Cruise name 
SKO410

Expocode
AGSK20040625
README file for Skogafoss cruises 312 through 608. 

This dataset is heavily edited, manipulated, and screened compared to the original files because both the equilibrator temperatures and the TSG temperatures are believed to be inaccurate.  
The individual files that can be found at http://www.aoml.noaa.gov/ocd/gcc/skogafoss_introduction.php.
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Geographic Region
Northwest Atlantic between Norfolk, USA and Reykjavik, Iceland

Bounds West_long     -77.5 E (that is 77.5 W)



  East_long
-20  E


  North_lat
66.40 N


 South_lat
36.84 N

Start date

2003/11/20

End date

2006/08/13

Ports of call

CITY                          

LATITUDE     LONGITUDE

      


Reykjavik, Iceland            
64.150       
-21.855

     


 Argentia, Newfoundland        47.296      
-53.984

      


Shelbourne, Nova Scotia       
43.753       
-65.322

      


Boston, Massachusetts         
42.390       
-71.054

     


 Philadelphia, Pennsylvania    39.850       
-75.341

      


Newport News, Virginia        
36.963       
-76.417

      


Richmond, Virginia            
36.517       
-77.417

Vessel


Skogafoss

Vessel ID

SKO
 call sign V2XM

Country

Iceland

Vessel owner

Eimskip Lines


Variable Info:

         
COLUMN  HEADER             
EXPLANATION


1.      EXPOCODE


Universal unique cruise identifier


2.      GROUP_SHIP:                    
AOML/SKOGAFOSS



3.      CRUISE_ID:      

SKOYNN (where Y is Year and NN is 







the cruise #).



4.      Year_Fractional


Decimal year (XXXX.YYYYY)



5.      JD_GMT:                        
Decimal year day




6.      DATE_DDMMYYYY:             UTC Date



7.      TIME_HH:MM:SS:                  UTC Time



8.      LAT_DEC_DEGREE:              Latitude in decimal degrees (negative

                                       



values are in southern hemisphere).



9.      LONG_DEC_DEGREE:           Longitude in decimal degrees (negative

                                       



values are in western latitudes).



 10.      xCO2_EQU_PPM:                     Mole fraction of CO2 in the equilibrator at

                                       



equilibrator temperature (Teq) in parts per

                                       



million.



11.     xCO2ATM_PPM_measured:   Mole fraction of CO2 in air in ppm measured




12.     xCO2_ATM_PPM_assigned:
Average monthly air value for midpoint of 








cruise 
determined from average of ESRL-








GMD flask values in Macehead, Ireland; the 







Azores; and Reykjavik, Iceland.



13.     PRES_EQU_hPa:                
Barometric pressure measured in the 








equilibrator in 
hectopascals (1 hectopascal = 






1 millibar)



14.     PRES_SEALEVEL_hPa:         Barometric pressure from ship's 








barometer. No ship barometer was logged so 






it was assumed to be (Pres_equil-3mB) 







throughout

                        15. TEMP_EQU_C:                      
Temperature in equilibrator water in degrees

                                       



centigrade. (SEE NOTES HOW THIS IS







DETERMINED)



16.     SST_C:      
                  
Sea Surface Temperature in degrees 








centigrade (SEE NOTES HOW THIS IS 







DETERMINED)







17.     SAL(TSG)_PERMIL:               Salinity from the ship's thermosalinograph 







on the Practical Salinity Scale.



18.     fCO2_SW@SST_uATM:         Fugacity of CO2 in seawater in microatm



19.     fCO2_ATM_uATM:                 Fugacity of CO2 in air in microatm



20.     dfCO2_uATM:                    
Seawater fCO2 - air fCO2 in microatm 
21.     QC_flag



Quality control flag 2= good, 3= 







questionable; 4=  bad



22.      QC_sub_flag


Indication of problem. Note the primary QC 

can be 2,3, or 4 depending on nature and magnitude of problem.

(0= no problem, 1 = outside standard range, 2 = bad SST, 3 = bad EqT, 4 = bad ΔT, 5 = excess warming, 6 = bad salinity, 7 = bad 

                                     



pressure, 8 = low gas flow, 9 = bad air 

                                     



value, 10 = interpolated standard, and 

                                     



11 = miscellaneous)

note: the default value is -999 

Method description:

Equilibrator





showerhead  0.7 L water, 0.8 L headspace

Water flow rate




1-3 l/min

Headspace gas flowrate



≈ 100-200 ml/ min

Vented






Yes

Measurement methods



stop flow analysis with venting to lab.

