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Presentation Notes
I will present some thoughts and ideas ....




Why bother with biogeochemical 
modelling?

The marine inorganic carbon system is dependent on:

• Lateral forcing (river water, atmosphere...) 
• Internal biogeochemical system (primary production, 

mineralization, oxygen conditions...)

Changes in the lateral forcing will change both of the above!

To model the effect on the acid-base balance from climate
change realistically, the biogeochemical function in a model
need to be able to change if the forcing does.
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Why do I focus on general biogeochemical modelling?

To model the inorganic carbon system realistically, the biogeochemical function has to be realistic

And since it is important... It has to be able to adapt when we go into the unknown



Previous sea surface pH results 
from the Baltic Proper
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This is some previous result from the PROBE-Baltic model. 

Can see the close coupling to biology

 ... And the change in the biogeochemical function when the forcing changes.

In this case we knew.... What if we don’t?



Our ambition:
Capability to predict:

• Generalized biogeochemical formulation: The same constants, definitions 
and biogeochemical couplings will be applied in ALL Baltic Sea basins, 
during the ENTIRE simulated period. Here: 50 years in 13 basins

• Include deep water biogeochemical and carbon system dynamics

Validation:

• Validation in different climatic environments over the whole depth profile



Validation to cover different 
chemical and climate regions

If the generalized formulation recreate the biogeochemical state 
of different regions it has the capability to predict!
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These two maps show were I have chosen to validate.

The first is a north-south transect using data from within the Baltic –C.... Horizontal characteristics

Three different regions with different climate and chemical forcing



Main biochemical assumptions

• Mineralization at the active 
sea-sediment boundary

• Mineralization rate set as 
3.5 % of organic matter 
abundance

• 20% of organic carbon is 
never fully  mineralized

Presenter
Presentation Notes
I will point out some of the main assumptions I’ve made to generalize the biogeochemical system.

Ask me for more details.





Mineralization defined as: 

MT = MO2 + MNO3 + MSO4

Oxidation agents according to fixed
redox sequence.

Mineralization

Presenter
Presentation Notes
Mineralization is something I’ve been focusing on quite a lot. 

Couples the creation and abundance of organic matter, to deep water dynamics for oxygen and nutrients.

Needs to adapt!



Mean depth profiles for S and 
T (C°)

Presenter
Presentation Notes
I will show mean depth profiles. First S and T.

The basic capability of the model to recreate S and T profiles at the three validation stations. 
A good solid base for the rest of our modelling efforts.



Mean depth profiles for PO4 and 
NO3

Presenter
Presentation Notes
Nutrients. Characteristic shape, right levels

Anoxic in the Baltic Proper basin. - High and varying phosphate and lower nitrate levels due to denitrification.

Gulf of Bothnia – Low nutrient levels, but some issues. 



Mean depth profiles for AT and 
pH

Presenter
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Inorganic carbon system. pH and total alkalinity as 

Very good. The model does capture the entire depth profile at all three very different stations. 

Large variation in the periodically anoxic water due to new coupling to biogeochemical formulation.



CT transects thru the Baltic Sea 
system
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Horizontal differences in the Baltic Sea system are captured by the model
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CT concentrations on the summer of 2008.

Deep water concentrations are not realistic in the model – Timing of inflows is wrong. 

South to North differences in the Baltic Sea system are captured.

..and with this I would like to conclude the



Internal generation/depletion 
of total alkalinity

Presenter
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CT and AT as state variables.

Both dependent on lateral forcing, and CT also closely coupled to biology through photosynthesise and mineralization.

Now we have also added internal generation/depletion processes for total alkalinity.

Closely coupled to biochemistry.



Main AT generation/depletion 
assumptions:

• Sulphate reduction reversible reaction: No net AT change

• Denitrification irreversible effect: Net AT generation

• Other N-dynamics change AT in the water column, but its an almost 
closed cycle of AT generation and depletion. The sedimentation of 
organic matter will however shift reactions vertically. This include the 
process: 

– Primary production
– Mineralization with O2 as oxidation agent
– Nitrification
– Plankton respiration
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Summarize the assumptions I’ve made.

