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A ' ABSTRACT

Monetary~Fiscal Policy Performance: Some
Optimal Control Experiments With A
Small Econometric Model of Canada

L4
A

‘Hoi Xuan Ngé, fh.D.
Concordia University,‘19§5

In th%SltheSiS we conducted a number of experiments
;n mpnetary-fiscal poliéies, using a small econoﬁetric model
of Canada and the technique of optimal control. The planning
horizon covers fourteen quarters, from 1975 TIIIto 1978 IV.
In this period, the Bgnk of Canada (BOC) pursued the
monetarist policy, also known as monetary gradualisﬁ. to

- .combat inflation. ' e
The\experiments deal with thrée issues:
1.: How does an optimal monetary-fiscal coordination

perform with respect to the historical policy? This question

o

-

is the focus of the thesis.

é. How is the relative effectiveness among v%riqus
optimal policies: monetary, fiscal and joint? How is the
impact ofﬁc6nstant growth rage rule (CGRR)?

' I . 3. How important is the ?ffect of inside lag?

We first constructed our econometric model. Several
steps were taken: model specification, estimation, and
va%idation. Bohﬁded control is then apglied. There are two
controls: money supply and government s}enﬂing. (

Results indicatg there is no evidence of a
substantial gain over the historical policy from the optimal

N e iii .
N -~
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joinf policies. Several implications emerge. ' For example,
alternative solutions suégested by the BOC critics appear
unsupported. Monetaryffiscal policies as demand management
tools do not appear effectiv& in providing a solution to the
Ganadiaq unemployment-inflation problem ih the short-run. It
results that a gradual approach t6 end inflation, even
.announced, will inevitably involve high unemployment and low
economic growth; the ﬁecessary time can be long, particularly

<«

for unemploymeﬁt“.
Regarding the'iééue of relative effectiQeness, fiscal
ﬁolicy is generally better than monetar& policy; but the
degree of superiority is rather negligible and does not
Epeffec: multiplier analyéis calculations. In one experiment ?
the outcome is reversed when inside lag is incorporated.
Thése suggest in a multi-target conpext, multiplier analysis
could be a misleading, tool ‘in evaluating relative
effectiveness. )

Regarding CGRR, the controls' performance diminishes

when they are subject to this fule. The loss in

" effectiveness, however, is negligible for money supply. .

We have to say that several factors can affect the
results: model Specification, control bounds, welfare
weights, etc... In gpite of sensitivity analysis experiments,

the results should be viewed as suggestive.
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CHAPTER 1 '
. . INTRODUCTION

[

L3

This Thesis is an empir;cal study of the Canadian
econonomy. In the thesis we perform some deterministic
optimal control experiments in monetary-fiscal policies,1
using a small-size non-linear econometric model of Canada.
There are two control variables: nominal narrow money M1'as
the monetary ~instrument and de%lated government spending
as the fiscal instrument.2 The planning horizon’ covers
fourteen quarters and extends from 1975 III to 1978 IV. It
" fits with the period under which the Bank of Canada (BOC)
adopted the policy of announcing the target range for.the
rate of growth of narrow money M1. That policy stance is
also known as monetary gradualism since the BOC, gb combat
inflation, has committed itself to bring down the raﬁe of’ (
growth of M1 gradually in the belief that a rapid transition/
would be too disruptive in economic ahd social terms (see,
for examplé, Courchene, 1977, 1981b). The policy is
interesting in two aspects: i) it allows us to trgaé M1 as a
control variable, ii) it is a monetarist experiment in the

face of world stagflation as Lipsey (1981, p. 567) wrote:

¢

_______________ : e

For terminology clarification, a hyphen in 'monetary-fiscal'’
implies monetary, fiscal, and joint policies while 'monetary
.and fiscal' excludes the joint policy. The joint policy is
the policy with both monetary and fiscal.control variables.

2 ' ,
To evaluate the robustness of the results, a tax rate is
also used as a control variable in a -few experiments.
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// .
"We have in Canada today a purely morietarist experiment.'
/// Results from the optimal monetary-fiscal experiments‘
/' aim at answering three questions which are s?mewhat
/ interrelated.
i) How does an optimal monetary-fiscal coordination
perform with rlespect to the historical policy? |
. . ii) How is the relative effectiveness among optimal
monetary, fiscal, Jjoint policies, and inside optimal monetary
and fiscal policies when the control variable is subject to a
.constant growth rate?

iii) How important is the role of inside lag in

affecting{the policy effectiveness outcome?
| Before we go any further, some clarification is
needed.

First, the word 'optimal' has to be uAderstood in the
sense that the policy solution is obtained from an optimal
control problem which is the optimization of a wel%are
function, subject to economic contraints, among other

"assumptions. It should not be understood in the sense of
'best' for the simple reason that the true 'welfare function

‘might not be known or necessarily unique, and therefore
'different hypothetical welfareffunctions}would yield
different optimal solutions (of course the welfare fuﬁétion'
cannot be arbitrary eithgr; iﬁ is Suﬁposed to reflect the
decision-makers' prefereﬁcés or alternative policies which

are economically acceptable, K politically acleptable (i.e.,

institutionally feasible)); only in that case, optimal



g
solutions can meaningfully serve as a étanda;d‘of reference
for comparisons of policies).
| Second, in the literature there is a branch ofwthought
in which thé government agents pursue self-interest motives
in the sense of Nordhaus (1975)'s 'The Political Business
~Cycle'. Insfead of optimizing a purely economic welfare
function, they optimize a welfare function to achieve a
'political objective of winning the election: e.g., maximize
an aggregate voting function subject to economic constraints
.as in Nordhaus (1975), Ginsburgh and Michel (1983), or
minimize a vote-loss funétion ag in MacRae (1977). We like'

to mention that we do not pursue this line of thought‘here.

Let us now return to our three questions.

Gain over the historical policy: The first question will be
the focws of the thesis. It concerns the BOC monefarist
monetary policy. It can be put in a more precise way: Is
there a substantial ga}n over thé historical policy from an
optimal monetary and fiscal mix? If such a gain exisis, one
may attribute undesirable results of the Canadian econony
from 1975 III to 1978 IV to the BOC restraingd nonetary
policy. On the other hand, if it does not exist, one could
not draw that conclusion.

Critics, monetarists or Keynesians, have raisedwa‘lot

~of criticism against the BOC policy. An important
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circumstance was the symposium on 'Has Monetarism Failed?'’»4
organized in 1980 by the well-known monetarist D. . Laidler for
the Canadian Economics Association.‘ In the meeting, a group
of economists attempted to évaluate the BOC monetary bolicy.
The imbression from the majority 6f participants was that the
BOC has brought a modest rate of inflation at an expensive
cost of lost output'and higher unemployment, that its policy
had been a failure. Unfortunately, critics also raised a lot
of confusion. For example, as a recé®gnized Canadian fayﬂfl
monetarist, Courchene (1981a, also 1976, 1977, 1981b) did not
rest the blame on monetarism. Critical of the facts that a
narrow rather than broad méney supply growth target has been
chosen, that gradualism has not been pursued with any dqgrée
of firmness and determination but with ;uch emphasis on
short-run exchange rate co;cerns, He was inclined to aréue
that the BOC policy did not represent nmgonetarism, and
therefore monetarism has not yet been tried. Another
participant, Wirick (1981), Qad a considerable sympathy with
the underlying economic rationale for monetarism but

The papers appeared in the Canadian Public Policy, April
1981 %Supplement): Laidler (1981a, 1981b), Barber and ,
McCallum (1981), Peters and Donner (1981), Courchene (1981a),
Wirick (1981), Freedman (1981).

4 .

'Monetarism' is a word which means different things to \Yﬁ
different people. Laidler (1981b, p. 215) argued that it
should be understood in the Canadian context as a practical
policy doctrine which suggests a set of principles for the
conduct of monetary policy such as the rate of growth of some
monetary aggregate put at the center of thé monetary policy,
controlled in accordance with some pre-stated rules or

targets{rather than manipulated for fine-tuning purposes. A
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suggested that the BOC'gradualism has been too gradual to .
have effect on inflation expectations; as a result, the
policy was not effective in reducing inflation, the slow
progréss painful. On the o%her side, Barber and McCallum
(1981, also 1980), Peters and Donner (1981, also Donner and

. \/ '
Peters, 1979) who may loosely be described as post-Keynesians

were very goncerned about output and employment; they thought
. " .

that money had been too tight and the cause for the BOC

pélicy failure. Peters and Donner (p. 226) particularly’
wrote: 'Thus, the appropriate policy mix for a floating rate
country such as Canada is surely the opposite one, a

relatively easy monetary policy combined with a tight fiscal

policy.' How conflicting these ideas are! One should wonder

whether critics have truly pegceivgd deep problems of
stagflgtion.

To answer the question meaningfully, attention will be
paid to the two positions taken by Barber and McCallﬁd,
Peters'and Donner on the one hand, dnd. by Wirick on the
other.? The first advocated that more concern should be put
on unemployment and GNP, and as prescription, money should‘
not have been too tight. The second recommended a Iess

gradual monetary policy to permit an effective reduction in

We will not touch on Courchene's point of %riev; that
monetarism has not been tried. -
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inflafion,s Two reasons‘compel us, to’look closely ,
af'these views. First, as will be clear in Chapter 9, raised
as alternatives to thg;BOC policy, they perfectly fit the
purposes of the sens@f&Vity analysis experlments. Second, we
personally believe that they had been shared by a faif number
of economists and therefore are worth being ciérified.7

What are the criteria to determine if the gain over
%he historical policy is mééningful, substantial? As the
Canadian economy was facing stagflation undér the optimization
period, the fulfillment of one of the following conditiaﬁs
would allow to conclude that the gain is substantial:-

i) the optimal poligy brings a Subsﬁantiél and
simultaneous improvement in GNP, unémployment'and inflation
rates relative to the historical policy. a

ii) The‘optimal policy yields much better resulté in

,GNP and unemployment without much deteriorating the rate of

inflation relative to the past poliéy.

A belief that a less gradual monetary restraint will actﬂﬁmm”
upon inflation efpectatlons and makes them adjust oore
rapidly has to pfesume that the model structure will
accordingly change. To such a.belief, there is no hope

for our model to meaningfully conduct a less gradual
monetary experiment. It is not clear to us how strong

. Wirick's belief is..  On the other hand, there are
economists who recognize some inertia in inflation
expectations but believe a less gradual monetary policy can
bring a sharper reduction in inflation. Itv"is this belief
we are looking at. -

“

7 \

In the text we sometimes mention the critics' names

" explicitly or just use the word -'critics'. Since their
views, we believe, had been shared by a fair nucber of
economists, we truly refer to a larger group.
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i11) the optimal policy substantially reduces the
rate of inflation without much deteriorating GNP and
unemployment relative ‘to the past policy.S

Relative effectiveness: furning to the second-questé&n of

relétive effectiveness among monetary, fiscal,. joint
policies, and inside monetary and fiscal pOllCleS, we do not
intend to restrict the exercises solely to the issue of
relative effectiveness.” The scope is somewhat larger. We
like to draw from results two implica€ions:

' 1) regarding the traditional multiplier, analysis as a

tool of evaluating relative effectiveness
i1) regquing some desirable conduct of monetary
policy. For example, does it make much difference if M1 is

discretionary 6r follows a constant growth rate rule?

a4

°
.

Inside lag: Some aspects of relative effectiveness would be

evaluated more meaningfully if the role of inside lag was
taken in?o account. Of course if inside lag was.important,
it could affect the outcomé”mfthe result fromlthe first
ques£ioh. Economists have recognized the importance of
inside and outside lags; but there is little effort in
quantitafively gxamining the impact of inside lag. It is no

[\ ! ,
surprise that one can come across a statement such as:

-t {r P

8"

The gain may also be regarded as meaningful if the optimal
policy substantially improves GNP without much changing the
inflation and unemployment rTates relative to the past policy.
This condition is weéaker than conditions (i) and (ii).

4
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Because of the legislative and bureaucratic lags in
the enactment and implementation of fiscal policy
changes, many Keynesians are now coming to the view
- that fiscal policy is not a useful stabilizatidn weapon
. and are placing more emphasis on active variations in
the money supply as the appropriate way of stabilizing
' the economy [Parkin, 1982, p. 495]. .

One ma& find exaggeration or bias 'in the statement;
but is there a 1little truth? We will tentatively'zry to

quantify the impact of inside lag.

Summary of the results ' ‘ .

Several interesting-‘results-emerge from the .
experiments.¢ Below they are briefly summarized.

First, it could be said that there is no evidence of a

\ . (]
substantialAQFin over the historical policy from an optimal

a

monetary and fiscal cqordination. Embodied in this result
are several important implications:

i)AAlte native solutions suggested by critics appear
t i - 1 " _ ’

unsupported byﬁ%mpirical evidence.
ii) Unleés we believe in a quick disinflationary

pollcy, monetary-flscal policies ‘as demandomanagement tools
*—
-
do not seem effective in prov1d1ng a satlsfactory°solution to

the Canadian unemployment-inflation problem in the short-run;

iii) it results that a gradual approach to end

o

inflation, even announced, will inevitably involve high

unemployment and low economic growth. The necessary time~qan

)

be long, particularly for unemployment.

iv) In view of these p01nts, attributing bad results

Y

of the economy to the BOCInonetarist pollcy would not have a

*
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Affthe present time, economists have iearned more
about inflation. They are now less enthusiastic about the
belief that there is w\anything to be ga;ned from 1ncrea81ng
demand tﬁrough stimulative monetary policies because such
policies would soon bring higher infllation, higher ingerest
rates, less investment and eore unemployment. In retrospect,
is the }ationaie of the BOC monetary restraint fundamentally
different from the presenf attitude?

Next, with-reSpecf|to the issue of relative
effectlveness, the joint pollcy is natutally the best. The
fiscal policy through government spending is better/than the
lmonetary policy; but the degree of superiority is rather

negligible. Under the aSSﬁmptidn that the policy-makers'
SEét preferences were preserved, incorpofating the effect of ~/‘/:

niqside lady would reverse the outconme. The;e findings are in
contr%st with multiplier analysis calculatlons whlch show e
very hlgh gegree of effectiveness for the fiscal pollcy.‘ fhe

‘implication is that in"a multi-target framework; mult{plier ' &
analyeis v}ould no longer be adequate and could be a
‘misleading tool in assessing elative effectiveness.

With respect to the effect of'rgle; imposing a
conetent growth rate on the controls would dimiqish their
performpnce. But the loss in effectiveness is found to be .
negffz:f;e for Mt; it appears that in the conduct of monetary

(policy, when a target range has been set fof a certain

planning period, on a quarterly basis it would 'matter 1ittle‘

)
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whether M1 (seasonally adjusted) is discretionary or follows
the rule.

e

\,,I M ’
-

Plan /j ‘.

e
The remainder of the thesis is organized as follows.-

Besides Chapfer 1 (Introduction) .and Chapter 10

(Conclusion) there are three parts.

v
.y
“

Part I contains two chapters. Chapter 2 is a survey
of’the\literature. Our research takes place at a timé when
there is less enthusiasm in the government intervention. For

. years, monetarists have objected to activisp gtabilization
polic&. That position is presgntly consolidated Sy the
fationai expectations school which, furthermore, qiespions‘
the usefulness of econometric models in policy evaiuation,
the validity of optimal ‘control techniéues in economic
planning. To some degree, our th;SlS falls under similar
Eriticisms. Theyefore, it is 1ndlspensab1e to reView the
rational expectations controversy. Although our topic ig

—-also related to the monetarist debate, here we will not g0
over it as it is covered in almost every macroeconomics
textbook. Chapter 3 dlscusses methodology and ‘framework of

)

gstudy. First, sone arguments are advanced to support the use
of sptimal control; then, a short’ description of optimal
control techniques is provided; finally, the optimization
experiments are listed. It is worth mentioning that this

thesis: presents an application of bounded control. In the

empirical literature, for realistic and technical reasonsﬁr

el
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the common practice is to attach costs to the control
.variables in the welfare loss function.  Some drawbacks might

reéult; partieularly, the procedure may alter the relative

*

1

bal%nce of attention accorded to the legitimate welfar?
variables. , An alternative is to apply appfopriate hounds on
fhe control variables. To our knowledge, only.a few studies
héve'experimentea with boundeg control (MeCarthy and Palash, .
f9;%; Craine, 1978; Sandb;oé, Banasik, and Parlar, 1981;
Sandblom and Banasik, 1984, 1985). ‘f

Part II focuses on the model.which was bui%?.with fhe?
explicit puépose of evaluating monetaryéfisﬁal policies among |
themselves and rek@tivéﬂﬁq'tﬁe historical performance in a
particular period of time which witnegses the monetarist
experience. Chapter 4 provides an outline of the model.
Chapter 5 discusses‘the model specification and égtimation by
ordinary leéast squares. ‘Chapter 6 treats the estimation'by
twg-staée least squares,_and Chapter 7 deals‘;ith the model
validatagn. | e | ’ ' |

Part III reports the optimization results {Chapter
9) .But 'before fhat, the‘specification of the welfare loss

function is carefully described in Chapter 8.

Chapter 10 is the conclusion. Main findings of the

&

research, are summarized, and implications are drawn.

3
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CHAPTER 2
RATIONAL EXPECTATIONS CONTROVERSY
IN MACROECONOMICS: REVIEW OF THE LITERATURE

The purpose of this chapter)is to provide a review of
the literature dn the rational expectations (RE) controversy
with a limited scope on principal issues and a focus on
important studiés. Presently, there have been several
publications)discussing the subject, e.g., Shiller (1978)).
McCallum (1980), Buiter (1980), Gordon (1981), Begg (1982),
Maddock and Chrter (1982), Sheffrin (1983)".To'an extent,
our review is based on Sheffrin (1983) which appear? téﬁ
provide the most complete survey. 4 g

The RE cdncept'ﬁas int;oduced in macroecénomics by
'Muth in 1961. But its profound impact was not seen until the
contributions of Lucas, Sargent, Wallace, and Barro in the
1970s. Essentially it postulates that the unobservable
subjective expectations of individuals are exactly théftrue
mathematical conditional expectations implied by fhe model
itself, given the available information. Egonbmic agents act
as if they are fully informed of the pfocess which ultimately
generates the outcome‘of’the variable concerned; hence, they
do not waste information and behave in the most efficient~dnd
economical manner that they can.?

The adoption of the RE hypothesis leads to several

propositions which have raised a lot of controvérsy between

9 ¢ g
On testing and criticizing the RE hypoth®sis itself, see
Sheffrin (1983,'pp. 11-17) for a short review.
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Keynesians and thé RE theorists who call themselves new
classical macroeconomists. Debate has been centered argund
‘the three following points initiated by the RE proponents

i) Stabilization policy 1neffect1veness any
systematic action on the part of the government would have no
effect on output or other real variables (Lucas, 1972;
Sargent and Wallace, 1975, 1976; etc...).

ii) Econometric policy evaluation: the structure of
existing macroeconometric models is not invariant to policy
change; therefore, policy evaluation is meaningieés (Lucasg,
1976).

£ii) Optimization poliey: optimal control techniques
are not appropriate for economic planning; optimal plans are
inconsistent (Kydland and Prescott, 1977).

The propositions seriously challenge orthodox
macroeconomics, rejeqting the intervention doctrine,
suggéétiné insteaa.predictable fixed rules, and accordinély
viﬁdicating monetarists' constant é;owth rate rule.

These three issues will successively be discussed.
But before that, it seems necessary to briefl& congider
Lucas's theory of businesslcycle at least for two reasons:

i) The theory will provide @he background for the so-
célled Lucag supply equation which appears in the policy
ineffectiveness proof.

ii) The theory has been claimed as an alternative to

Keynesian theory in explaining the business cycle.
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2.1.-LUCAS'S THEORY OF BUSINESS cYCLE'©

‘Lucas perceives the economy as a world of competitive
markets in which tastes and technology are fluctuating,
implying continually changing relative prices. To these
price movements respond movements in quantities (employmept,
consumption, investment...) whic? are the outcomeqof free
decisions taken 5y self—interesgei,(utility and profit)
maximizers who utilize their incomplete ;nformation \
efficiently. There is no reason, however, to believe that
business cycles will oceccur in that world because, although
tastes and technology affect individual markets,' the eff@cts
would tend to cancel over markets. Nevertheless, if an
éﬁditional source of 'noise', unsystematic movements in‘money
is introduced, the general price movements will be generated,
and the economic system will generate observed facts in
prices and quantities (i.e., observed bqsiéess cycles),
with the system'always in general equilibrium, markets
always clearing. . >

How different is Lucas's account of business cycle
from orthodox maéroeconomics in which output fluctuations
take place, not because of wage and price fluctuations,
but instead of them (Laidler, 1982, p. 86).

To clarify Lucas's point of view, let us consider how

a representative worker-producer will respond to an

— . - e S e e

10
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- unexpected monetary change, e.g., an increase. As money
L]

—
increases, it will induce an increase in the general

price, affecting the selling price of our agent who hds to

maketwo distinctions. ‘ -

i) How much is an incréése in“his selling price due to
an increase in relative price, how much is it due to general
inflation? ' \

Our agent, of course, will nof respond if the increase
is purely inflationary. The questidn arises since he has
imperfect information in aggregate. price. Xlthough Lucas
suggested a strong link between money and general price in.
the long;run, he regarded it lqose in the s;ort-run, which
prevents the agent from making accurate forecast.

ii) Is the increase in relative price temporary or
permanent?

To an extent that the agent percgivés the increase in
his selling price as a temporary relative increase, he will
supply more employment. On the aggregate, employment and
output wiil increasé with price increases, as the'aggregate
price level turns out to be higher than anticipated. In the

case of a sustained inflation, agents will be less likely to
- “« . £ Y

respond and distrust their price changes as,éignals of
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relative price change.'! e

TLucas's explanation of the business cycle relies
particularly on two assunptions: ;mperfect information and
ihtertemporal substitution. g

Critics question the validity of the imperfect
information since a wealth of information about prigss,
wages, employment...is available' virtually instantaneously
and essentially for free (Hall, 1980b, p. 23).

The intertemporal substitution hypothesis explains
fluetuations in employment and unemploymént as the responsé
nf'workers to perceived tempofary movements in the real
wage. According to it, workers treat current leisure as highly
substitutable  with leisure and goods in future per%&ds;(
-therefore, movements in current real wage relative to
expected future real--wage will induce a large labour'supply
response (Altonji, 1982, p. 783). To Lucas, the hypothesis
is important: ’

i) To explain observed facts (that producers respond

to small priée‘fluctuations with large 'fluctuations in output

——————————————— . i

11 ‘

Lucas (1973) claimed evidence of a relationship between
higher variance in demand management (i.e., fiscal and
monetary policy) and the terms of inflation-output
trade-off. Butcgg noted by Sheffrin (1983, p. 60), the
relationship ho)}ds only in extreme cases (country with high
volatility of inflation as Argentina, and country with low
inflation as the U.S.). Another study by Froyen and Waud .
(1980), while econometrically supporting Lucas's hypothesis
that agenta react to relative prices and form expectations
optimally but with imperfect information, found a very weak
connection between the volatility of demand management policy
“and the terms of inflation-output trade-off.

kY

-



18
and employment), based on substitution effects and not on
'disequilibria' notions (Lucas, 1977, p. 17).

. ii) To show that it is a free choice which affects
unenployment. Hence, there is no such ‘;nvdluntary
unemployment' (if unemployment is involuntary, his hypothesis
of market-clearing is no longer tenable).

.
iucaifggEEEWed the intertemporal substitution, based .
on empirical evidence obtained from his study with Rapping
(Lucas and Rapping, 1969). However, in a very recent paper,
using the Lucas-Rapping model and replacing their assumption
of adaptive expectations by RE, Altonji (1982%,§ound that his
results.do not support the intertemporal subé%@tution.but ‘ -

¢

remarked that evidence apart from his Efudy indicatés a very
low elasticity of labour supply with respect to temporary
wage changes®in the range of .10 to .60 as compared to 4.6 in
Lucas and Rapping's work (see Altonji, p. 783 and p. 816).
He-alsc attributed many poor results partly to the false
;bsumption of market-clearing. One can see how important the
ancept of market-clearing is. It plays an important role in

Lucas's vision of the business cycle.and in the new classical

macroeconomics.

2.2 STABILIZATION POLFCY INEFFPECTIVENESS N

The prOpositibn asgserts that systematic government
policy is impotent, only predictable changes can affect
output and other real variables. - Coﬂsequently, it does not

L5

matter if the monetary authoriiigpursues an activist policy
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or follows a constant growth rate rule. Note, however, -that
the price behaviour is still affeéted‘by systematic or |
unsystemagic policies. —
" The proposition is easily seen through a simple
equiiibrium model. - X ’
2.2.1 Model1!? . o ;
- , : Supilx equation'’’ 4 § -
' RA' = y§ + a(py - p§) + ﬁ% ' . ) (2.2.1)
Demand equation
¥t = - bpt + cxg | L (2.2.2)
, Expectations
P = By_q Py : V (2.2.3)
where y4 = real GNP
A y§ M real GNP at the natural level (exogenous)
- , pt = price .
Xy = government -policy instrument, e.g., money supply
, . T Uy ='raﬁdom variable with zero mean |
v \ Et_1 pt = expectation of py as of time t-1.

Following the RE literature practice, we express all
variables in Section 2.2.1 in log form. Equating demand and

supply yields:
12 .
Taken directly from Maddock and Carter (1982, p. 50)

13
For simplicity, we ignore the persistence factor. On the
issu® of persistence in output..., see Sheffrin‘(1983, pPp-

54-58)-. : «
| \

, | L -
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pt = 1 (ap§ + cxy - y§ - ug) - (2.2.4)
£ = 1o g t - 1

Take expéctatipn of py and by‘virtme,of (2.2.3):

Byt Py = 1o (apf + cBgoq xp - ¥3) (2.2.5)

Subtract (2.2.5) from (2.2.4): :
Ay, -

pr' - Pf = 1 [e(x Fily X¢) — ug) : L (2.2.6) -
% ) = L [olx Z{ w1 %) -l L -
: ~ ' BN
Substitute (2.2.6) in (2.2.1):
¥t - y%\= ac_ (xg - BEgoq xg) + _D ﬁt' (2.2.7) -

: a+b a¥b

r

4

Examinihg (2.2.7), we see that only the

unsystematic part of the government policy (xt - By xt),
caﬁ causéwoutput to deviate from its full employment

&,
level.

2.2.2 Theoretical Criticisms

A

- The ineffectiveness results depend on three
characteristics:
"i} RE

'11) Lucas supply éqpation

. iii) All-individuals have access to the §éme ipformamibn.

Relaxing the RE hypothesis naturally reestablisheé thg

bolicy effectiveness. But alternative kin@s of expectationgl
are ad hoc. It seems interesting to examine the remaining

characteristics. ‘ . ’ A
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a. Lucas's'supply equation

~

The ggpply equation (2.2.1) is usually attributed to
Lucas.'4 It is based on Lucas (1973) work: prices are fully

‘flexible, and output can deviate from its fﬁll-employment

level only when actual price deviates from its level which
was expected to prevail on the basis of past information., In
the aBsence of.any gsurprise in-the price level, output will
always be at the full-employment level.

Implictt in Lucas's supply equation is the hypothesis.
of market-clearing prices which is strongly’criticized by
Keynesifins (see Tobin, )1980a). Aithéugh,realizing that ey
prices can be quite flexible in markets with specialized
traders, they believe there is8 ample .evidence as to the
existence and persistence of disequilibrium in factor and
product markets (Buiter, 1980, p. 41). The; cannot think‘of
a 12% rate of unemployment as an indication of a labour
market in equilibrium.

Early Keynesian studies by PFischer (1977), Phelps and
Taylor (1977) maintained RE without rejecting the assumption

of market clearing, introduced sticky prices and wages and

- G — ——— 4 S aa G

The supply equation cdi~dte hlsb derlved from Friedman (1968)
work (see McCallum, 193§: py. 720=T21; Gordon, 1981, pp. 504-
505). In a RE framewor cas's 1nterpretat10n is
preferable. 1Ind€ed, in Friedman's, flrms calculate real wage
by using the current product price (which, on the aggregate,
is equal-to the aggregate price) while workers use the
gxpected aggregate price. This asymmetry is avoided in Lucas
(1973) because workers take into account the information of
the current price of their market's product in forming the
expected aggregate price. Wasting this kind of information
is not consistent wifnyﬁE hypothesis (Parkin, 1982, p.. 349).

kY

"‘/

Rl
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found no theoretigal subport‘for the ineffectiveness
proposition which i%s also invalidated by dieequilibrium.
models (e.g., Buiter, 1980; also, see references in Begg,
1982, 'p. 170). I

Fischer‘s paper is quite interesting as one of the
pioneer studies from the Keynesian camp and also in providing
an example of unequal 1nformat10n to be discussed ih the next
section. It 1s worthwhile to review it.
" Fischer injected an element of seort-run wage

. . . [
stickiness by setting over-lapping labour contracts, with

“\._..A‘

each being'made fof two perjods. The monetary policy is-

,fully anticipated; but there is still room for it to

- maneuver, beéause between the time the two-year contract ié o
drawn up and the last year of operation of thzt\contract,

there is time for the monetary authority to react to new

by

information about recent economic disturbaﬁées while workers
must stick to their nominal contracts. Given the negotiated

second-period nominal wage, the monetary authority by

ey
'S

reacting to disturbances can affect the real wage of the

*
second period of the contract and‘thus output.

Fischer did,not provide any microeconomic foundation

-

for the existence of long-term nominal contracts but noted

-

that transaction costs of frequent price setting and wage

negotiations must be part of the explanation. There have

¢

also been some attempts to restore the ineffectiveness
breposition in front of sticky prices. MgCallum, in a serles
of pépers, argued that the recognition of price stickiness

e
b .
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“Jdpes nbt, in and of itsei??i;ggate the.proposition. Frydman
(1981) \Q\roved that the McCallum (1977).model is flawed and
implicitl& embYaces an unacceptable assumption regarding the
producers' supply behaviour. McCallum (1980) reconstructed

the érgument supporting the igeffectiveness proposition for

prices which are rigid for one period (i.e.,‘grices

independent of current demand and supply) but are free'fo

.

' jump by any amount in the next period. Gordon (1981, p. 511,
footnote -12) remarked that this type of one-period rigidity

does not seem to have any empirical evidence to the aggregate

U.S. economy. . « Y.

*
o

b. Information structure

The ineffectiveness proposition depends closely on the

¢
\‘h

information structure-in the m&dei. Early @odels restrict
indi&iduals' access to contemporaneous information to prices
iMlocal markets; nevertheléss: it is plausible to make sofle
. global-infgrmation avd;lable tovagents: for ex;mple, Mc¢Callum
(1980) showed ‘that including an aggregate interest rafe can
ifivalidate the ﬁeutralit& of money. Begg (1982, Chapter 6)
demonstrated that if the goéernment éaihs an informational
adwantage over the\private gector, the proposition does not
hold. The Fischer (1977) study as just discussed is' another
'examgle.\ In shoré, the message is simple: thé'proposition
is'veqy sensitive to the information structure built into the’
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2 2.3 Emplrlcal Ev1dence and Criticisms - \

Barro (1977) prov1ded the flrst empirical eVidence

that only unanticipated movement in,  money would affect real

\

economic variables like unemployment. »Essentially he tested

the following equation:15

»,
~

where UR

unemployment rate

UR® = natural ievel of UR, determiﬁed-by miﬁimum
wage and military draft variables

MG = money growth (actual)

MG® = money growth (anticipated) ,

»

. (MG - MG®) represents unan%icipated movement i@ money.
To measure it, Barro specified an equation for MG which
depends on: a measure ;f federal expendit%re relative to
normal, a lagged value of unemployment variable and two
lagged values of MG. He then equated (MG - MG®) ?o the
equation's. prediction error. Results shoW% that th;

-

coefficient of (MG - MG®) is significant. Purther tests

réject the relevanéé of acfual money growth fon;unemployment.

Barro's study was criticized by Small (1979) on three

respects:
-

+ i) The mogéy‘equation left, ‘as prediction error,
monetary movemqus in the war périods'whose information™
were readily available«to rational agents. Hence, the use
T . : .

The equation was taken from Small (1979). '

A

. 8
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of dummieg to capturezfederal e;pendituré in‘ﬁﬁe war years is
necessary. \ ) ' f‘ft |

ii) A di;tinction should be made bétwéeﬁ,anticipated

and unanticipated\increase in federal expenditure; only the :
latter should enter the money equation.

i11) The military draft variable as a determinant of
the natural unemployment rate had an implausible effect on
the 1a§bpr market. ’ .

Taking into account the arguments in (i) and (ii),

-~

Small concluded that Barro's evidence on theé .ineffectiveness

was weak.

Barro (1979), rejecting argument (ii) completely,

introduced dummies as suggested in (i), but found that his

results were still robust. He acknowledged, howe;:§K\that T

the estimated effects of the determinants of the natural
unemployment rate (i.e., minimum wage“and military draft)
were doubtiul.

The>works by Barro and Small assume the RE hypothesié
withéut testing it. A very recen% study by Mishkin (1982)
attempted to test RE and ineffectiveness hgpoth;ses jointly
and separately.

First, Mishkin specified an equation in_which the

deviation of a real economic vari‘%le (output or unemployment

.rate) f?om its natural level, to be denoted ﬁ{ YD¢, is

governgd by unanticipated and anticipated money growth:
.

n ’ :
e
aj (MG4_t - MG{_q) + I  Bj MGi_q + ug (2.2.9) -

n
YDy = £
i=0 Fal i—O

— N

~
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Nentrality of money will imply 84 = O for all i.

Mishkin, then, poatulated a function forlMG such that:.

MGy = Zy Y + vy | : (2.2.10)

where Z4 is a vector of variables known at time t-1.

Hence:

MG§ = Zy Y . g o (2.2.11)

If RE are‘ipposed (2.2.9) canxbe written as:

1

YDy = Loy (MGy_g - Z¢_j V') +5 B; Zy_ s Y +up  (2.2.72)

where y=y". If neutrality is impdsed as well, (2.2.12)

v

becomes:

DY =T oy (MGy_y - Zgog YY) #ug (2.2.13)

The joint test for RE and neutra‘iityian now-be carried

out. This involves a likelihood ragtio test based on two

‘systems: constrained (2.2.10) and (2.2.13) with y = y* and

unconstrained (2.2.10) and (2.2.12) without impgﬁing y= vy,

If the joint test is rejected, RE and neutrality can be

'tested separately. Note that Mishkin's procedure is joint

estimation of t‘wo equations at a time. This can be done
since there is no restriction that the covariances of a and vy
are zero as in Barro and Small. Parameters wi;l therefore bg
more efficient.

Mishkin's own ‘empirical yesults somewhat suppon§ the

'RE hypothesis but generally cast doubt on the money

n

.neutrality propesition; partiqularly/for output, results

completely refute the neutrality pfoposition. ‘Miqhkin
. . . i 2
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attributed favorable results from Barro to the
misspecification of the lag structure (too short in Barro's
case) which yields incorrect statistics. However, as his
study (as weli as Barro and Small's) adopted the reduced-form
approach with the implicit assumption that the reduced-form
is true, hé cautiously expressed: 'it is not clear whether
the invalidity of this assumption might lead to the rejection
of the macro RE hypothesis [ the policy ineffectiveness |
proposition in Mishkin's terminology] even if it is true'.

To concMde this section, as Sheffrin (1983, p. 66)
has summarized, there now exist several studies which purport

o=
to show that only unanticipated variables affect real

variables such as GNP or ungmployment; however, recent
studies cast doubt on these results, particularly when they
are examined in the context of more general models.

2.3 ECONOMETRIC POLICY EVALUATION

.2.3.1 Lucas's Critiqgue

In a penetrating article Lucas (1975) questioned the
"assumption of model structure invariance in.policy evaluation
and reached the conclusion that existing macroecbnometric
models are useless fof policy analysis. His critique has
been too influential. .

4
A typical econometric model can be written as:

‘Yt+1 = f(Y‘c’ Xgy, 0, Et) (2.

[ .
where Y+ is.a vector of endogenous variables, Xt a vec

exogenous variables (including policy variables), €¢ &

\J
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véctor(of serially uncorrelated, identically distributed

disturbancés, and 6 a vector of parameters.
The model can be simulated under alternative policies
on the éssumption that 6 is stable, invariant to policy

changes. Lucas's theme is the opposite:
given that the structure of an econometric model
consists of optimal decision rules of economic agents,
and that optimalldecision rules vary systematically
with changes in the structure of series relevant to
the deciéion-ma&er, it follows that any change in
policy will systematically alter the structure of
econometric models [Lucas, 1976, p. 41].

The argument is easily understood in a RE context. 1In an
econometric model expectations enter through many equations.
3 . 2

* <&

With RE, agents will form their expectations consistent with

‘their environment; as the environment changes due to policy

changes, their expectations will adjust to the new
environﬁent, affecting thelstquctu}e of the model. The
example below illustrates the point.

Suppose the gq?erﬁment attempts to evaluate certain
monetary policies, based on the following equation which has
been estimated over past sgmple period:16‘ ’

YDy = o + BMG4 + SYDy_y + ug . (2.3.2)
‘ YDy and MGy have the same meaning as iﬂﬁghe last

section. (2.3.2) can be thought as a reduced-form of a model

which can be described by the three following equations:

Y'D.t = ag + a4 (MGt - B¢y MGt) + azYDt_1 "+ Uy (2.3.3)

— — —— — A = — —— — —

16 . T
Taken from Sargent and Wallace (1976).



MGt = 8o + 81YDt_1 + Vg | . (2-304)

Eg_q MGy = g0 + & YDg_q ~ (2.3.5) /

Equation (2.3.4) governs the money supply,l and (2.3.5)
is the public's expectations of the money rate of growth MG.
According to (2.3.5), the public knows the governmént's rule
and takes it into account in forming its expectations.

Equations (2.3.3), (2.3.4), and (2.3.5) @an reduce to

FDi = (ap - ay80) + ayMGy + (ap - ayg1)¥Dy_y +uy  (2.3.6)

which is in the form of (2.3.3%with a = (ag - a1éo), B = ay,
nd § = (ap - aj;gy). While (2.3.2) and (2.3.6) are identical
in\ form, the®coefficients of (2.3.6) depend on control
pa am-eters, gy and gy. .The implication is clear: if the
" government desires to change the'po.lii'cy ';'ule (2.3.4), e.g.,
changing gy or g¢ or both, and under the assumption that the
public knows the rule, a and § will alter; since the systenm
is no longer structurally invariant, it 1s not valid to use I
(2:3.2) for poliey evaluation. i
As an alternative, Lucas cautiously proposed that
policy analysis should be formulated as choice among rules
because optimal decisions of agents cannot ﬁe discussed under
arbitrary sequence (xt)- of future shocks.
Let policies be characterized by:
Yt = h(yg, »4ng) . o | | | (2'..3.7‘)
where h is known, ) a fixed parameter vector, andny a
vector of disturbances. The eclonometric problem is to

r

estimate, 6(\) in:

&

¥
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yte1 = Plye, xt, 6 (1), e4] ' (2.3.8)

A change in XA implies a change in policy. Lucas -

believed that only if pol{cy changes occur as fully discussed

.and understood changes in fules, there is some chance that

the resulting sﬁﬁgciafal changes can be forecast on the basis
of estimation from past data of 8()) (ﬁucas, 1976, p. 41).17

]
.
B

2.3.2 Criticisms

Lucas's attack is dévaspating. So far there is not
much reply froﬁ leading Keyﬂésians, which does not mean that
they fully accept Luqés's argument.!8

! The'strongest:;esponse came from Sims (19802 1982). -
On the one hand, Sims criticized conventionél large-scale
macromodels for their false identification; nevertheless, he
argued’ that their forecasts are useful becagse their
identifying restrictions which are more convenient
simplifications than a priori knowledge imposed on, K the data
are pragmatically adjusted to.avoid obvious conflict with
data. In spite of his)criticism and proposal for an
alternative of macroecongmetrics (vector autoregressive
approach),-he rejected, on the other hand, the Lucas—Sargent

statement that 'modern macro-economic models are of no value

17 .
Presently there have been some research in developing new
methods for estimating RE models® (see Wallis, 1980; Hansen
and Sargent, 1980; Chow, 1983, Chapter 12; Fair and Taylor,
1983). Works are 8tillin an experimental stage.

18
See 'Comments -and Discyssion' following Sims (1982) paper.

A}
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in guiding policy and this condition will not be remedied by
modificatiohs along any line which is cﬁrrently pursued '’
(Lucas and Sargent, 1979, p. 2). He regarded the RE cfitique
of econometric analysis as a cautionary footnote of general
principle (that extrapolation far beyond the range of history
to which the model was fitted will generate unreliable
fesults) ;ather than a deep objection to its foundation
(Sims, 1981, pp. 108 and 122). On this respect, he believed
that 6ne of the main cqntributions of the RE asgsumption hés
been to provide examples showing how policy action whose size
is within the historica%?g norégi ranéé could be far outside
the range of past experience if its time patterns were \
historicélly unusﬁal.

Sim's arguménts advanced to support the invariance of
the structure model can be summarized as follows.

Policy andlysis, in practice, is more oftfen projecting
the effect of a change in policf variables on the evolution
of the economy rather than pfojécting the effect of changing
the parameters of a model equation; therefore, it can
maintain the exogeneity (in reality an approximate
exogeneity) of the policy variables if they *have varied

exogenously: in that case, the reduced-form is struéturally

8o think that decisiogz about .

e

invariant. It is a mistakg

- -policy can only be descﬁi" as choice among permanent rules

of behaviour; on the opposite, given the political systenm,
policy shifts, if occurred, are short-lived, and many policy

-

announcements are never carried out or believed. Changes as

)
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envisaged by Lucas are rare, resulting in a sequence of
~policy actions without precedent; so, t@ere is no hope of
looking at histé;ical data for similar actions to determine
the likely consequences. In short, to Sims, policy analysis
and projections should be portrayed as attempts to
egffectively implement a stable optimal or existing policy
regime or a .slowly changing rule.

Sims's view 1is shared by Goldfeld'd who made the
remark: if changes in policy rules hardly occur at random,
they should be visualized as brought about by the model,
i.e., the real world and not the other way around; in that
case, Lucas fails to consider the nature of choices embodied
in historical data. Should there be a need for rethinking
the BE critigmwe?

Apart from Sims's, Duesenberryzo agvanced the
arguments suggesting that the domain in which the critique
applies is limited: 1) only a fraction of policy
deveiopmepts could be interpretéd as changes which should
actually causé ﬁarameters to vary, ii) there %f@ many
economic relations in which expecfations about mécroeconomic
policy are not that important, and éhis situation
characterizes most individual equations in large models..

Recently, Engel, Hendry, and Richard (1983) related

19 |
In 'Comments and Discussion' following Sims (1982) paper, p.153.

20 . ' ' :
-In 'Comments and Discussion' following Sims (1982) paper,p.163.

the concept of exogeneity to the issue of policy
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evaluation. They defined new concepts of eiOgeneity;
Inte}estingly,.if a variable is 'supér exogenous', policy
simulations or control exercises are appropriate. A variable
is super exogenous if: ' -

i) it is weakly exogenous (essentially a variable is
weakly exogenous for estimating a set of parameters if
inference about those parameters conditional on the variable
involves no loss of information). .

ii) The conditional model is structural invarianteto
any change in the distribution of the conditioning variable.

The authors wrote:

The cohcept of structurally invariant conditional

models characterizes the conditions which guarantee

‘the appropriateness. of "policy simulations" or other

control exercises,~since.any change in the

distribution of the conditioning variables has no

effect on the conditional submodel and therefore on
the conditional forecasts of the endogenous variables.

[p. 284].

The assumption of ‘super'exogeneity' is testable by
examining the behaviour of the conditional model for
invariance when the parameters of the exogenous variable
changed. However, Engel, Hendry,”and Richard noted that while'
weak exogeheity and parameter constancy are conjectural
features in a conditional modeliing exercise, if the data
generating process of the exogenous variable has changed, but
the conditiopal model has not, then some credibility must
attach to the latter until refuted (p. 302). And that is the

standard scientific practice.

— = ¢ ey

"
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2.4 POLICY OPTIMIZATION
Issues also arise when policy optimization is

1

considéred in RE models. ‘Rp imply economic agents behave

* 6ptimally, given all information available to them. In

conséquénce, both the private sect&? and the government know
each other's aims and anticipafe each other's actions; that
has been manlfgsted in Lucas (1976) critique: as the dec131on
rules of the government form a part of the environment facing
private economic agents, the gecision rules df the latter
will change in response to changes in government pollcy ‘

In such a game between rational agents, Kydland and
Prescott (1977) arrived at a paradox: optimal plans are
either consisteht and suboptimal or optimal but,inconsistent;
They ﬁent further to draw the conclusion: unless economic
agents' expectations are invariant to the future policy plan
selected, there is no way optimal control can be made
applicablé to economic planning when expeétations are
rational; therefore, rules (%g§h good operating
characteristics, e.g., constant money growth) should be
preferred’over discretion. )

The phenomenon of optimal plan inconsistency occurs in
multiperiod decision rules because there may be a gain to
reverse a rule adopted earlier. A two-period example taken
from Buiter (1980) would illdstrate'the point. )

There are two states of the world in period two: good

(no flood), bad (fﬂpod). In period one, the optimal policy

of the government is to discourage people to settle in the
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- potential flood area by promising not to send relief-if flood
6ccurs. If people h;;e disnegarded the wafning and settled,
in period twé, the optimal policy will require the government
to send relief in case of disaster. Rationél agents
, anticipating the government's behaviour will ﬂelinclined to
settle)in the area. The picture is well clear::- if the flooa
occurs, either plans are optimal but inconsistent (the
government breaks its promise) or consistent (promise kept)

b

but suboptimal.

v

As a matter of fact, not all modelg in which agents

'are rational will have inconsistent optimal policies. For
- ' | example, in\fhe field ;f taxation, the general meséagg#that
seems to emerge from the literature is that if taxes are not
“distorting, optinal polic;es will‘not be inconsistent (see.
Sheffrin, 1983, p. 97).
./ , Regarding the ﬁsefulness‘of optimal control, Kygland
QF and Prescott's paper have rgised some confusion at fhe
beginning. There is now a consensus at traditional optimal
contfol techniques whiéh fail to take into account the
expectation formation mechanism will be 'inadequate and

'

suboptimal if expectations are rational, but optimal control

’ can'still be used for policy analysis if the expectation
endogeneity is incorporated (Taylor, 1979; Buiter, 1980;
7 -
Chow, 1981, Chapter 15).

.
% .
.



2.5 CONCLUSION

As some issues are'stil} cont;oversial, it is hardlto
claim that our review has been balanced. However, no matter
ho& controversial they are, RE econom@sts force us %Q
confront these issues. That is a very important contribution
‘on the part' of the RE giéonents.

As far as optimal control is copcerned, the general
ggreemedt is thatsit is an appropriate %ool as long as
expectations, if rational, are endogenously incorporaﬁed.o P

Thé'policy‘ineffectivengss proposition éeehé extréme; . .
It goes beyond monetarists' allegation of no trad€—off
betweén inflation and unemployment in the long-run. Even,
McCallum (1980, p. 738), highly sympathetic to the RE school,
stated: 'it seems difficult to sustdin the policy °
ineffectivenéss propostion is applicable to the U.S.
economf'.

