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ABSTRACT

The purpose of this study was to build a long-term econometric
model of the Canadian economy and to use the model to simulate the
effects on the economy of various monetary-policy rules.

The model consists of a financial sector and a real sector and
totals 46 equations of which 26 are stochastic. The model differs from
other long-term models of the Canadian economy in that the financial
sector is endogenous. Limited-information estimation procedures of
various sorts were used to obtain cpnsistent estimates of the structural
parameters., The model is a simultaneous system and utilizes market
clearing conditions to determine some of the endogenous variables,

The model was tested for dynamic accuracy by a multi-period
simulation run over the fitting period and for structural stability by a
single-period forecast beyond the fitting period. Extensive simulation
and structural modification was carried out before the reported structure
was arrived at, The final control solution and the final forecast are
both reported.

Use of the model to simulate various policy rules indicated ‘
that although it is possible to achieve better performance under regimes
of money- supply rules, interest-rate rules or a combination of the two
the outcome is very sensitive to the rule chosen. An attempt is made

to rank policy rules according to the effect which they had on the averzge




level, growth rate and stability of the simulated growth path of the
Canadian economy over the period 1951-1966. The ranking obtained
was found to be invariant with respect to random stocks imposed on the

path of a principal exogenous variable.
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CHAPTER ONE
AN OVERVIEW

Section A -~ Introduction

This study investigates long term monetary behaviour in the
Canadian Economy and contributes in two respects to the existing knowledge
of the subject. First, we construct an annual econometric model describing
both the monetary and real sectors of the economy. (At the time of this writing
it remains the only long term model of the Canadian Economy which contains
a monetary sector.) Secondly, we use the model to simulate the effects of
monetary policy rules of the sort proposed by the '"Chicago School'.

Section B - Previous Work

The model which is developed in the following chapters relies to
a great extent on the work which others have done in the area. To that
extent, it is the progeny of many marriages and of an ance.stral tree that
spans many years and many ideas. While we can acknowledge this legacy
we would be hard pressed to recount it. The most direct influences on the
current form of the model came from the works of T.J. Courchene and
T.M. Brown(l)_ Courchene's work forms the basis for the monetary sector

-

while Brown's work provides the spirit of the real sector.

(I)T. J. Courchene, in collaboration with A. K. Kelly, the Canadian Money
Supply: An Econometric Analysis with Special Emphasis on the Money Supply
Multiplier, Paper prepared for the meetings of the Canadian Economics
Association, Calgary, June, 1968,

T.M. Brown, Canadian Economic Growth, The Queen's Printer, Ottawa 1965,
Chapter 9.




Section C - Design of the model 2

A realistic model should reflect the apposition of the two major
elements in the economic system - aggregate supply and aggregate demand -
and how they are related via the income distribution mechanism of the
factor market, Ome can visualize the economic process in this sense as
a circular flow - the expectation that products can be sold generating out-
put, the production of output generating demand for factors, the purchase
of factors creating an income flow and the basic needs and wants of the
owners of the factors generating supplies of factors and demands for the
output of the production process. It is clear that for meaningful long-term
analysis of this process it simply will not do to treat demand or supply to
the exclusion of the other. This is so because it is demand which is
ultimately responsible for supply and the generation of income; on the
other hand the complex pattern of demand is due in large measure to the
income flows associated with the production of output.

The method of capturing these relationships adopted here is to
determine the major components of demand endogenously and to equate
this demand to an aggregate production function. This intersection
serves to determine the level of employment (which may be less than the
supply of labour) and, via an hours-oi-work and wage block, the civilian
wage bill. Other income variables are generated by the inclusion of . ‘
jdentities. Provision is made for the degree of capital utilization by

adjusting the capital stock for the proportion of the labour force employed.



A complete model of course contains many stocks as well as
flows - the labour force, stocks of physical capital and stocks of money and
of other financial variables; a distinguishing feature of our model is the
inclusion of a financial sector,

The method of incorporating financial instruments into the
circular flow relies on the assumption that real behaviour in each
period is in fact influenced by monetary phenomena. The specific way
in which this behaviour is influenced is set out in the behavioural hypotheses
of the model. The inclusion of these monetary influences in the real sector
does not, however, close the issue because just as there is a circular
interaction in the real sector there is a financial market mechanism with’
which we must deal .

The addition of a financial sector is intended to provide for the
endogenous determination of some of the more important financial
variables which influence the behaviour of individuals toward the supply
and demand of final goods. Treatment of these variables as exogenous would
ignore the important interactive effects of real and monetary variables in
the determination of movements in the latter.

A serious deficiency of the model is that it is for all practical
purposes "c;}_c_)sed. '"" The omission of a full-blown international sector was
motivated by resource constraints and the fact that for much of the period

under consideration Canada was on a flexible exchange rate.

-




Section D - An outline 4

Chapter two presents the structure of the financial sector and
briefly discusses the theoretical and institutional framework within which
the various hypothesis are tested. The empiricai results for the r;';iinetary
sector and the procedures used to arrive at them are also included in (or
appended to) chapter two,

Chapter three is devoted to the reworking of Brown's model, to
which substantial modifications have been made. Commentary on the real
sector is limited to indications of where and why these changes were made,.

Chapter four serves the mechanical function of presenting in
one place all the equations of the model together with a glossary of the
variables used..

Chapter five presents the structural changes which a series of
preliminary simulations showed to be necessary. Also contained in
chapter five is a graphical comparison of actual and simulated paths for
some of the endogenous variables over the fitting period and a prediction
of the endogenous variables for a year outside the fitting period.

Chapter six summarizes the results of simulation experiments
which were performed under various assumptions as to the course of
monetary policy. Some of the results obtained are compared to the
results of similar tests which have recently been made on a model of ‘
U. S. economy.

Chapter seven outlines a few areas for future research.

Section E - A Flow Chart of the Model,
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CHAPTER 11

THE FINANCIAL SUB-MODEL

Section A - Introduction

The purpose of this chapter is to develop a long-term model of
financial behaviour which describes the basic structure of the Canadian
monetary sector. It is not meant to be an exhaustive treatment but
rather a preliminary effort to describe empirically monetary behaviour
in Canada,

In general terms, financial behaviour may be described as the
behaviour of economic units with respect to the supply and demand of
financial goods. Accordingly, a model of financial behaviour concerns
itself with the range of financial instruments which are supplied and
demanded in a modern monetary economy. The size and complexity of
such a model is governed principally by the number of such instruments
which it attempts to explain. In view of the resource and manpower
constraints on this effort, only four types of instruments will be dealt
with, namely: Bank-of-Canada notes and deposits, chartered-bank
deposits, bonds, and consumer debt,

The principal forces which determine the quantity of each of

these instruments outstanding can be distinguished conceptually and

arranged in relations or equations. For the purposes of this paper, the ‘
convention we adopt is to arrange causal variables and dependent variables

respectively on the right and left hand side of a full colon. Furthermore,



the relation or set of relations pertaining to the determination of the
quantity or volume of each of the instruments is arranged in a block or
set of equations, each block being designated according to the instrument
which it explains., Each variable used in the development of the model
will be defined on the occasion of its first appearance. A complete
glossary of terms is included at the end of chapter four (page 102).

Individual relations of the sub-model are constructed to reflect
the for'ces of demand or of supply commonly accepted in economic theory,
as well as the institutional and structural framework of the Canadian
economy.

From a theoreﬁ.cal point of view the relations of the model
reflect the generalized portfolio theory of asset choice developed from
the work of Keynes(l) by James Tobin and others{(2), Because this is
an exercise in applied economics the relations as specified conform to
the spirit and not to the detail of the theoretical literature. In particular,
the present work makes use of the practical reduction of the theory as

suggested by Goldfeld, De L.eeuw, Courchene and others. (3)

(1) 3. M. Keynes, The General Theory of Employment, Interest and
Money, Macmillan & Co., First edition, London, 1964.

(Z) See H. G. J chnson, Monetary Theory and Policy, The American
Economic Review, Vol. LII, No. 3, (June 1962), pp. 335-84.

13)S. M. Goldfeld, Commercial Bank Behaviour and Economic Activity,
North Holland, Amsterdam, 1966.

-
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In empirical research it is also necessary to temper theoretical

constructs with the peculiarities of specific institutional patterns.
Accordingly, at several points, arguments which theory (in 2 general sense)
may suggest are revised or abandoned on the basis of institutional or
historical facts.

In order to compress the presentation of the model and to avoid
needless repetition, the empirical results and any remarks periaining
to them will be presented immediately after the theoretical-institutional
specification of each equation. In this regard, the reader should consult
Appendix A of this chapter for a resume of the units of measure used
in the equations.

The equations were fitted to a sample of data for the period
1947 to 1966(4), Initial hypothesis testing was done with Ordinary Least
Squares and consistent estimates were obtained with instrumental
variables (TSLS) and principal component two stage least squares
(PC - TSLS)(5), The statistical package used for the fitting chores was
written by Dr. P. A. Tinsley of the Board of Governors of the Federal
Reserve System and adapted to IBM 7040 Fortran IV by T.J. Courchene,

The Tinsley package, "Boris', provided t ratios (which are

reported in brackets beneath the parameter to which they refer), the

(4) Notes on sources and methods used to obtain the data series in ‘
Appendix B.

(5) For a description of the estimation procedures, see Appendix C
of this chapter, ’




9
correlation coefficient adjusted for degrees of freedom (denoted as i),

the coefficient of variation (SU / -‘I’, which we report as a percentage)
and the Durbin- Watson and F statistics. The final selection of equations
was based on the best combination of consistency, economic meaningful-
ness, goodness of fit and performance in sinmlaﬁon;

Section B - The Model

(i) Block One - High Powered Money.

The purpose of this block is to determine the total volume of
Bank of Canada notes and deposits made available by the Bank of Canada.
Accordingly, it is to a large extent a description of the behaviour pattern
of the monetary authority. |

The preamble to the Bank Act outlines the duties of the Bank of
Canada as follows:

to regulate credit and currency in the best interests
of the economic life of the nation, to control and
protect the external value of the national monetary
unit and to mitigate by its influence fluctuations in
the general level of production, trade, prices and
employment so far as may be possible within

the scope of monetary action and generally to
promote the economic and financial welfare of

the Dominion. (6) ' ‘

Thus, the Bank is charged with the maintenance of a policy which is

optimal from the viewpoint of general economic well-being. The way
in which the Bank ultimately influences the ecoromy is through the effect

which it has on the money supply and general credit availability. Apart

(6) Evidence of the Governor before the Royal Commission on Banking
and Finance, Bank of Canada, Ottawa, May 1964, pp. 113-114.
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from using signals and persuasion, the Bank exerts its control of the

monetary environment in the long run through being able to change the
reserves (the sum of notes in till and deposits at the Bank of Canada)
of the chartered-banking system. Accordingly, the supply of high-powered
money (the total of reserves of the banking system and currency in the
hands of the public) which the monetary authority provides at a given
time is presumably motivated by the movements in economic variables
which are indicative of '"economic and financial welfare''.

The observation that the monetary authority probably behaves
in this way has led researchers(7) to formulate a re}ation called a
reaction function, the arguments of which are eqbnomic indicators and
the dependent variable of which is the stock of high-powered mone&
outstanding. Relying on the research cited, we hypothesize the following
relation as a description of the reaction properties of the monetary
authority in its capacity as controller of the supply of high-powered money.
l. HPM: P x GDF, P#*, (USCBR - RC}5), Ngpc ., U

HPM the stock of high-powered money = the sum

of reserves of the chartered banks and currency
holdings of the non-bank public minus coin.

