POSTSCRIPT: Additions to sections of Sources and Sinks of CO2
3. ILLUSTRATRATION OF THE CARBON-13 CASCADE

A further model of the carbon cascade is to consider that the yearly increase in CO2 carries the δ13C for fossil fuels, that is δ13C = -26. [image: image1.emf]0.0
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Figure 1 Three Month averages of year on year differences of the monthly measured CO2 atmospheric concentrations for Mauna Loa and the South Pole
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Figure 2 Changes in δ13C at the South Pole with annual additions of fossil fuel derived CO2 compared to the SIO measurements
So starting with the CO2 concentration of 333 ppm and the δ13C = -7.52 at the South Pole in January 1978, each year the added contribution steadily reduces δ13C. The CO2 additions are shown in Figure 1 and the results of the yearly additions with δ13C = -26 are shown in Figure 2. Clearly this simple model does not follow the measurements. This is further illustrated in Figure 3 where the measurements of year on year changes in δ13C are compared to the simple calculation. 
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Figure 3 A simple calculation of the changes in δ13C accruing from yearly additions of fossil fuel derived CO2 at the South Pole along with the SIO measurements showing annual differences in δ13C. The annual increments are derived solely from fossil fuel emissions.
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Figure 4 A simple calculation of the changes in δ13C accruing from yearly additions of fossil fuel derived CO2 at the South Pole along with the SIO measurements showing annual differences in δ13C. The annual increments include 24% derived from fossil fuel emissions.

The calculation can be brought into broad but not detailed agreement if only 24% of the yearly additions have δ13C = -26 with the balance having the average δ13C value at the start of the period.. This is shown in Figures 2 and 4. 
The calculation using 24% of δ13C = -26 CO2 suggests that much of the monthly fossil fuel emissions must be exchanged with other sources and sinks inside the one month period. However this result does not indicate the level of CO2 from fossil fuel emissions in the atmosphere since it clearly does not match the measured variations in δ13C. 
There must be other significant processes contributing to annual CO2 increases in the atmosphere.
6. CONCLUSION
A major part of δ13C variations during El Nino events may be due to the behaviour of phytoplankton and droughts in tropical forests and savannas.
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Figure 5a. Estimates of the productivity of phytoplankton to fix CO2 in the ocean. The data shown is a productivity anomaly derived from satellite measurements1. 5b. Variations in total atmospheric CO2.
Measurements by satellite of changes in ocean colour
 have allowed estimates of the productivity of phytoplankton to fix CO2 in the ocean. During El Nino events the phytoplankton productivity is reduced thus less CO2 is removed from the top layer of the ocean and this is reflected in an increase of CO2 in the atmosphere. In Figure 5a the Net Primary Production (NPP) data has been converted to Gt C per year and is compared in Figure 5b to changes in total atmospheric CO2 in Gt C. 
The conversion factor for CO2 concentration to total atmospheric CO2 is 1 ppm = 2.14 Gt C. 
So assuming a constant background of 2.5 Gt C, the areas under the peak for the El Nino of 1997/98 are as follows

	El Nino 1997/98
	NPP

Gt C
	Atmospheric CO2

Gt C
	NPP/Atmospheric CO2

	Measured
	2.10
	3.9
	54%

	Measured and Inferred
	2.68
	5.1
	52%


Note that for atmospheric CO2 the El Nino sits on a plateau of 1.2 ppm.
So the conclusion is that variations in phytoplankton may be responsible for some half of the peak in atmospheric CO2 during the 1997/98 El Nino. This would also be a natural explanation for the simultaneous enrichment of carbon 12 in the atmosphere as photosynthesis was reduced.

The question remains would the tropical forests or savannas be able to supply the other half of the effect? 
The answer may be indicated by the correlation of tropical droughts with El Nino events as calculated by Lyon
 and illustrated in Figure 6. Between latitudes 300 N and S the tropical forests cover about 15% of all land surface and savannas cover 11%. The tropical forests cover marginally more surface than the arboreal forests of the Northern Hemisphere. However trees are complicated organisms compared to grassland plants which may be less resistant to drought. So the savannas may be the more important component that could contribute to the El Nino CO2 pulse. 
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Figure 6. Severe Drought Index as calculated by Lyon2
There may be a plausible explanation of the yearly variation of CO2 due to El Nino events. It is possible to account for the change in the amount and isotopic
 composition of the CO2. 
There does not appear to be a major role for fossil fuel emissions of CO2.
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