Lucas's critique is less controversial. The
dependence of the model structure on policy changes whgn RE
‘are incorporated ig a meaningful theoretical insight which
could easily be accepted by the economics pfofession. It is
not well clear how'the profession will. react to his conclusion '
that existing ecdnometric models are of no use; so far it‘is
somewhat quiet.“Is'it an expression of acceptance or an |
'attitude\of reservation due.to uﬁcertainty? Deeply, that
attitude might reflect Buiter's (198Q, p. 46) view that the

practical importance of Lucas's critique on policy evaluation

exerciges using ecbnometrig models still remains to be
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%
" established on a case-by-casé basis.

Turning to his remedy,Lucasis optimistic that it is
feasible to model business cycles in a dynamic optimal

framework con3istent with general equilibrium. If we ignore
L N v L} v
problems in developing new econometric techniques, new

ha

‘optimization methods which will require large amount of
compufer resources, his approach surely poses serious

14

sdifficulties in the model identification. -One truly doubts,

1

abéut this. In the words of Sims (1982, p. 151): 3

The ambitious, probably unattainable goal of the
rational expectations school -- to identify parameters
of behaviour that would be invariant to unprecedented |
permanent changes in rule --— should not condition an
entire research plan. ) ' ‘

-

3
- . -

In any case, new tools for policy analysis, freé‘of °
» . '
critique, do pot seem to appear in a nean future.

-

: With'respect to policy recommendation, it is‘obvious-
fhat RE theorists favour predigtable policy rules. To,somé
extent; they wvindicate monetarists' propoéal of non- .
intervén?ion. “But it is misleading to think tHat all (or the
majority oﬁ?)omoﬁetarists embrace their approach.z21 As the

monetarist Iaidler (1982, p. 104) expressed, the proposition
N o
that the operations of mgrketa(always clearing) leave no room

for government*improvemént cannot be sustained; of course the

-

expression does not suggest that intervention be desirable,

21 - ~ - ' :

“lLaidler (1982, p. 21 hoted that it is a-mistake to treat
the new classical view of price-output interactibn as:? -
synonymous with monetarism (see, e.g., Hahn, 1980). He
referred to call it the neo-Austrian doctrine while Tobin

§1 98koal)I labelled the new classical economics monetarism -
ar . .

t
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givgn tﬁé@stéte of knowlédge. Laidler went further to claim
it ié leos% impossible to reconci}e the RE approach to the
analysis of business cycle with eviéenqe (Laidler, 1982, bp.
96). ~To us, Laidler put forward the most original argument
against the hypothesis of market-clearing in particular a;d
the RE approach to business cycle in general. As the market-
cle\‘a\ring notion ?;one of two pillars (ai)art from R
hypothesisi of Ehe ng classical macroeconomics: (se Tobip,
‘f980a, o 22):\Et is important—to reserve the regainder of
this chap?er for a look at -Laidler's argument.

‘His premise was: in i general equilibrium theory, if
something is going wrong in tﬁe labour markezf it will o~
manifest itself in some other market or markets as well.

What Laidler wanted to show is that it manifests in the
market for real money balances. | o ’

‘Take fhe demgna for honey funeéion: a lagged dependent
~variable seems to be needed. \In a world where money supply
is exogenous (as assumed by RE proponentg), it is not logical
to justif& its presence on the grohnd that the nominal noney
supply adjusts with a distributed iag to variations in the
arguments,of the demand for mohey function. Nominal money is
either exogenous or endogenous; it cannot be both. That
\;eaves two ways to explain the presence of the lagged -
dependent variable. If one; ignores the learning error .
hypothesis in modelling‘pefmanent iﬁcomg (which is %ot
consistent with RE), fhe only explanation is: it reflects the

slow adjustment of real balances, and therefore of the price

i
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» : 139@1,‘tdwards their‘long—run equilibrium value, rather than
a sldw adjustment of nominal balances. If one accepts the
explanation, the short-run demand for money function is a
hybrid which is p;rt long-run structural demand for money
——function %pd part price level adjustment equation; the

}

coefficient which measures the speed of adjustm%nt does not
 '¥ reflect the transaétion costs of agents traaing in asset
markets but %he slow real balance effect opé}ating on prices.
.This interpretation, if accepted, is consistent with the
literature that money wages and therefore perhaps prices
might display considérablé sluggishness in moving toward =«
market-clearing levels after a monetary shock.
As long as there is no satisfactory theor;; of why
prices are stfcky, iéidler added, it is not ;ﬁrprising>that
\.such assumption of market-c%garing Es acceptablé, just as

<« before, the dssumption of fixed prid%s. Y
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L CHAPTER 3

METHODOLOGY AND FRAMEWORK OF STUDY" o
- '

_Thié chapter is the background of the optimization
experiments. In Section 3.1 on methodology, we advance some

arguments supporting the use of optimal control, followed by

a brief discussion on optimal control techniques with
emphasis on some particular features of the algorithm we use.

In Section 3.2 on framework of study, we describe the set of
L4 \\
\
optimization experiments necessary to answer the questions

L3

raised in the Introduction Chapter; finally, we touch again on

-

Lucas's critique as far as our thesis is concerned.
.

3.1 METHODOLOGY . !

Z.1.1 Justification for the Use gi Optimal Control

Our Introduction Chaptér has set out three questions

- ‘ -
for study.~ Among them are judging history and evaluating
S R hol .

3

relative effectiveness. I S
QL One way of judging historical performance is to

coﬁpare it 'with an optimal solution. On the other hand,

‘optimization is technically desirable as Holbrook (1974, p.

M

»

...& policy-maker typically is concerned with a
multidimensional policy decision which takes {nto -
account both current and future goals, a decision
requiring some form of optimal control technique rather
than the standard fare of simulation results commonly
provided.

On the issue of evaluating relative ®ffectiveness,

‘yraditionally it is done by means of mulpiplfers with



4

cdmpariéons conducted in terms of single targets. The usual
tool is policy -simulation. For ;xample, two simulations are
run over the same period of time: one uses actual vélues of
all exogenous variables, and the other uses the same set of

I 3
exogenous values except that, at some chosen moment, the time

path of one of the policy variables is given a step-wise

increase or decrease and thereafter follows a path that isat a

fixed distance above or below the actual path. Results give
two different timé paths for the endogenous variables.

' Multiﬁliers are then derived, showing the effect on an
endogenous variable divided by the step change in the 5blicy
variable after one quarter, two quarters... (Christ, 1975, p.
57). The target commonly used is GNf._ But inflation
recéntlytbecame one main objective although GNP .and
unemployment‘hre still polic&—makers' concerns. Clearly, in
a multi-target context, particularly undeg a period of high
inflation, multipliérs solely in terms of real GNP would not
be adequate to evaluate relative effectiveness. Although
multipliers can be calculated for each target, it Es not
clear how the‘individual multiplieré are weighted to yield a
total impact on all targets. A few authors noted the
weakness of mu}tiplier analysis. %rainard (1967, p. 411)
argued that the question of relative effectivéness should be
related to ﬁéﬁ:gpe policy instruments affect the policy— h'
makers' performance in meeting their objectives rather than
be based on the examination of the multipliers of these

instruments. Chow (1975, p. 220) was more precise:

& ‘ ’
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Comparison of the various multipliers, however, does
not provide a precise answer to question.at hand.
The interactions of the current and delayed effects
of the instruments through the elements of the
matrices A and C have to be properly incorporated,
the dependent variables affected by them have to be
properly weighted, and the instruments must be given
any opportunity to perform their best in terms of
stated objectives of policy. All these '
considerations are systematically taken into account
in the optimal control calculations for the
comparison of relative effectiveness of subsets of
policy instruments. 22 ~

If so, as Abel (1975, p. 243) wrote, multiplier analysis is
unnecessanry, if not misleéding, since any relevant features .
of the mwltiplierswill'bereflectedih the value of the

"+ welfare loss function. Part of this thesis is to preséht
}pvidence that multipliér analysis could be truly misleading
'in assessing relativ; effectiveness (we are not aware of any

empirical evidence in the literature). .

©

. 3.1.2 Determingétic Optimal Control with Bounded Controls

As we move to the computational techniques, there now

exist several algorithms capable of solving control problems

L3

in economics. The simplest one is td solve a deterministié
model whose parameters are known with certainty, and
distudbances ar? assumed to be zero. Control beéomeg
~’stochastic when introducing uncertainty in the form of an
additive noise to the sys%em equat@ons, and in the formof
uncertainty about parametérSQ If parameters are allowed to
be learned, it is-adapti{e or dual éontrol since the conﬁrol
variable is chosen with the two purposes of achieving desirdd

—— e - M — T — - - o — — —

S22 , ( A
.The matrices A and C are the coefficient matrices of the
econometric model. See Equation (3.2.1) in this qhapter. .
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targets and learning the parameters (for more on the
clagsification, see Kendrick, -1981a, who alsbfgrovided brief
discussions on variousbexisting élgorithms). Kendrick J
(1981a, p. 5) also noted that most economic control models

' . which have been solved to date are of the determiﬁistic
variety, fhat as one progresses from deterministic to
stochastic control withou% learnihg, to dual control, the
size of the Aumerical models raﬁid;y declines due to the
computational complexity in the uncertainty treatmeﬁt. For
example, deterministic control models can contain hundredg-of
equations, stochastic without learning control models usually
have tens of equations while dual control .models céntain
fewer than ten equations.

The somputer code we have used for this research fs

T ~ the CONOPT,23 yritteg by Drud (1978) at the Technical
University of benmark aﬁﬁ improved byﬁgrud and Meeraus
(1980) .The CONOPT is apparently the most efficient and up-to-
date'optipization proéram for large-scale econometric models
(Sdeblom and Banasik, 1980, p. 72). It is designed‘for
deterministic discrete contrpl~by implementing a generalized
-reduced gradient method and using sparse matrix techniques-

(see Drud, 1978). It has very interesting features;.
——————————————— e “
23 * \

The CONOPT is available at Concordia University by courtesy
of -Professor Sandblom. Also available from Professor
Sandblom are programs developed by Chow (1975, 1981) which,
however, do not suit our purposes, e.g., it is not feasible
to impose bounds on control variables and in non-linear
models to constrain them to constant growth rates etc...

L]
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among them are: i) any objective function that can be written
in a FORTRAN subroutine can be used, ii) inequality constraints
on endogenous or control variables are allowed.?4 The first

feature avoids the problem of symmetrgcal penalty, i.e.,

deviations of variables from their targets are equally

undesirable regard%@ss of their signs. With the second
feature there is no need to attach costs to control variables
in the 6bjective functi&n to ensure the model convergence and
the pfactical feasibility.(from'a political as well as an
economic point of view) of the resulting optimal solutions;25
in that case the objective canrsolel; express the decision-
makers'“preferenc;s. Sandblom, - Banasik, and Parlar (1981)
advanced stroﬁg arguments suggesting the elimination of the
habit of‘attaching costs to control variables as found in the
economic 6ptimal cént}ol literature. First, including a
pblicy variable in the objective function would arbitrarily

détract from the welfare aspect of optimization and may well

alter the relative balance of attention accorded to the

legitimate welfare variables. Second, mathematically in linear-

quadratic models with continuous time as in control

24

The CONOPT cag also be used as a simulation program when the
objective function is not specified. 1Indeed, it has been
used in our simulation exercises to be reported in Chapter 7.

25

Klein and Su (1980, pp. 228- 229) noted that without any
constraints on the control variables (e.g., penalties in the
welfare function or lower and upper bounds) their optimal

.solutions may become unrealistic and unreasonable, which can

disturb the model convergence.

N

'
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'engineering literature, it is necessary to attach costs to
contfol variables (as long as bounds are not imbosed on
éontroIs) to ensure the existence'of a unique 'solution; for
discrete time models, it is not necesséry. Economic models
are in general of the discrete nature. In view of these
problems, they advocated- the imposition Qf bounds on the:
cont®1 variables for realistic reason. Purthermore, bne
advantage of bounded control is to reduce the number of
variables entering the objective fuigkion. Thus, the task of
searching for the appropriate weights, of varying the weights
for sensitivityvanalysis purposes is easier. Sur Yy
difficulf& in generating the control bounds arise:3 but that
should nét be a problem as long as the number of control
variables to be used is small.

In short, thanks to these convenient features of the
CONOPT, we can allow asymmetrical penalty and follow the
bounded control approach as suggested by Sandblom et al.

This will lessen'some criticisms against the linear-quadratic
formuiation (see, e.g., Bock v. Wulfingen and Pauly, 1978).

3.2 FRAMEWORK OF STUDY

3.2.1 Optimization Experiments

All experiments can be grouped into three categories.

The difference between the first two mainly'ffé%”?ﬁ*the

exclusion (First Category) or inclusion (Second Category) of

inside lag.

\
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An impo;tant‘note is that in all optimization
experiments, following Chow (1981, p. 55), Klqin and Su
(1980, p.‘232), we add residuals back to atl equations. This
'is feasible for éheﬁtype of anaiysis in the evaluation of
past policies and seems meaningful; otherwise, the c&hparison
has to -be directed at the histor{pally gsimulated policy which
'is not our interest.

Our econometric model (to be discussed in Part II)
provides two control variables:‘M1 for ménetary policy ;nd
G1 for fiscal policy. M1 isﬂthe nominal quantify of narrow
money; G1 is geal expenditu;; of fe!%ral, provincial, and
local'é;vernments (total government spending consists of G1
and G2 which is real expendifure of“Hospitals, Quebec and
Canada Pension Pians and‘is very -small compared to G1).

Below we will present a listing of 'all thimiz;tion
experiments; explanation will be provided later. But before
that, a clarification of terminology is neede@: a control

variable, if subject to constant growth rate rule (CGRR), is

defined as passive; otherwise, it is called discretionary.

CATEGORY I: Experiments without lag consideration

i) Basic experiments

(1) Monetary policy: M1 discretionary, G1 exogenous
(2) Fiscal policy:.G1 discretibnary, M1 exogenous

(3) Joint policy: M1, Gi1 discretionary26

26 '

An extra experiment is performed for the joint policy in
which three instruments are used: M1, G1, and tax rate.
In a few other experiments, the tax rate is also treated

_as a control variable in conjunction with M1 and G1.



! _' ) . I " I K » ' + :
' - ’ . ’ - L

47 .

3
3 ]

1i) Extension
* "(4) Monetary policy: M1 discretionary, Gi1 passive

(5) Fiscal policy: G! discretionary, M1 passive
(6) Monétary poliéy: M1 passive, G! exogenous

. ‘ (7) Piscal policy: G! passive, M! exogenous

CATEGORYTIT: Experiments with lag consideration . -
(8) f1-quarter lagged)'Monetary policy: from (1), |
obtain optimal Mi. Denote it by M1'. Now set ’
G1 and M1 exogenous with M1 = M1¥(~1)
(9) (2;quarter lagged) Fiscal -policy: from (2),
obtain optimal GI. Denote it by Gi*. Now set M1 and Gi
exogenous with G1 = GW*(-Z) -

»

CATEGORY III: Sensitivity analysis experiments

i) Sensitivity with respect to achange in the model
coefficients

(10) Joint policy: as in (3) with some new parameters

i1) Sensitivity with respect to a change in the welfare
: Tunction weights

¢11) Joint policy; as in'(3)
- (12) Monetary policy: as in (1)
y ' (13) Monetary policy (with CGRR): as in (6)
| (14) Fiscal policy: as in (2)
(15) Fiscal policy (with CGRR): as in'(7)}

e

1ii) Sensitivity with respect to a change in the control
' variable )" bounds — \

£

(16) Joint ﬁolicy: as in (3)
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Let us examine these experiments more closely.

"d. Experiments without lag consideratidhn

In the basic experiments the monetary policy is
defined as the one in which M1 is the eontrol variable, and
G1 is set at its historical path. The reverse holds for the
fisca{ policy. In the joint pdlicy, both M1 and G1 are
control variables. This#?ind of definition was “found 'in
Craing, Havénner, and Tihsley (1976). For the mbnetary and
fiscalpolicies alone,it allows M1 and Gt to play the role
of control va;iable‘alternatively; if they are compared to
the joint policy, it allows to determine how the contributién
will increase with one more in#trument permipted. Moreover,
the joint ﬁolicy will be used to judge the historical . .
performance. )

* The above definition, however, does not isolate
moﬁetary effects from fiscal effects and vice versa.: The
separation requires in the monetary policy G1 be held
constant while M1 is a discretionary instrument, in the
fiscal policy M1 be held constant while G1 is a discrétionary
instrument (see, e.g., Friedman, 1970a, p. 18). _Practically,
holding an instrument constant’for a long period of‘14
quarters hardly maintains the invariance of the model
structure (recall Lucas's critique on policy evaluation).
This demands a less stringent definition. Abel (1975, p.
239), .in a'study of the monetarist-fiscalist debate, to
evaluate the effectiveness of an instrument designated that

instrument as a discretionary instrument and the other
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instrument as a passive instrument and solved an optimal
control problem. The values of the discretionary instruﬁent
are determined subject to feedback control;*but the passive

instrument is constrained to glhange at a constant growth rate
(also determined in the optimization process). Constrained to
ra'constant growth rate, the passife instrument cah‘be
’ ionsidgred as following a neutral policy rule (Hailet and
Rees, 1983,w»p. 325). Adopting Abel's definition generates -
Experiments Nos. 4 and 5 for monetary and fiscal policies.
We also carry out a monetary policy, Experimenzﬁﬁg.vé, in
which G1 is exogenoﬁs and M1 a control variable subject to
constant growth rate. This is based on monetafists'
recommendaﬁion for the{condqct Bf mongﬁary po;icy.
Experiment No. 6 can be compared to No. 2 to determine the
loss due to the adoption of the rule (i;e., CGRR).
Expériment No. 7 is in the same spirit, but appliéd_to fiscal

/-_-__-_ P
policy.

b. Experiments with lag#consideration )

To many economists, lags and uncertaingy are the two

most important factors which make any government intervention

undesirable. In the literature it 48 customary to divide

lags into inside lag and outside lag.27 The former is the
time it takes to undertake an action while the latter
describes the timing of the effects of the policy action on

the ecdnomy. - Here we are concerned only with inside lag

27 L
, The description on lags was taken from Dornbusch,
Fischer, and Sparks (1982, Chapter 9).

&

b
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while outside lag, in principle, is captured b& the model

structure.

Inside lag is again divided into recognition,
decision, and action lags. Recognition lag is dﬁe tb fhe
delay in recigrizing that thefe is a stabilization problem
that requires government action. Recognitfon lag should be
bg? same for monetary andggzgcal policies while decision and ~.
actién lags are mucﬁ longer <for fiscal policy because of the
legislative and bureaucratic lags in the enactmeﬁt'and

~

implementation of fiscal changes. Moreover, inside lag for

-

" government spending is longer than that for tax Yecause when

"the government purchases goods and services, a long process

evoives: determinﬁng what goods to buy, bidding from ghe

’

private ggctor, awarding contracts etc...
How long is insfde lag for monetary and fiscal

policies? This is noségérd in the liferature. For that

redson we tentatively assume that there is one-quarter lag

for monetary policy and two- qgirter lag for fiscal pollcy

The attempt to e;\buate the 1nfluence of inside lag hp

relative effectiveness is restticted tp the basic monetary

and fisgal policies. Of course the study of inside 1ag

can be extended to the jdint polipy. But in %has research we

are content ™with a limited experiméntatlon. -

’ The procedﬁre‘oﬁ introducing inside lgg is rather

simple.28 Take the case of monetary policy. Pirst carry out

<
—— v — — o o . - -

28 N -
I owe to P{ofessor Sandblom the idea and proocedure of
'1agged' experlments. ¢ o



-

L

¢

~

‘assuming that the amount of government spending is given,

- - "
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< . o

Experiment- No. 1. Optimal value of M1 is obtained. "Denofe

it by M1*. Now lag it one quarter, and set M1a=‘M‘g(-1)‘
exogenous in a straightforward simulation; The value‘of the
welfare loss function‘can tnen be oomputed. The same -

procedure is applied to fiscal policy. The rationale is as

?
“PolloWs.. For the monetary policy, the monetary authority,

L ad

[

attempts to optimize the economy and obtains an optimal path

 for Mt which, in prsctice, ca be implemented)one quarter

later due to recognition, de 81on, and action lags; for the

fiséal policy, the fiscal authority, agssuming M1 is known,

-

attempts to optimize téb economy and obtgins an optimal path -
for G! to be implemented two quart%rs later due to lags. .
’ . L -

. ~
c. Sensitivity analysis experiments ° 4
N .

J They-are in three forms. T%e first deals with a

cnange in the model coefficients; the second considers a 4367
change in the specification of the weifare function weiéhts;

and the(?gst examines the change in the control variable

4
" bounds.

“« - . // '(
- ’ ’ ) i
With respect to.a change in the model coefficients '

» .

/

s The probleg consists of breaking data series 1nto two
spbsets due to an important change in policy. A subset is
then used to reestimate some key equatjpns (consumption, .

\,_.., -

investment...)s With new parameters, an already executed

- experiment (No. 3) is repeated, and comparison between the
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two versions can be made. The above exercise }s more or less
in the same spip}t as the‘Chow stagility,tests, but deals
with‘the whole model. It cannot directf& answer Lucas's
.l/féfitique f;}.the simple reason tpat we are ‘conducting a

change in past policy while Luca§‘s\critique concerns the

adoption of a new policy which, as L;gés clgimed, will no
lbnger maintain past relationships. fNevertheless, the
exercise can show that, if it is found that there is no
significant difference between the two optimal versions, then

impbrtant changes in policy might not be those envisaged by

Lucas (recall Sifis's arguments).

7’

~

With respect to a change in the welfare functions weights

In éeneral, optimization exercises requine a proper
gspecification of the .objective function. One a égt of our
thesis tog}c is to evaluate the historical performance. This
necessitates that the objective function refléects the -
preferencés of policy-makers in the period under
consideration. Nevertheléss, those preferences might not
reflect a best or right choice; hence, there might be ; need
to respecify the objectgye function. That is the purposé of
the Experfme;t No. 11 which repeats E;perimept No. 5}for the .
joint policy to determine if there is a better performancé

for the eéohomy with other welfare functions which allow more

room for optimization, lay more emphasis on the wnemployment

™~

~N
Y
Y
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and GNP targets. Experiments Nos. 12, 13, 14, and 15, as

will Be clear in Chapter 9, are to investigdte if a modified
objective fuﬁction can affect the results on optimality and

suboptimality due. to the adoption of the rule.a’

With respect to a change in the control variable (M1)
bounds i :

In Experiment No. 16, the joint policy is condwigd
with some alternative, larger bounds of M1. The purpose is
to examine first the robustness of the optimél resuifs, and

secondly the performance of a less gradual monetary policy.
’ * RNy
b ]
3.2.2 Lucas's critique on policy evaluation again |

Before we leave Part I, it is worthwhile to examine to
what ex%ent Lucas's critique{can~be satisfied. In the C
previous chapter we have presented Sims's afguments which
regard Lucas's cripique as-a cautionary footnote-of a general '
principle tﬁat extrapblation outside normal historical .range,
to which the model wasnﬁit yields unreliable_results. One
might or might not agree with the remark; but as long as a
change in policy is in normal range, there is mofecmance
that the model structure'is stable. Two conditions ;ppear
essential for keeping the policy effects inside h;storically
normal rangé. ‘ | .

| i) Capfurg the policy-makers' préferences as

rgflected in observed data, bast econometric relationships
(the same objeétive function will then be used in most -

experiments).

? 4
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ii) Impose realistic bounds on control variabies. i?
.Hgy these are done will be di;cussed‘in Chapter 8.
But let us examine the logic of these two conditions.
' Assume for simplicity the ecpnometric model is

represented by e

Yt = Atyt-1 + Cgxg + by : (3.2.1)
where yt‘is a vector qf state vériables, Xt a vec?or of
control variables, bt a vector of exogenous variables and Ag,

Ct matrices of known’coefficients. (3.2.1) has been

-
converted into state-space form with y¢ 1ncorporat1ng xt as a
subvector (see Chow, 1975(A}p 153-154). ) -

Suppose now that x¢ is the opxlmal‘decision of the
government which minimizes: i h ‘F
J = % 1 (y4 - ag)' Kglyg - ab3 A (3.2.2)

[

subject to (3.2.1), where at is a vector of targets, and Ky a

gymmetric positive semi-definite weighting matr;x.
It ig well-known that a feedgéck rule can be derived )
(see, e.g.,‘éhow, 1975, Chapter 7) such that: ‘
Xt = GE¥e-1 + &t ' (3.2.3)
where Gt and gt are a matrix and a vector of coefficients.
JNote that both the weigﬁting parametérs (K¢) and the
model coefficients (A, Ct) enter Gy and gt (at and bthalso
enter g¢). | '
Substitu¥e (3.2.3) in (3.2.1):
= (Ag + C40t) ypoq + (by + Ct84) (342.4)
If past and observed data of y{ and x4 have been .
(-

-
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generated by (35.4) and (3.2.3), a weighfing scheme which
does not reflect policy-makers' preferences could change

greatly G¢, gt and could, generate y; and x4 outside their

~

historical range.

i .
: In the economic literature, it is customary to attach

costs to cantrol vgfiables, which is captured in Ky As

- this tradition is not respected here, the dbvious requirement

is that realistic bounds should be imposed 6n control ‘
vgriables: On the other hand, yarious policies can have the
same objective function truly reflecting policy-makers'
preferencezggor target variables but use policy instruments
in diifife ways. That should glsowrequire‘the imposition
of real}stfe bounds. v

f‘ In short, if the above two conditions are met, the

i

model structure is likely 'to be maintained. In our context, .
the first condition of capturing ﬁhe decision-makers' past
preferences is also necessa;} for two other reasons. The
first is that a great number of optimization experiments are
involved; for axnajoritj'of'them it is not feasible to
conduct them with several sets of welfare weights.
Practicality would restrict to one or two sets. Instead of
an arbitrary one, a natural candidgte is the one which most
reflects the policy—makers’ past preferences. The second
reason is,that thé objective’function is to represent the
preferences of the policy-makers, who are presumed to act in
the best interest 6f the whole naE}on. To rely on an

objective function which does not reflect their preferences
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in order to evaluate past pq}icy ﬁight‘not be weli meaningful

and fair. A Of course, there is no guarantee that these

_preferences constitute a best or right choice; hence there is’

still a need to consider alternatives. But the pbinf ié:
the objective function shoulq capture the policy-makers'
preferences; seﬁsitivity analysis is an important but
coﬁplementary issue. '

In closing, for all reasons which have been ﬁiécﬁssed,
in general realistic restrictions will be imﬁosed on the
cdntrpl variables, and the same welfare function which
hopefully can preseévg more or less the policy-makers'
preferences will be used; thus, the model s¥ructure would
have a good chance,to be maintained. There is, however, some

resérvation with respect to sensitivity analysis exercises

'thch experiment with large control bounds, and with

preferences diverging much from those of the past.

A
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 PART II

SPECIFICATION, ESTIMATION AND VALIDATION
OF THE MODEL

ey
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CHAPTER 4 ,
OUTLINE OF THE MODELZ29 | N

.
-

The model was built with the main purpose of ‘
evalgating, through optimal control technique, certain
policies related to the Canadian economy for a special period
of time from 1975 III to 1978 IV in which the Bank of Canada
adopted the monetarist approach. PFurthermore, it is for el
control studies and not for forecasting. ) R
The model is concerned~with the shorf-run which is
reflected by the absence of capital growth, the presence of
sluggish wage, the inertia in inflationary expectations
etc...The analysis is restricted to the short-run since it
seems that in the 1ongfrun, ﬁonetarists and' non-monetarists'
views would not be different. Although short-run, the model
is dynamic by the aynamic structure of the,government‘budéet
constraint, by lagged adjustment functions. -
The model mainly contains three sectors (product,
money, and labour), an equation for the foreign exchange
rate, énd the government budget constraint which links the
government ‘to the fest of the economy. -
Below we present a gsimplified version of it. We hope
it wil; facilitate the understandiﬂg of’the'fqll-model‘as

discussed in the next chapter. However, we will not attehpt ,//

here to justify the forms of the equations as explanations

—— e v L . . —— - — ———

29 * )
This chapter is based on the description of the TRACE model
in Choudhry et al. (1972, Chapter 1).
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will be provided in the next chapter. No impbrfance should
be given to the equations' lag structures as they are too

much simplified for the sake of discussion. .

4.1 . DEPINITIONS OF VARIABLES

Endogenous variables

BOND =. government debt (stock) held by the private sector
CON = real consumption ’
CUR = currency | N
DD = demand deposits ‘
DSN = time deposits
EX = real export of goodg and services
I = real investment *\S !
L = employment
LF = labour force
IM = real impbrt of goods and services .
M2 = quantity of broé@ﬁmdﬁ@y S \&
MB = monet;ny base R
P : = price level
PE = price of export e s - oo
PFX = fofeign exchaﬁge rate ) |
R = domestic interest nat;‘
RR' = chartered b%nk reserves
TAX = nominal tax revenues
UR = employment rate ‘ ‘ "
LY = rgal ;ealth : N

L = waée rate _ .
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-

demanded and supplied outputs (real GNP)
- @ -

Exogenous variables

G = real government expenditure .

ﬂf | ~ = foreign money supply‘

M1 = quantity of narro& money

pf = foreign price level \ L ‘
PIMA = price of import

‘Rf - = foreign interest rate .

TIME = time trend

¥t = foreign income

4.2 EQUATIONS - ' .

i. Aggregate demand .

Product market

Total aggregate demand

Y=CON+TI+G+EX~IM e (422.1).
Consumption .

CON = £[Y - TAX, V, CON(-1)] | S o (4.2.2)
where TAX = f£(P.Y) ° f (4.2.3)

4 Investment ) : -
I =f[Y, R, I(~1)] ‘ (4.2.4)
Export

EX = £{y¥, PFX, PY, PE) o | - (4.2.5)

S \ 8
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Import ( ' .
. IM = £(Y, PFX, PIMA, P)
P
Money Market

Demand for currency

CUR/P = £(Y, R)

Demand for demand deposits

DD/P = M1 - GUR
P

Demand for time deposits

DSN/P = £(Y, Ry V) e

(/AS

Intengst rate

R = £(rRY, M1, Y) .
P

g

: 'E
Chartered bank:reserves . »

RR = £(DD, DSN)

Monetary base

MB = CUR + RR

Broad money

M2 = M1 + DSN ' o

" Real wealth (liquid assets)
vV = (MB + BOND)/P

. (4.2.6)

(4.2.7)

(4.2.8)

(4.2.9)

(§.2.1o)

(4.2.11)

k4L2.12)

(4.2.13)

(4.2.14)

L
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Government budget constraint

MB - MB(-1) + BOND - BOND(-1) = P G - TAX ‘(4.2.15)

Foreign exchange rate \

PFX = f[M2, ¥%, ¥, Y%, (R - R)]No ,\\ . _ (4.2.16)

ii. Aggregate supply

Labour market, wage and.prices : \//’“\‘_\

Employéent : ‘ !
. /

.-

L = £[YS, B, W, L(-1)] : | (4.2.17)

Labour force

LF = (L, W, TIME) | * . (4.2.18)
Unemployment raté . , Ry
" UR = (LF - L) . 100 - , ' ' o (4.2.19)
LF .
Wage
W - W(=1) = £(UR, ™) ) (4.2.20)
W= - .

\

—

where 1 = expééfed rate of inflation as a distributed lag of

current and past rates of inflation

=] ”

Price level

P = 2(W, UR) - ' | (4.2.21)

o

Price of export

PE = £(P) : - | . (4.2.22)
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iii. Equality of demanded and supplied outputé
Y = Y8 (4.2.23)

1 4

Several things need to be said.
. .
i) The simplified model is complete with 23 eguations

and 23 endogenous wvariables.

ii) 5n the product sector wealth enters the
consumption function, and foreign exchange rate enters both

export and import.

# iii) In the monetary sector the supply of (narrow)

money M1 is exogenous. If we impose the equilibrium
condition that demand for M1 equals its supply, the interest
rate. can be obtained. Thereforé, Equation (4.2.10) for thef )f\
interest rate can be considered as a normélized demand for
money. As M1 is exogenous, demand deposits are derived
residually after currency has been specified. Demand and
time deposits then determine chartered bank reserves, ;
component of monetary base.

iv) With monét;ry base and tax endogenous, government
spending exogenous, the government budget constraint
determines bonds resid‘ually. @ N o

v) There is no equation for the balance of payments

(BOP). Theoretically, in a flexible exchange rate BOP is

" zero. Looking carefully at (4.2.16), we can see that the

foreign exchahge formulation rate is based on the monetary
view. With thé monetary approach, there is no need for a BOP.

equation. However, as our estimation sample extends from .

1967 I to 1978 IV, it covers both regimes of exchange rate

. : s
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(.
- we treat the foreign excharige rate as exogenous from 1967 I *

to May 1970 and decide not to include the ﬁOP for the
following reasons: )

- the perjod of fixed exchange rate is rather short

- for optimal control exercises we g;ve chosen thei
period of flexible éxchangé since under this regime the
moné%ary authority is believed toﬂha&e some degree of control
" in pursuigg its monetary policy. Therefore, if -a BOP
equation is constructed, it will be thereafter deleted for

"

optimal control exercises.
- finally it might take a consiéerabie time to obtéin
good statistical results for BOP.
\
problem as the model is built for policdy evalﬁation.l
vi) The output side is seen to depend soley on the

labour faétor. gpere i

the labour ¥Sh in the

short-run, responding slaowly to a non-zero excess supply.

The wage equation is of the expectations‘auémented Phillips-
curve . ”’—‘

vii) Let us see how the model is working. Substitute

Equations (4.2.2) to (4.2.6) in (4.2.1):

. . ) ~ ¥
Y = f[P,’R, Vv, PFX, PE; CON(-1), I(=1), G, PIMA,
) \
yf, pf) ’ " . {4.2.24)

Kl

In short, we think the treatmeht should not cause.any
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-~

The monetary sector, the government‘budgét
constragmt;~and the foreign exchgnge‘raﬁe can be condensed

4/;oto three equations after TAX is replaced by (4 2.3):
- 2(v, B mi, ﬁf) | ) C (4.2.25)
< . .
.v = £[Y, P, R; MB( 1), BONB(~-1), Mt, G] (4.2.26)
&
8 PFX = £(Y, Rw; M1, ut, ¥f, rY) (4.2.27)

Substitute (4. 2 27), (4.2.26), (4.2.25), and (4.2.22)
for 'PFX, V, R, and PE 1n (4 2.24):: .

-

o "rai £[2; CON(-1), I( 1), MB(-1), BOND(- 1), &, PIMA,
- yf, pf, M1 Mf, Rf] ’ . (4.2.28)

'u‘.f . (4/2 28) 1s’the aggregate demand functlon.

S | Except (4.2, 22) for the. export prlce, the labour }é

\ ? "market has fgve equatlonSAgpd six endogenous varlables.
\ . ! . '

" After substifution: .

(RIS

X% 2[R R(-1), B(-2).0l, WS, 1), MIHE](4.2.29)

a
-

_ This is the aggregate supply functlon ‘
) The equalltx condltbpn (4.2.23) combined w1th
(4902. 28) and (4 2 29) determlnes output and its price. 30
* ‘ 'Any dhanges in the.pollcy variabides (M1, G), in the
'predetermined variables (CON(-1), IE—1), PIMA«’Pf vf...)
; widl sh%ft the aggregate demand functlon, ory'the other hand,

lagged employment the exogenous growth of labour force

(captured by the the trend) etcu. will shift the aggregate
) \
supply. In short the ezlstence of pollcy varlablgﬁ of

i

: .
“ exogenous andﬂlagged Ygrlables keeps shlftlng the aggregate
e A R
O 30 ' ‘ 14 { "'v
R ‘ In practlce the algorithm solves the whole system of s
s equations, (4 2.4) to - (4.2.2%), simultaneously: S
: o e ' f ’
[y . l" -
. '\ o | o <

. s
L))
<
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demand and supply, generating new “galues of output and price;
- ’Y ' ~ : N
moreover, givegn initigl conditipns and valyes of exogenous
vari'ables, the model can generate values of endogenous
Yariables for future periods.
’ A -t
. , ~ - - )
I .
‘ - * t'
- t e
. — ~2 ¢ y

L] B . ' o~
9
' » ’ k’
I / , N o
' ! LT [ ?
. 4
P \ . y; i - , '
q - -
hd -
L o
. 15( 4
»
» ‘ s ‘/‘ 4 '
a * . [N B s .
Loy} . . .
N » ' .
. v « . . , .’,—-
— N &
- , '

4
+ . .
.
LN H - 1 4
W t — 0 . . -
R
. " A . - . ” N /
) ¢ . - {
A ¢ t e ’ v ‘? .
A .t L SN c‘ - 4 . Lt
. v H



"
v

’ //“\\\
AN
j
/

//

—

’ 6!7

CHAPTER 5.

SPECIFICATION AND ESTIMATION OF THE MODEL
BY ORDINARY LEAST SQUARES ,

[

In this chapter we will specify the equations of the
model. In t%e\ﬁréhltlon of applied macrgsconomlcs, the model
is first ?xpiored by ordinary }east squares (OLS). Although
it'is nof the righ% way, it is most practical; especially{
OL3 eséima#@s se%?om differ much from estimates produced by

[N

consistent estimation methods (Kuh and Schmalensee, 1973, p.

- 8). The sbecification, however, does nqot rely completely on

the estimation; results from multiplier and simulation

* .
analysis sometimes play a decisive role.
~ '

L}

Our model is quarterly with non-seasonally ad justed

(N.S.A.) data except a few U.S. data. The use of N.S.A. data

is based on a étudy by Wallis (1974). ‘He showed that if
seasonaliy aqjustedp(S.A.) data are used and if seasonal
adjusﬁment procedures are inappropriately applied, the"
relationship between the variables n be distorted; this
wfll cause gPtocorrelatioﬁ'ahd dynai specificati&h
probléms. The period of estimation exfegds from 1967 I to
1978 IV.3! The only exception is thé fereign exchange rate
estlmated from 1970 III to 1978 IV (it" began to float in June
1970); before 1970 III, the exchange rate is exogenoush;

T-}{? model cgnsists of 28 equations, of-which 19 are

™

stochastic, and 9 E;e identities. It contains 52

The egtimation was carried out on the Concord&a Unlversity
computer, using the TSP (Time Series. Processor) package.

«

’
>
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.
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variables, of which 24-gre exogehous. It includes tpépe
sectors: product,'moneyf and labour; besides, there 5; one
equatién for the foreign exchange rate and one eéuation for
the government budget constraint.

Sections 5.1 and 5.2 will ﬁeal with the produﬁt and

money sectors. Sections 5.3,'5fi will be'concerned with the

‘,formulatibn of theigerrnment budget constraint and the

foreign exchange rate. Section 5.5 will discuss the labour

market with wage and priée equations included. And finally,

—

in Section 5.6 and 5.7 we will provide a listing of the final

‘equations, and variables with their definitions.

Before starting the model specification, we woJIa like
to make two remayﬁs. | ’

i) The first is related to a point raised by Hendry
and Mizon (1978) on the treatment of autocorrelatijon, Whgn

an equation suffers from aﬁtocorrelation, the common practice

is to correct it by some prochgre, for example, CORC

(Cochrane-Orcutt). According to Hendry and Mizon, the !

. 'ﬁEsTdual autocorrelation might reflect little more than

dynamic misspecification, and therefore, the CORC procedure

1

might be a poor apbroximatiqp to a true dynamic model. The
appropriate strategy should start with a general model )
allowing freer Iégs than the CORC w@ich imposes‘'a '¢ommon
factor'. We adopt that éuggestiog and will have recougse to

the CORC only when all attempts seem to fail. »

~1i) The second sremark concerns the dynamic’

specification of the equations. Recently, a class of models

L
-(.0
.
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have been anaiyzed, namely the class of AD (mgy, mq,...,mp) -
models where AD stands for Autoregressive-Distributed (lag)
[see, e.g., Davidson et al., 1978; Hendry (1980); Hendry and
Richard (1983); Hendry, Sargan, and Pigan (1984)]. It can be
shown that the models we are gbing to anaiyze are nested in
this class. Further specificatiqn\searchés alpong %he lin;s
of these/‘papers, however, are clearly beyond th& scope of
this thésis. We are, therefore, restricted to the more
traditional specification.

]
N .

5.1 PRODUCT SECTOR
: !

The Eroduct_sectpr-doﬂtains seven stochastic equations
and thye; identities. Apart from describing the components
of GNP, foyﬁponvqpience we also place tax and revenue

- equations in this sector.
The first identity® is real GNP.

-

. Total aggregate demand (Y)
Y = CON #+ (IIN”+ IRCNR) + (G1 + G2) + EX - IM - RES’(S.1.{)

‘ where Y = real GNP or GNE fﬁgoss national expenditure)

CcoN

real consumption (total personal

«

\

experiture on goods and services)
real p;ivafe investment in inventory

( C 1IN
IRCNR

real gross private fixed investment C oy

¥
‘real government expenditure (current

/ : ) &1
. : _— .' e;benditure + grOSS\ngztal formatign) from.
an

. \ federal, pro?incial; local governments

)
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G2 = real goverpment expenditure{f}om Hospitals,
o Quebec Pension Plan, Canada Pension Plan :

EX = real export of goods and éervices

IM = real import of goods ahd services

RES . .= regsidual error of estiqat;

. There are a few remarks. i o
| i) IRCNR will be broken down into two more componentsi
In short, total private investmenf ié disaggregated int%
three components as th;s would give betterthtagistical
results than the estimafion based on a single aggregate.
( ‘ii) Thereéére also two components for government
expenditure. This is, as will be seen, because fhe

¥

government budget constraint is restricted only tq the three
<
levels of governments.

iii) @1, G2, and RES are exogenous in the model.
‘ 4 ‘

- 5/1.1 Real Consumption FCON)

-

We start with the basic forp:

CON = £[Y - TAX , CON(-1)]
Ly Z P “ ' + (5’1‘2)

where TAX = nominalytax isvenues from federal, provincial,

and local governments
. !

(5.1.2) can be &enived as a consequence}of a version .
of Friedﬁan's permaneqt igcome hypéthésis, or from the A K - ¥
pdrtial'adjustment model, or from Brown (1952) habit
formation hypothesis,(according to Brown thefe is a lagged
e¥fect in cénsgmef demaﬁd which.wgé prodﬁced by consumption

habit people formed as a result of past cqnéugption; . 2

- ’ A " !
\ " :o‘\ '
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t}} refore, tm-yiipr’bpriate lagged variable is previous real
and

* consunmption ot previous income). For more on the discussion

of this functionai form, see Kuh and Schmalensee (1973,

Chapter 3), Wallis (1973, Chap%er 1), and also Choudhry et

\

al. (1972, p. 16) with respect ’to the TRACE model of the
" Canadian economy. _

. To (5.1.2)' is added the wealth variable V. As capdital
stock does not exist in our model, V is approximafed by real

financial wealth (= sum of the stocks of monetary basg and
v

S \?goiéi:ﬁmeﬁt ‘debt held _by’vthe private sector). -k
W ' Equation (5.1.2) with V yields: |

coN = P1.180°+ 0.527 (Y — TAX) + 0.395 CON(—1)
\ . (1.70) (7.10) B (4.74)

-.008 V - 2111.61 Q1 -~ 1112.62 Q2

| ' (-.64) (~7.69) (-9.69)
N - 2733.49 Q3 ~ . )
L] (~-20.50) . ©(5.1.3)
R = .994 R2 =)993 F(6,41) = 1105,58 .

\

SER = 257.636 DW = 2.03 D's H = —.#d
where Q1 = seasonal dumny, "1 °in quarter I, O/elsewher‘et
’ {
Q2 = seasonal dunmy, 1 in quarter II, O elsewhere

Q3 = seasonal dummy, 1 in quarter III, O elsewhere '

“ X

’\Me‘t’é that values Teported under the coefficients are
’ . TN ‘

t-statistics. . .

As can be seen, V is not gignificant at lall. Various
lag combinations &f V are tried, e.g., i) V, V(-1); i1) v, -
V(-1), V(-2); 111) V(-1), V(-2). The 4isturbing finding is

- that with these lag structures, the wealth coefficients are

- , 3

. Yo A
we '-‘ » *

' ! L]
S L S0
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. gsignificant, but the value of their sum is always negative.

For example, with the inclusion of V and V(-1):

l)
CON = 914.199 + 0.523 (Y .— TAX) + 0.417 CON(-1)

(2.29) (7.52) © P (5.31)

+ 0.048 V - 0.067 V(~1) = 1971.86 Q1
(1096) (-2-60) (“7-50)

~905.829 Q2 - 2489.73 Q3 ‘ .
(-6.77) (-15:94) . (5.1.4)

R2 = .995 TR2 = .994 PF(7,40) = 1081.44
SER = 241.28% DW = 1.94 D's H = .38

The signs of V and V(-1) are acceptable, but V(-1) has
a higher coefficient. As this seems dohbtful, we try other
models:

‘- the Houthakker-Taylor demand model32 a

- the Zellner-Huang-Chau (1965) consumption model

with real liquid assets

= Pindyck-Rubinfeld consumption equation (1976,

p. 378) ,
o \/
The Houthakker-Taylor demand model’
Ignoring price vériaBTg&{ it can be written sin
" discrete form as: ﬁ
CON = f[A(Y - TAX) , (Y - TAX) , CON(-1)] «* (5.1.5)
P P

)

To (5.1.5) the samé,;ypes of lag structures™~for V as

‘mentioned above are included. The same result for V is

32 , , I .
A brief discussion on the well-known Houthakker-Taylor modgl
can be found ‘in Kuh-Schmalensee (1973, pp. 37-40).

¢ .

Y
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repeated. Indeed, when V and V(-1) enter (5.1.5)%
CON = 313.515 - 0.228 A (Y - TAX) + 0.672

(.61) (-1.80) P (6.28)
(Y - TAX) + 0.249 CON(-1) + 0.067 V
) 3 (2.07) (2.57)
- 0.09% V(-1) - 1433.38 Q1 - 248.921 Q2
(-3.20) (=3.64) (-.64)
- 1912.27 Q3 ' : R .
(-g+38) : (5.1.6)
RZ = .995 F2 = .994 F(8,39) = 999.29
SER = 234.838 Dw(f 1.91 ®'s H= .59 -
| ' \
The Zéllner—Huang—Qpaulmodel ’ \\

In their consump%ion study, Zellner gt El.lrntroduced
real liquid assets whose definition is q@ite close'to ours.
The model starts with:

CON; = & Y§ + b (LAg_y - LA}) ‘ T,
where Y% = expected inéome\(estimated permanent income)

LAy_4 = real liquid asset holdings at the start of

' ' : the period .
. LA; = desired level of LA for the current period
' and b >0
Pp ‘rh v 4
— — - Y% is approximated by: : ‘
t . . *“\v
Y§ = (1= ¢) oI cdy,_ : C

B . 3=0 J

2 s 2

and LA: is assumed to be pro%Prtional to Y%:

* Y
LAy = 4 Y§

.

T After substitution and using Koytk transformation:

.

fe
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CONg = (a - bd) (1 - ¢) Yy +c CONg_y + b LAy_q

» -  be LAy_s ” (5.1.7)

Non-linear estimation applied to (5.1.7) yields, after

replacing Y by (Y - TAX) and LA Ay V:
B /{
(Y - TAX) + 0.386
P (4.77)

1

)

014 V(=1) + (0.386) (0.014) Vv(-=2)"
(-1.37) :

CON 931 589 +

0 55
(2.19) (7.62
0.