GDF Gross Domestic Flow of trade = GDP + F)
GDP Gross Domestic Product in real terms
(7 See, for example, Courchene and Kelly, op. cit., and works ‘

cited, p. 30.
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Fi imports, excluding payments of interest
and dividends, in real terms

P implicit price deflator of Net National Product
P ((B2_ x100)-2%);aP, = P, - P

P_T Ten)8Yt T Tt T Tl
RC; 5 Canadian high-grade corporate-bond yield
USCBR United States high-grade corporate-bond yield
Nupc Unemployment as a percent of the labour force
uj a portmanteau variable meant to capture the

influence of small omitted variables both
systematic and non-systematic (or random).
In other words we hypothesize that all major
influences have been accounted for in the other
variables but that there are a host of minor
influences which may or may not exert a net
influence on HPM. The central limit theorem
allows us to assume that u is a random wvariable,
approximately normally distributed.
The stock of high-powered money is assumed to exhibit a rate
of growth over time determined by the needs of trade (P x GDF) and
the goals of a high level of employment and price stability. The presence
of United States interest rates in the function is a reflection of the fact
‘that once the government adopts a fixed exchange rate, it implicitly
agrees to adjust its domestic monetary policy to be compatible with
international phenomena. _
The volume of gross domestic flow adjusted for price movements

is used as an indicator of the total requirement of trade for means of

payment. The price deflator of net national product (rather than the GDF
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index) is used because PGDF is not explained elsewhere in the model. d

PNNP also enters as a separate variable to reflect the monetary authority's
goal of price stability. Following Courchene, (8) we have opted for a
""deviation from target' formulation of the price variable.

The international capital-account requirements and the manner
in which they impinge on the monetary policy of a government under a
system of fixed exchange rates are represented by the difference between
the long-term average yield on corporate securities prevailing in the
U. S. and that prevailing in Canada. A tendency for this differential
to rise would cause the Canadian monetary authorities to tighten the
Canadian monetary environmeat (and hence raise domesﬁc rates) to

prevent excessive outflows of capital and the corresponding pressures on

J The use of P in this regard constitutes an approximation--but not
an unreasonable one. Since P is used throughout the model to reflect
price movements, a few words of justification are in order.

The deflator of the ith component of Gross National: Expenditure
may be writtenas pP; = a + B Pynp t W --that is, any component
index is a linear stochastic function of Pnnp. Estimation of this
relationship would yield Pi = a + B Pppnp- Inflating the jth component
of GNP, (C;) would yield:

Cr = C;(a + B Pyyp)

Cm = Ci a + B PNNP

Hence, our use of Pyyp Where it is used as an approximation
ignores the constant term aCj, however, since we are only interested
in price movements and since PpNPp enters as a separate variable ‘
whenever it is used in this approximate way, the usage is justified.

(8) T.J. Courchene, op. cit. and works cited.

or
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the exchange rate whieh would ensue,

In principle, world interest rates should enter because the
same situation can arise if interest rates anywhere in the world should
rise sufficiently high, e. g. the Euro-dollar rate. However, because of
its proximity to the U.S. and the degree to which thc economies are
interrelated, Canada's capital markei: seems most sensitive to U. S,
rates; hence the U.S. rate was chosen.

Since fixed rates were in effect for.only part of the period
studied, (1947-1950 and 1962-1966) the differential is "dummied in"'
with artifical variables only for the relevant period.

In order to complete the specification of the high-powered
money function we must introduce two shift variables to cover, respectively,
the downshift of 1954 associated with the establishment of the Canadian
money market and the lowering of the reserve requirement, (9 and the
market support tendered during the coversion loan of 1958.

The function as presented fitted well in spite of the multi-
collinearity which one might expect of such an equation. However,
since a stable, correctly signed parameter estimate for the price

variable could not be obtained it was dropped--to yield as our final

equation:

(9 Before the 1954 revisions of the Bank Act, the reserve requirement
had been 5 per cent on daily averages--because of the difficulties
associated with the daily average requirement a ratio of approximately
10 per cent was held. See, H. H. Binhammer, Money, Banking and
the Canadian Financial System, Methuen, Toronto, 1968., p. 223,
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1. HPM = .03286 GDF*P - 135.8 (USCBR - RC,;) X, +35.61
(19.526) (3.016) (3. 230)
Nupe - 92.14 X3 + 1002.0 + 45.48 X3 :
(1.879) (21.15035) (.79858)
R = . 99605 D.W. = 1.84357 Su/y - 1.891 %% j
xt t=  1947-1950

foud
[}

1
0 t= 1951-1961
1 t= 1962-1966

xg =0 t= 1947-1953 |
1 t= 1954-1966 |

X3 =1 in 1958, 0 elsewhere
Equation 1. as it stands would suggest that the monetary authority
controls only the total of HPM which in turn implies that the behaviour of the
public caa sfrongly affect the level of bank reserves. Such is not the case. The
Bank of Canada pointed out in its submission to the Royal Commission on

Banking and Finance that ...

The Bank does not control the amount of the note circulation. It is
able to influence only the combined total of currency and chartered
bank deposits and does not determine the proportion which the
public holds in the form of Bank of Canada notes. (10)

This essentially means that the supply of Bank of Canada notes is
demand determined. In order to allow for this behaviour and its influence on
the level of HPM we must somehow ''correct'! HPM for currency holdings of the

general public. Three possibilities suggest themselves.

(10) Evidence of the Governor before the Royal Commission on Banking and
Finance op. cit., p 148. Also, see Courchene and Kelly, op. cit., P. 32, foa
empirical evidence on the matter. .

# It should be noted that in some of the equations which follow, the statistics
used to describe goodness of fit include the coefficient of determination corrected
for degrees of freedom instead of the correlation coefficient. This change was
necessitated by the use of the Massager System, developed by Mr. M. C.
McCracken and the Bank of Canada, while I was working on this study at the
Bank of Canada.
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We could introduce a currency demand argument into 1. which

would explicitly account for the changing level of the general public's
holdings of Bank of Canada notes and subsequently determine. that variable
and subtract it from HPM to arrive at the actual level of reserves of the
banking system. Alternatively, we could assume that GDF*P picks up

the transactions requirements of the public and hence accounts for most
of the variance of note holdings by the public. If the latter assumption

is correct, no additional information would be provided by the introduction
of a note holdings variable into equation 1. and our only remaining task
would be to determine note holdings and subtract it from HPM to get

the reserves (RS) of the banking system.

An entirely different tack would involve the separate estimation
of RS and note holdings of the public equations without constraining the
total. For the purposes of predicting RS in the simulations this approach
has the advantage of being less subject to errors than either of the first
two approaches since it does not involve the errors generated by the note
holdings equation.

A test was made of each of the alternative specifications and
the results appear below:

1.1 HPM = 1.430009 (Cur-Coin-C ) - 43.095 (USCBR - RC;5) X,
(5. 57994) (1. 92919)

+.0082 GDF*P - 124.816 X, - 8.79956 N,

(1. 7533) (5. 78952) (- . 979048) ‘

+ 12,384 X3 + 124,913
(. 48958) (. 787902)

-2 —
R = .998321 SW/, = ,91011 D.W. = 2.19334
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X3 one in 1958 for the
conversion loan

Coin Coin holdings of the
general public

al

" difference between
average of Wednesdays
and month-end currency
holdings of the general
public,

L. 1 confirms our suspicion that (Cur-Coin-C) and GDF*P
contain essentially the same currency drain Ain.formation. The fact

that we forced both into the equation caused an arbitrary allocation of

the variance between them - hence the ridiculously high parameter on

(Cur-Coin-E) and the low one on GDF*P. To confirm further the high

degree of co~variation between GDF*P and (Cur-Coin—E) ﬁe partial

correlation between them was calculated - the result was . 9917,

Hence, if it is decided to use an equation for HPM, we can use

1, with the assurance that no information is lost in excluding a currency

drain argument,

As suggested, we can also short circuit this whole procedure
and use the fact that (Cur-Coin-_é) is demand determined to generate

a Reserves Supply equation.

1.2 RS = .0186134 GNP*P - 65,657453 (USCBR - RCls) Xl
(19. 67772) (-3. 5979) ‘

-138.51442 X + 32,07 ¥ X3 + 393, 750

(6. 88636) (1. 36573) (21. 4263)

R = .98584 Su/j. = 2,60188 D.W. = 2.40073
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In 1.2 a less general income variable is used because the
intent is to account only for growth over time, the transactions require-
ment having been accounted for by the subtraction of (Cur-Coin). In
this formulation, neither unemployment (in many different formulations)
nor price stability was found to have a significant influence. Part of
the difficulty with fitting this equation arose from the steplike behaviour
of the momnetary authority during the period around 1954 when the
reserve requirement was changed., The choice between 1.2 and 1. will
depend on their behaviour in simulation,

Currency

The second equation in the high-powered money block is the
Currency demand equation, It is included because if 1. is used to
determine HPM we require (Cur-Coin) to determine RS. On the other
hand Cur is a component of the money supply and it is our intention to
determine endogenously the behaviour of the money supply.

The basic specification of the currency demand equation, should,
like that for any asset, include a scale variable, own rate of return
and rates of return on substitutes. The selection of which variables enter
with zero coefficients is then left to the empirical tests. Accordingly,
extensive testing was done with various specifications. The equation
presented below was the best obtained.

d .

2, Cur? = .01018 GNP*P +.00707 (GNP * P + .00452 GNP * P_,

(4. 93354) (4. 93354) (4. 93354) -
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+ .00254 (GNP * P 5 +. 00113 (GNP * P4 + .00028(GNP * FlLg

(4. 93354) (4. 93354) (4. 93354)
+.350096 Cur_; + 11.5578 ATM -23.5075 RC15 + 356.5568
(2.17337) (2. 07749) (1. 439602) (4. 57755)

ATM = Average term to maturity of the public debt.

R% = .997884¢ SUY/ = 1.0910 D.W. 3 1.34890

The distributed lag on GNP * P is meant to be a proxy for
wealth and is used in all of the asset demand equations for that reason,
It was obtained by fitting a second degree Almon variable constrained
to be zero (and have zero slope) at t-6. Lagged currency holdings
enter to reflect the fact that there is a degree of habitual behaviour(ll)
jnvolved in currency holdings. Essentially the same specification arises
from a stock adjustment model, but the adjustient information implied
in the parameter on Cur_; would make that hypothesis untenable in the

face of recent studies. (12), (13)

The own rate of return on currency (the rate of deflation) did not
enter the equation with the expected sign when other rate variables

were included. When only a transactions variable was included the

(11) T.M. Brown, '"Habit Persistence and Lags in Consumer Behaviour,"
Econometrica, Vol. 20 (1952), p. 355.

See for example, T.J. Courchene, op. cit., P. 21,
(13) For a note on the use of lagged dependent variables and the hypothesis
implied, see appendix D to this chapter.

>
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variable was correctly signed but not statistically significant,

The average term to maturity of the public debt and the corporate
bond rate both enter with the expected sign (although the latter is not
significant at the 5% level) and reflect the effects which portfolio
allocation has on the stock of currency held.