Gases






Scott Marin- calibrated against 4 primary 







standards produced by CD Keeling SIO






From October 23 to November 21, 2003








STD 
CONC     
TANK #










Std 1
196.39

fa02293








Std 2
399.25

fa02258








Std 3
356.79

ja02140








Std 4
298.15

fa02272







From November 22, to December 21, 2003








STD 
CONC     
TANK #










Std 1
196.39

fa02293








Std 2
399.25

fa02258








Std 3
360.96

ja02166








Std 4
298.15

fa02272







From December 21, 2003 to July 7, 2005








STD 
CONC     
TANK #










Std 1
196.39

fa02293








Std 2
399.25

fa02258








Std 3
360.96

ja02166








Std 4
293.50

fa02255







From July 7, 2005 to April 16, 2006










STD 
CONC    
TANK #










Std 1
196.39

fa02293








Std 2
455.18

fa02435








Std 3
360.96

ja02166








Std 4
293.50

fa02255







From April 16, 2006 to August 28, 2006








STD 
CONC    
TANK #








Std 1
197.74

fa02271








Std 2
455.18

fa02435








Std 3
373.20

ja02282








Std 4
293.50

fa02255








CO2 Sensor





LI-6262 s/n 1241

UW pCO2 system name



"CNN generation 1"







   positioned in engine room of Skogafoss  Temperature sensor




Superlogic model 7000 temperature sensor







Sensor inserted through top of equilibrator 







and tip submerged about 6 cm below water 






            surface. For SKO604-608 a Hart thermistor 







was added and logged which is believed to 




be accurate to 0.01 ˚C

Pressure sensor




Vaisala pressure trans PTB 210C6C1M 







connected to headspace of equilibrator 



        Accuracy ±0.20 hPa

Data link:  http://www.aoml.noaa.gov/ocd/gcc/skogafoss_introduction.php
Data reduction of QC procedures for file SKO_312_608:

The XCO2air and XCO2 water values as recorded were retained in the dataset and only the fCO2 values were corrected or deleted.  For lines were XCO2air are presented (xCO2ATM, column 11) the QC flag refers to the air value and is only a reflection of the measurement. It is flagged 2 even if it, for instance, appears to be contaminated by stack gases. 

The data file to which this metadata file refers has undergone a revised data reduction and quality control procedure compared to the original  files.  From comparison cross-overs with the Nuka Arctica (Olsen, U. Bergen Norway) and XBT surface temperatures from the Skogafoss (Reverdin and Colbiere, U. Paris) it appears that the SST measured with the TSG (without a remote probe) on the Skogafoss were too high. This is due to the TSG being positioned well away from the intake on a shunt line. Olsen estimated a SST offset ranging from 0.3 ˚C in the wintertime to 0.1 ˚C in the summertime for 2004 and 2005 data.  We refined this estimate for the cruises 312-608.  J. Trinanes co-located Reynolds Optimal interpolated SST (1/4 degree daily resolution) with the Skogafoss and we used this data to estimate the SST by the procedure outlined below. 

For cruises SKO312-SKO603 there were issues with the TSG temperature and also the equilibrator temperature.  The TSG is mounted well within the ship's engine room on a shunt about 10 feet from the engine intake and no remote temperature sensor was available.  The equilibrator temperature was measured with a Superlogic model 7000 temperature sensor with an analog to digital converter that showed a drift that appeared related to the (unmeasured) engine room temperature.  To estimate the equilibrator and intake temperature we used two sources of information. The 0.25 degree daily Reynolds optimal interpolated (OI) values were used to estimate the SST.  The difference between the Reynolds OI SST and SST (TSG) for SKO 312-608 was -0.29 +- 1.31 C (n = 51262) confirming the SST (TSG)  bias due to warming of seawater inside the ship.  The equilibrator temperature data were corrected using  data from  SKO 604-721 when both the Superlogic T sensor and Hart T sensors were logging the equilibrator temperature.  The Hart self-contained thermistor and readout are believed accurate to better than 0.01 ˚C. The temperature correction for cruises SKO312-603 was done in the following manner:

1. The equilibrator temperature logged by the Superlogic model 7000 temperature sensor was corrected based on the cruises when the Hart thermistor was in the equilibrator along side the Superlogic probe according to:

Corrected equilibrator temperature (EqTemp) = 0.988936*(Superlogic T)-1.005996

2.  The SST was corrected using an empirical algorithm between equilibrator temperature and the Reynolds OI product.  This procedure bypassed the TSG temperature altogether as there appeared numerous issues with the TSG including [poorly documented] swap out of units, changes in plumbing, and changes in flow.  The resulting equation for cruises SKO312-SKO603 is based on comparing Reynolds OI SST and EqTemp_corrected and excluding Reynolds OI SST for values where (Reynolds OI SST - Eq T) < -2.5 and (Reynolds IO SST - Eq T) > 2 (n = 25799) the relationship is:

Corrected SST = -0.16329+ 0.97849 * Corrected EqTemp. (see above)

This procedure directly links the SST to the equilibrator temperature and thereby eliminates the inherent "noisiness" of the Reynolds's SST product due to inexact temporal and spatial matching of ship and Reynolds's product.   This equation was derived after determining that for every single cruise similar correlations were obtained. 

