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CO,-system Calculations

Mass-conservation equations®
C, =[COL]+[HCO; 1+ [CO5 ]

A, =[HCO, 1+ 2[CO? |+ [B(OH), ]+ [OH ]+ [HPO? ]
+2[PO} ] +[SIO(OH); ]+ [NH, ]+ [HS ] +...

—-[H']; -[H&8O0,]-[HF]-[H,PO,]—...
B, =[B(OH),]+[B(OH), ]
- =[HS0,]+[SO} ]
F, =[HF]+[F ]
B =[H,PO,]+[H,PO, ]+ [HPO: 1+ [P0 ]
Si, =[Si(0OH), ]+ [SIO(0OH), ]
NH .. =[WH;]+[NH,]
H.8 =[H,8]+[HS]

Equilibrium constants
K, =[C03]/f(CO,)

K, =[H'][HCO;]/[CO]
K, =[H"][CO? ]/[HCO,]
K, =[H ][B(OH),]/[B(OH),)
Ky =[H'][OH ]

K, =[H'][SO} ]/[HS0;]
K, =[H"][F ]/[HF]

K, =[H"][H,PO,]/[H,PO,]
K., =[H J[HPO!]/[H,PO;]
Ky, =[H"][PO; ]/[HPOS ]
K, =[H"][8i0(OH); ]/[Si{OH),]
K. =[H][NH,]/[NH;]

K, =[H ][HS ]/[H,S]

(17

(18)
(19)
(20)
21
(22)
(23)
(24)
(23)

(26)
(27)
(28)
(29)
(30)
(31)
(32)
(33)
(34)
(35)
(36)
(37
(38)

C.Ki\[H']
[H'F + K, [H']+ KK,

[HCO;]=

C.KK,

[COY]=——
[H' ]+ K[H ]+ KK,

[B(OH), 1= B, /(1-+[H']/K,)
[OH 1=K /[H']

(1,0, ]= L

[H.P ]j + K]P [H ]2 + K]PKEP[H- ] + K]PKZPKS}’

[HIPO“]: P.l.K]P[H']‘

H'P+K,[HP+K,K,[H]1+K,K, K,

[HPOQ ] — ‘P]'KIPKZP [H*]
4

[H'P + K [H'F + K Kop [H ]+ K Ko Kop
I?I'K]PKEPKSF

[PO3 )= - ,
[H'T +K,[H'] + KK, [H ]+ K,K,,K;,

[SiO(OH), ]= Si, /(1+[H*]/Ky)
[NH,]= NH,, /(1+[H1/K )
[HS 1= H,S, /A +[H /K, )

[H'], =[H )/(1+ S, /K,)
[HSO,]=S, /(1+ K, /[H'],)
[HF] = F, /(1+ K, /[H'])

(39

(40)

(C2))
(42)

(43)

(44)

43

(46)

@7
(48)
49
(50)
(1
(52



Many Options

CO2SYS
- )

2% 253, ., % ¢ %
0S & details 5 & 5 88 7 § & &
Linux/Unix o * o °
Windows * o * o o ° ° o
Mac OS . * o o o ° °
108 °
Public sourcecode o o o ° . .
User programmable . . o o o
Software platform Ed MP Mb RER pe peh

3 Both variants: CO2SYS-Excel-Pierrot and CO2SYS-Excel-Pelletier.
b Package runs under MATLAB (commercial software) or octave (free software).

¢ Spreadsheet interface 1s not code; core library is callable (Visual Basic) but not modifiable.

d Package runs under Excel.

© Package runs under Excel (commercial) or LibreOfhce (free and open source).

f Package runs under R.
€ Fortran 95 code.
b Also runs under Python.



Table 4. Available mput paiurs for each package.

CO2SYSP

Pair QBasic [Excel® Matlab CO2calc® ODV® csys seacarb® swco2® mocsy

AT-CT . . . . . . .

A1-pCO,
AT-pH . . . .

AT-CO%~

Ap—C og

AT-HCO;

C1-pCO» . . . . .
Ct-pH . . . .

C1-C oé‘

C1-CO;

Cr-HCO;

pCO,-pH . . . . .
pCO,-CO3

pCO,-HCO;

pH-CO?~

pH—CO%

pH-HCO;

cO; -COY

Co3 ~HCO;

CO3-HCO;

2 Both variants: CO25YS-Excel-Pierrot and CO2SYS-Excel-Pelletier.
b C0O28YS, CO2cale, and ODV also allow input pairs containing fCO, instead of pCO».
¢ seacarb and sweo2 include user-callable functions to convert between pCO, and fCO,.