Block one can be completed by the inclusion of identities. The
number of these required depends on which of 1. or 1, 2 is selected,

If it is decided to determine HPM via 1. then we must include,.
3. RS = HPM - (Cur-Coin)

The adjustment to Cur is necessary because Cur includes
coin holdings of the public and these cannot be held as reserves by the
banking system. To reflect the behaviour of the Bank of Canada with
regard to currency, we also require:

4, Cur® = Cu.rd
In the event that 1. 2 is chosen 1. and 3. will be replaced by 1.2,

(ii) Block Two - Chartered-Bank Deposits.

A, The Structure

The second block to be considered describes the forces which,
given the supply of the reserve base, generate the non-currency components
of the money supply. Several simplifying assumptions are adopted and
we now make these explicit.

In the first place the banking system is assumed to accept the

supply of reserves determined by the operations of the monetary

-
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authority as a fact of its economic life. Adjustments to this reserve

base are made via changes in the total volume of deposits outstanding,

This adjustment process is assumed to determine the supply .of demand
deposits which when equated to the demand for demand deposits determines
the short-term momey-market rate of interest, Implicitly assumed in

this mechanism is that the volume of non-demand deposits outstanding

(14) +

is demand determined. In fact these assumptions, restrictive
though they may seem, are fairly close descriptions of economic reality,
as the following paragraphs demonstrate.

One way to see how the economic structure actually works is
to shock it into an adjustment process and to then observe how it reaches
a new state of rest. Assume, for example, that the Bank of Canada
contracts the supply of the reserve base by one of the methods at its
disposal, This contraction causes a shortage in a) the reserves held
for the current averaging period if it affects chartered-bank deposits

at the Bank of Canada and b) the reserves held for the subsequent averag-

ing period if it affects cash-in-till held by the banks. This distinction,

(14) A banks demand deposits include personal chequing accounts, current
accounts of businesses and individuals and items in transit., They bear a
negative yield in the form of service charges. Non-demand deposits are
deposits on which interest is paid and on which cheques can be drawn
only if prior notice is given (this restriction is seldom enforced). Deposits
of the Federal government are treated as non-demand in this sense and
Provincial government deposits are treated as demand deposits.

A procedure adapted from Goldfeld op. cit. and used by Courchene

and Kelly, op. cit. ‘
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caused by the lagged calculation of the reserve requirement, is crucial
for the study of short-term monetary dynamics but washes out at the
level of average annual data such as we are using. The options open

to the banks are well known--the most-often chosen one is the recall

of the day-to-day loans made to investment jobbers on the collateral

of their securities inventories. If the reserve contraction affects all
banks symmetrically, then the jobbers have no effective recourse but

to enter into a purchase-and-resale agreemént (PRA) with the Bank of
Canada. The Bank's money market rate, which is the rate charged on
PRA's is at a level higher than the average rate bn treasury bills--the
usual instrument involved in the agreements and the principal inatruxnent.
of trade in the money market--which means that the jobbers pay a penalty
for the advance which they receive from the Bank,

Having gained temporary relief from their illiquidity, the jobbers
then divest themselves gradually (on maturity) of the securities which
they have accumulated and prepare to repurchase the Treasury bills
which they have been forced to sell to the Bank. In subsequent dealings,
the jobbers will be less eager and able to acquire additions to their
jinventories and will in any event seek a higher return on instruments
traded--this, as well as the banks tighter cash position, will be reflected
in the lower average successful bid at the following treasury bill

auctions.

In a general sense, then, the contraction of the reserve base
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has decreased the supply of demand deposits and via the mechanism

described pushed up the treasury bill rate. The significant point is
that during all these manipulations, other deposit supplies could have
remained, (and in most cases do remain) unchanged. (15)

In the period after the initial adjustments have occurred the
banks gradually adjust to the tighter money environment by doing such
things as imposing minimum deposit requirements on the larger loans
which they make, and eventually adjusting cc;»llateral and ''credit worthy-~
ness'' requirements on personal loans or stopping lqan growth entirely.
This sort of practice has the effect of contracting further the supply of
demand deposits and pushing up the effective prime rate, These
inaneuvers are also reflected in the bill rate and in the short-term
money market generally as reaction to the persistence of the tight money
environment becomes general.

Hence, our assumption that the '""demand-deposits market' bears
most of the brunt of adjustments to changes in the reserve base is
perhaps a very good approximation to reality. (16) we now proceed to

explain the demand for the various kinds of deposits.

(15) Evidence of the Governor before the Royal Commission in Banking
and Finance, Op. Cit., Page 126.

(I6) Actually the process described is only applicable to the post 1954
period because the Canadian money market as it now exists did not

begin to function until then. Before that time the banks were the principal
short-term lenders and they then had to bear the brunt of the adjustment
process; a process which worked essentially the same but less efficiently.
This in part explains the 10% reserve ratio which the banks felt compelled

to maintain.
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B. Personal Savings Deposits

Personal term or time deposits are deposits held by the non-

corporate public. They vary in term and pay varying rates of interest.

In general, time deposits are not used as transaction medium and appear

to be regarded as liquid investments rather than a less liquid form of
money. A comparison of the velocities of turnover of time and demand
deposits quickly points up the rationale behind these remarks, Historically,
the velocity of time deposits has been about 2, while demand deposits

have displ;yed an increase in velocity over the 1955-1965 period, from

35 to 96..(17) Nevertheless, savings deposits are '"counted in'' the money
supply and in Canada a large proportion of them are chequable and used

as a means of payment.

Because of their dual role, the primary direct influences included
in the demand for savings deposits are the level of wealth, interest
rates, and the level of transactions.

Wealth enters the equation as the scale variable. Interest rates
are included to provide for the allocative effects which own yield-substitute
yield differentials have on the stock of a particular asset held. With
a given level of wealth, the stock of savings deposits held will fluctuate
with the fluctuations in these yield differentials. Because of our use of

lagged income to represent wealth, inclusion of a transaction variable

(17 For an illuminating discussion of these matters, the reader is

" referred to T.J. Courchene, op. cit., p. 22. ‘
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would be redundant. This also means that we are unable to distinguish

between the wealth and transactions effects determining the demand for
savings deposits,

Collecting these major influences, we have:

N
d.
5. spd: B3 b, GNP*P,_. Rj5, RCjs5. Rgj;., R, 4. Uz

i=1 -
SD Personal Savings Deposits
R;s The long-term government bond

-rate,

Rog) The treasury bill rate

Rgod The rate on chartered bank
savings deposits

Various forms of this basic hypothesis were tested, including
some which assumed that 5. was a Cobb-Douglas-type non-linear
function, following Teigen and Goldfeld. (18) Linear forms produced
uniformly better equations, however, and the one chosen is linear
except for the price variable,

5. sDd = .075 GNP*P +.052 (GNP*P)_,; +.033(GNP*P)_,
(15. 47477) (15, 47477) (15. 47477)
+.019(GNP*PL3 + .008(GNP * P)_, + .002(GNP*P)_g

(15.47477) (15. 47477) (15, 47477)

+ 161.7684 Ry,q - 254. 77616 RC)5 + 108, 4739 ATM

(1. 080769) (2. 08578) (3. 135024)
+ 713. 94162 ‘
(2. 69648)
R% = .99535 Su/’ = 2 22913 D.W. = 1.39560

(18) Goldfeld, op. cit., p. 76. For a generalization of his result see

Appendix E,



25
The weak parameter estimate for the own rate (Rgg) is

undoubtedly due to the fact that it does not vary very much over the
sample period. In spite of the fact that it is not significant it is left
in because it does improv= the equation slightly.

Experimentation with the rate on Canada Savings Bonds and
other rates and a dummy for the conversion loan did not improve the
equation. The CSB rate was highly correlated with Rg.gq, Rj}sg, and
Rg) 2and the gainin information from including it was not sufficient
to overcome these inter-correlations. (19) A similar relationship
between ATM and the conversion dummy made the latter's inclusion
redundant,

C. Non-personal Term and Notice Deposits

Non-personal term and notice deposits (ND) consist of
chequable and non-chequable notice deposits of corporations and deposit
receipts (or certificates of deposit). The latter are deposits W1tha
fixed term to maturity and bear interest at rates competitive with
short-term money market instruments. Most of these certificates

contain pre-encashment clauses and some are negotiable,

(19) This interpretation of the effects of collinearity relies on the

intuitively appealing analogy of collinearity to the attempt to fit a hyperplane
in N dimensions to a scatter which only varies in N-1 dimensions. The
addition of CSB is thus formally equivalent to increasing the dimensions

of the hyperplane without increasing the dimensions of the scatter.

-
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Prior to 1960, the bulk of ND were of the chequable and non-

chequable variety. Since 1960, however, chartered banks have been
aggressively bidding for short-term funds by offering competitive short-
term rates on the deposit certificates. Because of these efforts on

the part of the banks and the sensitivity of short-term money to

interest rate differentials, the behaviour of ND changed markedly in
1961,

Another institutional change which 6ccurred around the same
time was the introduction of '"swapped'' foreign currency deposits., These
deposits are denominated in foreign currency and bear interest which
is competitive with that available on other short-term instruments;
account being taken of the spot-forward exchange differential - the cost
of which is imputed by the banks, These deposits are less liquid than
ND's because they are not normally pre-encashable (owing to the fact
that the bank has undertaken a forward contract in the foreign currency-
an obligation which is not usually defaulted).

Nevertheless, '"swaps'' do provide a source of competition for
ND's, the strength of which would depend at any time on the swaps - ND
rate differential.

These institutional characteristics suggest the following
specification of the notice deposit demand equation:

N
6. NDd: € b; ((PEY + D) * P)y_; » R Rond » Rgys ATM, Uy
i=1

swp?

T
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PEY Property and enterprise
income

D Capital consumption
allowances

Rgwp rate on swap deposits

Rond rate on notice deposits

Attempts to fit 6. in various linear forms were unsuccessful.
Very early in the experimentation it became evident that our corporate
wealth proxy was not appropriate, After much experimentation it was
found that current GNP worked better than either distributed lags on
any of the other income aggregates or the current level of (PEY + D).
The success of current income over wealth-type configurations is
perhaps explained by the pre-encashment option on the ND's ~ this
feature makes them equivalent to interest bearing demand deposits and
they are thus used extensively to employ short-term operating surpluses.
Since these surpluses are more related to current income than to wealth
as such, our result is reasonable.

The yield variables worked fairly well with the exception of
Rgy which invariably had the wrong sign. The own rate worked best in
a cubic formulation - reflecting the highly aggressive behaviour of the
banks from 1960 on. For the same reason, a reasonable, significant
constant term could not be obtained.

The final regression was:
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6. ND9 = ., 00769112 GNP*P + 16, 4467 (Rgpq )> - 66. 17586 Rgwp

(2. 7311309) . (9.3771271) (2. 45320)
+ 22,3263 ATM

(2. 39355)

R% = .984135 Su/s = 9.84096 D.W. = 1.90662
It should be noted that Rgwp is relevant only from 1961-1966

and is zero before that period.

D. The Supply of Notice Deposits

In the discussion of the determinants of ND9 it was indicated
that R ,q was a principal causal influence. In fact, 6. suggests that
Rond is the major influence affecting the demand for ND. Hence, it
was decided to include a ''supply' equation for ND. Because the banks
seem to behave in that way we have above assumed that they respond
passively to the demands for non-demand deposits. This is the same
as saying that they set the rates and supply the demand at those rates.
Accordingly, the supply of ND equation is a rate equation - normalized on
Rond-‘/

For much of the period under consideration, the rate on ND
was set to vary with the rate on savings deposits. Hence, one of the
arguments which must be included is Rgygq, The fact that Rond was set

to be competitive after 1961 suggests that from 1961 - 1966 an indicator

of short-term rates be included.

