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Abstract. Water column data of inorganic carbon and carbon relevant hydrographic and hydrochemical pa-
rameters from 188 previously non-publicly available cruises in the Arctic, Atlantic, and Southern Ocean have
been retrieved and merged into a new database: CARINA (CARbon IN the Atlantic). The data have been sub-
ject to rigorous quality control (QC) in order to ensure highest possible quality and consistency. The data for
most of the parameters included were examined in order to quantify systematic biases in the reported values,
i.e. secondary quality control. The quality control was carried out separately in each of the three CARINA
regions: The Arctic Mediterranean Seas (AMS), the Atlantic (ATL), and the Southern Ocean (SO). The AMS
was further split up into the Arctic Ocean and Nordic Seas during the secondary QC. The quality control of the
different parameters in theftlirent regions is described in the series of papers in this special issue of ESSD,
with this contribution focusing on the Nordic Seas total alkalinity (ALK) data.

Significant biases have been corrected for in the data products, i.e. the three merged files with measured, calcu-
lated and interpolated values for each of the three CARINA regions (AMS, SO and ATL). With the adjustments
the CARINA database is consistent both internally as well as with GLODAP (Key et al., 2004) and is suitable
for accurate assessments of, for example, oceanic carbon inventories and uptake rates and for model validation.
Out of the 35 cruises from the Nordic Seas included in CARINA, 21 had ALK data. The data from 6 of these
were found to be of low quality and should not be used. Of the others, 3 were found to be biased ow and
were subject to adjustment. Thus the final CARINA data product contains ALK data from 15 cruises from the
Nordic Seas, and these data appear consister8 ionol kg.

Data coverage and parameter measured
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Data Product Data Product Exchange File Exchange File Units
Parameter Name  Flag name Parameter Name  Flag Name

station STANBR

day DATE

month DATE

year DATE

latitude LATITUDE decimal degrees
longitude LONGITUDE decimal degrees
cruiseno

depth meters
temperature CTDTMP °C

salinity sf SALNTY SALNTY_FLAG_W

ctdsal ctdsf CTDSAL CTDSALFLAG_.W

pressure CTDPRS decibars

alk alkf ALKALI ALKALI FLAGW  pmolkg?

For a complete list of all parameters available in CARINA see Key et al. (2009). Noteffheedi names for the parameters in the Exchange
files (the individual cruise files) and the merged data product.

1 Introduction as described in Key et al. (2009); 2) calculated carbon pa-
rameters; e.g. if total dissolved inorganic carbon (LL&nhd

CARINA (CARbon In the Atlantic) is a database of carbon total alkalinity (ALK) were measured, pH was calculated;
and carbon-relevant data from hydrographic cruises in theand 3) instances where bottle salinity was missing or bad and
Arctic, Atlantic and Southern Oceans. The project startedwere replaced with CTD salinity. Calculated or interpolated
as an essentially informal, unfunded project in Delmenhorstvalues have been given the quality flag “0”. In many cases
Germany, in 1999 during the workshop on “€i@ the North there are additional parameters in the individual cruise files,
Atlantic”, with the main goal to create a uniformly formatted Which have not been subject to secondary QC, suatt,
database of carbon relevant variables in the ocean to be used°C and Sk. Many of these are included in the merged data
for accurate assessments of oceanic carbon inventories arites as well.

