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PROJECT SUMMARY

This project involves the measurement of direct high-resolution air-sea fluxes on two cruises per year and the development of a roving standard flux measuring system to be deployed on a series of NOAA and UNOLS research vessels to promote the improvement of climate-quality data from those platforms.  An adjunct task is maintenance and operation of the C-band scanning Doppler radar and the stabilized wind profiling radar on the NOAA ship Ronald H. Brown.  Because buoys and most ships and satellites rely on bulk methods to estimate fluxes, another aspect of this project is the use of direct measurements to improve the NOAA/COARE bulk flux algorithm.  One cruise is the annual TAO buoy tending cruise to 95 and 110 W on the Ronald Brown, which occurs every Fall.  The other cruise is the annual cruise to turn around the Climate Buoy at 20 S 85 W, also in the fall.  A full suite of direct, inertial-dissipation, and bulk turbulent fluxes are measured along with IR and solar radiative fluxes, precipitation, and associated bulk meteorological properties.  This effort represents a partial transition of research from the OGP CLIVAR PACS program to operations under the Climate Observations Program (COP).


The project is the result of a recent NOAA-sponsored workshop on high-resolution marine measurements (Smith et al., 2003, Report and Recommendations from the Workshop on High-Resolution Marine Meteorology, COAPS Report 03-01, Florida State University, pp38) which identified three important issues with the planned NOAA air-sea observation system: 1) the need to a data quality assurance program to firmly establish that the observations meet the accuracy requirements, 2) a need for observations at high time resolution (about 1 minute), 3) a need to more efficiently utilize research vessels including realizing their potential for the highest quality data and their potential to provide more direct and more comprehensive observations.  For seasonal time scales the net air-sea flux (sum of 5 flux components) needs to be constrained within 10 Wm-2 .  Buoys and VOS systems must operate virtually unattended for months, so considerations of practical issues (e.g., power availability,  ruggedness, or safe access) are balanced against inherent sensor accuracy and optimal sensor placement.  As discussed above, an important function of the in situ measurements is to provide validation data to improve NWP and satellite flux fields.  Here, high time resolution and more direct observations can be invaluable for interpreting surface flux measurements and diagnosing the source of disagreements; such information can be provided by suitably equipped RV’s.  Thus, the accuracy of buoy and VOS observations must be improved and supplemented with high-quality, high time resolution measurements from the US Research Vessel fleet (which is presently underutilized).  The necessity for both high time resolution and high accuracy places extreme demands on measurements because some sources of error (such as the effect of ship flow distortion on wind speed) tend to average out over a large sample.  To accomplish this will require a careful intercomparison program to provide traceability of buoy, VOS, and RV accuracy to a set of standards.


This project directly addresses the need for accurate measures of air-sea exchange (Sections 5.2 to 5.4, Program Plan for Building a Sustained Ocean Observing System for Climate.  The project is a joint effort by ETL and the Dr. Robert Weller, Woods Hole Oceanographic Institution (WHOI).  NOAA COP funds the ETL component and Dr. Weller is seeking  NSF fund for the WHOI component. The ETL air-sea interaction group website is http://www.etl.noaa.gov/et6/air-sea/.  ETL also cooperates with Dr. Andy Jessup (APL University of Washington) on radiative sea surface temperature measurements, Dr. Frank Bradley (CSIRO, Canberra Australia) on precipitation, Drs. M. Cronin and N. Bond (PMEL) on buoy-ship intercomparisons and climate variability analysis, and Dr. Mike Reynolds (DOE BNL) on radiative fluxes.  A new website is under construction for this project (High Resolution Climate Observations).  The website is planned to contain a handbook on best practices for flux measurements plus a database of high-resolution flux data.  This work will be closely monitored by the new WCRP Working Group on Surface Fluxes (WGSF) which is chaired by C. Fairall.  This will give the project high visibility in the CLIVAR, GEWEX, and SOLAS programs.  This project will be managed in cooperation with JCOMM (and other) panels as per instructions of Mike Johnson.     

FY2004 PROGRESS

For the Ronald Brown C-band and wind profiler radar project, hardware upgrades and routine maintenance was done on the wind profiler prior to the NOAA New England Air Quality Study (NEAQS) conducted off New Hampshire and Maine in July and August, 2004.  The wind profiler performed well during the project and was constantly monitored to evaluated boundary layer wind directions.  The C-band radar was also used on this project.  While the ship was in port in Portsmouth, NH, Engineer David Lefcourt of SIGMET, Inc., spent two days upgrading software and improving the functionality of the new LINUX computers that were bought last year.  The software licenses and maintenance were also continued with SIGMET.  The C-band radar and wind profiler were also be used on the TAO tender cruise in the fall.

