201
are investigated using the National Centers Environmental Prediction/National Center Atmosphere Research (NCEP/NCAR
reanalysis dataset. The months from December to February correspond to the period having peak winter conditions in the atm
sphere field. The NPSH shows a dominant quasi-decadal (about 10 years) intensity variation and has an equivalent barotror
structure in the vertical direction through the troposphere. The tripole pressure system associated with quasi-stationary Ross|
wave packet propagation is found over the wide regions from the NPSH to the Gulf of Mexico: in the strengthening phases of
the NPSH, the pressure weakens over the central Canada and strengthens over the Gulf of Mexico. The spatial structure ha
resemblance with the Tropical Northern Hemisphere (TNH) teleconnection pattern detected by the Barnston and Livezey (1987
Monthly Weather Review): actually, the NPSH intensity has a significant correlation (R = 0.54) with an index of TNH defined
by a rotated empirical orthogonal function (REOF) analysis for the geopotential height at 700hPa field. Changes in the wind as
sociated with the NPSH-related teleconnection pattern impart large impacts on the surface air temperature and precipitable wat
fields over the America: the associated northerly wind brings cold/dry air onto the western American region and the southerly
wind brings the warm/wet maritime air onto the eastern part of the American.

The statistical analyses such as a composite analysis and a correlation analysis show significant relationships between t
NPSH and sea surface temperature (SST); a zonal dipole SST structure is found in the tropical ocean: positive SST anomalies ¢
distributed in the western part of tropical ocean and negative anomalies are in the eastern part of tropical ocean in the strengt
ening phases of the NPSH. The SST pattern is similar to that related to the El Nino/Southern Oscillation (ENSO): actually, the
NPSH intensity has a significant correlation (R = ?0.54) with the Nino?3.4 index defined as SST averaged of 1207170W, 5S?5N
A composite analysis shows that, in the La Nina events, a Hadley cell characterized by a upward flow in the northern tropica
Pacific around 150W, 15N and a downward flow in the subtropical Pacific region around 140W, 30N is formed locally and resul-
tantly causes a strengthening of the NPSH. It can be pointed out that the NPSH intensity and the NPSH-related teleconnectic
pattern, i.e., TNH pattern, are induced mainly by the quasi-decadal time scale ENSO found in the recent analysis (Hasegawa al
Hanawa 2006, Journal of Oceanography).
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The interaction between the Madden-Julian Oscillation and ENSO in the tropical Pacific
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Observational and model studies on relationship between coastal upwelling in the Bis

marck Sea and El Nino events
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Role of Vertical Mixing Induced by Small Vertical Scale Structures above and within the

Equatorial Thermocline ina CGCM
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Recent measurements of ocean currents available at high vertical resolution capture vertical scales down to the order of O(10n
These new measurements showed numerous small vertical scale structures (SVSs) are present in and above the thermocline
the western equatorial Pacific [Richards et al., 2012]. The estimated vertical diffusion coefficient was found to varyfrom 10
to 1072 m?s~! from the core of the thermocline to the base of the surface mixed layer. This is in stark contrast to the estimated
diffusion coefficients below the thermocline in equatorial waters, which is found to be as lowaat§-! [Gregg et. al, 2003].

The vertical scale of the SVSs is such that they are unresolved in ocean general circulation models with conventional vertica
resolution. The vertical mixing originating from the SVSs, therefore, needs to be parameterized and its impact investigated. Ir
this study, as a first step towards gaining an understanding of the likely role of SVS induced mixing in the dynamics of the
equatorial ocean we employ a simple method for parameterization of the SVS mixing, and focus on the impacts of the SVS
mixing on the climatological state and El Nino/Southern Oscillation (ENSO) in the equatorial Pacific.

We have performed a total of three simulations with and without parameterized SVS mixing by using a coupled general
circulation model. Only the elevated background vertical diffusivity coefficients which represent the SVSs are different between
the simulations. For the control run (CTL: without SVS mixing), the background vertical diffusivity coefficient is set to be
a constant 1.0x1® m?s~! throughout the water column in the whole computational domain. In the runs with SVS mixing,
the enhanced mixing induced by SVSs in the equatorial Pacific is represented as the elevated background vertical diffusivit
coefficient. To reflect the observations that the SVS enhanced mixing appears to occur in the upper water column down t
the center of the thermocline [Richards et al., 2012], we introduce a run with SVS enhanced mixin@g (S¥/&tification-
independent SVS mixing) in which background diffusivity in the upper water column down to the 20C isotherm is set to be a
constant 5.0x16° m?s~!. Below the 20C isotherm, the background vertical diffusivity is set to the control value of £x10
m?s~!. The enhanced diffusivity is applied to the tropical Pacific (5S-5N, 140E-70W). We perform an additional run with
SVS enhanced mixing, SVN2 (stratification-dependent SVS mixing), in which the level of the enhanced mixing is inversely
proportional to the square of the buoyancy frequency. This parameterization is prompted by the observation that variation of th
level of the vertical diffusivity is caused by variation in the stratification [Richards et al., 2012].