¥ Peter Miles in his work at the Bank of Canada has also taken this
approach., See Miles; Assets and Liabilities of Chartered Banks: An

Econometric Analysis, Unpublished Ph. D. thesis, McGill University, 1968,




29
Relying on the more general conditions of profit maximizing

we have also included indicators of the yield on banks assets.

icbpl chartered bank prime loan
rate
N Recda T rust company deposit rate

Rg] and R¢.q are included to reflect the competitive element
in the setting of Rgng. _ Unfortunately, Rg) is also an indicator of the
yield on bar;k assets since a considerable portion of more liquid assets
are held in the form of treasury bills. Hence, any estirnate of the
influence of Rg) would reflect both influences.

The chartered bank prime loan rate ( icbpl) enters to reflect
the average yield on the banks' portfolios of less liquid assets. It should
have a positive influence,

The best equation obtained was:

7. Ropng = . 1605882 icpplt t -317499 Rsvd+ . 5703442 Rg)
(5. 33901) (5. 59728) (18. 473)

R% = .979668 Su/ = 10.6392 D.W. = .80108

Rg} enters from .1961 - 1966 only

The Durbin- Watson statistic was improved by the addition of
a shift dummy for 1961-1966. The dummy (Xs5) entered with a negative sign
and left the other coefficients unchanged with the exception of Rg). The

amount of unexplained variation in R,,q4 was reduced and the equation ‘
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generally was improved,
7.1 Rond = . 164062 icbpl +.320523 R, q +.872106 R91 - 1. 2265 X,

(6. 40562) (6. 64231) (7. 70069.) (2. 73919)

R% = 98529 Suj, = 9.04843 D.W. = 1.5388
The negative sign on the dummy is explained by the radical
acceleration of Ropg in 1961,

E. The Demand for Demand Deposits

Demand deposits (DD) include all personal and non-personal
chequing accounts which do not bear interest, inclusive (here) of deposits
of the Provincial Governments. Also included in DD is the "float'" or
items in transit aggregate. During the sample period used here, "float"
is a good measure of the degree to which people "kited"(zo) and hence
ought to be included. In the more recent period, many banks have
begun to ""'back-date'' debits so that the account of the payee i; debited as
of the date on which the cheque was payable rather than on the day
it was cleared. The proper treatment of ''float" in this environmenf_ic‘
less clear.

The fact that demand deposits bear a negative yield in the
form of service charges suggests that they would mogtly be used for

transactions purposes. On the other hand, they are a component of

(20) Items in transit are largely cheques written and received but not
yet debited to the account of the payee. Over the intervening time period,
a person could ''kite' - i, e, have an undetected over-draft.
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wealth, and a wealth variable should also appear. The whole range of
interest-rates available on alternative assets must also be included, as
well as the liquidity effects of the average term to maturity of the public
deb

) =
8. pDY; S

15 ond ° std ’

Ri{cqg » ATM, ue

Equation 8. is to provide the principal link between Block One and
the short term money market, It is the moﬁey market adjustment
equation. Accordingly it was decided that the equation should be
normalized on Rg, before being estimated. This procedure is justified
if one has good reason to believe that the adjustment process in the
market is felt primarily on price and if re-normalization y:j.elds a
reasonable demand (or supply) equation. In our case it is undoubtedly
Rg; that adjusts, because DD® is residually determined and Rg) must
change to clear the market (i. e, the demand curve shifts.) We can
easily test for the second condition after we have estimated the equation.

The equation normalized on Rg) yielded:
8. Rg; = -.00108385 DD +.00018434 GNP*P + 2.42334 X3

(1. 6457784) (2. 376522) (5.97439)

+. 18265159 ATM + 1,243718 LQD

(1. 786535) (4. 273953)

R% = .92403 Su/, = 12.434 D.W. = 1.98463
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Re-normalization yields:

DDY = , 17007 GNP * P + 68.4669 ATM - 922. 636 Ry,

+ 1182, LQD + 2042, X,

which except for the unusually large dummies is a reasonable
demand for DD equation.

The LQD dummy enters in 1956 and 1957 to account for the
uncertainty in the money markets caused by the reaction of the chartered
banks to the "imposition'' of a 15% liquid asset requirement. That
institutional change had the effect of increasing the banks' demand for
securities and presumably changed expectations about the future course
of bond prices hence increasing liquidify requirements, The equation is
immensely improved by including this variable,

F. The Supply of Demand Deposits

In order to close off this block, we must determine the supply
of demand deposits. The procedure adopted (following Courchene)(zl) is
to determine the total volume of deposits (given the reserve base from
block one) and to subtract ND, SD and government deposits (GD)-which
are taken to be exogenous-to obtain DD®,

The equation is:

9. TD: RS, U, TD = DD+ ND + SD + GD

Fitting 9. proved to be quite difficult because of the fact that ‘

(21) T.J. Courchene, op. cit., p. 16.
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reserve requirements were changed during the fitting period - as has
been indicated in the discussion of equations 1, and 3, In addition to
the difﬁculﬁes encountered there, 9 has to make provision for the
gradual adjustment of the banks to the new reserve calculation and of
the effects on their excess reserves holdings of the establishment of a
secondary market for treasury bills. In order to accomplish this, four
shift variables were used.

The equation is presented below:

9. TD = 9.84620 RS* Xg + 10.985507 RS* X, 6+ 12, 79421 RS * X

6
(106. 05239) (68. 337224) (110. 0535)

7

+ 13,28847 RS * Xg

(338. 64224)

RZ = .998371 SU/- = 1.09471 D.W. 165417

Xg covers the period from 1947 to 1953 and X6 is set to one
in 1954 and zero elsewhere. Similarly, X, is set to one in 1955 while
Xg covers the period from 1956 to 1966.

In addition to the shift variables, several attempts were made
to include an adjustment for the fact that we have used month-end data
rather than the average of Wednesdays data on which reserve calculations
are actually made. The adjustment used was the difference between

average of Wednesdays and month-end holdings of Bank of Canada notes

by the general public. This variable did not improve the fit of the
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equation and in many instances was incorrectly signed.
Equation 10, utilizes 9. and the other demand for deposit

equations to determine the supply of demand deposits

A R RGeaT il e R eldlesfeTh 4D meie

10. DD® = TD-ND- GD - SD

Under the assumptions that:

11, sp® = spd
12, ND® = NDp9
13, GD = GD = exogenous

(iii) Block Three - Bonds; the term structure,

The Bond block of the Model is an extremely simplified attempt
to describe the behaviour of the bond markets for government and private
sector (corporate) securities, The method of approach is the use of term
structure or quasi-reduced form equations.

Since the short-term rate (R9 1) is determined in the preceding
block we need only determine the long-short differentials for the long-
term government and the long-term corporate and solve out for each.
Many formulations of the term structure equations were tried and
several fairly good equations were obtained. Because reduced forms
are notoriously misbehaved in simulation, it was decided not to choose 4

which equation was best before subjecting them to the simulation test.
o

Accordingly several reasonable equations are presented here, ‘

A, The Corporate Rate,

The first equation tried in this set appears in the above cited
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work by T.J. Courchene. Itis an attempt to capture the effects of

aoth expectations and relative supply factors. (22)
14,1 RC,g - Rg; = -.5852461 A Rg) -.23255 A R91_1
(3. 23066) (2. 106224)
-. 00002338 GNP * P + 1.72264 RCY| -.0010469
(2. 41543) {3. 34365) (1. 50957)

A S_, -.1640232 ATM - 1.31790 X, + 4.23168

(1. 29530) (1.96519) (4. 95597)
-2 —
R = .88354 Su/Y = 15.47203 D.W. = 1.40185
S Stock of }:reasury bills
outstanding
N

RC RC,g - (.33 RC;g +.33
RC;g_; +.33 RCls-z)
Most of the parameter estimnates are remarkably similar
considering that different time periods an;temporal disaggregations
were used. The regressive expectations variable (RCI:II) unfortunately
acquires the wrong sign in our equation as does the ATM variable, Drop-

ping ATM did not improve matters any, as RCI:I1 was still pasitive.

(22) For easy reference, we report Courchene's results (in our notation. )
R1©_. Ry = .4501-.5339 ARy, -.23354Ry,_; -. 00010 GNP*P

+.2111ATM - 1.643 R'N _ 0013145, -.6876 X, - .5947 X,

Where Rlo is the ten year government rate ‘
Xj) = conversion dummy
X, = austerity dummy
RION _ RIO - (eight quarter average of Rlo)
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Dropping also the normal rate variable yielded.

14.2  RCjg- Rg) = -.7047476 ARy, - .407046 A R

91-1
(3. 86986) (3. 068117) '
-. 00003092 GNP * P -, 00011180AS_; -.95850 X,
(2. 73054) (. 1273531)
+ 3, 42087
(7. 779364)
R = 776355 Su/’ = 21.4406 D.W. = .82527

The Durbin- Watson and the R (in comparison with 14, 1)
indicate that by excluding the regressive expectations variable we lost
considerable information about the interest rate determination process.
Accordingly, we decided to approach the spread from an entirely different
empirical point of view and attempt to fit the sort of expectations model
presented by Modigliani and Sutch. (23) Basically that model hypothesizes
the same sort of expectation influences suggested by Courchene, but

they are formulated in a different testable form. Specifically, their

Preferred Habitat model collapses to: (23)
N
a, RC;5 = +B, R91 +i:E,1 Bi R91-i + E
Subtracting R9 1 from both sides yields
N
b. (RC15 - R91) = + (BO- 1) R91 + i; . Bi R91'i + E

(23) Franco Modigliani and Richard Sutch, 'Inrovations in Interest
Rate Policy", American Economic Review, Vol. 56, No. 2, pp. 178-196.
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Attempts to fit b. directly were unsuccessful in that the parameter

on R9 ] Was consistently greater than one and given that '"the coefficient
A (our Bo) should be positive but distinctly below unity . . . (24) led us
to believe that perhaps we had in some way mis-specified the equation
for the Canadian data,

The single most important influence excluded from model b.
is that of the level of U.S. rates. Since the capital market in the U. S.
is much larger than that in Canada, one wouid expect that international
arbitraging is a much more important influence in Canada than it is in
the U.S. In particular, if a significant (exchange covered) differential
between Canadian and U, S. rates developed, the capital inflow might
be large. The prospect of these flows would prompt the monetary
authority to close the differential. This action would follow from its
desire to maintain exchange rate stability.

The effect on the long-short spread of an increase in (USCBR -
RC 1 5) would be negative - given that the monetary authority reacts in
the way that we have represented it. This follows from the fact that
monetary restraint would work through the short end pushing up Rg;
and lessening the differential. In subsequent periods, the effect would be
positive as the higher short rates in the preceding penod filter through

to the long end.

