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CHAPTER T
INTRODUCTTION

Most economists would agree that since the Federal Reserve--
Treasury Accord of 1951, the monetary authorities have exerted
considerable Influence on the economy of the United States through
thelr exercise of monetary policy. The subject of the efficacy with
which thelr monetary policy has attained the objectlves of price
stablllity, economlec growth, full employment, and equilibrium in the
balance-of-payments has proved quite controversial,

The Federal Reserve, on one hand, maintains that "the relative
Importance of economic objectlves varles with economic conditions."t
Such a position Implies a non-systematic approach to adverse economie
disturbances of poliey obJectives. On the other hand, many economists
insist that the monetary authorlties implicitly react on a temporally
consistent basls to achieve a positién of relative priorities among

the obJectives. The dlvergent viewpoints continue to produce debate.

1, David P. Eastburn, The Federal Reserve On Record, Readings
On Current Issues From Statements By Federal Reserve Officials,
Federa] Reserve Bank of Philadelphiz, (1965), p. 2l. Also see,
Board af Governors of the Federal Reserve System, The Federal Reserve
System: Purposes And Functions, (Washington, D.C., 1963), pp. 236-
238,




. ’ 2
However, studies by A. W, Phillips,2 G. L. Reuber,> Willlam G. Dewald
and Harry G. Johnson,u Thomas Havrilesky,5 James W. Christian,6 and

Douglas Fisher! have sought to remove these debates from the realm of

semantlc argumentation to the domain of statistical inference.
The Problem and 1ts Scope

In 1958, using the actual performance of the economy as a basis,
Phlllips introduced the concept of quantifylng the objective trade-offs

that occur when pollicy objectives conflict. Then, 1n 1962, Reuber

published the findings of hls attempt to arrive at the impliclt trade-

offs that the monetary authorities8

are assumed to make among pollcy
objectlves. In identifying these implicit trade-offs, Reuber relled

heavily on multiple linear regression analysils in order to estimate

2A W. Phillips, "The Relation Between Unemployment and the Rate
of Change of Money Wage Rates in the United Kingdom, 1861-1957," Econo-
mica, Volume 15, (November, 1958), pp. 283-299.

3G. L. Reuber, The ObJectives Of Monetary Pollcy, working paper
prepared for the Royal Commlssion on Banking and Finance, (December,
1962).
. uHarry G. Johnson and Willliam G. Dewald, "An Objective Analysis
of the Objectives of Monetary Policy," Banking And Monetary Studles,
Deane Carson, Editor, (Homewood, Illinols: Richard D. Irwin, Inc., 1963).

SThomas Havrilesky, "A Test of Monetary Policy," Journal Of Po-
litical Economy, Volume 75, (June, 1967).

6James W. Christian, "A Purther Analysls of the Objectives of
American Monetary Policy," Journal Of Finance, Volume 23, (June, 1968).

Tbouglas Fisher, "The Objectives of British Monetary Policy,"
Journal Of Finance, Volume 23, (December, 1968).

81n this study, the term reaction function refers to a reaction
function of the monetary authorities and should not be confused wilth other
definitions. For example see Willlam Fellner, Competition Among The Few,
(New York: Alfred A. Knope, 1949), pp. 58-59.




what he termed the reac¢tlon functlon of the monetary authorlties. Re-
actlon functlons relate how the monetary authorltlies are assumed to re-
act, as measured by an Ilndlcator of monetary policy, when measures of
the policy objectives move in adverse directlons.

Implicit in the concept of a reactlon function i1s the fact that
it must apply on a temporally consistent basls,remaining stable over
tine; The subject of stablllty per se, however, has recelved esseﬁ—
tlally only superflclal treatment. Whereas Chrilstlan dld use moving
regression analysis to examine reaction functlon equations, he pro-
ceeded no further than visual inspection of the magnitude of the changes
of the moving regression coefficlents in assuming the stablllty of the
estlmated funct;on.

Since any meaningful Interpretation of a reaction function equation
requlres the equation to remaln stable over the time perlod concerned,
the subject of stabllity ltself seems worthy of examination. Conse-
quently, 1t 1s the purpose of thls study to lnvestigate whether the

evidence supports the exlstence of a stable reaction function.
Organization and Methodology

As a point of departure, Chapter II provides a review of the
literature regarding previous attempts to estimate a reactlon function.

Chapter III deals with the subject of reactlon function models.
A presentation 1s first made regarding the nature of the monetary pro-
cess, Tentatlve reactlon functlon equations are then developed,
followed by the results of the multiple linear regression analysis.
Flnally, an Intermediate economic and statistlcal analysls 1s made of
selected reactlon function equations prilor to their subjectlon to

stablllty tests.



After presenting the chafaoteristics of the tlme perilods of the
study, Chapter IV reports the results of subjecting the selected re-
actlion function equations to stablllty tests. The stabllity tests
used are moving regression analysls to which confidence intervals are
appllied, the Chow test, and the generalized dummy varlable test,
Next, an economle and statistlcal analysis of the selected reaction
function equations after thelr subjection to stabllity tests 1s
presented, followed finally by a discussion of the findings of the

study.
Chapter V summarlzes the major findings and conclusions..



CHAPTER IT
REVIEW OF THE LITERATURE

Reuber first estimated a reactlon function of the Canadian
monetary authorities in 1962. Dewald and Johnson, borrowing Reuber's
reactioh function concept, estlmated reaction functions of the U.S. mone-
tary authorities. Both Havrllesky and Christian faulted Dewald.and
Johnson's study in several areas, subsequently attempting to correct the
faults by estimating new reaction functilons of the U.S. monetary authori-
tles. Fisher, borrowlng the reaction function concept, also attempted
to estimate reaction functions of the British monetary authoritles. The

followlng sectlons discuss each of these studles.
Reuber

In dealing with the general subject of how economic policy re-
lates to the economy at large, flrst Phillips, then other economists
addressed themselves to the problem of estimating empirically the actual
trade-~offs among pollcy objectives. It was Reuber, however, who
focused attention on two equally lmportant aspects of the same problem;
namely, (1) an estimate of a reactlon function where the monetary
authorities reseclve conflicts among pollcy objectives and (2) the costs
to soclety for the failurgjof the monetary authorlties to attaln an
optimum combination of the policy objectives after taking into

consideration the actual trade-offs among policy objectilves.



Reuber's study attempted to improve upon previous work by pro-
viding the Canadian Royal Commissilon on Banking and Finance quantitative
information in the followlng areas:

1, the trade-offs among full employment, price stability

and economic growth, glven the present structure
of the economy ard the present compliment of policy
Instruments;

2. the trade-offs among these policy objectives in the
preference function of the pollcy-making authorities
according to which conflicts among the objectilves
have 1in practice been resolved;

3. the relative economic benefits to be gained by ad-
vanclng one objectlve at the expense of others,
glven the structural trade-offs among objectives.

Reuber felt thils information could provide bases for evaluating past
mbhetary policy and for decldlng the appropriate weights to be glven
policy objectlves 1n the future. Since the present study concerns
itself primarily with the subjJect of stability in reaction functions,
only that part of Reuber's study which pertains to reaction functlons
wlll recelve treatment.

Reuber encountered two problems in trying to measure the
assumed reactlon of the monetary authorities to the performance of
the economy. The flrst problem involved trying to determine the
policy objectlves of the Canadlian economy. The second problem in-
volved trylng to choose the appropriate indicator of monetary policy.2
The Bank of Canada's statements Indicated that the policy obJectlves

Included the following: high employment, price stability, sustalned

lR.euber, p. 3.
2Tpid., p. 129.



economic growth, distributive justice, economic freedom; and the pro-
motion of national self—sﬁfficiency. Reuber elimlnated from his
reaction function estimates the last three pollcy obJectlves because
(1) they appeared too ambiguous to define, (2) they were considered
by Canadian monetary authorities as structural features of Canada's
econamy, and (3) the welghts attached to these varlables did not
appear to change significantly over the time period considered. These
three observations imply that between 1949 and 1961, varlations in
Canadlan monetary policy resulted primarily from changes in economic
growth, price instabillty, and changing uﬁemployment conditions. The
Canadian moneﬁary authorities did not consider the balance-of-payments
variable as an objectlve of monetary policy because they consldered
it "as a constraint condltioning policy similar to domestic
constraints,"3

Reuber's second basic problem involved choosing an approprilate
Indicator of monetary policy. He proceeded to choose indlcators on
the basls of whether the monetary authorities relied upon them in
the past. The indicators chosen include the money supply, the net
Canadlian cash reserves of the chartered banks, the real money supply,
the real net Canadian’cash reserves of the chartered banks, the
Treasury Blll rate, and absolute changes 1n the Treasury Bill rate.u

Next, Reuber experimented with three different functional
forms 1n trying to estimate a reactlon function before selecting the

form

(1) logM =g (U™, log 8., log P,, log I, log M _;, log M

t 2)

3b14., p. 133.

“bi4., p. 135.



where U™t represents the reciprocal of the unemployment rate, 8, the

t

productlvity index, P_ the consumer price index, I, the index of

t v
manufacturing production, and M. the money supply.5 Reuber employed

€
the same functlonal form in trylng to estimate the actual trade-offs
among measures of the poliay objectives. Employing the same functlonal
form to both reaction function estimates and actual trage-off esti-
mates enabled Reuber to compare the assumed trade-offs among measures
of poliéy objectlves with the actual trade-offs determined in the
economy .

Reuber tested six indicators of monetary policy but found no
significant statlstlcal relatlonships between the policy objectives
and the following three 1ndicators of monetary policy: real net:
Canadian cash reserves of the chartered banks, the Treasury Bill rate,
and absolute changes in the Treasury Bill rate. He did find statlstical
relatlonships between the poiicy objJectlves and the three remaining
indicators of monetary policy. Reuber found the following relation-
ships: a positive relatlonship between the nominal money supply and
all three policy objectives, a positive relatlonship between nominal
net cash reserves and prices, and a posltive relationshilp between
the real money supply and unemployment. Reuber found the other
relationships statistically insignificant (nominal net cash reserves
to the growth and employment objéctives and the real money supply
to the price stabllity and growth objectives).

Reuber did not discuss the economic plausibllity of the signs
of each pollcy objective coefflcient even though he stated they were

considered:. He dld indicate, however, that the price stabllity

STbid., p. 140.



coefflolient "reveals the degree of heutrality and accommodation in
monetary policy with respect to price changes."6 Complete neutrality
shows a price stabllity coefficient equaling zero, and complete
accommodatlion shows a price stability coefficlent equaling one. As
shown on the next pagé, the price stability coefficients were .L0667
and .33153. These posltive coefficlents imply acéommodation to price
changes by the monetary authorities—a questionable policy from a
. theoretical point of view which caguses difficulty in the economic
interpretatlon of trade-offs.

In trying to select the best reactlon function, Reuber used
three criteria: (a) "goodness of fit," meaning the largest coefficient
of determination; (b) inélusion of all the policy objectives in the
equation, that is, finding all policy objectlves statistlcally sig-
nificant; and (c) economic criteria to include the economic plausibility
of the sign of each parameter, the parameter size, and the distrilbuted
lag structure of the total eguation.

Reuber found that the followlng two equations best satisfy his
criteria:7

(1) log M, = .51107 - .0B648 UL + .25112 log B + .09431 log P

t

+ 1.34723 log M, _; = .57914 log Mt_z'

(2) log M, = .62376 -.08282 UEl + .22876 log 8, + .07373 log Ry

+ 1.37297 log My_; ~ .59536 log M.,

6Ibid., p.rluu.

Tp14.



10

The equilibrium values (log Mi = log Mt-l) for equations 1 and 2 follow

as equations 1' and 2' respectively.

(1') log M = 2.20374 - .37290 vl 1.08283 log & + .40667 log P

(2') log M = 2.80480 - 3721;2.U‘ + 1.02864 log & + .33153 log R.

The objective R stands fbr the 1mplicit GNP price index and represents
an alternative measure fbr the price stability objective.8

- Reuber's reaetion function study focuses on the inferences
drawn from'the,objective trade—eif‘analysis.and from the analysis of
the structure of the Inside lag of monetary policy. . Abdiscussion of
these two types of inferences dréwn from the above estimated reaction
functions follows. |

’Reubervestimated the following implicit trade-offs for the price
stabllity and unemployment objectives from equations 1' and 2!

respectively.9

8For an explanation of how well these two equations fit Reuber's
criteria see Reuber, pp. 142-144,

9Trade—offs between objectlves are calculated from the total -
differential of the reaction function after setting it equal to zero.
For example:

2log M. alog M, ‘ Alo
t t € g 2log P

d log P

By setting the above differential equal to zero and solving for the
trade-offs between price stability and unemployment one obtains:

8log M
d log P ouz!
avt = TPl i

5I0E F

Trade-offs show compensating movements among two independent variables
that result in no change for the dependent variable. In terms of a
reaction functlion the trade-offs show the necessary compensating.
movements between two measures of policy objectives, resulting in no
change for the indicator of monetary policy.
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I d 10% P = .37290 = ,91696
au 40667
II _%_%g%;ﬂ_ = _27225 = 1.12333
331

The trade-offs represent off-setting changes in two policy
variables, resulting in no change in the indlcator of monetary policy
(log Mt)‘ In equation I, for example, Increases in the price level
cause expansionary monetary policy (increase log M)J;O and increases
in UL (reducing the magnitude U) cause contractionary monetary policy
(decrease log M). If both events occur simultaneously, what happens
to M ? The result depends on how the monetary authorities welgh P
and UL, Equation I indicates that between 1949 and 1961 the money
supply (log Mt) did not change when both P and U-l rose simultaneously
if log P rose by .91696 of a percentage polnt when UL rose by one
percentage point. In other words, a .91696 percentage point increase
in log P causes log M to rise, but a one percentage point rise in
U'l causes log M to decline by the same magnitude; thus the value of
log M does not change.

To point out how useful information can be gained from the
trade-offs analysls, an example of how Reuber used the results
follows.

Reuber calculated the actual trade-off (as determined by the
structure of the Canadlan economy) between price stabllity and un-

d log Q
employment as 4 y~1 = ,22261. This trade-off calculation means

lOFr'om a theoretical point of view, one expects inflationary

pressures to cause contractlonary monetary policy; however, as
mentioned earller, Reuber accepts the opposite case.
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that every time U""l changes by one percentage point, log Q changes by
.22261 percentage points. Reuber used log Q (the consumer price index)
as a substitute for log P and log R 1n estimating the actual trade-
offs involving the price stability obJective. By comparing the actual
trade-offs with the implicit trade-offs of the Canadian monetary
authorities (.22261 to .91696 and 1.12333), Reuber concluded;

» + the actions of Canada's monetary authorities from

1949 to 1961 as revealed by changes in the nominal money

supply suggest that for any glven change in the level

of unemployment the authorities allowed for a change

in prices 4 to 5 times greater than was warranted

Judging by the evidence on the empirical trade-offs

afforded by the performance of the economy. In

addition, the inclusion of productivity in these

reaction functions suggests that the authorities allowed

for trade-offs between economic growth and unemployment

and price stabillity which the evidence on emplrical trade-

offs suggests do not exlst. On both counts, therefore,

one might say that the authoritles have held views

about the empirical trade-offs among objictives that have

been wrong by a very substantlal margin. 1
Thus, Reuber's evlidence suggests that the Canadian monetary authorities
implicitly allowed for trade-offs in a manner far different from one
which the actual trade-offs indicate have been followed.

Reuber also drew important inferences from the analysls of the
structure of the inslde lag of monetary policy. On page 9 of this
study, equations 1 and 2 employ a Solow distributed lag form, allow-
ing an estimate of the Inside lag of monetary policy to be made--the
time period elapsed between when indicators show a need for monetary
policy and when the polley response actually occurs.12 These

equations imply that log M takes on a value derived from the welghted

Ll1ig., p. 145.

121014, , p. 277.
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sum of the current and past influences of the explanatory varlables.
The explanatory varlables' past pattern of welghts derives from the
Pascal distribution, allowlng the lag structure of the overall re-

lationship to take on a varlety of forms. By comparison, the Koyck

lag imposes a unlform diminishing lag structure.

TABLE T

PERCENTAGE OF FINAL EFFECT REALIZED BY END OF QUARTERS

QUARTER
Equation No. Current 1 2 3 I 5 10
1t 23 54 83 104 115 118 98
2! 22 53 81 103 115 119 99

Source: G, L. Reuber, p. 124,

The followlng discusslon develops the implications of the lag
structure of the two equations shown in Table I. Assuming that log
P permanently rilses by one unlt, equation (1') shows that log M ulti-
mately increases by .U40667 units, The new higher log M level will not
be attained instantly, but will be approached gradually. For example,
23 per cent of the policy response occurs by the end of the initial
quarter, with a 54 per cent response occurring by the end of the next
quarter. In other words, log M rises approximately .22 units by the
end of quarter one (not the current quarter). The same explanation
applles to the other explanatory varlables, even though the ultimate

magnitude of change for log M differs.
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It 1s interesting to note that by the end of the first year over
100% of the mondtary response had been made. Reuber indicated that this
may only "reflect the process of successive approximation" which the
Canadlan monetary authorities emphasized. That 1s, as the monetary
| authorities‘adjusted to the new Incoming data, they tended to over-
shoot or undershoot their targets. The coefficlents in Reuber's two
equations show an "oselllatory adjustment path™ that can be interpreted
- as representing the monetary authbrities successlve approximation
approach. |

It should be mentioned that Reuber experimented with both the
Koyck and Solow distributed lag formulatlons, and for statlstical
reasons, chose to use the Solow 1ég.l3 (Solow and Kareken provide
a good example of the computations of the Solow 1ag.1“) Alt pointed
out, "a priorl conslderations glve but little Information about the
shape of the welght function."® This Statement means that reading the
minutes of the monetary authorlitles' meetings does not necessarily
provide one with an insight as to the structure of the Inside lag.
The only way to discover the lag structure 1ls to experiment wlth many

alternative lag models.

Bp1q.
14
John Kareken and Robert M. Solow, "Part I, Lags in Monetary
Policy," in Commission on Money and Credit, Stabllizatlon Policies,
(Englewood Cliffs, N.J.: Prentice-Hall 1963), pp. 28-29.

15Fr'anz L. Alt, "Distributed Lags," Econometrica, Volume 10,
No. 2, (April 1942), p. 114, _ ‘
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Reactlon functions reveal the welghts attached to the policy
variables by the monetary authoritles. Reuber assumed a distributed lag
in response to adverse movements in measures of the policy objectives
by the monetary authorities. A distributed lag implies a series of
reactions, rather than a single one. Reuber's distributed lag appli-
catlon imposed a uniform lag on all policy varlables, and as Johnson
and Winder have Indicated, this condition does not present an ideal
situation. Unfortunately, an alternative technique for handling this
problem does not exist.

Ideally, one would like to employ a statistical

technique that would allow for and detect both shifts in

the relatlive lmportance attached to different policy

objectives and differences 1n the speed of response

of policy to changes in different relevant indicators;

but the statistlcal technique capable of doing these

things is, to the best of our knowledge, not yet

avallable.l6

To summarize, Reuber estimated reaction functions in order to
1dentify the obJective trade-offs which the Canadlan monetary authori-
ties were assumed to have made. Reuber then compared these estlimates
to the objectlve trade-off estimates determined by the structure of
the Canadlan economy. Hils conclusions indlcated that the Canadian
monetary authoritiles held views concerning the magnitude of the
obJectlve trade-offs far different from the actual objective trade-off
magnitudes. From the distributed lag form of the reaction functilons,
Reuber estimated the inside lag of monetary policy. He concluded
from the inside lag estimates that the Canadlan monetary authoritiles

used a successive approximation approach in attempting to achileve

164, Johnson and J. Winder, Lags In The Effects Of Monetary
Policy In Canada, (working paper prepared for the Royal Commlssion on -
Banking and Finance), (Ottawa, Canada 1964), p. 87.
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certain target values, a procedure which resulted in overshooting and
uridershooting the target values.

After the publication of Reuber's reactlon functlon study, other
economists applied the same concept to U.S. data. Dewald and Johnson
estimated reaction functions for the U.S. and published thelr findings

in 1963. The following section reviews thelr findings.
Dewald and Johnson

Dewald and Johnson made the first attempt to apply Reuber's

17 They attempted to estimate

reactlon function concept to U. S. data.
a reaction function for two reasons. First, they could apply techniques
of statistical inference to both the questions of (1) whether the
monetary authorities should pursue certain policy objectives and (2)
1f so, do they dlscharge thelr responsibilities effectlively. Second,
Dewald and Johnson wanted to estimate the inside lag of monetary
policy, thereby providing additlonal information useful in deftermining
the effectlveness of monetary pollicy. The followlng statement by
Dewald and Johnson describes thelr approach to the study:
We formulate the conduct of monetary pollcy in terms

of a "reaction function” relating a statistical indi-

cator of monetary policy to statistical indlcators of

the degree to which the varlous objectives of policy

have been achleved, the form of the reaction function

expressing the welghts attached by the monetary

authority to the varlous objectives and the lag in

the reactlon of monetary pollcy to changes 1n the
performance of the economy.

17Harry G. Johnson and Willlam G. Dewald, "An Objective Analysis
of the Objectives of Monetary Policy," Pp. 171—189

Bi4., p. 173.
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Dewald and Johnson experimented with three indlcators of monetary
policy: the money supply, Treasury blll rates, and member bank re-
serve posltions. They also used measﬁres of the followlng policy
'obJectives: the consumer prlce index, the unemployment rate, the
balanc?-of-payments deficit, and real gross natlonal product.

The reactlon functlons usingéthe money - supply indicaﬁor as the
dépendent varlable ylelded the best statistical results. From the
reaction functions employing monetary aggregate indicators the'fbll5ws
ing regreSsioh equation ylelded the best results:

(3) M, = 26.87991 + .75385 M,_; + 45733 U_+ 03767 ¥,

- .08825 P, + .00036 Bt'
U represents the unemployment rate 1n percentage form; P, the consumer
price index in percentage form; Y, the real gross national product in
billions of 1954 dollars; and B, the balance-of-payments deficit in
millions of dollars, which 1s defined as U.S. éold gales plus in-
creases In short-ﬁenn.liabilities plus U.S, goverrment securities held
by foreign countries. The dependent varlable M represents the money
suppiy, definéd as currency plus demand deposits adjusted, in billions
of dollars. The equilibrium value (Mf = Mf-l) for equation 3 follows
as equation 3°'.

(3') M =109.20125 + 1.85793 U + .15304 Y - .35852 P + .00146 B

Dewald and Johnson considered the above equatlon the best
statistical reaction function based on the following (1) the coeffi-
clent of determination and (25 the significaﬁce of the regression
coefficients. They found the first three independent variables

gignificant at the 5 per éent level.
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They found all coefficlent signs acceptable except the sign for
the balance-of-payments coefficlent., Dewald and Johnson ignored the
latter observation since the balance-of-payments objective coefficient
did not differ significantly from zero.

Dewald and Johnson drew the following inferences from equation
3 ard othef reaction function equations employlng a money supply
indicatof} First, during the 1952-61 time period, the employment
and growfh objectives represented the primary concerns of the monetary
authorities in terms of monetary policy. Second, monetary policy
considerations did not invo;ve the balance-of-payments obJective,
Third, the price stability coefficient did not differ significantly
from zero, but it did have the expected sign. Fourth, and most im-
portant, the average inside lag ranged from between eight months to
slightly over a year. The relatively long inside lag raises same
important questions in terms of the flexilbility of monetary policy.

