SOEE3110: Earth System Science: Biogeochemical Cycles.
SOEE5232: Biogeochemical Cycles of the Earth System.

Constructing a model of the Contemporary Carbon Cycle.

During the course, you will use the STELLA software to construct your own model of the contemporary carbon cycle.  This practical work will make up 25% or 20% of the module assessment, depending on whether you are taking SOEE3110 or SOEE5232 respectively.

You need to build your model in three stages using the guidelines below, and adding to the complexity each time.

You must hand in your model after completion of stage 1 (during class in week 7) so that you can receive formative feedback (i.e. comments that you can use to improve your work, not marks).  You must then complete stages 2 and 3 for summative assessment (i.e. marking) and hand those in to the general office (week 10: deadline below).

The ASSESSMENT CRITERIA for this exercise are given at the end, so you should read this document in full before beginning your modelling.


Stage 1: the basic models of atmospheric CO2 (hand in Week 7):

Looking at the long term trend of atmospheric CO2 since 1800 shows that the increase is less than what would be expected if all the anthropogenic emissions ended up in the air.  In reality, part of this increase in emissions is removed by oceans and plants (in roughly equal proportions).  This forms the basic stage of our CO2 model.

1. In the Model window, create a model with a reservoir to represent cumulative atmospheric CO2, with an input due to fossil fuel emissions, and no outputs. 
2. In the Interface window, create both a graph and table of cumulative atmospheric CO2 so that you can see your output as you build your model.
3. Now add some test data. Key parameters you need are:
a. Model timing: set up the model to run from 1800 to 2050, with a DT (sensitivity or time interval between calculations) of 1 (i.e. annual)
b. Initial CO2 in atmosphere: set at 280ppm.
c. Fossil fuel input needs to be scaled carefully using a convertor with a graphical function.  Your increases in CO2 emissions are:
- From 1800 to 1890: increases 0.35ppm per annum
- From 1900 to 1950: increases 0.6ppm per annum
- From 1960 to 2050: increases 1.7ppm per annum 
i.e.  You curve should roughly hit 315ppm in 1900, 345ppm in 1950, 425ppm in 2000.  HINT: try using 26 data points so that the model only shows data for exactly every 10 years because makes it easier to see what is going on.
4. Now you need to modify your model slightly to include some basic outputs.  Create a similar model adjacent to your existing model, with a reservoir for atmospheric CO2 that has an influx (fossil CO2) and two effluxes (biomass transfer and ocean transfer).
5. Set up the same converter and graphical function for the input (you can use the ghost icon to ‘ghost’ this section of your old model if you like, which is a bit like copying).
6. Use converters to set up the removal fluxes so that 25% of the input is removed by each output process.
7. Now modify your graph and tables so that they show both atmospheric carbon dioxide and cumulative carbon dioxide on the same scales.  You should have about 395ppm atmospheric carbon dioxide at the end of your run.
8. Finally, create a text box in your interface window and write a paragraph to explain the processes you are modelling.

HAND YOUR STAGE 1 MODEL IN AT THE END OF THE SESSION IN WEEK 7 FOR FEEDBACK. YOU MUST HAND IN A PRINTOUT OF YOUR ‘MODEL’ SCREEN PLUS A PRINTOUT OF ‘INTERFACE’ SCREEN.  IT IS EASIEST TO COPY AND PASTE THESE INTO WORD BEFORE PRINTING OUT.


Stage 2: adding the effect of respiration & photosynthesis.

You don’t need to hand this stage of your model in, but we suggest that you have completed it by week 8 so that you have sufficient time to complete stage 3.

The actual measured trends in CO2 how 'wiggles' caused by the relative balance of photosynthesis (uses CO2) and respiration (produces CO2).  At winter's end, respiration outpaces photosynthesis, increasing atmospheric CO2, whereas the reverse is true at the end of summer.  Whilst the effects will have a phase shift with latitude (Australian summers coincide with UK winters), this does not need to be on the model.   Similarly, the northern forests have a much greater impact than vegetation in the southern hemisphere, but this is not included because the model is just meant to be a global average.

