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EC 413
FALL 2005
INTRODUCTION TO FORECASTING
1. FORECASTING IN ACTION

· Operation Planning and Control; how much to produce, inventory management,.,

· Economics; GDP, unemployment,..

· Financial speculation; stock returns, exchange rates, interest rates,..


Why can’t we forecast these?

· What does the random walk model imply?

· Budgeting

· Demography

2.  FORECASTING METHODS

· Subjective Forecasts versus Statistical models

· Time series versus regression models 

· Univariate versus Multivariate

· Structural form versus Reduced form models

· Based on What Information?
3.  REVIEW OF LINEAR OLS REGRESSION:

A simple example:  Suppose we think that some variable, call it X, affects or causes some other variable, say Y, in a linear manner.  If the relationship between these two variables has a stochastic element to it, then we can describe the relationship using the following population regression equation:

Yi  =  (1  +  (2 Xi  +  (i
To estimate the parameters of this model by the procedure of ordinary least squares (OLS), we obtain pairs of X/Y observations, plot the data, and fit the "best" line through the plot of this data.  The "best" line is the one that produces the smallest total error:

                                         Y


                                                                                                                                X




 eq \O(Y,^) i  =   eq \O((,^)1 +  eq \O((,^)2 Xi
 eq \O(e,^)i = Yi   -   eq \O(Y,^) i
•
One way to measure the total error:  Residual Sum of Squares = 
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•
Another way to represent the total error:  

Standard error of regression 
s = eq \r(s2)     where  s2  = 
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(Root MSE)
   (MSE)
•
The procedure of OLS is based on the principle of choosing the values of the slope and the intercept of a regression line so as to produce the smallest possible Residual Sum of Squares:



 eq \O((,^)1 =  eq \O(Y,_) -  eq \O((,^)2  eq \O(X,_)  
   and    eq \O((,^)2 = 
Extending this model to the context of a linear multiple regression model, we have:

Population Regression Function:     Yi  =  (1  +  (2 X2i  +  (3 X3i  +  ...  +  (K XKi  +  (i 

Estimated (or Sample) Regression Function:   
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4.  ANALYSIS OF VARIANCE:  Describes how much of the dependent variable can and cannot be explained by exogenous factors.

Total Sum of Squares (TSS) = the total variation in the dependent variable.

Explained Sum of Squares (Expl SS) = the part of Y that can be explained by the independent variable(s).

Residual Sum of Squares (Resid SS) = the part of Y that cannot be explained by the independent variable(s).

The R2 statistic:  measures the strength of the relationship between Y and all of the independent variables.  R2  =  the percentage variation in Y that can be explained by all of the X's;  
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; the closer r2 is to 1, the stronger the relationship between X and Y:

R2  =  
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Three Possible Cases:  (1.)  r2 = 0 implies Y and the X's are orthogonal; (2.)  r2  = 1 implies 100% of Y can be explained by the X's; (3.)  0  <  r2  <  1 implies some fraction of Y can be explained by the X's.

The 
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 statistic (adjusted R2):  measures the strength of the relationship between Y and all of the independent variables, while adjusting for degrees of freedom of the model.
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Example of SAS Output 

The SAS System

                                        The REG Procedure

                                          Model: MODEL1

                                      Dependent Variable: Y

                             Number of Observations Read         172

                             Number of Observations Used         172

                                       Analysis of Variance

                                              Sum of           Mean

          Source                   DF        Squares         Square    F Value    Pr > F

          Model                     1       35.78018       35.78018       9.54    0.0023

          Error                   170      637.52279        3.75013
          Corrected Total         171      673.30297
                       Root MSE              1.93653    R-Square     0.0531
                       Dependent Mean       -0.00640    Adj R-Sq     0.0476
                       Coeff Var              -30280