uptake rates. The collection of dat_a and the quality control ;s report provides an overview of the ALK data from the
(QC) of the data have been a main focus of the CARINA \qrgic Seas data in CARINA and describes the secondary
project. Both primary and secondary QC of the data has beegyc of these data. The total alkalinity in sea water is defined
performed. as “...the number of moles of hydrogen ions equivalent to the
The CARINA database consists of two parts: the firstexcess of proton acceptors (bases formed from weak acids
part is the set of the individual cruise files where all the with a dissociation constarK < 10‘4-5, at 25C and zero
data reported by the measurement teams are stored. Quabnic strength) over proton donors (acids with> 10745) in
ity flags are accompanying the data, in many cases those aihe kilogram of sample.” (Dickson, 1981). It is one of the
the flags originally reported, in others they were assigned byfour parameters that describe the inorganic carbon chemistry
R. M. Key, Princeton University (Key et al., 2009). These of seawater, the others being total dissolved inorganic car-
files are in WHP (WOCE Hydrographic Program) exchangepon, the CQ fugacity, and pH. The Nordic Seas ALK data
format where the first lines consist of the condensed metadatare part of the Arctic Mediterranean Seas subset of CARINA
(including information on methods used for ALK determi- (CARINA-AMS). This subset includes data from the Nordic
nation). There are essentially no calculated or interpolate@eas and the Arctic Ocean. Not one of the cruises of CA-
values in the individual cruise files, with the exceptions of RINA covered both the Arctic Ocean and the Nordic Seas
pressure calculated from depth and some bottle salinities thab the extent that it could be included in the secondary qual-
were taken from ctdsal. No adjustments have been applied t@y control in both regions. In addition, the fiBrences in
any of these values with the exception that all pH measuredata density in the two regions enforced the use fiecként
ments were converted to the seawater pH scale @28  QC methods for the data collected in them. The data from
described by Velo et al. (2009a). these regions were therefore analysed separately. The ALK
The second part of CARINA consists of three merged, data from the Arctic Ocean are described bytdrstom et
quality controlled and adjusted data files; one each for the At-al. (2009), and the other Nordic Seas data are described in
lantic Ocean (ATL), Arctic Mediterranean Seas (AMS) and Jeansson et al. (2009), Falck and Olsen (2009), Olafsson
Southern Ocean (SO) regions. These files contain all the CAand Olsen (2009), Olsen et al. (2009), and Olsen (2009). A
RINA data and also include: 1) interpolated values for nu-more comprehensive description of the complete CARINA
trients, oxygen and salinity if those data were missing anddatabase can be found in Key et al. (2009), as well as in the
the interpolation could be made according to certain criteria,other, more specialised, papers in this special issue, which
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son et al., 2007) or open (Haraldson et al., 1997) cell system,
as further specified in Table 1. Certified Reference Material
(CRM) were analysed at many cruises and used to correct the
ALK data for dfsets. However, as certified values for alka-
linity did not become available until well into the '90s some
of the earlier measurements had not befised corrected by

the principal investigator. Access to the uncorrected ALK
values enabledftset correction to be carried out for two of
these cruises as noted in Table 1. Details on this correction
are provided in the metadata files for these cruises.

3 Quality control

The secondary QC included an assessment of the precision
of the data from each individual cruise as well as a con-
sistency analysis. The consistency analysis was carried out
using the crossover and inversion approach (Gouretski and
Jancke, 2001; Johnson et al., 2001; Tanhua et al., 2009b),
customised as described by Olsen et al. (2009), and through
includes the paper describing the ALK data from the Atlantic €valuating the linear relationship between salinity and ALK
Ocean region of CARINA (Velo et al., 2009b), and the papersat the diferent cruises.

providing the overview of the CARINA data in the ATL (Tan-

hua et al., 2009a) and SO (Hoppema et al., 2009; Lo Monac®.1 Individual cruise assessments

et al., 2009; Sabine et al., 2009) regions.

Figure 1. The Nordic Seas with ALK sampling positions, includes
only data retained through analyses described here.

