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I. Introduction.

Recent ideas of unit root, cointegration and error correction
representation developed in time series analysis area in the
decade have important impects on the nonstationary time
series analysis in OR.

In the present paper, we treat (1) dynamic equation model
and (2) rational transfer function model as a dynamic
regression model with I(1) variables and derive asymptotic
properties of OLS of long run effect coefficients in these models.
Some suggestions are also given for the applications in OR.

II. Dynamic Equation Model and
Its Estimation

21 Dynamic Equation Model and Emror

Correction Representation
Dynamic Equation Model is defined as follows;
M a(Ll)y, =bL)x -9--3—2 u,, t=12,..,T,
(L)y, = (L)x, o)
where;
L = lag cperator,
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We set following Assumptions 1 ~ 4.
Assumption 1. Allreotsof a(z) =0, ¢(Z)=0, 8(Z)=0

and y¥(Z) =0 are outside the unit cirde.

Assumption2. (1-L)x, = v, = y(L)g,,

Siw| <

1-0

O 2
Assumption 3. ) - D , s 02 .
£, 0 0 o

Assumption4. p,qand » are known a priori.
Using the relation (Phillips and Solo [1992]),

¥(L)- Ew,ﬂ, W = 1),

a(L)=a(l)+(1-L)a’(L),

1
a’(Ly= Y aL', a:nzaw,

-0 Y=

b(L) = b(1)+ (1~ L)b"(L),

b‘(L)=§b;L‘, b; = E e

i-0 Jj=1
we can show the error correction representation of (1) as in (2)

or (3).
@a(L)(y, - yx,) = 2?(!’( ya)(x, - %)+ 28,

(L)
rx.--—z O =y)+ a(l)z (%,

el 8D,

a(l) (L)

where y = LO) is the coeffident of long run effect.
a(l)

2.2 Least Squares Estimation and Its

Asymptotic Properties

Parameters to be estimated are denoted as
a=(ay,a,,...,4,), b=(4,b,,...,8)), c=(a',b"),
o= (¢1,¢2,...,¢P)', 0= (91,62,...,9q)', K= (¢',0')’,

“ = (y,C',ﬂ")'D (Y’A')"

Let X (r) be
1 1
X,(F)=‘Fxlr,li-(TV—[TT]):/‘——;va,

lersliai2,..1).
T T

Following lemmas are useful in the subsequent sequel.

Lemmma 1(FCLT for I(1) process.)

X (r)=yMo W,(7),

where => signifies weak convergence of the asscdated
probability measure as T — o and W,(r) is standard

Brownian motion defined on the probability space (©2 %, P).



Lemma 2

1 T
O3 2 x, = p(M)o, [W.(r)dr.
T; 1-1

.@)—Ex = W10, (W, (r)dr.

. 1=l

LS L 2y L
G % %h% = 5 (WD), (1) - SV (Ax,)
(iv)lix Ax, = l(1,(;(1)0 YW.A)+ lV(Ax ).
TS 2 ‘ £ 2 t

13 '
OF 25, = Y0, [ W)W, (7),

Here, A=1-L and W,(r) and W,(r) are independent

standard Brownian motions.

Lemma 2 can be proved using Lemma 1 (FCLT) and CMT
(Continuous Mapping Theorem, Billingsley [1968).) .

T
Denote the OLS of ¢ es i, which minimizes S = 3 u,’(1),

1-1

where

e ¥
u,(u)sg(L)(a(L)(y, r)- g(b ya)x, - ))~

Using Lemma 1 and 2, we can show
Theorem 1.

oo, fWW0)
aOHOV WO, Lwirdr

T(y-y)=

JT(A - )= N(0,0,'Q™"),
ou, ou,
Q=
plimz 2 oA oA

T—»

Remark 1.
(1) Limiting distribution of T(y - y) is mixed Gaussian.

@ 7 and A are asymptotically uncorrelated.

[Il. Rational Transfer Function
Model and Its Estimation

3.1 Rational Transfer Function Model

and Error Correction Representation

Rational Transfer Function Model is defined as in (4), and we
can show its error correction representation as in ) or (6).
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©) =~ (1)2 (V= Ye) + (1)21}(' O

3.2 Least Squares Estimation and Its

Asymptotic Properties
Let. u () be
#(L) __1 .
= D0 = o 3= v - 5.)
We can show the following Theorem for OLS .
Theorem 2. .
. W.(r)dW,(r)
TG -y)= oo, ]: i

KOV, (w2 (r)dr

VT (¢-c)= N(0,0,’Q7"),

VT (7 - x) = N(0,0,°Q]"),

Q I- 1 u &" d'll
TP L on o

T—w

Remark 2.
(1) Limiting distribution of T(y - y) is mixed Gaussian.

©@ 7,¢ and 7T are asymptotically uncarrelated.
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