|

7/ “““\\\ A ECO" SEARCH

% // RESEARCH IN AGRICULTURAL & APPLIED ECONOMICS

The World’s Largest Open Access Agricultural & Applied Economics Digital Library

This document is discoverable and free to researchers across the
globe due to the work of AgEcon Search.

Help ensure our sustainability.

Give to AgEcon Search

AgEcon Search
http://ageconsearch.umn.edu
aesearch@umn.edu

Papers downloaded from AgEcon Search may be used for non-commercial purposes and personal study only.
No other use, including posting to another Internet site, is permitted without permission from the copyright
owner (not AgEcon Search), or as allowed under the provisions of Fair Use, U.S. Copyright Act, Title 17 U.S.C.


https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
http://ageconsearch.umn.edu/
mailto:aesearch@umn.edu

C!-\\”\p\-, FOUMD;, O‘I o

AGR ICULTURAL 'O‘v”"’"
LIB

ERASMUS UNIVERSITY ROTTERDAM

ECONOMETRIC INSTITUTE ; J@N 8 1976

L 7
—— . ;
p 7 7 Vi /; BPCIE SL S S
I O Oy S G B I e

/

Lo

Report 7512/M,S,E

yﬁE,KALMAN FILTER AND THE ECONOMETRIC GENERAL
— LINEAR MODEL

by Michiel Hazewinkel

July 11, 1975




" ON THE KALMAN FILTER AND THE ECONOMETRIC GENERAL
LINEAR MODEL '

by Michiel Hazewinkel

In this note we show how a particular econometric estimator for the '
general linear model (the one best adapted to the noise present
in the observations) arises as the limit of Kalman state estimators

of a discrete dynamical system with trivial dynamics.

1. First consider a discrete dynamical system given by the equations

Ay * By + £+ Con
= Hex

Y * vy

where X, is an n-dimensional state vector; u, are deterministic controls;

fk a deterministic forcing vector; w, is random noise in the system;

k
Yy is the p-dimensional output vector; z, are the observations of the
¥y corrupted by random noise v, ; Ak’ B> Cy, Hy are matrices of
appropriate sizes, which are assumed to be known. One further makes

the assumptions
(2)  E(w ) =0 =E(v ), E(w WT) = § E(v VT) =6 R , E(w vT) =0
k k72 k"1 k1% * k'l k17k? k'1

where E denotes expectation and T denotes transposition. The covariance
matrices Qk and Rk are also assumed to be known.

Given all this, the Kalman filter with starting values 20 = 0, P is
given by the equations (cf. e.g. [2]).

_ T T
= A PPkt T Cro 1% 1Ckm
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Xy + K (2, -H 2p)




2. Now consider the general linear model as it is often used in

econometrics
(4) z =Hx + v

(H is usually written X, and x is usually written g; cf. [1] for a

discussion of the linear model), where x is to be estimated from the

. . . . T
observations z and v is random noise with E(v) = 0, E(vv') = R, where

R is nonnegative definite.

We write the model as (& rather trivial) discrete dynamical system

\

(5) TR T e T T e B T Y

Now we are going to apply the discrete Kalman filter (3) to it starting

with io = 0 and an arbitrary initial covariance matrix Po’ Using a

double induction one finds

T
(

(6) K, = POH

T y=1 _ T T _\-1
1 HP _H +R) ', K =P.H (nHPoH +R)

It follows from this that

(7) - K 5 Kn—1 - KEK

and hence, using induction again, that the estimate for in is equal to
. T T -1
(8) %, =P _H (nHPoH +R)” 'z

3. We are interested in what happens as n goes to infinity. There are

(at least) two interesting cases.

Case A: HPOHT is nonsingular. (I.e. in any case less outputs than the
dimension of the system). In this case the R in equation (8) can be

neglected as n goes to infinity and we find the estimator

T)-1z

- _ T
(9) X =PH (HPo




Case B. R is nonsingular, p > n, rank(H) = n. This is what is usually
assumed in the econometric general linear model.
Premultiplication with HT !

R 'H of the matrix in (8) gives

(10) ('R 'H) (np_HT) (B g+R)™" = BTR' - HT(nHP_H'+R)”

Now

(11) 1im B (nHP H+R)™! = 0
n->o o .
which is seen as follows. Because rank(HT) = rank(HPOHT) it suffices
to prove that HPOH'I.(nI{PdHI]}+R)_1 goes to zero. But
1

(12) HPOHT(nHPOHT+R)'1 =n VT - n-1R(nHPOHT+R)_1,

and one easily sees that the terms i'n'(nHPOHT+R)”1 are bounded
independantly of n (e.g. by diagonalizing HPOHT). This proves (11).
Using (10) and (11) in (8) it follows that in case B one obtains
the limit estimator

T, -1

(13) | % = (H'R T

1) '5R s
which is the econometric generalized least squares estimator with

weighting matrix equal to R = E(vvY).
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