ETL completed two research cruises as planned: the annual TAO tender cruise to 95 and 110 W longitude in the equatorial Pacific on board the R/V Ronald H. Brown and the joint ETL/WHOI cruise to the climate reference buoy (25 S 80 W) on board the R/V Roger Revelle.  Two research accomplishments are highlighted here.  The joint ETL/WHOI cruise in the fall 2003 yielded the first time airs-sea fluxes, cloud remote sensing, and aerosol properties were all measured simultaneously from a ship in the subtropical stratus cloud region. These unique observations showed strong correlations between cloud properties, aerosols, and the air-sea flux forcing of the ocean energy budget.  A paper on this has already been accepted for publication (Kollias et al., 2004).  A second major accomplishment has been the application of parameterizations developed from the ETL TAO tender ship-based observations to an analysis of data from the enhanced monitoring system on the TAO buoys on 95 W (joint with Meghan Cronin of PMEL and Bob Weller of WHOI).  This has allowed us to compare the buoy-observed annual cycle of the effects of clouds on the surface energy budget with estimates from satellites, NCEP and ECMWF reanalysis products.  This analysis has identified several regions/seasons where the operational products have significant errors and shown that the reason for the errors is incorrect model cloud type (e.g., the model has tropical convective clouds where it should have stratocumulus clouds).   A publication on this has also been submitted (Cronin et al, 2004).   

The PI of this project has been appointed to chair the WCRP Working Group on Surface Fluxes.    He also serves on the International Geophysical Union International Climate Dynamics and Meteorology Working Group A (Boundary Layers and Air-Sea Interaction).  In 2004 he was invited to join the SOLAS Focus 2 (air-sea flux physics) Working Group to develop the Surface Ocean-Lower Atmosphere Study (SOLAS) International Implementation Plan and has been named to the US SOLAS Advisory Group.  
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FY2005 PLANS

The major effort in FY05 will be execution of the TAO and WHOI climate buoy cruises plus continued work on the Ronald Brown C-band radar.  Approximately 40 days of air-sea flux data will be obtained on the TAO cruise and about 20 days of data on the WHOI cruise (Stratus04).  A second component will be planning for construction (beginning in FY2005) of the roving flux standard (this is covered as an Add Task).   Ship time will be in piggyback mode.  The new laser wave gauge was tested on NEAQS and will be deployed for the first time on TAO and Stratus04. Besides collecting the high resolution flux data, we will be doing pilot study evaluation of a UNOLS ship (R/V Revelle) IMET system as part of our plans to upgrade research vessel climate data. The Revelle is the ship for the WHOI buoy cruise and the present ETL seagoing flux system will provide the roving standard.  Construction will begin on the High Resolution Climate Observations website.  The first task will be compiling material for the online handbook for flux observations. We also plan to update our ship data base so that all cruises through 2003 are publicly available.  Joint analysis projects with WHOI and PMEL will continue. 


For the Ronald Brown radar systems project, the recent installation of the two new computers and software upgrades puts us in good shape there.  Laser leveling of the antenna motion stabilization (INU) should be done in port every few years; we have not scheduled that yet.  The Sigmet software licenses and maintenance will also need to be continued (this is k$9 per year).  In the next year or so, we made need to install a completely new version of the software (this will be expensive).

Outreach efforts this project center on educational contacts through the University of Colorado Outreach program and the NOAA Teacher-at-Sea program.  For the TAO cruise a link has been set up for twice-weekly exchanges with 10 middle school classes around the US.  The WHOI climate buoy cruise will have two Teachers-at-Sea on board.

FY2005 BUDGET

The total ETL request to COP for this project is k$190 in FY2005.  This is augmented by k$25 in PI salary and about 50 k$ in other ETL base contributions (salary, travel, etc).  The COP budget breakdown is as follows

Salaries, including overhead
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Capital equipment



    0

Travel





  22

Shipping




  19

Supplies




    8

Sondes




  
  12.5

Misc





  11.5

The breakdown of this budget is as follows: operations - 70%, data management - 10%, R&D - 20%.  The program supports 0.15 federal FTE and 0.72 non Federal FTE; 0.20 Fed FTE are devoted to the project but not funded by it.

ADD TASKS

We propose to add two tasks:  

Task#1: Roving standard for quality assurance of ship flux/climate data – k$170/year

Task#2: Ocean CO2 Flux Reference Station – k$85/year.
TASK#1.  Roving standard for quality assurance of ship flux/climate data.