The metadata contained little or no information on the pre-
cision of the ALK data obtained at theftéirent cruises, and
2 Data provenance replicate samples, which would enable determination of this,
were virtually non-existent. However, distribution of chemi-
The Nordic Seas was loosely defined as the region closedal properties in the deep Nordic Seas is fairly homogenous
by the Fram Strait to the north, Greenland to the west, thgBlindheim and @sterhus, 2005; Fig. 2). Therefore, to ob-
Greenland-Scotland Ridge to the south, and Norway, the Bartain an impression of the precision of each cruise the stan-
ents Sea Opening, and Svalbard to the east (Fig. 1). Out oflard deviation of samples from deeper than 1900 dbar be-
the 188 CARINA cruises, 62 are included in the CARINA- tween 65 and 80 N and 10 W to 1C° E was determined. For
AMS, and 35 of these are considered as Nordic Seas cruisesomparison, the data from the three cruises with all values
Five of these are in common with the Atlantic Ocean sub-flagged 3 prior to the secondary QC were also included in this
set of CARINA (Tanhua et al., 2009a), in order to ensureanalysis (58AA19940203 (116), 58JH19950427 (137), and
consistency between the regions. Out of the 35 cruise$8JH19951108 (138)). These numbers are presented in Ta-
included in the Nordic Seas CARINA, 21 had ALK data, ble 2. They must be interpreted with twéects in mind (1)
which was generally measured on all Nordic Seas cruisesatural spatial variability and (2) precision of measurements.
with measurements of dissolved inorganic carbon (3)CO As regards the firstféect, consider the 316N20020530 (67)
The only exceptions are the Iceland Sea time series, the 199&uise, which has the largest areal coverage of all cruises
Northeastwater Polynya cruise (32L919930818 (79), num-with data from almost the whole region included in this ex-
ber in parenthesis is CARINA cruise number), and the 1992ercise (Fig. 2). The standard deviation of the deep ALK
and 1994 Nordic WOCE cruises: 58JH19920712 (130) ancdata obtained on this cruise is 4@®olkg™. Since all
58JH19940723 (135). Therefore the reader is referred to thef the other cruises had smaller areal coverage their stan-
Nordic Seas CARINA TC@ paper (Olsen, 2009) for back- dard deviation should be the smaller. This is not always
ground information on the ALK data. the case, many cruises show larger spread indicating poorer
Table 1 provides an overview of the data that were in-precision. In particular 58JH19940203 (116) with a stan-
cluded in the secondary QC described in this paper, and stadard deviation of 2@mol kg™, 58JH19950427 (137) with
tion positions are shown in Fig. 1. The Nordic Seas CARINA a standard deviation of 20u@nol kg™, and 58JH19951108
ALK data included in the secondary quality (QC) control (138) with 38.5umol kg™, all of these data had been flagged
span 21 years, with the earliest cruise being the 1982 Hud3 during the primary QC. Other than these, the two cruises
son (18HU19820228 (36)), and the latest the 2003 G. O. Sar§8JH19930730 (132) and 58AA19950217 (119) had some-
cruise (58GS20030922 (128)). All of the values were deter-what higher standard deviation than the others. The former
mined by potentiometric titration using either a closed (Dick- of these had only 11 samples from deeper than 1900 dbar and
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Table 1. Nordic Seas cruises with ALK data and recommendations from the secondary quality control.

No?2 EXPOCODE Countrjinstitute P.I. cell CRM  recommendatich
10 06MT19920704 GermanyiBM Hamburg K. Pegler not known no OK
36  18HU19820228  Canaio E. P. Jones closed no Flag 3
67  316N20020530 Norwa@gyGOT R. G. J. Bellerby open yes OK
78 321919920715 USBrookhaven D. W. R. Wallace closed no NC
116 58AA19940203 NorwayoB I. Skjelvan closed no Flag'3
117 58AA19940224  Swed@dGOT L. G. Anderson open ho +15.5umol kgt
118 58AA19940826 NorwayoB T. Johannessen closed no OK
119 58AA19950217 SweddoGOT L. G. Anderson open ho Flag 3
120 58AA19961121  NorwgyoB T. Johannessen open yes OK
121 58AA19970225 NorwayoB T. Johannessen open {es OK
122 58AA19980308 NorwgioB A. Olsen, A. Omar open yes OK
125 58AA20010527 NorwayoB A. Olsen, A. Omar open yes OK
128 58GS20030922 NorwAyoB A. Olsen, T. Johannessen open yes OK
132 58JH19930730 NorwAyoB T. Johannessen closed no Flag 3
134 58JH19940525 NorwayUoB T. Johannsessen closed no +11.6umolkg
137 58JH19950427 NorwAyoB T. Johannessen closed no Fldg 3
138 58JH19951108 NorwAyoB T. Johannessen closed no Fl&g 3
141  58JH19970414 Swed&iGOT L. G. Anderson open yes OK
142  58JH19980801 Swed&iGOT L. G. Anderson open yes OK
176  74JC19960720 NorwayoB T. Johannessen open ‘no  +15.5umol kg
179  77DN20020420 Swed&yGOT L. G. Anderson open yes OK

@ CARINA cruise number, is cruise identifier in merged datafile.

b Indicates whether Certified Reference Material provided by A. G. Dickson was used to correct the data from the cruise or not.

¢ Recommendations from the secondary QC. Flagiata are questionable and are not included in the final data produet;t@data can
be used as they are; N&these data are probably OK, but could not be fully evaluatedx umol kg = the recommended adjustment from
the secondary QC, this has been applied in the merged data product.

