
CHAPTER - VII 

' WINDOW FINDING ' OF STRUCTURAL CHANGES IN 
THE RELATION BETWEEN OUTPUT VARIATION AND 

ANTICIPATED /--UNATICIPATED MONEY SUPPLY 

7.1. INTRODUCTION: 

The output money- .supply relationship may be expected to undergo 

changes in different sub- periods over the past few decades ( 1950- 91 ). Mon
etary authorities adopted varying approaches with respect to the expansion of 

money supply in different plan periods. Money was let loose in early sixties 
when 1 controlled expansion 1 policy was followed in the Second and a few 
subsequent Five Year Plan periods. Output variations were not uniform over 
these periods either. 

However, the choice of sub - periods is beset with some difficulties in 
view of the fact that the choice of sub - periods needs the identification of the 
periods when the structural changes have occurred. This approach, while more 
objective by nature, is rather difficult to formulate and work with. Alternative 
approach is to choose sub -periods on the basis of some subjective criteria. 

The subjective criteria involve the choice of sub- periods on the basis of 
graphical relationship ofthe variables concerned. The sub- periods, where dis
tinct changes in the association among concerned variables are discernible, may 
be taken for turning points in the relationship under study. 

On the other hand, sub- periods may be chosen more objectively through 
econometric techniques. The identification of structural changes may be done 
with some econometric techniques which involve II WINDOW FINDING II. 

Such "WINDOW- FINDING" involves recursive estimation technique and the 
procedure, though viable, is very complex by nature. 

The choice of sub- periods in this present study involves the identifica
tion of structural changes through "WINDOW FINDING ". The basic proce
dure and the findings are described below. 
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7.2 METHODOLOGY : 

Researchers occasiorially seek to investigate the stability of the coeffi
cient estimates as the sample size increases. Again ssometimes-researchers want 
to find out whether the estimates will be different in enlarged samples and whether 
they will remain stable over time. Working with a sample, a researcher may pro
duce a regression which is too closely~tailored to his sample by experimenting 
with too many formul~tions ,of his model. In this case it is not certain whether 
the estimated function will perform equally outside the_~;:tmple of date which 
has been used for the estimation of coefficients. Further more, there may occur 
some events like changes in taxation laws, introduction of birth control meas
ures and so on.These events may change the structure of relationships. If such 

. structural changes occur, the coefficients may not appear stable. They may be 
sensitive to the changes in the sample composition. 

Testing for structural stablity calls for the use of additional observations 
besides the sample that is used to estimate a given model. Procedures for testing 
structural stability are treated in a systematic way in a work by Chow 43 ( 1960 ) 
and in Rao 44 (-1952 ). The procedure used in this study is discrived bellow. 

r 
Let the general model for the pooled data set be 

- ' (, y-,x~+u ........................................ (7.1) 

where 

y nxl 

X nxk 

J3 -k X 1 

n nl + n2 

43. Chow, G. - " Tests for Equality Between Sets of Coefficients in Two Linear 

Regressions", Econometrica, 28, 591 - 605, July, 1960. , 

44. Row, C.R.- "Advanced Statistical Methods in Biometric Research" New York: 

Willey & Sons, 1952. 
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Let there be two samples with n 1and n2 observations respectively. Let 
us rewrite the models for these two individual samples such as 

Y, ~ ( z, w,) [ ~: J + u, ·················: ...... ( 7.2) 

and y, ~ ( z, w,) U: J + u, ......................... ( 7.3 ) 

Where 

Yt n 1 x 1 

y2 n2 x 1 

zt n 1 xI 

z2 n2 xI ,., ..... 

WI n 1 x m 

w2 n2 x m 

yl ;;,./x1 
~~: 

y2 [X 1 

81 mx 1 

82 m x 1 

By combining ( 7.2) and ( 7.3) we have 

z1ow1 o yl Ul 

y2 
= + ........... ( 7.4) 

81 
o z2 ow? 82 u2 

and the null hypothesis is 
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. Under the null hypothe~is, the model is 

! 
zt w, 0 

= 

Z20 w2 

13 

8, + 

82 

The LS estimate of the coefficient vector in ( 7. 5 ) is 
-1 

= 

u, 

............. ( 7.5 ) 

u2 

............ ( 7.6) 