From Orr et al., 2015 Biogeosciences

Table 1. Carbonate system software packages.

Package Language Version  Reference

CO2SYS?* QBasic 1.05 Lewis and Wallace (1998)
CO2SYS?  Excel 24 Pelletier et al. (2007)

CO2SYS?  Excel 2.1 Pierrot et al. (2006)

CO2SYS* MATLAB 1.1 van Heuven et al. (2011)
CO2calc®  Visual Basic 1.3.0 Robbins et al. (2010)

csysd MATLAB 04-2014 Zeebe and Wolf-Gladrow (2001)
ODV* C++ 4.5.0 Schlitzer (2002)

mocsyt Fortran 95 2.0 Orr and Epitalon (2015)
seacarb® R 3.0.6 Gattuso et al. (2015)

swco2h Excel 2 Hunter (2007): Mosley et al. (2010)
swco2h Visual Basic 2 Hunter (2007)

2 http://cdiac.ornl.gov/oceans/co2rprt.html

b http://www.ecy.wa.gov/programs/eap/models.html
€ http://pubs.usgs.gov/of/2010/1280/

d http://www.soest.hawaii.edu

© http://odv.awi.de/
£ http://ocmip5.ipsl.jussieu. fr/mocsy

g http://cran.r-project.org/package=seacarb

b http://neon.otago.ac.nz/research/mfc/people/keith hunter/software/swco2/



ORNL/CDIAC 105

Program Developed tor
CO; System Calculations) ¢

<
. Department of Applied Science
Brookhaven National Laboratory

S

Carbon Dioxide Information Analysis Center
Oak Ridge National Laboratory

CO2sys

Original

Lewis, E, & DWR Wallace. 1998.
Program Developed for CO, System
Calculations.

ORNL/CDIAC-105. Carbon Dioxide
Information Analysis Center, Oak Ridge
National Laboratory, U.S. Department of
Energy, Oak Ridge, Tennessee. doi:
10.3334/CDIAC/otg.CO2SYS_DOS_CDIAC
105

Microsoft QuickBASIC
—runs under DOS on PC’s
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Department of Applied Science
Brookhaven National Laboratory

S

Carbon Dioxide Information Analysis Center
Oak Ridge National Laboratory

CO2sys

Original

Lewis, E, & DWR Wallace. 1998.
Program Developed for CO, System
Calculations.

Ernie Lewis

Doug Wallace
|

Brookhaven Nat. Lab

Dalhousie Univ.



o CINKLEYPASVCO25Y5\co 2sys.exe -0 ﬂ

Program CO25Y¥5,. version B1.685, written by Ernie Lewis. Cozsys

ot C:\KLEYPAS\CO2SYS\co2sys.exe A=l El Ori g inal

Program CO25Y¥5,. verszion H1.605%, written by Ernie Lewis.

This program takes two parametersz of the C02 sysztem in seawater (TA. TC.
pH - - = — = — - — =

‘fz“ er CAKLEYPASVCO2SYS\co2s5ys.exe

Every effort has heen made to make this program as correct, complete, and
Fo user—friendly as possihle. HOWEUER, the program is not failsafe and some
familiarity with the G022 system in seawater iz assumed.

o CIAKLEYPASVCO25YS5\co2sys.exe

In zingle—dinput mode, after selection of the various options for the value
of the constants,. etc. the user iz prompted for the following:
the salinity.

eo. CAAKLEYPASYCO2SYS\co2sys.exe

information, choosze one of the following: _

General information
pH =cales
fC02, pCO2
K504
Batch—input mode
GEOSECS option
Peng option
Frezhwater option
Pressure effects
18> Calcium carbonate solubility {omega values
11> Alkalinity
12> Revelle factor
13> Constants used

o QOG0

Enter <E* to end,., <enter’* to continue.

