
Introduction 
 
Field observations of ocean-atmosphere CO2 fluxes using the direct covariance method 

have a history of limited success that to date has mostly depended on the varied quality of 

open-path infrared gas analyzer measurements.  This quality is in turn related to the low 

signal-to-noise environment for CO2 variability within the moist marine atmospheric 

boundary layer as well as the typical shipboard motion and flow distortion issues.  Several 

recent advances in post-processing of these CO2 observations suggest that the reliability 

and capability for such gas flux subsystems may be poised for expanded application.  

This study involves two field deployments of eddy correlation packages in the coastal 

ocean with the objectives to assess viability for collecting long-term direct covariance air-

sea flux measurements in the Gulf of Maine region.  This shelf sea location provides 

conditions of variable and large air-sea gas disequilibria as well as a large dynamic range 

in wind and wave conditions.  Systems are being operated on both a discus buoy and 

island tower site for multi-month periods in 2011-2012.  Issues of motion correction, 

accurate high rate CO2 measurements, and derived fluxes are under study. 
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Methods 
 

Our direct covariance estimates of momentum, heat, and mass flux use 3-D sonic anemometer and open path infrared gas analyzer measurements (Licor Li7500) 

following approaches applied in Direct Covariance Flux System (DCFS) processing as developed by J. Edson at the U. of Connecticut. 

  

- Three axis anemometer discus buoy data are motion-corrected using DCFS subsystem motion and acceleration package data at 20 Hz 

  

- Licor LI-7500 open path CO2 molar density corrections applied at 20 Hz for water vapor interference using a three-step process.   First, internal LI-7500 

corrections for pressure broadening correction, then a dilution correction (Webb et al., 1980), and finally a recently-developed correction (Prytherch et al., 2010; 

Edson et al., 2011) is applied to attenuate remaining cross-contamination between water vapor and CO2.  The third correction is performed in the frequency 

domain and entails correcting the fast-rate perturbation CO2 mixing ratio (r’cm ) by the cross correlation factor (μ) involving vertical velocity and water vapor mixing 

ratio terms (w’ and r’v) to obtain a refined CO2 mass flux over the averaging period (overbar): 

  

  

 

 

An example of the cospectral correction for the Appledore Island flux tower is shown below at left. 
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A Tale of Two Towers 

...a story in progress 
Appledore Island 

Offshore Isle Tower Flux experiment 

2011-2012 

Gulf of Maine 

NE  U.S. 

Jeffreys Ledge Moored Observatory 

Air-sea Interaction Discus Buoy (ASID) 

2011-2012 

Appledore Island Measurements 

  

SITE 

• Offshore island, 10 km east of NH 

• Best directional sector for clean ocean fluxes 240 to 360  

• Significant air-sea CO2 and CH4 fluxes 

• Nearby UNH CO2 for bulk flux and delta pCO2 data 

PLATFORM 

• WWII surveillance tower  

• 40 m above sea level 

• Long-term support, power, real-time comms 

• Flow distortion from tower and island 

INSTRUMENTS 

• Campbell Three Axis Sonic Winds 

• LI-7500 H20 and CO2 

• Vaisala met sensors logged at 0.1 Hz 

• Custom Labview-based data system for 20 Hz data 

PROJECT STATUS 

• Unattended full time operation Sept 2011-present 

• Methods development and full preliminary processing 

completed 

• Evaluating refined filtering to recover more data 

• Site assessment for flow distortion issues underway 

• Potential for short fetch mass flux transfer rate studies with 

westerlies 
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Correction of open-path CO2 

in mass flux estimation using 

the approach of Edson et al. 

(2011, see their Fig. 5).  

BLACK curve is the post-

correction final result while 

the BLUE and RED curves 

show the strong cross-talk 

between the water vapor and 

CO2 in the co-spectral 

calculation.  

Jeffreys Ledge ASID Measurements 

  

SITE 

• Offshore 45 km east of NH 

• Distance chosen for satellite altim. and scatterometer 

studies 

• Similarly large ocean pCO2 variations as for the inshore site 

• Nearby UNH CO2 and 2-D directional waverider data 

PLATFORM 

• 2.1 m discus buoy 

• Air-sea Flux Sensors 3.2 m ASL 

• Solar powered – able to maintain long-term flux obs. 

• Iridium communications for real-time feedback 

• Known 0.5 Hz buoy resonance, issue under evaluation 

INSTRUMENTS 

• DCFS package including Gill R-3 sonic  

• LI-7500 H20 and CO2 open path IRGA 

• Vaisala and Rotronics met sensors logged at 0.1 and 10 Hz 

• Supporting in-water data including SAMI-CO2, Gas tension 

device and near surface 3-D currents (MAVS)  

• Multiple data systems (4) for above and in-water data 

acquisition 

PROJECT STATUS 

• Successful deployment April-Oct. 2011, hourly DCFS, CO2 

data every three hours (each 20 min. segments) 

• > 4000 DCFS 20 min. segments, >1200 Licor files 

• Data processing for DCFS complete 

• Data processing for CO2 fluxes underway 

• Redeployment planned April – Oct 2012 
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UNH Waverider 

at J. Ledge 

NDBC 44098 

The UNH/NOAA-PMEL 

MAP-CO2 buoy located NE 

of Appledore Isl. supports 

both efforts with nearly 

continuous air-sea CO2 obs. 

since 2006.   

Appledore Island example of 

several strong atmosphere to 

ocean CO2  flux events with tower 

direct covariance mass flux 

(BLACK) compared with the 

nearby buoy-derived bulk method 

CO2 flux (BLUE, upper panel).  

Sea-air delta pCO2 data (BLUE 

middle) taken from nearby UNH 

CO2 buoy.  Hourly wind speed 

observations from the buoy (BLUE) 

and tower (BLACK) on the bottom 

panel with several events 

exceeding U=15 m/s. 
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LI-7500 and 

sonic atop 

AI Tower 

Example of ocean to atmosphere strong flux event with 

JLMO Buoy direct covariance mass flux (BLACK) with 

bulk method CO2 flux (BLUE, upper panel) and sea-air 

pCO2 data (BLUE LOWER) taken from nearby UNH 

CO2 buoy. 
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Oct- Nov 2011 

Direct Eddy Covar.  

Bulk method CO2 Flux  

rain period 


