Models with several system variables

There are two possibilities to construct a more complex model, proceeding from a model with a system variable: First, it can be useful to part the system variable into subcomponents, e. g. dissolved inorganic carbon into carbonate and bicarbonates. Second, a spatial differentiation might impose itself, e. g. the subdivision into spatially separated boxes. 

Example (The global CO2 cycle)

In a very simplified form we can describe the global CO2 cycle by means of the scheme in the following Figure. 
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The numbers shall vaguely refer to the pre-industrial stationary condition, 
when all fluxes between the geochemical reservoirs (atmosphere, ocean, biomass) were nearly balanced. In order to make a dynamic model of this static picture, we can e. g. assume the fluxes between the reservoirs to be linear functions of the content of the original reservoir. 

We proceed from the assumption that mankind disturbs the carbon system by burning fossil fuels with a total quantity of 300 Pg C, which is directly introduced into the atmosphere in one swoop. (We nearly treat the human fossil energy period as a temporal singularity within geological time scales!) 

The model shall be used to answer the following two questions:

1. How does the carbon inventory disperse in the boxes?

2. Where will we find the additional carbon on a long-term basis?

The answer to the second question follows immediately from the fact that the model is linear. On a long-term basis, the additional quantity of C will be distributed in exact proportion to the stationary reservoir quantities. To answer the first question, we have to solve the equation system either analytically or numerically. Even without much calculation we understand why a large part of the additional carbon stays in the atmosphere at least temporarily: the exchange with the main reservoir (deep sea) is relatively slow.
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Non-linear System: Simplified model of the biogeochemical carbon cycle. (Adapted from Rodhe and Björkström (1979) with the permission of the Swedish Geophysical Society.)
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Fig. 4-3   principal reservoirs and fluxes in the carbon cycle. Units are 1015 g(Pg) C (burdens)


and PgC/yr (fluxes). (From Bolin (1986) with permission from John Wiley and Sons.)
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