The project is the result of a recent NOAA-sponsored workshop on high-resolution marine measurements (Smith et al., 2003, Report and Recommendations from the Workshop on High-Resolution Marine Meteorology, COAPS Report 03-01, Florida State University, pp38) which identified three important issues with the planned NOAA air-sea observation system: 1) the need to a data quality assurance program to firmly establish that the observations meet the accuracy requirements, 2) a need for observations at high time resolution (about 1 minute), 3) a need to more efficiently utilize research vessels including realizing their potential for the highest quality data and their potential to provide more direct and more comprehensive observations.  For seasonal time scales the net air-sea flux (sum of 5 flux components) needs to be constrained within 10 Wm-2 .  Buoys and VOS systems must operate virtually unattended for months, so considerations of practical issues (e.g., power availability, ruggedness, or safe access) are balanced against inherent sensor accuracy and optimal sensor placement.  As discussed above, an important function of the in situ measurements is to provide validation data to improve NWP and satellite flux fields.  Here, high time resolution and more direct observations can be invaluable for interpreting surface flux measurements and diagnosing the source of disagreements; such information can be provided by suitably equipped RV’s.  Thus, the accuracy of buoy and VOS observations must be improved and supplemented with high-quality, high time resolution measurements from the US Research Vessel fleet (which is presently underutilized).  The necessity for both high time resolution and high accuracy places extreme demands on measurements because some sources of error (such as the effect of ship flow distortion on wind speed) tend to average out over a large sample.  To accomplish this will require a careful intercomparison program to provide traceability of buoy, VOS, and RV accuracy to a set of standards.

Our strategy to create a ship flux quality assurance program involves several steps
· Set up a web site with a Flux Manual detailing procedures and best practices for measurements from ships and flux estimation methods
· Make regular cruises to key climate buoy locations

· Construct a state-or-the-art portable flux standard that can be installed on any ship to obtain best possible characterization of the relevant variables

· Work with each ship operator to improve sensor suite, placement, connection methods, processing, etc

· Perform a computational fluid dynamics (ICFD) assessment of the flow distortion effects for specific sensor locations

We now have a program of sustained observations in conjunction with the 95 W TAO buoys and the WHOI flux reference site at 25 S 85 W.  The next step in this process is the construction of the portable flux standard.  ETL currently has two complete ship-based flux systems we use for various research projects.  We propose to upgrade one of the systems to create the portable standard (i.e., rather than build an entire new system from scratch).  The upgrade will feature two parts:  1) convert from a network cabled sensors to wireless transmission and 2) improve the radiative flux and navigational measurements.  The first step is to simplify the shipping, installation, and tear down process so that it is cheaper and more practical to operate on a series of ships.  The second step is necessary to close some accuracy shortcomings,  balance the sources of error between radiative and turbulent fluxes, and take advantage of recent developments in GPS technology.   

The one-time cost of the upgrade will be k$170 in hardware costs (versus k$380 to build a complete new system).  We propose a continuing funding of this effort at k$170 per year.  In FY05 we will purchase all hardware.  In FY06 we will complete construction and do one ‘calibration’ cruise.  In subsequent years we will do two calibration cruises.  The calibration cruises will initially be on research vessels (NOAA, NSF, Coast Guard, DoD).  Besides leading to improved sustained observations from the R/V’s, data obtained from these cruises will go into the high resolution climate data base.
Task#2  Ocean CO2 Flux Reference Station

Recent interagency panel reports (CCSP, LSCOP, SOLAS) have outlined strategic goals and priorities for quantifying the fate of anthropogenic CO2, for predicting future climate, and for developing a scientifically-based carbon management plan.  These priorities include:  1) the need for a better understanding of the physical and biological controls on CO2 flux between the atmosphere and ocean and 2) the incorporation of this new scientific knowledge into more accurate parameterizations of the flux.  NOAA-OGP has initiated a program for addressing these issues by calling for surface process studies of air-sea gas transfer and for improved modeling of the flux of climatologically important gas species.

NOAA-ETL and University of Colorado-CIRES have made progress in open ocean flux measurement technology, enabling routine direct observations of the flux of CO2 and other trace gases (O3 and DMS), and the success of the GasEx expeditions has led to improvement in gas transfer modeling (Hare et al, 2004 JGR).  Gas flux data have been obtained for winds up to 15 ms-1, but uncertainties in the measurements have slowed progress on parameterization development.  The variability within any wind speed range is relatively large due to the influence of the totality of gas transfer controls (wind, wave breaking, bubbles, surface characteristics, subsurface turbulence, biological activity) and due to the relatively limited number of observations.  At higher wind speeds, where a significant fraction of the globally averaged flux occurs, bubbles, breaking waves, and enhanced oceanic turbulence play leading roles in the gas transfer.