Since Dewald and Johnson considered the last finding the most

important, the followlng discussion describes the nature of their

|
\

inside lag estimates.
Dewald and Johnson assumed that the indicator of monetary
policy reacts to changes in measures of policy objectives 'subject to
an exponentially diminishing distributed lag"--the Koyck lag. Table
IT indicates the lag structure assocliated with equation 3. These
lags measure the implicit "inside" lag in monetary policy. Equation
3' shows that ifﬁunemployment permanently rilses by one percentage
point, the money sﬁpply ultimately increases by $1.85793 billion.
‘Tgble II shows that in the initial period of a permanent one-percentage-

point increase in unemployment, the money supply increases 24.6
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percentage points of the distance toward $1.85793 billion ($.45733
billion). By the end of the fourth quarter, the money supply would
have risen 75.6 percentage points of the distance toward the ultimate
increase ($1.40560 billion).

TABLE IT

PERCENTAGE OF FINAL EFFECT BY END OF QUARTER

Welghted
QUARTER Average
Policy Indicator Curprent 1 2 3 b Lag
Money Supply . . . .2U615 43171 .57159 67704 .75654 3.06

The welghted-average lag serves as a measure of the average
length of time that the monetary response lags behind the indication
of a need for monetary pollicy as shown by adverse movements in
measures of pollicy objectives. A relatively large weighted-average
lag Implies that a large portion of the distributed lag effect occurs
in latter time perlods, whereas a small welghted-average lag lmplies
that a large portion of the distributed lag effect occurs in earlier
time perliods. In Table II the welghted-average lag means that 50
per cent of the monetary response to adverse movements in measures of

poliecy objectives occurred by the end of 3.06 quarters (WAL = J{g—;;g—

where/é?represents the estimated coefficient of the lagged dependent

variable).
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Thomas Mayer discussed two common uses for the welghted-average
lag measure.lg First, in the absence of knowledge concerning the
distributed lag structure, the weighted-average lag serves as an
approximation for the distributed lag structureueo Second, the
wdghted-average lag measure reduces all lag strudtures to a common
denominator, allowling camparisons of inside lag estimates among
different studies.

After Dewald and Johnson evaluated all of their reaction
function estimates, they drew the followling general conclusions.
First, the monetary authorities gave primary concern to the grthh
and employment objectives 1n terms of monetary polley. Second,
the price stability objective held a positlon of secondary importance
in terms of monetary policy. Third, the balance-of-payments objectlve
caused negligible response by the monetary authorities. Fourth,
reaction functions employing monetary aggregate indicators showed
relatively longer inside lag estimates than did reactlon functions
employing money market indicators. In terms of the last conclusion,
Dewald and Johnson noted the following:

. . the monetary authorities appear to react more quickly
to changes in the enviromment if they are assumed to

aim at controlling money market conditions than if they

are assumed to alm at controlling the quantity of monéy.

The former assumption is probably more conslstent with

generally accepted views of how monetary policy is
conducted in practlce than the latter, and adoption

L mmomas Mayer, "The Lag in the Effect of Monetary Policy:
Some Criticisms," Western Economle Journal, Volume 5, No. 4 (Septem—
ber 1967), pp. 324=-302,

201p14.
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of 1t leads to concluslons about the flexibility of

monetary policy much more flattering to the monetary

authorities. On the other hand, the behavior of the

money supply lends 1tself more readily to statistlcal

explanation 1n terms of performance indicators re-

flecting the obJectlves of economic policy than

does the behavior of the various indicators of

money market conditions.2l

Dewald and Johnson made one final observation concerning their
findings. They noted that critics of monetary policy have charged
that since 1957, the monetary authoritles had given undue weight
to the price stablllity objective. They coneluded that their evidence
did not support thls allegation.

In summary, Dewald and Johnson attempted to discover (1) the
welghts whlch the monetary authoritles attached to the pollcy objectives
under consideration and (2) the nature of the inside lag of monetary
policy. In terms of thelr first goal, Dewald and Johnson's study
revealed that the monetary authorities placed primary importance on
the employment and growth objectilves and secondary importance on the
price stablllty objective, whlle placing no importance on the balance-
of-payments objectlve. In terms of their second goal, Dewald and
Johnson found that reactlon function estimates employing monetary
aggregates showed longer welghted-average lags than reaction functions
employing money market indlcators. They‘judged the best reaction
function to be one employlng the money supply variable as the indi-
cator. The resulting Iinside lag turned out to be relatively long,

implying that monetary polley lacked adequate flexibllity.

2lpewald and Johnson, p. 189.
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Otker ecbnomists found fault wlth various aspects of Dewald
"and Johnson's study and subseguently attempted to correct them by
estimating new reaction fungtlons. A dlscussieon of these attempts

follows.
Havrilesky

In an attempt to lmprove upon Dewald and Johnson's study,
Havrilesky cenducted a subsequent study that invelved estimation of a
reaction function for the Unlted States monetary authorltles for the -
peried 1952~1965. He pursued the study for the following reasens:

Developing and testing the monetary policy action

function could contribute to recent dlalogue on

apprepriate Indicators of monetary polley. It could

alse provide insights inte the systematic responses of

the pelicy maker to the explanatory varilables. Finally,

it could establish part of the groundwork for longer-

run monetary policy strategy.22

Havrilesky teook ilssue wilth the methoedology used in previous
studies to select the most apprepriate indicators of monetary policy.
Instead of experimenting with various indicators as had previous re-
searchers, he established the following criteria for choosing the
best indicator. First, Havrllesky iridicated that the non-policy (
endogenous and exogenous forces affecting the variable should be
known and easlily compensated for by the monetary authoritles; second,
the indicater should be influenced by the tools of monetary policy.
Havrillesky declded that total reserves adjusted for changes in the

legal reserve requirement, Rt’ best satisfled his criteria.

22
Havrilesky, p. 299.
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It should be polnted out that Havrilesky falled to provide a
theoretical basls for hls criterla. He also falled to provide em-
pirical Justification for choosing the adjusted total reserves
variable as the indlcator of monetary policy.23 In other words,
Havrilesky fell short of his first objJective—-that of contributing to
the dlalogue on the problem of ldentifylng an ideal indicator of
monetary policy.

Havrilesky employed flve policy obJectives: the unemployment
rate U (percentage of total civilian labor force unemployed); the
balance~of-payments surplus or deficit B (surplus or deficlt on a
basic balance basls which is defined as (1) the net official re-
serves balance, plus (2) the increase in short-term liabilities to
forelgners, minus (3) increase of forelgn short-term assets of the
U.S., plus (4) errors and omissions); the level of income Y (GNP in
billions of current dollars); the price level varilable (P—P‘)2
(where P = the wholesale price index, base 1958 = 100, and P' = the
wholesale price index goal, bases 1952-57 = 92, 1958-65 = 100); and
forelgn economlc actlvity if (a welghted-average of foreign long-term
interest rates). Havrllesky expected the following signs: negative
for the (P—P')2, B, and if objectives and positive for the U and YI
obJectives. He estimated the followlng reactlon function, which
showed all obJectlve coeffilclents, with the exceptlon of the B

coefficient, significant at the 5 per cent level.

23For a thorough discusslon of the nature of the indicator
problem see Karl Brunner and Allan H. Meltzer, "The Meaning of Mone-
tary Indicators," in George Horwich, Money Process And Policy: A
Symposium, (Homewood, Ill.: Richard D. Irwin, 1967).
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2

4) R, = 9753.8 + 19.683 v, o+ 151.84 U, - 10.428 (p-p') -~ 138.33 1o

- .04916 B,
All objectives exxpt_(P—P')2 showed a linear relationship to adjusted
total reserves. Havrllesky's explanation for using the (jP—P')2
obJective follows:

The sensitive Wholesale Price Index favored by the

policy maker rose only slightly from a level of

92 for the 1952-55 period; in 1956-57 1t climbed

rapidly to 100; in 1958-64 i1t varied 1little from

the 100 level; in 1965 it began rising rapidly again.

Because of this pattern, two prilce level goals (P')

are introduced, a WPI of 92 for the 1952-57 period

and a WPI of 100 for the 1958-65 period. The be-

havior of adjusted total reserves during perlod of

rapid inflation suggested that the quantity (P-P')

be Introduced into the regression in squared form to

capture pollcy reactions to increases in the price

level above these targets.2
Havrilesky does not discuss the economic interpretation of the
(P—P')2 objective in equation 4. The lack of discussion could indi-
cate that Havrilesky used the varlable because of 1ts high statistical
correlatlion with Rt’

Havrilesky included 1, (a welghted ~ average of forelgn long-
term interest rates) as a pollcy objective because the Federal Reserve
System claims to consider exogenous forces affecting the other poliéy
objective, even though monetary policy does not directly affect the
exogenous forces.

Havrilesky's reactlon functlon estimate assumed that all policy
responses occurred in the inltlal quarter. He also assumed that the
explanatory variables respond to changes in the 1ndicator after a one-

quarter lag.

24
Havrilesky, pp. 301-302.
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According to Havrilesky:

The presence of a lag of this type permits the
establishment of unilateral causallity between the

explanatory variables and the indicator.25
Thus, Havrilesky eliminated from consideration the Yinside" lag of
monetary policy and assumed the "outside'" lag to be greater than one
quarter. He did not, however, provide empirical evidence to support
his assumptions.

Havrilesky's conclusions drawn from the analysis of equation 4
include (1) statements to the effect that the monetary authorities
respond to adverse movements in the price stabllity, employment, and
income growth objectives, and (2) the monetary authorities do not
respond to adverse movements In the balance-of-payments objectilve;
however, they are cognlzant of forelgn economic activity.

In summary, Havrilesky attempted to lmprove Dewald and Johnson's
study in two ways. Flrst, he attempted to specify the criteria for
selecting an indicator of monetary pollicy to use in his reaction
function estimate. Havrilesky felt that by specifylng the criteria,
he would contribute to the dlalogue concerning '"ldeal" indicators
of monetary pollicy, and at the same time, choose an indicator more |
closely approaching the "ideal" condition. He chose total reserves
adjusted, R_, as the indicator to be used.

Havrllesky attempted to improve Dewald and Johnson's study a
second way by finding policy objectives other than growth and employment

that caused the monetary authorities to respond. He concluded that

2dTbid., p. 301.



26

the monetary authoritles responded to the price stabllity, employment,
growth, and foreign economlic activity objectives. He found no syste-
matic response by the monetary authorities for the balance-of-payments
objective.

It 1s questionable whether Havrilesky's c¢riteria for selecting an
indicator of monetary policy, hls attempt to discover a significant
price stablility objective, or hls assumptions concerning the inside and
ocutside lags of monetary policy represents a contribution.

Following Havrilesky, Christian made the next attempt to improve

upon Dewald and Jolmson's study.

Christian

26 believed that Dewald and Johnson made two errors

Christlan
in estimating thelr reaction functlions. First, they did not indicate
that a regression coefficient shows the combined influence of effect
and welght, thus the two cannot be separated without independent in-
formation. The lack of independent information meant that the absolute
values of the regression coefficlents did not reflect the true weights.
The second crilticism concerned the absence of stabllity tests for the
reaction functlons estimated by Dewald and Johnson. A stable reaction
function assumes a "temporally consistent policy-formulating frame-
work," implylng that the respectlve regression coefficlents remain

statistically invarlant over time.27

e pe—

26James W. Christian, "A Further Analysls of the Objectives of
American Monetary Policy," pp. U465-477.

2TIoid., p. L66.
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The independent variables used in reaction functions are of two
types——lagged indicators of monetary policy and measures of policy
objectives. If the coefficlent of the lagged variable does not exhibit
stablility over time, then questions arlse as to the rellability of the
implied distributed lag. As the time periods used for estimating the
reaction function change, different distributed lag structures would
result. Chrlstian indicafed that if the coefflcients for the policy
objectives exhlbited instability over time, two alternative interpre-
tations existed. The first interpretation implies that elther a
temporally consistent policy-formulating framework does not exist, or
if i1t does exist, that the relationships are non-linear. The second
Interpretaiion dmplies that the policy objectives lack independence.
This interpretation suggests that the implicit trade-offs among ob-
Jectives may approach a lexlicographic ordering. In other words, the
attainment of one objectlve depends upon the attainment of others.

The main emphasis of Christian's study concerned applying moving
regression analysis to reaction functions similar to those estimated
by Dewald and Johnson. He reported applying the moving regression
stabllity test to three different reactlon functions. One reaction
function employed a measure of the money supply as an indicator of
monetary policy; another used free reserves as the indicator; and the
remaining reaction function employed the Treasury blll rate as the
Indicator. Christian found the stabllity results roughly comparable
for all three reaction functions tested. For that reason, only the
conclusions drawn from the reaction function employing the money supply

indicator follow:28

28 v
Tbid., pp. 470-471.
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1) During the periods of concern, there existed a relatively
"elose correspondence between thé size and significance
of the regression coefficients” and the changes 1in the
moving average varilables.

2) 'The regréssion coefficient of the lagged dependent variable
changed conslderably durlng the time perlod consildered.

3) The price stability variable in the Dewald and Johnson
analysis was not generally_significant; however, during
inflatlonary periods it became significant.

4) The balance-of-payment varlable became significant toward
the end of the period; whereas, in the Dewald and Johnson
analysils, 1t never became significant.

5) During perlods of concern, the regression coefficients
became generally larger than Dewald and Johnson's result.

6) Based on an analysis of the "moving regressions” doubt
was cast as to the temporal consistency of the policy-
making framework.

Christian dld find evidence showing a case for temporal consistency
with respect to the unemployment, U, and growth, G, objectilves.

Christian's application of moving regression analysis prdvided

additional insight into the stability characteristics of reaction
functions. Perhaps, however, he could have attalned more precision by
subjecting the moving regression coefficlents to confidence Interval
analysis, rather than relying upon visual inspection of the coefflcients.

In summary, Christian applied the moving regression test to

alternative formulations of reaction functions. His tests did not

identify a stable reaction function of the monetary authorities.
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However, he provided evldence which he felt suggested that the monetary
authorities react with temporal conslstency to the employment and growth
objectives.

Fisher made the next attempt to estimate reactlon functions of

the monetary authorlties in Great Briltain.

Flsher

Following Reuber's and Dewald and Johnsom's leads,-Fisher29

attempted to estimate reaction functions of the Britilsh monetary authori-
ties for the time period 1951 to 1964, Fisher's purpcse in estimating
reactlion functions 1is:

The core of this paper 1s a model of recent British monetary
pollcy in which the objectives, the techniques employed,
and, 1mplicitly, the trade-offs between objectives, are
similtaneously identified.30

Fisher's conceptlon of a reaction function differs from other re-
actlon function studles reviewed. Instead of using an indicator of
monetary pollcy to measure the assumed reactlions of the monetary authori-
t}es, Fisher employs varlous targets of monetary policy. The following
statement relates Filsher's conceptlon of a reactlon function:

Thus, one first assumes that a particular varlable for
example, the money stock, has been controlled (or dic-
tated as 1in the case of Interest rates) and then tests

1t against all of the various possible objectives 1n
order to see which of the obJectlves has been served

and to what extent. In a regression equation the

varlous proxlmate objectives become independent vari-
ables and the instruments become dependent variables. In
thls event, both objectlves _and Instruments are defined
by a sucgessful regresslon.

29Douglas Fisher, "The ObJectlves of Britlsh Monetary Policy,
1951-1964 .M

30
31

Tbid., p. 821.
Tbid., p. 824.



30

Three general types of instruments (dependent variables) are
tested by Fisher in reactlon functlon models. Interest rates make up
the first general category of Instruments tested. The specific interest
rate measures include the Bank Rate, Treasury Blll Rate, One Year Rate,
and the Consol Rate., The second general category of instruments 1n-
cludes money supply measures. The specific measures include broad
money, narrow money, total deposits, and current deposits. The third
 general category of instruments includes liquid assets. The specific
measures include llquld assets (primarily cash, call money, and both
public and private bills), the liquid assets ratio (liquld assets di-
vided by total deposits), and Bllls outstanding.

The poliey ojbectives tested include the price stabllity objective
P, the balance-of-payments objective B, the employment objective E,
and the growth objective G, Measures of the policy obJectlves include
a price index for the P obJectlive; forelgn exchange and gold reserves
in blllions of dollars for the B objective; unemployment as a per cent
of the labor force for the U objectlve; and consumption, deflated 1n
& 100 million for the G objective. Quarterly data were employed.

A representative reactlon functlon estimated by Flsher 1s shown

in Table IIT,3 (Fisher does not report any of the constant ‘terms.,)

32F(eaction functions employing money supply and liquld asset
Instruments did not generally show the obJectlve coefflclents belng
significantly different from zero.
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TABLE IIT

THE OBJECTIVES OF BRITTISH MONETARY POLICY - BANK RATE

Forelgn Exchange Unemployment Con-
Lagged Price Level and Gold Reserves (Per Cent surmption

Value (Per Cent ) (billions of of labor & 100
dollars ) force ) million)
Bank Rate .5559%% 0547 - T350%# ~.68L0##* -.0005

¥ = significant at the .01 level

Fisher interprets the coeffiglent of the lagged dependent varlable as
showing "the percentage of variation in the poliey instrument which is

long run."33

This means that 56 per cent of the policy response to
adverse movements in measures of pollcy objectlives, as shown by changes
in the Bank Rate, occurs after the initlal quarter. In other words,
Ly per cent of the policy response occurs in the initlal gquarter. For
comparative purposes wlth other studles, the welghted average inside
lag equals sllghtly over one quarter--a result conslstent with the
findings of Dewald and Johnson and Christian, In terms of the P, B,
and U obJective coefficlients, Flsher concludes that the signs are con-
slstent wlth short run orthodoxy. This means that all reactions are
in the antl-cyclical direction.

The P and G objective coeffiéients are not statlstically signifi-

cant. He concludes that the lnsignificant coefficlent assoclated

331p14., p. 82L.
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with the growth objectlve provides evidence to support the contention
that growth represents a long run policy objective and 1s not a relevant
obJectlive for short run nbnetary policy. Fisher afé;es that the British
monetary authorities respond primarily to short run objectives (P, B,
and U)34 and that growth does not belong in a reaction function because
of its long rﬁn Implicatlons.

As indicated earlier, the relevant objectives and instruments in
terms of monetary policy are defined by a successful regression. Since
the reaction functions employing the short-term interest rates as
Instruments produce the best results, Fisher concludes that the British
monetary authorities "adopted the technlque of price setting in the short-
term Goverrment securities market. . . ."3° In other words, short-term
Interest rates are used as targets for transmitting monetary policy
to the economy. Fisher goes on to point out that the Bank Rate repre-
sents "the ultlmate policy weapon of the Bank of England."36 Thus, the
stabilization techniques employed by the British monetary authorities
include adjusting the Bank Rate to target levels. As the Bank Rate
adjusts, the rest of the money market responds,37 and ultimately, the
measures of the policy objectives change.

Finally, Fisher examines the implications of the implicit trade-

offs shown in Table IV. The trade-offs are calculated from the reaction

31via., pp. 824-826.
Bmid., p. 823.
P m1a.

37moid.
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funcetlon shown in Table III after solving for the efullibrium value of

the instrument varilable (Bank Rate).
TABLE IV

TRADE-OFFS BETWEEN THE OBJECTIVES OF
BRTTISH MONETARY POLICY - BANK RATE

Price Level Forelgn Exchange and Unemployed

Gold Reserves Per Cent of
labor force
Index Numbers Billions of Dallars unemployed
1 Index number
rise in prices X .07 .08
1 billion deollar
rise In reserves 13.46 X ~-1.07
1 per cent rise
in unemployment 12.52 -.93 X

Table IV indlcates that between 1951 and 1964 in Great Britaln,
Bank Rate dld noet change when both P and B rose simultaneously if P
rose by 13.46 index numbers when B rose by one billion dollars. In
other words, a 13.46 pergentage increase in P causes Bank Rate to rise,
but a one blllion dellar rise in B causes Bank Rate to decline by the
same magnitude; thus the value of Bank Rate does not change. An alter-
native interpretatlon of the lmpllelt trade-offs would be that every
time forelgn exchange and gold reserves decline by one billlion dollars,
the British monetary authoritles are willing to accept an increase of

1.07 percentage points in the uremployment rate. Thus, a falrly large
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amount of unemployment would be acceptable by the British monetary
authorities every time a one billlion dollar decrease in forelgnh ex-
change and gold reserves occurs. According to Fisher, this trade-off
rate may even be an understatement of the actual trade-offs in a balance-
of-payments crisis situation 1in Great Britlan. Both Tables IIT and IV
also show that the British monetary authoritles place the greatest
weight on the B and U obJectives.

Three criticlsms of Fisher's study can be made in light of the
other reaction function studies reviewed. First, 1t appears that Fisher
may have confused targets of monetary pollecy with indicators of monetary
policy. At no polnt does Fisher indicate the difference between the two
concepts. As Saving points out, thls confusion could lead to spurilous
results because the target value reflects both the pollecy effects and

the exogenous effects.38

The purpose of an indicator of monetary policy
1s to separate out the policy effects only. Second, Filsher does not
conslder the temporal stabil;ty of his reaction functions, even though
they were estimated for the time period 1951 to 1964. Third, Fisher fails
to mention that reaction functions and the economy are contemporaneous
which means that the weights and effects applied to the objective co-
efficlents are inseparable without independent information. Thus, the
coefficlents in Fisher's reactlion functions are blased--a difficulty
plagulng all reaction function studles.

In sumary, Fisher presents evldence on the followlng three issues:

first, the British monetary authorities fespond to the following short

381homas R. Saving, "Monetary Pollcy Targets and Indicators,"
p. 450.
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run pollcy objectives—price stabllity, balance-of-payments, and un-
employment., He concludes that the British monetary authorities do not
respond to egonomle growth-—a concept more appropriate for long run
policy considerations. Second, Fisher concludes that the British
monetary authoritles attempt to control the Bark Rate in order to in-
fluence the measures of the pollcy objectives., Third, Flsher shows that
the British monetary authorities implcltly allow for high rates of un-
employment whenever decreases occur in foreign exchange and gold reserves.
Also, the B and U objectives are welghted the heaviest by the British

monetary authorities.

Summary

After estimating both actual and Impliclt trade-offs among policy
objectives for the Canadlan economy, Reuber found that they differed
considerably, with a resultant high economlc cost to soclety. Addition-
ally ', Reuber concluded that the lag in nonetary policy, which showed an
oscillatory reaction pattern, suggested that the Canadlan monetary
authoritles mlght have been trying to reach their objectives through
successlive approximations. To reach both major conclusions, Reuber
relled extensively on reaction function equations.

Dewald and Johnson borrowed Reuber's reaction function concept
and applied 1t to data from the United States. They found that the
monetary authorltles respond almost entirely to the growth and employ-
ment objectives, Additlonally, they found that the inside lag was
notlceably long when money supply indicators of monetary policy were
used.,

Havrilesky attempted to Improve Dewald and Johnson's contri-

butlon in two ways: first, he attempted to specify an indlcator of
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monetary policy that would approach belng ldeal; and second, he attempted
ta discover policy obJectives—-other than full-employment and growth—-
that cause the monetary authoritles to respond. On both counts Havriles-
ky fell short of hls intended goals. In terms of an ldeal indicator of
monetary policy, Havrilesky's discussion dld not satisfactorily justify
his cholice of an Indicator over other indicators commonly used., In terms
of the price stabllity objective, he did not present a theoretical justi-
flcation for the variable used.

Christlan undertook a reaction fUnétion study because of two
shortcomings in the Dewald and Johnson study. First, Christian
pointed out that the welghts Dewald and Johnson estimated for tﬁe
objectives refiect both effect and weights, thus the two cannot be
separated without lndependent information. .Such information was not
avallable. Secord, Dewald and Johnson made no report on the stability
of thelr estimated reaction functions.