INTRODUCTION
screens




Enter number to change,. <enter? to continue, or <E> to end: _

= CAKLEYPASVWCO2SYS\co2s5ys.exe ﬂﬂ C O 2 Sys

é?luplizemggeéunstants: E;;giz—;liput Orlglnal
J= C:\KLEYPAS\CO25YS\co2sys.exe A=l £
Chooze one of the following <1>: 1

CALCULATE

= C:\KLEYPASVCO25Y5\co2sys.exe

Enter Sal <35.80>:
Enter total phosphate in umol-skg-5W ¢ B.8
Enter total silicate in wmol-skg-SW ¢ @.@

>z
b

Enter input temperature in deg C (28_.88):
nter — - —
e C:AKLEYPASACO25YS\co 25ys.exe

Enter
Enter

Sal 35.88
Phos a.a
81l1 a.@

Input Temp
Input Pres

Output Temp
Output Pres

Th = 2388.8
Enter TC in umol-skg—3W (218080.8>:

INPUT
screens




e+ C:AKLEYPASACO2SYS\co 25ys.exe - O ﬂ
TR 2388.8 umol-kg—SY Phos 8.8 umol-kg—SU 2 Sys

2180.8 umol-kg—5SUW 8ildi 8.8 umol kg—5W
= 35.68

Input conditions: Output conditions: Orlg,nal

Temp = 20.80 deg C Temp = 20.80 deg C
- o] x|

Pres 8 dbhar Pres = 8 dbhar
23898.8 umol-kg—5Y B.8 umol kg-5UW
2180808 umol-/kg-5UW ili B.8 umol kg-5U
= 35.88

Input conditions: conditions:
Temp 20_.88 deg C 20_.88 deg C
Pres a8 dbar a8 dbar

FCO2 Cnatm>
pCOZ Cuatm> | o0 c.\K| FYPAS\CO2SYS\coZsys.exe

*»C02 in dry
TR 2300.8 umol-kg—54 B.8 umol kg—5W

TG 21860.8 umo1l-kg-5SU B.8 umol/ kg—5W
Revelle factlc,1 = 35.AR

Input conditions: conditions:
Temp = 20.80 deg C = 20.88 deg C
Pres = A dbhar A dbhar

pHtot C(mol-kg—54W> 7.938
pHaws (mol- kg—5SUW> 7.921
pHfree C(mol- kg-—5UW> 8.821
pHHBS (mol/kg—H20> 8.6856
fH B.733

Thesze are on the pHtot scale (mol-skg-SLU>:
pKl L.891
pK2 7.844
pKY 13.418
pKB 8.656

OUTPUT screens Enter <B> to go back, <E»> to end,. <enter? to continue. _
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CO2Sys EXCEL Macro

Pierrot, D, E Lewis & DWR Wallace. 2006. MS Excel Program Developed for CO, System
Calculations. ORNL/CDIAC-105a. doi: 10.3334/CDIAC/otg.CO2SYS_XLS CDIAC105a

A
SUBJECT
About this Macro

General Information
pH Scales

fCO2, pco2

KSO4

Freshwater Option
GEOSECS Option

Peng Option

Pressure Effects
Calcium Carbonate Solubility
(Omega Values)
Alkalinity

Revelle Factor
Constants

Macro Version History

C D E F G H

Previous versions (Z2007): CO2sys_macra_PCxls and COZ2s8ys_maocro_MAC xls

. Two separate files for PC and MAC versions.
Version 1.0 (10 Octobre 2011): CO024ys 2011 x|z

. Combined PC and MAC versions of previous macro into one file working on both plotforms.
Version 2.0 (18 July 2012): COZ2sys_2011.xls

. Mew R formulation from "MIST Physical Reference Data (http://physics.nist.gov/cgi-bindcuu/ Volue?r)"
Difference with old formulation i not numerically significant.
. Matched formulation of Uppstrom’s Total Boron with Motlab program (seme numerical results).
. Added option of Total Boron from Lee et al,, 2010
. Added a few formulations for KI, K2:
- Cai and Wang, 1998
- Lueker et al., 2000
- Mojica Prieto et al, 2002
- Millero et al., 2002
- Millero et ol., 2006
- Millero, 2010
. Updoted the "INFO" section
. Added the "Macro Version History" aption in "INFO" Sheet.
. Version number is displayed in cell B2 when the “About this Macre” option in "INFO" Sheet is selected.

Version 2.1 (18 September 2012): COZsys_vZ.1xls

. Corrected an error in the code which affected the results when the constants of 'Millero et. al., 2002°
and 'Millero, 2010° were selected.

