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Glen’s Questions for Group Leaders

What are environmental uncertainty keys
necessary for measuring in field program?

nat tools or methods should be used?

nere should measurements be made?

nen should we do field work?

nat processes to be exploited to improve SNR?

nat further needs for environmental information In
assessing uncertainty (Pilot)?




Some of the Main Components of a Modeling System

Bathymetry
Domains (nesting, stand-alone, etc)
Grid and Resolution (vertical, horizontal, etc)
Initial Conditions
Open and Land Boundary Conditions
Forcing

* Tides, Rivers

o Atmospheric
Data Utilized and Assimilation Scheme
Model Dynamics
Parameterizations and Parameters

* Mixing, sub-grid-scale, boundary layers, etc
Model Numerics
Platforms and Compiler used
The Modeler



Importance of Initial Conditions
“Smart” Initialization Surveys to Reduce Background Uncertainties

Smart Initialization Surveys
 Has to be multi-scale

Has account for multi-disciplinary objectives

Has to account for sampling constraints

Needed for modeling but also vital for process studies

Without it, uncertainties will remain close to full variability
Impact of background initial state on model estimates
Example: for MBOG6 in the Monterey Bay, if HOPS is initialized

with ROMS or with NCOM-ICON fields, the ocean state in HOPS
remain as that of ROMS or NCOM-ICON for at least one week
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Fig. 1. Bathymetric chart showing areas around Taiwan and mooring locations.



Oceanic Responses to Atmospheric Forcing:
Monsoon and Typhoon (July- August)

1092 W.-D. Liang et al. | Deep-Sea Research II 50 (2003) 1085 1105
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Fig. 5. Composite of the Sb-ADCP current velocity vectors at 30m depth around Taiwan. The left and right panels represent the
seasons of southwesterly monsoon and northeasterly monsoon, respectively.
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“Seasonal” Variations of volume
Transport in the Talwan Strait:
Penghu Channel

Sen Jan and Shenn-Yu Chao (DSR 2003)
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Continental Slope Flow Northeast of Taiwan
Tang et al, JPO-1999
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The North Philippine/East China Seas
Region in POP

by

Julie McClean, Yoo Yin Kim

Peter Niiller and Bruce Cornuelle

POP: DEC—-JAN-FEB Climatology
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Kuroshio Volume Transport Anomalies (Sv) across
the East Taiwan Channel from 0.1° POP: mean and
annual cycle removed. Observed transports: PCM-1
array from Zhang et al. (2001, JGR)
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Do POP trajectories initialized to the east of Taiwan in the
Kuroshio intrude onto the East China Sea shelf during low
transport events as is observed? Consider the 03/99 event.



Low Transport Event: Red Trajectories
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High Transport Event: Red Trajectories
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Predictability of the transport in the PCM-1 region

from Sea Surface Height (SSH)
Bruce Cornuelle, Julie McClean and Yoo Yin Kim
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Figure 3. RMS SSH. Averaged from 10 vears of weekly data. Top panel: AVISO, bottom
panel: POP model. (14 26 domain).



anomaly skewness (rel. to seasonal march)
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Figure 4. SSH skewness. Top panel: AVISO, bottom panel: POP model. (14 26 domain).



anomaly kurtosis (rel. to seasonal march)

latitude

130 135
longitude

anomaly kurtosis (rel. to seasonal march)

latitude

125 130
longitude

Figure 5. SSH kurtosis. Top panel: AVISO, bottom panel: POP model. (14 26 domain).



phys space corr with datum 1 calcd directly; lag=1
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Figure 35. Correlation between SSH difference across the strait and the rest of the domain in
the past. One week lag. Top panel: AVISO, bottom panel: POP model. (small domain).



phys space corr with datum 1 calcd directly; lag=2
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Figure 36. Correlation between SSH difference across the strait and the rest of the domain in
the past. Two week lag. Top panel: AVISO, bottom panel: POP model. (small domain).



phys space corr with datum 1 calcd directly; lag=3
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Figure 37. Correlation between SSH difference across the strait and the rest of the domain in
the past. Three week lag. Top panel: AVISO, bottom panel: POP model. (small domain).