4 This was the 5th and 6th leg of the 1992 Meteor cruise, only leg 5 samples were used in the analyses described in this paper.

€ Flagged 3 by R. M. Key during the primary QC process (Key et al., 2009).

f The original data had not been corrected for CRéet, this was done by the author as part of CARINA.

9 The data file also contained samples that had been analysed ashore, these were flagged 3 by PlI.

" Flagged 3 by PI during the CARINA process.

' CRMs were measured, but have not been used to correct the data, see Sect. 4.4.

these appeared reasonable. However, samples obtained in theeluded in these analyses as it was carried out in a very spe-
1000-2000 dbar depth range spanned 2270-2820kg ™2, cial region, the Northeast Water Polynya (Yager et al., 1995).
which is unacceptable compared to the other cruises (se&his cruise has been labelled not considered (NC) in Table 1.
Fig. 2). Additionally the TCQ data from this cruise were

of too poor quality to be included in the synthesis and givens » 1 crossover and inversion

the questionable precision the ALK data were left out as well.

The data from 58AA19950217 (119) have almost twice the The consistency of the Nordic Seas ALK data was evaluated
standard deviation of 316N20020530 (67), despite coveringhrough a crossover and inversion analysis (Gouretski and
a much smaller region, in particular there were some unrealJancke, 2001; Johnson et al., 2001). This analysis was car-
istically low values to the east, and a simple visual inspectionfied out using a very early version of the cnaX scripts (Tan-
indicated that the data were in general 1048®lkg® too ~ hua et al., 2009b) with a high degree of user supervision.

low. Given the questionable accuracy and precision, thes&irst all station pairs, from the two cruises to be analysed,
data were excluded from further analyses. within 300 km from each other were defined as crossover

points. Thus two cruises may have several crossover points.
Then, the crossovers of the cruisepair were partitioned into
circular clusters using a k-means routine (Seber, 1984) and
Two independent consistency analyses were carried outhe cluster with the largest amount of stations in the most
(1) crossover and inversion and (2) evaluation of ALK- homogenous region was selected for further analysis. If the
salinity relationships. Cruiseno 78, 32L919920715 was notk-means routine failed to produce a satisfactory cluster, then

3.2 Consistency analyses
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Figure 2. Station positions and ALK data of Nordic Seas CARINA cruises after secondary QC. All data shown in grey and specific cruise
in red.

the centre and radius of the cluster was manually definedset standard deviation) was computed following Johnson et
As most campaigns in the Nordic Seas have been focusingl. (2001), using deep data1900 dbar for the Nordic Seas
on repeat occupations of the Greenland Sea, the clusters nof©lsen et al., 2009)). These were used as input for the in-
mally covered this region and had a radius of between 150/ersion analysis, which determined the corrections required
and 250 km. After the clustering, each station in the clusterto maximise the consistency among the cruises. The inver-
was interpolated onto 50 m depth intervals using a piecewisaion followed the Weighted Least Squares (WLSQ) model of
cubic Hermite interpolation, and the average profile of eachJohnson et al. (2001), where thsets are weighted by their

of the two cruises was determined along with its standarduncertainty. In this model crossoveffgets with large uncer-
deviation. Using these, the weighted medfset between tainty are less influential than crossovéisets with smaller
the two cruises and its uncertainty (the weighted men o uncertainty.