CON (-1 ) -

- 2034.14 Q1 - 1080.40 Q2 - 2717.72 Q3 :
(=7.43) (-9.66) (~23:65) (5.1.8)

R = .994 R2 2 .993 F(6,41) = 1145

SER = 253.188 DW = 1.97

. N . ' i
The result still shows that total impact of V is

negative. i

- ‘T

Pindyck-Rubinfeld'consumpfion‘gz:gtion ‘?
. 1 )

Pindyck-Rybinfeld (191‘. 378) included wealth in

diffq;enced form: *

CON = f[Y - TAX, CON(-1), V = V(=1)]~
) P v

Ironically, this simple form is working well.

' CON“— 470.430 + 0. 491 (Y - TAX) + O. 418 CON(~1)

(1.66) (7228) - TP (s5.24) |
+ 0.054 (V = V(=1)) = 2044.82 Q1 . ’ o
(2.16) . (=7.78) - :
T = 921.389 Q2 - 2451.97 Q3 , )
2 (26.79) (<15.63) N R

2= .994 R2 ="994 TF(6,41) = 1219.99¢
" SER = 245.329 DW = 1.88 D's H = .50 -
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All coefficients including we.alth aré significant.

The long-run marginal propensity to consume is reasonable
with a value of .84. As the above form imposes théfi{

constraint that V'and v(-1) have the same coefficient, the

null hypothesis is checked by a F-test:

ssrR - ssrU /
1
F= : N
SSRY . .
41 . )
where SSRR = sum of squared residuals of the

- L restricted 'model (15.1‘9‘)""

ssrU - sum of squared residuals of the"
. - % yunrestricted. model (5.1.4)

and 1 is the number of res%\r{ction, 41 the degrees of
freedoin for (5.1'.9). .
The computed F-*statistio ‘in our. case is 2.39 and F.O.1'

~—(1,40) = 7.31 and F gy (1,60).5 7.08. Ther’efore, we accept
ths null hypothesis of identical ooefficients for V and V(-1).
| (5 1. 9) is‘our chosen equation. 'As it is quite good,

7

‘we»do not uant to try oﬁher\rodels with wealth in differenced
form. | '

¢ Despite its significance as wi‘riely suggested by
theory, the impact of weélth on consu;nptioh is qui'oe small.
The coefficient value of. (v - Vé-1))ﬂ is only 0.054, and
moreover, wealth is in differe'}lced*'form., An equatior

est;mated without wealth effect proves RZ hardly improves.
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CON = 521.052 +:0.511 (Y -~ TAX) + 0.398 CON(-1)
(1.77)  (7.34) P (4.82) "
- 2131.47 Q1 - 1099.77 Q2 - 2691.80 Q3 :
(-7.87) (=9.80) (-2%.28) (5.1.10)
i
R2 = .994 TF2 = .993 F(5,42) = 1345.44

SER = 255.826 DW = 2.01 D's H = -.03

.1.2 Real Private Investment

Real brivate investmént consists of: i) investment in
'inventory, ii) éross inveétment in non-residential
construction, and machinery & equipment, and iii) gross
investment in residential construction. Each component will
'be specified by a stochastic equgtion; Pesides, an identity
defining gross private fixed investment links the last two

components together.

'a. Real private investment in inventory (IIN)

The formulation adopts the stock adjustment model.

-

-Most inventory investment models start with the assumption

that: Lo -
KIN® = a s* ' o .
where- KIN = = s%ock of inventory 1 | ,
' KIN® ‘= désired stock of inventory
S . = sales or output -
cos* = permanent.sales or output o
.Assuming s*‘is a d~istribu€ed lag function of'S with :"\
) geémgtrically declining weights: ‘ ' Y ‘
CKIN' = b S+ e RIN(-1)* S P

§
)
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The common assumption is that KIN* = KIN (Kuh and

Schmalensee, 1973, p. 90). It results that

-

IIN = KIN - KIN(-1) = b [S - 8(=1)] + ¢ TIN(- 1) (5.1.11)

With real income as a proxy for 5, (5.1.11) .yields:

- 975.148 + 0.178 [Y -~ ¥Y(-1)] + 0.541 IIN(-1)
(-5.49) (1.72) (3.91)

+ 1429.340 Q1 + 722.814°Q2 + 1880.050 Q3 (5.1.12)
(5.16) (2.65), + (6.55)

-

R2 = .897 E? = .884 F(5,42) = 72.86.

IIN

———

Rind SER = 233.670 DW = 2.14 D's H = -1.66

As we expect the desired stock to increase with
permanent sales, the positive sign of ¥ - Y(-1) is .
meaningful. The sigh of IIN(—1V) is all right. The problem
. 1is that the H-statistic reveals autocorrelation.
§> We follow Pindyck (1973, pp. 48-49) and add a new
variable: change in consumptlon

IIN = - 143.348.+ 0.501 [Y - Y(-1)] - 0.451
,(--58) (4.31) (-4.21)

[CON - CON(=1)] + 0.555 IiN(*{) + 288.877'Q1
” (6.06) (.81)

- 79.937 Q2 + 306.546 Q3 B o(5.1.13)
(=.27) (.69) | - ’ 3
. R2=.928 W2 = .917 F(6,41) = 87.82
SER = 197.650 DW = 2.26D's H = =2.31 -~

Compared to (5.1.12), (5.1. 13) improves rather well,

-

statistically. The coef%icient of/[CON - CON( 1)] is

] ‘ ~ negative ae increase in consumption is expected to deé)lete
./ .

the etock of inVentory. The coefficients of thé ‘seasonal
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‘dummies are not significanti this might'ie explained by the
‘fact that [CON - CON(=1)] plays the role. of Q_Lshock "
absorber' and captures all seasonal effects. Aﬁtdbofrelatiqﬂ
is still present. After a/search for the appropriate "lag

structure, we end up with:

"IIN = - 9.684 + 0.514 [Y - Y(-1)] + 0.070 .t
(-.30) (17.66) (2.40) - :
[Y(-1) - Y(-2)] - 0.554 [CON - CON(-1)]
(—12-73) R e
+ 0.773 IIN(=1)~ = (5.1.14)
(6.47) -

R2 = .926 R2 = .920 F(4,43) = 135.24
ISER = 194.916 DW = 2.25 D's H = 1.53

i
%

(5.1.14) is free of autocorrelation. GSeasonal

dummies, still,insigg;ficant, are left out of the equatién.

- b. .Real gross private fixed investment (IRCNR)

IRCNR = INR + IRC , 7 (5.1.15)
. where INR = real gross private-investment in non-residential .
\ '
"\ construction, and machinery & equipment .
"\\ ! . ) . Evai
= i i i ; i %
DAY IRC = real'gross private investment 1n,res%g§?t1al Y
oo N construction ‘ - \
. i '
. N / ‘ —— *

C. Re&ilépéss private investment in non-residential
construction, and machinery & equipment {INR)

Junankar (1972, p.'62) notéd that in generml most of
the empirical works on fixed investment in machinery and

equipment are ad hoc or eclectic. ["
' ) . ' -
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A .
Jorgenson s model despite its shortcomings, is

& ¢ " \ - i

comhonly uged Applying Jorgenson'% model mequires the
idclusiop of capltal stock. Since the 1atter does not figure
in our ébdql, the two maiﬁ'determinants for investment one
could imagine of are long-term interest rate RL (measured by

- the government of Canada bond‘yiéld;,10 jears over), and
income, }.e:,

o«

* INR-= £(RL, Y)

It is well known that inveétﬁent in machin;ry and
equipﬁent rq@ponds very slowly to its deteﬁyinants. An B
intensive searth is made for.the lag structure of INR;
particularly, Almon lag is t?ied for both Y and RL, anmd for

each separately. Our prbblem is.that with Almon lag ‘the

!

equation suffers from very high autocorrelation, and the TSP
. .

pé&kage does not contain a procedure Bf correcting it when B
-Almon lag is used. Higﬂ autocafrelatioﬁ in investment
. studies is commonly found in many Canadlan studles (for _‘
example, Scotland 1981; Bana81k and Sandblon,: 1981 pp. 68— _
69). Without Almon lag, the lagged terms ,0of RL turn out po,
be generally insignif{cant or Have the wfong.Sign. Wg-‘
findlly obtain the forlg;ing‘ggﬁation, statistically

satisfactory but ad hoc in terms 6f lag struéture.

INE = - 288.612 + 0.082 Y = 43.591 [RL( ‘8) + RL( 9)]
(=3.13) (5 47) (-3.59)

4 0.650 INR(-T) - 10.566 Qi + 466.895 Qz‘r
/ (9.31) . (-.25) (12.20)

- 135484 Q3 L L (5.1.16)
(-3.69) . .




=N.9es B2 = .982° F(6,41) = 438.86 )
"SER = 88.632 - DW = 2.18 D's H = -.72 .

4 . . .
Both RL(-8) and RL(-9) are constrained to have the

same coefficient. A F-test, as described in the consumption’
J

secPion, 49 performed and shows that the constraint is.valfd.

.As we are not satisfied with the lag étructure of

K

(5.1.16), we attempt to estimate INR with r%al interest rate.
The following equation is found ndst satisfactory with resl’
interest rate included.

<

INR = - 142.188 + 0.048 Y - 12.843 [RL - 100
' (-1.34)  (4.30) (-2.46)

( P =1)] +.0.681 INR(-1) - 63.621 Q1

= (9.21) - (=1.48)
' e :
T+ 465.357 Q2 -°113.072 Q3 . ©(5.1.17)
{11.28) (-2.90)
i R2 = .982 W2 = .980 F(6 41) = 382.08/
SER = 0.095 DW = 2.08 D's H = =.30 |

In terms ef'FZ, (5.1.16) and (5.1.17) perform

equelly well. In terms of t-statistics of main variables,

ra)

(5.1.16) -is slightly better. On the cBntragy, the lag '

structure of (5.1.16) is much mere ad hoc thdp- that of

(5.1.17). B |
Statistically, we prefer (5.1&7): nfortunately,

~

(5.1.17) exhivits a suspicious long~run dymamic property. In
v

a seven year shock rebponse experiﬁent when (5.1.17) is used,

the real GNP multiplier (from an increﬁse in government

Spending) peaka at a value ‘of 2.03 after three’ quarters, then

) s AN . L]

3
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declines until it reaches a lowést value of .61 after f3
quatrters, then kéeps‘ movingup in the last 13 quartens‘witr} a
final value of 1.42. As the nultiplier series is on an
increasing pgth in the last portion of the simulation period,
and since the final value of 1.42 is quite high éelatively to
- the peag‘value of 2.03, we have some resefvation‘with respect .
to the long-run property‘of crowding-out effect. We believe,
the investmént equatioﬂ (5.1.17) to some exfént is'the cause
éf,that behaviour. This might.be explained as follows. When_ A
| government. spending increaséﬂ, price would increasge ‘due to
excess demand in the product segtor.' As nominal money stock
'remains‘constant, réal mdﬁey stock decreases, pushing up
noﬁinal interest rate. If INR'dependg on nominal interest, .
there will be.an adverse efféct on it; contributing to the \
weakenihé of reéi income in'the long-run. But, if it depends
on real interest rate the impact of the latter is subject to
. the interaction of they increase of nomingl interest rgte and
the increase of the inflation rate—which,'if stronger, might
. not cause an adverse effect on investment. I% results that
real GNP would decline less and more slowly than in the case’
of nominal interest rate.

When Equation (5.1.16) is used, the dynanmic

nultiplier seems to better satisfy the long-run crowdingédut,

effect (Chapter 7%33' In view of all this, we are reluctant

33 -
With respect to monetary effectiveness as expressed by GNP
multiplier, it does not matter whether (5.1.16) or (5.1.17) is
used. '
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d. Real gross private investment in residentlal
construction (IRC) ~

As Pindyck and Rubinfeld (1976, p. 375) noticed, in a

£

small macroeconometric model it is very dlfflcult to
accurately e;plain invéétment in residential construction.

“In {ac; IRC Aepends on a lot of factors: mortgage rate, —
credit avallability, constructon costs, number of ?
families...None of these is included in our model.

- o We start with'the basic form:
IRC = £[Y, BS, (RL - RS)] . -
) o

where RS = short-term interest rate measured by the 90-day

finance company paper rate?34

<&

RS is used™as a proxy for the ma}tgage rate, while
the‘interest differential (RL-RS) is a crude measure of
credit availapility Zcredit is tighter when the short-term
rate approaches the long-ter /rate). In our specification

éjﬁL - RS) is never significant and thefefore deleted. Long

" lags for RS up to the eighth quarter have been tried, but
generally their cbefficients dre not'significggt. The
following equation appeafs to behave better:

IRC = - 69.622 + o.oé4 Y - 10.992 ERS(-1) + RS(-2)]

(269) © (2.66)  (-3.50
+ 0.652 IRC(=1) - 188.915 Q1 + 204.914 Q2
(5.35) (~4.89) (3.38) , )
'+ 215.204 Q3 oo (5.1.18)
. (4.29) \ '

34

. The '90-day finance company rate is chosen for the purpose of
the demand of money study. In.the Canadian context, it is
most widely used to reflect the short-term interest rate.

L




83

]

R = .93 R2 = .924 F(6,41) = 96.52
SER = 91.525 DW = 1.54 D's H = 2.95

o

Coefficients look meaniné?ul, but H-statistic reveals

autocorrelation. . Instead of CORC, the alternative of adding

-

more lagged explanatory vafiables is tried, yielding:

IRC = - 173.253 + 0.030 Y - 9.169 ERS(-1) + RS(-2)], "
(-1.48) ° (3.12) (=2.06 -
— 4 0.817 IRC(~1) = 0.250 IRC(=2) - 113.353 QI
(5.24) (=1.65) (-1.91)
- 300.822 Q2 + 186.537 Q3 (5.1.19)
. (-3.62) - (3.57)

T e

R2 = .938° F®2 = .927 F(7,40) = 86.58
. SER = 89.667 ' DW = 1.61 D's H = (test breaks down)

(5:T.19) improves relatively to (SJLfB). The H-test
- . s ¥
breaks down due to the negative value of the terms under the

square root sign' (see Johnston, 1972;‘p. 313)'; We then rely
on the residual plot and the Geary sign tes£35 which do not
"indicate any éutocoi}elation.

(5.1.19) is also tried with the addition of the
interest rate term lagged once (i.e., RS(-2) + RS(-3)), but
the latter turns out to be insignificant. It seems (5J.19)
e#hibits the appropriate laé structure. A

Examining (5.1.19), we can see that IRC depends on
RS(-1) + RS(-2). What it means is that IRC depends on the

average value of the interest rate in two successive periods;

[
Py - ' (
35 ‘ ~ . '
For Geary sign test, see Habibagahi and Pratschke (1972).
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this implies RS(~1) and RS(-2) are imposed to have identical
‘coefficients. A P-test proves that the restricted model is

acceptable.

S

'5.1.3 Real Expoﬂg g§ Goods and Services (EX)

Real export is assumed to depend on the activity in
the regt of the world; on the relative price and the foreign
exchange rate. . '

Two proxies are needed for egtimatidn: one to
represent the activity in the rest of the world and the other
to measure fhe foreign price. The férmerwis approximated by
thenindex of world industrial productien (see Rhomberg, 1964,

pp. 8-9f Choudhry et 21.,NQ72)." 'The latter is ,measured oy

the U.S. business product prige deflator. o~

EX = f(WIP, PE )

| PYBU.PFX
where WIP = index of world indus€rial production (ekbgenouq)
. PE = implicit price deflator, export;of goods and
services \ —

1

PYBU = implicit price deflator, U.S. business product

(exogenous)36
36 ! - (

All data used in the model are seasonally unadjusted except
PYBU and U.S. GNP which will enter the foreign exchange
equation. In the case of the export equation, a cheeck has
been performed to see how the results change if both price
__data are seasonally adjusted (PE is adjusted, using the

seasonality adjustment procedure in the TSP): almost no
change for the coefficients and minor changes for the
constant and the seasonal dummies., Repeating the same for
the exchange rate equation, we find no change for the
coefficients, and small changes with respect to the constant
and the dummies. ‘

&
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PFX = spot . foreign exchange rate¢: number of Ca}.

ddollars per U.S. .dollar

: -

' *  The following form is obtained

EX = 1092.72 - 1536.17 [ PE(-3)
(4.04)  (-4.17) -3) .

ta

+ 4289.63 WIP + 0.300836 ,

(5.99) . (2.57) .|
T - 582.704 Q1 + 381.048 - 105.445 Q3 (5.1.20)
(-7%52) ©(4.13) (=1.03) '

P

— R2 = .977 - R2 = .973/ P(6,41) =.285.19

'SER = 183.322 DW

i

2.11 D's H £ -.68

2’
1

All coefficients ve the correct sign. The relative
: ' price is lagged three qugrters, which is a bit shorter as
compared to results seen in the international trade

literature (see -Artus And Young, 1979). The long-run price

/
. elasticity calcula{é at the sample mean is found to be -=0.4
compared to the range of -0.5 to -1.5'reported in the -
\ iite;ature (Artus /dand Young, 1979, p. 666).
(

> In the import equation (as will be seen) the

‘ unemployment rgate used to enter to capture excess capacity.

play the s%?e role. It is found t6 be highly significant but
with the rgpg"sign (positive). One explanation is: as

' unemploy/ent rate increases, final demand declines, but

- "export Mmight increase due to the reduction of the domestic

. It is 'not sure if the above explanatioﬁ ¢an be

mn ark

1

- We also try it with export, but truly we'do know if it can o



"leave it out.

5.1.4 Real Import of Goods and Services (IM)

IM is a function of‘income, rélative price (import
over domestic priées), and foreign exchange rate. That is
the formulation found in the TRACE model and in Rhomberg
(1964, p. 9). /

Since both brices are expressed in domestic currggfy,
there is no room for the exchange rate PFX if it enters the
relative price multiplicatively. To circumvent this
draéback, we;follow Rhomberg and include the aéjusted import
price expressed ‘in foreign currency (i.e., the adjusted
impp?t price is edual to the original import price divided by
PFX).

In many empirical stu@ieé (see, for example, Norton
and Hehderson, 1973, Dp- 69), a vé;iabie expressing excess ~
capégity is added. In our modelrit is approximated by the

unemployment rate. so the basic form is:

IM =.£(Y, PIMA . PFX , UR) (5.1.21)
. P :
where PIMA = import price in foreign currency

UR

unemployment rate

As imﬁqrt responds sloyly to the relative price, we
try various %ég structures. What we find is: when both UR
and relatiwe'price (in ratio form) appear simultaneously, the
latter-is &ot significant; when the former is reﬁbved, prices
are significant but usually not in a ratio form. This leads

us to include UR and besides relative price in ratio form,

Y
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either i) individual®import prlce or ii)ﬂQsdividuaI domestic
price. Thls makes both UR.and relative price significant-
but ﬁith (1),the individual import price has the‘positive
sign,'which ®es not make sénse. Wg choose the (ii)
alternative and obtain the two foilowing equations:
IM = - 'f66.239 + 0.362 Y -~ 1752.050

(-0.63) (14.71) (-1.82)

[PIMA(-2) . PFX(-2)] + 867.579 P(=2)
- P(=2) (2.50) :

- 218.34 UR + 495.509 Q1 ,
(-4.57) (4.28) :

+,537.14 Q2 - '846.765 5 . (5.1.22)
(6.56) (-10. 10) '

RZ = .987 K2 = 2985 F(7,40) = 425.36
SER= 190.183 DW = 1.77

and N o

IM™= -"314.515 + 0.354 Y ~ 2057.71
' (-.24) ° (13.57) (-2.01)
[PIMA(-3) . PFX(-3)] + 942.152 P(-2)
P(-3) ~ (2.64)
- 219.716 UR + 503.237 Q1 o
(=4.64) €£.%6) | :
+ 492.552 Q2 - 871.970 Q3 (5.1.23)
(5.74) (-10.79) ¢

R2 =,,987 R2 = .985 F(7,40) = 432.57
SER = 188.6114 DW = 1.63

As there is no reason to prefer (5.1.22) or (5.1.23)?

the latter is arbitrérily chogen. The income elasticity (
. o

i
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(evaluated at the sgmple mean) is 1‘{\ which is meanlngful

-

while the relative price elasticity is -035 compared to the

. " .range of -0.50 to -1.00 in interna?}onal trade as,reported in
e * A

Artus and Youfig (1979, p. 666). N&te that in the price -

elasticity computation the term P(-2) is not taken into

account. o —

i 5.1.5 Nominal Taxes, Net of Subsidies and Transfers from
: | Federal, Provincial, and Local Government {TAX)

The equation for TAX is very simple. TAX is assumed

. to be related to nominal GNP.

. TAX = £(P.Y)
- ‘ Forlegtimation, apart from the liﬂear fofﬁ, alog-
B K; o form.and'ﬁhe following non-linear form ére tried.y'
max = £(p.Y, (P.1)2] | (5.1.24)
‘ Only the non-linear form (5.1.24) does not spffef .
‘ froh autocorrelation. L Ny ¥ L
B Y 822.993 + 0.305  (P.Y) - 0.00002 (P.Y)2
g (-1.63)  (10.13) (-4.36) ‘
+ 93.125 Q1 - 662.944 Q2 - 517.469 Q3 (5.1.25)
(.51) (~3.64) (-2:85)

- R% =.972 . R2 = .969 PF(5,42) = 289.605
- -~ «
SER = 444.717 DW = 1.82

But the coefficient of‘(P.Y)2 has a'negafive sign,
.. - which is not logical in the Canadian context.\
| | Bétween:the log and lirffear forms, there is a
significaht decline of the DW value frgh the second to the

. ~--—-first, indicating there should be higher misspeéification
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with the log-form. This leads us to select the*linesdr form

estimated by CORC. |
TAX = 1247.46 + 0.174_ P.Y + 169,868 Q!

(3.99) (21.8f) (.98) . L

- 622.143 Q2 ~ 545.225 Q3 " (5.1.26)
=3.33) (=3.26) ,

R = .923 W2 = .915. F(4,42) = 119.37

SER = 484.313 DW = 2.06 RHO = .36 (2.68)

. (Theynpmbef in pfackets\next to the RHO value is its
t-statistic). . |

4 A sm'll.note wo;thy of mentioniné is thaf wﬁen
(5.1.26) is Sgtimatea by two-stage 1e§ff squares, R2

increases from .915 to .989.

 Nominal total government revenues (TR) A
TR is defined as:
TR = TAX + OREV : (5.1.27)

whgre OREV =ﬂother revenues from federal,‘provincial,
‘ and local governfji}s (exogenous+.

-

4

‘5.2 MONEY SECTOR

5.2.1 Introduction to the Basic Structure

5In'the gpecification of tHé‘monetary sector, one
has to answer one important question: which monetary
aggregate is directly controlled -by the central bank?
' In the A%erican literature and textbooks, fhere hés ‘

been an emphasis on the monetary base as the policy

instrument while the mbney supply is considered. ‘to be



————

. »

' | | 0
controlled inﬁireétiy‘(endogepous, thefefore, in the<moaei3;
In our first attempt; the above,iine-was followed: broad
money supply (M2) is endogenoug, and %hq guppl}‘of monetary
bqpe (MB8) exogenoug.y7 Since\EB& centcalhﬁank,cannot
simultaqgously get the monetary.base (and indiréctly,the
monetary supplj)‘and interest rate at'ﬁhatever levels it

- wan&s, once it has decided éo‘set the‘monetary base, the
interest rate will playzipolb of clearing the demand and
éuﬁply of monetgry base. In that framework, a few-ways of '

_constructing the bonetary sector are gpnceivable. A simple
e%ample wili elucidd%e that. ’ |

Dgfine: CUR = curtency

DD = demand deposits
DSN

time deposits
M2 = broad money .
. RS = short-térﬁ interest rate

RR = chartered bank reserves

1. Demand for demand deposits:

] R —— 2

DD / P = £(Y, RS) -

2. Demand for time deposits

. DSN / P = £(Y, R§)

3. Monéyﬁdemand and sﬁpply equilibrium

M2 / P = (TUR + DD + DSN) / P

37 ‘
For convenience of digcussion a bar is sometimes written
over a variable to indicate that_ it is exogenous.

. y " ) S
' -

————"
'

- L]
.
N N
- . »
. ° . .
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4. Monetary base demand and supply equiiibrium o

5]

Eﬁg-*-RR:m oo /

o 5. Demand for chartered bank reserves T

. RR = f£(RS, DD, DSN) _ - | R

There is no need to explain equations 1 to 4. As'to
5, RR consists of requlred reserves\and excess reserves held
by chartered banks. The latter varies—inversely tg RS, 38
while the'forgér is determlned‘by fixed ratide applled to
‘demandnandﬁgﬂée deposits. J ) . : o

'Fo;‘/%h'e sector as a whple; if we make sub,:’s,titu"tion,' "o

: . * o e
we will obﬁain a relationship between the money stock and the

monetary” base through the money multiplier.

If we ignore Y and P which are determined elsewhere

. , 7.
in the rest of the model, the monetary sector is complete

with five endogenoﬁs variables (DD, DSN, M2, RS, RR) and fiv
equations. One among other altefnatives,toifheﬁabove
formulationligaas follows. Treat CUR endogedous (i.e.,

adding an equatlon for CUR which w1ll depend on Y and RS),

-
o

and replace Equation 5 by the equation for (CUR + RR), .e.,

the equatlon of the demand for manetary base whose

.explanatory variables include those which have entered RR
. CUR equations. . | S \
o,

~

38 - ' .
. In estimation, RS is never significant in 5. This migh% be
due to the correlation between RS and DD, DSN.; Thereafteg, .
RS will be deleted from the RR quation.
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™ v Bothgways have been tried. .The aétonishiqg resulgj ‘
was that the model could not converge when simulated, unless
nominalffhterest rate (RS) was allowed to have‘negative
values. And ;?s root-mean square perpéht error {(to be
defined in chapter 7) vas 2ver 20%.  Those' failures force us
to abandon the monetary base as the policy instrumenzw As a
batﬁe?ﬁof fact, that treatment contradicted;the Canadian :'\;
realit?: In the history of‘ganadian.%onetary‘policy, there ”v;/
has'b?enno'attémpt from the Bank of Canada ®© control the
" * monetary base. qucourse; it id inacchrate to say that the
money supply is completely exogenous. ;oja large extent, it
7 is‘?artly endoéenous,-pqrfly exogenous. For the period after
Mgiy‘l_,975", in which the Bank of Canada announced the ?’I/f'tai'ge/t
range, the exogeneity assumptionnis more acceptable. '
. In the offfcigl'1980 v?rsion of the RDXF, a,model ofL
the Bank of Canada,?9 ?ts‘builders'o{fgr two alternatives for .
_the treatment of the short—termkinterest rate: 1t can-be
‘ exogenous or one may want to invert fhe ndney demand equation
)to yield short-term paper r;tp ‘endogenously, given an o
exogenouél& determined mqnex‘subply (Bank of Canada, 1980b,
b.‘200).‘0bviously, the‘mos% cor;ect,ﬁay is to treat M1
endogenous before 1975 II énd eiogendﬁs after that. 1In
p;actice,git is complex to deal simultaneously with both.
'regimeé; we decide to treat M1 exogenous for the full period.

« This is not serious since our optimization experiments occur
¢ .

39 . ' .
g RDXF is a successor of the RM® models and developed for

med}um—term forecast. .It has around 400 equations.
\ e
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after }975 II.. With M1 exogencds, the intérest rate will bel
endogeaous and plays the role of clearing the demaa@hand o

A;dpply of narrow money. This can be done in two ways: L

the demand for M1 is estimated directly, and'no

expiicit equation for interest .rate (RS) or

RS is eétimated directly by essentially normalizing

.y » by

the demand for.money .
The seconiJalternatlve is selected on the main ground
that it will generate a better performance for RS in

wsimulation. This has dlso been remarked by Clinton and
¥4

Masson (1975, p. 3) in thelr monthly model of the* Canadian
e
financial system:

-

~ Interest rdtes themselves are debergined within the
o, tiodel by explicit equations rather than through the
‘interaction of supply and demand...interest rates
solved implicitly from supply-demand relationships
. are apt to track historical data poorly and to behave
impredictﬁbly in simulation. 40

Apaf% from ‘the Justlflcatlon of good tracking,
estlmating RS dlrectly flts the Bank of Canada monetary
conduct after May 1975,‘yhlch aims at acHieving the level of
RS”CtHrough the aodetgry base) an such a waf that the supply
of money will equal its target, given forecasted prlce and
‘1ncéme (see Parkln, 1982, pp. 453- 456)

‘ We can now move to the speciflcatlon of the monetary

1l

sector. As before, for ease of understanding, the basic

structure is expiaineﬂ first.

: . ’ -
40
In our simulation with the demand for money estimated
explicitly, the root-mean square percent error of RS is around
3% higher, which yields worse results for GNP.

P
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Basic structure

1. Demand for currency : : L
'GUR/P = £(Y, RS, V) |
. 2. Demand for dememd deposits -
© DD/P = £(Y, BS, V) ' .
' 3. Narro& money demand and suipiy in'equilibrium
(CUR + DD - MT)/P = 0
' 4. Demand for time deposits

¥
DSN/P = f(Y,'RS, V) .

5. Short-term interest rate

]

RS = £(Y, MT)
P R
. o , }
6. Demand for chartered bank reserves
RR = £(DD, DSN) . " - \ )
. 4 , o
y ‘ . 7. Broad money, S
M2 = WMT + DSN, .
_ 8. Demand for meetégy base -
MB = CUR + RR -
| 9. Real fi

V = (MB + BOND)/P \
‘ | Again, if we ig}loré\Y and P which are determined
elsewhere, and BOND (government debt held by the_pri?ate
sector) thch is determined from the éoverpment budgefﬁ
constraint, there will be ﬁine equations but only éight
endogenous variables: GUR, DD, DSN, RS, RR, MB, M2, V. One
equation has to be deleted. Note that‘by chaﬁce 1,2, énd 3.

14

“can be satisfied.simultaneously.o.xn other words, either CUR

or DD must be derived residually from three, and its equation

:
LY

« T
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deleted. We choose to‘%elete 2 and derive DD residually

" for good tracking purpose. This-is understandable as the

-

) 5
currency equation is much more stable than the demand deposit

‘ . - ¢ ' -
~equation (this will be clearer in Seetion 5.2.2). The choice

affects, however, a few fzgﬁncial variables such as CUR, DD
‘(seriously)y aqd'RR, MB (slightly) and leaves unalfered.the
remaining véfiables of the model. The reason is sﬁmplq. Any
" “choide of either CUR or DD 'as a residual will affect MB which

leads to a change of BOND in.the opposite direction, leaving

financial wealth V intact: As V remains constant, and

t

interest rate is determined by an exogenous M1, the product
sector is insuléted. ) \ N
So*is the basic struct rév In reality, the money

sector is a iiptle more cémplex, for example, pihe\dépositoa
rate enters DSﬁ'rather‘than the short-term rafe RS etc...It
has two more equations for the term structure 'of interest
rates, in total, ten equations; (eight from theibgsic\model
- noté%that either 1 or 2 has tobe left out from the
basic model). : ' ', , ) ) '

Let us move to the full'specfficatién.- ' .

4 -

- 5-2.2‘Demand for assets$ o ; ;

. In Chapter 7 we will present simulation results of
two alﬁernatiyes (first DD is derived résiduall&J then CUR,is’
derived eesidually); therefore, here we will discuss the

fi;BBlﬁglon of both DD and-CUR. .

3

]
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In theory, demands for assets depend on real income,
positively on their own interest rates and negatively om "
competitive‘}é%és, an@ finaliy on'yealth. In estimation, one

s . . t f
“ﬁsually.encounters some problems regarding interest rates -and
: PP _ |
wealth. . '

-~

/  In our model there are five types of interest rates:
1) short-term interest rate (RS) measuréi by the

90-day finance coﬁpany pgper'rate41/ |

1£) ti’,m;e deposit I;ate' (RTD)42

%ii)'long-term interest rate (RL)

b

iv) . short-term interest rate (RSU) measured by

the U.S.‘90-da& t-term paper rate

v) U.S. long-'erm interest rate (RLU)

Through the term structure of interest rates, other
Caqadian rates are related to the short-term rate. And the -
latter generally moves along the U.S. rate. So, collinearity
among g}fferent interest rates makes their co—exigténce

hardly significant inlestimayion.

As to wealth its significanée in the demand for money

._studies is' not widely found. There should be two reasons:

b .
i) multicollinearity between Y and V

-  —— — — ——— ———— hn —— -

41

There is now a tendency to use the 90-day finance company
paper rate rather than the 90-day treasury bill; see, for
example, Cameron (1979), Clinton and Lynch (1979).

42 . .\ " )
Time deposits consist of: i) personal deposits at chartered
banks and ii) non-personal term and notice deposits at M

chartered banks. The rate on time deposits is the weighted .
average of the rates of (i) and (ii) (date obtained from the
Bank of Canada).
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ii) aggfega%ion: while there is reason to spéculate‘
. its influence in time deposits, one is less
~certain of its role in money for transaction

L ' purpose.

™

Due to these problems we start with the following

basic forms for asset demands:

o DD = f£(Y, RS)
. P A . 3
CUR = f(Y, RS)~’
P . -

, DSN = £(Y, RS, V)
7

More complexity will be introduced at later stages.

a. Demand deposits (DD)

o The basic form

DD =-f(Y, RS) ° C o (5.2.1)
T C .

'is estimated in three versions:

i) linear form |

ii) log-form for every term |

1ii) log—form for all except RS

(A1l logs are natural)

In log-form equations, certain studies prefer to let
RS enter linearly to avoid one theoretical shértcoming: for
example, if RS enters in log-form, raising i'(; from 3% to 6%
would imply the same proportionate effect on:the ésset demand
as an increase from 6% to 12% even though the absolute'profit

incentive in the seéond case is double that in the first \ -

(White, 1976, p. 123).

. . ! e

.
5 1
. / ., PR
. . . I, o -~ . n

+
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Thé first result obtained from the basic form shows

all versions suffer from serious autocorrelation. For

~N
example, in linear form: !
] 1 o ‘
DD . = 4458.60 + 0.122 Y - 68.432 RS - 126.385 Q!
5 (12.60) (8.23) (=2.09) (-.86)
+ 230.163 Q2 - 382.678 Q3 (5.2.2)
" (~1.60) (-2.66) A
' R2 = .661 W2 = .621 F(5,42) = 16.39" Y
SER = 350.821 DW = .40, g /

B2 is also very low; this leads us to add two postal /
strike dummies: QMAIL74 (1‘in 1974 II, O elsewhere) and )/
QMAIL75 (1-in 1975 IV, O elsewhere), based on a study by //
Clinton and Lynch’ (1979, pp. 34-36). One observes that /

/
postal strikes had the effect of increasing real cash{ J
43 - o ' "/
balances. L. N /
// - ‘k,
DD = 4593.04 + 856.535° QMAILT4 + 566.239 QMAILTS’ ‘
P (13.67)  (2.33) (1.63) y
." R /
+ 0.124 Y -~ 98.787 RS -.98.061 Q1 ’ , -
(8.87) (-3.01) (-.70) \
- 265.956 Q2 - 340.566 Q3 , (5.2.3)

(-1.88) (-2.47)

- R2 =..716 R®2 = .667 TF(7,40) = 14.43
SER = 328.910 DW = .28
The dummies are found to be éigniffbant, improve R2,

but autocorrelation still exists. ; .
- S - :

43 ‘ -

Mackinnon (1980) offered a plausible explanation: as postal
strike tends to deﬁgy customers' payments to firms which
cannot postpone their financial obligation (e.g., payroll)
and have to borrow, the Bank of Canada has to accommodate
this additional and temporary demand for liquidity.

-
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'From the_ab&%i results it seems some dynamic ‘
meqhanism is necessary. As usual, a search for 'the
appropriaté lag structure is undertaken by trying vario&g \
combinations of lagged and unlaégéd explanatory vari;bles,
join%ly with a variety of interest rates kexcept RLU). A few
interesting things emerge: '
i) RS(-1) is never significant beside RS
cii) multicollinearityvérises when different interest
rates are together | ’
"iii) the log-férm is generally better than the linear
form
iv) wealth is not significant
® V) ;hen lagged dependent appears, the combination of
log (Y) and log (Y(-1)) prevéil over log (Y)
alone. Indeeq[\\\\ n

Log DD = 0.828 + 0.062 QMXIL74 + o 082 QMAIL7S

P (2.10) (2 49) . ' (3.44) .
+ 0.140 Log Y - 0.087 Log RS + 0.768
(3.82) (=-5.66) (11.13)
Log DD{-1) - 0.057 Q1 - 0.031 Q2
P(-T) (-5.46) (-3.16)
- 0.031 Q3 - | (5.2.4)

(/_3'24) ’ ) ‘ ) .

R = .9%39 - R2 = .926 F(8,39) =-74.58

= 1.18 .

SER = 0.023 DW = 1.70 D's H

17 + 0.067 QMAIL74 + 0.076 QMAILTS
24) (2 88) (3.40)

72

3.3

4 Log Y. - 0.587 qLog Y(—1) - 0.079
) * (-2.70) (-5. 46)

Log QD = 0.8
P (2.

2
+ 0.
(3
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(12.06) (=3.71) o

- 0.089 Q2 - 0.092 Q3 * (5.2.5)
: (=3.81) (=3.79) o

~

* \
Log RS + @.773 Log DD(-1) - 0.042 Q1
:—- :

RZ = .949 K2 =.936 F(9,38) = 77.75
SER = 0.021  DW.= 1.62 D's H = 1.47

From (5.2.2) tgﬁ(5.2.5),'§2 increases tremendously

from .667 to .9%6. Autocorrelation disappears. The long-

-

~term elasticities of real demand. deposits with respect to
'income and interest rate are .61 and ~.35. Ih the

’literature, there is more evidence on the demand for money

elasticities but less report on the demand depoéit
elasticities. We have to rely on the Bank of Canada study by
Clinton and Lynch (1979) which ran the following equation for

demand deposits:44 ‘ . ) i
TN

Log DD = f [QMAIL74, QMAIL7S, Log Y, RS,
P

Log DD(-1) ] . (5.2.6)
P(=1) ’ ' . ‘

Their data seem to be the .same as ours. Based on

»

their reported coefficients, the elasticities can be
calculated and are .79 for income anQ -.35 for interest

rate. Our income elasticity is lower for two reasons:

el

differences in period estimatigﬁyand equation form. To

eﬁﬂun Clinton-Lynch equation from

-

pinpoint the exact cause, w

.

44 -
Also see Wirick (1981, p. 254 and p. 258) for income

-elagticity comparison.

«
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%967 I to 1978 IV (i.e; éur estimation period). The fesult,
is a little worse coméaréd t6 (5.2.5), and income elasticity
does not change much @655. So, the main cause is diffepence

in period estimation.

Although (5.2.5) is satisfactory, we also 'run it with

-
-

log (RS) replaced by RS. The new equation is better and most

preferred. |
Log DD = 0.638 +\0.079 QMAIL74 + 0.077 QMAILTS *
P (1.80) -46) (3.58) -
+0.733 Log\l 5 0.592  Log Y(-1) - 0.012 RS
(3.50) (~2.85) (-5.99)
+ 0.782 Log DD(x1) - 0.043 Q1 - 0.091 Q2
o P (=3.99) (-4.07)
- 0.093 Q3 - | (5.2.7)
(-4.0) o

R = .953 R2 = .942 F(9,38)—=85.18
SER = 0.020 DW = 1.61 D's H = 1.50

The long-term-elasticities with respecfntb income and

P

interest rate are .65 and -.41.

b. Currency (CUR)
*
The demand for currency in principle should have the

same form as DD. We follow the same steps taken for DD. One

small difference is that the USS. short-term interest rate is

"gignificant élong the.Canadian short rate. Rathe{‘than

repeating the whole procedure, we repo¥t only the Eést

equation for CUR.
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Log CUR = - 0.120 + 0.014 QMAIL74 + 0. 037 QMAILTS
P (-.84) (.93) (2.60)
+ 0.867 Log Y - 0.481 Log Y(-1) ~ 0.007 RS
(6.38) - (=3.16) (-3.69).
+ 0.00% RSU + 0.547 Log CUR(=1) = 0.003 Q
(2.17) (5.22) P-TT (-.32)
- 0.064 Q2 - 0.080 Q3 3 (5.2.8)
- (’3'97) (“5066) * ' i,
C~—— . ) ' LW X . ' ‘ '
R® =992, 'R? = .990  F(10,37) = 480.49
SER = p!bfs DV = 2.18 D'sH=-.90 |

The positive sign of RSU is con31stent with the view
! .
that real cash balances are negatively related to the

Canadian rate and positively related to the U.S. rate (see

LChoudhry gi al., p. 47, for the TRACE model).. Long-term

elasticities are .85 for income and -.12 for interest rate."

o
N ‘

c. Time deposits (DSN)

From the results of demand deposits and currency, we

might figure-out that without lagged dependent variable,

‘autocorrelation will plague the DSN equation; furthermore, we .

might guess better results would be obtained not from the
inclusion of the short-term rate RS but from the, own rate of
time deposits (RTD). Finally, without surprise wealth turns
out to be significant.

For tﬁe estimation period there was an important
evenf,\the introduction of the®Bank Act Revision in 1967 III
which removed interest ceiling. Aﬁdummy will . be included to

take into account of this structural change. As an initial

N

e
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- gstep we'éan examine the following equationg
' DSN = -8530.11 + 1279.69 QBANK + 0.252 Y - o
P (=3.82)  (1.89) (2.02) . -
. 1
+ 194.422 RTD + 0.152 V + 0.734 DSN(-1)
bene 75(2.06) (3.70) (9.46)"P(-T)
g§g§,726 Q1 + 170.380 Q2 - 978.168 Q3 © (5.2.9)

.14) (.61) (-3.10) -~

R = .994 E®2 = .993 -P(8,39) = 812.88

\\v/’,‘- . SER = 629:235 ' DW = 1.67 D's H =-1.%4

where QBANK = dummy, 1 in 1967 III and O elsewhere, to
capture the effect of the Bank, Act Revision
RTD |

[

interést rate on time deposits

e

<t
1]

real wealth (liquid agsets)
e »

o

, The equation performs extremely well. fhe dumny-is
gsignificant. RTD has the right sign as expected. Also is
wéalth.. There is ;o éymptom of autoéorrelation.

We also find the equation can be improved on many

régpects (R2, t-statistics, DW) when RTD(-1) replaces RTD.

- 10168.6 + 1581.50 QBANK + 0.280 Y

DSN =
T (=4.51)  (2.43) (2.46)
. ' % 275.057 RID(<1) + 0.181 V + 0.686 DSN(-1)
(3.00) (4.39) (8.98) P(~T7 ‘
b+ 87.909 Q1 + 288.459 Q2 - 865.000 Q3 (5.2.10)

(.26) - (1.07) (-2.86)

R2 = .995 R2 = .994 F(8,39) = 902.63
SER'= 597.317 DW= 1.70 D's H = 1.21
Finally the best equation is obtained when V(-1) is

also included. e
-

A
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DSN

. . . <
of the time deposift rate (either in linear or log-form)
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- - 6448.18 + 892.036 QBANK + 0.271 Y

(-3.32)  (1.67) (3.00) T
+ 135.015 RID(<1) + 0.361 V - 0,282 V(-1)
(1-73) : . (7.36) (-4.92) -

+ 0.781 'DSN(-1) + 729.339 Q1 _.
(12.30) “P(~TJ). (2.44)

+ 950.036 Q2 + 3.906-Q3 % ‘ (5.2.11)
(3.76) - (.01)

¥

e

“IR2 = .997, R2 = .996 F(9,38> = 1281.96-

SER'= 473.039 DW= 1.82 D's.H = .70

We also try (5.2.11) in log~form, but the t-statistic

declines tremendously with a value barely exceeding 1.

N

5.2.3 Short-term interest rate (RS)

This can be seen as follows.

Essentially it is the Rormalized demand for money.

k] .

Let: mid = £(y, RS) - S

’

M‘T:Nﬂd ' ) ' 3

whefg M19 is thé demtand for money. Solving these,two

L

equations: ' ‘ . \\;§:>
RS. = £(Mi, Y) ‘ o
- , :

\J

In the TRACE model (see Choudhry et al., 1972, p.

o«

‘6912, M1 is sc%led down by income. There are a few reasSngA

TREY T “ .
‘?)\x;. - -
X @ “ .

-which compel us to.follow the same line:

-

‘Y
¥y

. collinearity betwen Y and %l“.

v
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the search for an appropfiate dynamic structﬁre

: 4 w111 be difficult if both _l;l and Y are introduced
in the equat}on
. ; -~ as there are a lot of variables (iﬁcluding foer-

extra qummies besides seasonal dummies) in the RS

Py

equation, this would save degrees of freedom

- and finally; the goodness of fit and statistical
& .

: , | gignificance are better with the scaling.

So the main explanatory varleble is M1 . A second
L] .

one is the U.S. short rate RSU which plays an importgnt role

-
2

since the Canadian rate ueually moves alongside. Of course

o

“thd¥e are alsé'postei strike dummies which affect real cash

balances. Apart from these there are two extra dummies: -

S,
b - QPFX: 1 in 1971 II, O elsewhere,'to capture the

- ,effect of the Bank of Canada measures in moderating

I

‘the exchange rate appreciation rlght after its
o : ’ floating (for example, intervention in the exchange
‘ - . .
\ ,2 market, reduction in the bank rate, exhortation to

borrowers-xo obtain their funds in the domestic

-

Id

market) L
- QMR:* 1 in 3973 IV 0 elsewhere, To capture the
"lagged effect of the Bank of Canada measures in
'restreining the monetary growth.
" In eﬁort,uvhe basic:foem is®

‘ . F ]
35 = P(QMATL74, QMAIL75, QPFX, QMR, RSU, Mt , Q1, Q2, Q3)
- Y (5.2.12)

I3

The first thing we can predlct is that (5 212)

suffers from serious correlation.
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. RS 13,850 + 1.649 QMAILT4 + 2.095 QMAILTS
- " (6:69) (1. 48) "~ (2.01)
a . _ 2.456 QPFX + 1.010 QMR + 0.512 RSU
_ T T Celze) T (h9) (5297)
=~23.394 M1+ 0.355 Q1 -\0.072 Q2
£k (35.15).7.¢ (.82) (--16)
| - 0.663 Q3.
. - (=1.51) *
' » B2 :.767 E2:.712 F(9,38) = 13.89
SER' = 0.990 -DW = .56 o
8} $ ' * v
" - When thg lagged dependent variable is added,
“ gutbcorrelation does not disappear either, élthouéh 14
‘) . improves substaﬂfially. - o 'iﬁ /
' RS 4.356, + 1.648 QMAILT4 + 1.458 QMAILTS
© . N (2 o7) (2.10) . (1.96) )
® ‘- 1.583 QPFX ¥ 0'995 QMR + 0.283 RSU.
" o (-2.11) gg (1. 33) (5.99)
- 7.495 M1 4 0.576-RS(~1) - 0.084 Qf
- (-1.90) T-¥ (6-26) < (=.27).
. +0b 189 Q2 - 0.009 Q3 . )
o ©(%60) (-.03) : = -
o . 'R%=.887 W2 = .85 F(10,37) = 28.98
Lol oo ) ‘
o .f 'SER = .699 DW= 1:13 D's H = 3.90
. . . ) ' ) :’: , -
ke .'\.\ o _ After a long search for a more complicated lag

form:

L4

mm
t

3

-

‘da’p ; strnpture;'bur‘begt equation is obtained with_ the foilowing

[QMAIL74, QMAIL75, QPFX, QMR RSU, RﬁU(w1),

M,

Mi(-1)
F.Y 7t

P=T7.Y(-T)

RS(-1)]. . .