Using moving regression tests, Christian tested equatlons similar
to Dewald and Johnson's for stabllity; but he was unable to ldentify
a stable reactlion function. However, he identified two objectlves
which he Judged relatively stable--the employment and growth objectlves.
Christian was also unable to ldentlify a stable lagged-dependent-
varliable coefficlent, the absence of which cast doubt on the relia-
bility of Dewald and Johnson's estimated inside lags. Finally,
Christian noted that the price and balance-of-payments objectives be-
came statlstically significant durling some time perlods, a fact
concealed from Dewald and Johnson by the nature of their study.

Flsher estimated reactipn functlons of the British Monetary

authorities in order to provide evidence on: (1) the short run policy
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objJectives pursued by the monetary authorities, (2) the targets of mone-
tary policy used In trying to attain desirable measures of the polilcy
objectives, and (3) the impliclt trade-offs among the pollcy objectives.
Fisher found that in the short run the British monetary authorities res-
pond primarily to the price stabllity, employment, and balance-of-pay-
ments policy objectives. He also found the most important target
variable to be an Interest rate measure--Bank Rate. Finally, Fisher
found that the Brltish monetary authorities put the heaviest weights on
the B and U obJectives, and that relatively large amounts of unemployment
are acceptable whenever foreign exchange and gold reserves decline.

Reactlon functions of the monetary authorlties have been estimated
for three different countrles. For comparative purposes, the Canadlan
mbnetary authorities respond to the employment, productivity,. and price
stabillty objectives. The British monetary authorities respond pri-
marily to the employment, price stability, and balance-of-payments ob-
Jectives. The United States monetary authorities respond primarily to
the employment and growth objectives with posslble secondary emphasis
to the price stability obJective.

Chapter III shows how the reactlon function equations are first
derived and estimated, then, by economic and statistical criteria,

selected for subsequent stabllity analysis.



CHAPTER TIIT
REACTTON FUNCTION MODELS

A reaction function relates the way in which the monetary
authoritles are assumed to react when the measures of the policy
objectlves are not at thelr desired levels., In order to provide a
better understanding of the nature of reaction functions, section one
presents the Federal Reserve's interpretation of the monetary process.
No offlcial statement by the Federal Reserve System describing the
theoretical nature of the monetary process exists; however, Federal
Reserve and academic economists have gathered various official state-~
ments of the process and have derived an interpretation that will be
presented 1in this chapter.l

Section twe deals with tentatlive reaction function equations
development, including the subjects of indicators of monetary policy,
policy objectives measurement, functional forms, and predicted co-
efficlent signs. The results of the multiple linear regression
analysis are presented in section three, followed by an.intermediate
economic and statlstical analysils of the reaction function equations in
the final section. The followlng description of the monetary process

provides definitions of the various components .of a .reaction function.

lThis theory, as 1t has been used in the past, is nct fully
developed. Leonal C. Andersen and Jules E. Levine, "A Test of Money
Market Conditions As a Means of Short-Run Monetary Management," National
Banking Review, Vol. 4, No. 1, (September.1966), pp. 41-51.
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The desecrilption also lays the groundwork for a discussion of the nature

of reactioﬁ fUnctions.
The Nature Of The Monetary Process

The monetary process begins with monetary pollcy affecting the
money market. As the money market adjusts, the monetary policy in-
fluences spread to the economy; as the economy responds, measures of
the policy objectives change;' The followlng diagram facllitates the

discussion of the monetary process.
Chart 1

The Monetary Process

A B c_ .
Monetary | 4 Bank Money % }
Authoritles | Reserves Market
D

Measurement of the
attaimment of the
pollicy objectives

A

The monetary authoritles conduct monetary policy which directly
Influences member bank reserves and causes conditlons in the money
market to change. The reactlon of the money market creates forces
which affect the entlre economy; and as the economy adjusts, the
measures of the policy objectives change. When the measures of policy

objectives change, the monetary authoritles react.
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Keir's interpretation of the Federal Reserve's conceptual process
of how monetary policy eventually affects the measures of the policy

objectives follows:

Changes 1In the avallabllity and cost of reserves are
reflected lmmediately in money market conditions. Thelr
influence spreads to bank credit and money, to interest
rates in markets for longer-term debt, and to the entire
range of spending financed by borrowed funds. In the
end the ultimate targets of policy actlons--total income
and spending, total output and employment, the general
level of prices, and intermational trade and capital
flows—come to be influenced.2

To provide a better understanding of the nature of the money
narket the following section describes its components including the
money market, the transmission of monetary policy influence, and the

pollicy obJectives.

The Money Market

In Chart 1, the money market serves two primary functions.
First, 1t includes the variables frequently used as money market guides
and indicators of monetary policy; Treasury Bill rates, free reserves,
the basic reserve deficlencles of eight New York money market banks,
the basic reserve defieciencies of thirty-eight money market banks out-
side New York, member bank borrowlngs, borrowlngs by Government security
dealers, the Federal Funds rate, and the discount rate.3 Second, the

money maxrket serves as the flrst connecting link between monetary polilcy

2Peter"M."Keir, "The Open Market Policy Process," Federal Reserve
Bulletin, 49, Part II, (July 1963), p. 1360.

3Leonall C. Andersen, "Money Market Conditions As A Guide For
Monetary Management," Monetary Economlcs: Readings, Alan D. Entine,
Editor, (Belmont, California, 1969), p. 230.
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and the economy.. As shown in Chart 1, monetary policy iritially affects
bank reserves; then as the cost and availabllity of reserves change,
money market conditions reflect those changes. As money market con-
ditlons change, three variables--known as intermediate guildes of
monetary policy—hadjust.u The monetary authorities hope to influence
these intermedlate guides. The guldes——which include the stock of
money, long-term interest rates, and bank credlt--play a critical role
in the conceptlon of how nbnétary policy Influences spread throughout

the economy.

Transmission Of Monetary Policy Influence

To The General Economy

Four alternative theorles descrlbe the manner 1in which the
influence of monetary policy moves from the money market to the economy
where 1t alters pollcy objectlve measures. Economists generally make
the following assoclation between theories and key variables:

5

Keyneslan theory and long-term interest rates; the quantity theory

6
of money and the money supply; the Federal Reserve authoritiles have

uIt has been postulated that increased pressure in the money
market will result in decreasing rates cof change in money and bank
credit and rising long-term interest rates. The opposite is postulated
if there 1s less pressure or increased ease in the money market.
Andersen and Levine, p. 43.

5Laurence S. Ritter, "The Role of Money in Keynesian Theory,"
And Monetary Studies, Dean Carson, .Ed., (Homewood, Illinols,
1963), pp. 134-150.

6M11ton Friedman, "The Quantity Theory of Money—-A Re-statement,"
Studies In The Quantity Theory Of Money, (Chicago, University of
Chicago Press, 1956), pp. 3-21.
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an implicilt theory for bank credit;7

and finally, the general ligquidity
theory encompasses all three intermediate guides 1n 1ts framework.8
Monetary authoritles purportedly employ an eclectic comblnation
of the foregolng guldes to Influence the economy. As the economy
responds, measures of the poliey objectives change. These policy

objective changes are examlned next.

Policy Objectives

During the decade of the 1930's this country experienced its
most severe depression. Toward the end of the depressién, the United
States entered World War II. As the end of the war approached, many
people feared a return to the complacent economic conditions that
prevalled in the 1930's. The Employment Act of 1946 1llustrates the
high priority glven economic stability because of thase fears. The
Declaration of Policy states the purpose of the Act.

The Congress declares that it 1s the continuing
policy and responsibility of the Federal Government
to use all practicable means consistent with its needs
and obligations and other essentlal considerations
of national policy, wilth the asslstance and cooperation
of industry, agriculture, labor, and State and local
governments, to ¢oordlnate and utilize all its plans,
functions, and resources for the purpose of creating
and maintaining, in a manmner calculated to foster
and promote firee competltive enterprilse and the
general welfare, conditlons under which there will

TBoard. of Governors of the Federal Reserve System, "Processes
and Procedures Involved 1n the Formulation and Execution of Monetary
Policy," The Federal Reserve And The Treasury: Answers To Questions
From The Commission On Money And Credit, (Englewood Cliffs, N.J.:
Prentice-Hall, Inc., 1963), D. 5.

8Leonall C. Andersen, "Liquidity Considerations and Monetary
Management ," a paper presented to the Federal Reserve System Committee
on Financlal Analysils, Philadelphia meeting, (April 20, 1966), pp. 1-3.
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be afforded useful employment opportunities, including
self-employment, for those able, willing, and seeking
to work, and to promote maximum employment, production,
and purchasing power.9

The legislative background and the general opinions prevalling during
the mid-1940's implied that the procedures for attalning the policy
obJectlves include both monetary and fisecal policy.lO
Wlth respect to the policy obJectives of monetary policy, the
Board of Governors stated:
Today it 1s generally understood that the primary
purpose of the System 1s to foster growth at high
levels of employment, with a stable dollar in the
domestiec economy and wlth over-all balance in our
international payments.ll
More specifically, these four policy objectives mean

(1) maintaining a maximum rate of sustainable economic growth,

(2) keeping the unemployment rate at the level conslstent
. with full-employment, ”
(3) providing for stability in the overall price level, and

(4) maintaining a balance-of-payments equilibrium.l2

9 Tis act as originally approved February 20, 1946, and its
amendments through the first session of the 83rd Congress are reprinted
in The Economic Report Of The President, Transmitted To The Congress
January 28, 1954, (United States Goverrment Printing Office, Washington,
1954) Appendix B.

lOLester V. Chandler, "Economic Stability,' The Nation's Economic
Objectives, (Chicago: University of Chicago Press, 1964), p. L0.

llBoard of Governors of the Federal Reserve System, The Federal
Reserve System: Purpose And Functions, (Washington, D.C., 1963), 50th
Anniversary Edltion, p. 2.

1274 should be roted that 1963 represented the first year the
Board of Governors explicltly mentloned the balance-of-payments as an
objectlive. International considerations have had an influence on
monetary policy in the past; however, during most of the 1950's the
Federal Reserve's attention focused on domestic problems.




Ly

Within the framework of the Foregolng dlscussion, this study
now addresses itself to the problem of formulating tentative reaction

function equations.
Tentative Reactlion Functlion Equations

A reaction Punction conslsts of an indicator of monetary policy
(dependent variable) functionally related to measures of the policy
objectives (independent variables). The first two subsectlons discuss
the cholce of (1) indicators of monetary pollicy and (2) measures of
pollcy objectlves used in thls study. Subsection three shows the
general reaction functlon equatlon chosen for thls study, including
the specific form it takes when the varlables in (1) and (2) above are
Inserted. Subsectlon four reports the predicted signs of the policy
objective coefficlents. Filnally, subsection five presents a critique

%
of reaction function analysis.

Indicators Of Monetary Pollcy

The monetary authorlities attempt to influence measures of the
polliecy objectives through manipulation of policy instruments after
first taking into consideration the structure of the economic system.
The theoretical problem of 1mplementing monetary policy arises because
of the general lack of knowledge concerning the complete structure
of the economic system.

Most economlsts agree on the general nature of theorles concerning
the structure of the economy. The key varlables in these theorles often
serve as Indicators of the ihfluence of monetary policy on economic

activity. A problem arises when two lmportant key varlables glve
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conflicting signals, as occurred, for example, in the first part of
1966 when interest rates and monetary aggregates rose simultaneously.

Repeated occurrence of thils problem caused Brunner and Meltzer
to formallze the 1ndicator pr-oblem.13 Their study clearly ldentified
the endogenous characteristics of monetary policy indlcators. When
the non-monetary policy forces domlnate the monetary poliley forces,
then the indicator variables will move in directions not dictated by
monetary policy, thus glving contradlctory signals.

An ideal indicator (one that would always glve correct signals)
would satisfy the followlng criteria. First, the indlcator would re-
late to the target variable, but would remain mathematilcally independent.
Second, the monetary authorities would represent the primary influence
on indicators, The exogeneus variables which affect the target
varliable would not affect the Indiecator. Third, the indicator would
ocecupy an lmportant posiltion in the beginning of the process so that
the monetary authorities could have freguent and early reza.dj.ng;s.lLL

Since the time that Brumner and Meltzer formalized the indicator
_ problem, many researchers have pointed out the "endogenous" character-
istics of the commonly used indicators. As a result, a known 1ndi-

cator which satisfies the criteria for an ideal indicator does not

exist today.15 Despite the foregoing restraint, the monetary

13

Wimomas R, Saving, ™onetary Policy Targets and Indicators,"
Journal Of Political Economy, Supplement, Vol. 75, (August 1967),
pp. L4B-BL9T Also Gearge G. Kaufman, '"Indicators of Monetary Policy:
Theory and Evidence," National Banking Review, Volume 4 (June 1967),p.482.

Brunner and Meltzer, "The Meaning of Monetary Indicators."

15One purpose of thls paper 1s to test alternative indilcators
that have been used by the monetary authorities; it is not to identify
the "best" indicator.by comparing alternative indicators to a set of
arbltrary criteria, as was done in Havrillesky's study.
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authorities still rely upon indicators of monetary policy when making
policy decisions.

Those indicators selected for use in this study meet the follow-
ing conditions: (1) the monetary authorities used the indicators during
the time period to which this study relates and (2) the indicators
fit into the conceptual framework of the transmission process of
monetary policy.

This study excludes several well-known indicators from use be-
cause the monetary authorities did not use them durlng the time period
covered. The excluded Indicators include the neutralized money stock,
effective non-borrowed reserves, and the monetary base. The first
two varlables appeared in the literature in 1968 and 1969 respective-
ly.16 The meonetary base has frequently appeared in the literature
in the last eight years in money supply studies and studiles concerning
indicators of monetary pollcy. However, Saving indicates the probable
reasons for the monetary authorities' not using the monetary base as
an indicator. Only in a time period when the discount rate and re-
qulired reserves remalin unchanged and monetary policy consists only of
open market operations, "the monetary base will not deviate from the
1ldeal indicator and hence will relect the direction of the effect
of poliecy on aggregate demand."17 Since the time period covered in

this study does include many changes in the levels of the discount

16P. H. Hendershott, The Neutralized Money Stock, (Homewood,
Illinois, 1968), and E. Deleeuw and J. Kalchbremer, "Monetary and
Fiseal Actlons: A Test of thelr Relative Importance in Economic
Stabillization--Comment,' Review, Federal Reserve Bank of St. Louls,
4April, 1969), pp. 6-11 ~—

17Saving, p. 455.
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rate and required reserves, the monetary base 1s not used as an
indicator.

The Indicators used in this study include the money supply M,
the percentage change In the money supply M', the interest rate r, total
reserves T, free reserves F, menber bank borrowing B, and the index
of money market tightness I. The I varlable consists of welghted
movemants of seven money market vardables and represents money market
pressure (see Appendix C). All of these variables appear 1n block B
of Chart 1 In the transmission process of monetary policy. The T and
F varlables are assoclated wlth bank reserves while the F, r, B, and I
variables are assoclated with the money market. The M and M' variables,
consldered intermedlate money market varlables, are assoclated with the
quantity theery of money.

During the time perlod under consilderation, the "Record of
Pollcy Actlons" of the Federal Open Market Committee consistently
referred to the M and M' variables. Phrases such as "total money
supply,” "growth in the money supply," or "increase in money supply,"
frequently appeared durlng the latter part of the tlime perlod. In
the early 1950's the words "supply, availabllity and cost of money"
appeared inseparable because of the belief that no "meaningful dls-
tinetion" could be made between the variables in terms of their
Influence on the economy; Glven these early limltatlons, references
to "he flow of money" still appeared. Welntraub showed, however,

that glven the Federal Reserve's 1952 concepticn of the monetary
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process, extracting the money supply as an indlcator of monetary policy
would still produce neaning.18

The "Record of Pollcy Actions" dilscussed many different kinds of
interest rates throughout the time period under conslderation.

Meltzer indicated that "eentral bankers" rely on short-term interest
rates to Judge condltilons in the money market.19 The popular text-
book Keyneslan model provides a possible reason why the monetary
authorities used Interest rates as indicators.

The total reserve varlable, T, though not a widely used indi-
cator 1n comparison to money, interest rates, or other bank reserve
indicators, 1s used because the Federal Reserve System indlcates that
total reserves represent the first variable affected by monetary
stabllization polley. As reserves change, banks tend to glter thelr
"lending and investment policies," an action which affects money, the
availabllity of credit, éhd interest rates.20 Former Chalrman Willlam
McChesney Martin indicated that the T varliable represents one of many
varlables which monetary authorities jointly use to assess the stance

1

of monetary polioy.2 The T variable provides an indicator of the

l8Robert Welntraub, "The Federal Reserve's Conceptlon of Monetary

Processes 1952 and 1968," in D.P. Jacobs and R. T. Pratt, eds.,
Savings And Residential Financing, 1969 Conference Proceedings (Chi-
cago, 1969), p. 73.

19A. H. Meltzer, "The Appropriate Indicators of Monetary Policy,"
in D.P. Jacobs and R. T. Pratt, eds., Savings And Resldential Financing,
1969 Conference Proceedings, (Chicago 1969), p. 13.

20Board of Governors, The Federal Reserve System, Purposes And
Functions, p. 128.

“Ivartin's statement is reprinted in Weintraub, p. 74.
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banking system's capaclty to expand credit at the appropriate rate.22
The "Record of Policy Actions" included the T variable throughout most
of the time perliod covered. Thus, the monetary authorities have used
T as an indicator.

Free reserves, I, represent another varlable widely used by the
monetary authoritles as an indicator of monetary policy. The Board
of Governors refers to F as an indicator.23 Brumner and Meltzer
emphasized this point in thelr study of the "Genesls and Development
of the Free Reserve Conception of Monetary Processes."24 The Board
of Qovernors use F as an indicator because of the belief that a high
level of free reserves causes an acegelerated rate of credit expansion
and that low levels of free reserves cause a decelerated or contracted
rate of credit expansion. In the "Record of Policy Actions," the
words "free reserves" or et reserve position" did not appear fre-
quently in the 1950's. The concept of free reserves' playing a key
role in the transmission process of monetary policy did not occur
until the late 1940's or early 1950's. Consequently, the concept did

not become popular until the 1960's,22

23Board of Governors, The Federal Reserve System, Purposes And
FPunctions, pp. 221-222.

24K'arl Brunner and Allan H. Meltzer, "Some General Features of
the Federal Reserve's Approach to Policy," A staff analysils, sub-
cormlttee on Domestic Finance. Committee on Banking and Currency,
House of Representatives, 88th Congress, 2nd Session, (February 10,1964).

25Karl Brunner and Allan H. Meltzer, "Genesls and Development
of the Free Reserves Conception of Monetary Processes,'" Readlngs
In Money, National Income, And Stabilization Policy, W. L. Smith and
R. L. Teigen, Editors, (Homewood, Illinois: Richard D. Irwin, Inc.,
1965), p. 203.
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The Federal Reserve System frequently uses member bank borrow-
ing, B, as an indicator.26 Banks reluctant to borrow from the Federal
Reserve System tend to restrict loans as member-bank borrowing increases.
Warren Smith points out that this tendency may restrict loans lmmediate-
ly or restrict them at some point in the future.27 Reduced menber bank
borrowlng indicates fewer restrictions on loans. The words "member
bank borrowing" dld not always appear in the "Record of Policy Actions;"
however, the annual reports of the Board of Governors frequently
mention B during the time period under consideration.

The index of money market tightness, I, represents money market
condltions. In this study, I reflects the fact that monetary authori-
ties dld use some reading of money market pressure as an indicator.
Throughout the time period considered, the "Record of Policy Actions"
thoroughly discussed money market conditions. For a discussion of how

the I Index 1s calculated, refer to Appendix C.

Measures Of Policy Objectives

As in the case of indicator variables, policy objectives may be
identified by alternative measures. The following discussion des-
cribes the measures of the attaimment of each policy objective used in

this study.

26Andersen, "Money Market Conditions as a Guide for Monetary
Management," p. 230.

27warren L. Snith, "The Instruments of General Monetary
Control," Readings In Money, National Income; Ahd Stabilization Policy,
W. L. Smith and R. L. Teigen, editors, (Homewood, Illinois: Richard D.
Irwin, Inc., 1965), p. 216,
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The price stabllity objectlive employs only one measure--the current
quarters' wholesale prlce index minus the previous four quarters' aver-
age wholesale price Index dlvlded by the previous four quarters' average
wholesale price Index. The monetary authorities use the P measure be-
cause they deslre to stabllize prices from the current time period on into
the future. The monetary authorities do not desire a return'to previ-
© ously lower price levels because of the probable accompaniment of a
recession or depression. A zero rise of the P measure represents price
stability. The "Record of Policy Actions" mentions the wholesale price
iﬁﬁex more times than other price indexes; therefore, the calculation
of the P ratlo incorporated the wholesale price index.

Four measures of the attalnmment of the growth obJective include
G (real gross national product), G' (the percentage change in real
gross national product), Y (potential real GNP minus actual real GNP,
and Y* (Y divided by potential real GNP.)28

Measures of the attailmment of growth in ecoromlc studies common-
ly employ the G and G' variables. The Y and Y¥ varlables require an
Interpretation because of thelr infrequent use by other studles. The
assumed real GNP growth for the Y objective follows: 3 1/2 per cent
between 1951-1 and 1962-IV, with mid-1955 as the base year; 3 3/4 per

cent between 1962-IV and 1965-IV; and 4 per cent between 1965-IV and

28G is a varlable commonly employed as a measure of the growth
objective 1n other reactlon function studies (Dewald and Johnson,
Havrilesky, and Christian) because the economic growth objective is
a conceptually difflcult objectlive to relate to monetary policy.
Harry G. Johnson, "ObJectlves, Monetary Standards, and Potentialities,”
Revlew Of Economlcs And Statistics, Volume 45, (February, 1963).
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1969-IV., Therefore, if Y = 0 for all observations, then actual growth of
real GNP falls between 3 1/2 per cent and U4 per cent as indicated above.
The same Interpretation applies i1f Y* = 0 for all observations.

The "Record of Policy Actions" continuously refers to U (the
seasonally adjusted unemployment rate) throughout the time period
covered, U also appears frquently as a measure of the attainment of
employment in other economie¢ studles; therefore, this study employs
the U measure.

The balance-of-payments measures used in thils country consist
of flve separate balances. The monetary authorities can tanglbly
affect only two of these balances-~the net exports balance and the
net capital flows balance. Thils study employs the foregolng two
measures as g substlitute for the balance-of-payments policy objective
measures. Other reaction functlon studies employ only one balance-
of-payments measure. The approach employed in this study may provide
more meaningful results because the use of only a single balance-of-
payments measure Includes aspects that do not cause a pollcy response
by the monetary authorities. A description of these two balances
usually appears in the "Record of Policy Actions.™

The balance-of-trade objective employs two measures. First,
the studles of reaction function estimates covering the time period
1951-IIT to 1969-IV employ X (exports minus military exports minus
imports), which includes exports financed by géVernment grants and
capital. Second, reaction function estimates covering the time period
1961-I to 1969-IV employ X* (X minus exports financed by government
grants and capital). The information to calculate X* did not exist

in the 1950's.
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This study uses two measures of the net capital flow balance.
The L variable shows the spread between the London and U.S. 90-day
Treasury Blll rates, wlth the London rate being used as a measure for
all foreign short-term rates. If L rises, then short-term capital
from this country willl probably flow to foreign countries. Since
1961, the Federal Reserve System has attempted to keep the L variable
as low as possible to dilscourage outflows and encourage short-term
inflows. The E variable measures the spread between the London
Euro-dollar rate and the U.S. 90-day Treasury Bill rate and represents
the difféfence between the U.S. short-term rates and foreign rates.
Reaction function estimates during the 1960's employ the E objective;
reaction function estimates during the 1950's and 1960's combined
employ the L objective because published Euro-dollar rates did not
exist In the 1950's, Since the E objective 1s not available for the

entire perlod of thils study, the L objective is used.

