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Introduction:  

Coastal and marginal seas are regions of intense CO2 variability that impact the global 

carbon cycle by linking terrestrial, oceanic and atmospheric carbon reservoirs [Gattuso et 

al., 1998].   Due to this connectivity, CO2 is perturbed by a wider range of processes than 

the open ocean, and subject to the cumulative effects of changes in land fluxes, hydrologic 

cycling, physical circulation and atmospheric chemistry [Borges, 2011].  

 

We present an observation-based model describing the relative strength and timing of the 

mechanisms controlling surface-ocean dissolved CO2 within a marginal shelf sea on the 

northeast US coast (Fig 1).  Data taken from ~monthly profiles as well as continuous data 

at 1m, 20m and 50m are interpolated (Fig 2) and used to estimate a daily mixed layer 

depths. These data are combined with continuous surface pCO2 measurements (air and sea 

surface, Fig 3) at Buoy D, discrete carbonate system measurements from the vicinity of 

Buoy D and carbonate system measurements at the zero salinity end member of the largest 

river system influencing our region (Kennebec-Androscoggin).  The data are then used to 

generate the variables shown in Table 1 which in turn are used to drive simple models 

used to explore the daily effects that air-sea exchange, temperature variation, advection, 

vertical mixing and net community productivity (NCP) exert on pCO2.  Subsequent text 

boxes (starting to the right) describe the application of our sub-models. 
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Fig 4. Factors influencing pCO2 
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Fig 5. Annual tendencies (left) and error analyses (right) 
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Results:  

 

The data and derived products shown in Table 1 were applied to the models as 

described above.   The results are shown on the right in Figure 4.   Figure 4A 

shows the daily effect on pCO2 caused by DIC exchanging between the sea surface 

and atmosphere.  In Figure 4B (blue) the effects of seasonal advection 

demonstrate the effects of spring time mixing of low DIC river water and a process 

(not yet fully understood) that tends to increase pCO2 from fall into winter.  Also 

shown in Figure 4b (red) is the impact of entrainment of high DIC water from 

below, as the mixed layer deepens from fall into winter.  The daily effect of 

changing temperature is shown in Figure 4C (blue).  The commonly used 

cumulative curve of temperature effects is also shown for comparison (red) where 

the effect has been accumulated for each deployment.  The daily sum of effects of 

air-sea exchange, horizontal and vertical mixing processes and daily temperature 

variability is shown in Figure 4D (blue) and the difference between pCO2
observed

 

and pCO2
atm

 (aka delta pCO2) is shown in red.  The difference between these terms 

is NCP*, which is shown in Figure 4E (red) along with a 16-day smoothing curve 

shown in blue.  NCP* is predominately positive with the highest values occurring 

during spring, coinciding with the annual bloom event.  However it is notable that 

positive NCP* tends to persist well into the fall. 

 

Annual Tendencies:  To explore the mean behavior of pCO2 over 

the course of the year, we averaged the annual data shown in 

Figure 4, and then ran a 30-day smoothing.  Figure 5A, shows 

minor daily effects attributable to air-sea flux and temperature 

variability.  However, during the spring of the year when both 

mixing and NCP combine to depress delta pCO2, the effect of air-

sea exchange is detectable.   The averaged daily effects of 

advection and mixing are more pronounced in Figure 5B. The 

residual term NCP* (Figure 5C) is largest in the spring but also 

shows a smaller peak from September into November, perhaps 

associated with a fall blooming period. 

 

Error analyses (Figure 5; right):  To assess errors, we ran Monte 

Carlo analyses (n=10,000) from an ensemble of simulated data 

derived from the means and variances shown in Table 1.  The 

advantage of the Monte Carlo method is that it gives a quantitative 

assessment of the uncertainty in each parameter and can be used to 

generate statistical modes, confidence intervals and probability 

density functions.  Due to lack of space, the results based on daily 

simulations are not shown.  The probability density functions for 

selected annual data are shown in Figure 5 (right).  For each day, 

the sum of the probabilities (y-axis) equals 1. 

 

Conclusions: Using a time series of data, we applied simple 

models to study daily perturbations to surface pCO2.   Our analysis 

found that that the NCP* term is the most dominant process 

affecting pCO2. The mixing terms, both horizontal and vertical also 

have a pronounced effect on daily pCO2 variability.  

 

Future work: Or present research points to several interesting 

options for future research.  These include: 1) NCP that persists 

from spring well into summer during a time of nutrient limitation 

and 2) the source of advective mixing that tends to raise pCO2 

during summer.  

 

 

 
  