(5.?,15)

* '4"0



RS ='3.278 + 1.374 QMAIL74 + 1.905 QhAIL75
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(5.2.15) is also tried in log form, but the linear form has a

better fit. Below we present (5.2.15) in both forms:

Log RS = 0.235 + 0.154 QMATIL74 + 0.273 QMAILTS 7
. ' (1069)- (1'91) (3045) - /.
- 0.320 QPFX + 0.125 QMR + 0.559 Log RSU '
| (-4.22) (1.57) (6.37) :
" '~ 0.454 Log RSU(~1) - 1.785 Log M1: + 14541 ’
(-4.50) . (=3.01)  P.YX__A«Z.81)

Log M (=1) + 0.729 TLog RS(=1)
P(=T).Y(=T) (9.57)

.- - 0.071 Q1 - 0.189 Q2. - 0.217.Q3 = (5.2.16)
(-1.84) (-2.52)  (-2.80) :

4

E

R = .945 R2 = .926 PF(12,35) = 50.19
SER = 0.070 DW ='1.60 D's H = 1.64

(2.09) (37 50) . (3.76)

- 1.501 QPFX + 1.389 QMR + 0.614 RSU
(~3.08) , (2 64) (7-57)

-~ 0.533 RSU(=1) - 26. 873 M
(—5-52) {-2.78) T.¥

‘+ 23.443 Mi(-1) + 0.773 RS(-1)
(23 67) F(=T)-T(- T) (10.12).

~70.511 Q1 - 1.297 Q2 = 1.389 Q3 O (5.2.17) .

R2 =..955 RZ = .939 F(12,35) = 61.62 -
“ SER = 0.454. _DW = 1.65 " D's H = 1.42

All cgefficients in (5 2. 17) are well significant and

. (=2.07) (-2.55) (-2.72). . .,

~iié.ve the expected sign. To (5. 2 17) the rate of  inflation in .

various lagged forms 1is included; but it is not: significant,

_and R2 declines.
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5.2.4 Demand"for'Chartered Bank Reserves (RR)

RR consists of required reserves and excess reserves.
Chartered banks were required to hold reserves of 12% against
deoand deposits and 4% against time depqs}té.45 The
.Government of Canada deposits at chartered banks are oounted
as demand deposits. Excess reser?es theoreticaily vary
in@ersely with interesf'rate. As mentioned in footnote 3% of

this chapter, ‘the latter is never. 31gn1flcant maybe due to

its correlatlon with demand and time dep&%;ts. This leads us

to formulate 'RR in a very simple way. »
= f[.12 (DD + DG), .04 (DSN)] = - . (5.2.18)
where\« RR, DD and DSN have been defined as before and ,
> QG = Government of Canada deposits at chartered banks
The.eqdation performs well in this form:
RR := - 60.305 + 0.077 (DG + DD) % 0.015 DSN
- (-1.64) (8.26) . (4.14)
- .
(7 91) - (3.87) (1.30) |
+ 35 900 Q3 : : ' (5.2.19)
(1,.95) : s -

R2 = .999 R? = .999 F(6,41) = 6692.92
SER = 42.665 DW= 1.95 D's H = .18

As R2 is very high, there should be no worry for the

exclusion of the short-term interest rate.

-

45 )
Jin practice, these ratios are not applied to the current
- level of those dep031ts but to their lagged values.
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‘ ‘Before we start the éiscﬁssién on the term structure
of interest rates, we l‘ike te remind that therAe still exist
in the money sector four’ identities defining the equilibrium
condltion for money, the demand for mone tary base, broad

money and real financial wealth (see section on the basic(

.str\.?u'e). ~ ¢

. -

Narrow morey demand and'supply in equilibrium

- %

(5.2.20)

L4

"CUR % DD - Mils O ~
P ~y -

Depending ;:\\ggther CUR or DD is explicitly
specified, (5.2.20) will determine the other residually.

[y

Broad money (M2)

M2 = M1 + D&N | o < (5.2.21)-
The presence of broad money (M2) is necessary since

it willléntgrxﬁhe fdreién exchange rate 'equation.
[\ - N B -~ .

Monetary base (MB) : .

’

MB = CUR + RR S ' ., (5.2.22)

MB will enter the government budgét'cohstraipt

L4

Real financial wealth (V) o

(MB + BOND)/P B \ (5.2.23)

' u

5.2.5 Term Structure of Interest Ratés

As the short-term interest rate RS plays the main

. role of determining the equilibrium condition of the money

v
PR |

mdarket, the other interest rates (long-~-term and time deposit) ’

have to be linked. to it.

d .
.
\ L P
i
.
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a. Long-term interest rate (RIL)

- ' Its function is derived from expectation models of
the term stfugture of interest rates (for a summary on thg
term structure theories, see Mésera, 137?, Chapter 1).
Accofdingvto'the expectation theory, the return from holding
a n-period security is equal to‘the expected return from
holding a series of one-period securities over n periods.
Then: ; .

g ?(1 + RLt) = (1 + ¢RS§) (1 + tRSE4q) oo (1 + tRSt+n-T)

there tRS%+1 denotes the expected one-period of return for

period t+i, conditional on information available at time t.

As tRS%+i is unobserved, the usual assumptioﬁ isithat
it is a d{stributed lag functioﬁ of,actuai RS with ) -
geometrically declining'wgights. 'This yields:

L = f[RS, RL(-1)] : Co.

or in estimation form:

RL ' = 0.547 + 0.129 RS + 0.800 RL(=1) + 0.066 Q1
(1.57) (3.83) (14.52) " (.50)
0.343 Q2 + 0.165 Q3 ' " (5.2.24)
(2.63) (1.28)

@

R2 = .927 ®2 = .919 F(5,42) =-107.105
SER = 0.316 DW = %59 D'sH = 1.52

k4

’ idoking at R2, we believe the equatign can improve.
We céh imagine of adding U;S. interest rates. Both U.S. short-
term and long-term rates are tried with various lag |
structures. The long-term rate is‘fppﬂd to perform better.

The following equation is.our most satisfactory one.



RTD = - 0.312 + 0.776 QBANK + 0.558 RS

- - 111

RL = 0.147 + 0.148 RS = 0.099 RS(-1)-~
(.57)  (3.37) (-2.12)
) + 0. 729 RLU - 0.575 RLU(-1) + 0.801 RL(-1)

(4. (=3.14) (7.96)

+ 0.062 Q1 + ¢.219 Q2 + 0.133 Q3 ' '(5-2,55)
(.65) . (2.36) (1.47) ~ - ‘ X

R2 = .967 W2 = .961 F(8,39) = 143.99.

= .26 e

\ ‘SER = 0.220 DW = 1.94 D's H

. .we B2 jncreases from .919 to.961. DW ot D's H-
statistic is also better, and coefficients have the correct

——

sign.

b. Interest rate on time deposits (RTD)

‘The formulation is straightforward and ad hoc, based

on a similar treatment found in XKuh and Schmalensee (1973, p.

.164 and p. 168). RTD is related to the éhort term rate with

the dummy QBANK 1ncluded to capture the)effect of removing
interest ceiling by the Bank Act Rev131on in 1967 III. ~

The following form is found not to- suffer from

- 3

autocorrelation.

+

»

(-1785) (2.84) (13.85) .

T~ 0.259 RS(-1) + 0.705 RTD(-1) © (5.2.26)
(-4.09) (11.96)

RS = .976° "2 - f973 "F(4,43)

SER = 0.259, DW = 2.08 D's H
' |

'§easona1 dummies are not signifiéant'and left out of

428.98
-.30

fhe equation.
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U.S. short-term rate RSU is also;tried, but its-”
influence is too small and is never gignificant. One réason,
might be that RSU cannot approximate U.S. time deposit rgte. \ }
Below we present one version with U.S. rate included.

RTD = - 0.383 + 0.833 QBANK + 0.503 RS
(-=2.13) (2.98) (7.89)

- 0.2%7 RS(-1) + 0.060 RSU - 0.0%1 RSU(~1)
(-2.96) (1.05) - (~.55)

+ 0.723 RTD(-1) . ' (5.2.27)
(11.73) .

R2 = .976 * B2 = .973 P(6,41) = 28%.21

SER = 0.260 DW = 2.05 D's H = -.20
5.3 GOVERNMENT BUDGET CONSTRAINT

If specifies that the total flow of government
expenditure must equal the total flow of financing of all
sources (taxes, government bonds, high-powered. money),
restricting therefore the freedom of the government in
assigning arbitrary values to policy variables. Given n
policy variables, at most n-1 can be assigned arbit;arily;
the remaining one must be determined residually. Another
important aspect is that, to the extent %hat the crowding-out
effect can take place following a‘fiscal action, the-
government budget constraint (GBC) provides the necessary
liﬁk between the fiscal sector and‘the rest of the economy
(Choudhry, 1976). , .

In theoretial studies, the GBC is usuglly dex'pres‘sedl‘t

simply as:
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MB - MB(=1) + BOND — BOND(-1) = P(G - TAX) . - (5.3.1)
- ‘ ‘

where G total real government spending .

1

Tax = nominal tax revenue

In reality, the relationship is highly complex.
\mvgp have an idea about such complexity, we presenf
below‘the.components which constitute the left hand side 6f
the federal GBC as formulated in the most disaggregated .
econometric model of Canaﬁa, the RDX2 (see Bq&? of Canada,
1976) . | '
In the RDX2's formulation, the right hand side is
defined as the.féderal government'deficit:(sur%}us) on a
national account basis and equal to the left hand side which
consists of the following elements:
i) + change in %he monetary base
ii) + change in the stock .of federal debt held by the
'private sector h
iii) - change in the fgderal government cash balances
(exogenous in the RDX2) ';' -
iv) + difference between corporation tax collected
and accrued "
v) - change in foreign reserve
vi) - changes in miscellaneous assets and liabilities
’ aééounts,of~the government of Canada (exogenous in

. -the RDX2 and derived residually)

2

The right hand side is much more complicated with a

high ' number of exogenous and endogenous variables reflecting
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different types of taxes or reévenues (for example, federal‘
personal income tax, other fedéral personal direcf tax,
federal corporation-income tax, excise tax and duties
etc;..); different tgpes of expenditures (federal wages,

federal current wage expenditure, unemployment insurance

benefits etc...). ‘ -

It is well.clear, in the context of a small mpdel,

“that an over-simplification is needed if one wishes to

incorporate the GBC into the model.

Let us logk first at the federal GBC. Its deficit
(surplus), on a national account basis, inéludes the
following items in nominal value (please refer to any issue
of the System of National Acggunts): ’

i) - TRF = federal total revenues (==@ax + Dther

revenue) \ -
*ii) + GF = total federal current expenditure
(= Current expenditure + Other current expenditure)
1ii) + GFCF = federal gréss capital formation
iv) - GFDEP = federal capital consumption allowance
(i.e., depreciation) |

Note that 'Other revenue' is just the sum of all
components which do not belong to the éategory '"Tax' (for the
time being, let's assume we know well what constitutes
‘Tax'). In the same way, 'Othér’current expenditure' is the
;EQ of all'items which do not belong to 'Current ‘

expenditure'. Let's denote 'Current expenditure' by GI10F and

'Other current expenditure' by G2F. Because, in our income

&
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éqﬁiﬁ.brium equation Tsee.Equat'ion (5:1.1)), both G1 and G2
include government current expenditure, (not total currén‘&
expenditux:e) and government investment, it is desirable to
combine G10OF and GFCF into ane component (call it GIF).
Then, the right hand side of the ‘federal government

budget constraint is:

F + (GIF + G2F) -"GFDEP- ‘ o
: f/l% Lét's now go back to the left hé.nd side of the
federal GBC as formulated in the RDX2. We now lump all items
(iii, iv, v, vi) together into a single component. Call it

by the name 'OTHER' (it is treated as exogenous). The left

hand side is now: o '
N o 1
"MB - MB(-1) + BF - BF(-1) + OTHER ‘

(BF = federal debt held by the private sector)
. Combine both sides: '

MB - MB(-1) + BF - BF(-1) + OTHER = (GIF + G2F)
- TRF - GFDEP ‘ (5.3.2)
Since there is no capital stock in ourf‘ model,
“depreciation does nqt Aexist either. Let's include it in
'OTHER".. |
| (5+3.2) becomes: ‘ / )
MB - MB(-1) + BF - BF(-1) + OTHER = (GIF + G2F)
— TRF \ . - (5.3.3)
It is obvious that the item.'OTHER'is just the
balancing it‘em to make both sides of the G;BC as defined
above bé.lance. It will be derived as a residual and

congsidered as exogenous (we treat it in the same way as the
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item 'changes in miscéllaneéds asset and liabilities account

of the Government of Canada; inJﬁﬁe RDX2 equation). ‘
Eirst of all, regarding (5.3.3), we have to say

immediately it.reflects the budget constraint of the federal

government.
* »
In Canada, there are three levels of governments

(ignoring Hospitals, Quebec Pension Plan, Canada Pensign
Plap). Only the federal governdent has the right to print
money. But the prov}ncial and 1o§al goggrnments can‘gssue
bonds. In other words, if we generalize (5.3.3) to other
levels of governmént, tﬁe terms MB - MB(-1) will disappear in
thé~provincial and local govérnments' budge} constraints.

So, if {5.3.3) can be accepted for the federal
government, a generalization can be made to consolidate all
three levels of go?ernments such that we now have:

7IMB - MB(=1)] + [BOND — BOND(-1)] + OTHER

—

.= P(G1 + GIR) - TR (5.3.4)
h ; ‘ ‘
where TR = nominal total revenues from three levels of
\ governments46
G1 = real government expenditures (= current
expenditure + investment) from three levels of
' governments -
- < f
46 N

The variables TR and G1 have appeared earlier 'in Equations
(5.1.1) and (5.1.27) respectively.

1 | )
, | i o
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) ' £
” G1R = other real current-government expenditure from
¢ ! .
T f%- three levels of governments (exogenous) ,
. . | — .
MB+ = monetary base : »
BOND = stock of government (ypree levels) debt held by

the private sectord’

OTHER= balancing item‘(exogenous)

<

Two remarks should be made:

i)Zﬁince TR and MB are endogenous elsewhere in the

model, an& G!, G2R are exogenous by assumption, <BOND is the
\ .

only remaining instrument which must be determiﬂed
endogenously and residually from the budget contraint. N

ii) The term 'OTHER' is the balancing item. It is

*

treated as exogenous and includes a variety of variables, one

of them is the change in ‘the foreign reserves. Under a

&

system of flexiple exchange rate, the change in foreign

; ¢ ﬁ .
reserves, by definition equal to total balance of payments,

-

is theoretically zero. There is no problem in t¥eating it as
exogenous and lumped into 'OTHER'. But under a fixed

2
‘exchange rate regime, 'foreign reserves' is endogenous. Our
AN
treatment is surely not appropriate. But as we argued N

earlier in the previous chapter, the exclusion of the foreigﬁ
regerves should not cause any serious problem for our optimal

control exercises which will take place in a flexible
< ' a rd

D S e S S D WD G e S S——— — — b

47 .
Data for provincial and local bonds are obtained from the
Bank of Canada. Data for federal debt are taken from
CANSIM.The types of federal debt entering the federal GBC.
were described in the RDX2 manual (see Bank of Canada, 1976,
pp. 214-215). \ -
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exchange regime. Furéhermére, the GNP'price is used as'a

proxy for total government expenditure price deflator; any
~ deviation in the amount of nominal ‘government expenditure
HFeaused by the 3pproximation is also captured by the- term -

'OTHER!. _ ‘ | i‘ﬂ/

’ r

5.4 FOREIGN EXCHANGE RATE (PFPX)48 .

X The Cané@iah foreign exchange rate wég fixed before
June 1970. After that it has been floating again. qu
’creatment'is ‘that from 1967 I to 1'970‘II, PFX is assumed to
be efogenous, aﬁd from 1970 IIIron it is endogenous. '

Much of tﬁe recent work on floating eichange rates

goés under the name of the 'monetary“ or 'assegvﬁbiew' the
exchange rate is v1ewed as mov1ng to equilibrate the .
1nternational demands for stocks of assets (see’ Frankel, ;9791
and particularly, Bilson, 1979, for a survey of ‘the asset
vie'w)T This view emphasizes -~ +the role of the supply and
demand for monieé (or assets) as stocks, in contrast to the
traditional flow view whose‘analysis is'based on thg components\
of the balance qf payments (BOP). Of course, as Bilsqn noted,
in a fully .specified general equilibrium system any excess
supply of money is balanced by an offsetting excess detand

+ for goodé aﬁd non-monetary assets, so that the balance of .
payment components view and thé monetary view are equivélent
ina fuily specified model.

48

The formulation of the foreign exchange rate and the
presentation of this section are drawn heavily from a study
by Frankel (1979).

‘
-8 ' ’
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-
’\
—
.
L V4
"~

With respect to the trqditional flow view, while the

<

theoretical aspects of the current account are comparatively

" well developed, and the idpqrt and exporf demand relations

A

are highly standardized, the theory of capital account
relationship is not well formalized. Mos} of the empirical
studies provide poor stat%gtical risults (see Leamer and
Stern, 1970, Chapter 4). A typical example is the Canadian
RDX2 model (Bank\cf Canada, 1976): while the short-term
capital flow is determined residually from the BOP identity,
the long-term capital flow equations (12 in tctal) exhibit
very low R whicn are, in most céses, below*.SO. - ' ©
. We have tried to bé}ld our fdrelgn exchange sector,

based on the traditi&nal view, but our results are not better

at all. It is then decided to pursue the asset view which

" provides us with éncouraging ‘results.

Regarding the asset view, within 1% there are #wo

different approaches which lead to conflicting implicationse

for the relationship between the exchange rate and- the

'Chicago' theory. It assumes prices are perfectly.fleiible.

In consequence, changes in'nominal interest rate reflect

" changes in the expected inflation rate. An increase dn the .

~

dcmestic interest rate reletive to the foreign rate is due' to
higher domestic inflation, to the fall in the demand for |
domestic currency ‘relative to the forelgn currency which

causes a depreciatlon of the domestic currency and a rise\in el

the exchange ‘rate, defined as the price of foreign currency. ‘.

ou
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~differential is negative.

“that it emphasizes the role o£\expectatlons and rapid =
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rate and the nominal

~ [4
interest differential is positive. N .

~ The second approach might be called 'Keynesian'

-

because it assumes prlces are sticky, at leaet 1n the short— o
run (see Dornbuséh“ 1976)i Consequently, changes in nominal “
interest rate reflect changes in the tightness of the

monefary policy. A domestic contraction ip the domestic

‘‘money supply without a matching.fall in prices will yield a R

higher domestic interest rate relative to the foreign rate,’

which attracts a capltal inflow. The exchange rate will

¢

_depreciaté (appre01at10n of the domestic currency) The

relationship between the exchange and the nominal interest

«

SN

The Chicago approach ybu}d be abprop?&ate when fhe
inflatioﬂ differential is large a8 in the German inflation  %
of 1920's, while the Keynesian theory would be more realistic
for- the casé of small inflation differentialfleor a
s#tuation of mgderate variation in t@e inflati&n \

differential, both effects might Le present, that {is fﬁe

?heﬁe proposed by Frankel (1979). He developed a more

. general model which is still a version o0f the asset view, in

2

adJustments in the capltalfﬁarkets, and which combines the

.assumption of sticky prlces of the Keynesian theory with the

Chicago assumption that_there are secilar rates of inflation.

. ) \ )
The’/ model %re@!cts that the exchange rate is'negatively

P o\ .
~ rélated to the nominal interest rate differential but AN
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positively related to the expected 1ong—run 1nflation

4

differential. N :‘ \ ' ',{;““ T

Frankel's equation proposed for empirical testing is

- - —

(for the development of*hls model, please refer to his .

( paper):. . o S e N
Log PFX.= Log %f + al Log g!g_f + a2 (RS - RSf.) SRR
+ a3 (m - nf) ‘ (5+4.1) | T
where PFX = foreign exchange rate .
M " = domestic money supply {: domestic money e
. demand) to be defined later . ”
ut = foreign money supply (= domestic money -demand)
td be defined later “ ) v
g Y ='domes$ic*incode
t Yf = }oreign income
.JR = domestic interest rate (short rate)
Rf‘ = foreign interest rate (sﬁort ogfe)‘
m = domestic expec%ed rate of inflation
: £ = forelgn expected rate of inflation ) :

.
- Examinlng the qu;tlon, we see the presence of money

T

°

"supplles which come from the- monetary market equilibrium

A

condltgon in each country. Thet 1s_§he reason whysthe view to
the flexible exchange rate is labelled 'monetary'. The ‘

presenca. of incomes links the money and product

Pt

~marketsutoééther. Therefore, the monetary view, does not

focus solely on monetafy factors; it just emphasizes the role

of assets (monies).

— ]
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Let us turn to the’signs of the coefficieﬁts. %ﬂ is .
expected to havé a positivg sigﬁ"é;d to equal unity. As the
- domestic money supply increases.rélative to the foreign money
, supply, the value of &bmé%tic cuirrency is expected to
depreciate, in other words, a rise in the exchange rafe. (al)
is expecteé to be negative: an increage in the domestig
. iﬁcome relative to thg foreign income will increase the

\\ doﬁestic demand for money which will appreqiate the value of

o domestic currency (or a decrease ;n the foreign exchange
rate). If Frankel model was valid, as discussed earlier (a2)
will be negative and (a3) pQ3itive.

| Let us turn to the data side. Because PFX is defined

. a8 the number of Canadian dollars per U.S. dollar, the choice
for the foreign country is simple: it\;§\§gf [Lé. With
{espect to the stocks 'of‘monies, we tgy both narrow and broad:’

monies. No wonder broad money is moré meaningful. The only
K\ problem is to measure (n—nf). As m and Inf are unobéerved,l

Frankel tried two prpxies fqr the inflation differential: i)
long-term interest rate differential (under thg rqtionale

N ,
that the long-term real rates are equal) and ii) past

inflation differentials (based on quarterly data and averaged
f):

-

over the preceding year).’ Wenuse three ﬁroxies for (n - m
i) long~term interest rajye differentjial, ii) past inflation
differentials in the last three quargé

:1/3, and 1/6 (suggested by Pair, V979,§p.543), and‘iii%rpésf{u.u
inflation differentials in the last three quarters withﬂ§qua1
<v weights. . . | i

rs with weights 1/2,
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‘ Equation (H.4.1) is first run in the original form
suggested by Frankel. "The inflation differential has the
,wroné sign, but insignificant. The ihterest‘aifferential has
the negative sign, but alsd insignificant. The DW value is
in general less than 1; even with CORC, autocorrelation
persisﬁé. Franﬁers equation, .when derived, was based on the
demand for'money withqut a lagged dependent variable. This
form of money demand m;;ht be considered as long-run. Our \
equations on currepcy, dehand, and time depos;z; all
incorporated lagged dependent variables. Certain a;thors
think*thé lagged dependent variable shoﬁld enter the demand-’
for money and, tge?efore; suggest the inclusion of lagged
PFX in the PFX equatiopn. They find improvement in their
Qqﬁat;on (for example, Bilson, 1978). We decide to .include
thé iagged dependent vériable. ®ohere is some improvement,
but (7~ nf) is still insiénificant. For example, with (n -

nf) proxied by the long-term interest différential:$ \

Log PFX = - 0.227 + 0.187 Log M2 - 0.190 Log Y
(-.58) (4.37) M0 (-1.63) YU
- 0.008 (RS - RSU) - 0.003 (RL - RLU)
(-3';113) (-027)
+ 0.736 Log PFX(-1) - 0.015 Q1 - 0,609 Q2
(7.14) (-1.69) (= .75)
-~ 0.00006 Q3 L (5.4.2)
(.01) ' -
R2 = .941 R2 = .921 [FE(8,24) = {7494
SER = 0.010 DW = 1.79 D's H = .77 S
RHO = .325 (1.97) |

-~
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whére MU = U.S. broad money -

U.S. real GNP ‘ L

T

YU

.

Since the estimation requires_good<proxies‘for
(m - nf); and since the contention between the two approaches
focuses {n the short-term intereét differential, we decide to

exclude (7 - nf), which yields the following result.

Log ﬁ?x = - 0.274133 + 0.186332 Log M2 - 0.201328
(=77) (4.43) Mo (-1.82) |
Log Y - 0.0083396 (RS - RSU) + 0.743879 BN
\ YU (-3.59) (7.80) - .
) Log PFX(-1) - 0.0152353 Qt - 0.00977621 Q2 a
(= .76) — (~1.92)
- 0.000112176 Q3 ) _ (5.4.3)
(-.02) R

R2 = .939 R2 = .922 P(7,25)'= 46.42
9
SER = 0.010 DW = 1.77 D's H = .78
. RHO = .333225 (2.03)

As can be seen, the eéﬁatioﬁ is estimated by CORC.
This is our last resort after dany attempts have failed in

eliminating autocorrelation. The terms M2 and Y have the

: qighp'signs with the former having a loung-run elasticity.

equal to .73. The coefficient'of“(RS'— RSU) is negative,
which seems to support the Keynesian view.
In a very recent book Macesich (1983, pp. 208-209)

reports thg results on the Canadian foreign exchange rate

49 v
For reference, see Macesich (1983, footno
b
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Tsai, using annuél data from 1973 to 1980, estimatéd a
foreign exchange rate equation, quite similar to ours with
two minor differences: interest differential in log-form, no
lagged dependent vériable (there is ;o indication that CORC
or OLS is used). They obtained a negative sign for the
interest differehtial. However, és their model was of the
Chicago approach, Macesichxéoncluded the sign was wrong.

Td end the.foreign exchange section, we like to

report the results based on the use of narrow money.

Log PFX = - 0.248 + 0.153 Log M1_ - 0.189

. (-.47) (2.06) MiT (-1.13)
.- Log Y - 0.006 (RS.= RSU) + 0.845 SRR

- YO (-1.91) . (7.03)

Log PFX(-1) -'0.013 Q1 - 0.007 Q2 :
| (=1.11) (-1.28) o

+ 0.0006 Q3 . (5l4.4)
(.08)
R = .850° R? = .817 PF(7,25) = 16.98
_ SER = 0.012 DW =.1.74 D's H = 1.03
RHO = .555 (3.84) S

“where M1U = U.S. narrow money

Compared to (5.4.3%), (5.4i4) is much worse in many
- -

réspects:'ﬁ2, DW wvalue etc... Besiées, t-statistic of Y

. YU
declines tremendously. In view ‘of these, (5.4.3) is our

choice.
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5.5.1 Labour and Wage

Money waée, in the short-run, is assumed to be///\'
sluggish in the labour market, responding slowly toJé’non-N
zero excess supply. The labour market is the interaction
between the civilian iabour force and its demand. The gap
determines the uneﬁployment rate which causes the wage rate
to move according to the expectatiens augmented Phillips

curve. Wage in turn influences fh@\general’price‘level.

a. Employment (L)

The desi;égﬁdemand for labour 'is derived from profit

maximization assumption which allows some degree of monopoly.

‘If we assume a Cobb Douglass production function, the

marginal product condition yields:

L* = (1 +1) o¥.? i (5.5.1)
€ v
where T* = desired demand for labour
€ = elasticity of demand with respect to price
a = elasticity of output with respect to lafour
Y ‘= real income, used as a proxy for business
output
P = pricé
W = money wage (= total manufac?uring average

hourly earning)
I; we assume a partial adjustment, the actual
employment (L) equation will be of %he form:'
L = L(~1) = v[L* = L(~1)]
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. or
*
L=yL + (1 =-v) L(-1).
where Y = coefficient of adjustment.
Substitute for L*:
L=y(1 +1) aY.P+ (1 =v) L(=1)
€ W -

v OTr . 3

3
L = f[Y.%, L(=19] _ : (5.5.2)
The' estimated equation is B )
T - 475.171 + 0.090 Y.P + 0.947 L(-1) + 6.171 Q1
(-4.21) (2.17)Y W (32.06) ° (.23)
"+ 653.174 Q2 + 520.741 Q3 | (5.5.3)

(23.65) (13.18) , -

R = .997 R2 = .996 ' F(5,42) = 2374.19
SER = 55.367 DW = 1.89 D's H = .38. )<

b. Labour force (LF)

On the supply side of the labour market, economists{
'invéstigations afe gsparse as compared‘to the amount of work
expended on other parts of standard macrogconbmic models (for
‘a brief survey of the labour supﬁly, see Byers, 1976). On
the theorylside, the labour supply function is commonly based
on tge theorj;of income-leisure choice which postulates a
positive relationship between labour supply and wage rate.

On the empirical side, the 'discouraged worker' hypothesis is
commonly incorporated in equations of aggregate labour force

(or of labour force participation). According to this

hypothesig, workers are encouraged to enter the market in
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large numbers when the market is tight, and vice versa. A
measure of market tightness then‘enters the equations of
labour force (or labour force partic;pation). This approach
is found in numerdus ecbnometric models, for example, in: ’
- the Wharton Quarterly Econometric Forecasting

Model: Mark III (McCarthy, 1972) !
- the quarterly econometric model of the U.S. economy

by Kuh and Schmalensee (1973)
- Pindyck's model (Pindyck, 19735
- the RDX2 model for Canada (Bank of Canada, 1977)
- the Australian econometric mqgdel (Norton and

H&%&erson, 1973) etc... X
Here, both aspects will be taken into consideration,
i.e., the wage }ate an é measure of the degree of market
tightness; furthermore, a linear time trend variable (TIME)
is also included to oaptﬁre the secular influence o; the
lgbour-force. Two points need to be discussed.

i) Should money wage or real wage rate be used?
On. this point, both types of wage rate are tried.

Resultg show.that the coefficient for the real wage rate is

not significant or has the wrong sign; therefore, 'real wage

is disparded.

0 we measure market\}iéﬁtness?
Usiyﬁﬁv"’it is proxied by the unemployment rate or

the ratio of employment. (L) over population (POP). A last

candidate.is employment (L) és found in the Wharton and

Australian models. Results point out that the unemployment

»
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rate performs poorly (the éame conclusion was,rtached by K{.xh
and Schmalensee for their model). But L/POP and L alone
perform equally well. . ’ o

‘Below the results using the last two proxies are
exhibited.
Using the ratio L/POP

LF = 2280.94 + 152.537 W + 13485.4 (L/POP)
) (4.79) (7.26) - (10.01) .
Y+ 37.152 TIME - 17.609 QT.+ 56.421 Q2
(12.57) (-.76) (4.85) ‘
+ 134.06 Q3 C (5:5.4).
(6.16) R

R2 = .999 R2 = .999 F(6,40) = 9076.01
" SER = 29.676 DW = 1.87 RHO = 338 (2.80)

3 1

Using L,

LF = 2581.96.+ 120.027 W + 0.638 L
| (6.35) . (5.98)  (10.99) ,

+ 22.029 TIME - 9.22% Q1 + 58.935 Q2

(5.86) (-.42) (5.47) | “
.+ 126.560 Q3 (5.5.5)
(6.18). . . :
. ‘ /\ -
R2 = .999 R2 = .998 F(6,40) 5-3887:32
SER = 27.665 DW = 1.95 RHO/i q 38 (2.81)

Both versions are estimated byy\ CORG); ‘we have not
sﬁcceeded with the usual approach of éliminati‘ng
autocorrelation. Both exhibit highly\'gignificant ‘ _
coefficients. Statistically, both perform equally well For

simplicity reason we chose (5.5.5).

~
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- énter the equation sebarately,
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As s&id earlier, real wage is alsp‘trieq. Below is a
wersion of (5.5.5) with money wage replaced by real wage.

LF = 2155.79 - 51.053 W +°0.739 L + 30.407
(2.89) . (-.64) F (8.11) - (4.57)

TIME + 24.457 Q1 + 55.649 Q2 + 86.840-Q3 (5.5.6)
(.80) (5.47) (3.10)

R2 = .999 TF2=.999 F(6,40) = 8582.01 -

SER = 30.518 DW = 2.04 RHO = .81 (9.%5)

. The result 1is not satisfactory*éithen wheﬁ W and P -

1

%

c. Unemployment.rate (UR)

It is defined as:

UR = (LF -~ L) 100 ' Lo L %‘(5-5-
. |F‘ ‘ ,h ' .

j . . L. R

" d. Wege rate (W)

The eduation,for nominal wage is:

W - w$;1) = £(UR, ™ ) : . (5.5.8)

\

where m is the expected rate of inflation. .
Since.n is ﬁnobserved, some form of e§pectation has
to be . assunmed. Thrée,expectatioﬁ hypotheses are tried. -
i) Adaptive expectation: in this'case (5.5.8)

becomes . %

W - W(—1) = f[URv UR(‘1)9 W(-1) - w("2)r
_m_ .

—W(-2) 4
P - P(-1)] - (5.5.9)
B ‘éj'lJ . o ' :
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v

The coefficiemt of m can be recuperated and equal to:

‘ coefficient of [P - P(=1)]/P(-1)
~ 1 = coefficient o -1T) = W(= =2)

(Johnston, 1972, pp. 301-302). ' ‘ Lo

—

ii) 7 is an Aiﬁog distributed lag or iii) general

diqxributed lag of current and past rates of inflation.
. & )
A pointﬁdesérves comment ¢ ¢

Either with Almon or distributed lag,"
o :

. n l -
" g wia Py_g) /Py L + (5.5.10)
. ;.'1= : - . . ¢ - . .

v i e~

»

To recuperate the coefficient of 7 ,\;t dis necessary
to impose the restriction that the sum of w; equals f. Such
a restriction, as pointed out by Sargent (1971), haélﬂﬁzw.
foundation and is utterly misleading. Here‘it ig disregarded.

L4

Adaptive expectation

We start with the basic form (5.3%9):
W - W(-1) = 0.023 + 0.0002 UR -~ 0.000%3 UR(-1)

- (4.68) (.05) .. (-.10)
+ 0.583 W(=1) = W(=2) + 0.105 P = P(=-1) .
(4.71) W(=2) (2.10) P(-T)
- 0.017 Q1 - 0.013 Q2 - 0.025 Q3 (5.5.11)

(=3.16)  (~2.70)  (-5.80) .

R = .609 |2 = .541  F(7,40)

-.92 ' Ve

. -~
E

UR and UR(-1) have the right sign but are not

o

8.91
SER = 0.007 DW = 2.14 D's H

significant. In principle, with the adaptive expectation

first-order autocorrelation shbuld appear, but it does not
y .

y
+
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show up here. Thé coefficient.of'n is recuperated and q&?al
t6.25, which is very low. We then try (555@) with'
different lags of UR, but the coefficient of ™ is never

greater than .25. In view of these results, we discard the

adaptive expectation hypothesis.

Almon lag

As to the Almon lag, an intensive search is made for
the appropriate degree of polynomial and the length of lag.
The beat equatibn is: \ '

W - W(=1) = 0.023 -*0.001 UR % 0.084 P - é( 1)

(5.46) ( 1.48) (1 76)
+ 0.166 P(-1f - P(- 0.206 P(=2) - P(-3)
\/ (5.19) EC-2T (6.451 P(-3)
: + 0.203 P(-3) -P(-4) + 0.157 P(-4) - P(-5)
| (6.06). } P{+4) (3.22) P(-5)
- 0.006 Q1 - 0.006°Q2 - 0.017 Q3 (5.5.12)

(22.21)"  (=1.99)  (<5.45)

. R2 = .736 R2 = .689 F(7,40) = 15.89
SER = 3;006 DW = 1.73 Degree = 2 Lag = 4

/‘

The inflation coefficients are highly significant

~~

with their sum vaelue equal to .81. , !

\i

The coefflclent of UR has the right syégj\iﬁw its t-

statistic is significant only at the 10% level. The low

'signifiéance can be partly explained by the fact that during

P the estimation span there were certain periods in which the

trade-off between -inflation and unemployment did not exist.

The value o%§the UR coefficient should not be taken
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sleriousiy. The reason is: because data are. seasonally
unadjuéfed, the ra.te of inflation as defined al'iove is not:~ a.
suitable indicator of a qua.x:'ter-to-quarter change in price.

For that reason we also tryu (5.5.12) instead with

W - W(-4), P - P(-4) etc... It results that the t-statistic
W4 B(=4) 3 :

of UR increases to 1.66 and its value is .0023 ,or‘.23 if wage
and price inflation terms are measured in percent. The
'se\riqus ’problem iqs that the gquat_ioq suffers from h_igh'
autocorrelation (DW = .56), and there is no I:rocedure to
correct'autocorrglation in presence of Almo‘n légﬂr/ith the TSP
*. computer progl:am a'vailable‘ at Concorgia University. « '

\ AEquation (5.5;12) is also tried with UR replaced by
the non—linear' form (1/UR). The non-linear form is more S

suggested in the literature as the behaviour in the money

¢ LY

wage gquation sygould be asymmetrical, 1i.e., wage‘s rise with‘
excess demand for labour or expected inflation but do not

" fall at the same rate in the circumstance of even heavy
unemployme}lt or expected deflation (see, e.g, Dornbuéch,
Fiéchef, and Sparks, 1982, pp. 407-408, also Lipsey, 1981).
It ’is found that the no‘n-.linear’ formkperforms less
satisfactorily than the 1i‘near‘form on all respec{:s ('Rz, DV,
f;sggﬁistics). For example, the t-statistic-of (1/UR) is
only 1.25. Theoretically, the non-linear form should be

. taken in spite of a small decr;ease Qih performance; bhut ‘we
have thosen inéteé.d the linear form wisthout paying much

attention to the asymmetry in the Phillips curve. The ;

'importance of the asymmetry feature in a stagflation world

v
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" came to offr mind only when we started to.analyze the
; PR - : "
" optimization results. . - ‘
" Unconstrained distributed lvg S LT

L}

As the length of the lag in (5.5.12) is short

\
-~ _

compared to the polynomial degree, “there is not much gain

from the Almon lag versus the unconstralned dlstrlbuted lag

W~ W(=1) = 0.023 - 0.00092 UK + 0.113 .
TWST . (5.40)  (-1.41)° (1.84) '

P - P(-1) + 0.161 P(=1) = P(=2) ° )
“TW:TT (3:.75) P(-2)

+ 0.185 P(+2) — P(=3) + On229 5
- (4. 30) P(-3) (F31)
. P(=3) = P(=4) + 0.133 P(=4 P~ P(-5)
| F=4) (2.15)7  F(=5) - ”
‘ ' o
| © = 0.006 Q1 - 0.007 Q2 -'0.017 95 -~ (5-5.13)
(~2 06) ", (-2.207 © (5.40)° 7
s h o .
=.742 R2 = .681 ¥(9,58) = 12, 16 , .
.. SER-= 0.0058 DW= 1.68 '
.- Although the gain is small, we pick up the Almon lag
& ..
" equation (5.5.12). 3 . /

5;5 2 Prices . . - . _ o
, Y /‘/) «
The price block contains two equatlons‘ one for the

‘general price level and ohe for the export price.

g | b
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a. Price level (P) - -

' Many studies on price equafions‘have adopted the
mark-up theory (Eckstein and Fromm, 1968, Nordhaus, 1972).

The theory is particularly designed for pricing in non-

-competitive markets: it is assumed that price is basically

determined b& 2 mark-up on unit normal labour cost (UNLC).

In coi@gtitive markets, price responds to variationsfin
current ' unit labour cost (ULC) .(see Eckstein and Fromm/// !
EEEE, pb. 1162-1163). So, we would expect that {;la mixed
market both UNLC and ULC affect pri;. ULC is related to

wage rate.' UNLE should be too. Indeed, to measure UNLC many {
empirical works use moving.;average of past ULC, or it is

assumed that UNLC is a function 3% wage which declines
labour productivity (Eckstein and Fromm, ibid, p. 1169). The
immediate_implication is that ‘price depen&s on wage rate (W).
Apart f;om the effect of wage rate, price dégends on dem;nd
pressure. Moét studies use some measure of éapacity
utilizétion to captufe the‘;mbalance in;the'product market.
Here the.unémployment rate is usedﬁaS‘a/pfoxy.
So-&he basic form of the priée equation ié
P = f(W, UR) | " (5.5.14)
Since UR also appearé in the wage»e.quation inwhich .
the wage is in rate of change form [i.e., W - W$-1)], for
consistency, we might be tempted into running the price
equation in the same form. In case we want to avoid the non-

linear form, the linear form should be in principle derived

. A
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from the mathematical transformation of the non-linear form
if thé right functional form is non-linear. The point is
whetner the non-linear form is the apprppriate one.

We begin with the non-linear form in various

lag structures.. The best,eqﬁation we can obtain is:

’ .
P - P(=1) = - 0.038 + 0.880 W ~ W(~l)
P(-1) (-3.06) <(3.43) W(TT§A“

+ 0.0008 UR(-1)'+ 0.027 Q1

n

(.55) ) (2.64)
+ 0.033 Q2 + 0.056 Q3 , ’ - (5.5.15)

(4.25) (5.16)

~

RZ = .530 R2 = .473 . F(5,41) ="9.245
SER = 0.019 DW = 2.04 RHO = -.36 (-2.67)
. . J

» )
As can be seen, the coeffficient of UR(—H) is not
)

Q

significant and has the wrong sign. This behaviour is
present in all runs witly price ‘expressed as percentage

o/ e .
change. In terms of R2 and P-statistic, the above non-linear

form performs poorly. So, there is no reason to derive a

- e ,
1ITesr approximation from it. With this in mind we estimate

the price,ﬁquation/in level form and obtain:

P = 0.345 + 0.256 W - 0.035 UR(=1) + 0.003 Qf
(22.94) (49.46) (-6.51) (.37)
* + 0.057 Q2 + 0.062 Q3 . S (5.5.16)
(4.74)  (6.47) ~ E
N

Q

R2 = .996 TR®2 = .996 P(5,42) = 2139.92
SER-'= 0.022 DW = 1.65

®

“4
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The coéfficignts of W and UR(-1) are highly
significant with signs corréct as expected. Although,F2 is
extremely high, we are tempted into including the import price
which is not found to be signifigant, and the -world inflation
r’ate in the hope that it might capture to some extent the
transmission of world inflation. In Turnovsk% (1977( Chapter
12) the imported inflation is measured as‘the sum of the rate
of inflation of foreign goods and thé raté of depreciation of
the foreign exchange PFX. _As our price is not in percent, we
use (PFX\PWE), and PWE = world export price, proxied by the
implicit deflator of U.S. business product. The variable
wh{ch represents the imported inflation is not significant.
We then fun'the equation| with all variables in percentage
change except the unemplloyment raté. The results do not

improve at all.

. In short, (5.5.17

L]

is our price equation.

b. _?rice‘gg export,(Pﬁ)

In generai, the empirical formulations as found in the

literature for the disaggregated prices are rather ad hoc.
The main variable which commonly enters these equations is%é

general price level. This is a measure of general influences
v "

on disaggregated prices, influences such as overall prices,
wage rates, prices of imports...here this tradition is

followed: the price level (P) will be the principal
determinant. Besides, the unemployment rate is included to

reflect demand pressure. In certain econometric models, "for

&
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example, thg‘;harton (McCarthy, 1972), the TRACE etc...a time
trend is added. No explanation is given; it might be that

the trend is to captd%e the increasing trend of the eiport

price. |
With these determinants the export}pricelis estimated:
‘Aas follows: g g ‘
PE = 0.062 + 0.198 P - 0.031 UR + 0.004
(1.47) (1.97) (-4.10) (2.78)
. TIME + 0.833 PE(-1) + 0.067 Q1 + 0.025 Q2
(12.01) (5.05) (2.65) :
+ 0.014.Q3 ' \ ' (5.5.17)
(1.93) _ -
R2 = .995 B2 < .994 .F(7,39) = 896.05
SER = 0.020 DW = 2.01 D's H .= .04
RHO = .41 (3.08) ' |
. The expogt price terminates the discussion on the
ﬁodel specification. In the ﬁext section we preiﬁyf/first a
sumnary of the final OLS equé%ions and then the XYisting of

variables with their definitions. "
[ ]

L [
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. 5.6 LISTING OF MODEL EQUATIONS. (OLS)

o

“5.6.1 Product Sector

Total aggregate demand (Y)
Y = CON +- (IIN + IRCNR) + (G1 + G2) + EX ; IM + RES (5.6.1)

~ Real consumption (CON)

CON = 470.430 + 0.491 (Y - TAX) + 0.054
(1.66) (7.28) P (2.16)
_ [V -V(-1)] + 0.418 CON(-1) .- 2044.82 Q1
L (5.24) (-7.78) .
- 921.389 Q2 - 2451.97 Q3 _ | (5.6.2)
(-6.79) (-15.63)

R = .994 W2 = .994- F(6,41) = 1219.99
SER = 245.329 DW = 1.88 D's H = .50

Real private investment in inventory (IIN)

IIN = - 9.684 + 0.514 [é - Y(-1)] + 0.070
v (=.30) (17.66) (2.40)
[Y(-1) - ¥(=2)] - 0.554 [CON - CON(=1)]
+ 0.773 IIN(-1)* : ‘ (5.6.3) |
(6.47) :
. R = .926 R2 = .920 | F(4,43) = 135.24
{

SER = 194.916 DW = 2.25 D's H = 1.53

: » e ‘
Real gross private fi*ed investment (IRCNR)

IRCNR = INR + IRC . ~ (5.6.4)

/ /”\

.
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‘ Real gross private investment inynon-residential
construction, and machinery & equipment (INR)

- 288.612 + 0.082 Y -*43 591 [RL(-B)
(-3.13) (5.47) (- 3 59)

RL(-g)f + 0.650 INR(-1) - 10.566 Q1 w

INR

.+

(9.31) (-=.25)
+ 466.895 Q2 - 135. 484 Q3 (5.6.5) .
(12.20) . (-3.69) ' :

R2 = .985 K2 = .982 F(6+41) 438.86
SER = 88.6%2 DW = 2.18 D's H = - .72

Real gross private investment in residential ébnstruction
. R%;i J—"'

- e

IRC = - 173.253 + 030 Y - 9.169 [RS(~1)
(-1.48) (3 12) (,2 06 //‘

+ RS(-2)] + 0.817 IRC(-1) - 0.250 IRC(-2)
(5.24) (=1.65)

- 113.35% Q1 - 300.822 Q2 + 186.537 Q3 (5.6.6)
(=1.91) - (-3.62) (3.57)

—

RZ = .938 2 =4@927 F(7,40) = 86.58
SER = 89.667 DW = 1.61 D's H = (test breaks down)

}‘-ﬂ;/ereal export of goods and services (EX)

EX - 1092.72 - 1536.17 [___. PE(- 3) 1
(4.04) (=4.17) TPYBU(-3 PFX =3)

+‘4289.63 WIP + 0.300836 EX(-1)

- 582.704 Q1
(5&99) (2.57) ,(-7‘52) . (‘.\l
e L +1381.048 Q2 ~ 105.445 Q3 (5.6.7) |
* , (4.13)" (-1.03) - |
| | {
\ - R% = .977 R2 = .973 F(6,41) = 285.19 |
| \/’ﬁ\\ .+ SER =183.322 DW= 2.11 D'sH = -.68 7 17
, | A Tl 5

. N © A

. . e \\
= e

. & %

' « . = .

