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Regression and Forecasting 

(Added to Lecture 3)

EC 500

Spring 2007

(Professor Lee)

Topics:

· Regression for Demand Analysis

· More on Regression Analysis

· Practical Application (mini project)

1. Overview of Regression Analysis

Three goals of Regression Analysis

· Prediction (Forecasting)

· Marginal Effects (coefficients)

· Testing Hypothesis (significance of coefficients)

Example) Hedonic Pricing Models
[Econometric model]

 Price = ( + (1SQFT + (2YEAR + (3POOL + e



Parameters (coefficients): (, (1, (2, (3


Error term: e   



… imaginary term (Do not omit this term, however)

[Estimation Results]

(A) Simple Regression


Predicted_Price = 52,404 + 61.16 SQFT 
(i) Prediction

If SQFT = 2,850,

Predicted_Price = 52,404 + 61.16 * 2850 



      = $226,708

(ii) Marginal effect of SQFT = $61.16

 Price /  SQFT = 61.16

“One more unit of SQFT (1 square foot) will lead to $61.16 increase in price.”

(iii) Testing Hypothesis (on the coefficients : parameters)

H0:  (1 = 0


Ha:  (1  0

“Significance of the coefficient of SQFT”

or, specifically,

H0:  (1 = 100

Ha:  (1  100

(B) Multiple Regression


Predicted_Price = -7,434,369 + 63.38 SQFT + 3,753 YEAR
(i) 
Prediction

If SQFT = 2,850, YEAR = 1991, then

Predicted_Price = -7,434,369 +  63.38 * 2850 + 

3,753 * 1991 = $219,171.60
(ii)  Marginal effect of SQFT = 63.38

 Price /  SQFT = 63.38 (partial effect after controlling the effect of YEAR)

“One more unit of SQFT will lead to $63.38 increase in price.”

(iii)  Testing Hypothesis

H0:  (1 = 0


Ha:  (1  0

“Significance of the coefficient ((1) of SQFT or 

on the coefficient of YEAR ((2)”

On the other hand, one may consider

H0:  (1 = 0,  (2 = 0

Ha : H0 is not true
“Joint Significance of the coefficients of SQFT and YEAR”

(F-test)

General Notation:

Population regression Model



y = ( + ( X + u
  (Price = ( + ( SQFT + u)

or



yi = ( + ( Xi + ui
  (Pricei  = ( + ( SQFTi + ui)



where ui = error term

Sample regression Model



yi =  eq \O((,^)  +  eq \O((,^) Xi +  eq \O(u,^)i



where  eq \O(u,^)i = residual

or



 eq \O(y,^)i =  eq \O((,^)  +  eq \O((,^) Xi  [Like:  Predicted_Price = 52,404 + 61.16 SQFT]


yi =  eq \O(y,^)i +  eq \O(u,^)i

Estimation:

Find  eq \O((,^) and  eq \O((,^) such that SSR (Sum of squared residuals) is at the minimum.


In the simple regression,



yi =  eq \O((,^)  +  eq \O((,^) Xi +  eq \O(u,^)i



 
   eq \O((,^) = t=1 ,T, )eq \f( (Xt -  eq \O(X,_)) ( yt -  eq \O(y,_)) , eq \i\su(t=1 ,T, )(Xt -  eq \O(X,_))2 )
   

   




   eq \O((,^) =  eq \O(Y,_)  -   eq \O((,^) 

 eq \O(X,_) 
; We use the software package for the calculation.  The standard error and the corresponding t-statistic can be obtained; see the Appendix for a simple exercise.

Two Important Issues:

(A) Coefficient of Dummy variables

= “Difference” between two groups

; do not call it a marginal effect.

Ex) Wage equation ($/hour)


(1)  WAGE = 10.93 – 2.73 SEX  


(2)  WAGE = -1.97 – 2.31 SEX + 0.96 ED 


where SEX = 1 for Female workers, and 0 for male workers


How do you interpret the coefficient of SEX in each equation?


How is the interpretation different in (2)?

(B) Logged data

=> “percentage changes or percentage difference”


Ex) Log-Wage equation

  Log(WAGE) = .947 - 0.211 SEX + .097 * EDU

How do you interpret the coefficient of SEX in each equation? 

