Answers

Chapter 21

ExpGrowthModel.xls Answers
1) Write down the equations for the model.
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2) Work out the "steady-state" generational rate of growth in population as a function of the number of children per couple. A "steady state" in this model is achieved when the generational growth rate of population stays constant. HINT: To gain insight, experiment by changing the children-per-couple parameter and seeing how the steady state changes.

A) From the workbook, it appears that the steady-state generational rate of growth is 50 percent when the number of children per couple is three.  That is the growth rate you get in year 50 and after.  Change the children-per-couple parameter to 2 and the steady-state growth rate will drop to 0; change it to 4 and the growth rate hits 100 percent.  The intuition is that, when each couple only has two children, the parameter just replaces itself; when the parameter is 4 the original two people are replaced by twice as many people.  Thus, the growth rate is 
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3) Set the Grandparent parameter back to 0 and the number of children per couple back to 3. Note the appearance of the Natural Log of Population versus Time graph (it has a kink).  Follow the directions in the comment for cell B4 and explain what is meant by "backward extrapolation."  In doing so, explain why the formula "=2*(Parents/Children_Per_Couple)" in cell B4 will produce a model consistent with backward extrapolation. Take a look at the Natural Log of Population versus Time graph in thinking about your answer.

A) The first thing to notice is that we are not in the steady state when the number of grandparents is 0—that is what gives us the kink because the growth rate is greatest between year 0 and year 25 (the first generation).  Backward extrapolation is the idea that current population ought to be consistent with the previous generation’s population.  Thus, the number of year 0 parents ought to be consistent with the number of year –25 children, which in turn ought to be consistent with year –25 parents, who are now year 0 grandparents.  However, without any year 0 grandparents you could not have had any year –25 parents and any year –25 children.  To understand the formula, suppose there are 10 parents in year 0.  When the number of children per couple is 3, they must be the result of 3.33 couples.  In other words, to find out how many couples in the previous generation produced today’s parents, divide the number of parents by the number of children per couple.  To find out how many parents in the previous generation (today’s grandparents) there were, multiply the number of couples by 2.  If you insert this formula, the kink in the graph goes away and every generation is in the steady state.   

4) Suppose that a revolution in medicine increases life expectancy such that starting with the cohort born in year 0, life expectancy rises to 75 years (meaning that a generation of great-grandparents is added to the model starting in year 3*generation length).  What impact does this have on population growth rates?

A) This requires changing the workbook.  See the GreatGrandparents sheet in ExpGrowthModelAns.xls.  The result is that the steady-state growth rate does not change.  The intuition is that the steady-state generational growth rate depends only on the number of children there are per couple.  

5) Make one (or more) suggestion(s) about how this model of population growth could be made more realistic.

A) There are many possibilities.  We have assumed that every person becomes a parent, but this is not true.  Also, all the parameters vary over time.  (Demographers focus on children per female [the total fertility rate] instead of children per couple.)
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