www.earth-syst-sci-data.ngt77/2009 Earth Syst. Sci. Data, 1, 786, 2009



82 A. Olsen: Nordic Seas total alkalinity data in CARINA

Table 2. Standard deviation of samples from 6580 10° W— 18 -
10° E andp> 1900 dbar. [] g
BN 12 4 § %
No EXPOCODE std. dev. 2
10 06MT19920701 4.46 \E’ °
36 18HU19820228 5.60 ool s i d % 3 osts ;e
67 316N20020530 4.80 § is ¢ ¢ o [
78 321919920715 NA " s
116 58AA19940203 260
117  58AA19940224 3.50 Wl % PP —
118 58JH19940826 5.31 ® WDLSQ inversion
119 58AA19950217 8.14 184 ®  Consistency check
120 58AA19961121 1.04 I T S —
121 58AA19970225 2.37 S P S S S S S S S E S s
122 58A19980308 2.27 CEFFFsFeegsFseFssss
125 58AA20010527 2.80 e ffiFfafidfedy
128  58GS200209280Eddy  1.97 AR A S S
132 58JH19930730 7.70 &
134 58JH19940525 3.30
137 58JH19950427 203 Figure 3. Corrections from the WLSQ and WDLSQ inversion of
138  58JH19951108 385 manual crossoverfsets, as well as corrections determined through
141 58JH19970414 4.51 a cnaX analysis of the data with recommendations implemented.
142 58JH19980801 2.18 The corrections reflect measurement bias and natural variations,
176 74JC19960720 4.68 the latter is why the data with recommendations implemented also
179  77DN20020420 1.99 vary. 586520030922 (128) had several stations in a submesoscale
coherent eddy (Kasajima et al., 2006), thedEddy” signifies
& Cruise had no samples from deeper than 1900 dbar. that these data were removed prior to this analysis. Note that the

P All ALK data were flagged 3, but were included here to illustrate cruises have been sorted by time in this figure. The crossover re-
the spread. Otherwise the standard deviations were determined usults that were used in the inversions to prepare this figure can

ing only data flagged 2. be accessed at the CARINA websitgtp;/cdiac.ornl.goyoceans
¢ 58GS20030922 (128) had several stations in a submesoscale cGARINA/Carinainv.html).

herent eddy (Kasajima et al., 2006), thedEddy” signifies that
these data were removed prior to this analysis.

6umol kg™t high, which is at the CARINA wide threshold
for applying ALK corrections (Tanhua et al., 2009b). The
The results of this semi automated approach was Virtua”yrest of the cruises appear a fmo| kg—l |OW, but this is in
indistiﬂgUiShable from the results derived USiﬂg a more re-fact a conseguence of the practise that the inversion Objec_
cent version of the cnaX scripts where the clustering wastvely determines the corrections required to maximize the
fully automated, and where up to 6 clusters with a maximumconsistency of the cruises, i.e. no a priori assumption on what
radius of 175 km was allowed for each cruise pair, describeds the “correct” deep sea ALK value was invoked. There-
by Olsen et al. (2009). fore the inversion has underestimated the correction needed
The maps of the crossovers and clusters as well agor low cruises, and compensated by suggesting a negative
the crossover fisets determined during this analysis are correction for cruises that in reality are accurate. One may
available at the CARINA websiteh{tpy/cdiac.ornl.goy  say that it misses the target. This was dealt with by pro-
oceangCARINA/Carinainv.html).  Here | only present viding the inversion with information on what is the correct
the corrections suggested by the WLSQ inversion of thedeep Nordic Seas ALK values through a weighted damped
crossover fisets, in Fig. 3. No results were obtained least squares (WDLSQ) inversion which takes into account
for the 3 cruises 06MT19920701 (10), 58AA19940826 a priori assumptions on the expected magnitude of adjust-
(118) and 58AA19961121 (120), but otherwise are therements among cruises —the model error (Johnson et al., 2001).
significant inconsistencies in the data. The ALK data Given the results from the WLSQ inversion as well as infor-
from 18HU19820228 (36) appearl2umol kg™ too high, mation on CRM usage (Table 1) it is reasonable to assume
i.e. they should be adjusted down to increase consistencyhat the cruises carried out after 1996 are more accurate than
The ALK data from the three cruises 58AA19940224 the cruises carried out before. A model error of zero was as-
(117), 58JH19940525 (134), and 74JC19960720 (176) apsigned to these, while the others were assigned a model error
pear between 8 and L2Znolkg™? too low. Finally, the of 20umolkg™?. The suggested corrections from this inver-
58AA19970225 (121) ALK data appear approximately sion are shown in red in Fig. 3. The post 1996 cruises are
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aCCL,”ate' as enforced in the invgrsion. The Sliggested COfaple 3. Mean bias of ALK data when compared to values calcu-
rection for 18HU19820228 (36) is9.95umol kg™, which lated from Eq. (1), measured — estimated.

is more than 2imol kg less than the correction determined
by the WLSQ inversion. The corrections for 58AA19940224

