




















At the Mindoro mooring, intensified
cross-strait flow occurred following
the northerly monsoon surge. This
flow was - 32 (- 51) cm s! on average
during February 10-22 in the obser-
vation (model). As depicted in the
model-derived surface current map for
February 15 (Figure 4d), this flow was
part of a continuous westward current
emerging from Tablas Strait between
Panay and Mindoro islands.

In our prior simulations of winter
2005, the Mindoro Strait flow was
southward in the period encompassing
the surge events (Pullen et al., 2008)—
consistent with seasonal model-derived
maps of Mindoro Strait that show flow is
typically southward during wintertime
(Han et al., 2009). This flow direction
suggests a dominant geostrophic balance
that was disrupted during the sustained
northerly surge of February 2008 as the
Mindoro Strait flow reversed to north-
ward. An examination of model sea
surface height maps (not shown) reveals
a cross-strait pressure gradient that is
enhanced during surge events when sea
level setup develops around Palawan
Island. The near-surface Ekman flow
(directed to the right of the applied wind
stress) presumably intensified with the
onset of the prolonged northerly surge
and dominated the dynamics in the

vicinity of Mindoro Strait, leading to a

strong northward flow through the strait.

The subsurface flow measured at
the MP1 site in 2008 revealed that flow
reversal extended to approximately
100 m, and was strongly surface-
intensified in the upper 25-50 m (not
shown). The model did not replicate
the observed pronounced near-surface
intensification but did better repro-

ducing the observed attenuated currents

below 100-200 m. We explore the source
of this model-to-observation discrep-

ancy by considering the stratification.

REGIONAL STRATIFICATION
EFFECTS

In order to examine the vertical ocean
structure and assess the model-to-
observation correspondence, we calcu-

late Brunt-Vaisala frequency (N?) and

shear (dU/dz)? difference is greatest
near the surface, with the observations
displaying enhanced shear relative to the
model (Figure 5¢,d). However, deeper
in the water column the model showed
characteristics more aligned with
the observations.

Missing buoyancy effects may explain
why the model is not sufficiently strati-

fied near the surface, in contrast with the

HIGH-RESOLUTION OCEANIC AND ATMOSPHERIC

MODELING COMPLETES THE INTEGRATED

PICTURE BY PROVIDING INSIGHT INTO THE

CIRCULATION CHARACTERISTICS THAT EXIST AWAY
FROM MEASUREMENT SITES.

vertical velocity shear (dU/dz)?, the
components of gradient Richardson
number (N?/(dU/dz)?). The constituent
in situ values come from IOP-08-1
conductivity, temperature, depth (CTD)
profiles at 2-m vertical spacing, and
lowered ADCP horizontal velocity at
coincident sites with vertical spacing of
10 m. The model fields were produced
on a vertically stretched grid with
vertical spacing ranging from 2-5 m in
the upper 25 m. Figure 5 displays the
differenced (observed-model) near-
surface quantities. Generally, in the
vicinity of Mindoro Strait, the model was
too well mixed as evidenced by the too
weak N2 values (Figure 5a). However,
the model-observation correspondence
increased with depth at a representa-
tive station (Figure 5b). Likewise, in

Mindoro Strait, the square of the vertical

numerous station observations. Indeed,
upper ocean stratification was enhanced
in winter 2008 due to anomalously high
precipitation probably related to the

La Nifia event that peaked in February
2008. Interestingly, winter 2008 was the
rainiest on record in 40 years (Gordon
etal., 2011). Precipitation effects were
underrepresented in the model due to
the absence of river runoff in the simula-
tions coupled with the difficulty numer-
ical weather models have in accurately
simulating local-area rainfall. The impact
of river runoft is evident in the spatial
pattern of near-surface N? differences
(Figure 5a). The observed N? is higher
for coastal locations (Mindoro, Verde
Island Passage, Panay), while model N is
higher for outer (offshore) Mindoro sites
and the Panay stations during the second

occupation (blue circles). Buoyant
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CONCLUSIONS

We brought together ocean and atmo-

discharge not captured by the model intensive sampling research cruises:

is most prevalent right near the coast, southward flow was measured during
IOP-08-1 while northward flow was

encountered during IOP-08-2. In situ

leading to larger observed N? values in sphere model results and observations

those locations. The buoyancy input due  in order to examine the evolution of

to the freshwater created a more layered a flow reversal in Mindoro Strait. The measurements, including mooring and

near-surface flow in the observations. flow reversal took place between two CTD data, complement the underway
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and satellite data to form a picture of
the conditions and timing of the flow
transition. High-resolution oceanic and
atmospheric modeling completes the
integrated picture by providing insight
into the circulation characteristics that
exist away from measurement sites.
Wind jets play a primary role in
shaping the flow by spinning up dipole
eddies in the lee of Mindoro and Luzon
islands via Ekman pumping. We were
fortunate to sample within a cyclonic
eddy using shipboard measurements
following an easterly surge in January
2008. Basic features of the eddy,
including size (~ 100 km), current
magnitude (25-50 cm s™'), and depth
(~150 m), in the model largely agreed
with underway ADCP observations.
The sea level setup against Palawan

Island caused by the wintertime surface

1195 1200°F 120.5°E 121.0° 121 S°E 122 0°t 122.5° January 23-29, 2008, during the IOP-08-1 research cruise. The model values are
s2(x 10) computed for the corresponding times and locations. In the other panels, a modeled
B and an observed profile at station 133 of (b) N> and (d) shear? are shown. Station 133,
2 - 0 1 2 situated off the southwest tip of Mindoro Island, is labeled in the left panels.
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A contributing factor in the strong
ocean response to the wind stress was the
anomalously fresh near-surface waters
that were sampled by the research cruises
in winter 2008. The Philippines experi-
enced the rainiest winter in 40 years in
2008, and this freshwater lens created
more stratified flow in many parts of the
archipelago. Although the modeled wind
and current fields were in reasonable
agreement with many observed quanti-
ties, the model produced an upper ocean
structure that was not sufficiently strati-
fied. The model configuration did not
account for river runoff nor accurately
predict local rainfall. Future simulations
will include river discharge and improved
microphysical parameterizations.

The dominance of wind-driven
processes is a hallmark of the Philippine
region. The compounding ways that
winds can act on ocean structures such
as eddies to both move them around and
induce local flows, as demonstrated here,
is beginning to receive more attention
in process studies (Morel and Thomas,
2009). The complex Philippine straits
are fascinating realistic examples where
island geometry renders channel and gap
flow highly dynamic in both the ocean

and the atmosphere.
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