Functional Forms And Varilable Designation

This section presents the functional forms later to be subjected
to multiple linear regression analysis,29 The variables used are
identified and defined. This study employs two general types of
models, with the first type utilizing monetary aggregates as the
Indicator and the second utilizing money market variables as the
indicator. The functional forms of the models and the definitions

follow:.

29Since the reaction function equations which were discussed
earlier in thls sbudy were identified by (1), (2), (3), (4), the
ordering of the equations on page 54, begins with (5) in order to
avoid confusion as to which equation is referenced.
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INDICATOR MODELS

(P,G',U,X,L,M, ;) (15) F = (P,G,UX,L,F,_;)
(P,G,U,X, LMy 1) (16) B = (P,G,U,X,L,B,_1)
(P,G',U,X,L,M! ) A7) B = (P,G',U,X,L,B_)
(P,G,U,X,LyM! ) (18) I = (U,6',P,L,X,T, ;)
(P,G',U,X,Lyry o) 19) I = (U,G',P,L,X*I 1)
(P,G,U,X;L,r, ;) (20) I = (UG',REXI_;)
(P,Y*,U,X,L,r, ;) (21) I = (U,G',P,E,X%,I ;)
(P,G", BX,L,T, ;) (22) I = (2,%,P,E,X*,I, ;)
(P,G,U,X,L,T, ) (23) I = (Z,Y%P,EX*I )

(P,G',U,X,L,F, ;)

NOTATION

Indicators of Monetary Policy

M

Ml

Money supply adjusted for seasonal variation (currency
outside banks and demand deposits), trillions of
dollars.

Percentage change in the money supply, per cent.
Three month Treasury Blll rate, per cent.

Total reserves held at all member banks of the Federal
Reserve System, mlllions of dollars,

Free reserves or net borrowed reserves (excess reserves
of member banks minus member bank borrowing at Federal
Reserve Banks), billlons of ‘dollars.

Member bank borrowings.from Federal Reserve Banks,
billlions of dollars.

Index of money market tlghtness, the larger the index,
the greater the money market tlghtness,

54
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Pollcy obJectives of the monetary authority.

G

G!

X*

Y#

Gross National Product in constant (1958) dollars,
trillions of dollars.

Percentage change in Gross National Product in constant
(1958) dollars, per cent.

The current quarters' wholesale price index minus the pre-
vious four gquarters' average wholesale price index divided
by the previous four quarters' average wholesale price index.

The unemployment rate, per cent.

Net merchandise flows (non-military exports - non-military
imports), blllions of dollars.

Net merchandise flows (non-military exports ~ non-military
Imports —exports flnanced by Government grants and
capltal), billions of dollars.

London 90-day Treasury Bill rate -U.S. 90-day Treasury
Bill Rate, per cent.

Three month London Euro-dollar rate=U.S. 90-day Treasury
Bill Rate, per cent.

Potential Gross National Product in constant (1958) dollars
minus actual Gross National Product in constant (1958)
dollars, billilons of dollars.

Y divided by potential Gross National Product in constant
(1958) dollars, per cent.

Predicted Slgns Of Policy

Objective Coefficients

The following materlal shows the expected signs of the coeffi-

clents of policy objectives from a theoretical basis.
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Chart 2

Expected Signs

P U X L G' G y# Y E X¥ V
M - + + - + +
M! - + + - + +
r + - - + - - -
T - + + - + +
F - + + - + +
B o+ - - + - -
I + - - + - - - + - +

Knowlng thé direction in which the indicator moves to denote tightness
(or ease) facllitates the derivation of the expected signs of the
policy objective coefficients. The r, B, and I varlables rise to
denote tightness, while the F, M, M', and T variables decline. Tight~-
ness refers to a less expansilonary or more restrictive policy, while
ease refers to a more expansicnary or less restrlctive policy. Those
Indicators that move in the same direction to denote tightness should

have the same expected slgn for each pollicy obJective coefflcient.
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Those 1ndlgators that move 1n the opposlte directions to denote tightness
have the opposite partial derivative expected signs. For example, one
may expect a negative sign for &r/&Hu, whereas, one would expect a
positive sign fordF/OU. Because of this relationship, an explan-
ation for each pollgy obJective wlth respect to one indlcator follows.

The expected negatlve sign of OM/ 7y P will result when the mone-
tary authorities react to an increase in P by decreasing the absolute
money supply level. Such expectation follows from the Keyneslan model.

The expected sign of @ M/)G' remains ambiguous. First, the co-
efficlent of the growth objective could be zero. This situatlon occurs
1f growth does not represent a legltimate objective of monetary pollcy--
the monetary authorities do not respond to economic growth.

Second, a positive sign of &M/ G' results if the monetary auth-
orities attempt to facilitate that rate of economlc growth consistent
with the desires of society. For example, 1f soclety adjusts the level
of savings and investment to a level that results 1ln a posltive rate
of economlc growth, then the monetary authorities would increase the
level of the money supply. Llkewlse, 1f soclety adjusts the level of
savings and investment to a level that results in a negatlve rate of
economlc growth, the monetary authorities would decrease the level of
the money supply. Thls situation represents a monetary pollcy of
accemodation, as opposed to the above sltuatlon where the monetary
authoritles do not respond to economic growth.

Third, elther a negative or a positive sign of &M/ G' oceurs if
the actual growth rate differs from the growth rate desired by socilety.
If the growth rate 1s positive, but below the desired rate, the mone-

tary authorities would increase the money supply, resulting in a
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positive sign. If the growth rate is negative, then the monetary
authorities would increase. the money supply, resulting in a negative
sign. Finally, 1f the groWwth rate 1s expanding at a rapld lewvel not
sustainable in the long run, then the monetary authorlties would re-
duce the money supply, resulting in a negative sign.

Since theory cannot answer the question as to which sign to
expect for9dM/ &G, the problem becomes an empirical issue. The growth
coefficlents of the reactlion functlons, therefore, provide empirical
evldence aon the question at issue.

The expected posltive sign of QM/OU results when the monetary
authorities increase M as the U obJective rises. If U falls below
the desirable level (and becomes associated with a slowing of growth
and rising inflation), one would expect M to decline (producing a
positive sign).

The expected positive sign of DM/ X results when the monetary
authorities attempt to influence X by encouragling stable domestlc
prices. If domestice prices rlse relatlve to foreign prices, then one
would expect X to decgrease, If X decreases, the monetary authorlties
willl attempt to stablllze the price level by decreasing M (resulting
in a positive sign). If X increases, then the reaction by the monetary
authoritles would probably be one of malntaining the current conditions.
The expected sign of DMN/&X#, remains positive for the same reasons.

The expected negative sign of 9N/ 5L results because the mone-
tary authorities would react to an increase in L by attempting to
ralse U.S. interest rates relative to foreign rates 1ln order to
prevent large short-term capltal outflows. If one assumes a simple

IS-IM model as opposed to a Friedman model, then interest rates would
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rise when M decreased (resulting in a negaéive sign). If L declines,
short-téerm capital would elther start leaving the country at a slower
rate or start coming in at a faster rate; under such conditlons, the
monetary authorities would be expected to maintain the prevalling
conditions or 1f the international situation dlctated, attempt to
lower L even further by lowering M. The expected sign of JM/J E
remains negatlve for the same reasons.

The expected negative sign of Or/J¥* results because as Y#
increases, the monetary authorities would be expected to lower r in
hope of stimulating aggregate demand. If Y* decreases and approaches
zero, the monetary authorities would be expected to raise r to reduce
investment'and aggregated demand becayse of probable inflationary
pressures. The expected sign of Or/9Y remains negative for the

same reasons.

Critique Of Reaction Function Analysis

31 and Wood32 have pointed out

Christian,3° Keran and Babb,
certaln critlclsms of reaction function analysls. They polnt out the
contemporaneous reactlion functlons and the structure of the economy; as
a consequence, biésed objective coefficlents result because the "effects"

from endogenous relatlonships cannot be separated from the "weights"

§OChristian, p. 467.

3Michae]l W. Keran and Christoper T. Babb, "An Explanation of
Federal Reserve Agtions (1933-68)," Review, Volume 51, No. 7, Federal
Reserve Bank of St. Louis, July, 1969, pp. 19-20.

32Jol’1n H. Wood, "A Model of Pederal Reserve Behavior," Monetary
Process And Policy: A Symposium, George Horwlch, editor, (Homewood ,
ITinols: Richard D. Irwin, Inc., 1967), p. 1l42.
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given to pollicy objectives by the monetary authoritlies without inde-
pendent information., This critlcism has two aspects, one concerning
the endogenous characterlsties of indicators of monetary policy and
the other concerning the directlon of causation. First, and as indi-
cated previously, "ideal" indicators of monetary policy do not exist,
meaning the Indicators used in this study are influenced by monetary
pollcy and other forces in the economy. Therefore, the policy objec-
tive coefficients do not reveal the "true" magnitude of the welghts;
only an "ideal" indicator wlll reveal the "true" magnitude of the
welghts.,

Even 1f ideal indicators were used, the second aspect of the
problem could make the single-equation coefficients inconsistent.

i Such a situation could occur 1f the monetary authorities influence

the variables to which they respond (policy objectives) in a time period
less than the time perlod of observations (one quarter). If the length
of time 1t takes monetary policy to affect the policy objectives falls
short of the time period of observation (one quarter in this study),
then a problem of separating "effects" and "welghts" exists, assuming
that conditlons in the current time period primarily influence monetary
policy and the pollcy objective measures. More explicitly, if the
outslde lag occurs within one guarter, inconsistent reaction functipn
estimates will result.

The length of the outside lag 1s an empirical question. Thomas
Mayer, in a survey article, indlcates that the outside lag for the M,

M', and F indlcators ranged from between two and eight quarters.33

33 Mhomas Mayer, Monetary Policy In The United States, (New
York: Random House,, 1968), pp. 182-189.
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Therefore, the reaction functions employing the M, M', and F indlcators
do not éncounter the difficulty of Inconsistent reaction function esti-
mates. The outslde lag for the other indicators remains unknown.

This study deals primarily with determining whether the evidence
supports the existence of stabllity in the reactions of the monetary
authorities as they encounter conflicting objectives. Thls purpose
can be achleved, even though the "true" welghts attached to the policy
obJectives remaln concealed, by testing to see whether the relative
welghts of the objectlve coefficlents remaln significantly the same

over time.

Results Of Multiple Linear

Regression Analysis

Reactlon functlion estimates employ the statistical techniques of
multiple linear regression analysls., This sectlon presents the esti-
mates. The reaction function equatlons employ quarterly data (see
Appendlx A). The time period chosen for this study includes 1951-III
to 1969-1IV because stabllization related monetary policy was difficult
to pursue prior to the Treasury-Federal Reserve Accord of March 4, 1951.
The only exceptions to this time period involve the regression equations
contalning I as the dependent variable. Because the data to calculate
I became avallable for the first time in 1961-I, the I indlcator equations
are estimated only between the periods 1961-I to 1969-1V.

Thls study employs a Koyck lag, used by Dewald and Johnson in order
to simulate the procedures of the monetary authorities in enacting mone-
tary policy when making contlinuous adjustments to errors in the economy.
The use of the Koyck dlstributed lag techﬁique imposes the assumptlon

of an exponentlially diminishing distrilbuted lag on the indicator of
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monetary policy when the monetary authorities respond to changes in the
measures of the policy objectives. Thus, the same pattern of response
welghts applles to each polley cobjective. Because of the foregoing res-
trictive assumptlon and because the primary purpose of this study in-
volves testing policy obJective coefficients for stability, this study
uses only the Koyck lag. Thérenpirical rationale and interpretation of
distributed lags was discussed in—Chapter IT and will be further treated
in Chapter IV.

This study conducts two tests to determlne whether multicollineardity
seriously lmpalrs interpretation of some of the parameters cf the re-
gression equation. First, the matrix of simple correlation coefficients
for each reaction functlon is examlned. Table V presents the results

from equation 16 in order to illustrate the examination procedure.
TABLE V

MATRTX OF SIMFLE CORRELATION COEFFICIENTS

P G U X L B, 1
P - 1.000

G 073 1.000

U 064 -.727  1.000

X .061  -.127  -.008  1.000

L =093 =-.309 A7h =102 1.000

By -064 324 -,383  -.214  -.082  1.000°

Table V shows the G and U correlation coefficients large encugh to

cause some concern. Therefore, an additional test is employed in order
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to examine further the importance of the inter-correlations. The second
test for multicollinearity involves re-estimating equation 16 (or any
other reaction function) six different times--—each time eliminating one

34

of the policy objectives. If upon .deletion of the X objective, the U

coefficient noticeably changes, then.examination of how.the X coefficient

changes when the U objective is deleted should follow. (See Table VI),

TABLE VI

MULTICOLLINEARITY TEST BY VARIABLE DELETION

Dependent

Variable P G U X L B,
B .012  4.969 -.080 -.007  -.024 .316
B 5.953 -.066 -.001  -.025 .329
B 014 . -.123 -.018 -,031 .316
B .009  9.678 .007  =.,020 .353
B 012 6.280 -.075 .000 .319
B .016 4,911 -.134 -0 -.026

If the U and X coefficients noticeably change in both cases, then
grounds exist for suspecting multicollinearity problems between the
two objectives. If only one of the coefficients noticeably changes,

then one may not conclude that multicollinearity exlsts. If neither

34A visual inspection method is used to determine 1f the coeffi-
cients change enough to be of concern., Emanuel Melichar, "Least Squares
Analysis of Economic Survey Data," 1965 Proceedings Of The Business And
Economics Section Of The American Statistical Association, (Philadelphia
1965), p. 382.
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coefficient Qhanges noticeably, then one may conclude that multicolll-
heafity problems do not exist between the two variables.

For equation 16, the variable deletion test, as shown in Table VI,
indlcates possible multicollinearity problems between G and U, X and
P,Xand L, X and U, X and By_7, and L and G. G and U represent the
only combination to indicate multicollinearity. When one deletes the
G objective, the U coefflcient ncticeably changes; and when one deletes
the U objectlve, the G coefflclent noticeably changes. In terms of
the evidence, one may not conclude milticollinearity exlsts between
the other variables.

Thls study does not show the two multicollinearity tests for all
nineteen equations; howevef, the following paragraph polnts out any
existing multicollinearity problems.

Multicollinearity problems in‘this study are assumed to exlst if
both tests indlcate high intercorrelations among the independent
variable combinations. Between equation 5 and 17, multicollinearity
problems appear between two varlables. The two varlables wilth simple
correlation coefficilents in parentheses include G and U (-.727) in
equations 6 and 16, The correlated varilables in equations 18 to 23
include P and It—l (.825); in equations 18 and 19, U and E (-.391);
in equation 20, Z and It_l(.9l9); in equations 22 and 23, Z and Y
(-=.900); and in equation 22, Z and Y¥ (-.906) in equation 23.

Autocorrelation refers to statistlcal relationshlps which violate
the assumption of serial independence of the disturbance term:
successive disturbances would thus show correlation. Omission of

certain variables or measurement errors cause autocorrelation problems.
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The Durbin-Watson "d" statistic provides a suitable test for
detecting the presence of posltive autocorrelation if the form of
the model does not contaln a lagged dependent varlable., Since all of
the equations being tested in thls study employ a lagged dependent
varlable, the Durbln-Watson "d" statlstlc becomes inappropriate. For
cases 1n which a lagged dependent variable is present, Durbin suggests
using a test "asymptotically valld for the large-sample" case.3> This
study refers to the test as the Durbin "h" statistic or test.36 The
equations in which the "h" test indicates the absence of positive
autocorrelation include those employlng the M', T, and I dependent
variables.

Autocorrelation problems can be eliminated‘by transforming the
variables, using first difference transformations.37 After the
transformation, the Durbin "h" statistic indicated no autocorrelation
problems, exgept for one equatlon with F as the dependent variable,

The followling material presents the results of subjecting the
nineteen tentative mndels to multiple linear regression analysis.

The nunber 1n parentheses below each coefficient represents the

357, Durbin, "Testlng for Serlal Correlation in Least-Squares
Regression When Some of the Regressions Are Lagged Dependent Variables,"
Econometrica, 38, No. 3 (May 1970), pp. 410-419.

38ince the Durbin "h" statistic follows the standard normal
distribution (zero mean and unity variance), a 95% confidence level
was used with a critilcal value of +1.645,

37
Ronald J. Wommacott and Thomas H. Wonnacott, Econometrics,
(New York: John Wiley and Sons, Inc., 1970), p. 140.
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standard error of the respective coefficlent. The coefflclent of
determination, R2, the standard error of the estlmate, SEE,the Durbin
"n" statistlic, h, and the F ratio, F,represent statistlcal measures
listed below each equation.

(5) M = -,00027 - .00002 P + .00009 G' + ,00005 U + .00015 X - .00011L
(.00005)  (.00009) (.00022)  (.00024)  (.00014)

+ .Th408 M, o

(.09147)
R® = 55589 SEE = .00076  F = 13.76871  h = 1.206
(6) M = .00000 - .00005 P + .06839 G + .00060 U + .00023 X - .00006L
(.00005) (.02633) (.00030) (.00023)  (.00013)
+ .69318
(.088951\)%'l
RS = 59052 SEE = ,00073 F = 15.86303 h= 711
(7) M' =-.01648 + .01810 P + .09113 G' - 00414 U + .11633 X + .0L226L
' (.02479)  (.05828) (.05756)  (.11866) (.05887)
+ 67498 M!
(.10195) o%
R° = .50988 SEE = .L48087 F = 11.61709 h = 1.200
(8) M' = -.31195 + .00870 P + .55228 G + .01899 U + .12593 X + ,014381L
(.02571)  (.62093)  (.05725)  (.12011) (.06092)
+ .70022 M) _
(.10370)Mt 1
R® = .49793 . SEE = .48670 F = 11.07453 h=1.113
(9) r = .69856 + .04195 P + .03363 G' ~ .31881 U - .12928 X —.23996L
(.02207)  (.03624) (.09963)  (.09350) (.05603)
+ .,23222 1,
(.10699) -t
R = 148799 SFE, = .30825 F = 10.48390 h= .369



(10) r = -=.05593 + .03902 P + 3.22020 G - ,30030 U - .13271 X -.24830L
(.02247) (11.24189) (.14538) (.09584) (.05667)

+ 20847
(.10482) °t-1

R® = 48196 SEE = .31006  F =10.23344 h = .453

(11) r = -.07H2+ .03943 P - .01579 Y* -,30006 U - .13443 X
(.02229) (.05967) (.15257) (.09492)

24869 L + .20997 r

(.05661)  (.10656) U~*
R® = 48186 SEE = .31009 F =10,22960 h = 440
(12) T = -.87149 + .020L2 P + .03381 G' — .01953 U + .11617 X
(.01790)  (.03774)  (.04299) (.08676)
.01733 L + 1.04361 T, ;
(.04225)  (.02063)
RZ = ,98432 SEE = .33616 F =700.83301 h = .413

(13) T = .51106 + .01852 P + 2,30023 G - .0Z1u5 U + .00900 X
(.01709) (:90636) (.04673) (.09342)

+.00949 L + .93649 T,
(.03975)  (.04730)

R® = 98551 SEE = .32302 F = 759.96313 h = .56l

(14) F = .01420 - .01040 P - ,03859 G' + .14873 U - .03052 X
(.01243)  (.01953) (.05327)  (.05481)

+,02226 L + .38010 F, ,
(.03108) (.11440)

R® = ,39876 SEE = .17117 F = 7.02582 h =1.318

(15) F = -.01703 = .00665 P - 6.52400 G + .09823 U - .02376 X
(.01286) (6.20688)  (.07644)  (.05654)

+ .02946 L + .35123 P g
(.03183) (.11471)%7

R® = 36432 SEE = .17470  F = 6.30429 = 1.655
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(16) B = .01342 + .01196 P + 4.96924 G - .08038 U - .00710 X
(.01180) (5.75653) (.06955)  (.05143)

-.02358 L + .31638 B, _,
(.02955) (. 11474)

R = 30961 SEE = 16212 F=14.93301 h=21.578
(17) B = -,01066 + ,01536 P + .03519 G' - .11965 U - ,00039 X
(.01110)  (.01798)  (.04B06)  (.0496H)

-.01509 L + .34987 B 1
(.02884) (.11351) o

R® = .34009 SEE = 15850 F=5.66899 h =1.416
(18) I = 1.09783 = .13833 U - .11607 G' + .55628 P + .13758 L
(.37158) (.39561) (.22309) (.29830)

-.81329 X + ,78585 I
(.53910) (.11303)

R® = .95068 SEE = 1,21072 F = 93.15826 h = -.019

t-1

(19) I =-.41095 + ,08061 U - .04475 G' + .58474 P + 04708 L
(.37618)  (.37953) (.21258)  (.28913)

-1.21476 X* + 77116 I,
(.52925) (.10735)

R® = ,95498 SEE = 1.15666 F = 102,53207 h = - .060
(20) I = 1,89493 - 54443 U + ,11846 G' + .45954 P + .84920 E
(.46103)  (.39610) (.22713)  (.58712)

-.71882 X + .65616 I
(.512L48) (.13535) ¢~

RS = ,95365 SEE = 1.17355 F = 99.46519 h = .154

(21) I = .34577 - .26940 U + .11498 G' + .50373 P + .66527 E
, (.48006)  (.38055) (.21986) (.57972)

-1.06240 1X*¥ + .67523 I
(.51253) ° (.13062)

R® = .95689 SEE = 1.13171 F =107.31831 h = ..127

t-1
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(22) I = -5.19460 + .19817 Z + .06101 Y + .74502 P + .18826 E
(.08255) (.03579)  (.21870) (.56367)

- .70023 X% + 490151 I
(.51177) (.1u681) o1

R® = 96356 SEE = 1.04066 F = 127.80273 h = .U79
(23) I =-5.13589 + .19553 Z + .31697 Y* + .72L28 P + oh287 E
(.08804)  (.21332) (.22165)"  (.57726)

- 61406 X*¥ + 49361 I_ .
(.52102) (.14847)

R2 = ,96273 SEE = 1.05236 F = 124.86963 h = .631

The next progedure involves evaluating the reaction function
equations by using economic and statistical criteria in order to choose

the selected equations.

Economlic And Statistical Analysis Of The
Reaction Functlon Equations Before

'Stability Tests

At least two regression equations per indicator of monetary
policy exist. The criteria for determining the best equation with
respect to each indicator of monetary policy follow. In Chapter IV,
thils study submits the selected equations to stabllity analysis.

The criteria used for selecting the best equations include

(1) the sign of the regression coefficients,

(2) the adjustment speed of the distributed lag structure,

(3) an examination of the goodness of fit (SEE and R9), and

(4) the significance of the regression coefficients and the

total equation (t tests and F tests).
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Equations 5 and 6 are compared first. Both equations show
the expected signs. Both equations also show a relatlvely slow adjust-
ment speed, as dld simllar equations estimated by Dewald and Johnson.
Equation 5 shows a welghted-average lag of 2.91 quarters and equation
6 shows a welghted-average lag of 2.26 quarters. In terms of the
goodness of fit criterion, both equations show the coeffilcients of
determination not being very high, with equation 6 being slightly better.
Equations 5 and 6 show the SEE equaling .00076 and .00073 respectively.

