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9.1 Introduction

Effect at time Effect at time 1+1 Effect at time +2

Figure 9.1
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9.1 Introduction

Yi = f(Xt,X,[_l, Xt—za-u)
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9.1 Introduction
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Figure 9.2(a) Time Series of a Stationary Variable
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9.1 Introduction
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Figure 9.2(b) Time Series of a Nonstationary Variable that is

‘Slow Turning’ or ‘Wandering’
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9.1 Introduction
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Figure 9.2(c) Time Series of a Nonstationary Variable that ‘Trends’
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9.2 Lags in the Error Term:
\utocorrelation

9.2.1 Area Response Model for Sugar Cane
ln(A) =3, + 3, ln(P)
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9.2.2 First-Order Auforegressive Errors
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9.2.2 First-Order Auforegressive Errors
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9.2.2 First-Order Auforegressive Errors

k
cov(e,& ) _Ccov(e,e ) o _
var(e,)var(e_,)  var(e)

corr(e,,€, )= P

corr(e,,e,_,)=p

Y, =3.893+.776 X,
(se) (.061) (.277)
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9.2.2 First-Order Autoregressive Errors

Table 9.1 Least Squares Residuals for the Sugarcane Example
Time % Time e Time e, Time e,

10 —0.254 19 —0.036 27 —(0.651
11 —0.145 20 0.361 28 —0.218
12 0.091 21 —0.138 29 0.137
13 (.304 22 0.017 30 0.121
14 ().656 23 0.336 : —0.040
15 0.134 24 =0.175 32 —0.048
16 —0.059 —0.517 33 0.183
17 0.435 26 —0.137 34 0.184
18 —0.106

1
2
3
5
6
7

Woooon
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9.2.2 First-Order Autoregressive Errors

W
=
=
=
%
%

15

Observation

Figure 9.3 Least Squares Residuals Plotted Against Time
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9.2.2 First-Order Autoregressive Errors
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9.3 Estimating an AR(1) Error Model

The existence of AR(1) errors implies:

= The least squares estimator 1is still a linear and unbiased estimator, but
it 1s no longer best. There 1s another estimator with a smaller
variance.

= The standard errors usually computed for the least squares estimator
are incorrect. Confidence intervals and hypothesis tests that use these

standard errors may be misleading.
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9.3 Estimating an AR(1) Error Model

Sugar cane example

The two sets of standard errors, along with the estimated equation are:
Y, =3.893+.776 X,

(.061) (.277) 'incorrect' se's
(.062) (.378) 'correct' se's

The 95% confidence intervals for (3, are:

(.211,1.340) (incorrect)
(.006,1.546) (correct)
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9.3.2 Nonlinear Least Squares Estimation

Y =B, +B,% +pe, +V,

1= Y — B1 - Bzx’[—l

Principles of Econometrics, 3rd Edition Slide 9-17



9.3.2 Nonlinear Least Squares Estimation

PE =PYi — pB1 — szxt—l

Yo =B, (1=p) + B, % +pY, — PP X, +V,

t(A)=3.899 +.8881n(P) et=.422et_l+vt'
(se)  (.092) (.259) (.166) 4
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9.3.2a Generalized Least Squares Estimation

[t can be shown that nonlinear least squares estimation of (9.24) 1s
equivalent to using an iterative generalized least squares estimator

called the Cochrane-Orcutt procedure. Details are provided in

Appendix 9A.
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9.3.3 Estimating a More General Model

o=p,(1-p) 0, =B, 0, =—pP, 0,=p

§, =2.366+.777%, —.611 X_, +.404y,

(se) (.656) (.280) (.297) (.167)
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9.4 Testing for Autocorrelation

9.4.1 Residual Correlogram

H,:p=0 H, :p#0

z=~/Tr 0 N(0,1)

7 =+/34x.404=236>1.96
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9.4 Testing for Autocorrelation

9.4.1 Residual Correlogram

JLo6 196
1 — T 1 — \/.?