                                       Parameter Estimates

                                    Parameter       Standard

               Variable     DF       Estimate          Error    t Value    Pr > |t|

               Intercept     1       -0.00733        0.14766      -0.05      0.9604

               YLAG          1       -0.23055        0.07464      -3.09      0.0023 

Code (inflation.sas)

OPTIONS NODATE NONUMBER;

FILENAME INDATA 'C:\Documents and Settings\jlee\My Documents\EC413\Margie_SAS\Introduction\INFLATION.DAT';

  DATA INFLATION;

  INFILE INDATA;

  INPUT Y YLAG;

  RUN;

PROC REG;

  MODEL Y = YLAG;

  RUN;

Example of RATS Output

Linear Regression - Estimation by Least Squares

Dependent Variable Y

Usable Observations      3     Degrees of Freedom     1

Centered R**2     0.250000      R Bar **2  -0.500000

Uncentered R**2   0.970000      T x R**2       2.910

Mean of Dependent Variable      4.0000000000

Std Error of Dependent Variable 1.0000000000

Standard Error of Estimate      1.2247448714

Sum of Squared Residuals        1.5000000000

Regression F(1,1)                     0.3333

Significance Level of F           0.66666667

Durbin-Watson Statistic             3.000000

   Variable                     Coeff       Std Error      T-Stat     Signif

*******************************************************************************

1.  Constant                 3.0000000000 1.8708286934      1.60357  0.35497844

2.  X                        0.5000000000 0.8660254038      0.57735  0.66666667
[Code]  ex.prg  (data file = ex.prn)

all 100

open data ex.prn

data(format=prn,org=obs) / x y

linreg y / res1

# constant x

 [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((,^)) )
       s( 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 =


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



Thus,  t* = 

Example (Doing this with SAS)

The SAS System

                                        The REG Procedure

                                          Model: MODEL1

                                      Dependent Variable: y

                             Number of Observations Read           3

                             Number of Observations Used           3

                                       Analysis of Variance

                                              Sum of           Mean

          Source                   DF        Squares         Square    F Value    Pr > F

          Model                     1        0.50000        0.50000       0.33    0.6667

          Error                     1        1.50000        1.50000

          Corrected Total           2        2.00000

                       Root MSE              1.22474    R-Square     0.2500

                       Dependent Mean        4.00000    Adj R-Sq    -0.5000

                       Coeff Var            30.61862

                                       Parameter Estimates

                                    Parameter       Standard

               Variable     DF       Estimate          Error    t Value    Pr > |t|

               Intercept     1        3.00000        1.87083       1.60      0.3550
               x             1        0.50000        0.86603       0.58      0.6667 

[Code]

data exercise;

 input y x;

 datalines;

 3  1

 5  2

 4  3

 ;

run;

 proc reg;

 model y = x;

 run; 

MORE RESULTS (textbook, Ch 1)

Log Likelihood

Akaike Info Criterion (AIC)

Schwarz Info Criterion (SIC or Bayesian IC)

Durbin-Watson Stat (DW)


Serial correlation

Skewness

Kurtosis

Jaque-Bera test statistic 

4.  HYPOTHESIS TESTING WITH THE "t" TEST:
Given:  Yi  =  (1  +  (2 X2i  +  (3 X3i  +  ...  +  (K XKi  +  (i
(
Generic two-tailed null & alternative hypotheses:

(
Generic one-tailed, right-tailed null & alternative hypotheses:

(
Generic one-tailed, left-tailed null & alternative hypotheses:

(
Calculated t-statistic:  
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(
Evaluating a two-tailed t-statistic:

(
Evaluating a one-tailed, right-tailed  t-statistic:

(
Evaluating a one-tailed, left-tailed  t-statistic:

     The T Distribution Chart 

1-tail Test   .05     .025        .01       .005        .001         .0005 
2-tail Test   ----     .05         .02         .01        .002         .001 
CL %          ----     95           98          99        99.8         99.9 

 df  1         6.314 12.706 31.821     63.657   318.313    636.619 
      2         2.920   4.303   6.965       9.925     22.327      31.598 
      3         2.353   3.182   4.541       5.841     10.215      12.941 
      4         2.132   2.776   3.747       4.604       7.173        8.610 
      5         2.015   2.571   3.365       4.032       5.893        6.859 
       6        1.943   2.447   3.143       3.707       5.208        5.959 
       7        1.895   2.365   2.998       3.499       4.782        5.405 
       8        1.860   2.306   2.896       3.355       4.499        5.041 
       9        1.833   2.262   2.821       3.250       4.296        4.781 
      10       1.812   2.228   2.764       3.169       4.143        4.587 
      11       1.796   2.201   2.718       3.106       4.024        4.437 
      12       1.782   2.179   2.681       3.055       3.929        4.318 
      13       1.771   2.160   2.650       3.012       3.852        4.221 
      14       1.761   2.145   2.624       2.977       3.787        4.140 
      15       1.753   2.131   2.602       2.947       3.733        4.073 
      16       1.746   2.120   2.583       2.921       3.686        4.015 
      17       1.740   2.110   2.567       2.898       3.646        3.965 
      18       1.734   2.101   2.552       2.878       3.610        3.922 
      19       1.729   2.093   2.539       2.861       3.579        3.883 
      20       1.725   2.086   2.528       2.845       3.552        3.850 
      21       1.721   2.080   2.518       2.831       3.527        3.819 
      22       1.717   2.074   2.508       2.819       3.505        3.792 
      23       1.714   2.069   2.500       2.807       3.485        3.767 
      24       1.711   2.064   2.492       2.797       3.467        3.745 
      25       1.708   2.060   2.485       2.787       3.450        3.725 
      26       1.706   2.056   2.479       2.779       3.435        3.707 
      27       1.703   2.052   2.473       2.771       3.421        3.690 
      28       1.701   2.048   2.467       2.763       3.408        3.674 
      29       1.699   2.045   2.462       2.756       3.396        3.659 
      30       1.697   2.042   2.457       2.750       3.385        3.646 
      40       1.684   2.021   2.423       2.704       3.307        3.551 
      50       1.676   2.009   2.403       2.678       3.261        3.496 
      60       1.671   2.000   2.390       2.660       3.232        3.460 
      70       1.667   1.994   2.381       2.648       3.211        3.435 
      80       1.664   1.990   2.374       2.639       3.195        3.416 
      90       1.662   1.987   2.368       2.632       3.183        3.402 
     100      1.660   1.984   2.364       2.626       3.174        3.390 
     120      1.658   1.980   2.358       2.617       3.162        3.373 
     160      1.657   1.979   2.357       2.615       3.159        3.369 
     200      1.657   1.978   2.355       2.613       3.157        3.366 
     300      1.655   1.976   2.351       2.609       3.150        3.356 
     500      1.652   1.971   2.344       2.599       3.136        3.338 
     750      1.649   1.966   2.335       2.588       3.118        3.314 
   1000      1.646   1.962   2.330       2.581       3.098        3.300 
INFINITE    1.645   1.960   2.326       2.576       3.090        3.291 

DF = N-K
5.  HYPOTHESIS TESTING WITH THE JOINT F TEST:
Given: Yi = (1 + (2 X2i + (3 X3i  +  ...  +  (K XKi  +  (i; recall, the formula for the joint F test is:
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where:


"UN" denotes the "unrestricted" regression;


"R" denotes the "restricted" regression;


Resid SSR  =  


Resid SSUN  =  


m  =  


N =


K  =

Evaluating the joint F test:

                      ((F)

                                               do not reject H0


                                                (1 ( ()                                              reject H0 

                                                                                   (
                                                                                                                           ADVANCE \D 4.30
                                                                                                                            F

                                                                        c.v.

