Generalized Least Squares — Matrix Estimation — Yule-Walker Method

Model: Y, =00+ 51X+ 4 BpXip + &4 et + pr&e—1+ pogr—a2+ - F PgEr_q =

where {¢} L {n}. In matrix form:

Y=XpB+ ¢ V{ie}=T,
1. Obtain Ordinary Least Squares Estimate of 35, and Residual Vector (Labelled bols and e in program)
Bos = (X'X)'X'Y (¢ x 1) e=Y-XfBors (nx1)

2. Estimate the autocovariances up to lag ¢ (Labelled gam_q in program)

n—h

. 1

V(h):gg €teiih h=0,1,2,...,q
t=1

3. Obtain the matrix of variances and autocovariances of the residuals to lag ¢, based on OLS residuals

(Labelled gam2_q in program)

7(0) (1) g —1)
P 7('1) 7(:0) (g - 2) (4% )
=1 4(q—2) 7(0)

y (g x 1)

5. Obtain the vector of autoregressive parameter estimates based on the Yule-Walker equations (Labelled
rho_q in the program)
R A1,
p=—T, (gx1)
6. Obtain the estimate of o2, the variance of the independent random errors 7; (Labelled sigma2_q in the

program)

Al ~

6% = 4(0) + 1'%

7. Obtain the upper triangular square root (Cholesky Decomposition, using the root function in SAS/IML)
of f‘q_l (Labelled p_q in program)

L, =P,Pqy  (gxq)



8. Obtain the matrix T = V~1/2 (Labelled t_q) in program, it will be lower triangular)

T =V6?Pq  (1xq)

Ti2=0 (g% (n—q)
Pe Pa—r o P 1 0 --- 0
0 pg - po cpr 1 o 0
Tr=1 . : co : SR ((n—q) xn)
0 0 0 0 0 1
< | Tna T2
T= T, (n xn)

The last array assumes that n > 2(q + 1) which it most certainly should be in practice.

9. Compute the estimates generalized least squares vector B pcors (Labelled bgls_q in the program)

Brers = (X'TTX) X' T'TY (' x1)

10. Estimate the error variance based on the transformed model (Labelled s2gls_q in the program)

6% = (Y -X BEGLS)T/T(Y -X BEGLS)]/(” -p' - q)

Note: This denominator differs from the original authors’ paper, they use n — p’

11. Obtain the (unscaled) variance-covariance matrix of Bpayg (Labelled c_q in the program)

(X/T/TX)—l _ (X/V—IX)—I (p/ % p/)

12. Obtain the estimated standard errors of ﬁ scLs (Labelled sbgls_q in the program)

e Multiply the the previous matrix by 62
e Obtain the square root of the diagonal elements

13. Obtain residual mean squares for estimates of autoregressive parameters p (Labelled s2rho_q in program)

s = [3(0) + §'34)/(n = ' = )

Note: This denominator differs from the original authors’ paper, they use n — ¢

14. Obtain the estimated standard error of p; (Labelled serho_qi)

s{piy = vs*y" =14

-1

where 4% is the i" diagonal element of ( f‘)q

15. Obtain the t-statistics for p; i = 1,..., ¢ (Labelled trho_qgi and strung together into vectors trho_q)
[ i=1

t = —— RS
s{pi}

16. These are compared with critical values of the ¢-distribution with n —p’ — ¢

Source: Gallant, A.R. and J.J. Goebel,(1976), “Nonlinear Regression with Autocorrelated Errors”,JASA,Vol.
71,Num.356,pp.961-967