Itis found that the SVS-induced mixing leads to a reduced stratification above the thermocline. The reduced stratification lead
to an increase in the vertical diffusivity which feeds back to further reduce the stratification and tighten the thermocline. The
sharpened thermocline limits the exchange of heat across the thermocline and traps the surface heating above the thermocli
As a result, SST in the eastern equatorial Pacific is warmed by the SVS enhanced mixing. Furthermore, the warming of the
SST is strengthened through the ocean-atmosphere feedbacks in the coupled system: Bjerknes feedback [Bjerknes, 1969] &
SST-shortwave feedback [Klein and Hartman, 1993]. We also find that the SVS-induced mixing changes a few characteristics c
ENSO. There is a reduction in the amplitude of ENSO brought about by a deepening of the thermocline. Moreover, stratification:
independent SVS mixing reduces the skewness of ENSO, while stratification-dependent SVS mixing leads to a warming of th
cold tongue and deepened thermocline during La Nina conditions, which increases the skewness of ENSO.
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Keywords: small vertical scale structures, vertical mixing, coupled general circulation model, El Nino

1/1



Japan Geoscience Union Meeting 2012 2 ) ‘r
(May 20-25 2012 at Makuhari, Chiba, Japan) °
©2012. Japan Geoscience Union. All Rights Reserved. ]agé;gime

Union

AAS23-P02 go:booboboobo 00:50 220 17:15-18:30

dooodoodgdoodooddoodn _ N
Impacts of the South China Sea Throughflow on the tropical Pacific
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Impacts of the South China Sea throughflow (SCSTF) on the tropical Pacific are investigated using the University of Tokyo
coupled general circulation model. It is found that the period of ENSO becomes longer when the SCSTF is blocked. Since nc
large difference is seen in the phase speed of Kelvin waves when vertical mode decomposition is conducted, the differnce is n
due to the change in stratification of the equatorial Pacific. Rather, it is more related to the larger discharge of heat through th
Indonesian Throughflow.
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Sea surface heating in the central North Pacific associated with La Nina and intensificatio

of the subarctic front
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Interdecadal variability of western North Pacific summer monsoon through the PJ patterr
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Phase reversal and periodicity of the decadal and bi-decadal ENSO-like variabilities con

trolled by South Pacific Ocean
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Phase reversal mechanisms of the Pacific ENSO-like variability on decadal timescales are investigated based on a pair of tl
climate model experiments consisting of the control run (CTRL) and the partial blocking run (PB) where model temperature and
salinity are restored to their climatological values near 10 degrees south in the South Pacific. In CTRL, positive anomalies in the
tropics and negative anomalies in the North Pacific mid-latitudes are found in the first EOF mode of the sea surface temperatui
with significant decadal and bi-decadal periods. On the other hand, in PB, the former tropical signals are not appeared and on
the mid-latitude signals are identified. It is robustly demonstrated that oceanic signals of the South Pacific origin are keys ir
maintaining the ENSO-like variability. By separating oceanic signals in CTRL into decadal and bi-decadal components, it is alsc
shown that relatively faster oceanic wave adjustments triggered by changes of wind-stress curl in the South Pacific extra-tropic
for the decadal and slower mean isopycnal advection of subsurface temperature anomalies associated with modification of Sou
Pacific eastern subtropical mode water for the bi-decadal are essential in the phase reversal of respective periods. Periodicity
the decadal (bi-decadal) variability is determined mainly by propagation time of the oceanic subsurface signals from the Soutl
Pacific extra-tropics (mid-latitudes) to the tropics.

