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COMPUTER PROGRAMS EXIST
FOR THESE CALCULATIONS

o Provide built in data for the various equilibrium constants
which are functions of salinity, temperature, and pressure as
well as for total concentrations such as boron that are
proportional to salinity.

o Allow some additional acid-base information to be added
(e.g. total phosphate and/or total silicate concentrations)

o Allow calculation of CO; speciation
(typically from 2 analytical parameters, salinity & temperature)
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STEP 1

Choose the set of equilibrium constants, etc. that you wish to use.

These are the choices I would usually recommend for systems
with S > 20; I am sure they could be argued against.



THE KINDS OF CHEMICAL QUESTIONS
WE NEED TO BE ABLE TO ANSWER

« How can I estimate the CO, composition of a sample
of sea water?

« If the CO; level in the atmosphere increases by 300 ppm,
how much will the pH in the surface ocean change?

« What will be the consequent change in the saturation state
of aragonite?

« Will this be the same all over the oceans? Why? (or Why not?)

« How should I modify the CO, composition of a sample
of sea water to reach a desired target composition?



A SIMPLE EXAMPLE

Surface sea water from the central North Atlantic



Leave blank

Already set



These are needed because the equilibrium constants are
functions of salinity, temperature, and pressure; also total
boron is estimated from salinity

Pressure here is gauge pressure, i.e. zero at the sea surface
(also 1 dbar = pressure exerted by 1 m of seawater)



Remember: only 2 carbonate system measurements are
needed to define the chemical state of the system for a
particular S, T, and p

If you have more than 2 of these with non-zero values, then
the top two are the ones that are used for the calculation



Leaving “Nutrient Data” blank is the same
as entering zero total concentrations

Leaving “Adjusted Conditions” Leaving “Air-sea Flux” blank
blank repeats the values above is OK, but yields a zero result



S =35 Surface sea water from the central North Atlantic

t=18"°C Nutrient concentrations
p = 0 dbar (sea surface) assumed to be negligible

Total Alkalinity = 2300 pmol kg~
Total Dissolved Inorganic Carbon = 2025 umol kg~



The parameters provided originally are repeated here
together with a variety of calculated results

2+ 2—
Q(aragonite) = LCa JICO; |

R_aln[COz]_ [COZ]/BCT
C; K,,(aragonite)

- dInC,  [CO,]



WHAT HAPPENS IF WE WARM UP THAT WATER?

Increase temperature from 18 °C to 25 °C



Can do the calculation twice, changing the temperature from
18 to 25 °C or can take advantage of the “Adjusted Conditions”




Can do the calculation twice, changing the temperature from
18 to 25 °C or can take advantage of the “Adjusted Conditions”



t =18°C The change of temperature is for a closed system.
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t =25°C The change of temperature is for a closed system.
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WHAT HAPPENS TO PH OR P(CQO»,)?
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IF WE MEASURE PH IN THE LABORATORY,
WE CAN USE THIS APPROACH TO CONVERT IT
TO AN ESTIMATED IN SITU VALUE




Laboratory measurement of pH at 25 °C (“zero” pressure)

in situ conditions 8 °C @ 1,000 m depth



Calculation is for a closed system.

()

total dissolved inorganic carbon stays constant!



Calculation is for a closed system.

)

total dissolved inorganic carbon stays constant!



TIME TO TRY THIS FOR YOURSELVES




THE KINDS OF CHEMICAL QUESTIONS
WE NEED TO BE ABLE TO ANSWER
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« How should I modify the CO, composition of a sample
of sea water to reach a desired target composition?



If the CO; level in the atmosphere increases by 300 ppm,
how much will the pH in the surface ocean change?

What will be the consequent change in the saturation state
of aragonite?

What information do we need to make this calculation?

1. Estimates of S, t,and P (= 0 at sea surface).

2. pH=f(At, p(CO2))

The simplest assumption (which I recommend here) is to assume
that the change in atmospheric p(CO.) does not affect S, f, & Ar.

A. Can do the calculation for average seawater values.
§=35t=18 °C; At = 2300 pumol kg-!
Need to assume an initial p(CO,), e.g. 400 patm
Repeat calculation for increased p(CO,), i.e. 700 patm



If the CO; level in the atmosphere increases by 300 ppm,
how much will the pH in the surface ocean change?

What will be the consequent change in the saturation state
of aragonite?

Will this be the same all over the oceans?
1. Need estimates of range of S, ¢, and Ar.

2. Repeat a few calculations to get an estimate of the likely
variability in the pH change and in the the aragonite
saturation state change
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Reference year 2005
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How should I modify the CO, composition of a sample
of sea water to reach a desired target composition?

Need to know the initial composition of your water
Need to define the target (pH, p(CO.), Q(arag) )

Need to decide what form of modification is simpler
(or more relevant)

Often it is most straightforward to keep At approximately
constant, and to change the Cr by addition/removal of CO..

It is also simpler to monitor pH: rather than p(CO.) or Q(arag)