Equation 5 shows significant at the 1% level. FEquation 6 shows

N%-l
sllightly better results in terms of significance because Mt-l and G
appear significant at the 1% level and U shows significance at the 5%
level. Equation 6 appears to be the better equation.
In equation 7 the unexpected signs include P, U, and L
coefficlents, and in equation 8, unexpected signs include the P and
L coeffleients. Both equations show slow adjustment speeds——a welghted-
average lag of 2.13 quarters for equation 7 and 2.34 quarters for equation
8. In terms of the goodness of fit criterlon, both coefficlents of
determination turned out relatively low, and the SEE's equaled .48087
and 48670 for equations 7 and 8 respectively. In bath equations, the
only statistically significant variables included the M!_, variables at
the 1% level. Equation 8 appeared to be the better of the two equations.
In comparing equations 9, 10, and 11, all of the equatlons show
an unexpected sign for the L varlable. The adjJustment speed f?r

all three equatlons 1s relatively fast 1n comparlson to equations 5
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through 8. The average welghted lag for equation 9 equals .30 quarters;
for equation 10, .26 quarters; and for equation 11, .27 quarters. The
goodness of fit criterlon shows all three equations having almost

the same relatlvely low coefficlent of determination. The SEE for
equations 9, 10, and 11 furned out to be .30825, .31006, and .31009
respectively. Equation 9 shows the U, L, Ty g varlables statlstically
significant at the 1 per cent level and P statistically significant

at the 5 per cent level. Equations 10 and 11 show L significant at

the 1 per cent level and P, U, Ty g significant at the 5 per cent

level, Equation 9 will be tested for stabllity.

When comparing equations 12 and 13, both equatilons show p, U,
and L to have unexpected signs. The adjustment speeds are unrealistic
1n comparison to other estimates. Equation 13 shows a weighted-
average lag of 14.75 quarters and equation 12 shows a weighted-
average lag that cannot be glven an economic interpretation--1t equals
minus 23.93 quarters. The éoodness of fit criterion shows both
coefflclents of determinationAhigh and the SEE's equaling .33616 and
.32302 for equations 12 and’13 respectively. Equation 12 shows the Tt—l
variable statistically signifilcant at the 1 per cent level. Equation
13 shows Tt-l and G significant at the 1 per cent level. Equation 13
is slightly stronger than equation 12 in terms of the criterla, and will
be tested for stabllity.

In terms of comparing equations 14 and 15, both equations show
unexpected signs for X and L obJectlves., The adjustment speeds are
faster than those shown by Dewald arnd Johnson. The welghted-average lag
for equation 14 equals .64 quarters and for equation 15 it equals .54
quarters. The goodness of fit criterion shows equation 14 having a

larger coefficlent of determination. In both equations 14 and 15 the
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SEE's equal .17117 and .17470 respectively. Equation 14 shows U and

Fe 1

cent level. Equation 15 shows F

significant at the 1 per cent level and G' significant at the 5 per
-1 significant at the 1 per cent level.
Equation 14 is chosen to be tested for stability.

In comparing equations 16 and 17, both have an unexpected sign
for the L variable, Both equations show a relatively fast speed, with
equation 16 showing a weighted-average lag of .46 quarters and equation
17 showing a weighted-average lag of .54 quarters. The goodness of fit
criterion shows equation 17 having a higher-coefficient of determination.
The SEE for equations 16 and 17 equal .16212 and ..15850 respectively. In
terms of significance of parameters, equationv16 shows Bt-l significant
at the 1 per cent level, and equation 17 shows U and Bt—l significant
at the 1 per cent level and G' signiflicant at the 5 per cent level.
Equation 17 will be tested for stability.

Equations 18 to 23 are compared next. The unexpected signs
include U in equation 19 and Y and Y* in equations 22 and 23 res-
pectively. The adjustment speeas varied greatly among the equations.

The weighted-average lag for each equation follows: 3.67 quarters for
equation 18, 3.37 quarters for .equation 19, 1.91 quarters for equation
20, 2.08 quarters for equation 21, .96 quarters for equation 22, and
.97 quarters for equation 23.

The goodness of fit criterion shows similar results for both the
coefficlent of determination and the SEE tests. The equations show high
coefficients of determination, and the SEE's equal 1021072,fbr.equation
18, 1.15666 for equation 19, 1.17355 .for. equation 20, 1.13171 for equaticn
21, 1.04066 for equation 22, and 1.05236 for .equation 23, In terms of

significance of parameters, equation 18 shows I and P sipnificant

t-1
at the 1 per cent level and X¥ significant at the 5 per cent level.
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Equatlon 19 shows I and P significant at the 1 per cent level and

t-1
X* significant at the 5 per cent level. Equatlon 20 shows I, slg-

t-1
niflcant at the 1 per cent level and P slgniflcant at the 5 per cent
level. Equatlon 21 shows It—l signiflcant at the 1 per cent level and
P and X* significant at the 5 per cent level. Equatlon 22 shows It—l’
Z, and P significant at the 1 per cent level and Y and Z significant
at the 5 per cent level. Equatlons 19 and 22 are chosen to be tested for
stability.

The Z varlable, which represents a time-trend variable, replaced
the U varlable 1n equatlons 22 and 23 because unemployment dld not
represent a major problem throughout most of the 1960's. The Z
variable functions only to lmprove the statistlcal {1t of the equation.
The positive expected sign of 21/2 Z results because the money market
Index, I tended to rise throughout most of the time period.

To facilitate the dlscusslon 1n thls sectlon, the elght equations
selected for subsequent stabllity tést analysls are presented as follows
(6) M= ,00000 - .00005 P + .06839 G + .00060 U + .00023 X

-.00006 L + .69318 M, ;

(8) M' = -,31195 + .00870 P + .55228 G + .01899 U + .12593 X
+.04226 L + .70022 M{_;

(9) r = .69856 + .04195 P + .03363 G' - .31881 U -~ .12928 X
~ .23996 L + .23222 1,

(13) T= .51106 + .01852 P + 2,30023 G - ,07145 U + .00900 X
| +.00949 L + .93649 T, ,

(14) F = .01420 - .01040 P - .03859 G' + .14873 U - .03052 X

+.02226 L + .38910 F
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(17) B = -,01066 + ,01536 P + .03519 G' - ,11965 U - ,00039 X
-.01509 L + .34987 B,
(19) I = -,41095 + ,08061 U ~ .04475 G' + .58474 P + 04708 L
- L j
1.21476 X + . 77116 It_l
(22) I = =-5.,19460 + ,19817 Z + 06101 Y + .74502 P + .18826.'FE

- ,70023 X¥ + ,490151 I
-1

Considering all of the elght selected equations, the measures
of the attainment of the growth objectives show the most consistent
influence on monetary policy because they appear significant in five
out of the eight equatlions. The measure of the employment objective
shows the next most consistent Influence on monetary policy because
it appears significant in four out of seven equations (the employment
objective does not appear in equation 22). The measure of the price
stability obJectlve shows some influence on monetary pollcy because 1t
appears significant in three out of elight equations. Measures of the
trade balance and short-term capltal flow objectives show influence
on monetary policy in only one out of elght equations.

The equations show conflictling results in terms of the length
of the estimated inside lag. Eguations employing monetary aggregates
(6 and 8) show a weighted-average lag of over two quarters. In
contrast, however, some equatlons employlng money market condition
indicators (9, 14, and 17) show a welghted-average lag of between .3
and .6 of a quarter. Equatlon 13 shows a welghted-average lag of
over fourteen quarters—-a result difficult to accept. Equations 19

and 22 use I as the indicator of monetary policy; however, the
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weighted—average lag for the two equatilons differ considerably. In
equation 19 it equals 3.4 quarters; in equation 22 it equals .96
quarters.

The results from comparing the elght selected equations tentative-
ly suggest that monetary policy (during the time period covered) was
primarily influenced by the growth and employment objectives and
secondarily Influenced by the price stability objective. The results
also suggest that the two balance-of-payments objectives influenced
monetary policy the least. In terms of the inside lag, it can general-
ly be concluded that money market indlcators result in relatlvely
short lags, whereas monetary aggregate indicators result in relatively
long lags.

Equation 6 is selected as the best reaction function equation
based on three criteria: the significance of the regression coeffi-
clents, the expected signs, and the structure of the distributed lag.
Equation 6 shows the monetary authorities responding in a strong and
slgnificant manner to adverse movements in the measures of the
growth objective and 1n a less strong, but still significant, manner
to adverse movements in the measures of the employment objective.

The price stability, balance-of-trade, and short-term capital flow

policy objective coefficients are not significant at the 5 per cent level;
however, the signs are as expected. The relatively long weighted-
average lag of equation 6 (2.26 quarters) ralses some lmportant

questions as to the speed and flexibility of monetary policy.

Examination of equation 6 tentatively indicates that‘the monetary
authorities respond primarily to the growth and employment objective
measures, with secondary emphases on the price stability, balance-of-

trade, and short-term capital flow objective measures. The relatively
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long welghted-average inside lag implies that monetary policy res-
ponds slowly to adverse movements in the measures of the policy
objectives.

Both the eight selected equations and equation 6 show the monetary
authorities glving primary emphasis to the growth and employment
objectives. Both also show the price stabllity, balance-of-trade,
and capital flow objectlves belng glven a secondary emphasis. In
the elght selected equations, the price stablllty objectlve ranked
first among those objectives glven secondary emphasis. In equation 6,
the price stability obJective also recelved secondary emphasls (along
with the balance-of-trade and short-term capital flow objectives),
but with no rank ordering of the secondarily emphasized objectives
. possible. Also, 1n terms of the inside lag, equation 6 showed a
relatively long lag strubture, a result consistent with the analysls
of the lag structures of the eight selected equations.

To thils point, multiple linear regression analysis has been applled
to economic data 1n oprder to arrive at estimates of the reaction func-
tion of monetary authorities. Findlngs thus far have essentlally
paralleled those of previous studies, with the additonal finding of
some evidence that the monetary authoritles respond to measures
representing the balance-of-payments objective.

In Chapter IV, the elght selected equatilons will be subjected
to stabllity tests, wlth the findings to be compared with those of

Chapter III.



CHAPTER IV
STABILITY ANALYSIS

The first sectlon of this chapter covers the policy objective
characteristics of the time period covered in this study. Section
two presents the moving regression and confidence interval analyses;
section three presents the Chow test analysils; and sectlon four pre~
sents the generalized duymy varlable test analysis. Section five
presents an economlc and statistical analysis of the eight selected
equations after they have been subjected to stability tests; the
analysis allows identification of the equation which seems to des-
cribe best the reactlon functilon of the monétary authorities.
Section six involves interpretation of the major findings of the

study.

Characteristics Of The Time

Periods Covered

Before applying the stability tests, the characteristics of the
time period under consideration (1951-III to 1969-IV) require analysis
80 that appropriate periods of concern for each policy objective may
be chosen. Chart 3, which follows, provides a visual description of
the time period under consideration. The three time periods between
the vertical lines indicate three recessionary periods specified by

the Natlonal Bureau of Economic Research.
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Part A indlcates the time perlods when measures of the policy
objectives fell short of attalning a desired level; the heavy lines .
represent the periods of concern. The following material provides
the rationale for identifyiné the perlods of concern.

Between 1952-I and 1969-IV, the rates of inflation varied from
between .1 and 5.4 percentage points.1 Three different groups of
quarterly observatlons noticeably rose. The first two grouﬁs (1955=-IT1
to 1957-IV and 1965~II1 to 1966~IV) rose and then fell, and the third
group (1968-I to 1969-IV) rose to a peak corresponding in time to the
last quarterly time pefiod of this study.

Between 1951-II1 and 1969-1V, the unemployment rate varied be-
tween 2.57 per cent and 7.37 per cent. During the time period covered
by this study, the approximate acceptable unemployment rate fluctuéted
between 3 per cent and 5 per cent.2 The three periods of concern in-
dicated for the employment objective represent groups of quarterly
observatlons in which the unemployment rate tended to rise to a peak,
then begin to decline, elther abruptly or gradually.

The growth objective fluctuated between -2.39 per cent and 2.96
per cent during the time period covered by the study. The three
periods of concern were identified as those perilods which tended to

show negative growth in consecutive quarters.

lmhe third and fourth quarters for 1951 showed over a 10 per cent
rate of inflation but were not included as a period of concern because
the data in all equations were transformed, using first differences.
This procedure reduced the period of concern to one observation; periods
of conecern in thils study include only multi-observations.

2George Leland Bach, Economlcs, An Introductlion To Analysis And
Policy, (Englewood Cliffs, N.J.: Prentice-Hall, Inc., 1971, Seventh
Edition), p. 136.
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The balance-of-trade objective measure (X) was identified as a
period of concern during the three time periods when the measure
approached zero or actually became negative. For those time periods,
imports almost exceeded or did exceed exports.
The short-term capital flow objective showed foup distinct
groupings when the London Treasury bill rate exceeded the U.S. Treasury
bill rate from between approximately 1 per cent to approximately U4 per cent.
The heavy lires in Part B of Chart 3 show the time periods when
the policy directives from the FOMC meetings specifically mention
each policy objective. The light lines show the time periods when
the participants of the FOMC meetings discuss, but do not specifically
mention in the directive, each policy objective.3
Part, A shows a balance-of-payments variable for most of the 20-
year period, while Part B shows the balance-of-payments varlable
important only during the 1960's. The price variable consistently
occurs in Part B but appears only three times in Part A. Growth also
consistently appears in Part B, but appears only during recession
periods in Part A. Finally, employment appears during the recessions
in Part A but appears only in two periods in Section B. For the
entire 20-year periods, each policy objective encountered undesirable
measurement levels more than once, with the monetary authorities
encountering circumstances requiring reaction. Thus, the time perilod

of this study would appear to be suitable for reaction function analysis.

3This information was derived from the "Record of Policy Actions
of the Board of Governors" published in the Annual Report of the
Board of Governors of the Federal Reserve System from the years 1951
to 1969,




In terms of the equations involving the I indicator, the time
perlod covered includes 1961-I to 1969~IV; as Chart 3 shows, the
results could be blased since the growth and employment policy objec-
tives did not present a problem during the perlod. The only varlables
in the time period 1961-I to 1969-IV that appear likely to reflect
consistent reactlons by the monetary authorities include the P and
balance-of-payments objectlves.

Table VIT 1s shown so that the exact perlods of concern as related

to each objective may be easlly ldentified.

TARLE VII

PERICDS OF CONCERN

I II ITT v

55~3 to 57-4 65-2 to 66-4 68-1 to 69-4

54-1 to S4~4 57-4 to 59-1 60~3 to 61-4

53-3 to 54-3 57-4 to 58-1 60-2 to 61-2

52-1 to 54=3 58-3 to 60-1 67-3 to 69-4

54-1 to 5U4-2 55-1 to 58=3 60-2 to 62-2 64-3 to 69-2
53-4 to 55-1 56-1 to 65-2

61-1 to 624 66-2 to 69-4

66~3 to 69=4

Ntljrgt“NQC!"U

¥

Table VIII shows the periods of concern superimposed on a moving

regression table.



TABLE VIIT

PERTODS OF CONCERN IN THE MOVING
REGRESSION TABLES

Date P G U X L Y*

51-4 to 56-3

52-1 to 56-4 ' LE ]
52=2 to 57-1
52-3 to 57-2
52-4 to 57-3 I I I I
53-1 to 57=4
53-2 to 58-1

53-3 to 58-2 | T .___4
53-4 to 58-3

54-1 to 58-4
54-2 to 59-1 IT
54-3 to 59-2
54=4 to 59~3
55-1 to 59-L
55-2 to 60-1 IT IT
55-3 to 60-2
55-U to 60-3 - I
56-1 to 60~

56-2 to 61-1 IT
56~3 to 61=2
56=4 to 61-3
57=1 to 61-4
57-2 to 62-1
57=3 to 62=2 v
57=4 to 62=3 — : v
58-1 to 62-4
58-2 to 63-1
58=-3 to 63=2 IIT 11T 111
58-4 to 63-3
59-1 to 63-4
50-2 to 64-1
59-3 to 64-2
59-4 to 64=3
60-1 to 64-L
60-2 to 65-1

60=3 to 65=2
60-4 to 65-3
61-1 to 65-=4
61-2 to 66-1
61~3 to 66~2
61-4 to 66-3




83

TABLE VIII
(Continued)

DATE P G U X L Y# E

62-1 to 66=4
62~2 to 67-1
62-3 to 67=2 1T
62=U4 to 67=3
63=-1 to 67-4
63-2 to 68-1
63+3 to 68-2
63-4 to 68-3 IIT
6L4=1 to 68-4
64-2 to 69-1
64=3 to 69-2 11T
644 to 69-3 v
65-1 to 69=4

As shown in Table VIIT some of the periods of concern overlap.
The reason for the overlapping can be determined by an examination
of the first and second perlods of cancern for policy objective G.
The first perlod of concern includes all moving regression equations
containing the time period 1953-III to 1954-~III; the second period of
concern includes all moving regression equations containing the time
period 1957-IV to 1958-I. Moving regression equations 1953-II to 1958-
I and 1953-IIT to 1958-II contaln both of the periods of concern,
thus, the reason for the overlapping time periods.

Appendix D shows the moving regression tables. Instead of pre-
senting a detailed description of the analysis of each variable in

each equation, a tabular summary of the results follows on page 85.
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Moving Regression And Confildence

Interval Analyses

The technlique of movilng regressions allows one to observe and
Test for significant movements of the coefficlents of the policy

objectives over a period of time.u

In this study, with 74 quarterly
observatlons in the single equatlon and with each sub-perlod arbit-
rarily chosen to contaln twenty observations, filfty-four sub-period
equatlons result, with the flrst sub~perlod containing observations
one to twenty, the second sub-period contalning observations two to
twenty-one, and so on. As Christian polnted out, this technique
provides a systematlc scheme for specifying sub-periods to compare
after the number of obsérvations in each sub-period 1s chosen.

After constructing moving regression tables for each of the
elght selected reaction functlon equatlons, one may test to see
whether the regression coefficients significantly change over time.5
A method that can be used to test for stabllity involves calculating
confidence intervals for each regression coefficlent. If the confi-
dence intervals overlap, then one may not conclude that the regression
coefficlents differ. If the confldence intervlas do not overlap,
then the regression coefficlents dlffer statilstically.

This study 1nitially establishes confidence intervals & the Hper cat

level for each regression ooefficient.6 Next, two types of comparilsons

4
Christlan employed only the moving regression technique. "A
Further Analysis of the Objectives of American Monetary Policy."

5A major shortcoming of Christian's study involves his failure
to apply a statistical test to his moving regression equations in
order to judge the temporal stabllity of the regression coeffilcients.

6wcnnacott and Wormacott, p. 254.
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are made. Flrst, taking one of the elght selected equations at a time,
using one obJective at a time, the confidence Interval of the regression
coefficlent of the particular gbjective of the particular selected
equation concerned is compared to the confldence interval of each
regression coefficient of each of the movlng regression equations
concerned. For example, one may observe how the confldence interval for
the P varlable in equation 9 (employing data from 1951-IV to 1969-IV)
compares with all of the confildence Intervals of the P variables in
the moving regressions.

Second, for each of the elght sets of nn?ing regression coeffi-
clents, the confidence intervals of the regression coefficlents of
the moving regression equation which are involved in a period of
concern are compared to the confidence intervals of the regression
coefficients of the other moving regression equations involved in
the perlod or periods of concern. That 1s, periods of concern are
conpared wlth each other. For example, Inflationary pressures
occurred in the last half of the 1950's and the 1960's. By compar-
ing the confidence intervals of the moving regressions for these two
tlme periods, one may make a Jjudgment as to the temporal consistency of
monetary pollicy with respect to inflationary pressures. Table IX shows
those variables which satisfy both of the foregoing comparisons.
Observations are made in two areas 1n terms of the moving re-
gresslon and confidence interwval analysis. The first observation con-
cerns the temporal stability of reactions by the nonetaryiauthorities.
The second observation concerns the stablllty of the coefficlent of the
lagged dependent varlable:. Table IX, on the following page, facllitates

the discussion.



- TARLE IX

EVIDENCE OF TEMPORALLY CONSISTENT REACTIONS TO THE
POLICY OBJECTIVES AND STABLE LAGGED
DEPENDENT VARTABIE COEFFICIENTS

86

EQUATION POLICY OBJECTIVE COEFFICIENTS STABLE LAGS

6 P G U X L

8 P U X L MY, _q

9 P U X v g

13 P U X

14 U X F,_q

17 L B _;

19 P G U X* L I, 4

22 P Y X¥ E 72 I,

Observation one relates to the policy objective measures shown in
Table JX .. Two general comparisons of the confidence interval tests
indicate that one may not conclude that the monetary authorities re-
acted differently or inconsilstently over time. Out of the eight
equations tested, seven equations showed evidence of a temporally
consistent policy-formulating framework for the balance-of-trade

variables (X and X*). The unemployment, U, and price stability, P,
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variables showed evidence of temporal stabllity in six out of eight
equations.7 The short-term capital flow variables (L and E) showed
evidence of temporal stabllity in five out of eight equations, and

the growth objJective showed evldence in three equations. From equation
22, the time trend variable, Z showed temporal stability characteris-
ties. Thus, the evidence supports the view that the monetary authoritiles
employ a consistent policy-formulating framework.

Observation two relates to the interpretation of stability of the
coefficients of the lagged dependent variables 1in terms of confidence
intervals. Slnce the coefficlents of the lagged dependent variables
have no perlods of concern, the single-equation coefficient of the lagged
dependent varisble of each of the eight selected equations 1s compared
fo the coefficlents of the laggedvdependent variables in the related
moving regresslon equations., If the confldence interwvels for the two
coefficients overlap, then one may not conelude that statistical
differences exist between the two lagged dependent variable coefficients.
Overlapping confidence intervals imply that a prgbability exists in terms
of the two coefficlents' belng statistically the same.

The coefficlents of the lagged dependent variables in equations
8, 9, 14, 17, 19, and 22 show evidence of temporal stability, findings
which indlcate that the distributed lag structure can be accepted with
confidence. The confidence intervals for equations 6 and 13 did not
overlap in every instance, therefore no confldence can be attached to

the lag structure.

7Equation 22 did not use the U objective variable.
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Chow Test Analysis

The Chow test8

shows whether reaction functlons estimated in two
different time perlods are significantly different .. In order to
apply the Chow test, the data must be dlvided into two periods. Ex-
cept for the equaticns having I as the dependent variable, the two time
periods are divided between 1962-IV and 1963-I. The first period
covers from 1951-IIT to 1962-IV, and the second perlod covers from
1963-I to 1969-1IV,

The characteristics of the first time perlod appear to be different
from the characteristics of the second period.

In Part A of Chart 3, the data indicate that the growth and
unenployment measures do not exhibit adverse movements in time perilod
two; whereas, all measures of the pollcy objectlves move adversely
in the flrst time period. Part B of Chart 3 shows that the balance-
of-payments problem appeared at the end of time period one; whereas 1t
continuously appeared in tlme perlod two.

For the equations having I as the indicator of monetary policy,
the two time periods are divided between 1964-IV and 1965-I. The
first time period covers from 1961-I to 1964-IV; the second time
period covers from 1965-I to 1969-IV, Dividing the tlme perlods at
the 1964-IV date places both the inflationary periods and the 1966
credit crunch i1n the second period.

The Chow test determines only whether "two sets of observations

can be regarded as belonging to the same regression model," that is,

8Gregory C. Chow, "Tests of Equality Between Sets of Coefficients
in Two Linear Regressions," Econometrica, Volume 28, Number 3, (July
1960), pp. 591-605.
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whepher the regression models remaln statistically the same in two time
pefioaé ééﬁbéfnéd.g If the equations remain statistically the same in
two time perlods, then the implication of stablllty exists for the
single regression model, In thisg study the two sets of observations
refer to the division of each reaction function into two time periods
with N; and N, observations per period.

The Chow test is applied by using the following procedure.

(1) Combine the Ni and N2 observations and statistically

estimate the regression equation. From the analysis of

variance table, use the sum of squared residuals, S;, with

Nl + N2 - k degrees of freedom where k equals the number of

parameters estimated.