(24) hid, pp. 187-188 ‘
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Model b. adjusted for these influences yields

4.3 (RCyg - Rg)) = -.72219907 Rg) +.16626 Ry, , +.09352 Rg; ,
(8. 01496) (3. 20266) (3. 20266)
+.04156 Rg; 3 +.01039 Rg; ,
(3. 20266) (3. 20266)
- 1.07960 (USCBR - RCj5) +. 1892212
(4. 961926) (1. 112102)

(USCBR - RC;g ). t2.6003
(14. 811050)

=2 Su

RS = 962495 /- = 8.78015 D.W. = 1.3312

y

14, 3 is by far the best fit obtained in any of our attempts but
it is not really in agreement with the Modigliani - Sutch results either.
Their equation fitted best when the lag pattern on Rg) was constrained
to lie along a fourth degree polynomial. This produced an inverted - u -
shaped lag distribution - quite at variance with our geometrically
declining weights. We had no success at all with fourth degree polynomials
and produced the best results with a second degree polynomial. The
shape of the distribution is not changed if the polynomial is not constrained

to have zero slope at the end point - we constrained it to be zero to save

the degree of freedom which is lost if it is not so constrained.

In addition to the foregoing elaborate hypotheses, we also ‘
tested some simple mechanisms relating the corporate rate to the long-

term government rate (which is linked to the short rate in the following
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section) and the average term to maturity of the public debt. The latter

determines the degree of competition for funds which the public debt
provides in the long end of the market. -

The best equation obtained was:
14. 4 RC;g = .120222 ATM +.8348009 R 5 +.242129

(1. 78665) (9. 096523) (. 35703207)

R® = .836830 Su/;

8.31263 D, W. 2.0696

B. The Government Rate

Essentially the same equations which were tried in the preceding
section were also tried with the long government - treasury bill spread.
The Courchene equation (15. 1) produced uniformly poorer
results with the government rate. Both the ATM and les variable
were wrongly signed and the overall fit was very poor,
15,1 (Ry5 - Rg)) = -.65081644 ARg; -. 344067 AR91_1
(2. 24628) (2. 10938)
-. 00002527 GNP*P + ,08711443 Rlli-l -. 00021408
(1. 537014) (. 15909) (. 18999)
ASs_, -.1893254 ATM +. 29633 X5 + 4.11751
(. 958324) (.27837) (3.0708)
2

R? = .519264 S“/; = 32.76196 D.W. = 1. 2523

Deleting the regressive expectations and ATM variables improved ‘

the fit slightly (15. 2) but did not ''save'’ the equation as it did for RCIS.
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15.2  (Ry5- Rg)) = .462616 A Rg) -.313773 ARg)_; -.00003352 GNP*P

(2. 30261) (2.14378) (2. 68335)
-.0002058 A S_) -.480833 X, +2.941183
(. 212594) (. 75054) (6. 0626)
R? = .57109 S“/; = 30.94564 D.W. 1.390185

Attempts were also made to generate a '"Preferred Habitat"
equation for R, along the lines which were found to be successful in
the preceeding section.
In the simple form generated by model b. of section (iii) A,
the Preferred Habitat equation fit much better than it did for RCj15 .
Rg) entered with a negative coefficient less than one - a result not
obtained when model b. was used in the unadulterated form to
explain RCj)5. Also, it was found that a third degree polynomial
constrained to have zero slope at the end point worked better than the second
degree similarly constrained. Here, as with the corporate rate, no
success was had with various configurations of a fourth degree polynomial,
The equations obtained for the second and third degree poly-
nomials distributed over t-1 to t-5 are as follows:

Second degree.

-

15. 3 (R15 - Rg]) = -.711304 Ry +.19769 Ry, , +.1112 Ry, , a8

(6. 51406) (3. 1846) (3. 1846)

+.04942 Rg,_3 +.01236 Rg)_ , +2.65673

(3. 1846) (3. 1846) (12, 33856)

RZ = .17269 S%/y = 22.52803 D.W. = 1.826
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Third degree.

15.4  (Ry5 - Rgp) = -.79994 Ry, +.03559 Rgj_) +. 19345 Rgj_>

(6. 89881 (. 31077) (3.2338)
+.16306 Rg)_5 +.06003 Rg)_, + 2.79664
(2.30917) (2. 05479) (12. 735451)

_2 -
R = .799052 Su/Y = 21,18158 D.W. 2.19416

The extra inflection point provided by the third degree lag
distribution improved the fit slightly but the over-all fit was still rather
poor. Introducing the instrument for the monetary authority's reaction
to the domestic - U. S. rate spread improved the fit of both equations.

In the case of the third degree polynomial the introduction of the (USCBR-
R)s ) variable made the Almon variables become insignificant and the
jinverted "u'" shaped lag distribution collapsed to an exponentially declining
one,

When the stock of treasury bills was added to the equation, the
third degree again seemed appropriate. The resultant equation was:

15. 5 (Ri5 - Rg1) = -« 6223 Rg) +.25957 Rgj_; *. 20378 Rgj_2
(10. 03706) (5. 66836) (5. 66836)

+, 11624 R91_3 +, 03548 R91_4 - 1. 11591697

(3. 28992) (2. 52754) (7. 80987)
(USCBR - Ryg) - .00079724S + 2.71260 ‘
(3. 70903) (27. 3482)

R% = .970137 SY/y = 8.16554 D.W. = 1.67253
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The addition of ATM and/or income to 15, 5 did not improve the
equation and it was decided not to pursue this sort of equation further,
We did experiment with some simple mechanisms, however, .again

'because of the unpredictable behaviour of reduced forms.

Our experimentation with simple equations departs radically
from the foregoing in that we made the assumption that much of the
variation in the long-term government rate is a product of debt manage-
ment-monetary policy manipulations. Of course, all such manipulations
are subject to mitigation by existing market forces and we attempt to
account for this by the introduction of other variables.

Two measures of policy were tried; the total supply of government
securities net of holdings of the Bank of Canada and the average term
to maturity of the public debt. Each of these was used in a regression
containing short rates and income. The two equations obtained were
15. 6 Rjg = .00023336 (GST - BOCS) +.2991147 Rg) +.00001641

(1. 7193673) (2. 93830) (1. 67964)
GNP*P +.58405 X3 + 2,52526
(2. 96679) (14, 70637)
R” = .92409 Su/” = 7,3398 D.W. 1.7366

y

GST Total Government of Canada
bonds outstanding

BOCS Bank of Canada holdings of -
bonds.
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15. 7 Ry = .076305 ATM +.3348078 R91 +, 00003884 GNP * P

(1. 019979 (2. 66658) (2. 46213)
+1, 445196
(2. 261705)

R%® = .87254 Su/; = 8.7258 D.W. = 1.76059

Both of the simple equations fit fairly well, No attempt will
be made to select which of these equations (simple or sophisticated) is
best until preliminary simulations have been. run,

(iv) Consumer Credit

This short section has been included to provide for the
determination of non-bank sources of liquidity. Its inclusion is motivated
by the rapid growth of non-bank credit over the sample period. The
consurnef debt variable (CONC) includes instalment loans, retail credit,
and all manner of cash loans -~ it excludes chartered bank loans since
they have been covered implicitly in the bank deposit block.

The total amount of consumer credit outstanding is postutated
to depend, via a credit-expansion-multiplier process, on the total
supply of money. A time trend is included to allow for the changing
composition of the credit variable over time and for the proliferation of
credit instruments.

The equation obtained was:(zs)

d

(25) primes on the variables indicate that they have been adjusted for
the estimated autoregressive structure of the residuals. See Arthur
S. Goldberger, Econometric Theory, (John Wiley & Sons, New York,
(1964), pp. 236-238. :




16, CONC]' = ,1005 (ND+SD +DD + Cur)]' + 92, 68 TME]'
(2. 0122)) (2. 39116)
- 429, 6!
(1, 53342)

R = .97370 Su/l = 4,95 D.w. 1.8011

RHO = 5813

We have now finished the specification and estimation of the
equations of the monetary sub-model. The next chapter deals with the
equations of the real sector. In ChapterIV, the equations of both sub-
models will be assembled for easy reference and a glossary of terms

will be provided.
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APPENDIX A CHAPTER II

DATA

Section A - Units of Measure

The units of measure used in the equations are as follows:

(a) All monetary and real stocks and flows representative of value
magnitudes are in millions of dollars: the real sector variables
are in constant dollars with 1957 as a base year and the monetary
variables are in current dollars,

(b) Monetary stocks are averages of monthly stocks (or quarterly if
monthly were not available) and real stocks are estimated mid-
year approximations,

(c) All flows are at yearly rates,

(d) All dimensionless numbers are scaled per centum, i. e, five per
cent is writtenas 5. 00.

(e) Population and labour force statistics are in thousands.

(f) Hours of work are in hours per year per man,

(g) Wages are in constant dollars per man hour,

(h) Labour productivity is measured in constant dollars per man hour,




APPENDIX B CHAPTER II

DATA

Section A - Sources and Procedures

Each of the series in section A is identified by a single integer,
In discussing the procedures used to derive them and/or indicating the
source we shall refer only to that index. The corresponding name
given to the variable in the model will be indicated and if it is a ''real
sector series' whether it is measured in current or constant dollars,
Due to the fact that some of the variables in the model were constructed in
the regression program itself, not all variables appear,

In general, the series for the real sector were obtained from
Dominion Bureau of Statistics publications or directly from the Bureau
if the data required were unpublished. In the following notes data taken
from D, B.S. published material will be indicated as D, B.S. #XXXX, TAB.
YYY. COL. ZZZ (XXX referring to the publication number, YYY to
the table number and ZZZ to the column number). If the data are
unpublished, D. B.S. Work Sheets (W. S. ) will be indicated.

Monetary series were obtained from the Bank of Canada Annual
Statistical Review and since the series are continuous only the name
of the series as presented in the Review will be indicated. Researchers
interested in following up these series should have no difficulty if they

refer to the most recent Review and from there follow the series back.

s
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This is true of all the series except demand deposits of the Chartered

Banks-~this series is erroneously presented in the 1966 review due
to the mistreatment of "items in transit'', (1)

Expenditure and Income

1. CND Non-durable consumption expenditures

47-61 = D, B.S. 13-519: Table 9, Col. 4 + Co. 2.
61-66 = 11-003: Table 11; Col. 7 + Co, 6 (or)
(13-201) Table 48, Col. 11 + Col. 12,

Constant 57 dollars,

2. CD Consumer Durable expenditures

47-61 = D, B.S. 13-519: Table 9, Col. 3,
61-66 = D,B.S., 11-003: Table 11, Co. 5 or
D. B.S. (13-201) Table 48, Col. 10,
Constant 57 dollars.

3. GIBUS Gross Business Investment

D.B.S. (13-519): Table 18, Col. 7
D.B.S. (13-201): Table 5, Col. 5.
Constant 57 dollars.

4, Hj Mid-year stock of private sector inventories 1947
estimate. from T. M. Brown, op. cit. 1964. p. 230.
1948-1966 = computed from

Hj = Hj-l +1/2 DH~y

Constant 57 dollars.

5. H 47-61 D, B.S. (13-519): Table 9, Col. 12
61-66 D, B.S. (13-201): Table 5, Col. 9

6. CONG Total government expenditures on current account
inclusive of Federal defence expenditures

D.B.S. - W,S.
Constant 57 dollars. "

(1) I am indebted to T.J. Courchene for this observation,



9.

10.

11,

12,

13.

14,

15,

16.

G1G

FDSK$

F2

Fl

FT2

FT1

Pdi

Pid

GDP

GNP

48

Total government expenditure on capital account
inclusive of Federal defence expenditures

D.B.S. - W.S,
Constant 57 dollars.