Mesoscale Modeling and Taiwan Straits/Kuroshio effects
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Bathymetry and Uncertainties
(Data and Smoothing)
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Transport Streamfunction (Sv) Surface VYelacity f{cm/s)

No Taiwan Strait
Northward Flow
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Temperature at 50m, 1Sv Taiwan Strait Northward Flow
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Temperature at 50m, No/Weak Taiwan Strait Northward Flow
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“Fake Tracer” Simulations
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Impacts of Remote Data (Kuroshio- East of Taiwan)

Surface Line Tracer Surface Line Tracer
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Impacts of Open Boundary

Surface Boundary Tracer Surface Boundary Tracer
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Impacts of Local (Dome) Measurments

Surface UDome Tracer
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Tidal Processes and Modeling

28°N

26°N

-----

24°N Ml

22°N

—

118°E 120°E 122°E 124°E 126°E

Available Tidal Gauges (blue dots)
Bottom Topography [m]

Baro tidal currents 50-100 cm/s
Internal tides
Tidal mixing fronts?

HOPS forced at bndry with
regional estimates of baro tides

1. Baro tides are predominantly semi-

diurnal, with M2, S2, K1 and O1
most important (55%, 25%, 10%, 5%)

. We developed software to compute

regional high-resolution baro tides,

given B.C.s from global model.
(Solves shallow water equations in the
frequency domain. Uses representer method
to assimilate tide gauges/adcps)

. OSU global tidal model (assimilates

Topex/Poseidon altimetry) utilized to
specify B.C.s.

Diurnal constituents close to critical

| freq. within the domain (e.g. K1

period ~23.93 hrs and T inertial
2*pi/f ~23.93 hrs at lat=30). Coastal
modes might develop in solution for
diurnal although not clear if they are
real

. ADCP data (historical Ok) desirable

for validating diurnal constituents



Barotropic Tides from OSU model, Yellow Sea domain
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Modeling Uncertainties

Total Uncertainty
= Initial/boundary condition uncertainty
+ Model uncertainty

+ Integration by the dynamics of these uncertainties

Methods

R

» “Adjoint Methods” account for all uncertainties (linear
backward in time), but do not compute them directly

» “Ensemble Methods” aim to only account for dominant
uncertainties (linear) and compute them

L)

* Both very useful and can do more than DA/uncertainty



Physical-Acoustical Adaptive Sampling

Predicting the types and locations of observations that are
expected to be most useful, based on given estimation
objectives and the constraints of the available assets
(Requires accurate Predictions)

Four Approaches and Methods:

s Heuristic estimation of the ideal future sampling based on predictions of ocean
fields (features, uncertainties or dynamics)

+» Adaptive Sampling based Error Subspace Statistical Estimation (ESSE) and on
the nonlinear prediction of the impact of future observations on the predicted
ocean state and uncertainty.

* Path planning based on Mixed Integer Programming (Yilmaz, Patrikalakis et al,
2007): guantitative version of the heuristic adaptive sampling approach.

s Path Planning (Heaney et al, 2006) or Adaptive Onboard Routing (Wang et al,
2007) for Acoustical-Physical Fields: Optimization of multi-component cost
function via Genetic Algorithms



Glen’s Questions for Group Leaders

1. What are environmental uncertainty keys necessary for
measuring in field program?

Strength and position of Kuroshio inflows (South and East of Taiwan)
Taiwan Strait currents and transports

Depth of Mixed layer (especially under strong atmospheric forcing)
Deep Intrusions and associated gradients

Internal tides, waves and solitons: phases, directions and amplitudes

2. What tools or methods should be used?

Nested (global/large/meso/sub-meso) and stand-alone Modeling
Coupled Acoustics-Seabed-Ocean Physics Modeling

Data assimilation (Ol, Adjoint, ESSE)

Adaptive sampling schemes

Multi-Model Fusion Schemes

Lagrangian Coherent Structures Extraction for Planning of Drifter
Release



Glen’s Questions for Group Leaders

3. Where should measurements be made?
— “Smart” Initialization survey
— South and/or East of Taiwan glider converyor belt
— Taiwan Strait or south of Taiwan if Strait not possible
— Cold Dome area
— River Forcing?

4. When/Where should we do field work?
— Any time from the end of May to end of August (or January)
— Intensive Cold Dome region (cross-shelf more useful than alongshelf)
— Smart, coarser regions of influence

5. What processes to be exploited to improve SNR?

— “Predictable” ocean environment processes and uncertainties to
forecast TL and range of the day and uncertainties

— Tidally forced processes (frequencies known prior to experiment)

6. What further needs for environmental information in assessing
uncertainty (Pilot)?
— Acoustic-Seabed Modeler (Kevin? with Bruce/Pierre, NPS/RAM codes)




Extra Slides



Multi-Model Fusion for Ocean Prediction
based on Adaptive Uncertainty Estimation

v" A Methodology for Multi-Model Forecast Fusion
v Adaptive Uncertainty Estimation Schemes

* Bias Correction followed by Error Variance Estimation

Oloserving

SVSIEMIS

A useful methodology should be:
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