Outline:  High Latitude Surface Fluxes:  Requirements and Challenges for Climate Research

authorship:  U.S. CLIVAR High Latitude Flux Working Group plus other contributors

1. Introduction (purpose, drawing on ideas in prospectus; other examples)

a.  Surface fluxes govern climate processes. 

b.  High-latitude regions are marked by unusual conditions, including extreme winds, low humidity, seasonal and/or permanent ice cover, and cold temperatures.

c.  There have been few in situ measurements of  fluxes at high latitude.  The SHEBA program represents a notable exception, but it was specific to the ice-covered Arctic.  Observations in seasonal ice or high wind conditions are difficult to obtain.   To date, there have been no flux moorings deployed in the Southern Ocean or the Northern Hemisphere subpolar gyre.  Ships have been equipped with met sensors but not full flux instrumentation.  

d.  Bulk formulae used to compute surface fluxes have been developed using measurements collected largely in the tropics or less extreme environments.  

e.  Our goal is to evaluate the specific requirements for high latitude fluxes and to determine current accuracy of flux estimates for momentum, heat, freshwater, and gas fluxes.

2. Background:  Flux Discrepancies (telecon 1, March 2008)

a.  NCEP vs ECMWF vs  JRA etc. with lack of in situ obs 

b.  horizontal and temporal resolution;

c.  tendencies of operational centers to improve operational models but not reanalysis (so posing problems for climate studies)

3. Background:  Examples of Surface Flux Applications and Requirements  (telecon 2, April 2008)

a.  Climate change scenario requires heat fluxes of accuracy < 1 W/m^2.  (Freshwater; momentum?) [cite:  Barnett et al, 2005; etc.]

b.  Upper ocean mixed-layer budget (e.g. requirements to close budget).

c.  Seasonal ice cover budget (e.g. requirements to close budget)

d.  “Walin analysis” water mass transformation (e.g. requirements to close budget)

e.  CCSM heat budget

f.  weather noise, transient storms, dynamical meteorology 

4. Momentum Flux

a.  measurements over water, ice, land


i. key physical issues


ii. How are these issues addressed?

b.  satellite observations

c.  NWP issues

5. Energy Fluxes (turbulent and radiative)
a.  measurements over water, ice, land

b.  satellite observations

c.  NWP issues

6. Mass Flux

a.  measurements over water, ice, land

b.  satellite observations

c.  NWP issues

7. Summary:  Strengths and Challenges

a.  Poor observations, no ground truth for models

b.  Inadequate observations at high wind speed for bulk formula development (and also for QuikSCAT retrieval algorithm refinement). Current Temperature and humidity retrievals from satellite are poor in this environment. Sampling is a problem because of the large natural variability (nice lead in to NWP)

c.  NWP reanalyses reporting at coarse resolution relative to physical length scales

d.  Inconsistency between NWP products vastly exceeds desired accuracy

e.  Areas where we have confidence (Arctic ice sheets from SHEBA) are regions that are disappearing.  Enormous challenges for assessing albedo, gas flux, heat exchange in changing climate system.

Do we want to mention strengths? I think we should comment on the few that exist. ARGO is the best example I can think of now.