For the data from SKO604-608 when a Hart T probe was in the equilibrator and when the same TSG was in the system as for the cruises SKO 609-721 we applied the correction as for the files SKO 609-721, that is:  SST = SST(TSG)- 0.16 ˚C. 

Thus the fCO2 reported for SKO604-608 a constant   correction for SST (SST = SST(TSG)- 0.16 ˚C) is applied.  A comparison of fCO2w values using with the algorithm applied to the cruises SKO312-SKO603 (SST = -0.16329+ 0.97849 * EqTemp) for the cruises SKO604-608 shows a bias of 2.54 ± 0.33 µatm (n=23796) with SKO312-SKO603 correction yielding higher values.
The final screening of fCO2 for SKO312-SKO603 was done by not calculating values if ABS(SST (based on Reynolds)- (T(TSG-0.3))<1.  This decreases the amount of good fCO2w data points from 32331 to 22191. This procedure decreases biases due to errors in Reynolds IO SST but in the process eliminates some of the near shore data where no reliable Reynolds IO SST are available.  All XCO2w are retained.

No such screening was performed for SKO604-608 as no Reynolds SST was used in the calculation and this dataset contains 23088 fCO2w points.

3. XCO2 air values were variable throughout the cruise. Because no relative wind directions were available, screening for stack gas is difficult.  For the fCO2air measurements average values of the NOAA/CMDL stations in Macehead Ireland, the Azores and Reykjavik, Iceland were used for each cruise. These XCO2 values (xCO2_ATM_PPM_assigned) are displayed in column 12 (=column K in Excel).  The xCO2ATM_PPM_measured in column 11 contains the measured air values.  Overall the measured air values are higher but minima correspond to the flask station values.  The notable exceptions are during the summer minima when measured values on the ship are lower than the flask values. The low values are generally encountered near the coast of Canada and attributed to drawdown of CO2 in the boreal forest.  The decent correspondence between the CDMD_GMD flask values and ship's observations suggest that there are no large instrumental biases in the XCO2 measurement during the cruises.

The air values used for each cruise is listed below along with the minimum and median value measured.

Table- Summary of XCO2 air values for the cruises.

	Cruise
	Dates
	xCO2    assign
	Count   ship
	Avg ship
	Std ship
	Min ship
	Median ship