Total Federal defence spending as per D. B.S. - W. S,
deflated by the NNP Deflator P.

Total Exports excluding interest and dividends
FT2 - PID.

Total Imports excluding interest and dividends
¥FT1 - PDL

Total Exports inclusive of interest and dividends

47-61
61-66

D.B.S. (13-519): Table 9, Col. 16
D.B.S. (13-201): Table 5, Col. 12,

Total Imports inclusive of interests and dividends

47-61
61-66

D.B.S. (13-519): Table 9, Col. 17
D.B.S. (13-201): Table 5, Col. 13,

Interest and dividends paid from the domestic economy
to the international sector

47-61 = D, B.S. (13-519): Table 4, Col. 5
61-67 = D. B.S. (13-201): Table 4, Col. 5
Deflated by the NNP deflator P,

Interest and dividends paid to the domestic economy
from the international sector

47-61 = D.B.S. (13-519): Table 4, Col. 4
61-66 = D. B.S. (13-201): Table 4, Col. 4
Deflated by the NNP deflator P.

GNP + (PDI-PID).

GNE Gross national product assumed equal to gross
national expenditure,
47-61

».B.S. (13-519): Table 9, Col. 20
61-66 = D, B.S. (13-201): Table 5, Col. 15 ‘

Constant 57 dollars.




17,

18.

19.

20.

21,

22,

23.

24,

MPAA

PEY

JM

Ti-sm

=
o)
ot

PCUM

49

Wage and Salary incomes plus military pay and
allowances

47-61 = D, B.S. (13-519): Table 1, Col. 1 and 2
61-66 = D, B.S. (13-201): Table 1], Col. 1 and 2
Current dollars,

Military pay and allowances
Col. 2,

Property and enterprise income of residents
47-61 = D.B.S, (13-519): Table 1, Col.

3,
61-66 D.B.S. (13-201): Table 1, Col. 3,
Current dollars.

4, 5, 6
4, 5, 6

Capital gains on inventories = Negative of inventory
valuation adjustment

47-61 = D.B.S. (13-519): Table 1, Col. 8
61-66 = D. B.S. (13-201): Table 1, Col. 8.
Current dollars,

Indirect taxes less subsidies

47-61 = D.B.S. (13-519): Table 1, Col. 10
61-66 = D, B.S. (13-201): Table 1, Col. 10.
Current dollars, ' -

Capital consumption allowances and miscellaneous
valuation adjustments

47-61 = D.B.S. (13-519); Table 1, ColL. 11
61-66 = D.B.S. (13-201): Table 1, Col, 11,
Current dollars,

Residual error of estimate in GNP

47-61
61-66

D.B.S. (13-519): Table 1, Col. 12
D. B.S. (13-201): Table 1, Col. 12.

Current dollars. ‘

Undistributed corporate profits

47-61 = D. B.S. (13-519): Table 7, Col. 3
61-66 = D, B.S. (13-201): Table 17, Col. 49a,
Current dollars.
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25, PWBM Wheat board profits

47-61 = D.B.S. (13-519): Table 7, Col. 5
61-66 = D, B.S. (13-201): Table 17, Col. 49 c.
Constant dollars,

26, YGM Government disposable income

D.B.S. (13-502): Table 9, row 18
~--Table 10, row 21l--row 20(a)--row 20(b).
Current dollars.

27. YM Private sector disposable income = YPM + PCUM +
PWBM

Current dollars.
28, YPM Personal disposable income
47-61 = D.B.S, (13-519): Table 4, Col. 13

61-66 = D.B.S. (13-201): Table 3, Col. 17.
Current dollars,

29, 1iR2 Residual error of estimate in GNE
47-61 = D.B.S. (13-519): Table 9, Col. 18
61-66 = D. B.S. (13-201): Table 5, Col. 14,
Current dollars,

30. GNPM Gross national product
47-61 = D. B.S. (13-515): Table 1, Col. 13
61-66 = D. B.S. (13-201): Table 1, Col. 13,
Current dollars,

31. PDPCM Price deflator for plant machinery and equipment
47.61 = D, B.S. (13-519): Table 19, Col. 9
61-66 = D, B.S. (13-201): Table 6, Col. 8.

32, D DM PDPCM

33. PCU PCUM = PDPCM

34, P NNP deflator ‘

GNE-PCU-D
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35. TI-S TI-SM * P

PEYM - PCUM , PCUM
36. PEY = + Somess
37. YG YGM = P

Population, Employment and Wages

38. POP Total Canadian Population
B of C ST. Sum. P. 117 of 1964; P. 135 of 1967
Thousands.
" 39, NI Total Labour Force (including military and Northwest
territories)

B of C ST, Sum. P. 131 of 1963
P. 120 of 1964
: P. 139 of 1967
Plus digits for Northwest territories 8, 8, 8, 8, 9, 9,
9, 10, 10, 11, 11, 11, 11, 11, 11, 12, 12, 12, 13, 13
(1947-67).

40. NI-NM Civilian Labour Force

B of C ST. Sum. P. 131-1963
P, 120-1964
P. 139-1967.

41, NE Civilian Employment
B of C ST, Sum, P. 131-1963
P, 120-1964
P, 139-1967.
42, NU Unemployment
B of C ST. Sum. P, 131-1963

P. 120-1964
139-19617. ‘

P,

43, NUPC Unemployment as a percent of the Labour Force

B of C ST. Sum. P. 131-1963
P. 120-1964
P. 139-1967.



44, NPG

45, NENP

46. h

47. L

48. Wh

49. PL

Capital Stock

52
Employed Paid Workers

B of C ST. Sum. P, 25-1963; P. 17-1965 through 1967,

Employed own account workers
Ne-NPG.

Average hours of work per worker per year

Special Surveys Division

D. B.S., Table 3(b)

All status groups total with weights
8.0, 20.0, 30.0, 40.0, 49.0, 55.0.

Manhours of labour input per year
Ne x h,

(WM-MPAA) /P

50. TPPIME

51. TPPIPC

52. TPPIH

(NPG x h) Real Wages

Productivity Relative to Labour
(GDPc/Ne)

Total public and private investment in machinery
and equipment

DBS (13-201) Table S4 col. 4 deflated by estimated
57 constant dollar index plus DBS (13-519)
Table 18 col. 10 and DBS (13-201) Table 5 col. 8.

Total public and private investment in plant and
non-residential construction

DBS (13-201) Table 54 col. 3 deflated by estimated 57
constants dollar index plus DBS (13-519) Table 18
col. 9 and DBS (13-201) Table 5 col. 7.

Total public and private investment in housing
DBS (13-201) Table 54 col. 2 deflated by estimated
57 constant dollar index plus DBS (13-519) Table
18 col. 8 and DBS (13-201) Table 5 col. 6.

-




53, CSTOT

CSTOT,

54, TPPSME

55. TPPSPCH

56.

57.

Monetary Series

53

Total stock of fixed Capital. This series was generated
from starting estimates of the stocks of TPPSME,
TPPSPC and TPPSH made by T. M. Brown (op. cit.,
1964), p. 228, 229, and the following formula

(TPPSME + TPPSPC + TPPSH)t_1
(TPPIME + TPPIPC + TPPIH){ - D,

where depreciation was calculated from the formula
D, = .0625 (TPPSME)_) t+.04(TPPSPC + TPPSH)_;

Total Stock of machinery and equipment
TPPSME; = TPPIME - .0625 (TPPSME,_, + TPPSME,__ 1)

Total stock of plant and construction
TPPSPC = TPPIPC - .04 (TPPSPC,_; + TPPSPC,_ 1)

See note on 53,

Technical Progress taken from Brown, 1964, op. cit.,
p. 218, col. 13,

All series for the monetary variables were generated from the

most frequently published series available (down to monthly). The

procedure used was simple averaging and all series are taken at month end

(where possible or applicable). In each case the under scored phrase

refers to the name given to the series in the Bank of Canada Stat. Sum,

If the series come frocm elsewhere this is noted.

58. CIC

59, Cur
60. COIN

61. HPM

Bank of Canada Notes and deposits held by the

chartered banks

Currency outside Banks

Coin outside Banks ‘

CIiC + (CUR - COIN) = High Powered Money




62.

63.
64,
65.
66.
67.
68,

69.

70,

71,

72,

73.

74,

RS

DDl
PGD
DD
SD
ND
DOB

SCDO

SCDF

SC

CONC

FIL

54

Supply of reserves to the bank
HPM - (CUR - COIN)

Public Demand Deposits

Deposits of the Provincial Governments

DD1 + PGD

Personal Savings Deposits

Other Notice Deposits

Other Banks Deposits

Bonds outstanding 1966 stock taken from 1967 B,

of C. Statistical Summary P. 97 and includes
Bonds payable in other currencies. The series is
then generated by carrying the stock backwards
using the Securities Issues series on P, 89 of the
same copy of the Summary.

Bonds Outstanding including those issued in domestic

currency as for 69,
Total securities outstanding and equals SCDO + SCDF

Total consuniér credit excluding personal bank

loans and includes credit from: Sales Finance Companies,
Consumer Loan Companies, Dept. Store Credit,

Furniture and Appliance Dealers, Motor Vehicles

dealers and Other Retail Dealers in each case both

installment and charge account credit are included.
The figure for 1947 is an estimate by the author °~
based on various incomplete sources.

Finance and loan company credit and equals. Consumer
Loan Companies credit.

High Grade corporate Bond yield Average of quarterly
data where available, “
1947-1950

Historical Statistics for Canada,

M. C. Urquhart ed., Toronto, Macmillan, 1963, Series
No. 591 in 1951-1962, MclLeod, Young and Weir,

in "Current Business Trends in Canada, in 1963 ed.,

p. 27




75.

76.

1.

78.

79.

80.

81.

82,

83.

USCBR

Ro:.:\ril

BOCS

Rsvd

ATM

cbpl

55

1963-1966 Mcl.eod, Young and Weir, Pamphlet entitled
""Interest Rates'' published by McLeod, Young and Weir.

Average Corporate Bond rate in the United States
From. Business Statistics published by the U. S,

Dept. of Commerce Series Finance - Security Markets,
Bonds-Corporate Average,

Rate on notice deposits = dollar weighted average
(with estimated weighting) of notice deposit rates
obtained from the Banking Section, Bank of Canada
Research Dept.

Treasury Bills average yield, 91 day bills.

Government of Canada Direct and Guaranteed

Securities. Bond prices and yields (approximate) 15

years,

Government of Canada Direct and guaranteed

Securities, total stock outstanding,

Bank of Canada Holdings of Securities

Chartered Bank savings deposit rate; source is
same as 76.

Average term to maturity of Government of Canada
Securities, Direct and Guaranteed.

Chartered Bank prime lending rate; sources is
same as 76.




APPENDIX C CHAPTER II

METHODS OF ESTIMATION

Section A - Parameter Estimation

Single equation methods only were used in the estimation of the
model - i. e. , variants of ordinary least squares and two stage least
squares,

Classical, or ordinary least squares was used for preliminary
investigations and Principal Component-TSLS or instrumental variables
for final fit,

Consider the single equation

1. Y= XB+u
assume
E (u =s E(u(x-Ex)) = 0
E (u'un) = s21
Rank X = K<«N Where K is the number of variables and

N is the number of observations.
Then it can be shown that B = (X'X)'1 Xl Y is the best linear
unbiased estimator of B 1). This is the classical least-squares result.
The validity of the results depends on the validity of the assumptions
made., One of the assumptions (E (u'u) = s I) means that we assume that

no systematic variables of consequence have been omitted from the ‘

relationship and that successively drawn u's are therefore independent.

