
Ecological Modeling
Homework #2        Due: Nov. 28, 2002

1. The problem: Suppose that some kind of pollutant is dumped from a factory into a lake with a
volume of 500 cubic kilometers (V).  The flow rate of the polluted water (Fin) into the lake is 20
cubic kilometers per year, with a concentration of the pollutant of 0.001 grams per cubic meter
(Cin).  The water in the lake is removed from the other end at a rate of 20 cubic kilometers per
year (Fout).  The following diagram depicts the situation:
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The objective: We want to predict the average concentration of the pollutant in the lake (Cp) at
any point of time.

Assumptions: (1) the lake did not contain any amount of the pollutant before, and (2) once the
pollutant is released into the lake, it is quickly mixed so that the concentration of the pollutant
can be treated as its average over the entire lake.

Tasks:

(1) Write out a mathematical equation (e.g., a differential or difference equation to describe the
temporal change in the pollutant concentration in the lake.  You do NOT have to solve the
equation analytically although it can be readily done in this case.

(2) Develop a systems model using STELLA or any other programming tools you want to
choose, and simulate the dynamics of the total amount, and the concentration, of the pollutant in
the lake for 100 years.

(3) What if Fout declines exponentially from its initial value of 20 cubic kilometers per year and
reaches zero after 50 years?  [Hint: In this case, the volume of the lake changes in time.]  Modify
your simulation model if necessary and simulate this situation.  Compare the results from the two
scenarios.

(4) Present your simulation model (the structural diagram, and equations) with results and
provide a succinct explanation for the simulation results.

2. Conduct sensitivity analysis on the Wu-Barlas (1989) population model (homework #1) with
the following parameters: (1) PCBR, (2) PCDR.  Report the results in a tabular format and
discuss the findings.
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