
Nonparametric Estimation Methods

- No assumption of distribution

- i.e. Linear Programming

Parametric Estimation Methods

- Assume distribution

- Least Squares Methods (LS)

- Maximum Likelihood (ML)

- Generalized Method of Moments (GMM)

Estimation Methods
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Ordinary Least Squares (OLS)

Generalized Least Squares (GLS)

Feasible Generalized Least Squares (FGLS)

- Weighted Least Squares (WLS)

Heteroscedasticity

- Cochrane-Orcutt Technique

Autocorrelation

Other Least Squares Methods

- Nonlinear Least Squares (NLS)

- System Equation Estimation Methods

Least Squares Estimation Methods
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OLS Matrix Approach
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OLS Matrix Approach
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OLS Matrix Approach
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OLS Matrix Approach
Variance-Covariance Matrix
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Variance-Covariance Matrix

Under OLS Assumptions
2 2

1 12 1

2 2

21 2 2 2

2 2

1 3 n

0 0

0 0

0 0

n

n

n n

n n

I

   

   


   



   
   
   = = =
   
   

  



Under Heteroscedasticity Problem





















=


2

2

2

2

1

000

000

000

n

nn















8Tatre Jantarakolica

8



1 2β βi i iy x u= + +

1 2

1
β β

ˆ ˆ ˆ ˆσ σ σ

i i i

i i i i

y x u



     
= + +     

     

* * * * * *

1 0 2β βi i i iy x x u= + +

Scalar

Matrix

1 1
-1

11
1

ˆ ˆ ˆβ ( )
k n n n n k k n n n nk

k k k

X X X Y
− −

     
 

 =  

Weighted Least Squares (WLS)

9Tatre Jantarakolica

9



1. Estimate model using OLS and obtain 

estimated ut

2. Compute

3.
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Autocorrelation: Cochrane-Orcutt
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Variance-Covariance Matrix
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OLS vs GLS vs FGLS
OLS Estimation 1
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