Moose Populations
Instructions:  For this project you’ll be drawing graphs and answering the questions asked.  Be sure to write using complete sentences clearly telling the reader what’s what.  Show all your work neatly, and label and scale all graphs.

The moose populations in Vermont, New Hampshire, and Maine increased sharply during the 1980s. Meeting a moose in the wilds can be dangerous, but meeting one head-on in a car can be fatal. Even though signs warning "Moose Crossing" have been posted, moose-car collisions on northern New England roads are posing an increasing hazard for motorists (and for the moose). The table below provides data on moose-car collisions that occurred from 1980 to 1990.
	
	1980
	1984
	1985
	1988
	1990

	Vermont
	0
	unknown *
	12
	unknown
	41

	New Hampshire
	unknown
	unknown
	49
	117
	170

	Maine
	156
	215
	unknown
	unknown
	500


1. Consider first the data for Vermont. On a separate sheet of paper, plot the number of collisions versus the year, t . ("Number of collisions" will appear on the vertical axis; "year" will appear on the horizontal axis.) How many more collisions were there in 1990 than there were in 1985? This number represents the increase in the number of collisions over that entire five-year period. Translate this number into the average rate of change in the number of collisions per year for that period.

2. Now calculate the average rate of change in the number of collisions per year for the period 1980-1985.

3. Compare the average rate of change (collisions per year) for 1980-1985 and for 1985-1990. Did the rate increase, decrease, or remain the same for the two consec​utive five-year periods?

4. Write the equation of the line that passes through the data points corresponding to the years 1980 and 1985.  (You’ll need to decide what  t  represents: perhaps “years since 1980.”  Be sure though that it corresponds to the way you draw your graph.)  Sketch this line on your plot of the data.  If this line had accurately represented the relationship between the number of collisions and the year, how many collisions would you have expected in 1990?  What, then would have been the average increase per year in numbers of collisions from 1985 to 1990?

5. Make another graph using the data for New Hampshire. Do you think the points lie on a line? Check by computing the average increase per year in numbers of collisions for 1985 to 1988 and then for 1988 to 1990. Are these rates constant?  So, do these points lie on a line?
6. Now plot the data for Maine. Draw a line that passes through the data points corresponding to the years 1980 and 1984. Draw a second line that passes through the data points corresponding to the years 1984 and 1990. Without doing any calculations, state what happens to the average rate of change in numbers of collisions. As time passes, does that rate increase, decrease, or remain constant? Explain how you can answer this question by simply looking at your graphs.

So far we’ve seen an alarming increase in automobile-moose collisions in northern New England, attributable to the rapid increase in the number of moose in the region.  For the rest of this project we’ll be discussing the moose population in New Hampshire only.
7. Now suppose that for each year after 1990, the moose population were to grow at a rate of 10% . At the start of 1991, there were an estimated 4000 moose in New Hampshire. How many addi​tional moose would there be one year later? What would be the moose population at the start of 1992? At the start of 1993?
8. Instead of calculating the moose population year by year, we'll write a formula that estimates the number of moose in a given year t. Let t stand for the number of years since 1991. Given a 10% yearly growth rate, the number of moose in subsequent years can be modeled by an exponential function in standard form:
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Write the formula for this model, specifying values for the constants C and b.
9. The standard-form exponential model you just wrote has an equivalent base-e form,
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Determine the values of  C  and  k , and write the base-e form of the model. Then verify that, for both versions, 
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 agrees with the number of moose you calculated for 1992, 
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and agrees with the number you calculated for 1993.
10. Approximately how many moose would you expect in New Hampshire in the year 2001, if this growth process were to continue unchanged for ten years?

11. Now, imagine that changing conditions (an increase in the deer population, perhaps, or loss of forest due to development) cause the moose population to decrease at a rate of 15% after the year 2001.  Thus, for  
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 , the number of moose would be approximated by a different exponential function.  How many moose would we expect in 2002?  (Use your result from #10 for this calculation.)
12. Now you'll write this new function in standard 
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 form. There's something tricky here, because 
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 is still supposed to stand for 1991, but we want this particular function to begin in 2001. A very easy way to get over the hurdle is to perform a shift of ten years to the right. Write the function in standard form and then modify the exponent to incorporate the shift.  Verify that your function gives the correct results for 2001 and 2002 (years 10 and 11).
13. Write the new function in base-e form. Don't forget the 10-year shift.
14. Sketch the graph of the piecewise exponential function that models the changing number of moose in New Hampshire over the thirty year period from 1991 to 2021. Include your sketch below being sure to provide scales and label the axes.  
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15. Write the algebraic formula for this piecewise exponential model.

16. Assuming that this rate of decrease continues, predict the year by which the moose population in this region will be practically nonexistent. (You'll have to decide for yourself what constitutes being "practically nonexistent.")  Be sure to include what you decided constitutes being "practically nonexistent."
17. In the previous questions, we assumed that the moose population would increase or decrease by a certain percentage each year.  Suppose, instead, that the moose population in New Hampshire were to increase at the constant rate of 100 moose per year from 1991 to 2001 and that after 2001 the population were to decrease at a constant rate of 150 moose per year.  Write a formula that models the number of moose, with respect to time, in New Hampshire for the years from 1991 until the moose have disappeared from the region.  Your formula should be written as a piecewise linear function.  Be sure to check that it gives the correct results for 1991 and 2001.
18. Sketch the graph of this model.  Include your sketch below being sure to provide scales and label the axes.  
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19. According to this model, in what year will the moose population disappear from New Hampshire?
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