How about the coefficient of EDU?

2. Testing Hypothesis in Regression

Example)


Predicted_Price = 52,404 + 61.16 SQFT 

Question: 
Is the coefficient of SQFT significant?

 Is the coefficient significantly different from zero?

·     Is the variable SQFT an important factor to 

        explain the housing price?

    Is SQFT associated with Price?

 We denote:



Price = ( + ( SQFT + u


H0:  ( = 0 


(null hypothesis)

Ha:  (  0

(alternative hypothesis)


                [Note:  Ha:  ( > 0 or ( < 0  
… one tailed test]
Note: Testing on ( = 0 is equivalent to testing if two variables are correlated.




Correlation(Price, SQFT) = 0

Two popular approaches

(a) t-statistic

 t* = ( eq \O((,^)  - 0) / (S.E of  eq \O((,^))

Find the Critical value (tc).

·   Degree of freedom (df = T – k – 1)

·   Significance level ((): ( = 5%, typically

    Decision Rule


  Two tailed test

  

“Reject H0 if |t*| > tc.”


  One tailed test

  

“Reject H0 if t* > tc   for the right-tailed test.”

 
“Reject H0 if t* < - tc  for the left-tailed test.”

Ex)  T = 33, (standard errors in parentheses)

Y = 102,192 - 9,075 C + .357 P + 1.288 I

 

              (2,035)     (.0727)    (.543)



df = T – k – 1 = 33 – 3 – 1 = 29



( = 5%



tc  = 2.045 (for two tailed test)

We may have three different t-tests for each coefficient.

Y = ( + (1 C + (2 P + (3 I + u

(i) H0:  (1 = 0,  Ha:  (1  0


t* = (-9075 – 0) / 2035 = 4.42

Since |t*| > tc , we reject the null at ( = 5%.

(The coefficient of C is significant.)

(ii) H0:  (2 = 0,  Ha:  (2  0


t* = (0.357 – 0) / 0.0727 = 4.88

Since |t*| > tc , we reject the null at ( = 5%.

(The coefficient of P is significant.)

(b) P-value

· P-value = “the minimum significance level (() at which H0 is rejected.”

Point: If p-value < 5%, reject H0 at the 5% level.

Point: Smaller p-value implies “rejection” of H0.

Smaller p-value implies “large” t-statistic.

 Ex)
Back to the previous example,

Y = 102,192 - 9,075 C + .357 P + 1.288 I


Std. Err ( 
      (2,035)     (.0727)   (.543)


   t-stat. ( 
      (-4.42)      (4.88)     (2.37)

    p-value (
      (.0001)     (.0000)   (.0246)


Thus, each coefficient is viewed as significant.  The null hypothesis of insignificant coefficient (( = 0) is rejected for each.  

Example) # of Extra-marital Affairs

Questions: Which variables are determinants?  

Dependent Variable: AFFAIRS

Included observations: 601


Variable
 Coeff.
Std. Err
t-Stat.
Prob.  


AGE

-0.02920
0.011652
-2.50598
0.0125


EDU

0.000466
0.033040
0.014103
0.9888


KIDS

0.006239
0.180400
0.034584
0.9724


OCCU

0.047777
0.045787
1.043458
0.2972


RATING_M
-0.39259
0.061821
-6.35053
0.0000


RELIGION
-0.24994
0.057556
-4.34253
0.0000


SEX

0.065137
0.154795
0.420794
0.6741


YRS_MARR
0.085060
0.021237
4.005333
0.0001


C


3.177421
0.585972
5.422475
0.0000


(a) How do you interpret each coefficient?

(b) Which coefficients are significant?

(c) Test whether the coefficient of SEX is 


significant.