Ifwe fit ( 7.2) and ( 7.3 ) individually, their LS estimates ofthe coefficients 

will be 

~] = [c z! w 1 ) 
1 

( z1 W ~ l I 
[:] = [~w,) 1(~w,J

1 

where Ci is the LS estimate of 1 

............... ( 7.7) 

............... ( 7.8) 

The sum of squares necessary for computing test statistics can then be 
obtained by using the results in ( 7. 6 ), ( 7. 7 ) and ( 7. 8 ) . The sum of squares that 
measures the distance of individual observations from the common regression 
plane is 

. Here Q, I 0'2 has X2- distribution with ( n - 2m - 1 ) degrees of freedom 
w~ere we assume that u 1 and u2 have a common variance cr2. Now Q 

1 
can be 

decomposed into two sums of squares Q2 and Q
3

• Q2 will measure the distances 
of observations from the individual estimated regression planes, and Q

3 
will 

measure the distancescof the individual estimated planes from the common re
gression plane. 



Thus 

·~I i::·. 
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and Q3 = Q I - Q2 

Here Q
2 

I cr 2 has a X,2- distribution with [ (n1- m) + ( n2 - m )] = ( n- 2m) 
degrees of freedom [since n 1 + n~ = n ]. 

Q,, ~[z,w,) [d -(z,w,-) [~]{,w,{~] (z,w,{*]] 
+ [:~w,) [ ~: J (~w,) [ ~,J [~w,{~:J- (~w,) [ i]] ...... (7.11) 

It may be noted that C 
1 

is the estimate of y 1 obtained from the first sample 
regression and cJ; is the estimate of o

2 
obtained from the "POOLED" regression plarie. 

So the ratio is 

Q3 I I ·' F = ______ ..;...___ 

Q
2 

I ( n .. 2m J 2/ ) 
................................................... (7.12) 

So we have an F-distribution with [/, ( n - 2m - 21 ) ] degrees of freedom.· 
Here Q3 is the restricted sum of squares less the unrestrected sum of squares and that 
Q2 is the unrestricted sum of squares. 

If, however the new observations n
2 

are fewer than the number of parameters. 
in the function we may proceed as follows. 

First, from the augmented sample we obtain the regresswn 

1\ 1\ 1\ 1\ 1\ 
y = j3 + j3 X + J3~ ~ + ............ + j3 y 

o I I - - k ~"'k 
................. , .......................... ( 7.13} 

from which we calculate.the residual sum of squares 

L e 2 = L y 2 - L yl".y_ 
; ~ 

............................................................... (7.14) 

. ..-] 
with ( n 1 + n2 -k) degrees of freedom . 

.... 
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Second, from the original sample of size n 1, we have 

/\ /\ /\ I' 
Y

1 
= b

0 
+ b

1 
X

1 
+ .......... + bk~ ......................................... (7.I5) 

from which the unexplained sum of squares is 

L. e 2 = L. y 2 _ t'y 2 
I I I 

................................................ (7.I6 

) with n
1 

- k degrees of freedom. 

Third, substracting the two sum of residuals we find 

r L. e2 - L. el2 •••••••••••••••••••.••••••••••••••••••.•••••••.•••••••••••••• ( 7 .I7 ) 
! 

with ( n
1 
+ n

2
- k)- ( n

1
·- k) = n

2 
degrees of freedom, where'n2 are the additional 

observations. 

Fourth, we form F. ratio where 

F·= 
( L. e2 

- L. e/ ) I n2 
......................................... (7.I8) 

L. e
1
2 /(n1-k) 

· The null hypot~eses ar~ 

HI bi = J3; ( i = 0,! I' 2, .......... k ). 

The F. ratio is compared with the theoretical value ofF, obtained from 
the F- table with v 1 = n2 and v2 ( n

1
- k) degrees of freedom. 

IfF• > F, we reject the null hypothesis i.e., we accept that the structural 
coefficients are unstable. This indicates that their values are dhanging in ex
panded sample period~. 

.... . 
7.3 RECURSIVE ESTIMATION : CHOW TEST 

.. '\'! 

In our study the general model of estimation45 is 
y = a+ J3 1 Me + J3? UM + v .............. ( 6.5 ) 

I I • - I I 

The estimation involved here is one - step recursive estimation consist-
ing of two successive stages of estimations viz. (I) Intial Stage and (2)Recursive 
Stage. Different steps in the Initial Stage of estimation are described below 

45. The model is taken from the chapter VI. (section 6.2) 
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First, We start with a sample of first five years ( n 1 = 5) from the histori
cal data set (period 1950- 91 ) for regression . .. 

