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SUMMARY
A data set of observed fCO2 in the Nordic Seas and Barents Sea measured by an autonomous
instrument onboard R/V G.O.Sars has been used as basis for a multi tracer data set of biogeochemical
and physical variables. Physical variables from models (TOPAZ and NCEP/NCAR) and satellites
(SeaWiFS) have been co-located with the observed data based on time and position.
Using the observed fCO2 and published algorithms for alkalinity all other carbon parameters (DIC, pH,
HCO3-, CO32-, and calcite and aragonite saturation state) have been calculated.
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1 Introduction
As a basis for the multi tracer data set the fCO2 measurements from an autonomous Neill underway
pCO2 system onboard R/V G.O.Sars were used. The key parameters are surface ocean fCO2, SST, SSS,
atmospheric XCO2, wind speed, and relative humidity. Because of frequent interference from the
ship smoke stack the atmospheric measurements cannot be used to calculate surface ocean CO2
saturation/undersaturation. The data set contains measurements from 2005, 2006, and 2007 –
mostly within the Norwegian and Barents Seas (Figure 1). These fCO2 measurements are also
submitted to the SOCAT data base.

Figure 1: Map of data in the years 2005-2007
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2 Description of the data set
2.1 Physical variables
The observational data set from R/V G.O.Sars was merged with data products from several models
and satellites.
6-hourly sea level pressure (slp) and wind speed (uwind and vwind) from NCEP/NCAR reanalysis II
(http://www.esrl.noaa.gov/psd/data/gridded/data.ncep.reanalysis.surface.html) have been colocated with the observations. The NCEP/NCAR data are gridded on 2.5ºx2.5º and the average
distance between the NCEP/NCAR data and the fCO2 observations are 82.4±38.4 km.
AOU, O2, NO32-, PO43-, and biogenic silica from the World Ocean Atlas 2005
(ftp://ftp.nodc.noaa.gov/pub/data.nodc/woa/WOA05nc/) have also been co-located with the
observations. The grids are 1ºx1º in the WOA_05 data set, and the average distance between the
WOA_05 data and the fCO2 observations are 31.6±15.2 km.
Chlorophyll-a (Figure 2), PAR, and l555 from the SeaWiFS satellite have been co-located with the
observations. We used the 8-day 9 km mapped data product
(http://oceandata.sci.gsfc.nasa.gov/SeaWiFS/Mapped/8Day/9km/). The average distance between
SeaWiFS data and the fCO2 observations are 2.9±1.3 km. Concentrations exceeding 5 mg m-3 were
not used following (Lévy et al., 2005). Note that (Lévy et al., 2005) analyses data between 30-50ºN in
the North Atlantic so efforts are being made to find in-situ chl-a data from the Nordic Seas and/or
Arctic Ocean to determine if the North Atlantic cut-off is appropriate. Between May 31 and July 17
2009 the chl-a in the Nordic Seas only exceeded 5 mg m-3 in three measurements (out of 1194
measurements in total) (unpublished cruise data). For the region covered by R/V G.O.Sars
chlorophyll-a from SeaWiFS is only available from March 14 – September 28.
Mixed layer depth (mld) from the TOPAZ monthly reanalysis 2003-2010 have been co-located with
observations. The resolution of the model varies from 11 km in the Arctic to 16 km in the North
Atlantic. The average distance between the TOPAZ model grid and the fCO2 observations are
4.0±13.3 km.
Preliminary multivariate linear regression of observed fCO2 against model and satellite data only
show that the relationships are not linear (Table 1). More work remains to determine how the
relationships can best be described mathematically.
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Summer: March 14 - September 28
Region
SST
MLD
chl-a
North Atlantic
1.94 -0.016
-2.3
Norwegian Sea -3.15 0.071 -17.54
Lofoten Basin
-0.4
0.14
-17.97
Barents Sea
-3.5
0.11
-2.14

constant
362.06
355.96
318.41
327.31

R2
0.18
0.38
0.13
0.58

Winter: October 1 - March 13
Region
SST
MLD
North Atlantic
--Norwegian Sea 0.46 -0.009
Lofoten Basin
1.01
0.08
Barents Sea
2.08
0.14

constant
-335.27
321.8
307.02

R2
-0.002
0.25
0.32

chl-a
-----

Table 1: Preliminary multivariate linear regression results

Figure 2: fCO2 plotted against chlorophyll-a from SeaWiFS.
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2.2 Data distribution and seasonal variability
The data are fairly evenly distributed among the three years, but with less data in 2005 because the
data set begins in August of this year. February is the best sampled month (Figure 3) but almost all
February data are from the Barents Sea. This is due to the annual “cod-cruise” the Institute of
Marine Research undertakes. December is the poorest sampled month and there are no
measurements in January because the ship usually undergoes maintenance and repairs during these
months.

Figure 3: Monthly distribution of data.

The seasonal cycle in fCO2 follows a curve with maximum values in late fall (November) and
minimum values in late spring/early summer (June) (Figure 4). There is considerable variability
within single months and partly this is due to the large area covered by the data set. For one, the
timing of the spring bloom varies from south to north. More importantly there is data from the
Norwegian coast (including inside fjords), the continental shelf, and the deep ocean basins. The
region with the highest variability is the North Sea (not shown), but for the purposes of Monarch-A
this is not very important.
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Figure 4: Seasonal cycle of the fCO2 data measured onboard R/V G.O.Sars.

2.3 Calculations of associated variables
Using observed sea surface salinity (SSS) we calculated total alkalinity using the algorithm found for
the Nordic Seas by Nondal et al. (2009). Their algorithms (one for high salinity and one for low
salinity water) have standard errors of calculation of 9.7 µmol kg-1 and 8.8 µmol kg-1 for SSS greater
than and less than 34.5 respectively. This is approximately two times the approximate total
uncertainty in the alkalinity observations recorded in the CARINA data set of 4-5 µmol kg-1 (see
D3.1.1).
Using the software CO2Sys (Lewis and Wallace, 1998) we used the fCO2 observations and the
alkalinity calculated from SSS to calculate dissolved inorganic carbon (DIC), pH, the saturation state of
calcite and aragonite, and the Revelle Factor. The contribution to DIC from bicarbonate (HCO3-) and
carbonate (CO32-) is also calculated and recorded in the data set.
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