Exercise

1. The following model was fitted, to explain the selling prices of houses, to a sample of 815 sales.  (standard errors in parentheses)


  
 Y = -1264 + 48.18 x1 + 3382 x2 – 1859 x3 + 3219 x4 + 2005 x5,     

            
                          (0.91)
       (515)        (488)        (947)
    (768)


y = Selling price of house, in dollars


x1 = Square footage of living area


x2 = Size of garage, in number of cars


x3 = Age of house, in years

 
x4 = Dummy variable taking the value of 1 if the house has a fireplace, and 0 otherwise


x5 = Dummy variable taking the value 1 if the house has brick siding and 0 if it has vinyl siding

(a) Carefully interpret the coefficient of x1.
(b) Carefully interpret the coefficient of x4.
(c) Carefully interpret the coefficient of x5.
(d)  Test the null hypothesis that type of siding has no impact on selling price, against the alternative that, all other things equal, houses with brick siding have a different selling price than houses with vinyl siding.  Use 5% significance level.
(e)  Is the p-value of the test in part (d) higher than 5%?
(f)  Test the null hypothesis that type of siding has no impact on selling price, against the alternative that, all other things equal, houses with brick siding have a higher selling price than houses with vinyl siding. 

2.  The following regression result was obtained by using the hourly index levels of the NYSE utility index from August 24, 1998 to August 23, 2000.  The dependent variable is the hourly rate of returns, which is the percentage change of the index at each hour.  Eight dummy variables are considered for different hours of a day; D1 = 9 AM, … , D8 = 4 PM, and D5 = 1 PM is dropped in the regression.  

	Dependent Variable: NYSEU*100

	Method: Least Squares

	Sample: 1 4015

	Included observations: 4015

	Variable
	Coefficient
	Std. Error
	t-Statistic
	Prob.  

	D1
	0.000351
	0.025784
	0.013609
	0.9891

	D2
	-0.005493
	0.025784
	-0.213030
	0.8313

	D3
	-0.032203
	0.025784
	-1.248970
	0.2117

	D4
	-0.018540
	0.025784
	-0.719078
	0.4721

	D6
	-0.052477
	0.025784
	-2.035303
	0.0419

	D7
	0.023978
	0.025784
	0.929989
	0.3524

	D8
	0.047400
	0.025796
	1.837469
	0.0662

	C
	0.009527
	0.018232
	0.522543
	0.6013

	R-squared
	0.005087
	    Mean dependent var
	0.004891

	Adjusted R-squared
	0.003349
	    S.D. dependent var
	0.409175

	S.E. of regression
	0.408489
	    Akaike info criterion
	1.049287

	Sum squared resid
	668.6208
	    Schwarz criterion
	1.061835

	Log likelihood
	-2098.443
	    F-statistic
	2.926933

	Durbin-Watson stat
	1.987970
	    Prob(F-statistic)
	0.004677


(a) Carefully interpret the coefficient of D8.

(b)  Given the above result, when was the best time (hour) of the day to SELL your utility stocks in the NYSE?  When was the worst time (hour) of the day to SELL your utility stocks in the NYSE?

(c) Test if the hourly rates of returns are the same, at the 5% significance level.  State you statistical hypothesis, and show all details in obtaining your F-stat.

3.  Consider the following regression result (t-statistic in the parenthesis), where NYSEI is the hourly NYSE industrial index.

    NASDAQ = .00965 + .9322 NYSEI,  n = 4015,  R2 = .2625,  F = 1,428 

                                       (37.79) 

    Test if two indices are correlated or not.

3.  Dummy Dependent Variable Models

Example: Consider

Y = ( + (1 AGE + (2 SEX + (3 Rating_marriage + u

where Y = 1, if had affairs

  
  Y = 0, if not

Point:  The Dependent variable is a dummy variable.

; This is the Probability Linear Model (LPM).

Point:  Predicted value is the predicted probability of having affairs.



Examples:




(Ex 1)  Y = 1, voted for GOP, Y = 0, otherwise




(Ex 2)  Y = 1, passed, Y = 0, otherwise




(Ex 3)  Y = 1, paid-off, Y = 0, otherwise




(Ex 4)  Y = 1, admitted, Y = 0, otherwise




(Ex 5)  Y = 1, adopted policy, Y = 0, otherwise




(Ex 6)  Y = 1, purchased, Y = 0, otherwise




(Ex 7)  tell me your examples.

