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UNIVERSITY OF VICTORIA             EXAMINATIONS, APRIL 2010 
 

ECONOMICS 546: THEMES IN ECONOMETRICS 
  
 
TO BE ANSWERED IN BOOKLETS                 DURATION:  3 HOURS 

        INSTRUCTOR:  D. Giles 
 
STUDENTS MUST COUNT THE NUMBER OF PAGES IN THIS EXAMINATION 
PAPER BEFORE BEGINNING TO WRITE, AND REPORT ANY DISCREPANCY 
IMMEDIATELY TO THE INVIGILATOR. 
 
THIS QUESTION PAPER HAS 6 PAGES.  
STATISTICAL TABLES AND A FORMULA SHEET ARE SUPPLIED SEPARATELY. 
 
This is a “closed book/closed notes” examination. Calculators may be used. 
Answer ALL FIVE QUESTIONS                         (Total Marks = 90) 
                                                                                                                                                               
 
Question 1: 
 
Discuss the following statement: 
“When estimating the equations of a simultaneous equations model we have to trade off the 
advantages and disadvantages associated with ‘single equation’ estimators, and ‘full system’ 
estimators.” 
                  Total: 10 marks 
 
Question 2: 
 
The probability density function for the Erlang distribution is: 
 

])!1(/[)]/exp()/[()( 1   cbbxbxxp i
c

ii        ;   b, c > 0 ; 0 < xi <  ;  i = 1, 2, ......., n. 
 
The scale parameter is b, and the shape parameter is c. For this distribution, the characteristic 
function is: 
 

 c
x itbt  )1()(  ; where 12 i . 

 
(a) Prove that the mean of this distribution is cb and its variance is cb2 

          (5 marks) 
(b) Now assume that the value of c is known, so the only parameter to be estimated is b. 

Derive the MLE for b. (Make sure that you check the second-order condition.) 
(6 marks)  

(c) Derive the Lagrange Multiplier Test of H0: b = 1, against a 2-sided alternative hypothesis. 
 Explain how you would apply this test in practice. 

(6 marks) 
(d) Derive the Wald Test of H0: b = 1, against a 2-sided alternative hypothesis. Explain 
 how you would apply this test in practice. 

(3 marks) 
Total: 20 marks 
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Question 3: 
 

(a) Explain why the usual linear regression model is generally inappropriate when we 
wish to model “count” data.  

         (5 marks) 
(b) An alternative distribution for count data is the Geometric distribution, whose mass 

function is : 
 

)1()1()|(  yyyp   ;   μ  >  0     ; y = 0, 1, 2, ……… 
 
Show that this distribution is a member of the “linear exponential family” of 
distributions – that is, show that its mass function can be written in the form: 
 

)]()()(exp[)|(  ycybayp  , 
 
where )(a and  )(c  are functions only of μ ; and  b(y) is a function only of y. 

[Hint: Write }])1(exp[log{)|( )1(  yyyp  , and proceed from there to show 

that )1log()(  a  and )]1/(log[)(  c .] 
         (4 marks) 

(c) The mean and variance of distributions in the linear exponential family are 
 

)('/)(')(  caYE   and )('/1)( cYVar   respectively, where 



d

da
a

)(
)('  , etc. 

Show that the mean and variance of the Geometric distribution are μ and [μ (μ+1)] 
respectively. 

         (4 marks) 
(d) What advantage might this distribution have over the Poisson distribution when 

modeling count data? 
         (2 marks) 

(e) Now introduce “covariates” (explanatory variables) into the Geometric model by 
setting ]'exp[  ii x , where ix  and β are each )1( k  non-random vectors. Let yi 

be the ith observation on y. Why don’t we just let )'(  ii x ? 
 

Write down the likelihood function for this model, assuming n independent sample 
values, and show that the (k) “likelihood equations” are:     
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       (10 marks) 
                    Total: 25 marks 
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Question 4: 
 

It can be shown that if a Bayes estimator has constant risk (for all values of the parameters), then 
this Bayes estimator is “mini-max”. 