_cov(e,e_ )

Pk =

var(e,)
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9.4.1 Residual Correlogram
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Figure 9.4 Correlogram for Least Squares Residuals from

Sugar Cane Example
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9.4.1 Residual Correlogram

Yi :B1+B2Xt+et

Yo =B, (1=p) + B, % +pY, — PP X, +V,
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9.4.1 Residual Correlogram
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Figure 9.5 Correlogram for Nonlinear Least Squares Residuals

from Sugar Cane Example
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9.4.2 A Lagrange Multiplier Test

Y =B, +B,X +pe._, +V,

t =2.439 F =5.949 p-value = .021

Y :B1+B2Xt —|—pé{\/|;—|-vt

b, +b,X, +$B1+B2Xt +pe_ +\4
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9.4.2

\ Lagrange Multiplier Test

% (B1 _b1)+(B2 _bz)xt +PE€_, +\?t

Vi
=Y TV % +pé{:§1 +V,

LM =T xR*=34x%.16101=5.474
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9.5 An Introduction to Forecasting:
\utoregressive Models

Y :8+91yt—1 +92yt—2 +'”+9pyt—p + Vi

Y, =(In(CPI,)~In(CPI,_,))x 100 z(cptgcpl”jxw()

t-1

INFLN: =.1883+.3733 INFLN,_, —.2179 INFLN,_, +.1013 INFLN,_, B _

(se)  (.0253) (.0615) (.0645) (.0613)
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9.5 An Introduction to Forecasting:
\utoregressive Models
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Figure 9.6 Correlogram for Least Squares Residuals from

AR(3) Model for Inflation
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9.5 An Introduction to Forecasting:
Autoregressive Models

Yi = 0+ e1 Yig T e2 Yio T e3 Yis TV

Y1 = 0+ 91yT + 62 Yot e3 Yroo Vg

+1

9T+1 — % e1yT + éjzgyT—l + e3 Y25
=.1883+.3733x.4468 —.2179%x.5988+.1013x%x.3510
=.2602
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9.5 An Introduction to Forecasting:
Autoregressive Models

%2 — Sﬁ e1yT+1 + é/t\zyT + 93 Yt

= .1883+.3733%.2602 —.2179%.4468 +.1013x.5988 9.39
— 2487

U =Y, — 9T+1 — (6 _éﬁ"‘ (91 _91)yT + (92 _élzjé)YTA + (93 B es)yT—z + Vi
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9.5 An Introduction to Forecasting:
\utoregressive Models

Table 9.2 Forecasts and Forecast Intervals for Inflation Rate

Forecast Standard error of Forecast interval
Month Yr+j forecast error (G;) (¥r+j — 1.969 6, 71 j + 1.969 6 ;)

Jun 06 (y=1) 0.2602 0.1972 (—0.1282, 0.6485)
Jul 06 (y = 2) 0.2487 0.2105 (—0.1658, 0.6633)
(—0.1460, 0.6854)

Aug 06 (j = 3) 0.2697 0.2111
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9.5 An Introduction to Forecasting:
\utoregressive Models

U, = e1(yT+1 - yT+1) TV, = e1ul Vo, = e1VT+1 + Voo,

2
Uy =0,U, +0,U, + Vo, = (0] +0,)Vp +0Vr, +Vr 4
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9.5 An Introduction to Forecasting:
Autoregressive Models

c. =var(U,) =G
o, = var(u,)=c.(1+07)

o. = var(Uu,) =c.[(0; +0,) +0; +1]

(¥&,-1.96%0,, Y&, +1.96x0,)
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9.6 Finite Distributed Lags

X, = (In(WAGE,) - In(WAGE, ,))x100 = (

WAGE, ~WAGE, , ]X 100

WAGE,
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9.6 Finite Distributed Lags

Table 9.3 Least Squares Estimates for Finite Distributed Lag Model

Variable Coefficient Std. Error t-value p-value

Constant 0.1219 0.0487 2.505 0.013
0.1561 0.0885 1.764 0.079
0.1075 0.0851 1.264 0.207
0.0495 0.0853 0.580 0.562
0.1990 0.0879 2.264 0.024
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9.6 Finite Distributed Lags

Table 9.4 Multipliers for Inflation Example

Multipliers

Interim

0.1561
0.2636
0.3131
0.5121
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9.7 Autoregressive Distributed
Lag Models

Y, =0+, X +0,X_, +---+ 8q X g T 0, +---+0 pYip TV4

Y = OH'BOXt +B1Xt—1 +B2Xt—2 +B3Xt—3 e+ €

— OH'ZBth—s + €
s=0
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9.7 Autoregressive Distributed
Lag Models
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Figure 9.7 Correlogram for Least Squares Residuals from

Finite Distributed Lag Model
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9.7 Autoregressive Distributed
Lag Models

INFLN. =.0989+.1149 PCWAGE, +.0377 PCWAGE, ., +.0593 PCWAGE, ,
(se)  (.0288) (.0761) (.0812) (.0812)

+.2361PCWAGE, , +.3536 INFLN,_ —.1976 INFLN,_,
(.0829) (.0604) (.0604)
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9.7 Autoregressive Distributed
Lag Models
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Figure 9.8 Correlogram for Least Squares Residuals from
Autoregressive Distributed Lag Model
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9.7 Autoregressive Distributed
Lag Models