. References to 'Coi and Wang, 2008" have been corrected to 'Cai and Wang, 1998°

. Incorporated version number in the name of the file and removed it from the 'INFO’ sheet (sze v.2.0)



10

11

12

13

14

15
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CO2Sys EXCEL Macro

A
Set Constants

KHS04

C
pH Scale

D
[B]r Value

Ki, K2 from Roy, ef al., 1993

Ki, K2 from Goyet and Poissan, 1989

Ki, K2 from Hansson, 1973 refit by Dickson and Millera, 1987

KI, K2 from Mehrbach et al., 1973 refit by Dickson and Millere, 1987
K1, K2 from Hansson and Mehrbach refit by Dickson and Millere, 1987
GEOQSECS constants (MBS scale); K1, K2 from Mehrbach et al., 1973
Constants frem Peng et al. (MBS scale): KI, K2 frem Mehrbach et al.
Salinity = 0 (freshwater); K1, K& from Millero, 1975

K1, K2 from Cai and Wang, 1998

Kl, K2 from Lueker et al, 2000

KI, K2 frem Majica Prieto et al., 2002

KI, K2 from Millere et al., 2002

KI, K2 from Millero et al., 2006

Kl, K2 frem Millere, 2010

Dickson

Kheo et al

Toetal scale {mol/kg-5W)

Seawater scale (mel/kg-5W)

Free scale (mel/kg-5W)

MNBS scale (mal/kg-H2O)

Uppstrom, 1974

Lee et al., 2010




The Recommended Constants

K1, K2: Mehrbach et al. (1973) refit by Dickson & Millero (1987)
Lueker et al. (2000)
Millero (2010)

1. Leeetal. (2000) recommend using Mehrbach et al. (1973) as refit by
Dickson & Millero for a wide range of salinities.

2. Dickson et al. (2007) and Dickson (2010, table 1.1) recommend using the
Lueker et al. (2000) constants.

3. Millero (2010) cautions against using the Lueker et al. constants where
salinities are below 15. Note: Orr et al., 2015 cautions against using
Millero until publication/spreadsheet discrepancy has been taken care
of

NOTE: Many of the other constants are included because they are useful

when working with older data.



The Recommended Constants

K, K2: Mehrbach et al. (1973) refit by Dickson & Millero
(1987)
Lueker et al. (2000)
Millero (2010)- discrepancies amongst
programs Therefore, Orr et al 2015 suggests
to wait until resolved

KHSO4: Dickson 1990

pH scale: Total
Free

B Uppstrom 1974

NOTE: Cite Software Program and version number



COzcaI_c_

# Co2calc v4.0.1 Manual Input | Batch Input Tools Report About Install

Manual Calculation: Input | mpur | resuis |

Sample Metadata (Optional)

COzcalc application for PC and MName Date Time SetTime| Latitude Longitude
Mac desktop and iPhone B g S o -
| | (o)
RObenS, LL[ ME Har'lserll ‘JA Sample Data
KleypaS, & SC Meylan (2010) Physical Data (All Fields Required) Carbonate Data (Two Fields Reguired) Nutrient Data (Optional)
CO2calc - A user-friendly seawater o s i peon oatrer e

|35.25 | | |
carbon calculator for Windows, Max remperature (°C) [A‘”m""”‘gs“'” ||| owsimanas

(ON) X, and iOS (iPhone)Z u.S. 22 | TCO2 (umel/kgSW) | |

Pressure (dbars)

H H 2072.182 e .
Geological Survey Open-File Report | ]! || Addtional Data (Optiena)
pH (chosen scale) Total Ca (pmol/kgSW)
2010 - 1280[ 17 p . Adjusted Conditions (Optional) |8-D341?5 | |
Temperature (°C) FCO2 water (patm) ) .
|1?_94 | | | Air-Sea Flux Data (Optional)
pCO2 Air {patm)
Pressure (dbars) pCO2 water (patm)

Windspeed (choose units)

| JLIERS
Clear Sample Data
Calculation Preferences
C02 Constant KHSO4
[ Lueker et al., 2000 - ] [ Dickson, 1990 - ]
pH Scale Total Boron Air-Sea Flux
| Total scale (mel/kg-sW) ~ | | Yppstrom, 1974 ¥ | | Raymend and Cole, (2001) |
File Capture

|_| Record Output File: Browse Clear &ll Data J l Process ]




CO2calc

[ CO2Calc v4.0.1 Manual Input Batch Input About Install

VERSION # Manual Calculation: Input | mput | Results |

Sample Metadata (Optional)

Mame Date Set Date Time Set Time Latitude Longitude
SAMPLE INFO —— | | 13 R S 8 4§ B I JUS A JURY

