2007 Economics Written Comprehensives:  

Empirical Data Exam Answers
Student ID Number ____________

Instructions:

There are a total of 10 questions each worth 10 points for a total of 100.  We suggest you read through the entire exam before starting to answer the questions.  There is a lot of explanatory text.  For ease of reading, we have underlined the questions.  
Type the answers to the questions into the space below the questions. 

This exam is based on Marc Nerlove’s classic paper, “Returns to Scale in Electricity Supply.” You will work with the Excel file, Nerlove.xls.  This file contains a version of the data set which is apparently slightly different from that employed by Nerlove; the original data has been lost.  A consequence is that the results we will obtain are slightly different from those reported in the paper.  If you wish, you may also use Stata. To start with Stata, simply double-click on NerloveStata.do in the Commons folder.  
The Research Question

The fundamental research question is:  Do firms in the electricity supply industry have increasing returns to scale?  This exam tests your understanding of the economic and econometric issues in the paper.  Page and equation references are to Nerlove’s paper.
We begin by working with the Cobb-Douglas cost function that Nerlove studied.  Go to the CostMinSetup sheet in Nerlove.xls.  There you will find named cells containing values of the key parameters of the model and the values of other exogenous variables.  In this case, the values of the prices of labor, capital, and fuel are set at the sample average values in Nerlove’s data set.  The values for the three parameters in the Cobb-Douglas production function should be set at 
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. This makes the parameter r, which measures returns to scale and is the sum of the three production parameters, equal to 1.72.   
1) Use the Comparative Statics Wizard to roughly (not necessarily exactly) reproduce the chart of the dashed line in Nerlove’s Fig. 3, p. 182.  Have Desired Output go from 50 to 1000.  You will need to set up the Solver to minimize the cost of production.  Copy the resulting graph, appropriately labeled, into the space below. 
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2) With your results from (1), produce a graph containing Average and Marginal Cost Curves corresponding to the results you obtained in (1).  You may obtain the Marginal Cost curve using either discrete changes or calculus (see equation (4) of the paper, p. 172).  Copy the resulting graph, appropriately labeled, into the space below.   SAVE the workbook to your folder.  
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3)  In general what does the optimal value of the Lagrangean multiplier in constrained optimization problems tell you?  In this particular case, what economic concept does the Lagrangean multiplier correspond to?  Report the value of the Lagrangean multiplier using Excel for q = 1000.  

In general the Lagrangean multiplier indicates the rate at which the objective function changes as the constraint is relaxed.  In this case the Lagrangean multiplier gives the marginal cost of output.  For q = 1000, we obtain a value of 2.76, which is in accord with the results from calculus.  
Nerlove did not use Solver to minimize costs.  Instead he derived the cost function, which is the general solution to the cost minimization problem you have just studied.  This cost function is 
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The cost function conveys the minimum cost of obtaining a given level of output (y) by an optimizing firm facing given prices of labor, capital, and fuel. 

We turn now to econometrics.  Equation (4) from Nerlove’s paper displays the cost function with a multiplicative error term tacked on:
(4)  
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The error term (v) reflects the influence of all other factors that influence price, including the abilities of management.  On average the error term will take on a value of one, but firms with better managers will, ceteris paribus, have lower levels of v than those firms with poorer managers.  For now, assume that the output level and the factor prices are exogenous, as Nerlove does on page 168.
The Data sheet contains the data and estimates.   You should go to that sheet now. Those working with Stata should double-click on NerlovePart1.do.
Equation (4) says that, ceteris paribus, minimized costs are directly proportional to
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, which is output raised to the inverse of returns to scale (r).  Take the natural log of equation (4), and we obtain equation (5), in which the capital letters stand for the natural log of the corresponding small letters, e.g., C = ln(c).   

(5) 
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Let us now imagine the simplest possible version of the basic model: drop all the price terms and the error term from equation (5) and we are left with what we’ll call (5A):

(5A) 
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The error term W in equation (5A) includes all of the price terms from equation (5) as well as the error term V of equation (5).  When we estimate equation (5A), we obtain these results:

	Coefficient
	Estimate
	Estimated Standard Error

	Intercept
	-2.925
	.127

	Y
	.709
	.019

	R2
	.910
	

	Implied Value of r
	1.41
	


Equation (5A) has the virtue of simplicity.  The estimate of 1.41 for r points to substantial economies of scale, not far off from Nerlove’s conclusions using equation (5).   But Nerlove does not present this model despite his evident respect for simplicity as a virtue of econometric analysis (see last sentence of p. 185).   

