Notes – Group 1
Chair: J. Pullen
Question #1:  What submesoscale processes do we have to account for?

Some operative coastal processes 
Submesoscale eddies – how do they contribute to vertical stratification?

Buoyancy driven currents and river runoff

Hydraulics of coastal flows past coastal topography

Form drag (parametrization of flow past obstacles)

Internal waves

Conversion of tidal energy at shelf break

Wind stress/heat fluxes imprints on coastal ocean

High-frequency wind bursts affect near-inertial wave field and deepening of mixed layer

What processes are most important for parameterization?

Bottom boundary layer

Wave field effects

Mixing due to internal waves, solibores

Non-local transports 

Organized structures – middle of energy cascade  - continuum

Interactions with topography

Response to small scale wind forcing

Submesoscale processes are hard to predict because they can be intermittent

Knowledge of roughness, parameterization of roughness, parameterization of effects of roughness

How to parameterize non-local effects of topography due to radiation of waves, which break possibly far away?

Does most of the wave energy go into mixing locally?

Solibores are intermittently generated – Near M2/2

Monterey – well mapped topography, major roughness is found on slope – cut canyons etc.  Topography is very complex compared to other locations.

Important: to characterize stratification accurately - varies tidally and seasonally

Other processes

Rectification of tidal flow around topography is very difficult – Weller’s experience in CBLAST

How do processes interact?

Shallow water – upper waters/deep water interact, for example through upwelling; deep flow’s interaction with bottom affects near-surface fields

Meandering of New England shelf break front (submesoscale) affects local stratification, happens every couple of days

Location of density interface’s interaction with coastal slope
River runoff affects surface layer
Influence of large scale, nonlocal processes on submesoscale processes


Example: advection by large-scale currents into your model domain


Example: atmospheric forcing

Example: Straining of coastal currents into filaments due to headlands in Adriatic
Question #2:  At what spatial resolutions will these processes be represented by the model physics (or are they at all, or do they scale with resolution, etc) and when must they be parameterized? 

Smoothly scaling parameterization is important. How should parameterizations scale with resolved spatial scales?

Simulations: Require 1 m resolution in LES to simulate turbulence

Problem – organized turbulence – the larger scales not separated from smaller scales

Model domain possible with LES at 1 m resolution – 1 km box

Modeling at scales larger than LES O(1 m) requires many processes to be parameterized

At scales smaller than 100 m, energy cascade makes small scales important
Parameterizations have been designed to get large-scale right, and not to correctly capture coastal circulation

What submesoscale processes feed back and affect the large-scale/mesoscale circulation?

Near model resolution, you just permit small-scale features, not resolve them

Coastal processes – richness of spatial scales, frequencies


Cutoff of model resolution – what gets left out?

Question #3 – Which processes are most poorly incorporated (either because of lack of knowledge, difficulty, etc) into current numerical models? 
Many!!
What to consider…

Field observations strength – localized observations, short timescale – nested model grid down to LES

Investigate sources of turbulence (IWs, tidal conversion, hydraulics, roughness elements, etc) that cause the mixing that the vertical parameterizations aim to capture


Interaction of stratification with topography
Acoustics – thermal stratification


Get correct heat flux, wind mixing affects mixed layer depth

Ship operations – surface currents

Resolving ocean features

Getting vertical mixing of surface atmospheric forcing/fluxes correct

Coastal simulations of Allen et al. – good mean fields, but turbulent fields/energy not.  What is the feedback of the turbulent fields onto the mean?  What if you have the wrong internal diffusion – this effects the internal flows?

There are balanced (S, T, vorticitiy) and unbalanced components of the flow – balanced more affected by parameterizations

Improvements to vertical mixing parameterizations – can we apply to subdomain as well as basin scale models
Can we change the model’s parameterized parts to best match observations?


Need local observations as well as large-scale field


Data assimilation is better than running models along first, to find problems


Mismatch during data assimilation might show bad parameterizations

…but which model is good enough to just be wrong on submesoscale parameterizations?

What observations are needed for data assimilation?


Where is the best place to make observations – via cost function


Depends on the model 

1. What are useful metrics that might be used to quantify the effects a process or parameterization has on the ocean dynamics?  (fluxes or conversion of energy, enstrophy, buoyancy, etc)

· Flux divergence of heat, buoyancy, momentum (eddy and mean)
· Variances in shear, buoyancy frequency
· Tidal rectification (time mean)
· Energy budget – how much lost to form drag?
· Lagrangian statistics
· Spatially extended features & spectra

· Onshore/offshore transport

2. What field observations would have to be made in order to provide the necessary data 
Concurrent observations are needed:
· Highly focused observations of a small region 

· Shear, stratification, dissipation (microstructure)
· Internal wave field

· Surface buoyancy forcing & heat and momentum fluxes
· Optics, biology – for surface heat absorbsion from atmosphere

· Synoptic monitoring 
· Boundary conditions as well as test of parameterization of smaller-scale processes

· Large-scale density structure (horizontal and vertical)

· Surface conditions, fluxes

· Surface SSH, currents from Doppler radar to estimate tidal rectification
3. Which processes and parameterizations can we make the most progress on during the next 5 years, etc?  
Do you get a better return from working on better-known problems, or ones that haven’t been worked on?

We are still in discovery mode – new processes being discovered 
· Surface layer processes

· How does heat, momentum, etc from atmosphere get mixed into ocean?
· Better known, more experimental and theoretical history
· Horizontal dispersion, mixing, and transport
· Little understood and not parameterized 
· Are numerical models ready? 
· Parameterizations that work in a specific region, but apply to other regions
· Form drag, bottom boundary layer, interaction with topography

· Potential for great impact on mean flow

· Currently not parameterized in models
Suggestion:  Ask regional coastal modelers to summarize which submesoscale processes in their regions would produce greatest improvement.  
Choice of site
Desirable to choose sites with existing data, modeling efforts, since model and observational interaction will be iterative
Monterey – pro:  Doppler radar and other observations; well-known topography.  Con: canyon

Capitalize on other ONR field projects

NJ – non-linear internal wave plus acoustics (but what’s the site like?)