O0O00dD0:000 1000000, decadal ENSO
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Inpact of tropical instability waves on ENSO characteristics

o0 000 00000 2
IMADA, Yukiko *, Masahide Kimot®

!0poDD0D0D0D00000000,200000000000
!Graduate School of Information Science and Engineering, Tokyo Institute of Technéhtgypsphere and Ocean Research
Institute, University of Tokyo

000oooDoo0oooooooOoooooooooooooooooooTiwsOoooooooooooooooo
o000 oTiIWsOOoooooooao
JooooooobobbododooooooooboboobbooooooooDo oD OO0 oDoobooo
0000000000 TIWsO ENSOUOO00OD0OO0DO00OD0O0O0O0O0OODO0OODOONOODOYuandLiud 200310
000000000000 0000000O0000000DO00000DO00DO00O000D00O TIWsOOOooooooooo
000000000000 0000000000000000 AnO2008J00TIWsO ENSOOODODOODOOOOOO
goodooooooooddoooooooooob DL bbb bobbOobOoObobooboobn
00000000000 DO0DO0DO0DO0DO0DO0DO00DOO0DOO0DOO0DOO00OO0OO0oOoOoDOOoOOoOOnDg AnO 20081
ooooobobooooooooog

O000O0DO0OO0OENSOOODDOOODOODDOODOOODOOODOODDODODODDOOODOOoOoDoOoOoooDOoOoog
OO0OAOGCMOMIROCOODODOOODOOOO ENSOODODODOUODOODOOODOOOOTIWsO ENSOOODODOOonogd
00000000000 o00ooDoobO0DoDoooooo TwWsOOooDooooooodoooooooo MIROC
0000000 T42000 400000000000 14010000 48000000000 TIwWsOOOOOOoooaO
0000001000 00000000000D0000 ENSOOODOOO0DOOO0DOODDOODoOoooOonDoooonoao
OdoOoO0d0Obarocliniceddy 0000000000000 OO0OOOODOOO Visbecketal. 19920 00000TIW O
O000000000oo00ooood (Imadaand Kimoto 2012)

00O TwioOOdDoOOooDooooooooo AOGCMOOODO0DODDODODDODOO0ODO0DO00D0DO00O0OOgsSsS
000 skewnes§$] JENSOO OO ODOODO0OOO0DOODOOODODOUOOOODOOOOODOOOODOUOOOODOOOOO
O ENSOOODOO0ODOODO0ODOODO0O0D0OO00000000000000000 TIWsOODDODOOODOOO4Od ENSOO
D00 dampingd OO 0OOO0OO0OD0OODOO And2008100000000000000

0000000000000 00TIWsOOODOOOOO0DODOoooOOooOoooobOoooooooooooooooa
oo0odoooooooooooooTwioODOooooooooooooooooooooooooooooooooa
000000000000 DO000000DDO000D00d0O0OOENSOODOO0ODODODODOO0DODOODOoOooDOOooOg
0000000000000 00000DO000DbO0DDOODOo0O sSSTOUODooDOOoooOooDoooooooooaooao
0000000000000 o0o00o0Do0oO000o0DOoODooOOOTIWsO SSTUOOODOOO Thermocline
gooobobbboooooboboboodoooobboboboooooonbDbboooooobobobo

00000 ENSOOODOOODOOOENSOUDODOOODOOOOOoOTWOOOOOOOO ENSOOODoooon
00 ENSOOOO20 30040 7000000000 00DO0OO00ODOOOTIWsOOODOODODOODOOoODODOoO4OooOQO
0000000000000 oooooooo ThermoclineElOOOODODOO0OODODOOODODODOODOOOOOOOO
goooboboboboooooobobobooooooobobobooooooooooa

000002000000 ENSOOODOOUODOOOO0OO0OOOnO sSSTOOOOO Thermoclined OOOOOOOOODOO
000000000000 00D000DO000DO0DOO0ODO0ODO0ODOTIWsODODODODOoOOooooOooOOooOoooooooo
0000000000 00000TIWsOOD OO 000000000 ENSOOD 00000000 oonoOgooENSOO
0ooooooobog Tiwsoodooooooooooooooooooda

gooobo:0bo0o0ogbbobobo,ob0bboo,00bbbbdogubL,boooooobobooo
Keywords: El Nino/Southern Oscillation, Tropical instability waves, Atmosphere and Ocean General Circulation Model, param-
eterization

1/1



Japan Geoscience Union Meeting 2012 @ ;
(May 20-25 2012 at Makuhari, Chiba, Japan) °
©2012. Japan Geoscience Union. All Rights Reserved. ]agg‘sgimc

