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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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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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of the subarctic front
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Phase reversal and periodicity of the decadal and bi-decadal ENSO-like variabilities con
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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.
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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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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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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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