Estimation Example (Y = 1, had affairs, Y = 0, otherwise) 

	Dependent Variable: Y

	Included observations: 601

	Variable
	Coefficient
	Std. Error
	t-Statistic
	Prob.  

	AGE
	-0.007420
	0.003013
	-2.463108
	0.0141

	EDU
	0.003078
	0.008542
	0.360370
	0.7187

	KIDS
	0.054487
	0.046642
	1.168196
	0.2432

	OCCUPATION
	0.005913
	0.011838
	0.499457
	0.6176

	RATING_M
	-0.087455
	0.015984
	-5.471551
	0.0000

	RELIGION
	-0.053698
	0.014881
	-3.608464
	0.0003

	SEX
	0.045201
	0.040022
	1.129416
	0.2592

	YRS_MARR
	0.015981
	0.005491
	2.910577
	0.0037

	C
	0.736107
	0.151502
	4.858714
	0.0000

	R-squared
	0.106596
	    Mean dependent var
	0.249584


(a) Who is more likely to have affairs?   How much in terms of the probability of having affairs?

Bill: 52 yrs old, Law degree (19 yrs of edu), having kids, occupation = 7, rating of marriage = 2,  religion = 3, male, 23 yrs of marriage.

George: 54 yrs old, MBA (18 yrs of edu), having kids, occupation = 7, rating of marriage = 5, religion = 4, male, 26 yrs of marriage.

(b) If Christina changes her view and now rates her marriage differently (from 2 to 5), how it will affect the predicted probability of having affairs in her case?

Christina: 50 yrs old, college (16 yrs of edu), no kids, occupation = 5, rating of marriage = 2, religion = 1, female, 6 yrs of marriage.

(c) Does the probability of having affairs decrease as people get older?  Test a relevant hypothesis.

(d) Monica argues that the answer to the question in (c) would be different between men and women.  She insists that men will have a much lower chance of having affairs than women as they get older.  How can you modify the regression model and test if her argument is supported from the data?  Explain.

Answer  to (a):   Bill:   (# 2.495) .5814,  George:  (# 1.2634)  .2953

Exercise (Modelling)

Setup a regression model for each. What is the dependent variable? What is the independent variable? Is the coefficient expected to be positive or negative?

Note that some variables (either dependent or independent variable) are dummy variables.  Precisely define all variables.

1. 
Hospitals with chief administrators on their governing boards will be more likely to adopt cost containment policies than hospitals without chief administrators on their boards.

2. 
Employees who attend training programs because they want to will learn significantly more than employees who are required to attend.

3. 
Managers who have been transferred frequently will take less time to become proficient in their new jobs.

4. 
The chief cause of executive derailment is violating the trust of others. This is followed closely by insensitivity to other people.

5. 
Some researchers now believe that having a mission statement does not improve firm performance.

6.   Some say that research and development (R&D) expenses have a positive effect on industry profits.  Moreover, many believe that R&D has a greater effect on industry profits in “younger” industries versus “older” industries.  That is, for a given change in R&D, profits tend to respond more in younger versus older industries.  Suppose that you have data on profits and R&D expenses across 50 industries, 32 of which are classified as older (they have existed for over 5 years) and 18 of which are classified as younger (they have existed for under 5 years).  Using regression techniques and appropriate dummy variable(s), how could you account for the different effect of changes in R&D on profits across younger versus older industries?  Set up an appropriate regression model, and specify a relevant hypothesis that would support the claim that R&D has a greater effect on industry profits in “younger” industries versus “older” industries.  Then, explain what kinds of tests can be used to test the hypothesis.

8.  A professor in political science argues that a taller presidential candidate out of two final candidates (one from the GOP and the other from the Democratic Party) tends to win presidential election.  His argument is that a taller candidate will give a positive impression (in terms of leadership, for instance) to voters.  Suppose that all necessary informations including height and other individual characteristics (age,..) of all previous presidential candidates in the past 100 years are available.  Also, assume that the data on who actually won the election are available.  Develop a regression model to examine the professor’s argument.   Make sure that you explain (i) the main issue that you will examine, (ii) your regression model (define your dependent and independent variables including control variables, as specific as possible), and (iii) the main (hypothetical) hypothesis you wish to test to address the issue and how you would interpret the test result.