Union

AAS23-P08 go:booboboobo 00:50 220 17:15-18:30

ENSOO OO DOD0OOO019980 00 20020 0000000
Pausing of the ENSO cycle: A case study for 1998 to 2002
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The heat balance of the surface mixed layer at the eastern equatorial Pacific Ocean (0, 140W) is examined to find mechanisr
of the transition from 1998 La Nina to 2002 El Nino. The observations from the Tropical Atmosphere Ocean/Triangle Trans-
Ocean Buoy Network (TAO/TRITON) are used. In the analysis period, La Nina lingers and El Nino does not immediately appear
despite a deepened thermocline, which is described as "pausing of ENSO cycle” by previous studies (e.g., Kessler 2002). Tt
results from heat balance analysis show that the vertical heat advection anomaly and surface heat flux anomaly warm the mixe
layer from 1999 to 2002, causing rise of the mixed layer temperature. A cooling anomaly due to horizontal heat advection
counteracts the warming and slows down the transition from La Nina to El Nino. It is found that the eddy heat flux anomaly
associated with weakened tropical instability waves significantly contributes to the cooling anomaly. During the normal period,
meridional shear of the zonal currents between South Equatorial Current and North Equatorial Counter Current supplies enerc
via barotropic instability to tropical instability waves, giving rise to warming of equatorial cold tongue due to eddy heat flux. The
Trade Winds are relaxed and South Equatorial Current is weakened during the transition from La Nina to El Nino, which results
in weakening of the meridional shear of the zonal currents, decrease of tropical instability wave energy and thus reduction o
warming due to eddy heat flux. The results presented here illustrate that the eddy activity has sizable influence on ENSO cycl
in addition to the basin scale dynamics.
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Breakdown of ENSO predictors in the 2000s: Changes in the thermocline variation anc

atmospheric intraseasonal forcing
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Variations in the warm water volume (WWYV) of the equatorial Pacific and atmospheric forcing from intraseasonal variation
(ISV) in the western equatorial Pacific are regarded as two good predictors of the subsequent El Nino/Southern Oscillatior
(ENSO), with a lead time of two to three seasons. Here we report that the robust predictability of these predictors for ENSO ha:
changed in the 2000s.

During 1981-2000, the recharge (discharge) of the WWYV and strong (weak) ISV forcing preceded El Nino (La Nina) by
two to three seasons. However, in the 2000s, the interrelationship between the WWV/ISV and following ENSO became weak
especially for the El Nino/La Nina events after 2005. Notably, the discharged phases of WWYV that led to subsequent La Ning
events were less observed since 2001. These changes may be caused by frequent occurrences of the "warm-pool El Nino,” whi
is characterized by SST anomalies centered in the central equatorial Pacific.
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Covariability between the Baiu Precipitation and Tropical Cyclone Activity through Large-

Scale Atmospheric Circulations
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Prior to the onset of the 2002/03 EI Nino event, strong northwesterly surface winds occurred along the northern coast of Nev
Guinea. The winds caused upwelling occurred along the coast, and this relatively cool water spread out over a wider area t
the northeast toward the equator. Hasegawa et al. [2009] hypothesized the low SST in this region generated a positive zon
SST gradient together with high SST in the east, and it contributed to enhancement of the westerly surface wind in this region
leading to the onset of the 2002/03 El Nino event. To confirm their hypothesis, we have started a regional climate modeling
study in the western Pacific Warm Water Pool region. The goal is to understand this region in an ocean-atmosphere couple
system. As a first step, we performed experiments with a regional atmospheric model forced with sea surface temperature (SS
as a lower boundary condition. The model used in this study was the International Pacific Research Center (IPRC) Regions
Atmospheric Model (iIRAM). The model covered the western Pacific Ocean with a horizontal resolution of 0.25 degree. We in
particular focused on December 2001, as Hasegawa et al [2009] did in their diagnostic study. This model reproduced the stror
northwesterly surface winds along the northern coast of New Guinea in the control run. To measure impacts of cold SST alon
the New Guinea coast, we did additional experiments to cool SST further in this region. Decreasing SST enhanced divergenc
of wind in the overlying atmosphere. This was favorable to the enhancement of the westerly surface wind along the equator &
the eastern edge of the Warm Water Pool, supporting Hasegawa et al. [2009]'s idea. We also pay attention to the role of the hig
mountains of New Guinea in shaping climate around this region. The central mountains of New Guinea have a peak elevatio
over 4000m high. This mountain helped to enhance upward air motion and convergence near the surface in the control run. In ¢
experiment where the orography of New Guinea was flattened, these circulations were eliminated and the northwesterly alon
the northern coast was weakened. This suggests the orography of New Guinea provides a good environment for the feedba
between the westerly and the coastal upwelling mentioned above. The difference with and without the orography also reveale
that the high mountain enhances precipitation over the northern side of the mountain ridge in this season.
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General Discussion: Multi-scale phenomena in the tropical Pacific
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