. R v
.
.
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Real import of goods and services (IM)

IM = - 314515 + 0.354 Y - 2057.T1
(-.24)  (13.57) (-2.01)

[PIMA(-ﬁ) . PFX(=3)1+ 942.152 P(=2)

P(=3) (2.64)
- 219.716 UR + 503.237 Q1 + 492.552 Q2
(-4.64) (4.46) (5.74) =
- 871.970 Q3
(=10.79)

> &

~ RZ =.987 W2 :.985 F(7,40) = 432.57

SER = 188.611 DW = 1.63

(5.6.8)

Nominal taxes, net of subsidies and transfers, from federal,

provincial, andalocal governments (TAX)

TAX N = 1247.46 + 0.174 P . Y + 169 568 Q1
©(3.99) (21.81) (.98)
(=3.33) - (=3.26)
R2 = .923 TR2 = .915 F(4,42) = 119.37

SER = 484.313 DW = 2.06 RHO

Nominal total government revenues (7TR)

TR = TAX + OREV

5.6.2 Money Sector.

—

Cuerency (CUR)

Log CUR = - 0.120 + 0.014 QMAIL74 + 0.037 QMAILTS

P (-.84) (.93) . (2.60)

+ 0.867 Log Y - 0. 481 Log Y(<1) - 0.007 RS
(6.38) (=3.16) (-3.69)

A s

IR

\

(5.6.9)

.36 (2.68)

(5.6.10) ™
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+ 0.003 RSU + 0.547 Log CUR(=1) — 0.003 Q
(2.17) (5.22) P(=T) (-.32)

- 0.064 Q2 - 0.086 Q3 )
(=3.97) (~5.66)
R2 = .992. W2 = .990 PF(10,37) = 480.49

SER = 0.013 DW = 2.18- D's H = .85
Q CoT yd

Demand deposits (DD)

CUR + DD - M1 = O .

P
Time deposits (DSN) ‘
DSN: = - 6448:.18 + 892.036 QBANK + 0.271 Y
% (=3.32) (1.67) - \(3.00)
' + 135.015 RTD(~1) + 0.361 V ~'0.282 V(-1)
(1.73) . (7.36) (=4.92)
+ 0.781 DSN(-1) + 729.339 Q1 + 950.036 Q2
(12.30) P(-1)  (2.44) (3.76)

+ 3.906 Q3
(.01)

g

R2 = .997 T®2 = .996 F(9,38) = 1281.96
SER = 473.039 DW = 1.82 D's H = .70

Short-term interest rate (RS)
3.278 + 1.374 QMAIL74 + 1.905 QMAILTS

RS

1 (2.09) (2%50) (3.76) -

- 1.501 QPFX + 1.399 QMR + 0.614 RSU
(-3.08) (2.64) (7.57) _

- 0.53%3 RSU(=1) = 26.87%rMi, 23,443
(=5.52) (=2.78) P.¥ (2.67)

/ M1(-1) + 0.773 RS(-1) - 0.511 Q1

P(=1) . Y(=1J (10.12) (=2.07)

- 1.996 Q2 - 1.389 Q3
(-2.55) " §-2.72)

(5.8.11)

(5.6.12)
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R = .955 K2 = .939 F(12,35) = 61.62
SER = 0.454 DW = 1.65 D's H=1.42 '

Demand for chartered bank resdrves (RR) -

RR ° = - 60.305 + 0.077 (DG + DD) + 0.015 DSN ,
(-1.64) (8.26) (4.14) .
+ 0.552 RR(=1) + 68.054 Q1 + 24.717 Q2
(7.91) (3.87) - (1.30) |
+ 35.900 Q3 * . (5.6.15)
\ (1-95) . * s

R = .999 TR2 = .999 F(6,41) = 6692.92

' SER = 42-665 DW - 1.09~5 D'S H = -18‘

~ | , % - .
Broad money (M2)

M2 = M1 + DSN - | “(5.6.16)

Monetary base (MB) .

. MB = CUR + RR A ) (5.6.17)
Real. financial wealth (V) .
v . = (MB + BOND) / P A . (3.6.18)
_ Long-term interest rate (RL) |
"RL = 0.147 + 0.148 RS - 0.099 RS(-1)
(.57)  (3.37) (~2.14) -
+ 0.729 RLU - 0.575 RLU(-1) + 0.801
(4.90) (-3.14) (7.96) )
RL(-1) + 0.062 Q1 + 0.219 Q2 + 0.133 @3 (5.§.19)
(.65) (2.36) (1.47) |
R2 = .967 ®2 = .961 F(8,39) = 143.99
SER = 0.220 DW = 1.94 D's H = .26
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4

Interest rate on time deposits (RTD)

RID = - 0.312_+ 0.776 QBANK + 0.558 RS
(-1.85) (2.84) (13.85) |
- 0.259 RS(-1) + 0.705 RTD(-1) (5.6.20)
(-4009) (1-1-96) t
R® = .976 R% = .973 F(4,43) = 428.98
SER = 0.259 DW = 2.08 D's H =" =.30 )
—Q.-\ N * i
5.6.% Government Budget Constréint i
MB - MB(-1) + BOND - BOND(-1) + OTHER = P(GI
#+ GIR) - TR ' (S-G-T)
5.6.4 Poreign Exchange Rate (PFX)
Log PFX = - 0.274133 + 0.186332 Log M2 - 0.201328 /
' (=.77) ° (4.43) MU (-1.82)
Log Y =~ 0.0083396 (RS - RSU) + 0.743879
bdij (-3.59) (7.80)
] Log PFX(-1) - 0.0152353 Q1 - 0.00977621 Q2
. (-1.76) - (=1.92)
- 0.000112176 Q3 (5.6.22)
(-.02)
R2 = .939 W2 = .922 F(7,25) = 46.42
SER = 0.010 DW = 1.77 D's H= .78
RHO-= .333225 (2.03)
5.6.% Labour Sector and Prices
Employment (L) -
L = = 475.171 + 0.090 Y . P + 0.947 L(-1)
(=4.21) - (2.17) W (32,06) |
, + 6.171°Q1 + 653.174 Q2 + 520.741 Q3 - (5.6.23)
-~ (.23) (23.65) (13.18) '
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'R% = .997 K2 = .996 F(5,42) = 2374.19 = ~
SER = 55.367 DV = 1.89 D's H = .38

: o ‘.' . » B ) - )
o =2 , \5&
Labour force (LF) o . ”////

IF ° = 2581.96 + 120.027 W + 0.638 I + 22.029 TIME
© 1 (6.35) (5.98) . (10.99) . . (5.86) v
's 9.223 Q1 + 58.935 Q2 + 126.560 Q3 U (5.6.24°)
(-.42)  (5.47)  (6.18)
R2'= .999 K2 = .998 F(6,40) = 3887.32 .
% 27.665 DV =1.95 D'sH =.20

’

Unemployment rate (UR) .

’

UR - = (LF = L) . 100 : ‘, - A (5.6.25)
. —Ir ‘ o
Wage iﬂl | o A..'
W= W(-1) = oﬂoz3 - 0.001 UR + 0.084 P - P(-1) v ..
W{-17  (5.46) (-1.48) (1.76) PU-1T e
+ 0.166 P(=1) - P(=2) + 0.206 P(=2) - P(-3) , : -
; (5.19) P(-2) . (6.45) P(=3)
+ 0.203 P(-3) - P(~4) + 0.157 P(-4) ~ P(=5) e
(6.06) P(-4) - (3.22) P(-5)
- 0.006 Q1 - 0.006 Q2 - 0.017 Q3 (5.6.26) -
(-2.21)  (~1.99) (=5.45) -

¢

R2 = .736 K2 = .689 P(7,40) = 15.89
SE%3= 0.06’ DW = 1.73 N
\

-t

e
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| Prite level (P) e | L
- b = 0.345 + 0.256 W - 0.035 UR(~1) + 0.003 Q1
SR (22.94) (49.46) .(=6.51) o G37)
'+ 0.057 Q2 + 0.062 Q3 : (5.6.27)
(4.74) (6.47) i .
R2 = (996~ F2 = .996 F(5,42) = 239.92
| 3 SER = 0.022 DW = 1-65 '
R . Price of export (PE) T L,
' PE = 0.062 + 0.198 P - 0.0%1 UR + 0.004 TIME
had | (1.47) (1.97) (-4.10) - (2.78)
+ 0.833 PE(-1) + 0.067 Q1 + 0.025 Q2
'(1;.01) + 7 (5.05) T™.65) ,
+°0.014 Q3 - ' 3 (5.6.28)
(1.93) BN
2 _ Vo 2 _ oas B(n _ nor ¢
t Re = -995, R< = '*924 F(7;ﬂ39) = 89§-05‘ e c
SER = 0.020 DW = 2.01 D's H = .04 | 3
- s ’ ” ! . /
RHO = .41 (3.08) ° - o ' /
» - ’ o B //
——— ‘ e
- ~‘
- A v g
#
Q

- —

ry 2
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5.7 LISTING OF MODEL VARIABLES WITH DEFINITIONS

‘5.7.1'Endogenous Variables

4

BOND =_federal, provinqiél, and local government debt
(stock) held by the private sector, millions of
“current gsllars A
CON = real cqnsumptiog (total ﬂérsonal expenditure on
X ) ;oods and services), millions of 1971 dollars“
CUR =‘cuﬁféhcy, millions of current dollars
. DD . = demand deposits, m;L;ions of c;rrenq-d:ilars g
DSN = time deposits, millions of current dollars \\‘
5 EX = real export of goeds and services, ﬁillions of 1971
' dollars K ‘ : .J )
IM”AK" = real import of goods and services, Yillions of 19}1
ﬁ‘ dollars - ,i;
*45; TIN = change 'in busineé§,inventogies, millions of,1§71 4
dollars L ‘ . . o '
INR = regl gross private investment in‘ﬁon;residential -
| )ﬂggnstruction, and machinery & equibment, millipns ,
. —

..
oy
Q
1}

[ |
=+ B
Q
=
2
"

- 0of 1971%dollars ’ - : .. s

0 B - <
& .
real gross prjwvate investment in residential

const?gftion, millions of 1971 dollars-

real gross private fixed investment, millions of

1971 dollars . g o ‘
employment, thousands gfmiersons ~ L
labour force, tﬁousands of‘}efsons

broad money qﬁaﬁtityy mill{pns of qufrent dollars -

monetary base, millioqe¢3j7current dollarg

£ , . ,
rd " .
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Top = price level (implicit GNE price deflator), 19714z 1 . d
, \PE = implicit price deflator, egsort of goods and
services, t971 é 1 ]
PFX = gpot exchange rate: number of Canedianlhoilars per* B
°’ dollar50 . ' —
,L RL .= lo g— intereajé:aﬁg (Governmentvof Canada bond
yield averages, 10 years and over)ﬁ 1n percent z
‘Q RR ,,—.,/ chartered bank reserves, 'mllz}bns 6f current ‘ '
~~. dollars - . |
. \\\J\‘F_’-J ; " o : - _ .
- RS .= short-tern-interest rate (90-day finance company
' .kpe.per ratel, in percent -
RTD =‘1nterest rate on time dep031ts, in pereent .
- . TAX ; = taxes, net—of subsidies ané transfefs,‘fgom
fgaeral, prov?nciai, and loeal governﬁéﬁts,.millions
. of current dollars o ’ o
- TR = total neveﬁyee of*fedfya;, provincial, and local )
’ governments,)millions of cufrent d:;i;rs
. UR = unemployment rate, in percent N ‘
u;. ’ -V . = real ‘financial wealth, millions of 1971 dollars
. | W . ° = wage rate (= tetal.manufactﬁring average hourly
- earning) , o ' | “
'q,_ Lo Xf . = real gross'national expenditure (GNE) or GNP,
' , " millions f 1971 dollars. 2 o
8 "’ |
: ’ »
50° T “ | B

: .miExogenous under the fixed exchange regime _ -

» Lal
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5.7.2 Exogenous Variables?' _ ' ‘ > Q'
ﬁGt = Governmenf of Caqada’deposité~at,chantered banks, ']
millions of curr;ht dollars  .
G1 = real'expenditure of.federél, provincjai§ and local !
- governments (current;éxpenditure on.goods and
services + grdss capital formation),;millions of
1971 dollars. ' .
.G1R = real other expenditure of federal, provincial, and
' local governments, millions of 1971 dollars | 45 ’
‘ G2 = real. expenditure of Hoép&tals, Quebec P n Plan,
and Canada Pénsion Plan (curreht e&pe&iiture on
goods and services + gross capital formation),
millions of 1971 dollars
/ Mf ='ﬁarrow money quéntity, niglions of current dollars
MU = U.S. broad mohey duantity,fgilliops‘of current
- dollars - . -{i,\‘f'/ .
dRéV = other'revenugs of feaeral, provihciél, énd local
govergments, millions of current dollars
OTHER = balancing iteﬁ'in the government budget constraint,
millions ofvéuryent dollars
»PIMA ="implicit priéeodeflator, import of goods ang
services (expressed in U.S. currency) |
PYBU = implicit price deflator, U.S. business product, ¢ ° R
1971 = 1 (rebased) -
Q1 = .seasonal dummy, 1 in quarter I, O elsewhqu .
51 o

First letter fQ"denotes dummy- variables
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QMAIL74

QMAILTS

I

¥ 150 o
gseasonal dummy, 1 in qﬁérter II, O elsewhere \_“)
seasonal dummy, 1 in qﬁarter IITI, O elsewhere
dumny ;ariable to reflect the introduction. of” the
Bank Act Revision in 1967 III, removing interest
rate ceiliné; 1 in 1967 III, O elsewhere )
dummy variable to capture the poétal_strike %? 1974
_II, 1 in 1974 II, O elsewhere
dummy variable to capture the Eas;gl strike in 1975
IV, 1 in 1975 IV, O elsewhere |
dummy variable to capture the lagged effect of the
Bank of fanada measures in restraining the monetary
'growth (increase gf\the bank rate in.August 6 and
Sepiember 12, 19;}), 1 in 1973 IV, O elsewhere
= dummy variable to capture the effect of the Bank of
Canada measures in moderating the éxcﬁange rate
appreciation right after its floating (for example,
intervention in the exchange market, reduction of
the bank rate, exhortations to borrowqrs to obtain
;§eir funds in the domestic market), 1 inj1971 II,
O elsewhere o

residual error of estimate in the incomé equation,

millions of 1971 dollars

4

= U.S. Government long-term bond yield, in percent

U.S. short-term interest rate (90-day\short-term

paper), in percent

3

time trend (=1, 2, 3...first period 1967 I/

" index of world industrial production, 1971 = 1

1
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real U.S. GNP, millions of 1971 dollare/ (rebased) -
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- CHAPTER 6
/ ’ “ ¥
ESTIMATION OF THE MODEL BY.TWO-STAGE LEAST SQUARES

——
—

6.1 Introduction ) , ~

Pkl

The model has more predetermined variables

(58) than observations (48). That is the case of undersized
o s
- samples: To circumvent this-the ‘model is divided into small

modules, and two-stage leagf squares (2SLS) limited to

%
them.52

—

Originally, the model was partitioned into six

modules. ‘
A:> - The product sector was broken down into the
product and foreign trade modules. The product module was .
constituted by all equations in the product sector except
export and impdrt which formed the foreign trade module. The
idea of a separate module for exporﬁ and import stems from
the belief that it would more truly reflect the\traditionql
Keynesian view on the product sector which leaves out export
and import.\
The ménetary module consisted of all money sector
equations and the governnent budget constraint identity.
\ The foreign ;xchange rate was formed by the

?

unique equation of foreign exchange rate.

52 : , ‘
This amounts to a regular instrumental variables
technique. One alternative of selecting a subset of

" predetermined variables from the original set is the
structural ordering”method suggested. by Fisher (1965).

’
-
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The, labour and price block was divided into two
modules: the labour module with equations on empléyment,
labour supply, unemployment, wage and the price module with
two price equations (general price level and export price).

What we have found is that inside the labour
module, the employment equation was unsuccessfully estimated.
This forced us to combine the labour module with the product
module. As the labour module becomes part of the product
module, there remains no ground to have a separate module for
import and export equations which are more related to the
product sector than labour equatlons/ﬂ\}n other words, the
product module will now 1nclude 1mport \pd export

With respect to the forelgn change module, the
onﬂy equation which exists is the foreignjexchange rate )
equation, and there won't.be any attempt'ﬁo estimate it by
25LS. The reasons are: _ ' o -

i) lack of data (the starting daté is 1970 III

instead of 1967 I as for other variables)

=

ii) autocokrrelation appeared in the OLS run.
If it is part of another module (in this case,
the proper one is the money module), 2SLS with correction fér
autocorrelation (Fair, 1970) will leave just a few degrees
of frgedom. Even Qhen the foreign exchange rate equdation
is the only one in the module, there are difficulties in
dealing with con81stency, autoéorrelation in the whole

context of simultaneous equations. “The lack of data is

also observed in the {TRACE model in which the foreign
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xéhange‘was estimated by OLS rather than by 2SLS.

In short, the final partition is as follows:

i) The product module: ‘411 equations from the
product sector and equations ffom labour and prices block
exgept the two pricé’%quations.

7 Inside this module the export equation is not
estimated by ZSLé Since all ‘explanatory variables in it
are predetermined. )

ii) The money module: all equations from the
money sector aﬁd the government budget constraint identity.

iii) The foreign exchange module: the foreign
exchange rate equation which is estimated by OLS.

iv) The price module:dggeneral price and export
price equaéions.

Before we determine the sets of predetermined
variables entering each module (except the foreign
exchange), some treatments'require particular attention.

i) Any function of endogenous and predetermined
var{izlgs which appear in the right h%nd side of the
equation is treated as an endogenous variable. This is
equivalent to adding a new (latent) equation in the model
for this variable; further, those predetermined variables
will be also among the set of predetermined variables used
at the first stage of 2SLS.

Predetermined variables which appear in non-

linear form will be treated as a single predetermined

variable; thereforé, individual predeterﬁined variables are
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H

not among the set of predetermined variables unless they

appeaf elsewhere in the module. -

These treatments are in ihe same line as those
found in a stﬁdy for Canada bi Nehlaw% (1975, pp. 10" and
16) .

Ay

ii) The wage equation used Almon lag. A procedure
to combine distributed lag and 28SLS, and at the same time
to save the degrees of freedom was.suggested by Klein
(1973)

f
Suppose ?ﬁé distributed lag function is:

n
JYi¢ = a+ L Dbz
/ i=0 1530

e
- -

~~_ where Vit is any endogenous variable, and zj¢ can be

. .
.’ ~endogenous_or exogenous.
\

Treating each lagged zy as an individual
’ 9

predetermined variable will reduce the number of degrees of

freedom. It is a problem in an undersized sample; Note

that:
. n_ n by -
?:O bjzi,4-i = DPg th + bg E 1 ;; 23, t=-1
N :
' Form a single predetermined variable for
n - by | . >
EQT_;; zj,t-i . Call it zzjt.

Assume the relative size of the lag coefficients, as

-

established by the Almon distributed lag,

is correct. The 2SLS consists of running the following
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—gquation: -

‘ , ‘ \ -
yig = 82508 & bBSIS oy o b35S 2oy,

Note that zj¢ and zzjt’are constrained to have
the same coefficient. Tﬁe b§SLS (i=1,...,n) .can be
recuperated as follows: ‘
b2SIS - 1ZSLS . pQLS

g
The.procedﬁre described above will apply to the.wage
equation (5.6.26) where zz is now defined as: }

2z = by P(=1) - P(-2) + bp P(=2) — P(=3) + b3 P(=3) - P(-4)
P(-2) P{-3) P(-4) -~

+ by P(-4) - P(-5)
P(=5)

by, by, bz and bf are OLS estimates. With this procedure the

2SLS t-statistics for the b; (i=1, 2, 3, 4) will not be
provided. )

The ’following are the sets of predetermined
variables to be %;fd in the first stage of 2SLS.

1) Prdﬁuct module: ' "
constant, Q1, Q2, Q3, Gft, Gé, RES; V(-1), CON(-1), Y(-1), Y(-2),
IIN(-1), RS(-1), RS(~2), IRC(-1), IRC(-2), RL(-8), RL(-9);

.INR(-1), OREV, W(-1), «L(-1), TIME, P(%1), zz, WIP,

PE(-3) » EX(-1), PIMA(-3).PFX(-3), P(-2)
3 =3)- =3) - P(-3)

ii) Money module?
constant, Q1, Q2, Q3, QMAIL74, QMAIL75,.QPFX, QMR, QBANK,

M1, Log CUR(-1), RTD(-1), V(- 1), DSN(-1), Log Y(-1), DG,
8 3 § ; 5 ), Log

- RR(-1), MB(-~1), BOND(-1), OTHER, G1% G1R, RSU, RSU(-1),
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M1(-1) , RS(-1), RL(-1), RLU, RLU(~-1)

P(-1).Y(-1)

iii) Priég module:
constant, Q1, Q2, Q3, B(-1), TINE, PE(-1), UR(-1).

r Thg next section gives a summary of all equations
estimated by 2SLS. Please néte that in 2SLS neither DW or H-
statistic is reliable; it is therefore decided to report only
the DW value to allow a comparison withits OﬁS value and
supblement the autocorrelation‘qheckiﬁg b& Geary sign test
and residugl plot examinatioﬁ. -

At a quick glance, we can recognize in general

the 2SLS estimates dre quite close to the OLS estimates.

¢

N

277
[

~
?Es'
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6.2 LISTING OF MODEL EQUATIONS (ZSLS) -
6.2.1 Product Sector

A

Total aggregate demand (Y)

Y = CON + (IIN + IRCNR) + (G1 + G2) + EX - IM

+ RES& , | - —

[

Real consumption (CON)

3

CON = 438.718 + 0.503211 (Y-TAX) + 0.0513596

(1.52) (7.13) P (1.95)
[V - V(=1)] + 0.40375 CON(~1) - 2007.42 Qf
(4.84) (=7.33)
x - 935.106 Q2 - 2469.77 Q3
‘jre ) (-15.20)

R = .994 W2 = .994 F(6,41) = 1218.88
SER = 245.439 DW = 1.85 "

~

Va - . } o
Real private inuestment in ipventory (IIN)

IIN = - 7.11855 + 0.509377 [Y - Y( 1)] + 0.073485.
(- 22) (17.38) (2.50)"
Y (=1) - Y( 2 ] - 0.546111 CON(~1)
(-12.45)
+ 0.753653 IIN(~1) -
(6.26) -

R% = .926 E®2 = .919 F(4,43) =.135.12
SER = 194.993 DW = 2.22.

" 'Real gross private fixed investment (IRCNR)-

IRCNR INR + IRC

»

' (6.2.1)
- |

(6.2.2)

(6.2.3)

' (6.2.4)
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Real gross private investment in non-residential

construction and’machinerj—g equipment (INR)

INR = - 278.494 + 0.0783787 Y - 41.4999 [RL(-8)
(=3.01) . (5.17) (-3.40)

+ RL(-9)] + 0.664609 INR(-1) — 15.8799 Q1
- (9.43) . (=+37)

g% - Pa @ T e
R2 = .985 R2 = .982 F(6,41) = 438.25
SER = 88.692 DW = 2.22.

7

Real gross private investment in residential ¢onstruction

.

IRC = - 167.947 + 0.0293904 Y - 9.1273{ [RS(~1)
(-1.43) - (3.04) (-2.05) - ..
-+ RS(—Z)] + 068212; IRC(—1) - ?.2421? IRC(-2)
5.2 .62
Ny, .
- 114.799 Q1 + 302.066 Q2 + 188.932 Q3 (6.2.6)

(=1.93) (3.63) (3.61)

R2'= .938 W2 = .927 P(7,40) = 86.57
SER = 89-6?5 Dw = 1063

Real export of goods and services (EX) -

-~ See OLS equation (5.6.7) . - " (6.2.7)

=)

»

Real import of goods and services (IM)

IM = - 421.762 + 0.357 Y - 1990.46 [PIMA(=3) . PFX(=3)]

(-.32) (13.59) (-1.93) P(-3)
+ 918.216 P(-2) - 222.897 UR + 514.521 Qi |
(2.56) («4.61) . (4.52) )

\ -
o .
.
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151 Q2 - 875.104 Q3 / : (6.2.8)
.78) (-10.82) : ’ ‘ .

R = .987 W2 = .985 F(7,40) = 432.35
_SER = 188.659 DW = 1.64

k4

Nominal taxes, net of subsidies and transfers, from federal,

provincial, and local ngernmentg (

"PAX = 1720.01 + 0.176725 Y . P + 135.678 Q1

(3.59) (22.08) (-78)
} - 618.690 Q2 - 541.094 93 (6.2.9)

- ({3.27) (-3.19)

s e

R = .990 R2 = .989 F(4,43) = 954.64
SER = 491.958 DW = 2.04 RHO = .370597 (2.59)

. Nominal total government revenues (TR) a
TR = TAX + OREV ' B ]N\..(6.2.1o)
R i ’.‘.
6.2:é Money Sector
Currency (CUR) . , .
LogCUR = - 0.0920447 + 0.0127169 QMAIL74+ 0.0363002
= (-.64) . (.85) (2.54)
. QMAIL75 + 0.835556 Log Y - 0.466514 Log Y(~1)
(5.26) : (-2.71) -
— 0.0065485 RS + 0.00306592 RSU(-1) + 0.564712
(-3.21) (1.86) (5.33)
Log CUR(-1) - 0.00489635 Q1 - 0.0626798 Q2
TP(-1) L(=.51) (-3.49)
- 0.0839932 Q3 ‘ (6.2.11)
(-4.82) - . ) ‘

R® =..992 W2 = .990 F(10,37) = 478.33 .
SER = '0.013 DW = 2.23 .
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Demand Deposits (DD) -
_ CUR + DD = M{ = © ST (6.2.12)% .
- . P . . K IS -
\ r s
Time Deposits‘(DSN) |
DSN = - 6019.61 + 941.564 QBANK + 0.252526 Y_ ‘
T (-3.05)  (1.75) (2.73) .7 . o
| +132.510 RTD(-1) + 0.332169 V - 0.25784 V(=1)
(1.89) S(631) L (~4031) s
+ 0.79553 DSN( 1) + 617.965 Q1 + 855.739 Q2
' (12?26) P(-1) (2.00) (3.28),
T-101.545 Q3 - - “ e (6.2.13)
- (=133) ' - o ‘
R2 = .997 K2 = .996 -F(9,38) = 1269.69
SER = 475.312 DW = 1.83 . - o ‘
\ : ) K A ~-.-,~
Short-term 1nterest rate (RS) . ‘;*:/
" RS'= 2.86784'+ 1.30099 QUATET4 + 1.84103 QMAILTS L
. (1.68) (2.31) . (3.55) SR
3 - 1.49347 QPFX + o .4552% QUR + 0.626308 RSU ;
- (=3.06) - (2 71) (7.47) S
- 0.548094 de(-1)  22.9064 M1 +-15.9871 M1 (=1)
(-5.49) (-1.96) P .Y, (1.91) 1) « (=173
<+ 0.7887T94 RS(~1) — 0.463149 Q1 - 1.11214 Q2 '
(9.75) . (-1.78)  (-1.88) &
- 1.19814 Q3 ‘ . | (6.2.14)

("2-00) ' .”

. I ,
R2 = .955 W2 =..939 {(P(12,35) = 61.31
. '. ‘ B . '
SER = 0.455 DW = 1.67 °
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\\ ,
Demand for charter@d bank geserves (RR) \\ ®
RR = - 66.0438 + 0.Q765737 (DG + DD) + 0.0140307 DSN ’
_ 'S (=1.77) (8 18) ’ (3 85)
. -+ 0. 5674364312( 1) + 67.9104 Q1 + 23.6396 Q2 S
(8.02) (3.86) " (1.25)
VT v 4 35.4816 03 , | (6.2.15)
(1.93) / ” L
s ‘ | : - | 7
227,999 R - .997 5 P}s,u) = 6684.15 -
5 "SER = 42.693 DW = {.99
v \ v , _;,_ .
. b1 7 . ‘r\ -' * ~ ' hd - ' R
’( . © 7 [-Broad money (M2) -~ : . L
| . ¢, M2=M{s+DSN ., . © . (6.2.16)
’ = M1+ - - ‘. 14 Vs
S . LT S
P ' Monetary-base (MB) - . Ao , E *
] - : BT e . ‘ ., . , _ . ..'
— ! ‘MB = CUR + RE ~. - e e | ' (6.2.17)
X LI S ] . - 4 . ) B
PR T % , S
- Real finan01al wealth (Y) . C T S
. - R / ‘ \. - i . ‘ N
o T = (MB N BOND) / P ‘ _ (6.2.18) |
. ) '. ’J I ’ a’ S < B ‘
: . Long—term interest rate (RL) . /
‘-ﬁn\_ -t . . 5}3{\
AN ’;(R‘L. o 145221 + 0. 143122 RS - 010947432 RS(1) .
. :57) (3.05) " (=1.94) P .
T 4 0.737025 RLU - 0.57949 RLU(-1) + 0798745 RL(-1)
- L L (a8s) . (=5.15) (o)™ 4
~o © 7 40.0585409 Qf +-o. 2187?6 Q2 ¥ 0.133442 Q3 (6.2.19)
| ", g . ( 51~) . - (2.36 (1.48) oo
- » . ~ TN X § .
Lk R2elo6T B2 - 961 B/58) t 1435 . /o
2% T T 7 sER= 0.220 ' DW= 1.94 e Ly #
's.a. . £ , . ,3_‘ ‘ i \ ‘ ‘ i . ', v .
£ ’ - 4 . \




: . . .
~ Interest rate on time deposits (RTb) ‘;‘!
RTD = < 0. 315097 + 0.775986 QBANK + 0.561479 RS -
S (=t1.87) | (2.83) (13.32) |
- 0.262824 RS(-1) + O. 70516 RTD(=1) (6.2.20)
' (-4.08) (11.96). - ’
7 ' . . . .
R% = \976 R? ='.973 F(4,43) = 428.88 . 1 |
" SER = 0.259 DW = 2.09
6.2.3 Government Budget Constraint '
MB _MB(-1) + BOND —* BOND(~i) + OTHER €
. - P(G1 + GIR) = TR . . S (8.2.21)
. . 624 Foreign Exchange Rate K(PFX) \/\ |
See OLS Equation (5.6.22) ! (6:2.22)
6.2.5 Labour Seqfor and prices RN B \
ﬁmployment (L) . |
L = - 462.762 + 0.0822046 Y . P+ 0.952226 L{~1)
(-4.01) (1.88) W (30.60) .
- ! +03.8660Q1 + 655.680 Q2 + 526.496 Q3 (6.2.23)
% A (.144). (23.36) (12.81)‘&; ’ '-
Y R2-.997 R2= .996 B(5,42) = 2372.38
SER = 55.388 ' DW = 1.90 ’
-} ‘ | ' R M d
. Labour force (LF). .; |
© . -LF = 2709.7% + 122.926 W + 0.619568 L + 22.8235 TIME /
s (6.91)  (6.77) (44.03) (6:92) ©
|- 14.9126 Q1 + 59.741 Q2 + 132%469 Q3 (6.2.24)

.4

) S / (5.55) ,:*_('6.63) | :
V- B G S

o (=a71)
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R2 =1 W2 =1 FP(6,41) = 349489
. SER ="27.376 ' DW= 1.94 RHO = .347387 (2.38)

Unemployment rate (UR)

= (LF - L) . 100 C M
__m_— ' ' 2 ' (602025)
Wage (W)
W = W(=1),= 0.022385 - 0.00088038 UR + 0.0834713
W (5:37).  (-1.42) (8.35)
P - P( 1) + o 164358803 P(-1) - P(-2)
TR (=2 |
. + 0.20334729 P(=2) - P(=3) + 0.200435176 B(=3) - P(-d)
P(=37., ey
. + 0.155623451" P(-4) - P(-5) - 0.00602508 Q1
T(=5) (-2.54)
~ 0.00581121 Q2 -0.0166822 Q5 . (6.2.26)

(-2-53) (=7.24)

= 735 F2 = .704 F(5,42) = 23.35
SER = 0.006 - DW = 1.73 S

Price Level (p) - 1‘

= 0. 345404 + 0.256395 W - 0.035748 UR(- 1)
(22.95) (49.229. (-6.58)

+ 0.00340466 Q1 + 0.0575959 Q2 + 0.0620362 Q3

: o 3
R® = .996 K2 = .996 F(5,42) = 2139.19

fBER- = 0.022 DW = 1.66

(.38) (4.80) (6.50) (6.2.27);

~
-~

C
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.. ' . L]
Prige of exporé (PE)-

t

PE = 0.087884 + 0;2175?1 P(-1) - 0.0401839 UR |

(2.01) (2.14 (-4.03) |
+ 0.00456144 TIME + 0.822845 PE(-1) + 0.0805271 Qi
(3.42) (11.82) (4.9%)
+ 0.029631 Q2 + 0.0134186 Q3 o (6.2.28) &

(2.91) (1-.83)

a

f—/\ R2 = .999 K2 = .999 F(7,40) = 12052.5
' . SER°= 0.020 DW = 1.99 RHO = .366096 (2.48)
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CHAPTER 7
VALIDATION OF THE MODEL

The purpose of rhe model validation is to evaluate the
performance SO“HQE optimal control experimenfs can be I
conducted with some confidence. Since the & in objective of
the model  is for pplicy evaluation which alej\}nyolves
comparison with past economic pdélicy, the model shonld be

validated for certain characteristics: first, we perform ,°

~ ‘ pr

. ‘ istorical simulation-to see how it represents the real
. - 4

V)

{ )

-

f
Y

economy; second, we take a look at ‘some dynamic propertles

concerning the long-run crowding-

; \

To analyze dynamic responses; we will compute multipliers for

out and neutrality of money.

fiscgl and monetary policies,” a tool commonly used to
evaluateupolicy effectiveﬁess.
Thlé‘chapter has t@o sections. Sectién 7.1 dei;s with

the historical simulation analysis. Section 7.2 stpdies'some

.dynamxc\froperties of - the model. S s .

-

’ | i o
: &

7.1 HISTORICAL SIMULATION ANALYSIS

As a step in validatigg a model dynamic simulat10n353

over he sample period are necessary to forecheck its abillty
A

\ \
to reproduce the historical path ‘of "the economy.- Due to data

. limitations no simulation outside the ‘sample is experimented;

53, .. R L

By 'dynamiec', we mean a.process in which the values of
lagged endogenous variables are generated by the

simulation iteelf. ’ ' ).

4
— A
. ‘
f N .

£

| ' )
i K

. W ' SN
. ‘ o _—

Fa
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this‘would be acceptable as forecasting is not the °
purpose ef'the model design.

Two simulation periods are chosen:

1) from 1972 I to 1978 IV »

ii) from 1975 III to 1978 IV ;

The first one spans seven years. A 1ohéer interval
w1ll accumulate errors, and we believe the resuPts might not
generate a meaningful plcture.54 . *

The second cerresponds to the optimization period.
The 3 1/2 year span is long ugnou’g—ﬂ for our short-run
analysis. If the model was able to eimulate the‘his?onical
path in-fhis period with some degree of accuracy, we would
have more confidence in our 5ptimization.resu1ts. . |

\, Regaqging evaluation cr;terid, %n the literature a
variety of etatistics are relied upon: root-mean square error
(RMSE), root-mean squé}e error in percent or root-mean square
percent error (RMSPE), number of turningfpoinﬁ erro;s,'

‘
Theil's 1nequallty coefficients...

As Klejn and Young (1980, p. 56) noted, for a

'quarterly macrdeconomic model, perhaps the most 1mportant

dynam&c statistics dre those relatlng to turning-point
4

. g
errors and measures of deviations of major economic

\ Sy
variables'from their historical'paths measured by percent in

4

the,case. of - dollar-value variables and levelg with R

—— e - o

4 .
In a NBER/NSF model compar1son seminar, participating
major U.S. models were asked %0 perform T-year simulations

.{see PFromm and Klejin (1976)). Another reason for limiting

the time span is due to the problem caused by the
existence of two regimes of exchange rate.

.
I . B,

8-

'h‘

R
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B
respect to growth, inflation and unemployment rgtes.
“Here we r353§¢ RMSE and RMSPE for all variables except
UR (unemployment rate)\Pnd IIN (1nvestment in 1nventory). As
L) R o
to IIN, since it fluctuates widely from negative to positive
values, those statistics are not meaningful and therefore are
}

not calcula_ted.55 gOn the other hand, extra computation is

done for financial assets (CUR, DD, and DSN). , -
P P D )

RMSE is defined as

, - 1/2
(x8 - x2)2 ] - A /j>)
=1 t 1 . & “

[.

ct S

1
M

.
Y

where X° and X2 are respectively simtilated and actual values

of X. RMSPE is RMSE divided by the variable mean. Tables
7.1 and 7.2 (columns 3 and 4) exhibit RMSE and RMSPE. In the
last column of Table 7.1 are also reported the RMSPE(s) of

' the’simulation in which (DD/P) enterd as an equation, and

- 7

“currency derived as a residual.

) - ,
‘The,turning points are illugtrated by graphs exhibited

.~ at the end of this section for&major edonomic variables . J

-

‘&l‘
(Figs. 7.1 to 7.17). Since no spatistic is computed for IIN,*

it will be plotted _ As,variabies are of different scales,

plots might be misleadlng 1ndlcators of deV1atioQ§. 7 ; -

. . .

4

55 '
The same treatment is found in the RDX2 manual (see Bank

_of Canada, 1976, p. 262). A similar remark was expressed
"by Kuh and Schmalensge 9?975, p. 190).

]



TABLE 7.1: 1972 I - 1978 IV Simulation
VARIABLE MEAN RM§§ RMSPE (%) RMSPE (%)
“ BOND 78835.3 3297. 4.18 4.%1
CON 17623.3 601.9 3.42 3,42
CUR 6062.98 |- 129.1 2.1% 7.03
(CUR/P) 4165.3 67.8% 1.63 7.64
DD | 10493.4 129.1 1.23 4.06
(DD/P) 7277.5 188.1- 2.58 3.69
DSN - 48003%.2 1537. 3.92 3.92
(DSN/P) 32316.1 1247. 3.86 ! 3.86
EX - 6584.79 198.8 | 3.02 *3,02
IM 7563.93 243.9 3.22 3.22
INR 3989.96 175.6 4.40 4.40
LRCNR 5474 .57 231. 4.22 4.22
L 9230.52 85.85 .93 .93 -
LF 9910.47 56.31 .57 .57
M2 64559.6 1537. 2.38 2.38 ¢
MB 9715.98 133.1 1.37 3.98
P 1.44489 .02731 | 1.89 1.89
PE 1.57947 . 08331 5.27 R 5.27
PFX 1.02515 .02465 | 2.40 2.40
RL 8.5538 .4255 4.97 4.97
RR ’ 3653 . 59.16 1.62 1.97
RS 8.06809 .8486 | 10.52 10.52
RTD 6.9621 .6761 9.71 9.71
TAX .8356.39 " 633.7 7.58 . 7.19
TR 18270.5 633.7 3.47 \3-28
UR 6.81377 | . .4939
v 60555 .1 2386. 3.94 ¢ 3,94
Y 28569.1 607 . 2.12 2.12
o

e
— S . . i G G - S S SIS wES w - =

Note: La?t Cflumn is obtained from the mod?l %n whic? th?
equation is replaced by the equation DD and (CUR
"?E P -

'is derived residually. r
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VARIABLE MEAN 'RMSE RMSPE (%)
BOND 97251.7 | 2068. 2.13
CON - 19212.1 - | 487.7 2.54
CUR 7274 .64 140.7 1.93
(CUR/P) ;| 4306.42 70.65 1.64
DD 12185.3 140.7 1.1%5
(DD/P) 7222.77 225.7 3,12

. DSN. 61969.8 1775. 2.86

SN/P) 36544.3 938.6 2.57
BX 693%2.86 149.4 2.15
M 8138.14 228.7 2.81
INR 4292.179 120.3 2.80 |,
IRC 1569. 132. 8. 41
IRCNR 58681.79 225.1 3.84
L 9672.26 69.22 .72
LF 10478.5 | 56.5 .54
MB 11780.9 146.2 .24
P 1.68664 .03526 | 2.09
PE 1.8567 . 06761 3,64
PFX 1.05777 |- .02055 1.94
RL- 9.10952 . 3845 4.22
RR . 4506.22 61.61 1.38
RS 8.53309 .7922 {. 9.28
RTD 7.4975 . 7874 10.52
TAX 9913.14 707.8 7.23
TR 22484 .1 707.8 3.16
UR 7.6883 . 3641
v 64327.4 1544. |. 2.40
Y ‘\ 30427.6 |° 529.9 1.74
*\

v

-Note:

, .

For measurement units of variables presented «
In Tables 7.1 and 7.2, see Section 5.7.

N
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Before we go into the evaluation, onéﬁthing needs to
be said; In our analysis other U.S. and Canada models afe
sometimes referred to. This is just for: illustrative
purbosés; due . to differences in sample- size, sample period _ .

and natidon, interpretation should be careful.

7.1.1 Simulation: Period 1972 I = 1978 I

In general, the results are encouraging. The most

‘important variable Y (= real GNP) has a RMSPE of 2.12 for.a

seven-year period. s k
~

- The labour markétnperforms best. RMSPE of \eﬁployment

/
(L) and® labour force (LF) are below 1%. Their plots'(Fiéﬁi

~=7.1{ 'and~7.12) show that the historical pathg are aydést’
perfectly reproduced.56 In the literature there ;é still a
« * '
tendency to report the unemployment rate (UR) by{ﬁts RMSPE.

If cal%ulated, izkii 7.25% (and '4.74% for simulatfon from
)

1975 III to 1978 \1V). The RDX2 infa 7-year simufktion of

’ ’

diﬁferqnt sample generated 17.85% for UR (see Baﬁk of Canada,
. 1976, p. 263).‘ "

In terms of RMSPE price level (P) and wage (W) are
, L)

~quite good. However, for P the seasonality féature is not
;o ‘ completeiy satisfactory; ihdeed, at several 4th quarters,

while the actual price declines, the simulated P remains
o®e *
-— =

constant (Pig. T7.13). : o

t , J %
56 R , ' :
Rather than plotting the unemployment rate, we'prefer to
plot employment . .and labour force,

~ L
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The monetary sector performs in general well except
the interest rates (sheft-term rate and time’deposit rate).
The plots fopvcurrencx (CUR);'demand deposits (DD),
and time deposits (DSN) indicate & tréndy path with more
fluctuations for DD; however, simulated DD reproduces
turning-points accurately. To'a largehextent this is

J
explained by the way it is derived residually. CUR misses

turning-points in three instances, but the degree is quite
small. - The last column of Table 7.1 exhibits the RMSPE

results from the simulation in which the equation 'CUR is i
) P

‘replaced by DD (estimated by 2SLS), in other words the former
P

is'now‘derive€ residually. As can be seen, results are

unchanged except for nominal, real CUR and*DD, honetary base

o

(MB), chartered bank ﬁ%eerves (RR), and éqvernment bonds
(BONDL. RMSPE for nominal, real CUR, and DD become worse;
that is w?y we have preferred to derive DD residually

The worst variable in, the monetary sector is the
short-term interest rate (RS) with a RMSPE of 10.52%. It is
hard to obtain a good estimetion for RS. A fypicaliexamplé}
is kuh-Schmalensee medium-sized quarterly model (1973, p.
189) in which the’eﬁdogenous short-term rate was mot
estimated directly: -over a 16-year simulation its RMSPE was
50.37%. This resulst vaLidafes our argument that for gogd
tracking it*is essential to estimate RS directly A second.

example is Pindngws small model (1973): over a 13-year
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simulation, the RMSPE of RS was 18.63%.57 1In shorf. although
RS has_the worst RMSPE, it should be considered relatively
satisfactory, taking into account all difficulties in
obtaining a goodness of fit for it. We believe that if the
RS equation could be improved, the effect would spread
favorably over the estimation of the investment equations.

As to its plot (Fig. 7.15), historical and simulated paths
have almost the same form,.though they are somewhat out of
phase from 1976 I to 1978 II.

Next to RS in terms of high RMSPE is RTD. This is
understandable as RTD is solely related to RS and its lagged
value. We have tried to diminish its dependence on RS by
including the U.S. short-term interest rate. But ¢&éhe U.S.
rate has a t-statistic barely exceeding 1, and the simulation
~does not show any improveﬁenﬁ.

A variable of interest is the foreign'exchange rate
(QFX}. A lot of controversies have arisen ;ith the ‘recent
.development of the.monetany approach to the foreign exchanéé
rate which is adopted here.. Our simulation generates a RMSPE
of 2.40%, which is an encouraging result for our PFX
formulation. Carefully examining its path (Fig. 7.14), we
can observe from 1976 III that the simulated PFX follows its
¢ounterpart quite well as this period witnessed a continued
depreciation of the Canadian dollar. But before thaf the
Canadian ‘dollar was much unstable, éhd the gimulated PFX

57 R ¥ ’
Calcylation is based on the RMSE statistic -reported . in

. -Pindyck (1973, p. 65) and on RS data found in Pindyck and
_ Rubinfeld (1976, p. 415). ‘ ‘
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‘missgs £wo turning-points in 1974 II and 1976 II.
The last sector to be discussed is the product sector.
In general turning-points as well as seasonality are well
captured.
, Cdnsumption, import, and export perform almost.egually
well in terms of RMSPE, yieldinga very good RMSPE for GNP -

(2.12%4). With respect to import,bthe gimulated path follows

quite closely the historical’ path (Fig. %.6).' It fails,

however, to réproduee a minor downturn in 1978 I. ‘

The investment variables, particularly INR and IRC,
are comparatively less dééirable.

The plot of imventory investment (Fig. 7.7) exhibits
wide swings from negative to positive values. Th;.simulated

. IIN fails to pick-up some turning—points; Considering those

“exfreme oscillations, the performance »of IIN should be

~regarded.as satisfactory; moreover, note that its size is toa
\> small. | \

Investqent'in non-residéntial construction and
machinery & equ&pment'(INR)'is also characterized by a lot pf
oscillations (Fié. 7.8). A minor turning-point is missed in
1976 III. We are not truly happy with gh'e INR equation which
depends mainly on income, long-term intefest.réte RL (lagged
8 and 9 quarters); and its iagged value (see Chapter 5). We
prefer a distrib?ted ;ag to enFer the equation ratheraiﬁan
qurs which is qufﬁg\ad hoc, but we never succeed.

D0 -

Investment inremidential construction, as expected,’

is the worst.in the product sector with a RMSPE of 7.93%. As

.
( .

il X

oy
«
’ !
v .
- -
. R N N




x;—-§;;ed by Pindyck and Rubinfeld (1976,'p.)375), IRC is -

‘mortgage availability, and construction costs, and none of o

and impoff greatly improve. The tqg%g impacf yféids a very

Co 175

di¥ficult to explain in a small macroeconomic model: l

theoreéically, it should also depend on mortgage rate, on

« ¥

these factors is included in our model. The plot (Fig. 7.9)
indicates large deviations. A cénsol}né’point is that the
simulated path follows the diréction of the actual path, and -
IRCﬁR as the sum of IRC and INR behaves better (its RMSPE is
4.22%) . '

]

3

7.132 Simulation: Period 1975 III - 1978 IV
I#

The striking fact is- that substantial improvement -

emerges as the simulation period shortens. The RMSPE

decreases for almost every variable.