Example 1:
  Given    Yi  =  (1 +  (2 X2i  +  (3 X3i  +  (4 X4i  + (i ,



suppose we want to test:  H0: (2 = 0  and  (3 = 0       versus      Ha:  "not H0"


Unrestricted Regression:


Restricted Regression:

Example 2:  Given    Yi  =  (1 +  (2 X2i  + (i ,



Suppose we want to test:  H0: (2 = 0       versus      Ha:  "not H0"


Use the following information:

                                       Analysis of Variance

                                              Sum of           Mean

          Source                   DF        Squares         Square    F Value    Pr > F

          Model                     1        0.50000        0.50000       0.33    0.6667

          Error                     1        1.50000        1.50000

          Corrected Total           2        2.00000


Then, construct the joint F-test as follows:


Step 1:


Step 2:


Step 3:

The F Distribution Chart               Probability Value  <  .05 

df 
within                                          df  between 
          1      2       3      4           5           6          7           8          9         10        12         15        20        24         30        40         60     120   
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Note :  The ºº symbol under 120 df denotes "infinite".  Note also that "df between" is synonymous with "df regression" and that "df within" is synonymous with "df residuals". 

Ex)  df between = 3,  df within = 120

F = 2.68

df = (2, 60)     F = 


If m = 2, N = 83, k = 3, then df = 

F = 

6.  P-VALUES:

(
P-values tell us how confident we can be that the null should be rejected (the smaller the p-value, the more confident we can be that the null should be rejected).

(
(1 ( p-value)  =  the probability with which you can reject the null hypothesis  (versus the two-tailed alternative).

(
As a rough rule of thumb, we will reject the null when:  (p-value)  (  0.05.


Example:

Given:  Yi  =  (1  +  (2 Xi  +  (i
Suppose we obtain the following OLS results for the above model:



Parameter


Variable
Estimate
P-value



constant
10
0.40


X
(5
0.07


Interpretations:

7.  A SIMPLE TIME SERIES MODEL:

(
As a matter of notation, let us denote a random variable observed over time as:  Yt (or Xt, etc.).

(
In most cases when using cross-section data, regressors in a regression model actually have a causal relationship with the dependent variable.

(
Because of the nature of time series data, regressors in a time series regression model are often correlated with the dependent variable, but not necessarily causal.

(
Consider the following common, simple time-series regression model:  Yt =  (0 + (1 Yt−1 + (t.

8.  A SIMPLE FORECASTING MODEL:

(
Why is forecasting useful/worthwhile?

(
Suppose we are interested in forecasting Spain inflation and we have quarterly data from 1960 through 2002, measured in percentage points (assume this is the most up-to-date data that is currently available). Suppose we use this data to estimate the simple model:

From  the model, Yt  =  (0  +  (1 Yt−1  +  (t,   we obtained the estimation result

 eq \O(Y,^)t = -0.01 – 0.23 Yt-1

where: Yt = inflation in period "t" and Yt−1 =  inflation in period "t–1."


our data on inflation:


1960.1
–2.7


1960.2
 1.4


.
.


.
.


.
.

2004.1
  0.2


2004.2
  0.4

          --------------------------


2004.3
?

2004.4
?

2005.1
?
(
One-period ahead forecast:


Noting that the change in inflation during 2004.2 was 0.40, compute a forecast of the change in inflation during 2004.3 as follows:

(
Two-period ahead forecast:


Noting that our forecast of the change in inflation during 2004.3 was 

, compute a forecast of the change in inflation during 2004.4 as follows:


…etc

(
Notation:

(
How "good" is our forecast? Consider the following measures:

1.  Simple Forecast Error:


2.  Root Mean Squared Forecast Error:
                                                            total

                                                          forecast

                                                            error



                          error from not                            error from

                         knowing future                           estimating

                            values of (t                                (0 and (1 



3.  The 95% Forecast Interval:
(
How accurate was the forecast from our "inflation" example?


Suppose we discover that the actual change in the inflation rate in the third quarter of 2003 was +2.6 percent.


In addition, recall the following statistics from our example:  
[image: image13.wmf]2
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