(2) Statistically estimate a regression equation for each

time perlod and then obtaln the two sums of squared residuals,

52 and 83, with Nl - k and N2 - k degrees of freedom, res-
pectively.
(3) Add S, and S together and obtaln Sy, with N + N,

- 2k degrees of freedom.

(4) Obtain S5 = 8 = 5y

(5) Apply the F test:
F = SB/k

S
B(Ng 4 N, L2k )

with k and Ni + Né —- 2k degrees of freedom.

9Hﬁm,p‘5ﬁﬂ
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(6) If F)F (tabulated), then reject the hypothesis
that the Intercept and slope coefficlents for the two sets of
data come from the same regression model.
Table . X . shows the results of the Chow test as applied to the

equations belng tested for stabllity.

TABLE X

CHOW TEST

EQUATION CHOW  TEST F TABULATED (5% LEVEL)

.00002

6 F= T
.00002

59

8.429 2.15

3.92597
22

11.90482
60

8 F = 2.817 2.15

43464
9 Fo=_ 7 = .628 2.15

5.830648
59

.71930
13 F o= 7 = 983 2.15

n

.10696

14 F = 7 = 494 2.15
: "~ 1.82670
59



TABLE X.
(Continued)

EQUATION CHOW  TEST F TABULATED (5% LEVEL)

.15918
17 F = 7 = .895 2.15
1.49880
59

14.07472

= 7
20.72362

22

19 F

H

+1.789 2.35

4.67375

7
26.73250
22

22 F = 549 2,35

Examination of the data reveals that the Chow F test statistic
exceeded the tabulated F statistic in the cases of both equations 6
and 8; thus, the two equations do not belong to the same.regression
model, Since according to the Chow test, both of the monetary aggre-
gate models (equations 6 and 8) did not remain statistically the
same for the two time perlods, the findings indicate that the monetary
authorities reacted with consistency only to the money market Indi-

cator models.



Generalized Dummy Variable Analysis

The "generalized dummy variable test"lO shows whether specific
coefficlents in reaction functions estimated in two different time
perlods remain significantly the same.

Thils approach provides additional information because it allows
one to determine whether two regression equations differ in intercept
terms, or in specific slope coefficlents, or both.

A simple example lllustrates the generallzed dummy varlable
technique, Assume that one wants to estimate the followlng relation-
ships over a ten-year perlod to find out whether the observations from
the first flve~year perlod are governed by the same relationships
as the second five-year perlod.

Yy = f (Xl, X2)
The procedure lnvolves estimating an equation of the following
form

Y=0G+e D +X; X 4oy DX) +X, X, + e (DX)
where

D = 1, 1f the observatlons lie in the flrst five-year periocd

= 0, 1f the observatlon lles in the second five-~year period.
cgl represents the differential intercept coefficient while 613 and
o represent the differential slope coefficients. If c(l becomes

statistlcally significant, then ‘*O represents the intercept term

lODamodar Gujaratli, "Use of Dummy Variables in Testing for
Equality Between Sets of Coefflcients in Linear Regressions: A
Generalization," American Statisticlan, 24, No. 5, (December,
1970).
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for the second five~year period equation, and ‘“O + ¢ii represent

the intercept term- for the first five~year period equation. If o 1
becomes statistiéally Insignificant, then afy represents the common
intercept term for both five-year period equations. If 0(3 becomes
statistically signifilcant, then ¢K2 represents the slope for Xlin the
secord flve-year period equation, and ¢{2 + ¢(3 represents the same
slope for the first flve-year perlod equation: I€¢¥3 becomes statis-
Tically Insignificant, then p(2 represents the common slope for Xl in
both equations. The same analysis holds for g and 6‘4‘

Therefore, with dumy varlables, 1t becomes possible to specify
whether the lntercept and the slope coefficients remain statistically
the same between two equations. The followlng dummy variable equations
are statistically estimated to determine whether the intercept or
slope values are consistent between the two time periods. The time
periods used are the same as those used to dlvide the equations in
the Chow test.

(6) M = .00015 - .00026 D - .00034 P + 00031 DP + .11160 G

-.07678 DG + .00095 U - .00068 DU + .00015 X + .00006 DX

-.00055 L, + .00053 DL + .72821 M -~ 14894 D

55 53 7 - oh DM, _4

(8) M' = 3,55935 -~ 1.99484 D - .25283 P+ .27419 DP: - 50217 G
-4,32887 DG - .49593 U + .62282 DU + .04624 X + 09619 DX

- .13560 L + .14635 DL + .48578 Mé-l + 16457 DMé—l

(9) r = - .09505 + .04054 D + ,13884 P - .1171 DP + .15975 G
- 14145 DG' + ,00680 U - .33615 DU - ,09178 X + .00671DX

- .28514 L + .04902 DL + .26899 S .06376 I&%_l



(13)

(14)

(17)

(19)

(22)

gk

T = -8,35156 + 10.94699 D + .01579 P - .01763 DP + 24.07126 @
-23,47145 DG + 58495 U - .63397 DU - .09918 X + .25180 DX

+.00881 L - .03265 DL + .59237 Tf—l + .26708 DT%_l

£s|
h

.02075 - .00856 D - ,06727 P + .06191 DP - .01119 G!

.02717 DG' + .04365 U + ,10311 DU - .04471 X + .04031 DX

.05156 L + .08958 DL + .25542 F__; + .12923 DF,

1

.01070 + .00218 D + .08791 P -.07976 DP + ,00805 @G

us]
]
i

+

.02613 DG' - 06690 U - ,03838 DU + .01529 X - .03339 DX

+

.06743 L - ,10262 DL + .15523 Bt-l + .22680 DBt—l

H
H]
no

2.29894 - ,36105 D - 1.73703 U + 1.60637 DU - .15849 G'
+,22833 DG' + ,90106 P - - ,54835DP + 2.34196 L

-2.17636‘DL* - .280R9 X* - 1.05030 Dx* + .88186 It_l+.l8627D%;

I = -4,56117 - 4.49199 D + .14514 Z + .28273 DX + .04137 Y
+ ,04958 DY + .80202 P+ + .02976 DP + .60419 E -2.18610 DE

— * @ : -
1.19138 X* + 1.08060 DX% + 44969 It_l .522L0 DIt_l

The results from application of the generalized dummy variable

technlque indicate that all of the intercept coefficienﬁs remain

statistically the same in the two time periods tested. However, five

out of the elght equations tested for stabllity showed dlifferential

slope coefficlents to be significant, lmplying that the regression

coefficients for the respective policy obJectives significantly changed

between the two time periods tested.
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Equations 6, 8, and 17 showed the price stability coefficlent to
be statistiecally different between the two periods tested. Equation
13 showed the growth coefficlent to be statistically different between
the two perlods. Equation 19 showed both the short~term capital flow
and the balance-of-trade c¢oefficlents to be statistically different
between the two perlods. Equations 9, 1U, and 22 showed all coeffi-

clents to be statlstlcally the same for the two time periods tested.

Economic And Statistlecal Analysis Of
Reaction Function Equations After

Stabillty Tests

This section first considers the eight selected equations rela-
tive to the following criteria: (1) stability analysis, (2) expected
signs of the coefficlents, and (3) statistical significance of the
coefficients. Since this first consideration involves comparison of
individual regression coeffleclents only, inclusion of the Chow test
in the stabllity analysis criterion would be inappropriate. In the‘
second area of discussion, which involves the selection of the equa-
tion appearing most representative of the reaction function of
monetary authorities, the Chow test is included wilth the other two
stability tests in the first criterion.

Collectively, the equations imply that the monetary authoritiles
respond primarily to the employment and prlce stabllity objectives.
The employment objective satisfied the criteria in three out of seven
equations; the price stabllity objective, 1n three out of eight
equations. The growth and balance-of-trade objectives appeared to

be of secondary concern because they satisfied the criterla only one
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of elght times. The short-term capital flow objective did not satisfy
the criteria, implying that it received minimal concern. In terms

of the inside lag results, all eQuations, except equation 6, satisfied
the criteria.

From the eight equations tested for stability, equation 9 appears
to be the most acceptable reaction function equation. In terms of
the stability criterion, for all regression coefficients to be found
stable, they must pass both the mﬁving.regression and the dummy
variable tests for stability. For the reactlion function equations to
be considered stable, they must pass the Chow test for stabillty.

Equation 9 shows the price stability, P, wnemployment, U, and

lagged interest rate 1ndicator, variables satisfying the three

Tl
criteria. The monetary authoritles show the strongest reaction to
unenployment pressures, with less strong reactions to pressures of
price instability. The welghted-average lag in response 1s .30
quarters, relatively fast compared to other estimates. The balance-
of-trade variable, X, had the expected sign and satisfied the sta-
bility criteria; however, it was not statistically significant. The
growth variable, G, falled all but the expected sign criteria; and the
L objective was statistically significant, but failed .the other two
criteria.

The foregoing findings imply that the monetary authorities react
primarily to the employment and.price stability objectives and second-
arily to the balance-of-trade obJective., No reaction was found for the
growth objective. An unexpected sign and inconsistent reaction was
found for the L objectlve coefficlent. The results also imply that
the monetary authorities' average responses to adverse movements in

the objective measures was approximately one menth.,
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Discusslon Of Findings

Dewald and Johnson found that the monetary authoritiles reacted
primarily to the growth and employment objectives, secondarily to the
price stablllty obJective, and negligibly to the balance-of-payments
‘objJectlve. They found the inside lag to be relatlvely long when the
Indicator varigble was a ﬁonetary aggregate and relatively short when
the indlcator was a money market variable.

Christian found that the monetary authorities react on a temporally
conslstent basis to growth and employment obJectives. He found the
price stabllity and balance-of-payments objectives and the lagged
dependent varilables unstable.

Prior to stability test analysis, this study found that the
monetary authoritles reacted primarily to the growth and employment
objectives, and secondarily to the price stabllity, balance-of-trade,
and short-term capital flow objectives., The inside lag was found
in most cases to be relatively long when a monetary aggregate indilca-
tor was used, and relatively short when a money market indicator
was used.

After stabllity test analysis, this study found that the monetary
authoritlies react primarily to the employment and price stability
objectives, and secondarily to the balance-of-trade objectlive. The
short-term capltal flow and growth objestlves were found to be of

minimal 1mportance.



CHAPTER FIVE
SUMMARY AND CONCLUSIONS

The monetary authorities maintain that they react to the conflu-
ence of circumstancevat any particular time in reaching declsions
about monetary pollcy; such a procedure implies a non-systematic re-
action to policy objectlves. Many economists argue, on the other hand,
that the monetary authorities react on ah implicit, temporally consis-
tent basls. In order to determine which position actually prevalls, a
number of economlsts have investigated the reaction function of the
monetary authorltles.

Phlllips ldentified some of the objective trade-offs that mone-
tary authorities make when attempting to resolve conflicting policy
goals. Reuber then estimated a reaction funetion for the implicit
trade-offs.

Drawing upon Reuber's research, which he undertook for the Cana-
dian Royal Cammlssion on Banking and Finance, Dewald and Johnson under-
took a similar study of the U.S. economy. They found that the monetary
authorities reacted primarily to the unemployment and growth objectives,
secondarily to the price stabllity objectlve, and negligibly to the
balance-of-payments cobjective, They found the inside lag relatively
long when they employed monetary aggregate indicgbtors, and relatively

short wlth money market 1ndicgtors.

QR



99

. Subsequently, operating independently, Havrillesky and Christilan
attempted to improve upon the Dewald and Johnson study.

Havrilesky found that the monetary authorlties reacted to the
unemployment, growth, price stabillty, and foreign economle activity
objectives. He assumed that the inside lag occurs within the ilnitilal
quartér. Reflection upon the rationale of Havrilesky's economiec method-
ology causes serilous questions as to whether the findings are rellable.

Christian, as well as the previously mentloned researchers, used
multiple linear regresslon analysis to estimate reaction fﬁnctions.
However, his methodology was refined by inclusion of moving regression
analysls., Christian found that the monetary authorities responded -
conslstently to the unemployment and growth objectives, but not to the
price stabllity objective. He further found the distributed lag co-
efficlent unreliable.

Borrowing the reaction function analysis from Reuber's and De-
wald and Johnson's studies, Fisher used multiple linear regression
analysis to estimgte reactlon functions of the British monetary
authorities, Hls findings show the British monetary authoritles res-
ponding to adverse movements 1n the measures of the employment, balance-
of-payments, and price stability objJectives., No policy response could
be found for the growth objective. Fisher also found the inside lag
to be relatively short.

The present study also treats the subject of reaction function
analysls, but with still further methodological refinement. Christian
anticipated the need for investigating the stablility of reaction func-
tion equatlions when he employed moving regression analysis; instead of
attaching confildence intervals to his regression coefficients, however,

he relied upon visual inspection. Since multiple linear regression
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analysls of reaction functions assumes stabllity, the question of
stabllity 1tself appears 1n need of examination.

Accordingly, this study, by employing multiple llinear regression
analysls with a distributed lag formulation, first proceeds to estimate
nineteen tentative reaction function equations. Then the eight most
representatlve equatilons are subjected to stability analysls. Stability
tests used are moving regression analysis to whose coefficlents confi-
dence intervals are attached, the Chow test, and the dummy variable test.

Before stabllity analysls, the intermedlate findings of this study
show that the monetary authorlties responded primarily to the unemploy-
ment and growth objectlves, and secondarily to the price stability, bal-~
ance-of-trade, and short-term capital fléw objectives. Analysis of the
Inside lag reveals generally that monetary aggregate indicators resulted
in relatively long lag estimates, and that money market indicators re-
sulted in relatively short lag estimates. From the elght reaction
function equations tentatively selected for stabllity analysis, a mone-
tary aggregate equation appeared best to filt the economlc and statistleal
criteria.

After stability analysls, the ultimate findings of this study show
that the monetary authorities responded primarily to the unemployment
and price stability objectives, secondarlly to the balance-of-trade
objective, with no response to the growth and short-term capital flow
objectives. Analysis of the inslde lag reveals findings simllar to
those before stability analysis. After the eight selected equations
were re-evaluated in light of the application of stability tests, a
money market indicator model appeared best to fit the econeomlec and

statistiecal criteria.
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Finally, from the different reaction function studies, 1t 1s possi-
ble to compare the sets of policy objectives that cause the Canadlan,
British, and United States monetary authorities to respond when measures
of the policy objectives move adversely. The Canadlan monetary
authoritles respond primarily to the employment, productivity, and
price stablllty objectlves. The British monetary authorities respond
primarily to the employment, price stabllity, and balance-of-payments
obJjectives, and the Unlted States monetary aufhorities respond pri-
marily to the employment and price stabllity cobJectives and secondarily

to the balange-of-trade objective.
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REGRESSION DATA

VARIABLE B F T M' r M
YEAR (Billions (Billions (Millions (Trillions
: of of of ) (% of
Dollars ) Dollars ) Dollars ) Dollars )
51-3 N .27500 45200 19.266 1.270 1.628 .1197
51-4" .36400 46000 19.990 1.838 1.649 L1219
52-1 .29400 .54400 20.224 1.313 1.640 .1235
52-2 .50300 .15900 19.895 .836 1.678 .12453
52-3 .93100 ~.25200 20.452 1.017 1.829 .1258
52=4 1.39100 -.71500 20.845 1.007 1.924 .12707
53~1 1.28600 -.64200 20.631 .393 2.047 .12757
53~2 .84400 -.20600 20.063. .679 2.203 .12843
53=3 .51200 .20300 19.577 .156 2.022 .12863
53-4 .43000 .28000 19.725 .078 1.486 .12873
54=1 .19400 .55900 19.770 .285 1.084 .1291
54=2 .14700 +63300 19.532 - .232 .814 .1294
543 .08200 .73400 18.682 .953 .870 .13063
54=4 .16400 .58200 19.126 1.021 1.036 .13197
55-1 .37700 .25400 18.856 1.162 1.256 .1335
© 55=2 42100 .15800 18.754 .599 1.514 - .1343
55-3 .71400 -.12800 18.754 .396 1.861 .13487
55=4 ' .91300 -.36500 19.004 173 2.349 .1351
56=1 .86600 -.31000 18.924 346 2.379 13557
56«2 ' .93300 - -=.41100 18.838 270 2.597 .13593
- 56=3 .80900 -.23100 18.881 .025 2,597 .13597
- 56=4 .71600 -.12800 19.214 466 3.064 .1366
57~1 - T .62700 -.10900 18.998 .195 3.172 .13687
57-2 . 97500 -.48500 18.965 .073 3.157 13697
57-3 ' . 97000 -.44000 18.973 .000 3.382 .13697
57=4 .77500 -.25700 19.13¢9 -.,536 3.343 .13623
58-1 . .27700 .31400 19.009 -.122 1.838 .13607
58-2 .13000 .50800 18.409 1.396 1.018 .13797
58-3 .27900 .34100 18.538 749 1.711 .139
58~4 .48900 .02500 18.638 1.223 2.788 .1407
59-~1 .55500 -.08200 18.633 .947 2.80 .14203
59-~2 .78800 -.36400 18.565 .- .751 3.019 .1431
59-3 .95600 . -.52800 18.626 .396 3.533 .14367
59-4 .89600 -.43900 18.721 -.812 4.299 .1425
60-1 .78500 -.32000 18.373 =-.842 3.943 .1413
60-<2 .51000 -.06300 18.212 -.637 3.092 1404
60-3 .31200 .26000 18.530 .285 2.390 .1408

60-~4 .12600 .58800 19.007 Jd42 2.361 .1410
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VARIABLE B F T M! r M
YEAR (Billions (Billions (Millions (Trillions
of of of ) (B of
Dollars ) Dollars ) Dollars ) Dollars )
61-1 .08500 .56600 19.029 449 2,377 .14163
61-2 .07200 .51800 18,927 730 2.325 14267
61=3 .05200 .53800 19.218 .514 2,325 .1434
61~-4 .10600 .45900 19.873 1.046 2.475 .1449
62~-1 .07600 .45700 19.737 598 2.739 .14577
62~2 .07700 42400 19.823 .297 2.716 .1462
62-3 .09900 .41800 20.000 -.159 2.858 .14597
62~4 .16300 .38700 19.950 .639 2.803 .,1469
63-1 .14200 .31500 19,710 1.067 2.909 14847
63-2 .18900 .23300 19.660 .920 2.941 .14983
63-3 .32400 .12800 19.895 .934 3.281 .15123
63=-4 .33900 .11200 20.288 1.124 3.499 .15293
641 .27300 .12100 20.344 .567 3.538 .1538
64=2 .24600 .12300 20,362 .824 3.481 .,15507
64-3 .31000 .10200 20.720 1.440 3.504 .1573
64=4 .32700 .08000 21.267 1.060 3.685 .15897
65-1 .37400 .02200 21.366 .608 3,90 .15993
65-2 .50100 ~.15600 21.564 .750 3.879 .16113
65-3 .53900 -.15100 21.740 1.262 3.86 .16317
65-4 .46500 -.07700 22,212 1.675 4.159 .1659
66-1 47700 ~.13200 22.381 1.627 4.631 ,1686
66-2 .67400 -.32400 22.516 1.107 4.597 .17047
66~3 .75300 -.37300 22.995 -.255 5.048 (17003
66-4 ,63400 -.27300 23.471 .118 5.246 ,17023
67-1 .31700 .07200 23.730 .881 4.534 ,17173
67=2 .11900 24700 23.388 1.534 3.657 .17437
67~3 .08900 .27900 23.966 2.447 4.345 ,17863
67~4 .16600 17900 24,869 1.381 4.787 .181l1
68~-1 42300 =,04400 25,675 1.252 5.064 ,18337
68-2 .70700 ~.36000 25.588 1.818 5.510 .1867
68-3 .53500 -,18300 26.049 2,125 5.226 .19067
68-4 .58300 -.23600 26.886 1.433 5.581 .1934
69~1 .81300 -.59200 27.369 1.499 6.138 ,1963
69~2 1.26800 =1.00300 27.433 1.104 6.240 .19847
69-3 1.16900 =-,95000 27.010 .319 7.047 .1991
69-4 1.15400 -.91300 27.712 117 7.318 .19933




REGRESSION DATA

VARIABLE P G G!' U X L
YEAR (Trillions (Billions
of [1958] of
(%) Dollars ) (%) (%) Dolliars ) (%)

51-3 10.300 .38870 1.890 3.17000 .92400 ~1.11800
51-4 10.200 .38870 .000 3.37000 1.32209 -~ .87200
52-1 -1.900 .39140 .690 3.07000 1.02100 -~ .31700
52-2 -2.900 .38960 ~.460 2.97000 .79700 .70500
52=3 -2.600 .39390 1.100 3.23000 .27900 .64100
52-4 -3.800 .40530 2,890 2.83000 .38400 .48300
53-1 -1.600 41210 1.680 2,70000 .18500 ,35600.
53-2 -1.800 .41640 1.040 2.57000 .28800 .18400
53=3 - .700 .41370 -.650 2.73000 ,24200 .30500
53«4 -1.400 .40880 -1.180 3.70000 .58900 .62100
541 400 .40290 ~1.440 5.27000 .30400 1.0130C
54=2 .500 .40210 -.200 5.80000 .73900 1.01600
54=3 .200 40720 1.270 5.97000 .46900 .73000
54-4 -.300 41570 2,090 5.33000 .94800 .62100
55-1 -.100 .42800 2,960 4,73000 .69600 1.58700
55=2 -.100 43540 1.730 4.40000 .74900 2.38600
55-3 .600 44210 1.540 4,10000 .57600 2.15200
55=4 1.000 44640 .970 4,23000 .72700 1.73400
56-1 1.500 44360 -.630 4.03000 .70500 2.26800
56-2 3.100 44560 450 4,20000 1.24700 2.44000
56=3 3.600 44450 =.250 4.,13000 .95600 2.45300
56=4 4,700 .45030 1.300 4.13000 1.66700 1.93300
57-1 2,300 .45340 .690 3.93000 1.81100 1.18100
57=2 2.600 45320 -,040 4.10000 1.81400 . 75000
57-=3 3.400 .45520 440 4.23000 1.19700 1.03100
57-4 3.400 44820 ~1.540 4,93000 1.27700 3.18000
58-1 1.400 43750 -2.390 6.30000 .91900 4.,18500
58-2 1.500 .43950 .460 7.37000 1.02700 3.89900
58-3 1.300 45070 2,550 7.33000 .21100 2.15900
58=4 1.300 .46160 2.420 6.37000 .67400 ,63500
59-1 .200 .46860 1.520 5.83000 .21300 .37000
59=2 .500 47990 2.410 5.10000 .19500 .32400
59-3 .200 47500 -1.020 5.27000 .21100 -~ .0600C
59-4 -.200 48040 1.140 5.60000 .36900 - .82200
60-1 .100 .49020 2,040 5.13000 .78900 46000
60-=2 .200 48970 -.100 5.23000 1.15000 1.61100
603 -.100 48730 =.490 5.57000 1.14000 3.17300
60-~4 .100 .48370 -,740 6.30000 1.66400 2.48600
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REGRESSION DATA