No EXPOCODE Biasymolkg™) rms
(117), 58JH19940525 (134) and 74JC19960720 (176) have
all increased relative to the WLSQ inversion and are 15.45, 10  06MT19920701 -143 631
11.65, and 15.38molkg* respectively. 58AA19970225 ~ 36  18HU19820228 103 121
(121) is now within the gmol kg™ threshold for applying 67 316N20020530 O (reference) 6.5
the corrections. 78 321919920715 NC NC
116 58AA19940203 NC NC
117 58AA19940224 -12.2 129
118 58JH19940826 1.63 8.61
3.2.2 Linear regression analysis 119 58AA19950217 NC NC
120 58AA19961121 243 3.32
To further evaluate the consistency of the data, a linear re- 121 58AA19970225 1.38 3.86
gression analysis was carried out. The ALK data obtained 122 58A19980308 0.660 2.43
at 316N20020530 (67) were used as a reference as this had 125 58AA20010527 -1.41 3.80
the most extensive coverage and defined the linear regression 128  58GS2002092A0Eddy 1 423
line: 132 58JH19930730 NC NC
134 58JH19940525 -8.85 11.3
137 58JH19950427 NC NC
ALK =628-S+10662, r?=0.63 (1) 138 58JH19951108 NC NC
141 58JH19970414 1.70 3.09
Only data obtained deeper than 50m and with salinities 142 58JH19980801 0.960 3.30
larger than 34.5 were used. The latter ¢iiwas applied 176 74JC19960720 -14.9 156
179 77DN20020420 3.61 5.80

to avoid the influence of polar waters, which have relatively
high alkalinities due to influence of Arctic river rufi¢An- . _ o _ _
derson et al., 2004). Using 316N20020520 (67) as a refer- Not considered as the data were obtained in a very special region,
ence was motivated by the large areal coverage, however N North Water Polynya (Yager etal., 1995).

. P 'Not considered as the data appeared offfixsiant precision to be
. 1
one caveat applies: these data seerie2umol kg™ lower included in the CARINA synthesis product (Sect. 3.1).

than the other data frlom this pe”OP' (F'g_' 3’ WI,-SQ inversion) c 58GS20030922 (128) had several stations in a submesoscale co-

and results must be interpreted with this in mind. herent eddy (Kasajima et al., 2006), the6Eddy” signifies that
Table 3 gives the meanftitrence between measured and these data were removed prior to this analysis.

estimated ALK from the dferent cruises. Positive num-

bers means that the ALK data from the specific cruise are

on average higher than those determined through Eq. (141 18HU19820228 (36)

First of all, this analysis gave results for the three cruisesA suggested correction 69.95umol kg™t was determined
that were not evaluated through the crossover and inverSioﬂwrough the WDLSQ inversion of the crossovefsets. A

analyses, 06MT19920701 (10), 58AA19940826 (118), and,ygjie hias was determined through the regression analy-
58AA19_961121 (1.20)' None of ihese appear S|gn|f|c1antlysis as well, but its magnitude can not be directly compared
oﬂse_t with mean b|asgs Gf.1'43’ 1.3, apd 2.4amol kg .___tothe inversion result as it was determined through compari-
relative to the regression line. Otherwise the mean blase§on with samples obtained deeper than 50 dbar at one specific

c_onfirm by _and large the results of the crossover and inVer'cruise, rather than through comparison with deep water val-
sion analysis. The ALK data from 18HU19820228 (36) are ues from all cruises. Therefore another regression was car-

too high and 58AA19940224 (117), 58JH19940525 (134)'ried out where the regression line was determined using deep

and 74‘1019960720 (176) are too. low. Other than that, the(>1900 dbar) data from all cruises not subject to adjustment
ALK data are in general slightly higher than the ALK data considerations. This gave a mean bias of the 18HU19820228
from 316N20020530 (67), as expected. (36) ALK data of 9.62umol kg™, essentially confirming the

WDLSQ inversion result.