(1) J. Johnston, Econometric Methods, McGraw-Hill, New York, 1963,
p. 108-113,
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If the variable being explained is a time series variable, the possibility

that this assumption will be violated is quite prominent. This is so
because if the small sources of variation omitted from the equation tend
to move in phase (and in time series analysis this is most probably the
case) and their serial correlation properties are pervasive the success-
ive drawings of u will not be independent.

Taking the off diagonal terms in the covariance matrix into account
we have B = (x! U~1x)"1x1u~ 1Y which is best linear unbiased. (¢) This
generalized least-squares estimator can be shown to be approximately
equivalent to a two step procedure which requires that the variables be
transformed according to the autoregressive structure of the error and that
least squares be applied to the transformed variables. 3) our procedure
was to use an estimate of the autoregressive structure to transform the
data. (A first order Markov process was assumed in each case.) Sample
size permitting, this transformation process can be continued until all
residual tracking has been eliminated. Because of the small sample we
are using only one iteration of this process was used.

Thus far we have considered Y = XB + u as a single self-contained
equation. If it is in fact part of a simultaneous system, the assumptions
made no longer apply and least squares of the classical variety will not

yield best-linear-unbiased estimators.

(Z)Johnston, Ibid. , . 184,
(3) Johnston, Ibid, 186. ‘




Consider:

Yit = A+BY2¢ + u,

Y2t = Yy, + 2,

where the Z, are exogenous.
Assume E(up) =0

E(“tut'l-d) Sod¥o0allt
Ozd= gallt

In general, however, E & uy (Y¢ - E(Yy ) 7 o0 and least squares may
not be applied. This inter-dependence of u, and Y, can be easily seex

Y2t = a+BYy +24 +0u

t
or Y2¢ =_a + 1 zZ, + u
1-B 1-B 1-B
Hence E(Ya¢) =_a +_1 2,
1-B 1-B
and E (u (YZt- E(Yy)) =_1 E (uZt) 7 o

1-B

Not only will the estimators be biased under these conditions
but the bias persists even for large samples--i, e, , consistency is not
obtained, (4)

A solution to this problem which confines itself to the specification
information of the single equation but which yields consistent estimators
has been proposed by Theil, (5) Essentially this approach entails the
application of least squares twice, The first application is intended to

(4) 5 chnston, Ibid. , p. 234. ‘

(5) Theil, H. , Economic Forecast and Policy, 2nd Ed. , Amsterdam:
North Holland, 1958, '
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purge the endogenous variable Yp¢ of its dependence on u;,. The second
stage involves the use of the purged variable as a surrogate for Yo,

and the application of OLS to the modified equation,

The method used to purge Y, of its systematic dependence on
u; is to regress Y,, on the predetermined variables in the system and to
then use this estimated equation (with the residuals truncated) to
generate a series for Y,;,. The problem with this method when the system
is large is that the number of predetermined- variables exceeds the
number of observations. Hence, some method must be found to narrow
the focus to the inclusion of only some of the predetermined variables
in the first stage. (The number of variables is constrained from below
by the condition that K > M where K is the number of predetermined excluded
variables and M the number of parameters of endogenous variables to
be estimated.) One group of methods involves the deletion of variables
until (K + 1) / T (where K is the number of included predetermined and
T is the sample size) is small enough to ensure efficiency. Special cases
of this group are the simple deletion of variables and the principal
component approaches(6)°
Another class of cases not considered here involves the restructur-

ing of the model into many submodels all of which are closed with
identities. ‘

(6) T. Kloeck, L. B.M. Mennes, 1"Simultaneous Equations estimation based
on Principal Components of Predetermined Variables', Vol. 28 Econometrica
Jan, 1, 1960.
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The principal component technique utilizes most of the

information contained in the predetermined set and is therefore more
satisfying statistically than the simple deletion technique, Ho.wever it is
still a deletion technique and a more mechanistic one than the simple
one. The choice between the two rests onthe trade-off between economic
meaningfulness and statistical sufficiency.

Having indicated the conditions under-which the technique was
used we now indicate the general procedure followed in its application.

The problem simply stated is: obtain some linear combination
of the predetermined set Z such that the sum of the squares of the
correlation coefficients of each variate with that function is a maximum,
Simply stated this means: find some subset (the elements of which are ortho-
gonal) of Z which reflects to the greatest possible degree the variation
in the elements of Z.
One of the approaches to this problem is as follows:(7)
Standardizing the Z; and writing them in the linear combination

form we have

(1) Z3¢ = K33 U tKj2 Uy t. . & +K1p Upt

where the U;, are the principal components and the K;; are constants.

The first condition was that the Ui reproduce the correlation

(7 Due to Tintner, G., Econometrics, John Wiley & Sons, New York,
1952
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between the Z;, i. e.

() R;; = Ky Ky +K;, Kp +.. . +K K
(2)

since the U; are orthogonal

Gathering the terms associated with Ui we have the contribution of

the ith principal component to the variance of all Z;

2
(3) S; = K% +Kp, +°°°+szi

We must now maximize this contribution subject to preserving

the relations implied by (2).

P
Since Si s 2_. K il

we have _
P 2 > PP
(4) Fs= > K;; -2:11 z = Uij Kijs Kig
i =1 i=1 j=1 s=1

Differentiating partially with respect to K;g and simplifying,

we get:
P
3=1
P
_§_1 U;; Kjg = 0 $=2, ....P
J=

(2) For P = 2 we have

Z;y = Kj3 Upp K2 Ujpe
1
Ziy Zpp = (K11 Uy Kjp Uy (K21 Uy Ky Upy

= Kj; Kz1 + K2 K
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Multiplying each equation by K;; and summing over i we get

(6) P , P P
7KL -3 3 U, Koy Kig = 0
1
j=1 1 gy gy WL
P P
-3 > Uy Ky Ko, = 0
i=1 je1 O s

Observing from equation (5) that

P
= Uj; Kj1 = Kjl and setting
P 2
= K 51 - X1 a constant, we obtain
i=1
P 2
(7) X - Ky =0
j=1
P
- K., K. - 0
1
i 0t

Multiplying each equation by K;; and summing this time over

s we have;

P P
@y -E R KK
By (2)
Kll +R12 KZI +. . . +R1P Kpl = X3 K].].

which is a system of linear homogeneous equations having a non-trivial

solution if and only if

[}
o

(10) Det [(1-X1) Riz . . . Ry,

<2l

R, (1-X3

P

using (7) it can be shown that the largest root of (10) is associated with
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the first principal component. The coefficients of the first principal

component may be extracted by back substitution from (9).

Computing the second largest root of (10) and inserting it
into (9) instead of X;, we compute the second principal component and
so on,

An Algorithm which computes the roots of such a system

iteratively and computes the factor loadings (the K,) is available on

request from the author,

SectionB - Non-linearities

The presence of non-linearities in the model poses some
problems for the interpretation of two-stage least squares. In order to
demonstrate the difficulties involveéd and the method of solution employed
here, the following simple model is presented.

(1) Y = C+2

(2) C

A+BY+U
Two-stage least squares applied to this model would yield
the following second stage estimating equation for (2). ‘

1 - AN
(2) € = A; + B, (F +PzZ) +(U+Be)

The existence of such an equation rests on the fact that the model
can be reduced to a closed form in the endogenous variables. Use of the
exogenous variables to obtain surrogates for the troublesome right-
hand endogenous is then justified.

However, consider the following equation as a replacement



for (2)

C = A+BY% +U

By substitution

C = A+B (22 +2CZ2+C%) +U

Hence the reduced form cannot be represented in closed form
and the ordinary two stage procedure is not well defined. Two-stage
least squares can still be used, however, if it is interpreted in the
following way. |

Since the reduced form is now a polynomial in the endogenous
and exogenous variables we can get a linear surrogate only if we some-
how approximate the function, Hence, the first stage in the two stage
procedure must be regarded as a Taylor series expansion approximation
to the true non-linear reduced form,

Having decided to use this interpretation one must decide on
the particular form which the non-linearities will take in the first stage.
(That is, do we get a surrogate for Y and square it or square Y and get a
surrogate for it.) Relying on research conducted by Richard Quandt and

8
Stephen M. Goldfeld, we opted for the latter procedure. (8

<]

(8) Goldfeld, S. M. and R. E. Quandt, '"Non-Linear Simultaneous Equations:
Estimation and Prediction', Paper presented to the World Congress of
the Econometric Society, Rome, (September, 1965).
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APPENDIX D CHAPTER II

Section A - L.agged Variables and Structural Hypotheses

The equation Curd: Cur-1+» GDF * P, U, could be seen as the
testable form of two distinguishable hypotbeses. If we believe that the
current demand for currency is dependent on the previous stocks demanded
in a direct causal sense, we would write the habit-persistence formulation{2)
(1) Cur® Cyr-1: Cur-2. « . Cur-N ., GDP * P, U,

However, since Cyr.1 embodies the inertial effects of Cur-2 o o Cur-n
we can write |
(20  Curh ¢ ,._,. GDP*P, U,

If a delayed-response, stock-adjustment-type hypothesis is
used and the optimal stock of currency is Cyy* = £ (GDP * P) and we
postulate the following adjustment mechanism (C,, - Cur-1) = b(Cy* -
Cur-1)

Substitution yields C,,. = b Cyur* + (1 - b) Cyr.])
= b(GDP*P) + (1 -b)C,..1

which yields (2) as a testable form.

The stock-adjustment hypothesis and habit-persistence
hypothesis thus appear to be statistically indistinguishable. However,
since the habit-persistence parameter = (1-b) where b is the stock adjust-

ment parameter both kinds of information are yielded by testing (2).

D see T.M. Brown, op. cit., 1952,
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Another model can arise from (1) if it is transformed to get

rid of second order lags along the lines suggested by Koyck(z). This

model may be written

d

Cur® = ao(1-F) + 33 GDP - A1 F GDP_, + (b2 F) Cy,_,;

where exponential decline of influence is assumed.
We could test this hypothesis as

(3) Curd: GDP, GDP_,, C u

ur=1* Y2

Actual tests on (3) indicated that the parameter of GDF_ 1 Was
not significantly different from zero - a possible consequence of the
fact that C;,._1 and GDP_; are almost collinear,
In any event, (3) did not explain variations in C,. to a sufficiently

greater degree than (2) to warrant more extensive analysis,

i
1
1
|
1
l
|
|

(2) L. M. Koyck, Distributed Lags and Investment Analysis, North-Holland
Publishing Company, Amsterdam, 1954.



APPENDIX E CHAPTER 11

Section A - Taylor Series Approximation .

The purpose of this appendix is to outline a general approximative
non-linear approach to the construction of statistical hypotheses. The
motivation behind the non-linear approach may be that the theory suggests
a non-linear functional form or that linear forms refuse to fit when the
functional form is not specifiable a priori.

The exercise presented here stems from Goldfeld's exposition
of a particular case and is only meant to be a helpful summary of the
sort of multiplicative linear testable hypotheses which can arise from a
simple, a priori non-linear form and an indication of how a priori
specifications can be used to restrict the forms tried, Substanﬁal use of
thiq sort of approximation has been made in this work and this appendix
may be seen as justification for the usages.

