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Because of the accuracy of WebWork, you should use 5 or 6
significant figures on all problems.

We have examined the discrete Malthusian growth model and
a nonautonomous Malthusian growth model for several coun-
tries. This question examines three population models for study-
ing the population of the U. S. during the 20th century. For com-
parison we include the discrete Malthusian growth model. The
two new models are a Malthusian growth model with immigra-
tion (or emigration) and the logistic growth model. Below is a
table of census data for the U. S. from 1890 to 1980.

Year Population Year Population
1890 62.92 1940 131.69
1900 75.99 1950 151.3
1910 91.99 1960 179.3
1920 105.71 1970 203.31
1930 122.76 1980 226.56

a. Consider the census data for the U. S. from 1890 to 1970.
(Note that the calculation to find the best fitting parameters
does not include the data from 1980.) The discrete Malthusian
growth model is given by

Pn+1 = (1+ r)Pn,

where we assume that r is the decade growth rate and P0 is
the initial population in 1890. We use Excel’s Solver to find
the best fitting parameters, r and P0. You need to give Solver
reasonable estimates for r and P0, which you can find taking
r to be an average growth rate over the years and P0 to be the
actual population in 1890. Have solver compute the least sum of
square errors between the census data and the discrete Malthu-
sian growth model for the years 1890 to 1970. The best value
for the initial population is:

P0 =

and the best decade growth rate

r = .

Sum of Square Errors = .

Use this model to find the population at 1930 and 1980, then
determine the percent error from the population given in the Ta-
ble (assuming that the value in the Table is the most accurate):

Model Population in 1930 = .
Percent Error in 1930 = .

Model Population in 1980 = .
Percent Error in 1980 = .

Finally, project this model to find the population at 2030.

Model Population in 2030 = .

b. In the U. S., immigration has played an important role.
During the 20th century, it has been more or less tightly regu-
lated and maintained a relatively constant value. The discrete
Malthusian growth model with immigration is given by

Pn+1 = (1+ r)Pn +µ,

where we assume that r is the decade growth rate, µ is the immi-
gration rate (assumed constant), and P0 is the initial population
in 1890. We use Excel’s Solver to find the best fitting param-
eters, r, µ, and P0. Again you need to give Solver reasonable
estimates for r, µ, and P0. Take r to be the value computed
in Part a, µ = 3.5, and P0 to be the actual population in 1890.
Have solver compute the least sum of square errors between
the census data and the discrete Malthusian growth model with
immigration for the years 1890 to 1970. The best value for the
initial population is:

P0 = ,

the best decade growth rate

r = ,

and the best immigration rate

µ = .

Sum of Square Errors = .

Use this model to find the population at 1930 and 1980, then
determine the percent error from the population given in the Ta-
ble (assuming that the value in the Table is the most accurate):

Model Population in 1930 = .
Percent Error in 1930 = .

Model Population in 1980 = .
Percent Error in 1980 = .

Finally, project this model to find the population at 2030.

Model Population in 2030 = .
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c. The two previous models grow without bound. One ques-
tion is where the U. S. population will level off, and there are
many estimates on what this might be. The logistic growth
model is a classic model of population growth that grows like
a Malthusian growth model for low population densities. How-
ever, the growth slows with increasing density, and the logistic
growth model has the property of leveling off at the carrying ca-
pacity of the population. The logistic growth model is given by
the discrete dynamical model of the form:

Pn+1 = Pn + rPn

(
1− Pn

M

)
,

where we assume that r is the growth rate, M is a significant
constant relating to density dependent decreases in growth, and
P0 is the initial population in 1890. We use Excel’s Solver to
find the best fitting parameters, r, M, and P0. Again you need
to give Solver reasonable estimates for r, M, and P0. Take r
to be the value computed in Part a, M = 1000, and P0 to be
the actual population in 1890. Have solver compute the least
sum of square errors between the census data and the discrete
Malthusian growth model with immigration for the years 1890
to 1970. The best value for the initial population is:

P0 = ,

the best growth rate

r = ,

and the best limiting growth constant

M = .

Sum of Square Errors = .

Use this model to find the population at 1930 and 1980, then
determine the percent error from the population given in the Ta-
ble (assuming that the value in the Table is the most accurate):

Model Population in 1930 = .
Percent Error in 1930 = .

Model Population in 1980 = .
Percent Error in 1980 = .

Finally, project this model to find the population at 2030.

Model Population in 2030 = .

The carrying capacity is an equilibrium population. The
equilibria of a discrete population model is found by substi-
tuting Pe = Pn and Pe = Pn+1. Make this substitution into the
logistic growth model, leaving you with a quadratic equation.
Solve that quadratic equation to find two equilibria, Pe1 < Pe2.

Pe1 =
Pe2 = .

The larger of these is the carrying capacity.
d. In your Lab Report, create a single graph with all three

models and the census data on the interval 1890 to 2030. Write
a brief description of the curves seen for these models (shapes
and properties of the curves) and discuss how well the models fit
the data. Looking at the three models above, determine which
model you believe best predicts the population for the year 2030.
Write a paragraph describing term-by-term how each model is
reflecting the changes in population with time. Discuss how
reasonable these growth or decay terms are for human popula-
tions. Which model do you believe is the best and why? What
are the advantages and disadvantages of using one model over
the other? Describe two ways that you could improve the best
model to make a better prediction for 2030. Does the immigra-
tion rate in the second model seem realistic for the U. S.? Is the
carrying capacity that you computed believable for the U. S.?
How might you obtain a better estimate of the immigration rate
and carrying capacity?
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