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PRINCIPLES OF ECONOMICS LAB – 3-D AND CONTOUR PLOTS

OBJECTIVES:  The purpose of this lab is to use Excel’s built-in Data Table function to create three-dimensional plots of common economic functions.  Once the three-dimensional plots are created their associated contour plots can be shown.  The 3-D functions include the utility and production function and their associated contour plots form indifference curves and isoquants from economic theory.  Concepts discussed include diminishing marginal utility and substitutability.

I. Utility Functions and Indifference Curves
We begin with a multiplicative utility function.[footnoteRef:1]  Utility functions measure how changes in consumption affect consumer utility.  Consider Steve the student whose utility from consuming food, F and beverages, B is given by  [1:  This particular multiplicative form is known as a Cobb-Douglas function.] 


U(F, B) = F1/2B1/2
[bookmark: OLE_LINK1]
Let’s first create the 3-D plot of this utility function.  The easiest way to do this is to create an Excel Data Table using Excel’s Data Table command.  This command automatically creates a collection of data points from exogenous variables and tabulates the results into a rectangular array of cells (i.e., the table).  For our utility function, we first specify a range of values for our exogenous variables, F and B.  One range will consist of a series in a single row; the other, a series in a single column.  The row and column form the border of the data table.  To create the utility function we will create a series for both F and B from 1 to 10.  
A. Creating the Table
(a) Open Excel and type “F =” in A2 and “B =” A3.  Type “Beverages” in cell B10 and “Food” in cell H3.  Type (any) positive numbers in cells B2 and B3.
(b) Create a row of data ranging from 1 to 10 in cells D4 to M4.  (Recall that you can type “1 = ” in cell D4, “2 = ” in cell E4 and use Excel’s AutoFill to fill in the remaining cells in the row.)
(c) Create a column of data ranging from 1 to 10 in cells C5 to C14.
(d) Write the utility formula in the upper-left corner cell of the table, cell C4, using cell B2 as the reference for F and cell B3 as the reference for B.  Utility is considered the endogenous variable and thus cell C4 is the endogenous cell reference used by Excel.
(e) Highlight the area from C4 to M14 (this will form the data table). 
(f) Click on the Data tab and select “What if analysis?” and then select “Data Table”.
(g) A window appears asking you for a “Row input cell” and a “Column input cell”.  Excel needs to know which starting value cell should be replaced by the row of data that has been created, and which starting value cell should be replace by the column of data that has been created.  Type “B2” for the Row input cell: as this is the starting value for F and type “B3” for the Column input cell: as this is the starting value for B.  Click OK.  Afterward, you should see the table that Excel automatically created.

(h) As a self test, compute the level of utility for the combination (F = 4 and B = 4) by hand, and look up the answer in the table.  Both methods should give an answer of 4.  This means that a consumer with these preferences derives 4 units of happiness from consuming four units of food and four beverages.
Q1: Write three combinations of F and B that yield a utility level of 2.
Q2: Write three combinations of F and B that yield a utility level of 4.

B. Creating the 3-D Plot
(a) Highlight the data from the table (exclude the border column and border row and the utility cell).  Click on the Chart Wizard icon in the Excel toolbar and select Surface under Chart type and click Next
(b) Choose the “Coose data” tab.  By default, one of the axes will not have numbers for values but S1, S2, etc.  These represent the series names.  Rename them to their associated numbers (e.g., Series1 = 1, Series8 = 8) by selecting a series and selecting “Edit” under “Legend Series” and then typing the relevant number in the Name: box.  Do this until all series have been renamed numbers.  This will improve the viewability of the graph.  When done, click Next.
(c) Select the Title tab and type “Food” into the Category (X) axis: box and type “Beverages” into the Series (Y) axis: box and type “Utility” into the Value (Z) axis:.  Click Finish.  The graph should look as follows.



(d) Note the contour bands on the utility surface.  Each band shows combinations of food and beverages that yield the same range of utility.  The width of the bands is set by the utility range specified in the legend on the right side of the graph.  Let’s narrow the bands by double clicking on the legend.  Select the Vertical axis and select “Format Axis”  and type “1” under Major unit:.
Q1: Does the graph indicate diminishing returns to Food and Beverages?  Explain.

V. Viewing the Contour Plot
Deriving indifference curves from the three-dimensional utility function is easily done by rotating the 3-D plot to get a “bird’s eye” view of the plot.  Doing this enables us to view the contour plots more easily.  These contour plots are the familiar indifference curves seen in microeconomics.  
(a) To view the contours right click on walls of the plot.  A menu will appear.
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Choose 3-D View.  In the 3-D View menu that appears, type “90” for Y: X, “0” for Perspective: and “0.1” for Rotation (it will automatically say 0.1 if you type “0”): as shown below.
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Click OK.  The graph should appear as follows.


Each thick band indicates the combinations of Food and Beverages that yield the same range of utility.  For instance 4 units of Food and 5 Beverages will yield a utility level in between 4-5.  Similarly 5 units of Food and 4 Beverages also yield a utility level in between 4-5.

Q2: What does the shape of the indifference bands indicate about the substitutability (or marginal rate of substitution) of Food for Beverages? 
Q3: Create and show the data table, 3-D plot and indifference curves for the following linear utility function

U(F, B) = 2F + 3B.

Does the 3-D plot indicate diminishing marginal returns?  Explain.  What does the shape of the indifference bands indicate about the substitutability of Food for Beverages? 
Q4: Create and show the data table, 3-D plot and indifference curves for the following (concave) utility function

U(F, B) = 2F1/2 + 3B1/2

What does the shape of the indifference bands indicate about the substitutability (or marginal rate of substitution) of Food for Beverages?
Q5: Advanced Problem.  Create and show the data table, 3-D plot and indifference curves for the following perfect-complements utility function[footnoteRef:2] [2:  Hint: the perfect complements function gives L-shaped indifference curves and Excel has a MIN function that can be written exactly as shown in the problem.] 


U(F, B) = min(F, B)

What does the shape of the indifference bands indicate about the substitutability (or marginal rate of substitution) of Food for Beverages?
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