Use converters and connectors to modify your model so that you can create another graph in your interface window that has atmospheric CO2 and cumulative atmospheric CO2 lines, both with these wiggles on.  The easiest way to do this is to create a separate section from your model that comprises just three converters.  Two of these converters will be the actual variables that you graph and the third will be the mathematical function that creates your wiggles (choose and scale a suitable function from the list of ‘builtins’ that come up when you double click on your converter.).  This new section of the model can be fed information from your existing reservoirs.

Do not be tempted to use fluxes to modify the reservoirs because your model will get too complex as the new modifiers get caught up in the existing feedback loops. 

Make sure you modify your interface window to show appropriate graphs and tables, and you will also find it useful to include a text box explaining the processes that you have modelled.


Stage 3: Finishing touches to the terrestrial biomass, and adding detail to the ocean carbon dioxide cycle. (Hand in Week 10: Deadline 2pm Thursday 1st  December.

Your stage 2 model was still rather open-ended, with carbon dioxide leaving the system via both biomass transfer and ocean transfer.  The final stage of your task is to finish off these loose ends. 

Unfortunately, there is still an intense debate about the processes and feedbacks involved in controlling the carbon cycle in terrestrial biomass.  Therefore, your efforts will concentrate on the ocean carbon cycle.  To finish off the terrestrial biomass part of the model, simply add a reservoir called ‘excess terrestrial C’ to the end of the biomass transfer flux.  This is obviously a gross oversimplification of the system, but it does at least allow you to create a graph of how much carbon ends up as terrestrial biomass.

The ocean carbon cycle is also complex and full of uncertainties.  However, for the purposes of your model, we will assume that we can model it with two key processes.

First, create a reservoir called ‘excess into surface ocean’ to receive the ocean transfer flux.  Now assume that two processes remove carbon dioxide from this reservoir.  One process is advection from this reservoir into deep ocean water.  The other is uptake by ocean biota.  Assume that half of the carbon dioxide from the ‘excess into surface ocean’ reservoir goes via each pathway.  Finally, model the ‘biological pump’ that moves the carbon from the biota into deep ocean detritus.

Make sure you modify your interface window to show appropriate graphs and tables, and you will also find it useful to include a text box explaining the processes that you have modelled.  This model still has key limitations, so make sure you also include a text box that explains what you think they might be.

HAND YOUR STAGE 3 MODEL IN THE STUDENT SUPPORT OFFICE: 2pm Tuesday 30th November

You must hand in a short report that includes printouts of your model screen and graphs, tables and notes from your interface screen.  You can change the colour of the graphs etc on the latter to make it easier to print out in black and white.  NOTE: you should compile your report in Microsoft Word.  You can copy and paste text boxes and model output from your interface screen (graphs, tables) by right clicking on them.  Similarly, you can use the edit menu in the model screen to select you entire model (‘select all’) and then copy and paste it into Word.  Given the shape of most models, it may be easiest to use a separate Word document for the model, with the page set up in landscape rather than portrait.



ASSESSMENT CRITERIA:

Your report must summarise the three stages of development of your model.  It should present the model itself, plus key outputs.  You should provide an explanation of what the outputs mean, and you should also discuss the limitations of the model, given your knowledge of the carbon cycle.  Marks will be awarded using the five criteria detailed below.  Suggested subheadings for your report are: Introduction; model construction; model output; interpretation of model output; conclusions and limitations of the model.

Assessment criteria (with weighting):
(1) Overall presentation and writing style (20%)
…..… how well have you put together and presented the report on your model, including the model itself and key model output?
…….. how well written is your report?

(2) Construction of your model (15%)
…….. how elegant is your model construction? 
…….. how easy would it be to modify your model to test alternative scenarios?
…….. how easy would it be to add further complexity to your model?

(3) Accuracy of your model output (15%)
…….. how close to real values (including those given in guidance notes above) is your model output?

(4) Interpretation of your results (25%)
…….. how well have you explained the output from your model and what it means in terms of the carbon cycle?

(5) Model limitations (25%)
…….. given your knowledge of the carbon cycle, how well have you explained the limitations of the model and what improvements might be made?
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