Clear Metadata

- Sample Data

Physical Data (All Fields Required) Carbonate Data (Two Fields Required) Mutrient Data (Optional)
Salinity Enter any two fields except both Total P (pmol/kgSW)
coz2 o pCO2Z h Hh
| 36.25 | il and p ogether | |
TA& (pmol/kgSW)
Temperature {°C) | | Total Si (pmoel/kgSWw)
|25 | | |

TCO2 (pmel/kgsw)
Pressure (dbars)

| | |2D?2'182 | Additional Data (Optional)
I N PUTS E pH (chosen scale) Total Ca (umol/kgSW)
Adjusted Conditions (Optional ) |3-0341?5 | |
Temperature (°C) FCO2 water (patm)
|:|_:I,_94 | | | Air-Sea Flux Data (Optional)
pCO2 Air (patm)
Pressure (dbars) pCO2 water (patm)

Windspeed (choose units)

| | [mis = |
| Clear Samgle Data |
T
- Calculation Preferences

C02 Constant KHSO4
CONSTANTS ———>| [Luckeretal, 2000 ~ | [ Dpickson, 1950 - |

pH Scale Total Boron Air-Sea Flux

| Total scale (mol/kg-5W) ~ | | Yppstrom, 1974 ~ | | Raymend and Caole, (2001) = |

File Capture
| Record Output File: Browse Clear all Data I I Process J

RUN SAMPLE



Getting Started

(1) Open CO2calc
(2) Input SAMPLE INFORMATION

(3) Set up an output file for recording calculations



Example 1

(1) Open CO2calc

(2) Select Constants, Units and Scales

CO2 constants: Lueker et al. (2000)
KHSO4: Dickson (1990b)
pH Scale: Total Scale
Boron: Lee et al., 2010

(3) Input (4) Results
Salinity = 35.0 pH = 8.040
Temperature = 25.0 fCO2= 401.419
Pressure = 0.0 pCO2 = 402.704
TA = 2300 xCO2 = 415.439

TCO2 = 2000 QAr = 3.347



Example 1: now add pH

(1) Open CO2calc

(2) Select Constants, Units and Scales

CO2 constants:
KHSO4:

pH Scale:
Boron:

(3) Input
Salinity =
Temperature =
Pressure =
TA =
TCO2 =
pH =

Lueker et al. (2000)
Dickson (1990b)
Total Scale

Lee et al. (2010)

(4) Results
35.0 pH =
25.0 fCO2 =
0.0 pCO2 =
2300 xXCO2 =
2000 QAr=

7.900

8.040
401.419
402.704
415.439

3-347



Example 1

(1) Open CO2calc

(2) Select Constants, Units and Scales

CO2 constants: Lueker et al. (2000)
KHSO4: Dickson (1990b)
pH Scale: Total Scale

(3) Input (4) Results
Salinity = 35.0 pH = 7.900
Temperature = 25.0 fCO2= 591.591
Pressure = 0.0 pCO2 = 593.484
TA = 2300 xCO2 = 612.253
+€O2=—2000 ------- : QAr= 2.586
pH = 7.900 %

S > TCO2= 2076.748

CO2calc uses the first two parameters it sees



E X a l l l I e 2 """" University of California, San Diego
WL Scripps Institution of Oceanography
e _ |

http://andrew.ucsd.edu/co2qc/ Marine Physical Laboratory
9500 Gilman Drive
LaJella, CA 92093-0244

Certificate of Analysis

Reference i : easurements
— Batch 93 (Bottled on December 18, 2008)

http://andrew.ucsd.edu/co2qc/batches.html

Input:
Salinity =33.615

PO4 =0.33

SiO4 = 4.7 P———-
TCO, =2020.34 :

TA = 2230.06 :

But Lab pCO2 =390.0 <- - - -
T =20°C

This reference material consists of natural sea water sterilized by a combination
of filtration, ultra-violet radiation and addition of mercuric chloride.

Analysis Results

The various procedures used for these analyses are detailed overleaf.

Salinity 33.615
Total dissolved inorganic carbon 2020.34 + 0.89 pmol-kg! (9;9)
Total alkalinity 2230.06 + 0.56 umol-kg-! (25; 10)
Results:
pH =7.972


http://andrew.ucsd.edu/co2qc/batches.html
http://andrew.ucsd.edu/co2qc/batches.html
http://andrew.ucsd.edu/co2qc/batches.html
http://andrew.ucsd.edu/co2qc/batches.html
http://andrew.ucsd.edu/co2qc/batches.html

Example 2

http://andrew.ucsd.edu/co2qc/batches.html

e University of California, San Diego

Scripps Institution of Oceanography

'UU‘ZVA http://andrew.ucsd.edu/co2qc/ Marine Physical Laboratory

e T 9500 Gilman Drive

LaJolla, CA 92093-0244

Certificate of Analysis

Reference i : easurements
— Batch 93 (Bottled on December 18, 2008)

Input:
Salinity =33.615

PO4 =0.33
SiO4 = 4.7
FCO,—=2020:3%
TA = 2230.06

pCO2 =390.0
T =20°C

This reference material consists of natural sea water sterilized by a combination
of filtration, ultra-violet radiation and addition of mercuric chloride.