Yi = 0+ 6oXt + 81Xt—1 + 82Xt—2 + 83Xt—3 + elyt—l + ezyt—z +Vi

BE=5, =.1149

B5= 0 BB 15 =.3536x.1149+.0377 =.0784
B0 (0 (51 5, =.0643

60 (510 4 5, = 2434

B =

S0 B+ 0.8, =.0734
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9.7 Autoregressive Distributed
Lag Models

0:25

0.20

0.15

2 0.10

0.05

0.00

—0.05
0 3 < 5 6 8 9 10 11 12

Figure 9.9 Distributed Lag Weights for Autoregressive
Distributed Lag Model
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Chapter 9 Appendices

s Appendix 9A Generalized Least Squares Estimation
s Appendix 9B The Durbin Watson Test

s Appendix 9C Deriving ARDL Lag Weights

= Appendix 9D Forecasting: Exponential Smoothing
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\ppendix 9A
Generalized Least Squares Estimation

Y. =B, +B,% +€ € =pE_, TV,

=B, +B,X + Y, —PB, — PP X VY,

—PYi, B1( p)+B2(Xt _pxt—1)+vt

Yt* = Yi —PYi Xt*z = X —PX Xt*l =1-p
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\ppendix 9A
Generalized Least Squares Estimation

Yt* = Xt*IBI + Xt*2B2 +Vi

Y =By = BoX = p(Y, =B = ByX) + v,
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\ppendix 9A
Generalized Least Squares Estimation
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\ppendix 9A
Generalized Least Squares Estimation

2
v

Var(e{")=(1—pz)var(el)=(1—p2)1_p2 =0,
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Reject H,

Figure 9A.1:
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\ppendix 9B
9B.1 The Durbin-Watson Bounds Test

fdp) J(d) Jdy)

Figure 9A.2:
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Appendix 9B
9B.1 The Durbin-Watson Bounds Test

The Durbin-Watson bounds test.

s ifd<d,, reject H,:p=0 and accept H, : p > 0;
« ifd >d,., donotreject H,:p=0;

= ifd . <d<d,, the test is inconclusive.
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\ppendix 9C
Deriving ARDL Lag Weights

Yi = OH'BoXt +B1Xt—1 +B2Xt—2 +BSXt—3 Tt 6 = OL-"ZBth—s + €
s=0

Y, =0+ 9,X +0,X_, +---+6q>q_q +0,Y,_, +---+€)pyt_IO +V,
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\ppendix 9C
9C.1 The Geometric Lag

Yi = 0+ 8oxt + elyt—l +Vi

Yig = 0+ 60 Xt e1 Yioo

Yi = 8+60Xt +Olyt—1 = 6+80Xt +91(8+80Xt—1 +91yt—2)

=3+08+8,%X +0,8,%x_, +07Y, ,
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\ppendix 9C
9C.1 The Geomeftric Lag

Y, =8+0,6+3,X +08,X_, +0°(3+3,% ,+0,Y,,)

=0+ 918 + 9126 + 60Xt + 616())({_1 + 91280)(t—2 + e13 Yis

Y, =0+0,8+0°8+---+0/5

+ 8oxt + e180)(t—1 + 91260)(’[—2 Tt e11-80)(1—1' + e1j+l yt—(j+1)

. i :
=8(1+0,+0 +--+0/)+X.8,0 %, +0/"y, 1.,
s=0
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\ppendix 9C
9C.1 The Geometric Lag

a=8(1+0,+0 +---)= 0

1-0,

Principles of Econometrics, 3rd Edition Slide 9-59



\ppendix 9C
9C.1 The Geometric Lag

00 80

B, =8,(1+6,+0 +---) =
s=0 1_61
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Appendix 9C
9C.2 Lag Weights for More General ARDL Models

Yi = 0+ SOXt + 81Xt—1 + 82Xt—2 + 83Xt—3 + e1 Yig t e2 Yio TV (9C.5)

3, +0,B,+9,

3,4+ 0,3, +0,
3, +0,5,

BS = e1Bs—1 + eZBs—z fOI‘ S 2 4
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\ppendix 9D
Forecasting: Exponential Smoothing

Yo =ayr +o(d- a)l Yo +o(l- a)z Yro, T

(I-o)y; =a(l-a)y;_, +a(l- a)z Yo, +ol— OL)3 Y5+ (9D.2)

Principles of Econometrics, 3rd Edition Slide 9-62



\ppendix 9D
Forecasting: Exponential Smoothing

50 100 150 200

Figure 9A.3: Exponential Smoothing Forecasts for two alternative values of o
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