	312
	Nov. 27 - Dec. 3, 2003
	377.8
	188
	380.6
	4.0
	374.9
	379.0

	313
	Dec. 5 - Dec. 23, 2003
	378.8
	228
	380.5
	11.2
	328.7
	381.2

	402
	Feb. 17 - March 5, 2004
	381.4
	120
	382.5
	6.1
	370.6
	381.9

	408
	May 1 - May 25, 2004
	381.0
	156
	381.4
	1.3
	379.1
	381.2

	409
	May 29 - June 26, 2004
	379.4
	276
	378.3
	2.2
	369.5
	378.6

	410
	June 25 - July 9, 2004
	376.9
	158
	375.2
	2.9
	369.5
	375.7

	411
	July 24 - August 17, 2004
	373.6
	22
	371.8
	0.6
	371.0
	371.6

	412
	August 21 - Sept. 15, 2004
	370.1
	62
	367.8
	1.9
	363.4
	368.6

	413
	Sept. 15 - Sept. 23, 2004
	370.7
	30
	371.1
	0.5
	370.0
	371.3

	415
	Nov. 12 - Dec. 9, 2004
	378.8
	226
	383.0
	4.4
	378.2
	382.3

	416
	Dec. 9, 2004 - Jan. 6, 2005
	380.2
	139
	385.7
	3.0
	379.6
	385.1

	501
	Jan. 7 - Feb. 2, 2005  
	380.6
	215
	384.1
	1.6
	380.8
	384.0

	502
	Feb. 4 - March 4, 2005
	381.3
	348
	385.9
	1.9
	382.7
	385.7

	503
	March 4 - March 29, 2005
	382.4
	159
	386.0
	1.8
	382.1
	385.9

	511
	October 13 - Nov. 7, 2005
	379.5
	83
	381.4
	3.3
	377.6
	380.4

	512
	Nov. 10 - Dec. 6, 2005
	380.8
	54
	381.0
	1.4
	379.5
	380.9

	603
	March 15 - April 1, 2006
	386.6
	148
	388.2
	3.3
	372.4
	388.0

	604
	April 3 - April 28, 2006
	387.1
	686
	387.6
	2.6
	380.2
	387.5

	605
	April 29 - May 23, 2006
	387.1
	875
	388.0
	2.8
	383.7
	387.7

	607
	June 23 - 18 July, 2006
	380.8
	717
	381.0
	2.9
	374.4
	380.4

	608
	July 23 - 13 August, 2006
	375.5
	478
	380.0
	8.4
	371.5
	377.5


Legend:

xCO2_ATM_PPM_assigned: Average of flask samples from Azores, Ireland, and Iceland for the 

particular month  (see http://www.esrl.noaa.gov/gmd/ccgg/flask.html)
Count: 

Number of air samples taken during the cruise (samples with obvious stack gas 


contamination are excluded)

Average: 
Average XCO2 of air samples taken for the particular cruise

Stdev: 

Standard deviation of XCO2 of air samples taken for the particular cruise

Min: 

Minimum XCO2 of air value for the particular cruise

Median: 
Median XCO2 of air value for the particular cruise

5. Pressure sealevel is Pequil- 3 mB

Based on Takahashi et al (2008) and our experience on the cruise ship Explorer of the Seas, we assume that the pressure outside the ship (sealevel pressure) that was not measured, equals,  (Pequil- 3 mB).  That is, inside the ship there is a slight overpressure.  All fCO2a values were calculated assuming sealevel pressure is (Pequil-3mB).

6. Bad salinities

fCO2 water values were not calculated and flagged as 4 when salinity values were lower than 28 (2240 points).
7. Other QC checks.

For every individual cruise the data was plotted against time and outliers were visually checked. When no apparent cause for the outlier was discerned, or when the outlier was attributed to an erroneous observation, the value was eliminated and fCO2 value was not calculated. The X-Y plots scrutinized included: Long, Lat; JD, Lat: JD, Long; JD, SST; JD, SSS; JD, Pequil; JD, ∆fCO2.
A summary of number of values retained per cruise along with average parameters is given in the table below.

Table: Cruise Statistics.

	Cruise
	Dates
	Count
	AvgEqT
	Std
	AvgSST
	Std
	Avg∆fCO2
	Std

	312
	Nov. 27-Dec. 3, 2003
	1378
	8.35
	2.66
	8.01
	2.60
	-6.8
	21.3

	313
	Dec. 5-Dec. 23, 2003
	1381
	6.81
	2.13
	6.50
	2.09
	-9.6
	20.1

	402
	Feb. 17-March 5, 2004
	69
	1.87
	1.37
	1.66
	1.34
	-112.6
	32.9

	408
	May 1-May 25, 2004
	2183
	5.82
	1.91
	5.54
	1.87
	-58.7
	51.6

	409
	May 29-June 26, 2004
	2594
	7.41
	2.62
	7.09
	2.57
	-58.0
	41.2

	410
	June 25-July 9, 2004
	1196
	8.80
	1.54
	8.45
	1.51
	-51.1
	43.2

	411
	July 24-August 17, 2004
	2734
	13.70
	3.60
	13.24
	3.52
	-20.1
	42.8

	412
	Aug. 21-Sept. 15, 2004
	834
	11.90
	0.62
	11.48
	0.61
	-38.9
	12.9

	413
	Sept. 15-Sept. 23, 2004
	264
	11.29
	0.68
	10.88
	0.67
	-33.4
	16.0

	415
	Nov. 12-Dec. 9, 2004
	1723
	7.87
	2.66
	7.54
	2.60
	-10.0
	24.0

	416
	Dec. 9, 04-Jan. 6, 2005
	1033
	6.24
	2.70
	5.94
	2.64
	-6.9
	18.8

	501
	Jan. 7-Feb. 2, 2005
	257
	7.19
	0.50
	6.87
	0.49
	12.6
	2.5

	502
	Feb. 4-March 4, 2005
	2807
	4.18
	2.88
	3.93
	2.82
	-6.0
	28.2

	503
	March 4-March 29, 2005
	1064
	4.51
	2.95
	4.25
	2.88
	-5.9
	18.0

	511
	Oct.13-Nov. 7, 2005
	702
	9.00
	2.08
	8.65
	2.03
	-6.5
	16.5

	512
	Nov. 10-Dec. 6, 2005
	231
	7.40
	0.36
	7.08
	0.35
	-8.0
	5.6

	603
	March 15-April 1, 2006
	1472
	3.84
	2.88
	3.59
	2.82
	-36.3
	35.9

	604
	April 3-April 28, 2006
	5010
	6.52
	4.21
	5.84
	4.04
	-55.3
	44.5

	605
	April 29-May 23, 2006
	7475
	7.58
	3.43
	7.21
	3.44
	-51.7
	42.3

	607
	June 23-18 July, 2006
	5634
	14.10
	4.64
	13.57
	4.62
	-7.7
	46.1

	608
	July 23- 3 August, 2006
	4967
	16.60
	5.54
	16.23
	5.53
	9.7
	55.6


Legend:

Count: 

number of fCO2w samples calculated

Avg Eq T:  
Average equilibrator temperature for the samples with calculated fCO2w
Std: 

Standard deviation of Equilibrator temperature

AvgSST: 
Average sea surface temperature for the samples with calculated fCO2w
Std: 

Standard deviation of sea surface temperature

Avg∆fCO2: 
Average  fCO2w
Std: 

Standard deviation for   fCO2w

Other notes:

For SKO 604 the thermistor A/D converter occasionally missed a digit in storing the Teq readings.  This leads to incorrect values that can be difficult to find particularly if in second or third decimal.  When discovered a default of -999 was used.
When air was measured as indicated by a value of other than -999 in column 10 (= J), the QC flag refers to the air value. Since no water is run during this time there is no ∆fCO2 value.
Many of the cruises were run under non-optimal operating conditions.  The summary below lists specific problems that occurred during the transects.  The common problem of low flows is not believed to affect the overall data quality but necessitates greater corrections for warming and will smear out the signals when crossing features such as fronts.

	Cruise
	Date
	Month
	Year
	Ports
	Problems

	SKO311
	24-26/10/03
	10
	2003
	Nor-Rey
	no good stds, low gas flow

	SKO312
	17-20/11/03
	11
	2003
	Bos-Nor
	low water/gas flow

	SKO312
	21/11-05/12/03
	11
	2003
	Nor-Rey
	low water/gas flow; no SSS; excess warming

	SKO313
	05-29/12/03
	12
	2003
	Rey-Rey
	low gas flow

	SKO402
	17/02-05/03/04
	2
	2004
	New-Rey
	low water/gas flow

	SKO404
	06-10/03/04
	3
	2004
	Arg-Rey
	low water/gas flow

	SKO406
	12/14/04/04
	4
	2004
	Phil-Bos
	low gas flow

	SKO408
	01-25/05/04
	5
	2004
	New-Rey
	low water flow

	SKO409
	29/05-21/06/04
	5
	2004
	New-Rey
	low water/gas flow

	SKO410
	25/06-20/07/04
	6
	2004
	New-Rey
	low water/gas flow, bad licor temp

	SKO411
	17/08/04
	7
	2004
	New-Rey
	low water/gas flow

	SKO412
	21/08-15/09/04
	7
	2004
	Bos-Bos
	low gas flow

	SKO413
	15-23/09/04
	8
	2004
	Arg-Rey
	low water/gas flow

	SKO414
	14/10-09/11/04
	10
	2004
	New-Rey
	low water/gas flow

	SKO415
	12/11-09/12/04
	11
	2004
	New-Rey
	low water/gas flow

	SKO416
	09/12/04-06/01/05
	12
	2005
	Phil-Rey
	low water/gas flow

	SKO501
	07/01-02/02/05
	1
	2005
	New-Rey
	low water/gas flow

	SKO502
	04/02-04/03/05
	2
	2005
	New-Rey
	low water/gas flow

	SKO503
	04-29/03/05
	3
	2005
	New-Rey
	low water flow

	SKO506
	06-21/06/05
	6
	2005
	Bos-Rey
	date wrong (to be processed)

	SKO507
	24/06-04/07/05
	6
	2005
	Bos-Rey
	low water/gas flow

	SKO508
	02/08-15/08/05
	8
	2005
	Bos-Rey
	low water/gas flow, bad licor temp

	SKO510
	16/09-13/10/05
	9
	2005
	Rey-Rey
	no TSG data

	SKO511
	13/10-07/11/05
	10
	2005
	Rey-Rey
	low water/gas flow

	SKO512
	10/11/-06/12-05
	11
	2005
	Rey-Bos
	low gas flow

	SKO601
	16/01-07/02/06
	1
	2006
	Bos-Rey
	low gas flow, TSG data missing 

	SKO603
	17/03-01/04/06
	3
	2006
	Bos-Rey
	low gas flow

	SKO604
	02/04-28/04/06
	4
	2006
	Rey-Rey
	low water/gas flow