The dfset of these data, however, does not seem to have

4 Recommendations been constant throughout the cruise. Figure 4 shows residual

of ALK from Eq. (1), as a function of station number. The
Given the results of the crossover and inversion, and linearesiduals vary and in particular, whereas the data prior to sta-
regression analyses the following cruises should be considtion 96 are clearly too high, the ones obtained after appear
ered for adjustments: 18HU19820228 (36), 58AA19940224almost unbiased. This change could not be related to any
(117), 58JH19940525 (134), and 74JC19960720 (176). of the other variables, except for TGOwhich exhibited a
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a somewhat smaller correction: 8@50lkg™t. However,
the inversion result was confirmed by comparing with the re-
' gression line derived using deep data from ndliset cruises,
R 11.57umol kg .
TR S The dfset appeared constant throughout the cruise (not
Leb . ] shown) and an upward adjustment of 1jingol kg is rec-

: TR ommended for these data.
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4.4 74JC19960720 (176)

-20 L L L L L L
0

20 40 0 100 120 140 Both the inversion of the crossover results and the compari-
son with the 316N20020530 (67) ALK data, suggested that
Figure 4. Difference between measured and calculated (from Eq. 1fhese data were low. The WDLSQ inversion suggested a
18HU19820228 (36) ALK values vs. station number (measured -correction of 15.3@molkg™, and this was in agreement
estimated). with the estimate of 15.97molkg?, derived by compar-
ing with the salinity-ALK regression line derived using deep
data from cruises not subject to adjustment considerations.
similar change of bias (Olsen, 2009). It seems quite evidentn addition, during this cruise CRMs were run, but had ap-
that this is caused by issues with the potentiometric titrationgparently not been used to correct the data. The raw data were
at the cruise. The ALK data from this cruise are thereforeavailable and an evaluation of these revealed a méseto
recommended flagged questionable and not included in thef 16.8umol kg™, which is — considering the uncertainties —

CARINA synthesis product. similar to the dfset determined through the crossover and in-
version, and linear regression analyses. Therefore an upward
. 1:
42 58AA19940224 (117) adjustment of 15.pmol kg™ is recommended for these data.

The WDLSQ inversion of the crossoveffgets suggested

that an upward adjustment of 15 4% ol kg was required 5 Consistency test of final Nordic Seas ALK data

to bring these data into consistency with the others. The

comparison with the 316N20020530 (67) ALK data through In order to evaluate the consistency of the final Nordic Seas
the linear regression analysis (Sect. 3.2.2) indicatedfan o ALK data an automated crossover and inversion analysis was
set of —12.18umol kg™, but as mentioned in Sect. 3.2.2 carried out on the data with recommendations implemented,
these numbers are not expected to be similar. Thus, simiusing the cnaX scripts (Tanhua et al., 2009b). Although not
larly to the analysis of 18HU19820228 (36), the data werepart of CARINA, the TTO-NAS ALK data were included in
compared to the regression line determined using deep daterder to obtain an impression of how comparable they are
from cruises not subject to adjustment considerations. Thisyith the CARINA data. The TTO-NAS data that were used
gave a mean residual fL5.24umol kg't, almost the same  had been corrected according to Tanhua and Wallace (2005).
as the correction suggested by the WDLSQ inversion. TheThe corrections determined by the WLSQ inversion of the
offset appeared constant throughout (not shown) the cruiserossover fisets are shown in blue in Fig. 3. The CARINA
and therefore an upward adjustment of 1&%lkg*isrec-  data appear consistent to withilBumolkgt. The TTO-
ommended for these data. After the secondary QC had beeNAS ALK data corrected according to Tanhua and Wallace
completed a data file which included the results of the anal{2005) are consistent with the CARINA data. The individual
yses of CRM was obtained (L. Anderson and M. Chierici, cruise tracks and ALK profiles of the Nordic Seas data in-
personal communication). These indicated a me@isedb  cluded in the CARINA product are shown in Fig. 2. Note that
of —~11.5+4.2umol kg™ over the whole cruise, not signifi- the recommendations of this paper have been implemented in
cantly diferent from the-15.5umol kg™ determined from  the merged data product, and that the data that were found to

my analyses. be questionable or bad have not been included. They have
been retained in the individual cruise files, however. Both
4.3 58JH19940525 (134) the merged data product and the individual cruise files are

available at the CARINA home page at CDIARp;/cdiac.
The WDLSQ inversion of the crossoveffgets suggested ornl.goyoceanfCARINA/Carinainv.html). When the ALK
that an upward adjustment of 11%olkg?' was re- datafrom awhole cruise were found to be questionable as re-
quired to bring these data into consistency with the oth-ported here, they were not necessarily flagged as such in the
ers. The comparison with the regression line derived usingndividual cruise files, the flags in these are those assigned
316N20020530 (67) ALK data suggested — as expected -during the primary QC.
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