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The annual cycle of dissolved inorganic carbon (DIC) is a key tracer of net community production 

and carbon export in the upper ocean (Gruber et al., 1998; Keeling et al., 2004).  In particular, the 

DIC concentration is much less sensitive to air-sea gas exchange, when compared to oxygen, an-

other key tracer of upper ocean metabolism.  However, the annual DIC cycle is observed with a 

seasonal resolution at only a few time-series stations in the open ocean.  Here, we consider the 

annual carbon cycle that has been observed using profiling floats equipped with pH sensors.  In 

addition to pH, a second carbon system parameter is required to compute DIC.  Total alkalinity 

(AT) can be derived from the float observations of temperature, salinity and oxygen using equa-

tions in these variables that are fitted to shipboard observations of alkalinity obtained in the glob-

al repeat hydrography programs (e.g., Juranek et al., 2011), as the relationships should be stable 

in time in the open ocean.   Profiling floats with pH have been deployed from Hawaii Ocean Time-

series (HOT) cruises since late 2012 and an array of floats with pH have been deployed since early 

2014 in the Southern Ocean as part of the SOCCOM program.   The SOCCOM array should grow to 

nearly 200 floats over the next 5 years.   
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Sections of pH, DIC, Temperature and Oxygen determined with the float array at 5 day profile 

intervals, and at the HOT station at approximately monthly intervals (10 cruises/year).   All 

float data can be downloaded in real time at www.mbari.org/chemsensor/floatviz.htm 

A comparison of shallow (0 to 20 m) data measured by the float array (black 

dots) with comparable values observed at the HOT Station Aloha (green 

squares).  The mean difference between float and HOT data for 23 contem-

poraneous measurements is 0.001±0.008 pH, -8±12 µmol/kg AT, -2±13 

µmol/kg DIC, and  1±8 µatm pCO2 (1 std. dev.).   

How does the sensor work?  It’s an Ion Sensitive Field Effect Transistor 

(ISFET) with a AgCl pseudo-reference that uses seawater Cl– to set the refer-

ence potential. 
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●   k●   k0 0 is the sensor reference potential and is determined in seawater with known pH.is the sensor reference potential and is determined in seawater with known pH.  

●   k●   k22, f(P) are sensor temperature and pressure coefficients measured in the lab in HCl., f(P) are sensor temperature and pressure coefficients measured in the lab in HCl.   

●   Measure  V●   Measure  VRSRS  (potential between ISFET Source and Reference).(potential between ISFET Source and Reference).  

●   Know ●   Know γγHHγγClCl  (activity coefficient of HCl in seawater), V̅(activity coefficient of HCl in seawater), V̅HClHCl  (molal volume) from published (molal volume) from published 

thermodynamic data.thermodynamic data.  

●   Know m●   Know mClCl  from salinity, compute mfrom salinity, compute mH,FH,F, convert to m, convert to mH,TH,T..  

●   Do sensors drift?  Some do, some don’t.  We control for drift by adjusting k●   Do sensors drift?  Some do, some don’t.  We control for drift by adjusting k00  to match to match 

trend of pH predicted below 1000 m depth from MLR equations fit to repeat hydrography trend of pH predicted below 1000 m depth from MLR equations fit to repeat hydrography 

data (Juranek et al., 2011).   Refined engineering is also greatly reducing drift.data (Juranek et al., 2011).   Refined engineering is also greatly reducing drift.  

 

 

Floats with pH have been de-

ployed at the Hawaii Ocean Time-

series Station Aloha and in the 

Southern Ocean as part of the 

SOCCOM project.  Floats profile 

from near 2000 m to the surface 

at 5 to 10 day intervals.  SOCCOM 

plans to deploy 200 floats into 

the Southern Ocean. 

 Computing DIC from pH requires an estimate of total alka-

linity.  For floats near HOT, we use a simple  function in tem-

perature to fit salinity normalized AT observed at HOT: 

AT×35/S = 2458 - 154.0 × (1-exp(-T2/34.8))  
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For floats deployed in 

the SOCCOM program, 

AT will be estimated 

using multiple linear 

regression equations 

(Juranek, et al., 2011).  

This work is a focus of 

the Ph.D. thesis of 

Nancy Williams, Ore-

gon State. 

HOT AT data (red)  

Equation (blue) 

Deep-Sea DuraFET pH sensor and an Apex profiling 

float with pH sensor at deployment. 

Gruber et al. and Keeling et al. demonstrate that observations of the annual DIC 

cycle can yield robust estimates of Net Community Production.  However, a dec-

ade or more of observations are required to constrain the cycles.  Profiling floats 

can achieve 

this resolution in 

just one year. 
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Annual cycles of DIC are now available from the SOC-

COM program throughout the Southern Ocean.  This 

program will show the potential for a global array that 

could monitor ocean carbon uptake with annual reso-

lution. 

Profiling Floats HOT time series 
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