1y, ~

Residential construction investment (fRCd is oée /
exceptipn: its ‘RMSPE increases from 7.93% tgo 8.41%; however,
iﬁvestment in non-residential construction, and machinery &
equipient (INR) records a sharp decline from 4.40% to 2.80%,
making private fixed investment (IRCNR) falling from 4+415% to
3.84%. -

. Other components of- GNP such as consumption, export,‘

2

'
A

: . ) ¢
low GNP RMSPE (1.74%) -for a 3 1/2 year simuldtion.

e T hd ’ - .
Considering the difference in time .§pan, it seems both

simulations perform almost eqﬁaily well. In that case one’

might think there is sope abiiity in\the econongic -

r » . [} 1
relationships for the peripd from 1972 [ to 1978 IV. This

- / .



e

‘ \ X : 176 - . L . ) f Ic

- ‘ ‘ : e ' :
remark, if true,\coup&ed with quite good\ simulation results
X o \‘\\\ > N . . . -
f.rom' 1975 III to 1978 IV, ~should give us\a lot of confidence
) in our, .optimization .analysis. ' A
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7.2 SOME DYNAMIC PROPERTIES: LOKNG-RUN CROWDING-OUT AND
NEUTRALITY OF MONEY |

Althougﬁ/the model was constructed with a short-run
objective in mind, it is interesting to know if in the long-

run, it can meet the two conditiens of crowding-out and

N

neutrality of money.

The crowding-out is a phenomenon in which increase in
government spending has the'only effect of displacing privdté
sector spending with no impaét on real income. On thg:other
hand, if money is neutral in the long-run, a money sfock

increase results only in an equiproportionate inc¢rease in
_

price, leaving real income unaffected.

\

The issue with {these effects is that how long is the

2

'long-run'? For instance, in discussing .about fiscal action,

Ando and Modigliani (1976, p. 18) stated that when a new
long-run equilibrium is reached, a macro fiscal action yill
have no significant effect, at least, on Teal income but

-

addeé that the long-run equilibrium might require a very long
time if not forever. %eafing thig in\mind, we turn to
empifical evidence.

To study the above dynamic properties, shock response
experiments were conducted. All involved comparisons of a
simulation based on non-historical values of a policy
variable with a.simuf:tion based on historical values of the
policy va}iable.‘ The simulation period'exfendsﬁfrom 1972 1
to 1978 IY (same period as our longest simulation described

in Section 7.1.1). In fiscal experiment real government

1
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sﬁending (G1) was raised by 100 million in 1971 dollars over

Pl

historical data for every quarter. In monetary experiment
nominal money supply (M1)‘§as raised by 100 million current
dollars for every éuarter. From simulation results, Ehanges B 1
in GNP can be calculated; if they are divided by 100,
multipliers ére obtained. HFre multipliers‘are reported, as . 3
traditionally done. A probI;m with multipliers is that in
nén—linea; models they ‘are not invarianp to the time origin,
the level of economic activity, and the size of exogenous /
change {see, for example, Hallet and’Rees, 1983, p. 56). |
This suggest ﬁs to start the shocks at two different dates: y
1972 T and 1973 I; the second date is to allov time for -
lagged terms to have some gffect. ' " "

i Table 7.3 provides the values of fiscal and monetary ///
multipliers obtained from shocks starting 1 year later (i.e.,
in 1973 I). As th; period is not long, the fiscal multigy{;r,
value does not approach zero, but its éraph (Fig. 7.18X/§hows
that it is decreasing in the last 4 quarters. As the'/iaat,h is
cyclical,58 and the period is short, we cannot ﬁe'gertain to
tell whether the multiplier will approach the zero’value or
not, given enough time. '

Regarding the monetary multiplier, although Figure

7.19 shows that it augments in the iast quérter, Table 7.3
58 -

The cyclical feature is also found in certain Canadian
models. For example, Sandblom, Banasik, and Parlar (1981,
. p. 20) compared fiscal shock response of real GNP from their
model (a linearized condensed model based on the RDX2) with

.that from a version of RDX2: both models exhibited a similar
cyclical pattern although with rather large divergence.
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iﬂaicatestiﬁs values are negative for the 1a§t 8 quarters.
To ‘some eitent we might say the condigiong of-
Erowding-ouf ang neutrality of money have been met. To lend

some support, we performed another set of fiscal and monetary

experiments with a very much longer period: ‘25 years and 1

PEA

quarter.®9 For these, we generat?d artificial data fbr “
¢

éxogenous variables, assuming that they grow from 1978 IV

onwards, at a constant rate (obtained from regression on

'time). Qf* course data aré not correct, but we feel that thié

‘should not be serious as iong as data errors appear in both
historical and shock simulations. Policy variables were
raised by the same amounﬁ as earlier, but only in one quarter
?1981 f);’simqlatién gtarts 'in 1978 IV to allow lagged terms

to take full effect. ‘ : | .

What we find is: 11 years after the shock dynamié

- figdal multiplier becomes‘stable around a_value of .16, while

8 years after the shock money multiplier tends to stabilize
P

around .001. These results would give more credence to the

model as far as the long-run properties of'crowding-out and

neutrality of money .are concerned.

59 T e
Experiment idea was taken from Professor Anastasopoulos.
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TABLE 7.3: Fié,cal and Monetary Multipliers
FISC I R  MONETARY -
FERTOD A144G1 ‘ A;/AM1 . av.ﬁ
(constant $) (constant $/current $)
1973 I 1.761 . . 00000003
m 2.154 013" &
#‘ | 11 2.245 .03%
) ' v " 2.065 o .122
[1972 1 i . 1.807 - - | - .190
II . " 1.532 s 227
I - D 1.267 ‘ .243'
" e .975 .236
1975 I~ a2 - 217
II | EL | . +195
III. 479 — a7
Iv 381 ) .128 -
1976 I E 350 ¢ .099
| II +391 ) . 067
§\X\\ - III 416 ” B - .048
E\Q\g\ e 472 o .023
97T I et | ~-.0009
B I S T -.017
I1 o L9t7 ' -.044"
m N N
1978 T : v -+ 046
\q ,\/ II -.066
o III S0 =087
. L v
IV - -.056

3T ¢
N ’
B
<
v
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Before leaving this chapter, it is necessary to say
how effective, in terms 3 impact on Y, fiscal and monetary
policies are. Table 7.}/Ziearly indicates that monetary .-
effectiveness is verj weak‘whilq fiscal policy enjoys a high
degreé of efféctiveness which is commonly found in the

b o P e S
empiricak-facroeconomic literature. The only external

Canadian &Eﬁgence about monetary effectiveness available to
us comes from thée TRACE model (Chogghry et al., 1972, Chapter
4L In the TRACE manual, a few exp;riments were‘performed,
based on differen% starting dates with a once-and-for all
raise in M1. .Multipliers were not calculated, but enough
information were provided to permit fhe compp?ation roughly.
Méney multipliefé are found to be very small. ‘For exa;ple,
in the 1957 experiment the impact gnd {nterim money
multipliers are found to be .07 for the first year (annual
data),foz for the second year,.00§ for the third year, and
Beqdme negative after ?hat{ In experiments with other
,8tarting dates, money multipliers are smaller.

Note that as the optimization period covers 14
quarters-and extends from 1975 III to 1978 IV, we also
repeated the multiplier analysis runs for the same.period.

G1 and M1 were raised by 100 qillion over histggifal data
for eyefy quarter. In general, results are quite ;;milar to
those reported in Table 7.3 for the first 14 quarters ‘ ’
although the %ew values of fiscal multipliér are a bit
higher: e.g., at the end of the t4-quarter simulation period,

the value is 0.6 (0.39 in Table 7.3).
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CHAPTER 8 - -
SPECIFI&ATIQé Of THE WELFARE LOSS FUNCTION
* To caicu}gte;an optimal cphtrol‘aolution for a ﬁé&élf
. the épécificatiop of the objective or welfare loss function
is required. Ours is assumed to be & piecewise quadratic
function. This will allow asymmetric penalty and aVoié the
problem that.deviations of variables from tteit targets are

equally undesirable rééardless'of their 'signs.

i 1 . "1

Trédftionally, the next two steps. are to determine the set .of

térgets and’ instruments, and the'weighxs. For weaéons “

&iscussed in‘Chapter 3, the common practice of including

cont;ol costs in the objective.is not followed“here; instead,

we will eﬂgyblish‘lbwer and upper bounds on éontrolg

* variables. Using a piecewise quadratic function and imposing

"'“tounds on'controi variables help to remove some of- the
criticisms voiced agaihst the quédfatic formuiationt(Bock V.

Wul ingen and Pauly, 1978, for exahple)

In Sectlon 8.1 we treat the subject of targets In

Ay

i

Sec_éon 8.2 we deal with the issue of control bounds.  And

finally, in Section 8.3 we provide a detailed description on
how the weightsg afe determined. o . - .-

« S, ‘ . ‘ - ‘

8.1 TARGETS, - o o,
In a NBER/NSF Econometric’Mdﬁel Comparison seminar

chaired by L. Klein, major U.S. models were asked to perfoig

determinlstic optimal control experiments by essentially



q

.’ .
_“~ Chow, 1981, Chapter 4; Klein and Su, 1980){

using the same quadratic loss function with four
A ¢ & ' 0y 1
targets: GNP gap, unemployment rgte, inflation rate, and

(nominal) trade.balance as a percentage of (nominal) GNP (see

treated as ‘4 target instead of the traditional arget to

‘emphasize the idle) capacity utilization in the‘pe"od under
i

qpnsideratioﬁ. .
. In short, the objective function (dJ) inimized,
is:
1
J = 21 v [ w1 (100 {X - 1) - 0)2 + w2 (UR - UR*)2
1975 III YP ‘ .
. <
w3 (INFL - INFLY)2 4 w4 (1B - 0)2 ] ‘
where Y. = real GNP . . &
YP = real potential GNP . !
/ R = uqqugdym;nt rate ‘ - ;
UR™ "'= desired value or -target of UR
INFL = inflation r}a:te (to be defined later) .
-INFL* = desired value or target of INFL VS ;
~IB = trade balance as a percentage of GNP (to bé
R o defined léter )

ahd‘w1, w2, w3, w4 are théfaﬁihhts of the Tour

" » targets. :
. -
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‘control and to prqvide us an opportunify of studying the Bénk

.0f Canada's monetarist experiment.

~desired’Vélue, and if the unemployment and inflation rates

“w
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Several explanations are in oQQer.
i) The optimization period covers 14 quarters, .
starting in 1975 III and ending in 1978 IV. It is

particularly chosen to give more support in treating M1 as ;//i;:

ii) Penalty will be zero if the GNP gap exceeds its

are smaller'than'the;r desired values.
iii) The-GNP gap is defined as’(%p- 1)100 with a
~ ) :
desired value of zero. The potential GNP series is generated

by assuming the quarterly seasonally adjusted: GNP in 1973 III -

*to grow at a constant annual rate of 4.9% (it is. mainly a. .

P

4’9% t? nd” llne) 60 That rate was taken from a study of
i(1977) from the Conference Board of Canada. Crozier
estlmatdd the full-employment GNP rate of growth for the
period 1973 1980 to be 4.9%, defined at the 5% rate of
unemployment 61 The series is then tfansformed into
unad;]usted data by multlplylng it by aratio of actual non-
seasonally;adJusped (N.S.A.) to actual seasonally a@justed
(S.A.) GNP. Note-that as GNP gap is in ratio form, it does

not matter whether we seasonalize Y or deseasonalize YP, 4

b

.60 .
Studies by Crozier (1977), Brox and Cluf (1979) showed that )
GNP was equal to its posential level in 1973 III. ’

61 :
The value of 4.9% is very close to our estimate (=5.1%) -

obtained by running a regression of log(Y) over TIME during
the period 1958 I - 1978 1v. , '

3 '

- - .'. @ . . \'h}:
-+
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iv) The desired value of the unemployment rate, UR¥*,

’
'

is a constant 5%. Please note that the desired values of

tafgets policy—makers talk about are for S.A. data.
) ¥

Therefore, UR* is transformed into N.S.A. by using the ratio
~of N.S.A. to S.A. data. This procedure had been uséd by
Pindyck and Roberts (1974, p. 222). |
v) To be }ealistic, the desired value of the
inflation rate, INFL*, is set equal to 6% from 4975 III to
1977.1.and 5% from 1977 II on. The rate of inflation is |

defined as 100[ P - 1] rather than 400[_P? .- 1].
: : ,‘ : :4

The former has removed to some extent seasomality while the

o

latter, N.S.A., is not a suitable indicaﬁom of quarter-to-
quarter change in price. Holbrook (1973, p. 61) defined the

rate of inflation as [ P - 1] Bnd transformed it into
N - .

S.A. data by using the dummy approach. He remarked that even
though inflation data had been seasonally ad justed,  the

presence of segsonality was still strong, suggestiné thgt the

-~

seasonality of the model differs tq.soﬁe degree from that of

historical: data. We have encountered the Saﬁe prdblem when
\ g ;

defining the inflation rate as 400[_P° - 1] and
, —57=T)

‘ < S
gseasonalizing it by the ratio of N.S.A. to S.A. data. This

urges us to use 100[__P - 1].

vi) The last target TB is the ratio of nominal trade
balance over nominal GNP. It will be referred to.as trade

~ balance for short. —It is defined as:

-



"expenditure of federsl, provincial, and local governments)

and G2 (real aéPenditure of Hospitals, Queﬁec, and Canada

-/
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TB = 100(EX.PE - IM.PIMA.PFX)
T Y.D

(all.variables keep the same meaning as in Chapter 5).
8.2 CONTROL VARIABLES

- There are two candidates for control variables. For
monetary policy it is the nominal stock of narrow money M1.
For fiscal policy it is Gi. Notice that total real

gov;thpnt spending consists of G! (real government

Pension Plan).\*The latter is a very small amount of total

government sPending?\\k\

For the resulting optimal trajectories to be -
acceptable from a political as well as én.economic point of '
view, and for technical reasons,'we'wili impose lower and
upper bounds on the contrbl-variables. To our knowledge'a
few studiesﬁhgve pursued that direction.' In the two ;orks by
McCarthy and falash (1977), and Craine (1978) the control

variable is restricted to be a polynomial. function of time, &

~

*la Almon. Apart from the difficulty in determining ‘the’

desirable degree of the bolynomiala their procedure calls (pr
the development’of‘appropfiaté obtimal control algopithgs; as
a matter of fact, the authors were more interested in the
aspect of computafional efficiency which 1is gained from
imposing the control restrictions. In'S;hdblom, Banasik, and
Parlar (1981), and $adbiom and Banasik (1984), the authors

set up bounds as- some multiples of historical range. In the

’ ~
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‘first study time independent and time dependenf bounds are
both congidered. With time independermt boundé the control
variable is restricted to stay within a band which is
centered around the midpoint of its historical range and
constant over time. With time dependent bounds, the bénd
whiéh is‘centened around the individual historical valués
- moves over time according to the historical values of the
control variable, but the bandwidth remains the sanme. TH?
Sandblom-Banasik—Pgrlar procedure is simpie aﬁd’easy to
impleﬁenﬁ. However, if the historical range defined as the
di}feqence between the smallest and largest valﬁes of the
contrdl variable under a certain period is quite ‘large, the
'resﬁlting bounds, particularly timé dependent bounés, will bg‘
large. Here a different procedure is uéed, relying maLnly'on
1past behaviour of the control variablig. This is feusible
. due to the ;§ailabiiity of past information and the existence
of-only twé policy instruments. Another justification for
"our. choice is that as a great number of optimization
experiments are to be conducted, we are inclineg to generate
bounds which are wider than the historicalAvg&ueé'bug still
reasonable such that the\model structure has a highef
probability to be maintained. Fo; sensitivity analysis, the
bounds need to be widened; in that cése: the Sandblon-
Banasik-Pariar’procedure will be-adopted. ’Below a detailed
discussion on how ;ur control bounds are genéf@tgd‘is

provided; this seems useful as thg bounded conirol approach

is rarely seen in the empirical literature.
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8.2.1 Bounds for the Monetary Control (M1) N

The point of reference is the Bank of Canada (BOC)
data on M1 target range. Table 8.1 exhibits M1 targets as
annopnded by the BOC. ‘ *

\

TABLE 811: Bank of Canada Target Range for the Rate of Growth

f M1_TS A.)
PERIOD - TARGET RANGE (%)
May~1975 -~ PFebruary, 1976 g 10 - 15
Mgsgp 1976 - May 1977 8 - 12
June 1977 - May 1978 7 - 11
June 1978 -_Decemﬁer 1978 "6 - 10
1 Source: Bank of Canada (data requested)

We have two choices: either accept the BOC target
range as it is or expand it within reasonable limits. Tgé'
"latter is taken for two reasons:
, ‘i) Past monetary policy might not be optimal. The
. range could be expanded to allow some more room for
optimization.

ii) Theoretlcally when the range has been .
established, actugl data should fall inside it. Broadly
speak;ng, M grdwth staxgd inside fhe targef band. But on a
quarterly basis; actual M1 (S.A.) fell outside on'seVeral

occasions (four times M{ was small than its lower bound, and

three times it was higher than its upper bound).
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\ One of the reasons why M1h§trayed from its targef
bénd would stem from the originaligrocedure used by the BOC
for the period from May 197% to May 1977. The méthod was as
follows: first a base value was chosen, then tooit applied the
lower and upper bound ratéé (on a monthly basis) to generate
monthly data. It results that for the first month, lower and
upper bounds have a common value, -but they incgeasingly
diverge over time until a new target is set up; th?re is
consequently a high chance that actual data fell outside
bounds during initial periods. It might be due to this
drawback that the BOC switched to another procedure from June
1977 on. The second is a little bit complicated and needs an
exgmple. Suppose the target range was announced to be 6 -
10% with a base value BV. PFor the first month the lower
bound is (.98).BV, and the upper bound 0.02):BV because the
range is equal to 4% (=10-6). A common rate of (6 + 10)/2 =
8% (on a monthly basis) is then applied to initial lower and
upper’bounds to generate the series.

In view of the problem érigen from the first method,
we adbpt the second uniformly for the whole period 1975 III -
1978 IV.. We begin by attempting to extend the BOC 5and by
+1%, i.e.,: ' ,,

May 1975 -~ February 1976: 9% - 16%

March 1976 - May 1977: 7% - 13% etc... _

We find that actpal.S.A. M1 is still highet thén our
upper bound in ?SZS III(by 45 million (due to the postal

strike), smaller thuf our lower bound in 1976 IV by six

]

<
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million and in 1977 I by one milljon. The gaps 1511976‘IV t
and 1977 I are negligible, but the one in 1975 III is
gignificant. We might choqsé that target band (i.e., BOC
rénge +1%) except the Mf value &n 1975 III equals the actual
level. The problem is tht the correction in 1975 IITI will
cause some inconsi;ténc§/in the data series.. We decide to .
expand fhebBOC target band a little more.

_What>we have observed is that.it is necessary to
reducg the BOC lowe}~bound by at least 1% tg prevent_gctuél
M1 to fall outsigde bo&nds. From that observation we arrive
at two alternatives for M1 target range (exacti&;tanget range
for the rate of growth of S.A. M1)..

First alternative: BOC Lower Bound -19%,
BOC Upper Bound +2%, i.e.:

, . May 1975 - February 1976: 9% - 17%
March 1976 - May 1977 : 7% - 14% etc.

£

L]

The range is quite realistic since if M1 is always at
the upper bound, on the average it will be 1.15% higher than

the actual value.

Second alternative: BOC target range +2%.

. An intgrmediate case would be: BOC Lower };ound —1%,
BOC Upper Bound +3%. But we find the results fall between
those of the firsf two alterna{ives.'which renders this case
in fact redundant.

‘We bel%eve expanding the BOC target range more than
that’ of the.second alternative would make the announced

policy lose its significance as the band is now too large.

~—

-
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We also think the first altefnative is most realistic. Once
target range has been chosen, we can generate lower and upper
bounds for S.A. M1 which are then transformed into N&LA.
data by using the ratio of N.S.A. to S.A. deta of M1.

As an abbreviation, we will refer t6 the'two above

alternatives of bogggngor M1 respectively as'BND1(M1) and
BND2(M13. Note fhaﬁ BND1(M1) is applied to the first

alternative.

8.2.2 Bounds for the Fiscal Control (G1)

In the empirical optimal control literature, the
desired value of (real) government spending is usually
assumed to grow exponentially at the same rate as (real)
potential GNP (Holbrook, 1973, p. 45; Pindyck, 1973, p. 107).
Unfortunately, no explanation was provided. Clrozier (1977)
from the  Conference Board estimated the growth rate of full-
employment GNP taq be 5.4% during the period 1966-1973. fh
the same period actual Gﬁf and total government spending
respectively grew at 5.54% and 5.61% (5.38% for G1).
Considering this evidence, a plausible explanation is that
over a fairly long period the ratio of government spendiné
over GNP changes: little. If we assuﬁe it constant,.the
rates of growth of GNP and government spending would be the

same. As actual GNP is closer to potential GNP over a long

~period than over a yearly basis, the assumption that the

desi)éd value of government spendiﬁg grows at the same rate

as potential GNP would be meaningful.
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Given the significance of the assumpt;on, for our
firgt upper bound we assume G1 gro®s at 5% (recall the rate
of growth of potential GNP has beén assumed to be 4.9%).
Examining historical data, we find.from 1974 to 1978, the
average ;ateé of growth of GNP, total government spending,
andlg1zﬁEre regpectively 3.20%, 2.49%, and 2.47%. From 1975
to 1978, they were 3.10%, 2.02%{ q’d t.94%.  Clearly, for tﬁe

optimization period the ratetof 5% applied to G! upper bound

i:(munh:;igher than its actual value. However, it should not
bg' discarded a priori for'thiq reason because in that period,

due to the authority's concerﬁ about inflation, government
spendiﬁg was reduced below its trend, and an optimal policy
might reset govegﬁyent spending at the normal level.

As a second alternafiye forrg} upper bound, we choose
a 4% rate, ;:é” G1' is assumed to grow at 4% annuéily. This
alternative is more restricted but more realistic for the
pei}odounder-6onsideration. We cannot go below 4% because in
1975 total government spending and G1 grew at 4% and 3.86%
respectively (below 4%, actual G1 can fall oufside bounds).'

In short, two rates are chosen (4% and 5%) and

applied to quarterly S.A. Gi (the initial period was 1975

‘Ii). The S.A. series are then transformed into N.S.A. data by

using the ratio of N.S.A. to S.A. G1. /

b. Lower bound , .

For lower bound we might think that a zero growth

PRSP

rate for G1 would be desirable. In reality, there are two
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minor problems: ii)actual S.A. G1'in 19?5/;1 (initial pesiod
to generate bound ‘series) was higher than its level in 1975
III, ii) there was a negative‘growth in 1976. These lead us
to set\sgg lower bound as follows: |
i) From 1975 III to 1976 IV: S.A;/Gﬂ\is assumed to
grow annually at =2%. ‘ '

1) Prom 1977 I to 1978 IV: G1 will be constant and

-
.

- equal to its value in 1976 IV (i.e., zero growth rate).

Note thag the same lower bound is valid for both
alternatives chosen for G1 upper bound. .In short, as an
abbreviation we will refer to the two kinds of bounds for G1
as BND1(G1) and BND2(G1). Note that BND1JG1) denétes bounds

-
using a 4% rate for G! upper bound.

8.%.1 Search Method

What are the numeric;i values to be aésigneé'to the
welghts wi1, w2, w3, and w4? This is an important’question.
Sadly, it is often neglected. Sandblom (1979)62 provided an
iqféresting numerical examplesin searching for the
appropriate weiéhts. He too thé idea from Rusten,
Velupillai, and Westcott (1976). Let us suppase the
bbjective function contains only-two targets with the values
of wi and w2 .to be éssigned. ‘w1'can be arbitrarily set equal

to 1. The idea from Ruétem, Velupillai, and Westcott is that

62
See also Sandblom (1980).
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we can start with any w2 and find the corresponding optimal
pazp. The resqlt should be shown to the policy-makers whose*
comments would be used to update méf The model would be
6pti;ized again, with result shown to policy-makerg.and so
on. If the polic&—makers are consistent, the procedure can
be made to converge. |

| Based on Rustem et al. idea, Sandblom's approach
st;arts with\ any a'.rbitrarfy value of w2. The mddel,is
optimized;. optimal trgﬂgctories of targets are plotted
against theipf historical counterparts. Depending on the
nature of devfhtioﬁs,eWZ would increase or decrease. After :
many attempts, hopefully the historical trajectories can
reveal the policy-makers' preferences judged by the actual
historical performance.63, | '

It must be empha51zed that in Sandblom s approach,
fhe historicatl performance is an important guide to reveai
policy-makers' preferences. It seems worthwhlle to take a
short pause and say a few words about 'the main feat’l,,xreg o"f

the Canadian macroeconomic~policy from 1975 to 1978.

8.3.2 Digression: A Few Words on the Canadian Macroeconomic
- Policy-from 1975 %o 1978P4

, From 1971 to 1974, the Canadian money supply (M1)

- ey - — i ——— o —— —— —

grew at an annual rate of 12.8% as compared to 5.9% in the

63

For an empirical econometric approach to revealed
preferences, see Friedlaender (1973). Within rational
expectations model see Chow (1981, Chapter 1

64

Parkin (1982, Chapter 37) provided'éavery brief summary.
Detailed discussions can be found in Courchene (1981b),
- Donners and Peters (1979), Barber and McCallum (1980).

» , \



1967’4976 peribd. 'inu1974, the rate of inflation ba#&® on
//)he GNP implicit price index was 15.3%. These led to an
- important change in the Canadian monetary policy in 1975. In
the direction of combatting inflation, the’ﬁank of Canada
_embarked upon a”new monetary policy: from May 1975, it‘
~announced targets for M which were revised downward seyegal
time during our”optimi;Ztion period. This yesulted in QH
annual rate of growth of 16.03% fof M1 in the pefiod 1975~
1978. To many economigts,-by adoptfﬁ@?a target for M1 and
for its concern moré with inflation than unemplb&ment,.the
Bank of Canada has followed a monetarist monetary approach.
Whether it has pursﬁed it strictly and consistently is
another issue. Purthermore, the Bank of Canada also called
.for a tighter fiscal:policy and a moveotio afnore b%wanced
federai budget. In the fall of 1975, the Government of
Canada launched a wage and price control program (which ende&
in December 1978). At the same tinme, thg government spoke of
a need for fiscal restraint. As ;ar\as government spending
was concerned, the actual course of fiscal policy in the four
years of 1975 to 1978 was in the direction of festrai‘nt: from
an 'annual rate of growth of 4.91% for” the period 1970-—19,74, ’
total governqenﬁ spending (reél)'reduced to 2.02% for the
period 1975-1978. 1In terms of the share of government )
spénding in real GNP,Ait is also true that fiscal policy was
tiéhterf However, in this period government deficits soared:

lower revenues were due to many reasons: high unemployment,

. .
iqdexing of personal income tax exemptions, indexing of

A t

TN
- .
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a' i Y
social assistance benefitg\;tcuu(see DonnenAand'Peters.
1979, p. 75).

accept that fiscal bolicy was restrained (Wirick, 1981,

On that respeét, certain economists would not

4

-

¢ Table ‘8.2 below summarizes some statistics pertaining

to GNP érowth, the rafes of inflatibn andaunembloyment; It
shows thaf, for.the period 1975-1978 the ihflatiod wﬁs
reduced at the expense of high unemployment. It is obvious
&hat pollcy-makers paid more concern to inflatlon than
unemployment. This indlcator is important in the task of
determining the weights of the objective function to which Qe

now.turn.

Source:

TABLE 8.2: OutputGrowthUnemployment andInflatlon

Rates (8] , O
?EAR ‘ GNP |, UNEMPLOYMENT kG§gFg2$£2¥or)
1973 7.5 5:5 | 9.2 .
T EXE 5.3 ' 15.3
75 1.2 6.9 10.8
.76 5.5 o1 2 945
17 2.2 8.1 7.0
iw} .18 3.4 8.4 - 6.4 .
9 2.7 7.5, 10.3

&,

Economic Hev1ew,Department of Financé Canada,

1980, Reference Tables 4, 28, and 43.
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8.3.3 Findings

'In the experiments below, both fiscal and monetary'L

L

controls are ugsed ih.combination since this best reflects fhe

-~ 4:) reality; moreover, the most realistic and -restricted bounds

\ -
Y arewﬁflecteﬁ, i.e., BND(M1) for M1 and BND(G1) for G1.

s"

When values are assigned to théyweights, one of-them
can be treated as tpe base and be arbltrarlly glven a value
of 1. We. choose w3 (1nf1at10n rate) as the base.

i

— - As a starting point, we arbitrarily plck up the

ot . weights65 used by U. S models part1c1pat1ng in the NBER/NSF
) ~sg?inar mentioned earlier: .
) - ’ , " ’
wi = .75 (GNP gap) o )

-w2 = .75 (unemployment rate)

;; . . w3 =t (1nf1atlon rate)
SN . w4 = 1 (trade balance) 0
N Instead of plots, results from ﬁistorical and optimal
’ runs are illustrated in ‘®able 8.3. Average valﬁes of targets
‘ "in the entire period are reported in conjuﬂctioq with those
?\. of controls.. As Gggfgs Q; important statistic afid much
;asier to.evaluéfé, we aisp include it. qu our present
tgsk, more attention shouIé be  paid fé the four targets. Note
v thirt the GNP éap is denoted by YGAD.
Sos S |
ia ' _ /
N EE ------------- R ’
\ . 'Klein and Su (1980, p. 242) explained why the weights were . _
7 given these values. - . . . ' o .

\ . \ . “‘, ¢ o

~



. and 608.234 for historical and optimal performances.

(&)

218
TABLE

8.3: Historical‘and Optimal Solutions with <U.S. - .
Weights wl = w2 = .75 and w3 = w4 = 1: Average
Values of Real GNP, Target anH'Uoﬁ?fEI_Var{aEIes

-

ITEM HISTORICAL OP?IMAL

Y 30428 31026

YGAP -6.748 -4.979 )

UR ~7.688 7.463

INFL - 8.084 8.677
: -2.339, 2,769 ]
G1 5715 6007 ’
S 19460 19614

Note: Ih this table and elsewhere, YGAP, UR, INFL, and TB are
.expressed in percent, Y and G in millions of 1971

dollars, and M1 in millions of current. dollars. .

N

With the weights as assigned above, the.total values

-

of thé welfare loss function (LOSS) are réspecpively 799.29 °
If the
optimal policy was impleménted, the ecoﬁoﬁ&‘could be improved
by 23.9% [= 1 - (608.234/799.29)].. Unfortunately, the aiqve
optimal solutioﬁ does not seem realistic since large .
d&vergences ex}st betweenQ?ctug} and optimal -targets,
especially for YGAP and INFL. Let us exémine the vérLable
iNFL, The optimal value {avqfage) increases by 7.34%

[
- 1 - (8.677/8.084)] compared to th&" historical level.®® on

- S - —— —— = —— .

"~ 66

Relative comparison between two Values of a variable
measured in percent (inflation or unemployment rate for

. example) is calculated as 1 minus the ratio of the two

-

’

values, and not as difference between the two values, uhless
indicated otherwise. - .
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~

"the other hand, Table 8?(1&81: Column) shows that in 1978
i

the actual rate of inf1¥%ion was reduced only by 8.57%
I= 1 - (6.4/7}] relative to the previous year's level.
Clearly, thé optimai solution jiélﬁg;%oé much higher
inflation to be accepted by tﬁe pol;éy-makers whose main
objective was to combat inflation. The obvicus remedy ES‘tO
impose lower weight on fCAP so that its optimal valué will be
closer to ité;actual one, and higher weight on INFL (giving
lower penalties to YGAP, UR...is eqﬁivalent to attributing
higher'weight to INFL).

After many trials in the direction just described, a
'converéent"solution‘is found with the following weights
wi =.15, w2 = .50, and w3 = w4 = 1. To prove that it is
indeed’ convergent, in Table 8.4 we report ‘it together with

its two adjacent solutions ‘immediately before and after it).

lThé diffgrence among them lies in the vaiue of VF}SSiZEBhould
be understood that the 'convergent' solution can be obtained
in\;rinciple by a multitude‘of,different WEigﬁt combinatiohs.'

Two evidenceg show that the 'convergent' solution is
&truly‘cdhverging.

i) ;f we compé;e the 'converéent' and 'before-
convergent' solutions to/tgg historical one (shbwn in Tablé
8.3,- 2nd column), we can observe that the optimal wvalues. of
the four tgrgets'from the 'conQergenf' are closer to
_historical values than those from the 'before-convergent!',:

Cdmpared to the 'after-conb@rgent', the ’ciﬁxsrgenth is still

closer to the historical solution in three targets excegi\?GAP.
Y

{
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TABLE 8.4: Comparison of the 'Cénvergent' Solution and its

Neighbours: Average Values of Real §E§z Targef
Variagi

and Control es. )
BEFORE CONVERGENT  AFTER

ITEM wi1=.20 w2=.50 wi=.15 w2=.50 wi=.10 w2=.50 R

W3=w4=] w3=w4=1 w3=w4=1 ‘
Y 30781 30655 30452
YGAP -5.752 -6.131 -6.731
"UR 7.626 . 7.675 | 7.742
'INFL 8.188 ' 8.055 7.884
TB -2.493 . =2.400 : -2.256
e 5898 5831 5722

, . N

M1 18889 18841 : 18841-

iid On the other hand when we examine the
rrelationship between unemployment and inflation among all
Lthree'optimal solutions, tﬁe 'donvergent' is the only
solution‘Which is chara;;erized'by the simultaneous

improvement of UR and INFL relat®e to historical levels.
Bgyond the 'convergent' on eithefﬂgide, INFL or URmcan be
improved 6nly at the expense of the 6fher. )
Fromkthese facts the solution with wt = .15, w2 = *
.50, and w3 = w4‘=-1 can be considered to converge. Thef
+ question is: should we accept the 'convergent’ solution as a
‘;epresentative of the policy-makers' preferences, or should
\we adopt another which allows more room for optimizétion?
The reason why it was raised is this. Recall thaf\in the

Introduct;on Chapter, we mentioned about the Canadian

symposium on the topic 'Has Monetarism Failéﬁ?' in which the

e !

A et
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,

mejority of the papers concluded that in the five years
following the Bank of Canada new. monetary policy, inflation
has b;en bought at a higher price.in terds of unemployment
and lost output. Examining Tables 8.4 and 8.3 closely, we

find the 'conQergent‘ solution has improved both INFL and UR,

but the improvement is quite small compared to historical

policy: for exampPle UR is just 0.2f [=1 - (7.675/7.688)]
lower, and INFL 0.4% [=1 - (8..055‘/8.084)] lower. In other
wofds, is there any reason to believe that the pest pol;cy
has been near the most desiraple perfoemance? To answer the
question\requires us to find out how the economy would be'
‘ipproved with respect to each of the three above optlmal

policies. This nece381tates computlng the values of the, loss

" function from all three runs if ‘conjunction with their .

historical counterpérfs. What we have obtained is that the
9
economy would be 8.74% bvetter (relatlve to the historical

- performance) if the 'before-convergent' was adopted, '774%

better with the 'convergent', and 6.77% better with the

'after-convergent'. The implication is obvious: to move to
a better optimal soiution in terms of welfare loss, high
penalty should be impbsed on the target YGAP; put it in )
another  way, policy-makers should be more concerned about

output and employment. If that was the cése, would realism

allow us to chose any policy with w1 > .20 (the remaining

LV

weightsbremain quhanged)? Attempting the experiment with wi

= .25, we find that the economy would be improved by 10.57%

4 . .
relative to the historical policy; but carefulf sideration
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reveals that the optimal solution would no longer reflect
past reality. This will be discussed in detail in the
sensitivity analysis exberimentl For the time being, we just
like to make a remark that with wi = .25 (and the remaining
weights unchanggd) the optiaél solution would imply a set of
relative weights diverging much from ‘that of thé past policy.
To see the point? assume there exigt, in the criterion
fuﬂctiﬁn, only two targets: ¥q,4 and Yot with y?’t and yg,t
as their desired'valges. The individual costs of deviation
~are then i) qZ(yﬁ,t - yT,t)2 and ii)'v2(§2,t - yg’t)zﬁwhere
q agd v are the weights. Suppose now that policy-makers

attach an equal (total) cost to each target. That implies

\
qQz (Y1 t = Y1 t)2 = Vv (Yg,ﬁ - yz’t)Q .

J »

We can arbitrarily set q =1,‘and the relative weight v can
be derived from .the equality,67 given the values of Y1,40
y:’t, yz,t, and y;,t. Let us extend the analysis to our fpur
targets, and let Y1,t stand fbr INFL and yz,t for YGAP, UR,
and TB in . turn. As in the two-target case, when q

" (temporarily the weight of_INFL) is set equal to 1, the above

equality can be used to determine for historical and various

optimai solutions, the relative &éights of YGAP, UR, and TB -

i

67 -
For a somewhat similar weighting scheme, .see Stanhouse and
Fackler (1980, p. 385) .

) .’ ' ’ &\ )
N I
. ‘
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resp ctively.68 Denote those weights by vygaps VUﬁ; and vpg.

Table 8.5 reports the results of the calculations.

TABLE 8.5: "Values of Relative Weights among Historical and
Various QOptimal Solutions

\ OPTIMAL A
RELATIVE — AN
HISTORICAL w2 = .50, w3 =w4 =1 _S )
WEIGHTS

wi = .15 wl = .20 wl = .25

VUR 1.10 1.08 1.18 1.26

vop 1.31 1.29 | .26 1.28

d -

Note: All three optimal solutions differ in the value of w1
(= weight of YGAP). Recall when w! = .15, it is the
'convergent' solution and when w1 = .20, it is the
'before-convergent' solution.

Looking 'at Table 8.5, one can observe that the set of
relative weights éenerated by the 'convergent' solution (in
which wi = .15) is close to that of the historicai
solution. As one ;oves away from it, the divergence becomes
lgfger and largest with the solution in which wil = .25.

In short, if we 1ike to achieve a better optimal
solution beyond the 'convergent', it seems that the most we
can accomplish without much distorting the policy makers'
past preferences is the 'before-coﬁvergent'. Unfortunately,
"the later registered almost no improvement with respect to

68 ‘

That means, equating the cost (total) of INFL with that of
YGAP, then with that of UR etc...One should be aware in the
case of more than two targets, the above procedure neglects

to take into account the relative balance among all the
weights. |
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the former (in terms of welfare loss) to prefer it, to
believe that its adoption could afféct the conclusions drawn
from the 'convergent'usolution¢ N
There are other reasons to select the 'convergent' as

explained carefully in Section 3.2.2: namely, concern with

pucas's critique on-the model structure invariance, 'choice of
a least arbitrary set of weights to be used for a high number
gf eipériments etc...

”'Egghg satisfied with our ';;nvergent' solution, in
the remainder of this chapter, we\yill”present graphs {Figs.
8.1 to'8.6) displaying the trajecto;ies of'ﬁistorical’verqus
bptimal values of targets and controls.®9 The plots, we
believe, will give us some feelihg about the search
methodology. Noté that we plot GNP rather than GNP gap as-
béth can be considered as two sides of a same coin. A quick
gl;mpse shows that between historical and optimal path%,@
fluctuations are small for targets but larger for controls.
On the average, G1 i8 2.03% higher than its historical vélue,
while M1 is 3.18% lower. From our results, G! is found to
fall sometimes at lower bounds, sometimes at upper bounds,
‘aqd sometimés inside. M1 is always at lo&er bounds: fhat
behaviour is understandable and consistent with a policy
which puts high weight in fighting inflation (more on this in

the next chaptér).

.69
Appendix B (Tables B.1 to B.6) provides the data.

\\ ‘
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-  CHAPTER 9 .
- RESULTS OF OPTIMAL CONTROL EXPERIMENTS

Thisgshapter is the condensation of results from all.

. optimization experiments which have been descrlbed rather
~carefully in Chapter 3. To recapitulate; the experiments

have been cla331f1ed by three categorles ‘The first fncludes

monetary-flscal pOllCleS without the element of 1nelde lag

“which is injected later in the second. The third concernsA

-

sensitivity analysis. o o ‘

. of
As a number of experiments are to be performed, it
} T

F

s impossibleuéndNiﬁpfactical to give each equal treatment as

far as analyeisﬂis concerned. More focus is devoted to the
basic experlments (Category I) because they serve as a

vehicle of camparison for the rest, and . they are apparently
L] ( -
Before}we discuss the results, three things peed to

First, the results are dependent Qn-many factqrs:

'e.g.,‘the formulationnofA%he model which _ is an appfoxi&aﬁion
]

’ of the real world, the peried’chosen for study, the short or

ilong-term nature of anaiy81s. Estimation can also be an

<inf1uencing factor- particularly, fitting'the historical data’
. 3

it

I'd

as clo8e as possible could build-into the model some bias

‘whicl makes optimal solution cloBe to the historical

b

\
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counterpart. 70 Bounds on the control vector, the welxe}e loss
function are other 1nfluencing factors. To evaluate the
result robustness, éfforts Yill be put to experiment, mhen'%
Pnecessary, with alternatives of bo;nds, weights. But che
results in no way presume to be defi‘nit'ive; they should be
‘;egaraed as suggestive. |

Second, Lucas's critique on the model structure
.etability deéerﬁes attention. One has to acknowledge the
limitations of an economic model and refrain from considering
pOllCli; that are too far beyond/the range of historical ‘ ///
experienge. In that spirit our model will not be asked to ‘
per;o;m pOllCleS such as quick disinflgtion Consequently, -

.as far as monetary policy is concerned, the exercisee still
fallfunder Fhe g:;dualism framework,

Third, the exercisee are confined to the traditional
monetary-fiscal policies as demand management tools. Thege‘
w111 be no attempt to examine proposals of wage-price |
control, taijased income policy etc...Most economists would
,believe that such‘proposals’are compl;mentary rather than |
substitute prescriptions for the stagflation problem.'

'9.1 EXPERIMENTS WITHOUT LAG CONSIDERATION
The diséngsion.begins with the Dbasic experiment for
monetary-fiscal policies. In the monetary policy, M1 is A

control variable (i.e., a .discretionary instrument in Abel's

70
The bias problem was pointed out to me by Professor Jackson.
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terminology) while G1 is set exogenous. The're§erse»holds in
thé fiscal policy.\)In the joint polic} both M1 and G1 are ‘
discretionary. | |
The discussioﬁ then extends to experiments whiph let
the poligy variables follow a passive rule, i.e., ?he policy
variables are control: variables subject to constant growth

)

rate.

9.1.1 Bebic Experiments:

- t . :
We might recall for each control variable there ar

policy, and four for fﬁéjjo;np‘pqlicy, ’Tables Os1, 9.2, 9.3
and 9.4 present results with respect to the values of the
welfare loss functiona (LOSS), of targets, and controls: The
Qalue of éNP is also reported alpngrthe valﬁe of GNP gap,
(YGA?). Please note that total value is measured for LOSS

while the average values ar® calculated for the remaining
/ a N )

.
r

variables.

IS

Carefully examining Tables‘9&1 to 9.3, one can
A ;

i—‘w .
realize in terms ‘of welfare loss, only a small improvement is

gained from using the large bounds BND2(M1) and BND2(G1).
For the sake of analysis, the general discussion can be

L]
Testricted from now on to the experiments with narrow bounds

i

without causing“ﬁistbrtion. -

Q
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' The next tables (Tables 9.4 to 9.7) summarize
essential information, for an understanding of the monetary-
fiscal policy performance in the period 1975 III - 1978 Iv.

Several interesting things can be observed.

i) By the criterion of welfare loss all optimal

i

P

policies perform better than the historical one (Table 9.4).

t

Although the fiscal policy is most successful in terms of

real GNP, the joint policy is found to be the best in terms

of welfare loss. This is true mathematically since any optimal"

o’

solution to the above monetary or”fiscallmodel is a feasible
solution to the joint policy model, and not vice versa.7l If
the joint policy was implemented, in terms of welfare loss
the economy would be improved relative to the histérical
ﬁdlicy by 7.25% (= 100% - 92.752% from‘Table 9.5). Among the

two instruments, the fiscal tool contributes most. Its

\policy would be 4:5% better than the historical 'policy while

the monetary policy would register a gain of 2.54% (Table 9.5,
Row 1). These statistics, however, do'not indicate a great
effectiveness of the fiscal policy relative to. the monetary

policy as multiplieraanalysis has demonstrated in Chapter 7.

+As we progress with more experiments, results will give more

indication that in a multi-target framework and under a
certain circumstance, multiplier analysis could be a

misleading tool in evaluating relative effectiveness. i

™

L ]

PR
\
. e S s S G gt G w— =

71

This was pointed out to me by Dr. Drﬁd (author of the
CONOPT) .

¢

t
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TABLE 9.1:

Monetary Policy (Basic Experiments): Total Valde
of We e Loss and Average values of Real GNP,
Target and Control variables.

ITEM _ BuD1 (1) BND2(M1)

\ LOSS +359.402 358.018
Y 30377 30368
‘YGAP »=6.905 -6.932
UR T7.720 7.725‘
INFL 7.989 7.977
TB -2.191 -2.165

/ 61 5715 5715

M1 18855 18763

TABLE 9.2: PFiscal Policy (Basic Experimenfs): Total Value
are Loss and Average Values of Real GNP, ~

of Welf

-

Target and Control vVariables.

ITEM ' BND1(G1) BND2(G1)
LOSS 352.18% 351.863
Y 30665 30689
YGAP -6.097" =6.030
' UR 7.664 7.659
. INEL 8.090 8.099
TB -2.522 -2.540
. G1 (5803 - 5815 .
M1 19460 :a 19460 ..
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g;ints): Total Value of

TABLE 9.3: Joint Policy (Basic Exper
Welfare Loss and Average Values of Real R
Target and Contro ariables. ~
' BND1 (G1)
ITEM BND1(M1) | BND2(M1).
LOSS 342.048 340.227
_ Y 30655 30653
‘YGAf -6.131 ~6.139
UR 7.675 7.676
INFL ' 8.055 8.052
. TB -2.400 -2.375
! Gl . 5831 5837
M1 18841 18721
a'fABLE 9.3. (Cont'd): Joint Policy (Basic Experlments) .
Total Value of Welfare lLoss and Average values of
Real G arget and Control VarTEETEg_ -
i BND2(G1) .
¥ ITEM BND1 (M1) BND2(M1)
LOSS 341.588 339.729
Y . 30687 /30686
. YGAP | -6.044 -6.045
UR  7.668 . 7.668
| INFL 8.068 8.066
8 * @-2.423 -2.398
e ‘ 5846 5853
M1 18811 18718

/ST
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TABLE 9.4:
' Experiments):

Historical and Optimal Policies (Basic
Total Value o elfare Loss and

Average Values of Some Important Variables.

ITEM HISTORICALr MONETARY FIS?AL JOINT
LOSS 368.776 | 359.402 -] 352.181 |  342.048
Y 30428 30377 30665 30655
YGAP -6.748 -6.905 ! -6.097 -6.131
UR 7.688 7.720 7.664 7.675
INFL 8.084 7.989 8.090 8.055
TB —5.339 -2.191 -2.522 -2.400
G1 5715 | 5715 5807 5831
M1 19460 18855 . 19460 J18841
BOND 97252 97411 97069 [ 97450
CON 19212 19179 19353 19346
§§ 6933 6923 ‘| 6941 6927
IM 8138 8120 8223 8228
IRCNR 5862 5838 5907 5893
L 9672 9663 9676 96773
LF . 10479 10472 10480 10478
M2 81430 80823 81544 81100
PFX 1.058 1.050 1.053 1.045
J;yiﬁf 8.533 8.715 8.578 8.771

In this tab;g and elsewhere YGAP, UR, -INFL, TB, and RS
are »n percent, Y, G1, CON, EX, IM, IRCNR in millions
of 1971 dollars, M1, BOND, M2 in millions of current
dollars, and L, LF in thousands of persons.

|

Note:

«
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TABLE 9.5: Selected (Optimal/Historical) Ratios in Percent
from the Basic Experiments.