The rest of my results will focus on this. 

Evaluation/validation  in BY15



Vertical distribution of AT
generation/depletion

Net generation:
90.4 Gmol/yr

Net depletion:
85.2 Gmol/yr

→ Net source of AT

Presenter
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I will start to show you how much is generated/depleted by the new formulation and where

Annual mean at each depth.

Main effect in surface and periodically anoxic depths.




Modelled AT as a function of O2
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Here I show modelled AT as a function of O2. 

This way I can disregard the timing of inflows and such, and just see how well the new AT generation is coupled to biochemistry.

Observed data is a bit odd, but it still inplies that the formulation is realistic.



Modelled AT and the AT bias due to 
internal AT dynamics
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Lower in the surface and higher at depth – Salinity

Anoxic periods with higher alkalinity

Bias up to 200 µmol/kg

Some increased seasonal variability in the surface





Modelled pH and the pH bias due 
to internal AT dynamics

Presenter
Presentation Notes
And the effect on pH... 

I would like to focus on the lower panel which show the bias between running the model with and without the added AT dynamics.

Up to point two increase during anoxic conditions 

Increased pH in surface and increased seasonal variability




Issues:

• The insufficient knowledge of several biogeochemical processes 
(especially nutrients and complex forming metals) in the Gulf of Bothnia 
limit the ability to model these regions realistically. 

• More extensive, and more reliable, carbon system lateral forcing data in 
the freshwater sources, preferably with seasonal resolution. 



Main conclusions:
• One generalized formulation can return several realistic  biochemical 

situations, only through differences in forcing. 

• Denitrification is the only AT generating process that is not chemically 
reversible, or reversible as a part of the constant cycling of organic 
matter, in the Baltic Sea system.

• The internal generation/depletion of total alkalinity is a net source of 
total alkalinity in the Gotland basin.



Thank you for you attention!

Any questions or other input are most welcomed!



Generation/Depletion:



Dimensionless quality metrics
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→ Good agreement
→ Strong correlation

→ Reasonable agreement
→ Strong correlation

→ Not good enough

Black diamond - T Black square – PO4 Black right arrow – AT
White down arrow - S White left arrow – NO3 White circle – pH
Black up arrow – O2
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Graphic presentation of the dimensionless quality metrics. (from depth profiles)

Axis.

The parameters cover both the physical, biogeochemical and inorganic carbon system and both shape and levels.

Quick way to evaluate the results.



The Carbon System:
- Internal generation/depletion of AT

The introduction of internal sinks and sources of total alkalinity change the 
acid-base balance

AT

CT

Lateral forcing:

Rivers → 
Ocean → 

Rivers →
Ocean →
Atmosphere →

Internal dynamics:

← Primary Production
← Respiration
→ Nitrification
↔ Mineralization

→ MO2
← MNO3
← MSO4

→ Primary Production
← Mineralization

Presenter
Presentation Notes
This far I have only shown the coupling between total inorganic carbon and biochemistry, which is one of the state varibles for the carbon system in the model.

The other is total alkalinity.

Both of these are determined by lateral forcing, and you’ve seen how CT ....

Included AT, increase the coupling to internal biogeochemistry





The updated use of quality 
metrics

• AE – Average error (bias)

• RMSE – Root mean squared error

• Dimensionless:

The correlation coefficient: R
→  Do the model results and observations co vary?

The bias (M - D) to std (D) ratio: Bias/std
→  Are the model results within the std of observed data?

Presenter
Presentation Notes
To these profiles I have applied “ “.





Main biochemical assumptions

• Two phytoplankton types: 
- Spring blooming plankton (Limited by N and P)
- Cyano bacteria (Limited by P only)

• Composition of organic matter according to:
(CH2O)53(CH2)28(NHCH2CO)12(CHPO4T)
→ composition ratio: -138:106:12:1

• Mineralization rate set as 3.5 % of each plankton type
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