Analysis Results

The various procedures used for these analyses are detailed overleaf.

Salinity 33.615
Total dissolved inorganic carbon 2020.34 + 0.89 pmol-kg! (9;9)
Total alkalinity 2230.06 + 0.56 umol-kg-! (25; 10)
Results:
pH = 8.047

fCO2 =388.677
TCO2 =1982.986
xCO2 =399.034
Q Ar =2.729


http://andrew.ucsd.edu/co2qc/batches.html
http://andrew.ucsd.edu/co2qc/batches.html
http://andrew.ucsd.edu/co2qc/batches.html
http://andrew.ucsd.edu/co2qc/batches.html
http://andrew.ucsd.edu/co2qc/batches.html

Example 3

Determine the carbonate
chemistry for a discrete water
sample taken at 2952 m depth
off South Atlantic

Input: Results:
In situ: ; lin - 1.5206(: input output
Dae '::Y _ 24. 2 :1 (lab) (in situ)
P % pH = 7-594 7.742
Lab: Phos. =2.64 fCo2 = 1360.466 618.271
1 pCO2 = 1365.096 620.943
Silicate =159.4
xCO2 = 1396.699 625.076
TCO,  =2345 0 Ar - > o2
TA =2419 = -213 .5
T =20.0°C

Depth =om



Example 3a

Input:

In situ:

Lab:

T =1.55°C
Salinity =34.661
Depth =2952m

Phos. =o
Silicate =o
TCO, =2345
TA = 2419
T = 20.0°C

Depth =om

chemistry?
Results
with
nutrients
pH = 7-742
fCO2= 618.27
pCO2 = 620.947
xCO2 = 625.076
QAr= 0.566

What are the effects of the
nutrients on the carbonate

without
nutrients
7-756
598.360
600.946

604.947
0.585



Batch Files

Input files tend to be in XCL or CSV format

For CO2calc, the file must be saved in UTF8-encoded CSV
format. On a Mac, this can be problematic. Open the CSV
file in a text editor and save with Unicode (UTF-8) encoding
(may have to set this under preferences).

Once you have an input file that works, you can use this as a
template for future files.



Example 4 Batch Files: use a batch file to

compare effects of using
different K1,K2 constants

(1) Select Lueker 2000 constants
Input file: batchin_example sal gradient.csv
Output file:  batchout_Lueker2000

(2) Select Millero 2010 constants
Input file: batchin_example sal gradient.csv
Output file:  batchout_Millero2010

(3) Combine the two output (.txt) files into a single
spreadsheet

(4) Plot pCO2 versus Salinity for both data sets.



Example 4 Batch Files: use a batch file to

compare effects of using
different K1,K2 constants

Comparison of Leuker vs Millero Constant
2000

1800
1600 /
1400

1200

a

1000 o— Leuker

pCO2

== Millero
800

600

400

200 (
0

Salinity



Example 5 Comparing old data with new

data
Old data: Your data:
T=25.1 T=23.0
S=34.2 S=34.2
Z=0.1 Z=0.1
TotalP=0.1 Total P=0.2
TotalSi=1.1 TotalSi=1.1
pH¢w = 8.15 pH:=8.15
TCO2 =2032 TCO2 =2032
TA = 2414.467 TA = 2407.069
pCO2 =302.658 pCO2 =310.315

Check UNITS, CONSTANTS, SCALES !!!



Pitfalls

(1) Know your constants

(2) Don't use 3 carbon parameters at the same
time

(3) Don't compare data that have used different
constants unless you can confidently

recalculate the data using the same
constants

(4) Make sure that you carefully input lab vs
insitu (adjusted) data




A word about data reporting....

* When reporting data, metadata should
include: info on units (and pH scale),
estimated uncertainties, thermodynamic
constants used to compute carbonate
parameters, and QC procedures applied to
data set. Essential
— Units of measurements
— In situ and measurement temp
— Salinity