ITEM MONETARY | -  FISCAL JOINT
10ss % 97.458 95.500 92.752 | (
Y 99.832 100.779 100:746
UR 100.416 99.688 ~99.831

o INFL 98.825 100.074 | . 99.641 ’

4

- \

Note: Ratios are obtained from Table 9.4- by dividing the
-optimal levels of welfare loss (LOSS), real GNP (Y),
unemployment rate (UR), and inflation rate (INFL) by
their historical levels. :
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TABLE 9.6: Historical and Optimél policies (Basic
Experiments): Total Values of Absolute Losses of
Target Variables. -
ITEM HISTORICAL MONETARY FISCAL JOINT
YGAP 100.752 - 104.966 79.854 80.737
UR 55.001 56.391 53.706 54.161
~INFL 120.817 116.399 118.140 K// 116,495
TB 92.203 B1.646 100. 481 (:190.654
TOTAL 368.773 359.402 - 352.181 342.048
L 4
N - \ .
TABLE 9.7: Historical and Optimal Policies (Basic
Experiments): Percentage (%) losses gf Target
Variables.
ITEM HISTORICAL MONETARY FISCAL . JOINT
YGAP 27.32 29.21 . 22.67° 23.60
™
UR 14.91 15.69 \15.25 15.83
'
INFL 32.76 - 32.39 B3.55 34.06
| 1B 25.00 22.72 /§8J53 26:50
TOTAL I1OO.OO\ 100.00 - -//100.00 100.00

52 o NG
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ii) With the monetary policy the rate ofqin‘flation
declines relative to ité himtorical level, but >th; rate of
unemployment turns out to be higher; thé‘qpposite oc;:urs to
fhe fiscal policy (see ‘Tab‘le'9.4). This feature displays the
particular strength of each instrument. A coordination is -
desirablg since t}_le joint ;oficy.has brought down inflattion.
énd unemployment simu).taneo;zsly.

iii) Unfortunately, the gain of the best optimal

policy (i.e., ﬁhe joint policy) relative to the” historical d
bolicy is modest, if not ‘negligible in terms of UR, INFIL, ‘and’
welfare loss. The optimal values of INFL and UR are’ bt
respectively 8.055% and 7.675% versus 8.084% and 7.688% frc;m
the past  (Table 9.4). Expressed in optimal/historical
ratios, tlhe results amour* to 99.‘641% and 99.831% for INFL
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.and UR (Table 9.5).72 In terms of average annual rate of

growth, optimai real GNP grows at 3.8% for thefull period
1975 - 1978,77 compared to an actua1‘3.1%3 The optimal rate
is still much lower than those achieved right before the

monetary restraint: for example, the'actuam‘rate was 6.03%

T2 i e
In simulation exercises the RMSPE (root-mean square percent:
error) statistic is commonly reported to evaluate how the

‘model fits historical data. That is.not the practice in

reporting optimal results. There should be two reasons. First
repréducing the historical path of the economy is no longer
the objective. Secondly, in the RMSPE computation the sign
of the deviation is of no goncern; in optimization exereises,
one is much concerned w1th whether the optimal values of
certain important variables are higher or lower than the
historical ones. Based on average values, we have calculated
cptimal/historical ratios (Table 9.5). which show that the
optimal values of INFL and UR in the joint policy are very
close to their ag¢tual ones. It might be useful to compute
another summary statistic to confirm such closeness. Due to
the second reason mentioned above, the RMSPE is not )
appropriate. It is decided to calculate the mean percent
error (MPE) defined as

where X° and X2 are optimal and actual values of X and n is
the number of observations (see Pindyck and Rubinfeld, 1976,
p- 317). PFrom our calculations the MPE(s) of INFL, UR, and Y
are respectively -0.025%, -0.148%, 0.684%.

73

To compute the optimal annual rate of growth in 1976,
optimal data for 1975 I, II are required. ' They are not,
however, Tavailable since the optimization period starts from
1975 III on. This forces us to use actual data for 1975 I,
IT and calculate the average annual rate for the full period
1975 I - 1978 IV rather than restrict to the optimization
period 1975 III - 1978 IV. Furthermore, without using actual
data for 1975 I, II, there is no clear-cut and consistent way
0f calculating the annual rate of growth for the two quarters
1975 III and IV.
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from 1971 to j974 and 5.32% from 1970 to i974. 'In spite of
this, there is some improvement in GNP which is seen t;

R perform be¥ter than UR and INFL. It must be emphasized,

howvever, that the average rate of growth statistic can be a”

bad, if not misleading indicator of performance, because when

two daEa series from two solutions are éompared, the néées,’/’//

which purport to measure year-over-year variations of each
. ) i

series, may not capture the relative overall performance, and

. the result may -apparently look better or worse than it truly "is.

A plausible symptom is that a solution may have a higher
average rate of growth but a lower-average value of GNP,’or
{éﬂa s B

I P

¢

vice versa. Indeed, when the historical and optimal GNP data

are examined from 1975 to 1977 only, the optimal solution is

found to have a higher average annual rate of growth but a

‘\ lower average value. This inconsistency will also show up in

‘the sedsitivity analysis éxperiments (Seqtion 9.3.2). In
short, abart from the GNP average rate of growth, other
statistics which may be of much moré importance han'to be

relied upon for a proper evaluation. Let's reexamine the

performance of optimal GNP. Other information would indicate

that the’gain is truly modest: on the average, the optimal
value of GNP is only 0.75% higher than the historical level
(Table 9.5). When all the improvéments in GNP, UR, and INFL
are taken into account, the joint policy‘would improve ‘the
econonmy by‘a meagreﬁreduction of 7.25% in welfare loss

relative to the historical policy.

[RpEEN
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Oné'migﬁt wonder whether results could be improved =«
incase of a more actiVe‘role- from taxation. To answer it we
perform an ex%ra experiment in which three control vdriables
aré used in éombination:ﬁ M1, G1, and the tax rate. The

previous value of the tax rate coefficient was .1767 (see

Equation 6.2.9); now it will still be kept fixed but

e
determined optimally. Results show that in terms of welfare

loss the revised jgﬁnt policy still records a negligible

“ {
improvement of 9.39% relative to the historical performance
with the tax rate increasing to .1908 (one would question the

implementation of this policy for its unpopularity in the

g'presence of high unemployment and low economic growth). The

inflation rate (=7.73%2) is a littlejggxer than the actual
level while the unemployment rate (=7.794) is higher. Real
GNP (=30427 million ) is the same as its historical
counterpart. ‘Phe values of‘gj (nominal) and G1 (real) are
respectively 18930 and 5972 million . In shorty even with
one more control variable the optimal mix could nét ‘
substantially change past results.

One remark deserves to be mentioned: Certain critics

— .
urged a loosening of monetary control (Barber and Mccgilum,
1981; Peters and Donner, 1981) aﬁd tight fiscal policy
(Barber and McCallum). Optimal results of the‘joint policy
call for more monefary restraint agd less tighter government
spending with respect to_the historical policy: on the
average, the optimal VJE;; of M1 is 3.18% lower than the

historical level while improving just'slightly Y and UR

——
~

»

..
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necessitates a relative increase of 2.03% .in G1- (Table 9.4).
This is in the opposite ~direction to what Barber and McCallum
(1981, p. 226) recommended:
Thus, the appropriate mix. for a floating country such
as Canada is surely the opposite one, a relatively

easy monetary policy:combined with tight fiscal
policy. \ .

iv) - Tables 9.6 and 9.7 -give a breakdown of the total

welfare lossg int\o vgrious components.. The loss due to high - A
UR looks smallest. The impo‘rtance o:‘.‘ UR, as noted by Klein ,“
and Su (1980, p-. 245) in a U.S. study, is understated because
a part of the s due to idle capa01ty (1 €., GNP gap) is
lcontributed by- the low level of employment. If|one merges el
together the losses due to high UR and 'larée GNP gap, one can
realize that the flscal and joint policies will enjoy an o
improvement in Gl\ihand UR at the expense of INFL and trade
balegxce TB: e.g.,- the combined pereeptage loss due to UR and
GNP 8ap is reduced from 42.23% (hi\storical) to 37.92%
(fiscal), to 39 43% (Jomt) Part of the worsening of the trade
balanoe can .be attrlbuted to hlgher im‘port originating .from
higher GNP. On the other hand, there is 11ttle difference
between the historical and monetary policies. ‘

" The above qciscussion, hopefully, has given us somed ) Y

1nsigﬁ\: into the performance of the historical and vatious “'t\.

optimal’ policies. In the remainder of tlr}WSection, just to ‘;f

Y )
have some flavour we will take a look at the behaviour oi’ '

7 certain key varlables behind the three optimal policies with

more attentlon paid to the control vaxﬂables. Table 9.4 in

“cenjunction with 'Figé. 9.1 to 9.12 form®* the background of the

~

’f‘
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N &
a.nalysie. For the sake of examinatlon, data in relation to

these figures are supplied in Appendix B %Bablee f1 to
B 12). “Figs. 9.1 to 9.4 display the paths of the four

.targets (Y instead of YGAP is plotted); Flgs 9.5, 9.6

: exhibit the trajectories of the control varlables while the

rest concerns some important endogenous var1ab1es.74

»

Let-us first examine ;he control variablesg (recall

that M1 is exogeno{ie in the fiscal policy and GY exogenous

in, the monetary po}icy). Without surprise, the moxéetaryf

policy has the lowest level of M1 among the. three optimel

policies; but the policy which maintains the highest. G1 turns

out to be the joint,policy. This may not be much in

.agreement with some belief that a comblned\)llcy would take

advantage o& the coondlnatlon of bogh’ contriol variables by

i

exhlbltlng lese fluctuatlons in both controls or utlllzmg

“less amount (dr'x'e has to say immediately that &1 1n the Jomt

policy is just a bit higher than’_}:hat in the fiscal policy).

Fig. 9.6 shows that the 'mon\etaz;y and joint policies almost

»

S i L '“.' . f
. R y »

T4 . ‘ ) . .
Pigs. 9.1 to 9.12 dlsplay only the three optimal N
trajectories (basic experiments). Although it is desirable
to plot the historical path alongside, there have been  two
severe technical obstacles. First, due to the extreme

closeness among the four policies in various places, it is

almost impossible to draw visible trajectories. Secondly, .
also due to the closeness, the graphs produced by the TSP
program do not generate, for each gquarter, four different
symbols corre§ponding to the, four data series; in general,
only one or two symbols are generated, which forces us to
inspect individual observations for every quarter even in
drawing the three optimal trajec’corles. /E—»

! 4 v
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have the same M1 psth. On the other hand, in Fig. 9.5 {he -
paths of%ﬂ from the fiscal and joint policies are very
close;_they abruptly diverge fronm %ﬁe éistorical (= monetaryl .
path in thé.last'seven quarters, whiéﬁ.explains R;onounceg
variations‘among the three pszzoies in certain variables
“{e.g., GNP, TB) during that iﬁtervsl. Hq& do the caontrol
variables béhsve with respect-to their bounds? Examination
of the CONO?T output reveals tﬁat in the joint policy, M1 is
always at lower bounds while G fs six times at lower bounds,
tw0'timesa¢‘upper bounds?and six times ingide bounds ina |
14—quag§§g period. - In the monetary policy, M1 is always at
iower bounds except in one case it falls inside bounds. In
the fi’sca,l pd.licy,‘gm is six times at‘lower; bounds, .one time

-

at upper bound, and seven times inside bounds. One also

-

‘remarks a close similarity in timing between the joint and
fiscal policies on the one(haﬁd} and the joint and monetagy
policies on the other hand: e.g., when G in the joint °
policy falls inside bounds, G1 in the fiscal policy also
falls 1ns1de bounds; when M1 in the Jolnt_ggilcy hits the -

(X

lower bound, the same behavxourls observed for M1 in the

b d

mbnetaryvpolicy. This explai@s a point Faised earlier . ’
J \5-515' | the
concerning the closeness among the path Gt between the

joint and fiscal policies, ‘and the closeness among g@b.paths
of M1 between the joint and monetary p01101es.

Regarding the behaviour of M1, one could question why
its optimal Yeyel is alwsgs at lower bounds. The phenomenon

is interesting to be explered. To explain it, somnme evidence

-

, Q
2 o

. . . i)
: " ‘D .
.
b : .
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frdm Sa;ndblbm-B'anasik—P.arlar*researeh on boundéd control will

‘ pe relied upon. Using a small Canadian econometric model,

v

-~ \ .
the authors carried out optimization experiments involving two
N {

targets (inflation and unemployment) and one con’crol\a
~variable, GCNU (govex‘pmenit' n‘c?n-wage expenditure). Time
independent and time dependent bounds were both considered.
Here‘éhe second kwd of bounds will not be discussed due to

l-ack of information. ﬂlth time J.ndependent bounds, the
\
control variable is restricted to ;atay:‘mthln a band whdch is

comstant:f over time. The range/of GCNW is centered around the
mid point of its historical rgngé during a 12-quérter control
beginning in-1970 I and is some 1nteger multlple of the

hdstoridal r‘ange.75 The authors observed when GCNW is e'llowed g
< to yary w1th1n a relatzvely narrow range (one, two, and three
) time$ the hlstorlcal range), its values osmll‘te less and ‘
» ave more freqyent contacts with the bounds (1 €.y the valuesf,.
ﬁx:e.msidle bounds luess ofte_n). For example, ,F;gures 8 and 9 a

[}
A

\\(pp.' }3734) in their paper reveal ‘the f'olloicring behaviour of ir

. ®
“GCNW. o
- ,- = For a I;y.ng\e which is twice the historical one,
: : -, ' , L]
optimal GCNW isi | - <
I "\\ t ' &‘ .
\\ .
ot — 4
s - ‘
The historicdl range ¢f GCNW is 437 million ‘in 1961 dollars
» (p. 27). Ks to its relptive magnltude, the. ratio of (actual)
GCNW over (simulated GNP is 8.54% .(=1463%/17125) on the
average,(p. 42). In oun case the ratio of G1 over GNP'is
18.78% on the -aVerage. . ‘ \
') : » t ’: . 0
) : , ‘ 7
B - a .
1} - ' fa i ‘ ‘_; . 1 &
‘¢ , “ 113 # .o

’

l .
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‘1mprove (p. 40

O

210 o
times at upper bou ds '
¢ 2 tlmes at lower bounds ‘

1 time inside bounds

- For a range w{ich is three times the historicale

one, optlmal GCNW 1s._ ]
5 tlmes ;E upper bounds
4 times a; lower bounds , o
'3 timeg inside bounds

1

- For the maximuh range of six times the historical

one, optimal GCNW is:

4 times at upper bounds
~

4 times at lower bounds. - : 'y

. 4 times inside bounds

e The interesting evidence 1is: when the ranges are

narrow and therefore more realis%ic,76'not only ﬁhat‘GCNw has
4 .
more .frequent contacts with the bounds, it has the tendency

to Hif’upper bounds more often because it is geared toward

- the most concerned target, UR (p. 29). If %his was true, the

behaviour of M which i the instrument geared toward the'
INFL targey/@ould be loglcal and consistent with a monetary
restralnt p&llay wthP puts heavy weight on INFL but allows
relatively very narro} bounds (please seq’footnote 79 later).
The implication is obvious: if less heavy weight is a881gned

to INEL, and w1der'bounds are imposed onP41 the optimal

.._...-.--—-._.a--—_..-. .
o 4 !

76 ©

Sagdblom—Banamk -Parlar stddy found that a bandwidth of -
twice the historical range appears the most attractive
bgcause larger bounds result only in modest reductions in the
welfare loss (§ 45), and model gsolutions do nét appear to

vy )

. &
A

'n‘r\/ #’ *
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values of M. should not always hit lower bounds. Thisi is

indeed confirmed by-our experiments.

First, consider the case where less heavy weight is
v 9

attached to INFL. The typical experiment .is fhe one‘which
’ makes use of the U.S. weights; it producés the following
- result. . ' L
_ With our narrow bounds BND1(Mi) and BND1(G1),
optimal M1 is: o | . o
é'§imes at upper bounds
8 times at lower bounds ‘ e

-

- With our larger bounds BND2(M1) and BND2(G1),

“w ) ' .
I »
6 times at upper bounds "

>

optimal M1 is:

6 times at lower bounds

-2 times inside bounds =2 .
' ’ " - Next, consider the case where the weights of our
convergent solution are kept intact, but much widened bounds

are applied on Mi. PFor this purpose, Sandblom-Banasik-Parlar

-

procedure of generating control bounds is followed. To be

<

conéisfent with-our original time dependent M1 bouﬁgg, to
encourdge the control variable‘to retain some of its
fhistorical'patterﬁ (g.g” rend? seasonality etc...) and so
eﬁhance the réalism of solut 6n values,77 time dependeﬁt~
bounds are generated. Thﬂ%e different sets allowing M1 to

; vary within one, two, and three times its historical range
_ &

77
See Sandblom, Banasik, Parlar, p. 41. ' '

P S S

&

v

- —

-

»u : -
4 ‘ . ) 7




\ Beyond the range of three time
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yield the following result.’8 v
| i) For a tange which is- of the same order’ of
magnitude as the historical nne, optimal M1 ig: ‘ \
12 times at lower bounds |
, 2 times\inside bounds
ii) For a range which is twice the historical one,
optimal M1 is:
10 times at lower bounds
4 times inside bounds -
iii) For a range which is three times the historical
one, ontimal M1 is:
: 7 times at lower bounds
7 times inside bounds’9
In short, we can conclude that the bebavibur of

optimal M1 is noﬁ unusual. Let us now turn quickly to sonme

endogenows variables (inc ' argets).

}n terms of Y, the fiscal pplicy performs best among

the optimal ones. Even the joint Rgolicy has a smaller Y. One

78

the hlsto}ical one, the
‘bounds of M1 lookyunrealistic: firom 1975 II'l to 1978 IV, the
historical range of M1 is 5679 million current dollars; when
M1 is ' restricted to stay within band of three times the
historical range, it is observed tthat the lowest value of M}
is lower than the actual value ¢ofiM1 in 1970 I. And the 1970
year was characterized by very low rates of growth of M1
(2.2%) and of ipflation (3. 2%{ Thus, we do not see any . -
realism to widen the bounds beyond the three-time higtorical
range.

79
In case (i), the optimal average value of M1 is 13% lower
than its. historical counterpart. In cabe (ii) and (iii), .the
percentages are respectively 23.11% and 28.92% as compared to
3.18% from the convergent solution.

T ..

L

v
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P
Z

explanation is:  tighter money in the joint policy results in
higher interest rate RS which has adverse effects on private
investment IRCNR. Tight monéy also explains why the monetary
policy with its M1 3.11% below the historical level regiéters
a level of real GNP even lower than the actual one. )

Results on Y have impact on UR and INFL. In terms of
low UR, the ranking is: fiscal, joint, monetary. ‘"he
reverse order is for INFL.

Higher Y will also lead to higher consumption CON and
higher investment IRCNR in the fiscal and joint poljcies.

¥ ~

The behaviours of import IM and export EX are more ifficult

to be determined a priori -<for the reason that they depend on

" geveral factors such as relative price, foreign exchange rate

-

epgxaln spite of the complexity, -Fig. 9.8 reveals there is not

-

’ (
much difference in the amounts of export among the three
policies while Fig. 9.9 shows that ihport is worse in the
fiscal and joint policies due to their higher GNP. These

.-

translate gnto a worse trade balance in the fiscal and joint

. policies. * ‘ i>

The behaviour of the foreign exchange rate PF% ié ,
also complex. It depends positively on broad\money M2,
negativel;\bn domestic Y-and RS. The inwveraction of these
factors yields the lowest value of PFX (i.e., the highest
valﬁe of the Canadian dollar) for the joint policy.

ghe last variable of/ﬁﬁterest is RS'whgse value is

‘ . - A
determined mainly by the behaviPur of M1. For example, the

fiscal policy has the highest amount of M1 and t?e lowest

¥
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value of RS consequently.

9.1.2 Extension.

Secti?n 9.1.1 has shed some light on the relative
effeétiveness: the fiscal policy is found to be su;erior to
the monetary policy but on a very small scale. A shortcoming.
in the definition of the monetary and fi,scal powes fronm
the basic experiments is that monetary effectg cannot be

14

isolated from fiscal effects or vice versa. As difcussed in:
Chapter 3, Abel (1975) proposed a different definition: fore
each policy its own instrument is discretidnary (i.e.,
variable subject to feedback q@ntzgi or 'free' control
variable in simple language) while the other instrument is
passive (i.e., control variable sﬁbject to constant growth
rate rule). It results that in Abel's sense, the fiscal
policy involves a discretionary fiscal control (variable)

4
and a passive thonetary control while the monetary policy is.

characterized by a discrgtionéry monetary control and a )
passive fiscal contzol. Abel's definition would put the
comparison Qn a fa}rer basis. Note that either discretionary
’or passive the control remains unﬁer its bounds.:

The first part‘of this section will reexamine the

prelative effectiveness of monetary and fiscal -policies, based

on the new deinition. The second part will specially deal

with the optimality and suboptimality due to the adoption of

the rule. Monetary and flscal policies are defined as {? the
‘ A
basic experiments- furthermore, . the control variable is
N -
oo : - ‘
~ ' » {
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subject to (constant growth rate) rule. For example, in the

/

monetary policy M1 is a control variable subject to rule
while.G1 is set exogenous. ]
. v J ; "
© e, Honetery ans flacad sxporinonte
sdiscretionary, M1 BassiveJﬁo
Table 9.8 reggjts some statistics pertinent to the

Monetary policy (M1
Fiscal policy (G1

®

experiments.
’ .

TABLE 9.8: Monetary Policy with M1 DiseféEEonary, G1 Passive
and Fiscal golic with G1 Discretionary, M1 Passive:
. -Total Value of - Welfare Loss and Average Values of

Real GNP, Target and Control vVariables.

1%

ITEM MONETARY PISCAL
- R 4
LOSS 36%.463 346.652
¥ - Y 130519 30660
YGAP -6.463 ~6.113
" UR 7.626 7.670
~ INFL ‘' B8.268 8.070
7B -2.272 © —2.461
g o 5817 5818
M1 ) 18841 N 19535
—

A

[ 2RY

4

'The constant growth rades are applied to S.A. data of M1 and 7
G1. A following equation is added to the model: (®/a)=zh . )
[X(~1)/a(-1)] where X is either M1 or G1, a the "actual ratio
of ‘N.S.A. to S.A. data of X, and h = (1 + rate of growth) to
be determined optimally in the optimization process. -

/ ' o
) )
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Two important results emerge from Table 9.8 (see élso
Table 9.4).

i) Compared to the historicéivp6Iféy; if the fiscal

policy was implemented, “the ecoﬁqmi could be improved by 6% )
in terms of welfare loss, The monetary policy would improve
the ‘economy by 1.44%.

Recall in the basic experiments, the economy would be
improved by 4.5% with the fiscal policy and by 2.54% with the
monetary ;%1icy. Therefore, by moﬁing to Abel's definition,
more advantage.shifts to fiscal policy. But in terms of
welfare loss and especially in terms of GNP and UR, the
advanfage is still small. ) -

ii) On second thought, one can realize the soie
differencg between the joint policy (basic experiments)“and
Abel's monetary policy (in which M1 is discretionary and G1
passive) lies in the nature of G1 which can be either
discretionary or passive. For example, if G1 is passive
rather than discretionary, the joint policy will become
Abel's monetary policy, and it results that the improvement
will greatly decline from 7.25% (joint) to 1,4%% (monetary).

By the same token, if M1 is-passive rather th?n Y.
discretionary, the joint policy will trénsfor&mfgto Abel's

fiscal policy (in which G1‘is diséretionary and M1 passive), .
but the improvement will slightl& decline from 7.25% to 6%. '
What one iearns is: if the rule ;s imposed, the

effectiveness or performance ofHEhe monetary instrument is S

hardly affectedkhﬁut the loss in performancé is high for the
L . r
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fiscal instrument.
b. Monetary and fiscal experiments: Monetary polic (M1

passive, El Exogenous) - Fiscal policy 1 passive,
M1 exogenous). '

Fig. 9.13 displays the trajectsries of .S.A. M1 among
the three policies: historical policy, monetary policies
without and with rule. S.A. data are deliberately plotted "
because the con?tant growth rate is apﬁlied to S.A. data of
M1 (see footnote 80) and for consistent comparison. As can
be’seén, the path of the monetary policy with rule follows a

';stra;ght line. One also observes a quite smooth path in the
.monetary policy without rule. ‘
Table 9:9 below in combarison\wiyh Table 9.4 gives a
e

A

i) Although it hag\m 1% lower-than the historical

few results.

level, the monetary policy with rule is;till a bit better
than fhe historical policy in te;ms of welfare loss.

ii) In terms of welfare loss, 'bqth'monetar'y and
fiscal poligies with rule are dominated by their counterparts
without ru}e. Cooper and Fischer (1972; also Fischer and
Cooper, 1973) obtained the same result. They found that
there is room for improvement by use of some policy other
than the constant growth”rate rule and nowhere that,rule.is
optimal. ' |
iii) There is a slight decrease of performance from
the mopetary policy without rule to the monetéryfpolié;\with

" rule.. For example, as compared to the historical poiicy, the

improvement in welfare declines from 2.54% t6 1.49%

£

]
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ABLE 9.9: Monetary Policy with M1 Passive, G1 Exogenous and
N Fiscal Polic % with G1 Passive, M1 Exogenous: Total

Value o are Loss and Average Values of Re 1 GNP,
Tar et anH*Control Variables.

——n?" ‘ ' .

ITEM |- MONETARY FISCAL
L.0SS 363.277 |- ,;%,374.511
Y ' 30401 " 30495
YGAP -6.832 T _6.532

- UR 7.707 7.627
INFL B.028 8.272
B 2.265 | -2.370
o 5715 5772
M1 19135~ " 19460

P r

Note: Monetary and fiscal results are reported together for

Y convenience reason; they cannot be cdmpared with each
STy other. For thezdasue of optimality and suboptimality .
~ due to rule, the monetary policy in Table 9.9 must be

compared with that in Table 9.4 (the same remark

applies to the fiscal policy).

iv)( The decreaée of pe}formance is severe to the -
fiscal policy. From a value of 4.50% (no rule) the
improvement turns out to be éﬁnegative (=) 1.584% (with rule).

Points (iii) and (iv) consolldate the previous
finding concerning the effect of rule on the performance of
‘the controls. The effect on G1 should be due to some of its
advantages which must prgvent it from favourably taking a
steady course. One could conceive of at least two

advantages: . \
"\ he ]
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-~ First, it is an adwantage of sho;ter outside lag.
The economy is understood to adjust slowly to changes in
monetary and fisqal policies.' Nevertheless, government
spending acts directly on aggregate demand. On the other
hand, a dhange in M1 will affect short—te;m interest rate RS
with a lag. RS,.in turn, will affect residegyial investment
IRC and long-term interest rate RL also with a‘lag. It will
take quite a long time for RL to have impact on investment in’
non—residentiél construction and machinery & equipment
INR”.Briefly,‘shorter outside lag allows government spending
to respond more quickly‘and strongly to erratic changes in
ekogenous variables; and this should'be reflected in wider
fluctuationé bf G1. Indeed, examining Figs. 9.5, 9.6 ﬂand
also Fig. 9.13), one can find that the paths of G1 display
much larger fluctuations than those of M1. Tﬁe same pattern
is also found for a longer period from 1967 I to 1978 IV (our
espimation period) aﬁd even with seasonally adjusted data.‘
Therefore, keeping Gf grow steadily will lead it to a“
‘diréction opposite to its natural course and will certainly
lessen its effectiveness.

Athans et al. (1975, p. 294) in their studying of the
éontrbl of the U.S. economy prqvided a similar explanation ‘
with respect to the tax rate behaviour:

As we would expext, there is siightly more

fluctuation in th¥® tax rate than in unborrowed

~reserves due to tHe much shorter lags with which the:
former operates,-"thus permitting tax rates to react
more quickly and. vigorously to any erratic behaviour

in the exogenous variables.

- Secogd, as a control variable G1 powerfully enters

. o
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the income equation with a coefficient value of 1; that is

not the case for M1.8' One must, however, realize in a

dynamie framework the immediate strength particularly matters

because the policy is restricted to the short-run and because
the control variable (i.e., G1) exhibits'a shorterloutside lag.

To sum up the experiments without lag consideration,,
three main results have emerged. . e

i) Although the controls have beoo«ollowod larger \\~‘,f
bounds relative to the past, an optimal monetary and fiscal
mix would bring a modest improvomeht over the historioal‘
policy. The improvemont is negligible in terms of UR, INFL,
and welfare loss.

ii) In a multi-target framework, the fiscal policy is
consistently found superior to the monetary policy; but thé
degree of relative effectiveness mainly through the
comparison of the welfare loss values is smallland does not
magch the onq\measured by multipliers. ‘

iii) Rule very slightly affects the performance of
the monetary ihétrument.' This does not apply to the fiscal

instrument.

-

9.2 EXPERIMENTS. YITH LAG CONSIDERATION

&

We now incorporate inside lag 1n the experiments.

There will be one-quarter lag for monetaqy policy and two-

81 '

The point can easily bYe verified by comparing the impact

multipliers of G1 and M1 or tpeir multiplier wvalues in the

first four quarters (see Tabloﬁ7 .3).
- / | »
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"

quarter lag for fiscal policy. The princip%% consisté of two

'steps.82 Pirst, derive optimal values of M1 and G1 from the

basic monetary and fiscal policies;

G1*. Th

stggight simulations.

set M1

= M1*(-1) and G1 =

observations will be lost.

With 'lagged’ ézberim;nts,

two

-

denote them by M1 ¥

aﬁd

G1*(-2) exogenous in

Table 9.10 reports the results of the experiments.

TN

X

TABLE 9.10: La ed Monetary and Fiscal Policies (Basic
. Experimen sy__FEFTB% T = 1978 IV: Total Value
of Welfare Loss and Average Values of Real GNP,
{ Target and Control Variables.
ITEM HISTORICAL MONETARY FISCAL ¢
LOSS 362.811° 350.975 ?60.134
Y 30599 30499 30664
YGAP -6.929 ~7.235. g@i 66
UR 7.876 7.929 . '77§}9
INFL 7.752° 7.599 rsrs |
13 ~2.352 -2.098 -2.424
G1 5710 5710 5725
1 19751 18835 19751

-l -

82

In reallty, the procedure is slightly

seasonality.

lagged S.A.-

For example, after obtai
it into S.A. dgta b

The same pr1n01ple applies to G1. C

Q

‘ﬂ.
x"‘"

odifi d due .to
ng M1, we tgansform
Yy the usual way, then lag S.A. M1t \
is then transformed back 1nto N.S.A. 'data.

.
1

the '

k4

-y
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So far, the fiscal policy is found to be more . -

&
effiecient in reducing unemployment relatiwe to the historig¢al
level at the detriment of higher inflation. When lag is
introduced, the treverse occurs. Again; this indicates the
importance of the timing of government spending.

For the first time the monetary policy performs -
better than the fiscal policy. In teéms'of welfare ‘1oss and
rel;tive to the historical poligy, the lagged monetary policy
would iap}oye the economy by 3.26%; the lagged fiscal policy
would improve the economy by only .7%. The result valida;és‘

” -

economists' concern about the effect of inside lag. Adgo

——
importantly, the result has demonstrated that multiplier :B.
analysis as a d;viée to ébaluate relative effectiveness could * k}
be misleading ugégr a certain economic conEext with multiple -~
objec@ives: - ' - o .

,9.3. SENSITIVITY ANALYSIS EX?ERIMENTS

The objective"of the section is to try to understand'
if man& pfevioﬁs optimal ré€sults would be sensitive to a
changé in i) the model coefficients,,ii) the specification of
:'the welfare weights, and iii) the é&ntrol variable bounds.
Interestinglx, experiments will also provide opportunities tq
lo§k at soﬁe alternatives to the BOC policy. The first kind
of ekperiments is a reflection of our qoﬁcern wiph Lucas's
critique on polic&-evaluatioﬁ: the joint policy will' be
._reeieéufed with somenreestimate& coefficien@S. Since the
'experiment’deals with a past event, it cannét directly answer

. * . P>

& - /

SUPEN | 8 N
\ ‘ |
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*9.3.1 Sensitivity with Respect to &4 change in the Model

- o7
Lucas's critique; hawever, it shouid be able to point ouf i
that if the results were insignific;ntly altered,”nét every
importént change in policy would reflect those envfsaged by
Lucas. Tﬁe last two kinds of expetimeﬁts take further steps
in assess®ng the validity éf ée;tain criticisms voiéed
against the BOC policy. In the second, two new sets of
,weights will alternafively be tried, with more attention paid
to the GNP and ‘UR targets; the motive is’_.to e-xplore whether
the economy could be better off if policy-makérs showed more
concern about these taréets. Finally, in the third kind muéh.
larger bounds will be * imposed on M1, giving the monetary .
authority ampleToom t9 fight inffation; the purpose of.the
experiments is to gain some insight into the effect of & less

gradual monetary poligy at least on the inflation side.

~

Coefficients

Would an important pol{cy change in the gast affedt-
optimal ;esults through its impact 'on the model 'structure?
To deal with some aspect of.mogel structurefstamility, %
instead of the Chow tests, here we take another rdad. - First,
we will break thé data series into two subgets depdhding uéon
the date of the gvent,‘and one subset is selecéed or- the.
regstimaéion. Tﬁen, thr;e key eqhations, belieyed to be the
:most important and t;aditioﬁally economists' concern for
stabiiity, will ?e reestimated by OLS as‘it is unthinkable to
reestimate the whole model. Finally, an ai}eady ‘executed

-

optimization exercise, the joint policy, will be repeated

)

%
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with the new coefficienfs.
These three equations are CON (consumptidn), INR

3 .

(real gross private investment in non-residential
cohstruction, and‘ﬁachinery & equipment), aﬁd RS_(short-ferm‘
interest ratg). Inside the product sector .economists pay
particular attention to éonsqution‘and investment; inside‘
" the ﬁénetary sectgr tgey give attention to the demand for
ﬁoney. Our model contains three investment eduatiohs with INR.
?he most important'ohe. In the monetar& sector, there exist ’
two stochastic equafions: ncurrencj.and time deposité; thef/\\a\
latter plays a very weak role.. Demand defosits are deriv;& \i\\
residually. Clearly, RS is the right qhoice; especiaily it
is in reality the normalized de%and for narrow money .
The next questior; i's where we can break the data
iserles.. During the estlmatlgn period 1967 I - 1978 IV, two \&W/,
events stand out: return to the flexib%F exchange regime 'in
June 1976, and adoption ofgzhe monetarist monetary policy fin
May 1975.
If we are interested in the monetary event, the data
serigs can be broken into two subsets: 1967 I - 1975 II and"
1975 III - 1978 IV. The second subset with only 14 -
qpservations is too short for estimation (the RS equation has -
%53 paramé%ers). . The fi;sq also presents a special problem:
~estimation under the period 1965 I - 1975 II does not supply
for the optimization period 1975 III - 1978 IV necessary
residuals to be added back to the model equétions (this

t

procedure has been followed so far).

-
-
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For these pfobiems we will not choose the monetary.

2

policy change. Nevertheless, the opportunity of examining

the effect of#the mongtarist event should not be considered

a

as losi: if we reme:ﬁber a remark made earlier in Section 7.1.2
related to the .simulation exercises: both szmulations 1972 I
~ 1978 IV and 1975 III - 1978 IV perform almost equallywwell;
this might suggest somne stabiiitywin~the economic °
relationships 'as a whole for the period 1972 I - 197§iIV.
Let's turﬁ to the foreign exchange rate event. The
data geries cip be broken into two subsetsiw 1967 I - 1970 II
and 1970 III - 1978 IV. The first subset suffers from the

two problems ag said earlier, leaving the segond subset as

7

- the period of reestimation.

P '

and INFL etc... . .

o

Tablé 9.14 pr;sents,resulté of the new optimization.
To facilitate comparis;on, -hi‘storical and original
oi)timization results are also reproduced.

If we take the historical solution as ‘the fba.s.e, in
térms of welfare loss, 'the new optimal policy improves a bit

. ’ L ]
relative to the initially optimal solution: -8.34% versus

7.25%. But the discrepancy does not hide the fact that both

' oi)timal solutions are virtually the same, item by item; €.g.,

- the reviged version still }egisters an improvement in both UR

"

In view of the fe'sults, tHe shift from a fixed

_exchange regime to a flexible regime would not alter the

structure.of the model as a whole. And if we recall a point

‘repeated earlier that the simulation results would suggest

\
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TABLE 9.11 Joint Policy (Sensitivity Experiment with Some

. Reestimated Coefficients): otal Value 6T Welfare‘
Loss and Ayverage Values of Real GNP, Targe

Control Varidbles.

l

¥

] OPTIMAL
ITEM |  HISTORICAL | (1) &) |-
1085 |  368.780 | 342.048 355 ket~
Y 30428 | 30655 30668 - |- -
" YGAP -6.748 6.131 ~6.089 !
| 7.688 © 7.675 7.670
! INFL | - 8.084 © §.055 8.068
.| . -2.339 -2.400 - | -2.355
61 5715 5831/ 5865 o
- M1 19460 18841 18862 .

Notes: (1) initial coefficients

(2) reestimated coefficients

some degree of stability ih the economic relationsh;ps as a

whole for the period 1972 I - 1978 IV in which the important
monetariét event occured, there is some weak evidence that

‘not énj impotfant change in policy would change the model

structure or change-it substantially.
. ’ m

9.3.2 Sensit1v1ty with Respect to a Change in the Welfare
, Function Weights - :

—~Two new sets of weights will successively be tried
with increasing importance given to GNP and UR. The first
consists of wﬁ = .25, w2 = .50, w3 = w4 iaj.,'The second

;

-
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which may not have any connection with the Canadiag;realrty

borrows t‘he U.S. weights: ' wli=w2 =.75, w3 =w4d=1. With

new weights, much more emphasis than in the past is put on
the GNP and UR targets. Would the results be more .
satisfactory to the economy? That will Be_Ehe topic of part

(a). ﬁopefully, the answer could clarify the validity of

4

éritiéisms and stances taken by Barber and McCallum, Peters

and Donner. ] |
The issue of optimality'and suboptimality due to.rule

Ne—
will alé§'be reexamined, but ohly the first:;set of weights
P 4

\\\;g;l%’bé considered as it has higher probability of

maintaining th@;stability of the model structure. The

. . discussion is very shont and presented in part (b).

4 . o

< [ PR 4

a) Is there a substantial gain over the historical
performance? -

Weights: w! = .25, w2 = .50, w3 = w4 = 1
' Chapter 8 has quite carefullj described how the

" objective function is specified. The four targets.of the

: . %
‘convergent' solution were given the values:

wi f 15 (YgAf). — .
w2 = .50 (UR) \ .

w3 = 1 (INFL)

w4 =1 (18)

<

. We have remarked that in terms of welfare loss, to
move to a better solution higher weight should be attached to
YGAP; in other words, more attention should be given to GNP

, :
and unemployment. That requires the values of wi be
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increased. We have also explained why the set/of weights

with w1’= .25 and the rest unchanged was not, however,

chosen. OQne of the Justifications is that Véese weights no. o
N }onger reflect past preferences.
What we like to, do now is . o reconsider these
weights, to see how the economy would perform if wl was given
a value of .25. The new weights will ngturally allow more

room for optimization and would more gatisfy critics who‘were

-
frustrated in the bad performance of /GNP and unemployment

caused by a monetary restraint. Fof our purpose; the joint
policy (Experiment No. 3) will be

modified welfare loss function. /<\

Table 9.12 presents the/ results of the new joint
policy along‘thosé of the ‘hisforical agd 'convergent'
solutions. h '

In terms of welfar loss, the alternative optimal L
solution would improve thg¢ economy by 10.56%.relétive to the -
hlstorlcal performance,/compared to the 1n1t1al rEsult of

/

7.25%. It would also yleld a better GNP which was before ‘_Jé
‘ 0.75% . hlgher than 1ts4hlstor1cal level and is now 1. 33% <; ’
| higher. From our c#{culatlons, optimal GNP would grow at an
~average annual rate of 3.96% for the four-year period from '

1975 to 1978 (t?y actual rate was 3.1% for the same period).

Unemployment wdéuld improve llttle from 7.675 (convergent) to
‘7.595 (modifi d); but the\improvement relative to ;he

historical Yevel (=7.688) is still very weak and materializes

. ﬂ / :
to thé'deyTimenQ of inflation. Optimal INFL would be rather

/
/ ¥

/ | g |
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'h | | |
TABLE 9.12: Joint Policy (Sensitivity Experiment with Weights
\ wi = .25 w2-J%O W) _.%é = TJ: Total Value of

Welfare Loss and Average valugs of Real GNF, Targeg

A and Control" Variables.
o}, « | . oprIMAL - ‘
ITEM HISTORICAL f, (1) (2) 17-v‘
o s ‘
LOSS (a) | 342.048 389. 881
Y s0428. | 30655 30854
YGAP ~6.748 Z6.131, | -5.586 ’ '
UR | - T7.688 7.675 " 7.595
INFL. | , 8.084 8.055 | - 8.280
| m-. | 2339 | ~2.400 | -2.520 . .
“ ¢~ 5715 5831 5927 ‘
1 m 19460 18841 | 18926

>

-(2) modffied Wwelfare function with weiglits wi = .25,
w2 = .50, w3 = w4 = 1

(2) historical loss = 367.78 with the 'convergent'

welfare function

435.944 with the modified .
welfare function -

worse than its historical’ counterpart: 8.084 (pfstorical),

-6.055 (convergent), 8.280 (modified); this has led us to say.

L3

that the modified objective function would no longer reflect
decision-makers' past preferences. Results also confirm our

» , ~ \
earlier stetement (Section 8.3.3) that beyond the 'convergent'’

solution, UR or INFL could be improved relative to the

N

3

\\\ v L —
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historical values only at the expense of the other. To

[}

recapitulate, stafistics on UR.and INFL are still
disappbinting, there is, héwever, some relief in low eoonomic
' growth although it looks soEewhat modest. 83 ‘

‘ Cqnsider the control variables. The optimal Mi would
' be 2.74% lower tnaq its égtﬁal level; in other words, tighter

c

monetary restraint relative to the BOC's past monetary policy
is still called for. The variable G! needs detailed
diécd%sion. The' modified objecfivé function would require
higher governmedt spending énd much larger deficit asla
conséqgence. From our calculations, the 'convergent'
solution necessitates an'in;rease'of government deficit84 of
456 million current dollars on'the annual average,
éompared to‘the histor}cal policy. The alternative solution
requires 1079 million . To many critics of the past monetary
and'fiscal policies, large deficits are not welcome or

accgyf%ble. Indeed, in Chapter 8 on the description of the

‘I

o

history of Canadian macroeconomlc policy, we have said at

.least on the expenditure side there has been some restraint

83

For a proper evaluation of the GNP performance, we might
have to wait for the results on GNP and welfare'loss frém the
next experiment using the U.S. weights and three controls.

84 ' ' .

Government deficit is measured approximately by the sum of
change in ,government bonds and monetary base. It should be
clear from our discussion of the government budget constraint
that this measure does not correspond to the actual and
published data of the government deficit on the national
accounts basis; however, the comparison among various —
‘sblutions is completely meaningful. .
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in fiscal policy; ﬁever%?eless; many p;rticipént885 at the )
sympdsium on 'Has Monetarism Failed?"werg critical of the
fiscal stimulus. OF course what théy had in mind is laFgé
amounts of budget.deficits which were on'the,ayerage al;ost g
billion curreﬂt dollars per Jear (for three levéls of .
governments) from 1975 fb 1978,'compared to a deficit of 942

)

million in 1974 and a surplus in 1973.86 The general

. impression is that regardless of the antipathy to or the

sympathy with the monetarijst monetary policy, large

government budget deficits were notggupported.87 ~In the

literature, many arguments have been.advanced against big

deficits. E.g., large deficits will push up the interest
rate through the government competityon with the private

gsector for funds. Also, deficits, if| continue, will

accumulate; a time will come that large part.of government

?

revenues is just to finance interest ayments';88 that
\ . 2

85 K o

. See e.g., Wirick (1981), Freedman (1981).

These are actual and published data of the government

deficit (surplus) on the national account basis. Sources:

System of National Accounts, National Income and Expenditure
Accounts, Second Quarter 1979, Statistics Canada.

87 . - .

If we ignore its policy's sympathizers, the Bank of Canada .
itself called for a tighter fiscal policy and a move to a
more balanced federal budget. Its critics such as Barber and
McCallum (1981, p.'226) favoured tight fiscal pglicy and
relatively easy monetary policy. oo

St .
Ty

In 1983, interest charges on, the federal debt weré 31.2% of

"the federal government revenues (J.S. McCallum, 1984, p.

56 ).More on the‘deficit issue, see tife same reference.

-\

o
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.situation will restrict the government's .capacity to achieve
macroeconomic objectives and makes difficult to manage the
government's finances on a day-to—day basis. Also, deficits
will enhance inflationary, expectations because the, public
‘believes that they will eventually be financed by printed
money (Parkin, 1982, Chapter 37); to Tobin (1980b, p. 57),
there is4scant evidence on this effect. But Lipsey (1981, p.
569) in his presidential address to the Canadian Economics
Association and in a eeminal paper 'The understanding and
- control of inflation: is there a crisis in macro-economics?'
“. proposed more restrained fiséal policy along tight monetary
policy\in an anti-inflation package. He wrote:
~ Second, there is increased fiscal restraint. This
policy would be partly psychological, since there is _
not much evidence that current budget deficits are
fuelling current inflationary fires. But psychology
s an 1qportant element of inflationary inertia. The
government mist be willing to bear its share of the
burden, and some kind of Reaganesque budget --
slashing (although without the bias against the poor
of Reagan's measure) would be an important part of
the package.
¢ﬂ=£f large deficits are not favoured, it is difficult’
. . - )
to. see how the above modified welfare function can be viewed
as representing the policy-makers' preferences. (One may now
feel that our choice of the weights of the 'convergent! as
reflecting the authorities' preferences' is not arbitrary or
unreasonable. Unfortunately, the matter is not so simple.
There is a fair number of economists who are willing to
tolerate substantial-budgef deficits and believe that

unemployment cgn be much improved. They would argue for

attaching-heavier weights to GNP gap and UR beyond the value

-
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of wi =.25. To find where the truth 1ies, it is interesting
to go back to the éxperiment in whigh the U. S weights are”
used. . * .