The current state-of-the-art in parameterizing gas transfer is the NOAA/COARE gas transfer model.  Given the uncertainty of the flux measurements above 10 ms-1, and given the importance of the high wind speeds for gas transfer, it is essential that we obtain accurate high wind speed CO2 flux observations over the open ocean.  In order to make improvement to the NOAA/COARE parameterization, we must a) expand the global database of direct open ocean CO2 flux measurements, and b) emphasize flux observations at moderate and high wind speeds, where the existing uncertainties are the largest.

Recent discussions with colleagues at the University of East Anglia (UEA; Watson) and the Southampton Oceanographic Center (SOC; Yelland and Taylor) indicate a potential collaboration which will yield valuable flux information to fulfill these goals.  Under the auspices of the United Kingdom Surface Ocean Lower Atmosphere Study (UK SOLAS), these researchers plan to equip the R/V Polarfront, which is located at Ocean Weather Station (OWS) “Mike” (2E 66N), with open-path flux and mean (air-sea pCO2) instrumentation for a period of at least two years.  We propose to collaborate and deploy a closed-path CO2 flux system, similar to that used during the GasEx cruises.  The information gleaned from this long-term deployment will be used to make improvements to the NOAA/COARE air-sea gas transfer parameterization.

OWS “Mike” is situated in a regime with some of the Earth’s largest annually-averaged CO2 fluxes (5 to 9 Tg C yr-1 per 4 ° x 5° area; Takahashi et al., 1997).  The large regional flux from the atmosphere into the ocean is caused by prevailing strong winds, combined with a sea-air fugacity difference which exceeds 100 μatm after the onset of the spring algal bloom.  The location in the North Atlantic has been targeted by CCSP and LSCOP as a high priority region for sampling and intensive investigation.   

The basic objectives of these measurements are:

· Increase the database of CO2 flux data, in order to reduce the uncertainty which accompanies our current data;

· Gather quality CO2 flux data at high wind speeds, where the uncertainties are the largest.  Closing the uncertainties at high winds is of critical importance to modeling gas flux, as a large proportion of the globally-averaged flux is driven by the high wind regime.  This is readily seen from an examination of the nonlinearity of the gas transfer vs. wind speed plot;

· Advance our knowledge of how physical processes affect the flux of gas between the ocean and atmosphere.  By making direct covariance flux measurements in conjunction with measurements of heat and momentum fluxes, surface waves, and fine-scale underwater turbulent and thermal profiles, we are able to gain insight into the mechanisms which drive the air-sea flux of gas;

· Make improvements to the NOAA/COARE gas transfer parameterization.  This task is critical to the scientific effort, as accurate modeling of the flux of carbon dioxide is recognized to be of the highest priority for us to be able to determine the sequestration rate of anthropogenic carbon and to model future climate.   It is expected that progress can be made in the gas transfer model on the influence of wave state, high winds, biological productivity, small-scale vertical temperature gradients in the water, and ocean mixed layer dynamics.

One of the two primary questions posed by the U.S. Carbon Cycle Science Plan (CCSP) is:  How large and variable are the dynamic reservoirs and fluxes of carbon within the Earth system, and how will this cycling change in the future?  In response, NOAA-OGP has established three major goals:  1) to quantify spatial patterns and variability of carbon sources and sinks at global to regional scales,  2)  to document the fate of anthropogenic CO2 in the atmosphere and oceans, and 3) to improve future climate predictions by incorporating a dynamical understanding of the carbon cycle into models.  The methods proposed to achieve these goals are to increase the oceanic and atmospheric observation base, to conduct process-focused field studies, and to increase the research modeling focus.

By conducting a long-term process study and the gathering of a large CO2 flux data set, we will address the GCC goal (#3) of increasing our understanding of gas transfer processes and incorporating that knowledge into a well-founded parameterization.  The methodology integrates process studies into the improvement of models which will be used to predict carbon exchange in a changing climate. By focusing on the fundamental processes and scales which dictate carbon dioxide exchange between the ocean and atmosphere, this project directly addresses our national priority for more accurate prediction of carbon cycling and climate change.

     The cost for this task will be k$85 per year.  The first year’s cost will be principally for construction of the hardened fast CO2 systems.  Subsequent years will be for deployment/analysis.
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