4) ) Why did Nerlove choose to estimate model A (also known as equation (10)) instead of the model of equation (5A)?  Explain in a sentence or two.
Nerlove chose model A because he was worried about omitted variable bias. For example, it could be that firms with lower labor costs also had higher output.  The lower costs due to lower wages would be attributed in equation (5A) to higher output.  
Next. let’s consider two versions, restricted and unrestricted, of the basic model.  The restricted version is Model A; the unrestricted is equation (5)—see the top of p. 175.   
5)  Nerlove estimates Model A—which is the same as equation (10); his results are given in line I of Table 3 (p. 176). As previously mentioned, our results are slightly different because we are working with a different data set.  You can find the results either by looking at the Data sheet in Nerlove.xls or by executing the NerlovePart1.do file.  Nerlove does not estimate equation (5), but you can and should do so, either in Excel or in Stata or both.  Put your results here:
	Coefficient
	Estimate
	Estimated Standard Error

	Intercept
	-3.53
	1.77

	Y
	0.720
	0.175

	P1
	0.436
	0.291

	P2
	-0.220
	0.339

	P3
	0.427
	0.100

	R2
	0.926
	N/A

	Implied Value of r
	1.388
	N/A

	SSR
	21.55
	N/A


6)  According to theory, in equation (5) the coefficients multiplying the three prices should sum to 1. Test the null hypothesis that the sum of the coefficients on prices in the estimated version of equation (5) is indeed one. Show your work and explain the basic logic behind the test. You will need to know that the formula for the area underneath the F distribution to the left of the observed value in Excel is FDist(x,1,140).  Here x is the value of the F statistic, 1 is the number of degrees of freedom in the numerator, and 140 is the number of degrees of freedom in the denominator—as part of your answer, explain why these are the right numbers. The basic formula for the F statistic is:
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7) Explain how Nerlove obtains the values for the elasticity of output with respect to Labor, Capital, and Fuel in Table 4, line I. 

The elasticities are the values of the parameters a1, a2, and a3 for labor, capital, and fuel, respectively.  To get these, Nerlove first finds r which is the reciprocal of the coefficient multiplying Y (that’s 1/0.721) then multiplies the coefficient on P1-P3 by the value of r to get the value of a1 (that’s 0.562 x 1.39).  He does the same thing only with the coefficient on P2-P3 to get the value of a2.  Finally, he obtains the value of a3 by subtracting the computed values of a1 and a2 from the computed value of r.  

Nerlove writes on p. 179:

As part of these analyses, the residuals from [Model A] … were plotted against the logarithm of output. The result is schematically pictured in Fig. 1. It is clear that … [the] regression relationship is [not] truly linear in logarithms. To test this visual impression the observations were arranged in order of ascending output, and Durbin-Watson statistics were computed: the values of the statistics indicated highly significant positive serial correlation, which confirmed the visual evidence.

A picture of the residuals is in column W of the Datasheet in Nerlove.xls and is in the graph produced by NerloveStata.do.
8) Explain why the fact that there was clear positive serial correlation in the residuals is consistent with a nonlinear regression relationship.  Hint:  What would happen to the residuals if the relationship between the logs of costs and output were in fact linear?
The serial correlation arises from the fact that if one residual is positive, then the following residual is likely to be positive, and vice versa.  The residuals are estimates of the error terms. If the relationship between the logs of costs and output were in fact linear, then the residuals should be scattered randomly around the regression line.  However because there is a systematic relationship between the residuals (and thus the errors) and the level of output the regression line is not capturing the complete functional form describing how costs vary as output changes.  Figure 3 shows that a pattern of residuals being systematically positive, then negative, then positive, will ensue if the cost function is nonlinear.  This pattern generates positive serial correlation in the residuals.  
9) Explain below why Nerlove chose to run regressions IIIA to IIIE and what the results for these regressions appear to tell us.  

He did so precisely because of the evidence of a nonlinear relationship between the lgos of costs and output.  These regressions give evidence that returns to scale in fact decrease and that the cost function therefore looks like the solid line in Figure 3.  

10)  Suppose that larger firms on average hire managers who do a better job of minimizing costs.
  How would that affect the estimates from equation (10) and the conclusion one would draw from equation (10)?  Give a careful answer.  
This will cause the estimates from equation (10) to be biased owing to omitted variables.  Lower costs will be attributed to higher output, giving evidence of economies of scale.  (More exactly costs won’t rise as rapidly as output rises, reducing the value of the coefficient on the log of output.)  However, in fact lower costs will be due to better management and therefore smaller error terms. 
� This is a plausible assumption. Some economists believe that larger firms hire better managers and, furthermore, that the rapid increases in pay of CEOs in the last two decades are explained by the increases in the market values of firms they run.    
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