-

U.3. Yeights: wl = w2 = .75, w3 ¥\§4*E 1 W

Recall that in the process of searching for the

w?ights, we started by arbitrarily borrowing those applied to

U.S. models participating in” the NBER/NSF Econometric Model

Comparison seminar. They were: wil = w2 .75 for GNP gap and
UR, w3 = = 1 for .INFL and TB Part of the optlmal results

obtained from those welghts were reported 1n Table 8.3 and

kg

‘gisqpssed in Section 8.3;3. For the sake of presentatlon,

optimal results ﬁrom Tédble 8.3 are reproduced in Column three
of Table 9.13. : Lo R
Two remarks are in order. '

1) With respect to the U.S. economy, those [%;\\

weights would put GNP, UR at the same level of concern as

N -

INFL for the pefiod 1971 I - 1975 IV (see Klein and Su,
1980). Thefefore, there seems to be no ground to sﬁggeét‘
that these‘weights would bear ani re%ationship to tﬁe
Canadian economy-under the'bﬁtimization period 1975 III -
1978 1IV. Moreover; one pas to admit that by using tﬁe‘UlS..
weigﬁfs, the decision-makers' preferences are substantially

altered: compared to the convergent solution, the GNP and UR °

targets are assigned very heavier costs; as an indication,

contrast the optimal values 0f targets wit9 their historical

!

levels (fable 9.13, Columns one and two).

1
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TABLE 9.13: Joint Policy (Sensitivity Bxperiment with U.S.s
: Weights]): Total Value of Welfare .lLoss and Average
- Values of Heal GNP, Targef and Confrol: Variables.

{‘

‘ ' , ‘ OPTIMAL
ITEM HISTORICAL T. L CONTROL VARIABLES
) | G1, M |61, M1, Tax Reté
'LOSS 799.29 | 608.234 535-22§\'
Y 30428 . | 31026 31645
YGAP |  -6.748 | -4.979 23107 ¢ ~
" | ur |  7.688 | 7.463 7.180 |
INFL 8.084 8.671" 9.4%0
B |- -2.339 | -2.769 | -3.145
¢ osTIst - 6007_" . 5878 .
M 19460 19614 18845 -

ii) While changing the Weighfs, Wé%hav no intention:
of simultaneously varyiﬂg the contrbl boun&s- There. are two
reésons. Those who are greatly cqncgrned a?out UR Qnd,GNPf
sufély want %o alleviﬁtq the ‘adverse effects of the monetary
'réStraiqt;‘they'ngld not like to reduce M1 below the
shistorical level. Hence, original bounds on M1 would |
suffice. As,té G1, the %ptimal level can be expected to
-increase relative to the histdfical level. In constructing 1
i:ts bounds, the upper limi; has beé;l as;sunied‘to growv at a

"steady rate of 4.0%.in lieu of 1.94% as in the past?agﬂthat

- o’
seems to,.give G1 gnough room."™ ,
89 . . '
N The growth rate is 4% for BND1(G1) and 5% for BND2(G!).
Experimenting with larger bounds of M1 and Gt [i.e.,- BND2(M1)  _
and BND2(G1)] does not alter the.UR result. . :
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“\Let's look at Table 9.13. The optimal policy would

i

‘generate am inflation rate 7.34% [= 1 - (8.677/8.084)] migher
than‘the historiqalklevel. Congidering the fact that in 1978
the monetary authorities can reduce the rate- of 1nflatlon
only by 8.57% [= 1 =~ (6.4/79] eratlve to the previous year‘s
\level,gqvthat outcome is not easy fcr them to swallow. w:¢h
respect to\bNP,.there is a‘meanimgful improvemeny in terms. of
average value: optimal GNP is now 1.97% higher thaﬁ the

. . * . . .
historical level. 1In terms of.d4verage annual rate of growth,

"ftﬂe result is, however, less satisfactory, if not o

dlsapp01nt1ng. from 1975 to 1978, optlmal GNP grows at 3. 92%
Zs compared to 3. 1% from the _past. pollcy and 3.96% from the

prev1oue experiment with the modified welfare function: w1
.25, vé = .50, w3 = w4 =1.° Notice that the policy with the
U.S > weights results in’a lower average annual rate but a
higher average value of GNP relative to the optlmgl policy of
the .previous experiment. The conflicting signals (a point we
have raised in Section 9.1.1) make the interpre%aéion of the

GNP performance difficult. Turning ‘tbo UR, we see that:if o
improves. But the decllne is very small from 7.688
(historical) to 7.463 (optimdl); this is transformed into an-
average reduction of 2% thousand unemployed workers
relative to th@ historicsl performance. As a matter of facm,

" the gain in job creations is hlgher. Compared to the

haetorioal pq;icy, the optimal one would, on the average,
. n ) L f

90 ‘ ]
See Table 8.2.. ‘

3 . ,
. N - -

B §
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increase employment (L) by more than.63 thousand fbut at the

- same time would augment labour force (LF) by more than-42

‘thousand , tesulting in a net reduction of 21 thousand with

{

respect to an actual, average level of 807 thousand

. unemployed persons.91 One should realize how .small the

«“ e
1

-.improvement in unemployment is.

Let us quick;& consider the performance’'of the
control variables. 'Optimél G1 much increases relative to the
historical level %y 5 11% Optimal M1 also increases but
1nsubstant1ally by O. 80% When larger bOunds, BND2(M1) and
BND2(G1), are used, M1 declines relative to the hlstoPical
leVel from 19460 (hlstorlcal) to 19441 (optimal). The

‘decllne in optlmal.MI_is also observed in the-previous

o2 : <
experiment with weights w1 = .25, w2 = .50, w3 = w4 .= 1 (see

‘Table 9.12). We eould conclude that even with more attention

* .
3iven ta the GNP and UR targets, loose rather than tight

government spending is called for, and generally monetary

restraint is still necessary. This is at variance with some

P *

[CR N

recommendation of easy money  (Barber and McCallum, Peters and
oo

Donner), or easy money combined with’ %ight fiscal policy -
(Barber 'and McCallum)
_<In short, although much attention has been accorded,

to UR and GNP targets, the improvement in UR is small. .In

view of,the bad performance in UR, we are wondering whether

—— i = S S B e v G G e

L

9 1 * ' Sn, ,
The actual value of unemployment (= 807 thousand ) was
obtained from Table 9 4 as the difference between LF and L.
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it

& . .
the result can improve in case that the fiscal authorities

make use of two instruments: G1 and tax rate. As before,
the tax rate will ‘ne a control, fixed but optimélly-’ ‘
determined in the optimlzatlon process. Optimal results are
reported in the 1ast column of Table 9.13. Now there is a
tremendous reduction in welfare loss relative to the past
policy: 32.54%. - As preferences shiff more towerd GNP and
UR; the tax rate declined from a historical value of AT767
\‘(Equation 6.2.9) to .1507.92 This combined with a higher

government Spending relatlve to the past level ylelds an_
impre391ye gain in GNP whiech ;s 4%chlgher than its historical
level. From 1975 %o 1978, optimal GNP grows at 4.75% on the
‘annual average against an actual 511%. It is the~first‘time
we can eey without amb?guity that;the“improvemfnt }n GNP is
significant, substantial. As to UR, it is reduced from 7:688
(historical) to 7.156 (optimal). This transiates into a

réduction of 48000 unemployed'workers; again the nunber of
D

job creatlons is much higher: 149000 new JObS-93 This is so

far the best perforfznpe in UR, but, ob;ectlvely one has to

r— V-/"“\./ ,

A N \

92 : . , :
In the case of the ex;\?tment with weights w1 = .25, w2 =
.50, w3 = = 1, introducing tax does not make any .

difference to the results. PFirst, the values of the welfare
loss function are dlmost identiqal regardless of tax or no-
tax. Second, the historical tax rate hardly changes (optimal
value of the tax rate is8 .1790).

93 | ' L |
Relative to the histor1cal polrgy, emplpyment L lncreases by
149000 persons, but at the same time labour force LF also
increases by 101000 due to improved edonomic conditions.

- \\

.
] i

o
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* say that the iﬁprovement~is not great, if not modést.94‘ dn
the‘ihflation side¢, the gains in GNP and UR lead-to a .
sﬁbstantial increase in INFL relative to the paét po}icy:
INFL augments from 8.084 (hisforical) to' 9.430 (opﬁimal). It
is Quite clear that the&battlgmhgaigst inflation has been
lost. ..
Let us recapitulate. Essentially threé experiments
aré conducted. The first is-based on a welfare function with
the target weights: wil = .25, w2 = .507 w3 = w4 = 1. The

‘séconq tries the U.S. weights: w1 = .75, QB = w4 = 1.

The last 5iffers from the second in having one extra control,
the tax rate. The aim of the expgriments is to study the
effects of a policy which shows more -Qr much more concern

“abogﬁ'gcbnoqic growth and employmgjtt First, relative to‘tﬂe

1

pést perﬁprmance GNP and UR can improve only at, the exﬁense
of inflation. Sécond,«the reduction in UR i8S modest or
negI{gible. Third, GNP performs better. In general, to say‘
whether 1ts*improvement 1s modest or falrly satisfactory is a

matter of subaective Judgement. In the case where the U.S.’

94

Throughout the discussion of the optlmlzatlon experlmeﬁts,
we can observe that in the process-of varying the weights of
the objective function, focus has been laid almost solely on
thd% of GNP gap. In reality, from the starting'point which
~ makes use of the U.S. weights to the arrival of the
'convergent' solution, both the weights of GNP -gap and UR are
tried extengively;. due to its small impact, the weight of TB
is seldom changed. - Besides, based on the relative welghts
implied by the historical performance (see Table B.5, Column

-

a) we so set w1l = .2, w2 = 1.1, w3 =1 and w4 = 1.3. In
genera), we could say the optimal solution using the U.S.
wel S would generate the best performance for the

su ployment rate.

[ , . s
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.wefghte are used in_combination with three controls (g1, M1,
and tax rate), we can definitively concludé that the:
improvement is substantlal but the sacrifice is very hf@h"
.the’ Qattle of controlling inflation which has openly been

supported throughout‘&estern nations is lost. Fourth, the;
realization of these outcomes generetes higher government
spending and more reduction in money relative éo the
historical policy. This result - must disappoint critlcs who
, favour more growth and employment but are not prepared to

N

tolerate large government def;01ts.

' ' <

. Optimality and Suboptimality Due 1o Rule

The monetary policies without and with rule

’ ¥

(Experiments Nos. 1, 6) and the fiscal policies.without and
with rule (Experiments Nos. 2, T7) will be executed again,
-based on the welfanefunctionnwhose weights are w1 = .25,
w2 = .50, w3 = w4 = 1. ' ‘

To mention very briefly, in terms of welfare lose -
relative to that of the nistorical performance, the
improvement declines from'2;10% to 1% oepending“on whether
the monetgry policy follows no rnle or-rule. In the case of
the fiscal policies, the inprovement is tremendously reduced
from 8.42% (no rule) to 2.08% (with rule).

- These findings confirm previous results concernlng

the effectiveness of monetary and fiscal instruments when

subjected to rule.
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9.3.3 Sensitivity W1th Respect to a Change in the Control
Variable (1) Boun%s. , 3

.To many critics of:the BOC policy (e.g., Wirick,
1981), gradualism has brought only modest results on the
inflation rate. They accepted inflation as the main concern
and fully aéreed with the BOC's strategy of achieving the
Egrget by reducing the growth of the money supply. They
would believe that the BOC's gradualism has been too gradual
and yherefpre was‘a Pad tacgic in permitting an efféctiv;
reductipon in inflation. The last experiments wil} focqus on
the impact of a less gradual monetapy restrg;nf;l,The bounds
of G1 will be kept intact, but those of M1 will be much

widened so that larger reduction in M1 relative fo,those in

previous experiments are poséible.95 Sandblom-Banasik-Parlar

)

+.procedure is used (actually, has been used).~ Recall in

e -

Section 9.1.1 three sets of time dependent bounds were
generated, allowing M1 to vary within one, two, and three

times its historicél range. For expository purposes, denote

them successively }y B1(M1), B2(Mt), and B3(M1)5' In Section

9.1.1, we have also noted that beyond B3(M1), the bounds

values are no longer .realistic. Even}B3(M1) produces

unreasonable values for M1: from 1975 III to 1978 IV, the
average value of é%é}mal M1 is 13832 million current
A \
dollars. Contrast it with actual, annual values of M1 from
1973 to 1978: 13444, 14729, 16729, 18082, 19577, and 21557.
In fhe light of this, it is decided to report only the
. A

95 -

Introduc¢ing the tax rate does not fundamentally affect the
results.

.
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.

results obtained from-more restrictive bounds se

and convergent solutions.

ts, B1(M1)

Table 9.14 displays the results along with thoSe of

s

]

—

-

Joint Policy (Sensitivity Experiment with

A ey Bovnds o2 W1t Total Value oF Welfare Loss ..
and Average vValues of Real GNP, Target and Control
. Variables. - =
B | OPTIMAL
ITEM JHISTORICAL CONVERGENT (1) (2)
' 0SS | ' 368.776 | 342.048 315,712 294.949
Y 30428 30655 30603 30479
YGAP ~6.748 -6,131 -6.282 —6.649
UR 7.688 7.675 7.696 1752 i,
INFL 8.084 8.055 8.001 7.853 /
7B ~2.339  ~2.400 -1.974 21,43;(‘
G1 5715 5831 5922 - 5966
- M1 19460 18841 16933 14963 .
- Notes: 1) Baéed on B1(M1): ﬁounds rénge equal to the

_ ' 2)

historical range

Based on B2(M1):

historical range

In terms of welfare loss,

bounds range equal to twice the

the optimal policies based

on the new sets of M1 bounds perform much better than the

convergent solution.

This is well understandable:

as the

criterion function is mainly geared toward the inflation

target, allowing M1 more room should naturally bring a larger

A




unfold the whole story.

.from,  the convergent solution. With B2(Mi), the inflation
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reduction in gilfare loss. That stétistic, however, does Jot

—

‘o

.. Take the‘histpfical values as benchmarks: contrary
to the convergent solution, the new \optimal policies exhibit
a trade—off between UR GNP, and'INFL. The message is: -

manlpulatlng M1 in the direction of lowering the rate of

inflation would reguire higher UR and heavier loss in

output.Unfortgnately, the improvement. in INFL is
insubstantial. ~With B1(M1), the inflation rate goes down
from 8.084 (historical); 8.055 (convergent) to 8.001 and
calls for a larger reduction in M1: optimal M1 is 12.99%[= 1

-‘(16933/19460)] lower than the‘\actual level against 3.18%

~.

. , '
:goes down a bit further to 7.853 but demands a tremendous

reduction in"ﬁ1: optimal M1 is 23.11% lower than the actual

level. We like to remark that with B2(M1), the average value

ofvsptimal M1 1s 14963 while the actual value of M1 in 1974
was 14729.” To a 1arge extent, 1f .we take 1974 as the
benchmark year,lthe policy u81ng B2(M1) could ;g\zi§arded as
attempting to practically impose a freeze96 on the rate of
growth of M1 for. the whole optimization perLod from 1975 III
to 1978 IV. In view of the large dosage, that policy might

not be conceived of as gradual.

96

Indeed, when examlning the optimal plot of M1, we observe
that except 1976 II, in any quarter the value of optimal M1
is always lower than the actual value of M1 in 1975 III which
is the startlng quarter of the plaﬁning period.

-
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S ' " In summary, with/Some reservation about the model

. R o
coefficients stability, the l‘ast e_xpe'ri'ments indicate that as

" long as some form of _gr_a.dtfalism is pursued, allowing more

L1

room on M1 could not bring better results rezative to the

™

.- historical policy; even on the inflation side, “the

improvement is 'smafI"while-UR, GNP are worse, and higher

a

government spending, which is not welcomed by monetarists, is

r—

still required.

\"*
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‘. CHAPTER 10
CONCLUSION

.
———

This has been a long discussion. We started by
stating a few macroeconcmic‘problems we like to $tu®y for the ™
Canadian economy. The vehicle proposed for stud&eng is a |
small-sized quérterly econometric model, and the fechnique is
optimal control. The task proceeds with the reV;ew of the >
literature on the rapional expectations controversy. This is
indispensable becéuse, to an extent the discussion of present
‘macroeconomic problems wil% lose its full signifiéance if
there is no mention of the rationalﬁékpectations school whose
ideéé'go to the heart of every stabilization attempt, of
policy evaluation...OQur task continues with the construcfion
of the econometric model which requires several éteps:
speéification and estimation by OLS, est%mation by 2SLS,
validation. We then‘conduct a number,of optimization
expe;iments, using the bounded control épproach. This
approach has certain advantages which are not wéLl‘récognized
or appreciated in the empirical litergture. Hopefully the
description on techniques of imposing bounds, dn the controis
behaviour under bounds proves to be useful.
In closing we like to summafize the results of the
. optimization experiments ;hd derive some implications (old
and new); but before that, it seems meaningful to draw féﬁ

T e

interesting results from the estiﬁgtion and simulation |

chapters. We personally believe part of the thesis
R [4
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contribution comes from the efforts of building the modeld
! ]

Econometric results o : o
i) The role of wealth is found to be very minor in the
congsumption equation. This is in contrast with its emphasis r

or the importance attached to a related concept (real.

‘balances effect in consumption) as found in textbooks and the
literature. An example we came across is Begg (1982, PY-

147-149) In his book, Begg proved that if real balances /

- .'

effect is 1ncorporated in consumption, the strong neutral*ty
proposition fails. In the context of F&tional expectations,
we have discussed the policy ineffehtiveness proposition -
which asserts that any systematic action from the governa
ment will not affect the deviation of output from ifs
natural rate. IThe strong propbsition says that even in the
long~-run systematic monetary action cannot affect the natural
rate of output. ¢‘ e

Our result would suggest at least for Canada some
caution ig attaching an importance to the roie-of,wealth in
consumption. '

ii) Again,_wealth is not found significant in the
currency and demand deposits equations; it-is siqn%{icant

only in the time deposits equation. In the literature (see,

e.g., Laidler, 1969, p. 90 and for Canada, White, 1976 PP- k

~

78-80), it is often reported 1nsigniflcant when GNP and wealth

enter the demand for money simultaneously.” The usual
- explaqation is multicollinearity. Our result points out //j/

an aggregation problem.
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In the macroeconomic Aiterature, the integration of
the government budget constraint:in an economic model is .
highly‘fecommended. Aﬁart frém the reason that offe amohg thé. *
set of instruments has to Beﬁggterﬁined residually, its \\
1nclu81on wi%%igermltf%ﬁ/ﬁ;ggé out the monetary and debt
effects of g&&zrhment deficit financing: impact on the IS B
curve via wealth effect in consumptioqt cquding—out due to ‘
~bond financing etc...The above results\kvery minor role of \
weglth in consumption 'and its’insignificance in currency and
-demand deposits) would diminish this important aspect of‘the
government budget contraint in a short-run modell

iii) The last’ result we like to mention concerns the
foreign exchange rate eqyation which performs nicely with the,
monetary view rathe}_than ;ith the traditi&nal view whose
analysis is based on the components o? the balance of
paymeqfs. And insideqthe_monétary view the Keynesian
approach of sticky prices would be more appropriate %han the
Chiéago approach of flexible prices. ' |

Recall how important the assumption of flexible
prices is for the rational expectatfoqs theorists.

S

~Simulatien results ' .

One important finding is that the model does noﬁ
converge in simulation if we follow American textbooks and
agsume that the Bank of Canada controls the monetary base
father %han the money supply Mi. This is-not a place to

criticize or defend the Bank of Canada for its emphasis.on Ml
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as a policy 1netrument. It appeare that in the Canadian
context, treating the monetari base as the polic& insﬁrumen%
might not’reproduce the historical path of the economy

accurately.

Optimization results -

All optimization experiments have been a process
undertaken to answer three specific proElems, namely:

i)QIs there any substantisl gain over the historical
performance from)an optimal coordination of .monetary and

fiscal policies in order to attribute disappointing results'

of the\Canadian economy to the monetarist policy of the Bank

of Canada? . - -

ii) Relative effectiveness among monetary-fiscal-

policieé?\and inside egch monetary or fiscal policj due. to

the adoption of the (constant growfn rate) rule.

“iii) Impact of ins&de.lag on relative effectiveness;
The main findings can be‘summarizéd_as follows.
Based on the crite‘r‘ia.g;7 stated in Chapter 1

it QOuld be said thaé there is no evidence of a substantial

97 7 o

" The fulfillment of one of the following conditlons would

allow to conclude that the gain is substantial:

1) the optimal puli brings a substantial and
simultaneous improvement in GNP, UR, and INFL relatlve to
the past policy

t

ii) the optimal ﬁolicy yields much better results

:in GNP and UR without much deteriorating INFL relative to

the past policy B " oo

i1i) the optimal policy substantially reduces-.INFL
without much deteriorating GNP and UR relative to the past

pOlicy . ; &

o)
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gain over the historicé% policy. The ﬁcdnvergent' solution
generates little gain in spite of a simultaneous improvement
in GNP, UR, and INFL. Opfimal-policies which, relative to
thg past policy,.exhabit trade~-offs between GNP, UR on the

one hand and INFL on the other, appear ineffective in

'reducing high unemployment and inflation. In case more

attenfion was paid fo GNP and UR without much sacrificing'
INFL, some reliefqip low economic growth could be felt,
élfhough it looks somewhat modest.98 In case the de0131on-
makers were willing to tolerate much hlgher inflation AN
relat#ve’ tolthe past level, optimal policy could deliver a
substantial improvement in’GNP;99 considgring, however, the

efforts industrialized nations have put to control inflation,

—onewouldthlnkthatthlssolut1m1isout oftune with the

¥
1nternat10nal conocern at that time. .

Among the three policies, in terms of welfare loss the

joiht olicy is the best as mathematically expected.. The

* fiscal follcy is next; but its superiority to the monetary B
‘policyiis negllglble or ratder neglig1ble1oo depending on

-

'
—— . |

98

. i.e., the solutlop-with welghts wil = .25, 'Wa== .50,
W3 W4-— 10 N N ' ' I
99' B

i.e., the solutlon with the U.S. weights and with the use
of three controls, ,
100 T ?
based largely on the evaluation of the welfare loss
function values. Other statistics (GNP, UR...) are also
considered explicifly or implicitly. co

A
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the welfare weights,1b1-and does not reflect the
degwee of effectiveness it enjoys from the multlpller
c;iculations.102 Under the 'convergent' weights, when the
effect of ins}de lag is taken into account, the-superiority

ceéses, and the monetary ‘policy turns out to be slightly more

effective; this outcome woﬁldr;affect the already small gain

of the (convergent) jeint policy over the historical policy

because without lag consideration, the fiscal instrument

contributes most in the joint po%icy.

IgsiQe monetery or fiscal policy, the imposition of
the rule will dimi;ish the controls'kperformance. The-loss
iA effectiveness would be small for monetary pollcy but hlgh
for fiscal pellcy. The word 'hlgh' shesld be understood in a’
relative sense, first relatlve to the loss due to the
adoption.ef the monetgﬁi rul%,'seeond relative to the

context. In an anti-infilation period, the loss would not be

| /high. But that wouldcnoﬁ be the case in a period under which

' e N ‘ :
. the focus of a@teﬂfgon—is employment '‘and economic growth.

v that kinﬁs of implications can we draw from these 4n

¥ 4

»
Results on relative effectiveness between monetary and.

fiscal bolicies imply at least one thiﬁg' in the stagflatlon
)

fworld it is obvious that expre3s1ng relative effectlveness

terms of a single target GNP has little meaning

101
They belong to the 'convergent' solution or to the one
with wi = .25, ‘w2 =‘.50, W3 = w4 = 1+ \ : e

102 _ |
The results were reported in Chapter 7, Séetign 7.2

¢
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in presence of‘multiple targets, notAonly it would

be no longer adequate, muitiplier analésis could‘be a
misleading tool.in assessing relative effectlveness.
Results on optimality and suboptimality due o} rule >>

/
lead to an interesting phenomenon: in the condjét of monetarQ'

p

certain

policy, after a target range has been set for
’»Ig?metter little

planning period, on a quarterly basis it\yb
whether M1 is discretionary or takes a steady growth psth.103‘
The result, however, begs the caution since it might well
depend on the period of study; further empirical evidenge is
requirequor it to be substantiated. | ] .
Results oh the evalnation between. the historical and
optimal policies yield several.implications.
1. The fiyst is that sone recommenaetibns and . <
prescripnions-given by critics in the symposium whose views
might have been shared by a number of economists appear

unsupported by empirical ev1dence.'
i) A policy, even. geared,mpre heavily toward GNP and
UR, could not bring a substantial relief in high unemployment.

GNP could substantially improve, but the battle)againsx o~
inflation wouid,be lost. . N o :
. ’ ‘ &
ii) A less gradual monetary policy could not do

better. Particularly no Sharp decline in INFL was obtained.

105 . R I ~
The observation applies to M1 seasonally ad justed, '

»
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ii1) Many Keynesians may have believed that the baéV
performance of the world economy was due to the monetary
restraint pursued in many industrialized countries. To'
impraqve écopomic growth and employment, they would have
preferred a policy mix of loose monetary énd tight fiscal
*policy. As long aé inflation is an important econqmi;’
| objective; in Aur Canadian context optimal resﬁlts generally ‘f
"call for tighter monetary resf}aint relative to the past. bn
the other hand, attempting to improve GNP orlaﬂ‘requirés *

looser government spending than the historical ievel‘yhich

had been much below the normal trend.

gl

P4

2. Unless we édvocate a quiéﬂ%disinflatioﬁar&

pol%Fy with the belief that there are no real §ide-effects or
they" ard short-livedl(more on this later),.monetary and
fiscal policies as démagd manége@ent tools, even in
coordination, do Aot seem effective i&;prgviding a
satisfactory solution to the Canadian unemploymeht—inflation
problem in theyéhdrt-rﬁp. With respect to inflation, Laidler

(1982, p. 175) remarked ‘that we have taken fifteen years to _

get into our current solution, so there is no reason why we

v

- should not expect to take close to a decade to.unwind the
inflati%n rate. Tobin, a long time ago, particularly wrote:

As I have already noted, wage equations that assign
high coefficients to past price experience do not
assign a strong influence to unemployment. The
short-run Phillips curve is flat at high rates of
; unemployment. Since it is steep at low rates,. a
much longer time is required to unwind an inflation .
) than to generate one.
/ . . In the circumstances, neither monetary policy
' _ - nor aggregate-demand policy is in general a usefg}
. tool, [Tobin, 1974, pp.’ 231-232]. ®
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:3. In‘view of (1) and (2), a graduai approach to end
inflation, even announced will inevitably involve high . .
unemployment and low economic growth. And the necessary time

_can be long, and longer for unemployment as optimal results

L4

would imply. . ; ‘ ¢

- N In view gf the above points, attributing undesirable
results of the economy to the Bank of Canada ‘monetarist .
policy of contro%iing .inflation by participants at “the
Canadlan symp031ﬁﬁ’on 'Has Monetarism Failed?' in particular

would not have a valid undation} especially one must recall

that monetary policy is but one tool of macro-economic

~

managemewt, and other tools are quite beyond the control of

¢

‘the Bank of Canada. R . .
. It should be added that certain economists (e.g.,

Tobin, 1980b; Lipsey, 1981) who are well. aware of tHe bad
/
performance of the tradrtlonal monetary and fiscal policies

in the bresent gituamion have advocated controls as a

i
.

supplementary tool to lessen the real effects of monetary -
restraint. On the effectiveness or ineffectiveness of

vcontrols, our thesis-has very lrttle to say out mentions that

MR

. in the period of sfudy Canada was under a wage and price

control progran (for a view against controls gsee, e.g.,

Laidler,” 1982, pp. 181-187).
_As points (3) and (4) are quite important in the’

0 & n .
Canadian context, are there any studies which would support

them?”
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If one restricts macroeconomic tools to the
traditional fiscal and monetary policies, the previous
quotation from Tobin, a leading Keynesian, would be an
o . * evidence of support. However one has to say immediately that
T ‘ ‘ { Tobin~(1980bf, concerned with high costs of unemploymeft and
eutput due to a monetary disinflation, did”not‘think that the
| traditional demand management is a sufficient package.
. , Seitching to the monetarist camp, Friedman on several
occeeﬁons sgated that there is no way to'end infletion which
“does not “irvolve-a temporary, though pereaps fairly
protraﬁted, period of low economic growth and high
-unemployment (see, €.8., Friedman, 1974, p. 233. He‘AISOa
expressed that present rates of growth of jmonetary aggregates

-

. should be modified to achleve a long—run target in a gradual,

‘ g

systematic, and pTeannounced fashlon (Friedman, 1982a, p-
©101). But to our knowledge, the true sympathlzer of the Bank
of Canada policy was Laidler. As an organizer of the
. gymposium on 'Has Monetariem Feried?h he steedgalone.ameﬁg
participants for his advocacy of gradualism (Laidler, 1§81a
and b). This theme is repeated at i;néth %n his recent%y'
published book (Laidler, 1982,.Chapte£_5). As our results
\ are empiricel,‘iy istworthwhile to examine them from another
_ | angle, theoretical. For this let us take a brief™Look at °
} Laidler's thenme. “ ‘
Graduglism is a program of coping with inflation by
slowly reduciﬁg the rate O‘fi growth of meney b'y one or two

perceqtage points a year until long-run. price stability is
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reached. To Laidler, the program is not painless or short-
lived; but it is the only policy that ig likely to be found
tolerable compared to alternatives which are worse in the
current state of knowledge. The main short-run, not
necessarily short-lived, effects of reducing the monetary
. . supply in an gcondmy where inflation is well entrenched is
not the reduction in the inflation rate, but. a down-turn in
" real activitj”apd an increase in unemployment. This is due
.. ~to the inertia in inflation expectations, tQe long-term
contracts which embody those expectations, and the difficulty
that firms and other economic agents encounter ini'
distinguishing randon fluctuatiogépin demand from long-term
lchanges. . The effect on inflation will come later. And in
dge course; the.falling inflation rate will catch up with éhe
rate of monetary expansion and also can overtake it. Under a
grddualist policy, the inflation rate-(as well as
ﬁﬁemploymgnt and output) is likely to follow a cyclical path.
This imﬁlies that there isno'reason'M)expect a close
- relationship between the rate of inflation and fhe rate of
monetar& expansion in the long transitional period;
consequently, any absence of such a correlation is not a sign
of failure, and a satisfactory rate of inflation does not
suggest 1it, will be sustained.
Is a quick cure better? One justification is based on
the rational expectations hypothesis and grounded on the

belief that much inflationary inertia comes from

expectations, and since economic agents form their

’. - o
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expectations rationaliy, an announced and clear-cut change

would éffect those expegtations instantaneously, without real

side effects, ULaidler questioned first if the announcement

is believed, seconhly if agents expect it to be effective,

and thirdly if they are in a position to act upon those

expectations (e.g., agenfs can bg bound by long-term
contractual arrangements). Monetarists believe a reduction
of money will reduce inflation; but the general public does
not understand the monetary theory of inflation or believe in
it So, it is incon81s€9nt to argue that such a policy will

change the expectationg of the people who do not believe in

b
. 3
l'.t-

[}

Others (e.g., Lipsey, 1979) would advocate a quick cure

on. the belief that its effects, although more painful, will

be\relatively quick. A quick cure could bring a sharp
decrease in the inflation rate, but Laidler asked if the
subsequent convergence of the economy to its nétural
unemployment rate would be any quicker than under a
gradualist policy.* Furthermore, is there reason to believe
cycles generated by a quick cure will be shorter? It is
known that in many economic model§, factors which determine
the period of any inherent cycle.do not depend on the size of
the shock; therefore, it is too bold to speculate about the
dynamic process underlying the interact@on of monetary
expansion, unemployment and inflation.

Brief}y: to Laidler a quick cure could be less costly,

——

but its suécess would be'the result of expectatiog'effeots,

. b
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and of certain dynamic properties of market processes which

)
T

one cannot a priori rgiy upon due to the lack of évidenceg
fherefore, a guick cure is.risky, and it is on this thgt‘the‘
gradualist alternative rests. |
One may feel that our re§ult§ are consistent-with
“Laidler's theme. It is~an encouragement that part of our

.

study has some‘theoretical support. Just-as now, it appears
that the lessons of inflation have been. well le;ragd. Less
enthusiasméis given to the belief that there is an\Qshing to
be gained from increasing demand through stimulative monetary
policies because such policies would soon bring higher |
inflation,’higher‘intefest rates, less iqpestmenf‘and more
unemployment.1o4ﬁ§ '

In closing,\\W‘e/{ike toremind aggin that our resul't's
should be viewed as suggestive. Efforts have been made to

assess their robustness, but several factors may play an

influencing role: formulation of the model, short-run

analysis, specification of the welfare loss, control bounds,

limited number of expefiments".

—— - . s

104 .
From Emile Van Lennep (1984, p. 3), OECD's 'Secretary
General.
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APPENDIX A : .
T~ c DATA SOURCES

ihe‘first part of the Apﬁehdix'A provides the sources

of the endogenous and .exogenous variables en;ering the
economefrip model. Two exceptions are dummies which will be
left out completely, qu definition variables. Apart from a
few series.which were obtained directly from the  Bank of
Canada&by request, the Canadian and American series were
- . retrieved from Sjmtistics Canadd's computerized databank,

CANSIM Mini Base,!05 which is reviewed every six montﬁs.’o6

The series will be identified respectively by the CANSIM matrix

and databank identifipation numbers: Data are N.S.A. (non-

' . ’ * . . LN \";f\

seasonally adjusted) and quarterly unless 1nd}cated.
The second part'is concerned with the sourdes of
S the data related to the seasonal factor ratios which are used'
implicifly or explicitly in some optimigation experiments, in

- the welfare loss function, and in the calculation of control

4

“bounds. As their ﬁeriod which corresponds approximately\to

the optimization period (1975 III - 1978 IV) is quite short,

.

- ‘ the series are mainly loaded manually.

-

105 ‘ ' )
. The title of the directory is "CANSIM Mini Base Series /f
> Directory",— Statistics Canada.

{

106 ' ' ' .
"The flajority of our data.were retrieved in July 1979,
some around Dqsember 1980, March 1981, and October 1982.

-

\
§
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» . .
1. VARIABLES OF THE ECONOMETRIC MODEL '

1.1 Endggenoué Variables:

BOND

.CON

CUR -

DD

o

federal, provincial, and local .

‘go&ernmeht debt (stock) held by the .

‘private sector, millions of current

. dollars.

End-ofequarter stock of Government of

Canada (i.e., federal) direct and

guaranteed securities (excluding Bank

of Canada holdings) is the sum of:

+ Treasury bills held by the chartered
ﬁanks and fhe generalépublic -

+ Bonds held by the\chartered banks

+ Marketable bonds held by the public

+ Canada Savings bonds. .

End-of-quarter stock of provincial and

municipalibonds, direct and guaranteed:

daté obtained from the Bank of Canada.

real coggumption (personal expenditure
. e '

on real consumer good§fénd services),

millions of 1971 dollars.

currency outside banks, millions of

current dollars. Averége of monthly data. «

demand deposits at the chartered banks,

millions of current dollars."Average

of monthly data.

N '&

s

923
923

. 925
923

923

525

921

921

. B2473
" B2477
B2474.
B2478
‘B2406

' D40562

'B2001

B2008



EX
IM

"LIN

" INR

- millions of 1971 dollars.

- YO .

N

| . 27 )
time deposits at the chart&red banks, v .
mxllionspof current dollars. Averéée
of monthly data. | : b
Sum of: ' . j
+ Personal savings deposits e 921 ' B200é

+ Non-personal term and notice deposits. 921 - B2007

real expor% of goods and services, 525 D40586
millions .of 1971 dollars. N -

real import of goods rand services, 525 D40588

change in business inventories;-
millions of 1971 dollars. . _,— .
Sum of:

’

+ Business: non-farm ¢ 525 D40583

.+ Business: farm and grain in 525 140584

-~

commercial channels..
real gross private investment in non-

residential construction, and machinery

& equipment, millions of 1971 dollars.

Sum of:r .
1

+ Business gross fixed capital . 525  D40577
‘ ‘ : . L
formation in non-residential - . SR

A

_construction S

et

‘Business gross fixed capital . 525 D40578

»

L
formation in-maéhiéjfy & equipment

[
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—
o
Q
H

realggross private investment in o 525. D40576
residential construction, millions

of 1971 dollars. . © B -

,.
-
=]
Q
=
o .
i

real gross private fixed investment,
millions of 1971 dollars.
) . Sum of INR and IRC..  ~.

S~ L4 . \ <

L = employment (%oth sexes, 15 years and 2074 D767286

o over), thousands of persons. Average

o
“

-

of mpdth&y data. ) .

Ly
=
]

labour force (both sexes, 15 years 2074 D767285

Lo , and over), thousands of persons.

. . Mé = broad money quantity,.milliog§ of r

current dollars. - &

. Sum of narrow money M1 and time

. - o -

deposits DSN.. ' s s

r * N ¢ . - .
.monetary base, millibns of current ' -

2
=
bd.
1

- ’ -

Qollgrs.

T -+ Sum of currency CUR and chartered'
o - . " bank reserves RR.
.ot Y

-
e

®implicit price deflator, gross natiohal

expenditure (GNE), 1971 = 1. s
. ' P= ) .

* ..Ratio-o;: a . .
\ . v o \ »
GNE in current dollars to ) 1001 D40548

GNE in 1971 dollars. . 525 D40561

” R



PFX

N

RL ¢ AN

RR -

RS

RTD

| 529
implicit price deflator, éiporﬁ of

goods and services, 1971 = 4.

Ratio of: - .
Export in current.dollars to 1001 D40629
Export in 1971 dollars 525 D40586

spot exchange rate, number of Canadian 926 33460

‘dollars per U.S. dollars. Average of

Sy,
’honthly data. oy //
long-term interest rate (Government ° 2560 B14013
- s ’

of anadaibond yield, 10 years and
over). A%erage of monthly data.
6harfered bank reserves, millions of

' ~
current dollars. Average of monthly

- data. = ‘ . X
Sum%of': ‘
+‘\)ot?s in Qi?culétioﬁ~held by the ‘ 911 | B§2
" chartered banks - | o
+ Chartered bank deposits at the 911 B5§-
‘Bank of Canada - - , R
short-term interést‘raté~(901day 3 2560 B14017
3 *

finance -company paper rate). Average

of monthly data. ‘ S : ‘\

+

interest rate on time deposits.
Weighted average“«of interest rates on
(chartered bank) personal savings

deposits and on non-personal term and

f
N . .
.



330
notice deposits: series on individual
interest rates are obtained from the

14

Bank of Canada; weights are computed
'"and equal to the shares of each type
of deposit over thei} sum.
TAX \é;ﬁaxés, net of subsidies and transfers,
from federal, provincial, ahdflocal
governments, millions of current dollars.
. NetnsuQ of:

3

+ Direct taxes - Persons: Fedefal 1005 D40059

-

+ As above: Provincial 1005 D40060

+ As above: “Local i 1005 D40061
‘+ Direct ta%ss - Corporate and P 1005 D40065
Government business entdrprises?
R Federal , o
1 T\ ' + As above: Pro?;ncial T S 1005 .D40067
+ &ndirect Taxes ‘ ’ ; 1005 D40070
+ Other current transfers’ from" © 1005 D40075
—~ _persons:, Federal - { L e T
© + As above: Provincial , 1005 40076
"+ As above: ILocal = 1005 .D400T7
- Transfer paymenté'to persons: . 1005 D40118
. Fedeyal ' '
; -, As above: ' Provincial . 1005 40119
‘ - As above: Iocal: * " 1005 D40120

.~ Subsidies (Federal and Provincial) 1005 D40124
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UR

1.2
DG’

G1
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= total revenues of federal,’ provincial -

gnd 1ocal governments,fﬂillions of

current dollars.

. Sum of: ~ ' ' ‘
‘_}_ Total revenues: Federal oL
‘+ Total revenues: Provincial

+ Total revenues: Tocal

unemployment rate.

. Defined as (LF - L) . 100
—Ir—

real financial wealth, millions of
1971 dollars.
+ . Defined as (MB + BOND)/P.

[
L]

= wage rate (total manufacturing average
hourly eérnings). Average of montﬁly
dafé. ‘ : \ ’

= real grosé»h?tioqal expenditure (GNE).

~or GNP, millions af 1971 dollars.

Al

Exogenéus Variables

b

‘= Government of Canada deposité‘gt the
chartered banks, millions of currént
dollars. © Average of monthlyﬁdata.

= real ﬁxpenditure of federal, provincia¥,
and local governments (current
expenditure on goods and services
+ gross capital formatign), millions

of 1971 dollars.

T

1005 D40093
1005 D40094

75 Di518
525 D4p561
921 Bzooéi‘*

1005 -D40095
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G1 is derived in two steps. Pirst, its-
nominal value i$ calculated.  Then it 'is
deflated by its price deflator.

The nominal value of 'G1 is the sum of: -

+ Cur}ent expenditure on goods and 1005 D40112 -
services: Federal . SR i
+ As above: Provincial . . 1005 D40114
+ As above: Lécal/ . 1005 D40115 -
+ Gross capital formation: Federal 1005 D40157-
+ As above: 3rovincial- 1005 - D40158 .
o+ AAs aboJe: Local - o 1065 D40159.
As the implicit price deflator oflG1is
not available, it is proxied by ?he
price deflatof of total government . ' ‘ K

expenditure' (= sum of G!1 and G2 in

" the income equationj.

Let us denote it by 'PG'.

PG is equal to the nominal value of
total government expenditure’diﬁided\
by its counterpart in 1971 dollars.
The former ig the sum‘of: . ' -

+ Government current expenditure on 1001 D40015

{
goods and services (current dollars)

a
~ v

+ Government gross fixed capital ‘Tb01 D40017

formation (current dollars)
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+ Government value of physical change 1001 D40026

in inventory (current dol%Frs).
The latter (let us denote by 'G') is ¢
the sum of
+ Government.currenf expenditure on 525 D40568

goods and services (1971 dollgrs)‘

>

+ Government gross fixed capital . 525 D40570

v

formation (1971 dollars)

+ Government value of physical change 525 '940582

in inventory (1971 dollars).

" real other expenditure of federal,

provincial, and local governments,
millions of 1971 dollars.

«

Net sum of:
+ (Total current expenditure in

current dollars/PG)

'+ (Gross capital formation in

current dollars/PG) .-

- G

. Total current expenditure in current

dollars is the)sum of:

{

s
ot

, Total currént expenditure: Federal 100% D40143

+ As Bbove: ”Pq]ovincial 1005 D40144

.+ As above: Local . 1005 D40145

o~
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. Gross capital formation is the sum of:

+ Gross capital formatiopi Federal 1005 D40157
_ + As above: Provincial i , 1005 D40158
+ As above: Local S 1005 D40159

Ge =\réa1 expehditure of Hospitals, Quebec

" Pension Plan, and Canada Pension Plan
, (current éxpenditure on goods and

services + gross capital formation),

.- millions of 1971 dollars.

. G - G : ' \,.//

.. Por the derivation of G, sée ~

\s explanation on G1. o

‘narrow money quéntity, millions of //

/ M1
current dollar%.
Sum.of currency CUR and demand
deposits DD. - | ‘ o
Mp = U;S.rbroa& money qﬁﬁntity, millions
of current dollars.
. Sum of:
+ U.S. currency and demand deposité 2544 B54307
+ U.S. time gnd:savings deposits. 2544 B54308
OREV = other revenues of federal, provincial, . ,(‘ﬂ
‘and local governments, millions of
current dollars.

. TR - TAX N -
N o ‘ . .
OTHER = balancing item in the "government budget °
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constraint, millions of current dollars.

)
Residuallx derived from the government

budget constraint.

implicit price deflator (expressed in

foreign currency), import of goods

) \
and services. ‘ )
Ratio of impiicit price deflator

/
fexpressed in domestic currency), /

import of goods and services, to the
foreign exchange rate.‘ Let us denote
this import price by. 'PIM'. " 0
PIM is the fatio Sf:

Importhof goods gnd services, in 1001
curfent dollars to ‘

Import of goods and services} in 1971 525

- dollars.

v

implicit price deflator, U.S. business

aproduct, {971 = 1 (rebaged).

“

Ratio of:

U.S. business gross domestic productu 2548
(in current dollars, S.A.) ﬁo , dg
U}S. business gross domestic.product 2549
(in 1972 dollars, S.A.). *

L
residual error of estimate in the ingpme"““

'S

equation, millions of 1971 dollars.

Derived as the difference between the

\

D40030

D40588

B51302

B51402
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right-hand and left-hand sides of

the income 'equation. '

-

'U.S. long-term government bond yield. 2545

v

Average of monthly da%a.

U.S. short-term intérest rate (90-day 2545
short-term paper). ,Average of ﬁontﬁiy |
data. _f

time trend (= 1, 2, 3... first period

1967 1). -

index of world i étrial produc%ion.
Sour;;: ﬁnited Nations, Monthly Bulietin
of Statistics (v;rious issues).\

Series-do not have the samé base. .A

linking is necessaryg‘the series is

then rebased. '

real U.S. GNP, millions of 1971

dollars, S.A. (rebased).

First, the GNP price deflator is

derived. It is the ratio of:

-

U.S. GNP in current dollars to . 2533
U.S. GNP n 1972 dollars. 2534
The price deflator is then rebased. -

Finally, GNP in 1971 dollars is the

ratio of nominal GNP to the rebased

price deflator. T

B54403

B54412

. B50201
B50301

[
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" 2. SEASONAL FACTOR RATIOS IN THE OPTIMIZATION EXPERIMENTS

-

In the welfare loss function as well as in som'e
obtimization experiments, we have to transform certain N.S.A.
data into S.A. data or vice versa Wy using the seasonal factor
ratios defined as ratios of N.9A. to S.A. datar Thefesxist

“

four ratios for GNP, G1, UR, and M1. As N.§.A. series have

. been discussed earlier, below we will almost mention the

sources of S.A. data.
i) Por GNP
S.A. data was taken directly from Table 20 of

'System of National Accounts, National Income and Expenditure

"Accounts', Statistics Canad!F(Second Quarter 1979).

ii) For GI e

. S.A. dada was taken from the same publication as

for GNP. On how it is defined, see the previous section for

> .
N.S.A. G1.

iii) For UR

The source is Section 4, Tabie 3 of 'Canadian .

. Statistical Review', Statistics Canada (vérious issues).

First, quarterly data are formed for N.S.A. and S.A. UR by
taking theuaverage of three suitable months. Then, the
seasonal factor ratio is calculated.

iv) For M

The source for S.A. data of M1 is CANSIM Mini Baseg -
CANSIM matrix No. 919, identification No. B1609. ' a’ :

LY
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APPENDIX B .

- DATA SERIES
. .

Appéndix B provides a number of data series .wh-ich'arlej
h | intended to facilitate the examinatyion‘éf certain displayéci*
| .~ figures. It contains 14 tables. The first twelve (Table B.1
\« to B.12) show actual and optimal datae from the basic _
- - experiments of the ,morre't;ary-fiscal policies; data correspond
to Figs. 8.1 - 8.6 of Chapter 8, and .to Figs. 9.1.~ 9.1“2'ng
Chapter 12. The last two (Tables B.13 and- B.14) ,sho‘w"‘a’c,:tual
and simulated data. As suggeste‘d by the thesis committ.ée
< . memt;ers, data for only two er}dogénous variables (Y ar;d RS)
. are supplied; they corres;pend res%écti*)el& to Figs. 7.17 a.nd
7.15 of Chapter 7. The variable Y (réalv GNP) is the key )
~variablé of the si;nul.atidn exercises. As to"RS (shorj:-te‘rm
interest rate), tecall that it ip the wortst variable in terms

of root-mean square percent errofr.

3T I .
.. -

2
LT,
A
SR
.= -
-
2
s
-
-
9
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TABLE B.13: Actual and Simulated Values of Y
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26581.0
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29760.0
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29440.0
31361,0
30314.0
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(Real GNP). Millions of 1971 Dollars.
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Actual and Simuiated Values of RS
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