Second, before we estimate .(6.3) with limited date set, we find corre
sponding vectors of M,e and UM, from the following equation 4.6 

This is the general form of the model used for one period forecast for 
the M,e and UM,. Consequently, we get the vectors for M,c and UM

1 
for the 

limited period; 

Third, vectors ofM,e and UM,, thus obtained, are used for the estima
tion of the equation (6.3) for the limited period concerned. Sum of squared 
residuals ( :L e

1
2 ) is obtained! 

In the Recursive Stage, we extend the time span by one more period for 
regression as ifthe 1st sample contains n

1 
=5 observations and the second sam

ple contains only one observation suclrthat n
2
=1. Now that augmented sample 

observations, C n 1 + ~ = 6 ), we repeat these three different stages in the initial 
stage. Here we obtain ~he sufn of squared residuals ( :L e2 ). 

Final Stage: Now given :L e
1
2 and :L e2

, we obtain F* as described in 
equn.(7.18 ). IfF* indicates acceptance of Null - hypothesis47, we proceed 
recursively. In each stage of recursive estimation F* is estimated and null -
hypothesis is tested. We continue 'Recursive Estimation' until null - hypothesis 
is rejected48• 

S 1 F .. < F n2,nl-k bl . . . . . d I o ong as _ 0_05 - ta e, recursive estimation IS contmue . n 
each round of recursive estimation we get one estimated equatrion. Successive 
recursive estimations, therefore, give us successive estimated equations with 
progessively higher degrees of freedom. 

r ... n.,,n1-k 
Now F S F0_0; -table, indicates that theestimated J?.ar8~ters are 

stable over the period concerned. Alternatively, when F> F 
0

_
05 

2
' , 

1 the 

46. The equation is taken from the chap. V , (section 5.5 ). The equation is estimated with the 
1\ 

limited data set. The fitted values of M, provides the vector of M,• . The residuals present 
the corresponding veetor of UM,. The procedure has been described in chapter-V. 

''! n ,n -k 
47. The Null Hypothesis is accepted at 5% level if F*SF0_05 1 

n,n
1
-k 

48. IfF* > F O.OS' the Null Hypothesis is rejected. 
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equation estimated at the last round ofrecurcive estimation exhibits distinct dif
fer~nce from other equations in this present round. In other words, parameters 
have under -gone changes at this period. This period, therefore, exhibits struc
tural change. Thus one 11 WINDOW 11 of 'structural change' is found. However, 
the procedure is being repeated again for finding other 11 WINDOWS 11

, if any, 
until the data set is exhaused. 

7.4 RESULTS & FINDINGS 

The results of such I Recursive Estimations', following Chow Test, are 
given in the table- 7.1, 7.2 and 7.3. 

It is observed from the results that 

(i) F" L F 
0 05

- table (with COITesponding D.F.) for the successive recur
sive estimations o~er the period 1951 -195549 • However, F" > F0.05 - table forthe 
recursive estimation for the period 1951 - 1956. Consequently, one ' Window ' 
of structural changes is found to occur at 1956. 

(ii) F" L F o.os- table (with co.rresponding D.F.) for recurssive estimation 
for the period f956 - 1962. However, F" > F o.os- table for the recursive estima
tions over the period.19 56 -1963. This indicates that another , ' Window ' .of 
Structural Changes in Parameter exists at 1 963. 

(iii) F"::;; F0.05 - table (with corresponding D.F.) for the r~cursive estima

tion over the period 1963 - 1969. Again F" > F o.o
5 

table ( with corresponding 
D.F.) for the recursive estimation over the period 1963 - 1970. This indicates 
that another' window,· of structural changes exists at 1970. 

(iv) F"::;; F o.o5 - table (with corresponding D.F.)for the recursive estima
tion over the period 1 970 - 1979 while F" > F - table for the recursive estimation 
over the period 1970 - 1980,_ This shows that another' Window ' exists at 1980. 

( v) F" ::;; F0.
05 

table for the recursive estimation over the period 1980 -
1991. No further 'Window' could be found in this period. 

Results of recursive estimation have be presented in Tables - 7.1, 7.2 
and 7.3. 