Practical Application of Regression 


Analysis to Forecasting 

Check-points in Practical Regression Analysis

1. Data Transformation, Step 1


· Nominal (current price) vs. Real (constant price) data

· Real =  eq \f( Nominal , Price Index )
· Ex) GDP constant =  eq \f( GDP Current , DGP deflator )
· We often use Real data to control for the inflation effect.

· Per-capita vs. Total values

· Ex)  Per-capita income = GDP / population

· Depends on what you want to do, but it is often better to use per-capita variables, to avoid the so-called heteroskedasticity problem.

2.   Data Transformation, Step 2

· Mostly related to taking log or not.

· Log vs. Not-logged data

· It is typical to use logged data whenevee possible, as it is more convenient in interpreting results in percentage (relative) changes.

· There are other reasons (constant elasticity, reduce fluctuations, etc) to use logged data.

3. Dynamic vs. static models

· Dynamic models include lagged dependent variables (yt-1 or such) among regressors (independent variables).  

· It is often a solution to the autocorrelation problem which is common in any time series regression.

4. Multicollinearity Concern

· “High correlation among independent variables”

· Include representative variables and drop other correlated variables.

5. No omitted Variables

· Include all possible major variables.

· Use t-test and adjusted R2 to check for correct model specifications.

Mini project: Energy Forecasting;

Handout will be provided..
Appendix
[Handout]  Algebra of Simple Regression and t-statistic

Simple Regression :
yt =  eq \O((,^)  +  eq \O((,^) Xt +  eq \O(u,^)t

Data  

	Xt
	yt
	(Xt -  eq \O(X,_))
	(yt -  eq \O(y,_))
	(Xt -  eq \O(X,_)) *(yt -  eq \O(y,_))
	(Xt -  eq \O(X,_))2
	 eq \O(y,^)t =  eq \O((,^) +  eq \O((,^) Xt
	 eq \O(u,^)t = yt -  eq \O(y,^)t
	 eq \O(u,^)t2



	1
	3
	
	
	
	
	
	
	

	2
	5
	
	
	
	
	
	
	

	3
	4
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	


Coefficient estimates 


       eq \O((,^) = t=1 ,T, )eq \f( (Xt -  eq \O(X,_)) ( yt -  eq \O(y,_)) , eq \i\su(t=1 ,T, )(Xt -  eq \O(X,_))2 )
 ,  

    eq \O((,^) =  eq \O(Y,_)  -   eq \O((,^) 

 eq \O(X,_) 

eq \i\su(t=1 ,T, )(Xt -  eq \O(X,_))( yt -  eq \O(y,_)) = 




eq \i\su(t=1 ,T, )(Xt -  eq \O(X,_))2 = 


 eq \O((,^) =







 eq \O((,^)  =

Thus,  eq \O(y,^)t  =   eq \O((,^)  +  eq \O((,^) Xt =  
t-statistic


 t* =  (,^)  eq \f(, SE( eq \O((,^)) )
       SE( eq \O((,^)) = t=1 ,T, ) eq \f(s2 , (Xt -  eq \O(X,_))2 )
      
 s2 =   eq \f( 1 , T-k-1 ) eq \i\su(t=1 ,T, ) eq \O(u,^)t2   


SSR = eq \i\su(t=1 ,T, )

 eq \O(u,^)t2  = 




s2 =


SE( eq \O((,^)) = 





Thus,  t* = 

Exercise
	Xt
	yt
	(Xt -  eq \O(X,_))
	(yt -  eq \O(y,_))
	(Xt -  eq \O(X,_)) *(yt -  eq \O(y,_))
	(Xt -  eq \O(X,_))2
	 eq \O(y,^)t =  eq \O((,^) +  eq \O((,^) Xt
	 eq \O(u,^)t = yt -  eq \O(y,^)t
	 eq \O(u,^)t2



	1
	4
	
	
	
	
	
	
	

	2
	3
	
	
	
	
	
	
	

	3
	5
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	



Find  eq \O((,^) ,   eq \O((,^)  and t*.  