VARIABLE P G G' U X L

YEAR {Prildions - : (Billions

of [1938] of

(%) Dollars ) (%) (%Z) .Dollars ) (75
61-1 .300 .48260 - .230 6.80000 1.61900 1.97000
61-2 -.700 .49280 2,110 7.00000 1.46300 3.11800
61-3 -.700 .50150 1.770 6.77000 .99200 3.81200
61-4 -.600 .51170 2.030 6.20000 1.34800 3.09200
62-1 .400 .51950 | 1.520 5.63000 1.07100 2.46800
622 -.100 .52770 1.580 5.53000 1.37100 1.28400
62=-3 .400 .53340 1.080 5.57000 .94700 . 93500
62-4 .300 .53830 .920 5.53000 .99800 80400
63~1 -.300 .54120 .540 5.77000 1.04000 .52400
63-2 -.600 54600 .890 5.67000 1.48500 .74900
63-3 ~.100 55470 1.590 5.50000 .90300 .44200
63~4 .000 .56210 1.330 5.57000 1.62900 .22100
64~1 .300 .57110 1.600 5.43000 1.80200 .43900
64-2 ~.200 .57860 1.310 5.23000 1.71400 .88200
64-3 .200 .58580 1.240 5.03000 1.27700 1.119%00
64=-4 .400 .58850 460 . 4.93000 1.85600 1.81200
65-1 .700 .60150 2,210 4.83000 .99100 2,61000
65=2 1.700 ,60970 1.360 4.67000 1.53600 2.23800
65~3 2.400 .62070: 1.800 4.43000 .83300 1.69300
65-4 3.100 .63440 2,210 4,13000 1.36800 1.29100
66-1 2,600 ,64540 1.730 3.80000 1.14800 .92900
66-2 3.100 .64930 .600 3.83000 1.08200 1.05600
66-3 4,000 .65480 -850 3.80000 42200 1.53900
66-4 . 3.400 .66110 .960 3.67000 .98300 1.37700
67~1 .200 .66650 .820 3.67000 .94300 1.46600
67~2 .000 .67050 ,600 3.83000 1.28%00 1.64000
67-3 .400 .67800 1.120 3.93000 .71600 .98800
67=4 .500 .68350 .810 3.97000 .52900 1.77000
68~1 1.600 .69330 1.430 3.60000 .26300 2,32900
68-2 2.200 .70580 1.800 3.60000 44400 1.63700
68-3. 2,700 .71280 .990 3.60000 ~.16600 1.72100
68=4 3.200 - .71850 .800 3.43000 .08500- 1.07900
69-~1 2,300 .72310 .640 3.33000 11000 1.03500
692 3.600 .72670 .500 3.47000 .15300 1.59300
69-3 : - 4,300 73060 .540 3.63000 ~.18600 .77300

69-4 5.400 .72980 -.110 3.60000 .61300 .33900




REGRESSION DATA

e

R W

VARIABLE Y* E X#* Z Y I
YEAR (Billions (Billicns
of of
(%) (%) Dollars ) (Numbers) Dollars) (Index)

61-1 9.66 1.5 1.052 1. 51.6 =5.87170
61-2 8.54 1.325 .985 2, 46,0 ~-6.30090
61-3 7.71 1.072 460 3. 41,9 -6.33840
61-4 6.64 1.008 .705 4, 36.4 -5.07740
62-1 6.02 .784 467 5. 33.3 <4.48220
62=2 5.36 .857 .818 6. 29.9 ~5.14600
62-3 5.16 .932 336 7. 29.0 -4,70230
62-4 5.11 1.220 .383 8. 29.0 -3.92660
63-1 5.47 .738 .393 9, 31.3 -3.57510
63-2 5.50 .829 .701 10. 31.8 =3.79800
63-3 4.89 .739 .233 11. 28,5 -2.34220
63-4 4.50 .701 . 937 12. 26.5 -1.88410
64-1 3.86 .652 1.131 13. 22.9 -=2,15340
64-2 3.49 .749 1.031 14. 20.9 -2.88180
64-3 3.19 . 766 .535 15. 19.3 -2.02740
64-4 3.64 1.025 1.14 16. 22.2 -=1.48480
65-1 2.40 .683 420 17. 14.8 -~ .45780
65-2 1.98 .894 .683 18. 12.3 =~ .27220
65=3 1.13 .85 .155 19. 7.1 .13940
65-4 -.13 .924 . 702 . 20, - .8 .57590
66=-1 -.88 .726 434 21. =5.6 .77080
66-2 -.50 1.193 .289 22. -3,2 1.75310
66-3 -.35 1.369 -.265 23. =-2,3 3.06580
664 -.33 1.861 .165 24, -2.2 3.03720
67-1 -.17 1.386 -,023 25. -1.1 2.28810
67-2 21 1.343 +356 26, 1.4 1.25880
67-3 .09 .862 -.074 27. .6 -1.41390
67 =4 .26 1.193 -.305 28, 1.8 -~ ,95310
68-1 -.17 ,856 -.684 29, «1.2 1.38220
68~2 -.99 1.41 -.453 30. -6.9 4,57300
68-3 -.99 1.277 -.919 31. =~7.0 6.55540
68~4 -.81 .962 -.649 32. ~5.8 6.56720
69~-1 -.47 1.545 -.517 3. ~3.4 6.67950
69-2 .01 2.843 -,928 34, .1 11.50700
69-3 .46 3.583 -.836 35. 3.4 10.28730
69-4 1.54 3.192 -.131 36. 11.4 12.62740




FACTOR ANALYSIS DATA

BRD of BRD of Member Gov. Security Fed.

8 N.Y. Money 38 other Bank Dealer Res.
Market Banks Money Mkt. Borrowing Borrowing Discount
Banks Rate

Millions of Millions of Millions of Millions of

Date Dollars Dollars Dollars Dollars %

1961-1 165.0 228.0 85.0 2564.0 3.00
1961-2 13.0 120,0 72,0 2396.0 3.00
1961-3 108.0 11.0 52,0 2555.,0 3.00
1961-4 337.0 178.0 106.0 3360.0 3.00
1962-1 250.0 184.0 76.0 2687.0 3.00
1962-2 230.0 93.0 77.0 3753.0 3.00
1962-3 357.0 223.0 99.0 2994 .0 3.00
1962-4 418.0 407.0 163.0 4002.0 3.00
1963-1 539.0 380.0 142.0 3881.0 3.00
1963-2 415.0 177.0 189.0 3558.0 3.00
1963-3 433.0 241.0 324.0 3429.0 3.50
1963-4 381.0 490.0 339.0 3368.0 3.50
1964-1 401.0 388.0 273.0 3421.0 3.50
1964-2 275.0 175.0 246.0 3004.0 3.50
1964-3 288.0 447.0 310.0 4118.0 3.50
1964-4 214.0 516.0 327.0 3468.0 4,00
1965-1 632.0 343.0 374.0 3677.0 4.00
1965-2 208.0 502.0 501.0 3774.0 4.00
1965-3 208.0 749.0 539.0 3775.0 4,00
1965-4 365.0 733.0 465.0 2957.0 4,50
1966-1 241.0 774.0 477.0 2325.0 4.50
1966-2 416,0 467.0 674.0 2700.0 4,50
1966-3 438.0 98840 753.0 2255.0 4,50
1966-4 495.0 1041.0 634.0 3385.0 4,50
1967-1 876.0 1423.0 317.0 4584.0 4.50
1967-2 775.0 1364.0 119.0 3679.0 4,00
1967-3 469.0 848.0 89.0 2511.0 4.00
1967-4 120.0 720.0 166.0 2691.0 4.50
1968-1 243.0 763.0 423.0 3220.0 5,00
1968-2 647.0 816.0 707.0 3231.0 5.50
1968-3 1876.0 1290.0 535.0 5108.0 5.25
1968-4 1092.0 1953.0 583.0 4380.0 5.50
1969-1 615.0 1556.0 813.0 2694.0 5.50
1969-2 11.09.0 2295.0. 1268.0 3163.0 6,00
1969-3 440.0 2299.0 1169.0 2499.0 6.00

1969~4 1101.0 2961.0 1154.0 3202.0 6.00
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APPENDTX B

SOURCES OF THE REGRESSION DATA

Variable

Source

M'

1951~1969, computed from averages of dailly
figures. The 1951 to 1966 quarterly averages
were- computed from data found in Business

' Statistics, The Blenriial Supplement To The To The
"Slh've:X”o‘i‘ Current Businessy 1967. pp. 87 and

236. The data for 1967 to 1969
quarterly averages were found In the February
issues of the PFederal Reserve Bulletin from
1968 to 1970.

1951-1969, computed from averages of monthly
figures. The monthly figures from 1951 to
February 1969 are from the Federal Reserve
Bulletin, October 1969, pp. 790-793. The
remainder of the 1969 monthly data are from
the Federal Reserve Bulletin, April 1970,

p. 17.

1951-1969, computed from averages of monthly
flgures. The monthly figures from 1951 to
February 1969 are from the Federal Reserve
Bulletin, October 1969, pp. 790-793. The
remainder of the 1969 monthly data are from
the Federal Reserve Bulletin, April 1970,

p. 17.

1951-1969, computed from monthly averages of
new issues from New York Clty Open Market rates.
The 1951 to 1966 quarterly averages Were com-
puted from data found in Buslness Statistics,
The Biennial Supplement To The Survey Of
Current Business, U.S. Department of Commerce,
1967, pp. 90 and 237. The data for 1967 to
1969 quarterly averages were found in the
February issues of the Federal Reserve Bulle-
tin from 1968 to 1970.

1951-1969, computed from averages of daily
figures. The 1951 to 1966 quarterly averages
were computed from data found 1n Business
Statistics, The Blennial Supplement To The
Survey Of Current Buslness, 1967, pp. 87 and
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Variable

Source

235 to 236. The data for 1967 to 1969
quarterly averages were found in the February
1ssues of the Federal Reserve Bulletin from
1968 to 1970.

1961-1969, computed from a factor analysis of
seven money market varlables. For the source
of the treasury bill rate, see r and for the
source of free reserves, see F. Data for
baslc reserve deficiencies for 8 New York
Money Market and 38 other Money Market Banks,
member bank borrowlng, goverrment security
dealer borrowing, and the Federal Reserve
discount rate are in the Federal Reserve
Bulletins for the years 1961 to 1970.

1951-1969, quarterly totals at annual rates.
The 1951 to 1966 data were found in Business
Statistics, The Blennlal Supplement To The
Survey Of Current Business, 1967, pp. 1 and
195. The remaining data came from the
Survey Of Current Buslness, March 1970, p. s-1.

1951-1969, computed from averages of monthly
data. The 1951 to 1966 data were found in
Business Statistics, The Blennial Supplement
To The Survey Of Current Business, 1967,

pp. 1 and’195. "The remaining data came from
the Survey Of Current Business, March 1970,

p. s-1.

1951-1969, computed from averages of monthly
data. The 1951 to 1966 data were found in
Business Statisties, The Blennial Supplement
To The Survey Of Current Business, 1967, pp. 66
and 228. The renaining data came from the
Survey Of Current Business, February 1968

to 1970.

1951 to 1969, computed from monthly averages
of the Wholesale Price Index where 1957
to 1959 equals 100. The 1951 to 1966 data

‘were found in Business Statistics, The

Blennial Supplement To The Survey Of Current
Business, 1967, pp. 41 and 220. The remain-
ing data came from the Survey Of Current
Business, February 1968 to 1970. '
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Variable

Source

L

X#

1951-1969, computed from the difference be-
tween the London Treasury Bill rate and the
United States Treasury Bill rate (see r). The
London Treasury Bill rates are computed from
monthly averages. The 1951 to 1960 data were
found 1n Supplement to Banking And Monetary
Statistics (Sectlon 15, International Finance),
Board of Governors of the Federal Reserve
System, March 1962, pp. 75-77. The 1961 to
1969 data were found in the February issues
of the Federal Reserve Bulletin for the years.
1962 to 1970.

1961-1969, computed from the difference between
the London Euro-Dollar rate and the Unlted
States Treasury Bill rate (see r). The

London Euro-Dollar rates are computed from
monthly averages. The 1960 to 1968 data are
found in "An Analytical Record of Ylelds and
Yield Spreads," Salomon Brothers and Hutzler,
1969, pp. 68 to 77. The 1969 data were found
in a supplement to the above source, p. 16.

1951-1969, computed from the difference between
non-military exports and non-military imports
which were computed from monthly averages. The
1951 to 1952 data were found 1n the Balance Of
Payments Statistical Supplement, U.S. Depart-
ment of Commerce, Office of Business Economics,
1958, p. 16. The remalning data were taken
from the June issues of the Survey Of Current
Buslness. :

1961-1969, computed from the difference between
non-military exports and the sum of non-mili-
tary imports minus exports filnanced by Govern-
ment grants and capital. The non-military
exports and the non-military imports data are
from the same sources as X. The data for
exports financed by Government grants and
capital are taken from the following issues

of Survey Of Current Business, June 1965,
Decenber 1965, March 1967, June 1967, Decem—
ber 1968, and March 1970.
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Variable ~ Source

Y 19511969, computed from the dlfference
_ between potentlal GNP and actual GNP. See

G for the source of data. The thlird quarter
of 1955 1s the "full-employment" quarter
which 1s used as the base perlod to calculate
potential GNP and the unemployment rate was
4.1%. From 1951 to 1962, growth was assumed
to be 3.5%, from 1963 to 1965 it was assumed
to be 3.75% and from 1966 to 1969 it was
assumed to be 47%.

y# 1951~-1969, computed by dividing potential
GNP into Y. For the source of the data see Y.
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Chart U4 shows the monéy market index (I) as it changes over time.
The index iIs calculated on a quarterly basis and the larger the index

becomes (in positive values), the greater the money market pressure.

Chart 4
Money Market Index
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It is Interesting to note how closely the I index corresponds to the
periods when the FOMC directed the trading desk to elther increase
tightness or reduce the ease of monetary polchy.1 Thus, the I index
was used as an indicator of monetary policy in this study.

The technique c;f deriving the index of méney market tlghtness
1s the same as that used by Andersen and Levine.® The first step
involves applying factor analysis to the variables used to indicate
tightness or ease in the money market. In this study the variables
inelude the 90-day Treasury blll rate, free reserves, the basic re-
serve deficiency of elght New York money market banks, the basic
resexrve deflelency of thirty-eight non-New Yoz_'k money market banks,
member bank borrowing, goverrment security dealer borrowings, and the
Federal Reserve dlscount rate. From the féctor analysis results,
hypothetlcal variables called factors are derived such as the factor
shown in Table XI.

The colum in Table XI is referred to as a factor and the
variables are referred to as factor loadings. The factor in Table XI

has an eigenvalue of 5.00583 and Andersen and Levine indicate that

1Excep‘c for 1963 and the last three quarters of 1969, the stance
of monetary policy is based on Allan Meltzer's "Scaling of the Federal
Reserve's Policy Decisions.® The exceptions are time periods follow-
Ing Meltzer's study; an examination of sunmmariles of the FOMC meetings
printed in the Anmual Report of the Board of Governors of the Federal
Reserve System is used to seale the period. Xarl Brunner and Allan
Meltzer, "The Federal Reserve's Attachment to the Free Reserve Concept."
A Staff Analysis, Subcommittee on Domestic Finance. Commlttee on
Banking and Currency, House of Representatives, 88th Congress, 2nd
Sesslon, 1964. Also, Allan Meltzer, "The Appropriate Indicators of
Monetary Policy.™ e

2 B s "
Conditio%seogsal% ﬁéaﬁgdglfsgﬁo%%% ﬁéngﬁa%gvﬁﬁ?ﬁge%eg%fﬁ ﬁﬁt%ﬁ%f( ggrn]égt
ing Review, Vol. 4, No. 1 (September, 1966), pp. 41-51.




" FACTOR LOADINGS

TABLE XT

Treasury Bill Rate

Freé Reserves

Bastc Reserve Deflclency
of 8 New York Money
Market Banks

Basic Reserve Deflciency
of 38 non-New York
Money Market Banks
Mémber Bank Borrowing

Goverrment Security
Dealgr Borrowing

Federal Reserve
Discount Rate

-96914
-.95388

.68458
.93135
-.93362
.13243

.96512
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any eilgenvalue magnitude of 1.0 or greater can be judged stg;nfocha.nt.3

Also, the elgenvector in Table XTI accounts for 71.5 per cent of the total
variance of the seven money market varilables used in the factor
analysis.

Tt should also be noted that the signs of the factor loadings
in Table XI are consistent with theory except for the B variable. The
theory Indicates that money market pressure is negatively related to
i‘reé reserves and positlvely related to the remaining money market
variables.

The factor may represent "ation-wide" money market pressure be-
cause the variables “which are generally national in scope" are
welghted more heavily bthan the varlables which are primarily related
to the New York money market (the baslc reserve deficiency of elght
New York money market bariks Vand government security dealer borrow-
ingS).Ll

Step two utillzes the factor loading welghts 1n calculating the
money market index I, shown in Chart 4. The I 1s caleulated as
follows:

It =2j Fi,j Uj 3 where

I, = the money market Index

Fi,jv = the factor loading for the jth variable in the,:Lth

factor. In this case the 1 1s equal to the factor
In Table XI.

(e
il
]
]
54

3bid., p. 47. _ | »

Ibid., p. .118.
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X = obgservatlons of each money market var'iable.5

J

The data used for each of the meney market variables includes
quarterly averages calculated from dally averages; not seasonally
adjusted. The I values calculated from 1960-IV to 1969-IV are

shown 1in Appendlx A.

Tbid.,
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MOVING REGRESSIONS
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DATE P G U X Mo,
51-4 to 69~4 —.000 .068** .001* .000 ~.000 .693%%
51-4 to 56=3 —.000 .042 . 000 .000 .000 .567%
52=1 to 56-4 =.000% ,076%* .000 -. 000 .000 .066
52-2 to 57~1 -.000 .081%#* .000 -.000 .000* . 063
52-3 to 57~2 -.000 . 099%#% .000 .000 .000% .209
52-4 to 57~3 =,000 . 086%% . 000 . 000 . 000% .056
53-1 to 57-4 -.000 .087%% . 000 .000 -.000 142
53-2 to 58-1 -,000 . 087%* .000 -.000 -.000 .179
53-3 to 58-2 -,000 .125%% . 001* ~.000 ~.000 . 049
53-4 to 58=3 -.000 J146%% .001% - ,000 .000 .243
54=1 to 58-4 -.000 141 %% .001 .000 -.000 .264
54~2 to 59-1 ~.000 .138%* .000 .000 .000 .260
54-3 to 59-2 -.000 J134%% .000 . 000 .000 .236
54-4 to 59-3 -,000 .086% .000 .000 -.000 .164
55-1 to 59-4 -,000 .057 ~.000 .000 -.000 .113
55-2 to 60-1 ,000 .003 .000 . 000 -.000 .510
55-3 to 60-2 .000 «,000 .000 .000 -.000 .478
55-4 to 60-3 ,000 .002 .000 .000 ~.000 .395
56~1 to 60~4 .000 .008 .000 -.000 ~.000 .386
56-2 to 61-1 .000 .017 .000 -.000 ~.000 .383
56-3 to 61-2 ,000 .033 .000 .000 -.000 .430
56=4 to 61-3 .000 .034 .000 . -.000 -.000 466
57-1 to 61~4 .000 .036 .000 .000 -.000 .468
57-2 to 62-1 -,000 .033 .000 .000 -.000 442
57-3 to 62-2 -,000 .026 .000 -.000 -.000 .416
57-4 to 62=3 -.000 .025 .000 ' .000 -.000 .486
58-1 to 62~4 ~.000 .018 .000 .000 -.000 .552
58-2 to 63~1 -.000 .015 .000 .000 .000 .611
58-3 to 63-2 -,000 -,040 -.001 . 000 -.000 577%
58-4 to 63-3 -,000 ~-.032 -.001 -.000 ~.000 .590%
59-1 to 63~4 -.000 -.010 -.000 . 000 .000 .780%%
59-2 to 64~1 -.000 ~.028 -.000 -.000 .000 J722%%
59-3 to 64-2 -.000 -,031 " =,001 | -.000 .000 L731%%
59«4 to 64-3 -.001 -,119 -.001 -.000 .000 . 905%%
60~1 to 64~4 -,001* ~.062 -.001 ~.000 ~.000 JTLTR%
60~2 to 65-1 -.001 -.051 ~-.001 -.000 -.000 . 650%*
60-3 to 65-2 -.000 ~-,015 -.001 .000 .000 377
60-4 to 65-3 -,000 ~-.000 -.001 .000 ~.000 425
61-1 to 65-4 -.000 .036 , 000 .000 -.000 .481
61-2 to 66-1 ~.000  .040 -.000 .000 -.000 .598%
61-3 to 66-2 =,000 .044 -.000 .000 -.000 .585%%
61-4 to 66=3 ~,000 .075 -.000 +000 -.000 .483%
62-1 to 66-4 —.000 .072 ~.000 .000 -.000 .574%
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EQUATION 6

(Continued)
DATE P G U X L M.y
62-2 to 67-1 -,000 .032 -.002 .000 -.000 .568%%
62-3 to 67-2 -,000% .044 ~.000 . 000 -.000 . 669%%
"62=4 to 67-3 -.000 .037 .001 .000 =.001%=* o 73] %%
63=1 to 67-4 -.000 . 045 .001 .000 - .001%% 748%%
63-2 to 68-1 -,000 .031 .000 ,000 -, 001%% . 157%%
63-3 to 68-2 -.000 .033 .000 .000 -,001 ** . 766%%
63=-4 to 68-3 -.000 .012 .000 .000 -,001%* .813%*%
64-1 to 68-4 -.000 071 .002 . 000 -, 001%* L644%%
64=-2 to 69-1 -.0Q0 . 080 . 002 .000 -.001% .653%
64-3 to 69-2 ~,.0Q0 . 080 .002 .000 -.001%* . 665%*
64-4 to 69-3 -,000 .165% . 002 .001 -.001 .807%*
65-1 to 69-4 -.000 .158% .002 . 000 -.001 L 781%%




EQUATION 8

MOVING REGRESSIONS
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DATE P G U X L M'
t-1
51-3 to 69~4 .009 .552 .109 <126 .014 «700%*
51-3 to 56-~2 .034 -1.889 <114 -.003 -.138 c662%*
51-4 to 56-3 .041 ~1.536 «124 -.068 -.171 <691 %%
52-1 to 56-4 =~.116 5.571 .157% .383 -.151 .391%
52-2 to 57-1 -.083 .624 .141 .139 -.037 411
52-3 to 57-2 =-.074 -4.170 111 174 . 044 .461
52-4 to 57-3 =-.077 =~ .408 .145 .103 .007 .450
53-1 to 57-4 .005 4,105 .193*% | ~.169 -.183 .641%
53~2 to 58-1 -,018 3.122 .173 -.137 -.140Q .661%*
53=3 to 58-2 -,021 8.608 «384%% - 161 -.128 .683%*
53-4 to 58-3 -.073 -3.829 .201% .288 .009 «455
54-1 to 58-4 -.123 2,379 .226% .212 -.070 .322
54-2 to 59-1 -.1l12 .564 .221% .196 -.069 .308
54-~3 to 59-2 ~.088 =4.545 241 %% 131 -.124 .249
54=4 to 33«3 =.062 ~8.587 W 252%% .110 -.136 .259
-55~1 to 59-4 .020 =17.586 244% .136 -.070 . 605%
55=2 to 60-1 .020 -9.925 .226 171 .003 .628%*
55-3 to 60-2 -.030 ~7.762 .198 .271 .055 +711%
55=4 to 60-3 ~.057 1.089 171 .388 174 . 840wk
56-1 to 60-4 -.016 =-4.882 .151 114 .106 .639%
56=-2 to 61-1 .047  -1.263 .220 .133 .086 .630*
56-3 to 61-2 .049 - .895 $227 .140 .084 .632%
56-4 to 61-3 044  ~4.106 .238 151 .044 $S573%%
57-1 to 61-4 -.068 =5.044 171 .175 .092 «652%*
57-2 to 62-1 =-.076 =5.565 .169 .180 .091 <649%*
57-3 to 62-2 -.034 -2.888 .222 .087 .091 .600%
57-4 to 62-3 -.109 -3.814 245 .022 114 .591*
58-1 to 62-4 .228 1.927 .170 .108 .116 .563%
58-2 to 63-1  .295 3.769 174 .027 .151 .510%*
58-3 to 63-2 .156 3.838 .081 131 .099 .640%*
58-4 to 63~3 317 6.797 .312 -.155 .133 . 606%*
59-1 to 63-4  .055 6.586 .108 -.024 .133 .635%%
59-2 to 64-1 -.053 7.554 122 -.105 .153 .516*
59-3 to 64-2 -.160 10.108%* .237 -.041 131 .356
594 to 64~3 =.191 18.127%%* J468% .022 .166* .038
60-1 to 64~4 -.222 17.219%% 483 -.038 .132 .051
60-2 to 65-1 «.396 10.957# <295 .046 .016 .128
60-3 to 65-2 -.357* 9.577% .160 .096 .016 .007
60-4 to 65-3 =.108 12.234*% . 441 -.090 -.021 127
61-1 to 65-4 062 11.142 .503 -.060 -.047 .269
61-2 to 66-1 .075 10.806 .489 -.089 -.054 +326
61-3 to 66-=2 .007 10.347 377 -.059 ~-.035 «253
61-4 to 66-3 =~.162 6.141 -.004 .290 ~.002 .268
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EQUATION 8
(Continued)
T

