
Homework #1

1. There is no one correct answer to this question. But I’ll give some ideas of what is a
good answer.

(a) The question should be specific. It should have specific values or percentages
and/or a specific time frame. Here’s an example of an excellent question:

If people managed to reduce the pollution coming into Lake Erie by 80%
(from its current level), how many years would it take for the pollution
level in Lake Ontario to be reduced to 50% of its present level?

This question, besides being specific, gives us a sense of units (years for time) and
a sense of accuracy (50% means 45-55%).

Here’s an example of a less excellent question:

How much of the pollution from Lake Ontario comes from Lake Erie?

There are two main problems with this question. First, it has no sense of time or
quantity, so its neither clear when we would want the value for nor the relative
accuracy desired. Second, because it doesn’t restrict the context any, it is basically
impossible to answer. We can come up with an answer, but basically we’d have
to assume the answer first.

Here are some other good questions:

If current pollution input levels into Erie are held constant, how much
pollution will there be in Ontario in 10 years?

By how much would we have to reduce the pollution input into Erie to
bring the level in Ontario down to 1 mg/1000 gallons within 5 years?

If we have 3 ways to decrease the pollution (described here), and each
has a different effectiveness and cost (details here), which combination
of treatments is the least expensive way to reduce the pollution to safe
levels in 20 years?

(b) When you are first identifying what quantities might go into a model, go wild.
List everything you possibly can and then later you’ll assume and simplify your
way to a model. For this situation, you need to look at all possible sources of
water and pollution gain and loss (e.g. rain, runoff, streams, other lake, acid
rain, dumping, settling, chemical reaction, cleanup efforts, evaporation). You
need values for the volume, surface area, present pollution levels, etc. You might
even want to consider how the pollution flows in the various bodies of water to
understand its transfer from one to the other. The point is to try and think of all
possibilities and then later decide which to ignore.

2. There are many factors that could cause a change in the population. A few observa-
tions:

(a) The population dependent ones are basically birth and death (by various means).
The dependency can be direct, like murder or disease spread, or indirect like high
density leading to food shortages leading to death by starvation.



(b) The independent ones are the random acts of destruction and the ones controlled
from the outside or potentially by government limits. Some of these may be
actually slightly dependent on the current population through the density, for
example the deaths from a natural or man-made disaster might depend on the
density of the population.

(c) Events that happen more uniformly in time or over the population (e.g. birth)
are in the continuous category, while those that are more random or intermittent
or unlikely, happen on average on regular intervals.

(d) In some sense everything is random, but for those that are frequent enough and
happen across the population we can consider them to be happening uniformly.
The choice of which category usually depends on population size and what level
of detail one wants to resolve.

(e) The question of measurability is very important. For the random events, we usu-
ally have some historical data that we can use to estimate the future probabilities
and future impact. Other values are usually measure locally (e.g. births) but
may take some effort to be measured in the same way at the same time across
the population.


