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(Q1) What are the scientific questions to be advanced for NLIW: 

- to resolve modal transformation
- there are related questions in important "unknown" areas, e.g., generation of waves
Order one information desired to predict:  
· WHEN are the internal waves likely to be present (wave, no wave?) as a function of tidal cycle, season, wind, topography, etc.  

· What is the impact on the acoustic field?  

· We want details of the wave statistics and the uncertainty associated with the predictions.

Second order questions:  
· What are the amplitude and steepness.  
· Quantity of waves, single wave, or wave packet?  
· Breaking location?  
· Degree of non-linearity.  
· Amplitude of wave to water depth (upper layer).  
· Criticality of topography.   

· How do multiple wave trains from different sources interact? 

We are trying to identify the strongest restriction on advancing our understanding now and our ability to make comprehensive predictions.  Where are our current predictive capabilities most inadequate?  
Is it dynamics, grid-resolution issues, sub-grid scale parameterizations?  Do we know the tides (baroclinic), or the bathymetry sufficiently well?  etc.  

Compare the accuracy we have available now with the accuracy that is required to feel confident in our predictive capabilities.  

SCIENCE QUESTIONS:
(a) Generation Mechanics and Generation Sites; Geographic Distribution of their energy; 
(b) Dissipation of nonlinear internal waves

(c) Generation needs a hierarchy of models.  Need to validate current 

generation models.  From far field through generation of NLIW to shoaling

(c) Interaction with other important coastal processes - fronts/currents, 

shelf river inflows, upwelling, coastal waves. (In South China Sea region, the Kuroshio Current is missing. The tidal generation is highly affected by the Kuroshio Current loops into the Luzon Strait.  This affects the stratification and hence NLIWI generation.)  

How do NLIW affect these and how do these affect generation and dissipation of NLIW?

(d) Nonlinearity takes over and ideas to mixing as function of slope, wave 

characteristics, thermocline, net effects of mixing
(e) Summer/winter differences in NLIW behavior, ambient stratification, upwelling, downwelling.

(f) When are non-hydrostatics effects important?  
(g) How do we merge statistical and deterministic predictions?  What is the desired end product?   After breaking, high frequency waves are incoherent on small scales (< 3 km)?  What are decorrelation length scales inherent in the problem.  
What are the relevant coherence scales?

(h) Feedback of this process as subgrid parameterization would be useful to 

regional scale models.

(i) What is the energy density flux (and its divergence) from the waves

as they move onshore?

(j) Interactions with other important coastal processes - shears, currents

Q2)  What observational methods will yield a break through in obtaining an answer to these questions and producing a framework for a prediction system?

Have to know what quantities you most want to measure first, then think about best ways to get them…
What is the goal?  Build understanding, validate current model capabilities….
(a) want high resolution bathymetry 
- roughness (global), curvature, slope on smaller scales 
(b) seasonal variations important (annual cycle)  

(c) high frequency echo-sounder pictures give great detail 
(d) need micro-structure, for example from sea-soar, towed CTD chain with sonar

(e) AUV/Sea Glider/Floats – autonomous instruments 
(f)  are there local “historical” signatures of wave breakdown 
(optical properties of water? – Coastal Mixing and Optics) 
Q3) Why type of theoretical modeling and remote sensing research will lead to a prediction system?

(a) Nested (numerical) models are a logical approach.  Separation of relevant length scales makes a single model from generation to shoaling to breaking unfeasible.  

(b) nonlinear statistical theory also needed (modal evolution equation WAM – like? For nonlinear internal (solitary) waves) 
(c) We can solve Euler eqns, is that adequate?  
 Note:   In the atmospheric work, they do 2-D models of nonlinear waves generated by strong downbursts.     (Tung et al 1981, Studies in Applied Math, 65, 189-221).  
They use full non-linear model with some simplifications.  

    Can we learn something for their work?
(c) sensitivity to sub-grid closures?

(d) wave dispersion?

(e) non-linear internal wave – surface wave interactions (resonances?)
(f) dissipation process

(g) Infrared imaging?

(h) SAR
Important issue:  How do you make predictions if the generation formation is very site specific?

South China Sea - the depression wave wavelength increases as it goes into shallow water - no (questionable) SAR signature. 
(Q4) What is an appropriate framework for considering the interaction of internal waves with acoustics? 
(a)   3D framework

(b)  acoustic rays are 3D

(c)  waves are 3D - anisotropic with perturbations 
- depends on scales of the features, etc
(d)  statistical properties of hydrodynamic fields and associated uncertainty of acoustic information