DATE P G U X L el
62-1 to 66-4 =,240 2.853 -.343 211 -.131 L421%
62~2 to 67-1 -.153 5,218 -.056 .266 -.164 J426%
62=3 to 67-2 -.189 -1.885 -.516 .326 -.132 JA436*
62=4 to 67-3 =.240% 3.473 -.216 -.001 -.184 LS507%
63-1 to 67-4 -.224 - .835 -.519 .205 -.228 J426%
63-2 to 68-1 =.216 1.048 -.462 .283 -.202 Ja42%
63-3 to 68-2 -.166 9.074 .046 .292 -.228 +393%
63-4 to 68-3 -.109 16.022 481 .315 -.219 .387
64-1 to 68-4 -.142 12.609 .272 .302 -.164 .368
64=2 to 69-1 -.106 17.486 .788 .394 -.321 .356
64=3 to 69-2 -.155 16.890 1.002 .282 -.549% 291
64-4 to 69-3 -,222% 5.974 -.082 .352 -.228 .491
65=1 to 69-4 -.254% 3.732 -.105 321 -.223 57 2%%




EQUATION 9

MOVING REGRESSIONS

130

Gl

DATE P U X L .1
51-4 to 69-4  ,042% .034 -.319%%  ~.129  -.240%%  232%x
51-4 to 56-3  .015 .043 -.207 -.070  -.086  .431
52-1 to 56=4  .017 .067 -.198 -.009  -.107  .474
52-2 to 57-1  .080% .075 ~-.235% 010  -.077  .443
52-3 to 57-2  .108%%  .104*% -.178 .031  -.124  .6l4*
52-4 to 57-3  .1lllx* . 123% ~.154 -.040  -.119  .673%
53-1 to 57-4  .088* .163%* -.059 -.032  ~,011  .909%*
53-2 to 58-1 ,188%%  ,062 -.380% 122 =072 432
53-3 to 58-2  .190**  ,072 -.365% 118 -.067  .466
53-4 to 58-3  .203%%  -,041 -.527%%  -,054  -.199%  .075
541 to 58~4  ,207%% ~,038 -.535%% -.058 ~ =-,211* 099
54=2 to 59-1  .210%*%  -,084 -.609%% 024  =,205% -,100
54-=3 to 59-2  .216%* -,086 -.529%% 032  -.,229*% -,048
544 to 59-3  .223%%x  -.132 -.555%%  ,059  =.246%% -,129
55-1 to 594  ,212%  =,015 -.328 .078  -.284%% 258
55-2 to 60-1 .242%  -.061 -.203 054 ~.391%% 247
55-3 to 60-2  .281l%* ~,026 -.027 -.036  =.468%% 452
554 to 60-3  .254%  -.027 -.124 -.036  -.412%% ,337%
56-1 to 60-4 ,250%  -.023 -.140 —.047  =.403%% 334
56-2 to 61-1 .250%  -.029 -.170 -.050  -,392%% 325
56-3 to 61-2  .238%  -.007 ~.170 -.046  =.376%% ,339%
56-4 to 61-3  .268%  -.012 -.235 -.173  ~.333%% 325
57-1 to 6l-4  .265%  -.013 -.202 -.222  -.328%% 343
57-2 to 62-1  .288 .005 -.138 -.187  -.302%% 362
57-3 to 62-2  .339% .001 -.099 -.238  -.297%% ,383%
57-4 to 62-3  .331% .008 -.105 -.222  -,287%% .383
58-1 to 62-4  .210 .019 -.280 -.196  -.350%% 238
58-2 to 63-1  .062 -.001 -.128 -.254  =.334%% 290
58-3 to 63-2  .067 .029 -.080 -.188  -.332%% 203
58-4 to 63-3  .080 .027 -.064 -.171  -.323%% 232
59-1 to 63~4  .128 .032 .148 -.229  -.262%% 305
59-2 to 64~1 ~-.008 .000 .081 - 340%  -.271%% 432
59-3 to 64-2  .001 -.010 .200 ~.351%  -,25Q%k  505%*
59-4 to 64-3  .084 .093 .084 -.251  ~-.237%% 303
60-1 to 64~4  .109 .054 -.063 -.139  -.208** ,186
60-2 to 65-1  .215% .113% -.022 -.003  -.108  .400%
60-3 to 65-2 ,121 .027 -.002 -.071  -.081  .373%
60-4 to 65-3  .092 .022 ~.050 -.001  -.004  .080
61-1 to 65=4  .124% .045 ~.066 .054  =.003 -.072
61-2 to 66-1  .025 -.002 -.183 -.042  -.026  .278
61-3 to 66-2 ~-.003 .042 -.200 -.011  -.035  .092
61-4 to 66-3  .037 .032 ~.148 -.046 .013  -.017
62-1 to 66-4  .022 .042 -.191 -.032 .013  .029
62-2 to 67-1  .18l%% 067 -.097 .021  -.,005  .093
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EQUATION 9

(Continued)

1
DATE P G U X L T,
62-3 to 67-2 «191%* .072 -.270 -.062 -.047 .646%*%
62-4 to 67=-3 .191%* .106 -.082 117 =.230 . 247
63-1 to 67-4 .204% .095 113 -.150 -.191 .363
63-2 to 68-1 .199% .089 .068 -.147 -.188 341
63-3 to 68-2 201> .085 .086 -.157 -.197 +349
63-4 to 68-3 J184% .168 -.102 -.029 -.164 . 257
64-1 to 68-4 .183% 152 ~.234 -.045 -.174 .205
64-2 to 69-1 152 171 -.202 -.024 -.199 276
64~3 to 69-2 .141 .164 -.301 -.038 -.206 249
64=4 to 69-3 154 177 -.046 -.073 -.299 .308
@5—1 to 69=4 .138 .237 .062 -.198 429% 404




EQUATION 13

MOVING REGRESSIONS
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.158 .097 .196%%*

DATE P G U X L T,y
51-3 to 69-4  .019 2.300%  -.071  .009 .009  .936%
51-3 to 56-2 -.029 -11.033 -.192%  .116  -.014  .448
51-4 to 56-3 -.001 ~13.373 -.233% -,063  -.024  .349
52-1 to 56-4 -.025 - 7.809 -.187  .207  -.040  .493%
52-2 to 57-1 ~-.006 ~11.359 -.219  .119  -.020  .429
52-3 to 57-2 =-.037 ~25.776%%  -.329%x .568% 185  .417%
52-4 to 57-3  -.017 ~18.267 -.275%  .391 .068  .445%
53-1 to 57-4  .043 -15.837 -.220% 223 .054  .479%
53-2 to 58-1  .033 -16.940%  -.189%  .270 .082  .386%
53-3 to 58-2  .059 -21.833%%  -,221%% 284 .080  .214
53-4 to 58-3  .064 ~12.356 ~-.126% .004  -.016  .259
54-1 to 58-4  .090 -10.543 -.077 -.022  -.044  .211
54-2 to 59-1  .055 - 7.435 -.064  .089  -.039  .098
54-3 to 59-2  .027 - 5.194%  -.087% .172  -.003 -.184
54~4 to 59-3  .056 - 7.123%  -,067  .059  -.045  .048
55-1 to 59-4  .053 - .338 -.082%  .016 .001  .219
55-2 to 60-1  .090% - 6.593 -.056 -.106 -.069  .392
55-3 to 60-2  .085% - 7.155  -.058 -.106  -.071  .390
55-4 to 60~3  .042 - 7.628 -.099% -,016  -.023  .077
56«1l to 60=4  .045 - 3.547 -.034  .133  ~.018  .145
56-2 to 61-1  .104 2.848 .045 142  -,023  .365
56-3 to 61-2  .106 3.566 .046  .135  -.018  .406
56-4 to 61-3  .142 9.236 044,026 .027  .588%
57-1 to 61-4  .159 13.852% .041  -.049 .050  .815%%
57-2 to 62-1  .095 9.137 .023  .042 045 . 634%%
57-3 to 62-2  .109 10.289 .039  .001 .053  ,61l4x%
57-4 to 62-3  .104 10.618% 049 -.019 .057  .61l5%%
58-1 to 62-4 —.,040 9.118% .108  -.095 049 .653%%
58-2 to 63-1  .025 15.293% .214 =-.101 .019  .378
58-3 to 63-2 -.010 3.472 .075  -.051 .086  .805%%
58-4 to 63-3  .079 8.774 191 -.156 .083  ,633%%
59-1 to 63-4  .146 11.894% 243 =.115 .056  .519%
59-2 to 64=1  .131 11.725% 232 -.112 .060  .523%
59-3 to 64-2 145 11.819% 246 =.127 .059  .516%
59-4 to 64-3 . .158 13.305% .259  -.104 .073  .485%

. 60-1 to 64=4  .233 14.495%% 194  .085 - ,181%k  528%%
60-2 to 65-1  .171 13.744% .188  .164 L140%%  494%
60-3 to 65-2  .082 10.690%  -.001  .160 ~ .114%  477%
60-4 to 65-3  .102 11.499%%  —.293% 146 .162%% 168
61-1 to 65-4  .175%% 12.217%% - 426%  ,208%  ,185%% —,053
61-2 to 66-1  .177% 11.663%%  —.418%  ,207 .180%* ~,010
61-3 to 66-2  .176% 11.546%%  ~. 443 195 .180%* —,010
61-4 to 66-3 L 247%% 14.685%% - -.022
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EQUATION 13

(Continued)
DATE P G U X L Typ
62-1 to 66-4 .110 7.193 -.246 .101 .049 .506%
62-2 to 67-1 .002 3.841 -.352 .062 041 L 712%%
62~3 to 67-2 .015 3.317 -.557 .042 053 - ,568%*x%
62=4 to 67-=3 .000 17.286%* .067 -.092 .009 JATTR
63-1 to 674 .025 31.104%* .800% ~,133 .032 424
63-2 to 68~1 .086 18.994 .922% -.196 .019 « B4 5%%
63-3 to 68-2 .067 25.227% .653 -.256 .080 .521%
63«4 to 68-3 -.001 24,244 592 -.261 .078 .520%
64-1 to 68-4 .034 21.249 611 -.223 .054 L 644%%
64-2 to 69-1 .032 14.766 .508 -.250 ~,002 T T4
64-3 to 69-2 .006 15.342 .509 ~.307 -.058 o 732%%
64-4 to 69-3 -.035 14.405 .053 -.274 + .129 661
65-1 to 69-<4 .068 33.205% 402 -.012 .234 41w




EQUATION 14

MOVING REGRESSIONS
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DATE

Gl

F

t-1
51-4 to 69-4 -.010 -.039% .149%%  —, 031 .022 «389%*
51-4 to 56-3 -.014 =.107%%* .092 .126 .212 .489%
52-1 to 56-~4 ~.015 -.112% .098 -.048 -.227% .469%
52-2 to 57-1 .080%* -.095% .046 ~-.043 -.186% .530%
52-3 to 57-2 .052 -.083% .027 -.057 =.023 .575%
52-4 to 57-3 051 -.060 .048 -.164 -.028 .522%
53-1 to 57-4 .042 -.058 .060 -.147  -.007 .482
53-2 to 58-1 -.011 -.039 .115 -.199 .026 .535%
53-3 to 58-2 -.008 -.032 .139 ~.178 .046 J4a43%
53-4 to 58-3 =~.070 .034 L276%% .014 .068 -.155
54-1 to 58-4 <.069 .016 . 273%% .031 .055 -.066
54=2 to 59-1 ~-,073 .018 267% .031 <057 -.075
54=3 to 59-2 -,074 .018 .27 8% .040 .054 ~-.081
54=4 to 59-3 -.076 .028 .262% - .042 .068 -.075
55-1 to 59-4 =.076 .028 $261%% .041 .068 -.071
55~2 to 60-1 ~.089% .050 J173%* .019 .131%* -,032
55-3 to 60-2 -.086% .037 .152% ,029 L145%% 040
55-4 to 60-3 =~.077 .034 .138 .006 «145%% 073
56-1 to 60-4 ~.063 .020 .200% .064 .108% .068
56-2 to 61-1 -.074 .027 .203%* .080 J112%% 041
56=3 to 61-2 -.042 .011 .205% .089 .101% .086
56=4 to 61-3 -.063 .019 L2117 %% .141 .101%* ,068
57-1 to 61-4 =-.071 .015 . 204%% .120 .101%* - ,088
57-2 to 62-1 -,045 .004 L174% .066 .089% .153
57-3 to 62-2 -,021 -.007 . 200%=* .064 .072% 142
57-4 to 62-3 ~.055 -.016 .152% .076 .067% .301
58-1 to 62~-4 -,031 -.017 .192% .081 .083%x  ,216
58-2 to 63~1 .036 -.006 .169% .097 .081** ,165
58-3 to 63-2 .040 ~.004 J179% .078 L077%% 236
58~4 to 63-3 .035 -.005 175% .077 .075% .254
59~1 to 63-4 .021 -.008 .141 . 064 .066% .325
59-2 to 64-1 .096 .005 .215% .111 .080%*% ,268
59-3 to 64-2 .082 .007 .152 .103 .076%% 303
59~4 to 64-3 .073 -.008 L172% .101 L073%x 219
60-1 to 64-4 .029 -.034 .056 .045 .058% «545%%
60-2 to 65-1 .024 -.040 .077 .030 .052% .505%
60-3 to 65-2 ~.019 -.036 .051 -.006 .043 .583%*
60-4 to 65-3 .004 -.027 .098 -.030 .006 .309
61-1 to 65-4 ~-.004 -.004 -.043 ~-.012 .014 .118
61-2 to 66-1 -.001 -.000 -.043 -.004 .018 -.001
61-3 to 66-2 -.018 .022 -.090 .009 .017 .042
61-4 to 66-3 -.009 .028 -.061 .012 .001 .011°
62-1 to 66-4 -.040 .037 -.167 .037 -.001 -.137



EQUATION 14
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(Continued)

1
DATE P G U X L Ft-—l
62-2 to 67=1 ~.106%* .031 -.175 .019 011 -.229
62-3 to 67-2 ~.078*%* .054 -.018 .025 -.025 .338
62=4 to 67=3 ~.082%* .062% ~.053 .041 -.012 .329
63-1 to 67-4 ~,083%* .065% -.061 .045 -.023 320%
63-2 to 68-1 ~.093%* .058% .106 .039 -.054 .232
63=3 to 68-2 -.095%* .052 -.031 .039 -.007 L419%
63-4 to 68-3 ~,102%%* -.001 .090 -.033 -.014 .110
64-1 to 68-4 ~,102%*% - 001 .086 ~.036 -.012 .107
64-2 to 69-1 -.071 -.009 .087 -.058 -.005 .232
64-3 to 69-2 -.078% -.020 -.041 -.088 -.018 .365
64-4 to 69-3 ~,082% -.010 .081 -.086 -.060 .231
65-1 to 69-4 -.072 -.005 124 -.077 -.089 .271




EQUATION 17

MOVING REGRESSIONS

136

1
DATE P G U X L B,_;
51-4 to 69-4  .015 .035%  ~.120%% -.000 =-.0l5  .350%%
51-4 to 56-3  .0l4 .093%  -.059 .067  .133  .479%
52-1 to 56=4  .017 .109%%  ~.073  -.045 .148  .439%
52-2 to 57-1 -.055 .099%%  -.031 ©  ~.052 .131  .498%
©52-3 to 57-2 =.035 .086%  -.032  -.075 .005  .451%
52-4 to 57-3 -.035 .058 -.051 .063  .013  .4l4
53-1 to 57-4 -.015 .049 -.070 .038 -.007  .308
53-2 to 58-1  .030 .027 -.103 .089 -.043  .434
53-3 to 58-2  .027 .020 -.127 .072 -.062  .328
53-4 to 58-3  .082% ~.038 -.232%% -,048 =~.076 -.233
54=1 to 58-4  .083% -.024 -.234%% -,075 -.058 -.188
54-2 to 59-1  .098% -.032 -.208% -.082 =-.068 =-.200
54-3 to 59-2  .099% ~.031 ~.225%% -.095 =-.064 ~-.209
54-4 to 59-3  .103% -.044 -.212%% -,095 =-.078% -,210
55-1 to 59-4  .094% -.033 -.186%% -.080 -.082% ~.102
55-2 to 60-1  ,102%* ~.048%  -.131% -, 061 ~-.121%% - 076
55-3 to 60-2  .098% -.034 -.111  -.073 ~-.133%% 018
55-4 to 60-3  ,087% -.030 -.106  -.056 =-.124%% 027
56-1 to 60-4  .080% -.025 -.153%  -,100 -.103%* - 041
56~2 to 6l-1  .084% -.027 -.156% -,102 =-.100%* — 022
56-3 to 61-2 .06l ° -.016 -.158% ~,108 -.092%% ,013
56-4 to 61-3  .080 -.023 ~.170% ~ 151% -,092%% ~,0l4
57-1 to 614  .087* -.019 ~.159%% —,130 -.092%% 003
57-2 to 62-1  .050 ~-.008 -.135% ~,073 -.080% .078
57-3 to 62-2  .029 .006 ~.144%% - 061 =.06Ll%%* 155
57-4 to 62-3  .050 .013 -.115% -,076 =-.057%  ,286
58-1 to 62-4  .042 .013 -.130% -.075 =-.064% .246
58-2 to 63-1 -.015 .004 ~.109% -.092 -.06l%* 186
58-3 to 63-2 =.022 .002 -.123% -.077 -.056% .249
58-4 to 63-3 ~-.008 .004 -.112% -.075 =-.050  .320
59-1 to 63-4 =.001 .006 -.095  -.069 =-.043  .368
59-2 to 64-1 =.060 -.005 -.146% ~.106% -,055%  ,333
59-3 to 64=2 =-.052 -.007 -.092  -.103% -,052% ,351%
59-4 to 64=3 =.031 .013 -.112%  -,102% -.050%  .209
60-1 to 64=4 =.013 .031 -.040  -.073% -.034  .527%%
60-2 to 65-1 =.006 .037%  -.069  -.042 =-.028  .458%%
60-3 to 65-2  .021 .021 -.064  -.015 -.016  .448%x
60-4 to 65-3  .017 .018 -.076 .000 -.004  .311
61-1 to 65-4  .013 -.001 -.004  -.021 -.008  .163
61-2 to 66-1 .04l -.001 .068  -.018 -.015 -.143
61-3 to 66-2 * .067 -.014 146  -.023 -.016 -.353
61-4 to 66=3  .058 -.019 .118  =.032 =-.000 =-.235
62-1 to 66=4  ,084% -.026 .227%  -,048 .004 -.371



EQUATION ‘17

137

(Continued)
1

DATE P G U X L B._1
62=2 to 67-1 .115% -.030 .175 -.043 ~,004 -.361
62-3 to 67-2 ,078%%* -.060*% =,041 -.071% ,024 .289
62-4 to 67-3 .081%=* -.066% ~,015 -.083*% ,015 279%
63-1 to 67-4 .083%% ~,067% -,015 -.085% 023 .266%
63-2 to 68-1 .091%*%* -.061% ~.124 -.079% 047 .218
63-3 to 68-2 ,089%%* -.064 .005 -.097% ,003 AT ERS
63-4 to 68-=3 ,098*% -.002 -.106 -.001 .015 .130
64-1 to 68-4 ,099%* -.004 -.124 -.005 .012 .102
64-2 to 69=1 .077%* .004 -.130 .013 .010 .189
64-3 to 69-2 .093% 014 .050 044 .034 311
64=4 to 69-3 ,098% .006 -.081 .050 ,078 .129
65-1 to 69-4 ,089% .000 -.119 .052 .108 .188




EQUATION 19

MOVING REGRESSIONS
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1

DATE U G P L X It—l

61-1 to 69-4 .081 -.045 .585%* 047 -1,215% L7 71%%
61-1 to 65-4 -.554 ~-.005 -.091 .075 - .849 <877%%
61-2 to 66-1 ~.695 .136 ~.248 071 -~ 914 .878%

61-3 to 66-2 =~,597 .019 -.165 .08 - .951 .893%%*
61-4 to 66-3 .075 -.040 -.027 .214 ~-1.110% 1.012%*
62-1 to 66-4 =-.313 -.025 -.077 .059 -1.020% . 921 %%
62-2 to 67-1 .206 ~.023 .313% 108 - .679 «849%%
62-3 to 67-2 .051 .058 <330+ 150 - .582 . 760%*
62-4 to 67-3 422 -.132 YA .362 - .296 J720%%
63-1 to 67-4 .281 -.176 . 548%% 369 - .361 . 649%%
63~2 to 68-1 .149 -.217 548%% 423 - .669 S54T7%%
63~3 to 68-2 .346 .068 W517% 347  ~1.199 .613%

63-4 to 68-3 .888 .020 .548% 421 -1.562% o 757%%
64~1 to 68-4 .569 .037 .542% 597 -1.350% L732%%
64~2 to 69-1 .383 -.023 .531% 746 =1.274% L758%%
64~3 to 69-2 1.056 -.336 .692%% 1,076 -1.722% . 875%%
64-4 to 69-3 -1.292 -.370 J750%%  2,398*%% — ,461 L815%*
65-1 to 69-4 -1.734 -.159 .901 2.340% - ,282 . 882&*




EQUATION 22

MOVING REGRESSIDNS
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DATE Z Y P | E X* It-l
61-1 to 69-4 . 198%% .061%* .745 .188 ~.700 490%%
61-1 to 65-4 L439%% .089%* .823% ~1.628% ~,055 -~.106
61-2 to 66-1 .397%% .072 724% ~1.425 ~,131 -.029
61-3 to 66-2 .353%% .056 .558 - .655 ~.396 124
61-4 to 66-3 .318%%* .067 .529 - .110 -.631 .276
62-1 to 66-4 «31] %% .080% .537% - 422 -.767% .403%
62~2 to 67-1 «324%% 07 5%% J465%%  — 343 - ,775%%  387%
62-3 to 67-2 W252%% .073*% J548*%% - 507 ~.777% ,498%%
62-4 to 67-3 -.097 .003 487% 277 -.291 .872%%
63-1 to 67-4 -.112 -.054 334 1.518 ~.335 J497%
63-2 to 68-1 -.032 -.014 475% .965 .822 J449%
63-3 to 68-2 -.015 -.011 .468 1.659 =1.022 .336
63-4 to 68~3 045 .067 .660% .679 =1.495 637%%
64-1 to 68-4 044 .057 .645% ,770 =1.449 .608%*
64-2 to 69-1 .050 .058 .650% .811 -1.441 .608%%*
64-3 to 69-2 .062 .085 J722% 1.513*% -1.589 «594%%
64=4 to 69-3 +100 .043 .696% .691 -=1.410 LA457%
65-1 to 69-4 145 041 .802%% 604 -1.191 J450%
*% = .01 level

.05 level
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