 
Suppose that the likelihood function is a Binomial distribution, so that 

 
ynynyp  )1(),|(   ; y = 0, 1, 2, …., n ; 0 < θ < 1 . 

 
In this case, the Natural Conjugate prior is a Beta distribution, with positive parameters a and b. 
The posterior for θ is then a Beta distribution as well, with parameters (y + a) and (n – y + b), so 

the mean of the posterior (the Bayes estimator under quadratic loss) is ̂  = [(y + a) / (a + b + n)]. 
 
(a) Recalling that the mean of y is (nθ), and its variance is (nθ)(1 - θ), show that: 
 

(i)  The bias of ̂  is [a - θ(a + b)] / [a + b + n]. 

(ii)  The variance of ̂  is [nθ(1 - θ)] / [(a + b + n)2] 
         (4 marks) 

(b) Using these results, write down the risk of ̂ , under quadratic loss (i.e., its MSE). 
         (2 marks) 

(c) Show that the conditions under which this risk is constant (i.e., independent of the value 
 of  θ) are [(a + b)2 - n] = 0, and [n - 2a(a + b)] = 0. 

         (3 marks) 

(d) Show that the Bayes estimator, ̂ , will be mini-max if the prior is chosen  to be  Beta 

 with a = b = (n / 4)½. Finally, draw a diagram of this risk function for ̂  when  n =1. 
         (6 marks) 

          Total : 15 marks 
 
Question 5: 
 
I have estimated two regression equations, one explaining hourly earnings (wages), HREARN, 
and the other explaining hourly “benefits”, HRBENS. Both HREARN and HRBENS are 
measured in dollars per hour. “Benefits” include things such the employer’s contributions to 
medical and dental insurance, a pension plan, etc. The explanatory variables in my model are: 
 
EDUC = years of schooling 
EXPER = years of work experience 
UNION =  1 if person is a union member, = 0 if not a member 
MARRIED = 1 if person is married; = 0 if they are not married 
WHITE = 1 if the person is white; = 0 if they are not white 
MALE = 1 if the person is a male; = 0 if they are female 
 
I have a sample of data for 616 individual employees in the same year. 
 
(a) Consider OUTPUT 1 and OUTPUT 2 on the next 2 pages. Why are the estimated 
 coefficients identical in the two outputs? What is different across the two outputs – why ? 

         (3 marks) 
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OUTPUT 1 
 

 
 

(b) Consider OUTPUT 3 on page 6. Discuss the signs and significance of the estimated 
 coefficients. 
                   (4 marks) 
(c) When the model in OUTPUT 3 was re-estimated by OLS, the following information was 
 obtained:  

 
 
Using a formal statistical test, determine the model in OUTPUT 3 should be kept, or if 
the same model should be estimated by OLS. Be sure to carefully state your null and 
alternative hypotheses. Is your conclusion sensitive to your choice of significance level? 
                  (5 marks) 
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OUTPUT 2 
 

 
 
(d) The results in OUTPUT 4 relate to the model estimated in OUTPUT 3. Discuss and 
 interpret these results. 
                   (3 marks) 
(e) I used the following two commands: 
  SCALAR  EARN1=C(1)+C(2)*@MEAN(EDUC)+C(3)*@MEAN(EXPER)+C(4)+C(6)+C(7) 

SCALAR  EARN2=C(1)+C(2)*@MEAN(EDUC)+C(3)*@MEAN(EXPER)+C(4)+C(7) 
The following values were obtained: EARN1 = 7.46713 ; EARN2 = 6.60425 

Carefully interpret what these two values tell us. 
                  (5 marks) 

           Total: 20 marks 
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     OUTPUT 3 

 
OUTPUT 4 

 
END OF EXAMINATION 