49. For recursive estimation of stationary data set through G L S method we get the 
biginning plriod at 1951. 
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TABLE 7.1 

r 
RESULTS OF RECURSIVE ESTIMATIONS FOR WINDOW FINDING 

UNDER CHOW TEST ( 1951 FORWORD) 

-· 
Sample- 1 Sample- 2 Estimated F"(Chow) 
(Consisting) (Consisting) 

I 
I 

1951 -55 1951 -56 19.4** 
! 

1951 -56 1951 -57 6.04 

1951 -57 1951 -58 3.04 

1951 -58 1951 -59 2.91 

1951 -59 1951 -60 2.90 
~ 

1951 -60 1951 -61 2.95 

1951 -61 1951 ~62 ; 2.93 

1951 -62 1951 -63 3.95** 

1951 -63 1951 -64 ,.,. 2.07 
'l'! 

1951 -64 1951 -65 2.11 

1951 -65 1951 -66 1.99 

1951 -66 1951 -67 2.01 

1951 -67 1951 -68 1.99 

1951 -68 
·~· 

1951 -69 1.79 
·; . 

'• 

1951 -69 1951 -70 ·f-- 2.81** 

. v v 
** Indicates that the estimated F' > F o.~~ 2 
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T TABLE 7.2 
i 
I 

RESULTS OF RECURSIVE ESTIMATIONS .FOR WINDOW FIND
ING UNDER CHOW TEST ( 1991 BACKWORD) 

Sample- 1 .·I 

Sample- 2 Estimated F* (Chow) I 
(Consisting.) 

I 

(Consisting.) 
I 
! 

1991 -86 1991 -87 3.78 

1991 -85 1991 -86 2.63 

1991 -84 1991 -85 2.57 

1991 -83 1991 •84 3.98 

1991 -82 1991 -83 r 2.68 
, 

1991 -81 1991 -82 2.01 

1991 -80 .• 1991 -8l 
I 

~:'1:! 3.79"" 

1991 -79 1991 -80 2.01 .. 

199l -78 1991 -79 1.95 

1991 -77 1991 -78 . 2.11 

1991 -76 1991· -77 1.99 

1991 -75 r r1991 -76 1.79 
r--. 

1991 -74 1991 -75 1.46 

1991 -73 1991 -74 1.91 

1991 -72 1991 -TJ 1.84 

1991 -71 '' 1991 -72 1.75 . 
I 

1991 -70 1991 -71 
... --- -- . ---· 1.92 - .. -- ·~-...... 

. v,, v2 ** Indicates that the estimated F' > F o.os 
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The over all summarsied results correspondingto the tables 7.1 & 7.2 are 
given in the following table - 7.3 . 

TABLE 7.3 
~~I 

FINAL RESULTS OF RECURSIVE ESTIMATIONS FOR 
WINDOW FINDING 

Sample- ·1 Sample- 2 Estimated Windows of struc-
(Consisting (Consisting Chow where tural change ( at 
of the period ) of the period.) ( F* > Fvi v2) 

0.05 
the corresponding 

- --- year) 
--·-

1951-55 1951- 56 19.95 1956 
1956-62 1956-63 6.25 .. 1963 
1963 - 69 1963- 70 6.35 1970 
1970- 79. 1970- 80 4.23 1980 
1980-- 90 1980-91 2.12 -

' 

7.5 SUBPERIODS IDENTIFICATION : IMPLICTIONS OF FINDINGS : 

From the results presented in the Table 7.3, subperiods can be identi 
fi~d. These subperiods are as follow : 

(i) 1950 - 195p constitutes one subperiod. However, because of only 
one estimation over the period, ,the exact dynamic nature of output - money 
supply relationship cannot be ascertained. No recursive estimations were possi
ble in the sub -period 1951 - 195 5 becouse insufficient degrees of freedom. The 
period 1951 -55 consists of only 5 observations on each variable concered and 
any estimation of the model entails loss of 3 degrees of freedom. So recursive 
estimations have been avoided. 

(ii) Second· su~period consists of the perio'd 1956- 1962. 

(iii)Third subperiod:consists the period 1963 - 1969: 

(iv)The period 1970 - 1979 constitutes the fourth subperiod. 

(v) Fifth subperiod consists of the priod 1980 - 1991. 

Once thre subperiods are identified, the task is to consider the rela
tionship between output level and different parts of money supply over the 
identified subperiods. This is expected to provide a dynamidc and distinct 
nature of such relationship in different subperiods over the pe~iod concerned. 
We seek to address this issue in the following chapter. 