A simple, non-linear function often used in economics is the
Cobb-Douglas form. Since it is familiar it will be used throughout this

exercise,

b «C
(1) A; = CR® W° Y® where A; is any asset (say) .

R is any interest rate (say)

Y is any income variable and w is any wealth
variable,

Assuming that all other things are held constant (as we do, in

fact, in multiple regression analysis) we expand the function, in turn,

67
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along each of its '"branches' in a Taylor series gruncating higher-order

terms)
(2) A; (R/W, Y) = R2 +AR2"! (R-R)
=R +AR>"! R -4 R¥! R,
= (R2 - AR2"! R, +AaR2"! R
= A, +A; R
where A, = (R2- AR%'! R)) andA; = ARY!
Similarly |
(3) A; (W/R, Y) =B,+B W
(4) A; (Y/R W) = Co+Cy Y
Hence:

A; = (Ag +A] R) (B, + B}W) (C, + C; Y)

RHS = A,B,C, +CoAoB; W+C A By R
+CoA B RW+C AGB,Y+C1A,B) WY +A); B,C) RY
+A]B,C;RY+A]BjC; RWY

(5) RHS = Co+C; W+Cz R+C3 Y +Cq wR

+Cs WY +GRY +C7, RWY
The number of variables appearing in (5) can be limited if one
has a priori information onthe forms of 2, 3, or 4. For example, if it
is deemed reasonable to assume that‘portfolio ratios are approximately
constant, then a relationship of proportionality exists between A; and W, ,

hence 3 become A; ( W/Ry Y) = Bj W and correspondingly elements of

<l

(5) may be dropped.
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The use of appraximating equations in this way greatly simplifies
the estimation procedure, since ordinary least squares can be applied

without the necessity of assuming that the disturbances are multiplicative,




CHAPTER I1I
THE REAL SECTOR

Section A - Introduction

The basic design of the real sector borrows heavily from a
model constructed by Dr. T. M. Brown for the Royal Commission on
Health Services, Substantial structural modifications were made to
allow for the introduction of monetary variables and all of the equations
were refitted to the 1947-1966 data sample u;ed for this study. The purpose
of this chapter is to present these modified and re-estimated real-
sector equations,

The equations of the real sector are separated into three blocks,
one for demand, one for supply and, finally, a block including price
determination and miscellaneous equations.

(i) Aggregate Demand

Aggregate demand is the sum of the effective demands of the
private sector and the government sector. Within each of these sectors,
various elements of demand can be recoénized. We first consider the
private sector.

A. Private Sector Demand

Private sector demand is the sum of the demand for consumption

goods, for investinent goods and for exports. These categories can ‘
in turn, be decomposed into more specific groups. In this model total

consumption expenditures are split only into durables and non-durables.

70
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Investment demand is disaggregated into capital investment and inventory

demand,

a. Consumption Expenditures

1. CND: CND_; , Y, POP, CONC, DD+SD, U
P p E ]
N
2, CD: 5_‘,1 B; Y, . cm;c. Rys, RCy5, R, DD-;SD, Uz

CND Consumer non-durable expenditures
- inclusive of services.

CD Consumer durable expenditures
Y Private sector disposable income

POP Total Canadian population

Consumer non;durable expenditures are assumed to be subject
to habit(l) and influenced by real incgme, the availability of consumer
credit and the wealth effects of liquid asset holdings. Consumer credit
appears because it enables individuals to make purchases in excess of
their current income. That is to say, the total income relevant for this
equation is really Y + CONC, however, we shall test for their separate
contributions, The population variable appears in the non-durables equa-

tion to provide for the expansion of ''needs' as the economy grows.

1, CND= .2720Y +.3505 POP +.5135 CND_; +.151359 CONC
P

(4, 27278) (3. 06355) (4. 37547)

(1) T. M. Brown, op. cit,, 1952,
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- 3026.0

(3. 81503)

R = .9936 Su/ = .89% D.W. = 2,10

Consumer credit influence on durables plus that on non-durables
was restricted to equal one., The unrestricted regressions yielded a
total effect of about 1, 2 which is a fairly close empirical approximation
to unity. However, in order to make the results more in line with a
priori notions, we restricted the parameter on consumer credit in the
non-durables equation to be 1 minus the parameter in the durables equation,
The total effect was thus restricted to be 1,

The durables éqnation includes a wealth proxy variable, interest

rates, consumer credit and a liquid assets proxy.

2, CD= - 57,71527 Ryg +.1135791 Y + 848641 CONC +. 208679
P
(1. 80345) (2. 74055) (2. 784468) (1. 619436)
(SD_+ DD)
P

R? = .977232 S8/ = 5.2545 D.W. = 1.029
The distributed lag on private sector income did not do as well
as the current level, so the former was dropped in favour of the latter.

b. Investment Expenditures ‘

Private sector investment demand is composed of fixed and

non-fixed investment, Inventory or non-fixed investment is motivated:

by transactions and speculative requirements. The transaction requirement
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is indicated by the total volume of sales, while speculative activities are
represented by the capital gains on inventories. In view of the fact that
inventories constitute final goods not produced for immediate sale, they
must be ''financed'. Accordingly, the volume of inventories kept will
vary inversely with the rate of interest which the firm has to pay on the
funds acquired to finance the inventory stock. Also, a decision to allocate
part of the current flow of funds to the accumulation of deposits at the
chartered banks will, other things being equal, mean that inventory in-
vestment will be less- at least to the extent that inventories are kept for
speculative purposes.

Finally, since technical progress (the advances in communic-
ation and transportation) will in general tighten the consumer-producer
linkage, it will have the impact of decreasing the volume of inventories
required to support a given volume of sa.le.s. - Time is included as an in-
dicator of such technical progress.

In summmary -

3' H B ) J’ 3 ND ’ ? U
; SA T /P R91 3
J Capital gains on inventories
Negative of inventory valuation :
adjustment ‘
H. mid-year stock of inventories
J
SA GNP -pH + F1 = Total Sales
HH Change in inventoriesover the year
F1 Imports inclusive of interest and

dividents
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Brown's original attempt to fit an equation with inventories
as the dependent variable proved to be unsatisfactory. In discussion with
him it was decided that we should look at the inventory-sales ratio. This
alternative formfitsremarkably well and promises to perform much better
than raw inventories. The equation obtained was: )
3. H; = . 0000121 J - . 003465 Time - . 000013333 ND - , 001479

A (4. 52584) (9. 63063) (5. 48676) v (1. 39613)

Rg) t.2940 |

(234. 04818)

R = .99725 SU/ = .8197 D.W. = 1.74006

Private fixed investment includes investment in dwellings,
plant construction, machinery and equipment, and is inclusive of
depreciation.
4, GIBUS: (PEY + D—l , GIBUS_; , WHR, RC,5, DIC 4 GDP, Uy,

GIBUS Gross business investment as
defined in text above,

WHR Average constant dollar wage per
man hour

DIC Direct (foreign) investment in
Canada

PEY Property and enterprise income

D Capital consumption allowances
and miscellaneous valuation
adjustments.

Current investment depends, of course, on a host of '"real"
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phenomena - of these we have included the flow of property and enterprise

income inclusive of capital consumption allowances, the change in out-
put, previous investment commitments (or a distributed lag of effects
occurring subsequent to causes) and the flow of direct investment funds
entering the capital market from abroad. The real wage per man hour is
included as an indicator of the factor substitution process. The only
monetary variable chosen to enter directly is the current corporate bond
rate., Monetary influences will also affect GiBUS indirectly through the
effects which they have on income flows and other demand flows in the
economy. Several '"good" equations were obtained for GIBUS, of which
I have included three.
4.1 GIBUS = - 557.8 RCls +.2467 4 GDP! +.9255 ciBus!_,’

(3. 37406) (3. 00376) (6. 66806)

+.3498 (PEY + D)} - 1142,

(3. 70948) (2. 30801)

R = .97497 Su/; = 3.81 D.W. = 1.92446 RHO = .2759

4.2 GIBUS = - 649.9621 RCg +.1947212 GNP + . 259337 GIBUS_;
(2. 593409) (6.007052) (2. 38525)
+ 1. 0096879 DIC + 1068. =
(1. 358474) (2. 287135)

RZ = .929349  SU/ = 6.66745 D.W.  .93362
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4.3 GIBUS = , 25975 C}IBUS_1 +.11000 GNP + .07040 GNP 1

(2. 511233) (6. 4206) (6. 4206)
+.03960 GNP_, +.01760 GNP_, +.00440 GNP_,
(6. 4206) (6. 4206) (6. 4206)
- 914.42 RC,g + 1.06775 DIC + 1048,
(3. 400128) (1.505214) (2. 35750)

R% = .935808 Sujl = 6.35540  D.W. = 1.09886

B. Government Demand

The second category of demand emanates from the government
sector. One could consider treating this whole sector as exogenous but
in view of the fact that Brown's model explained these elements endogen-
ously, we made the same attempt.

Government expenditures are disaggregated into investment
expenditures and current or 'consumption'' expenditures., Current
expenditures are treated net of military expenditures whereas expenditures
on capital account are not because of unavailability of military investment
figures,

The two hypotheses tested were:

5. CONG: GDP, POP, CONC_,, Usg
6. GIG: CONG*, POP, Ug

CONG Government expenditures on
current account

GIG Gross government investment

CONG* CONG + (exogenous) defence
expenditures on current account
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5. CONG = ,03522 GDP +.7477 CONG - 306.7
(1. 84878) (3. 94502) (1. 82805)

S“/; = 4.634 D.W. = 1.53960

GIG = .3579 CONG* +,2032 POP - 2014.0

R =.98850

6.
(3. 88169) (28. 12073) (16.11761)

R = .98875 SY/y = 4,943 D.W. = 2.06745

C., Exports

The demand by foreigners for gross domestic production

is taken to be exogenous,
F2 = exogenous F2 = exports
We can summarize the elements of aggregate demand into

one equation for the demand for gross domestic product. We include the

net impact of the foreign sector by subtracting imports from exports.

(Imports are determined endogenously in the next section).

GDPY = CND + CD + GIG + CONG +AH + GIBUS + (F2-F1)

7.
+ FDSK$ - % R2
FDSK$ Federal defense spending ‘
3 R2 Residual error of estimate in
GNE
GDPd Gross domestic product demanded

(ii) Aggregate Supply
The second block of the real sector is concerned with the factors
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which govern the supply of gross domestic product, It contains the
production function, wage and hours of work equations and miscellaneous
income equations,

The production function is an extremely simplified attempt
to provide a technical relationship between the supply of factors of
production and the total final output of the economy. In our model it
serves to determine the level of employment of man-hours, This is
accomplished by the assumption that gross d#mestic output demanded
is always equal to gross domestic supply. Since the supply of capital
is determined by investment (already accounted for) the equilibrium

condition serves to determine the required input of man-hours.

The level of employment is determined from the required man-hour input

via the hours of work equation.

8. GDP> : A,L,Ku, Uy
9. Ku = (Hj + CSTOT) *¥_Ne
N1-NM
10 L = Ne*h
A disembodied neutral technical
progress
L Man-hours worked
Ne Total civilian employment
NI1-NM Total civilian labour force

(2) See T. M. Brown, oOp. cit., 1964, p. 219 col. 13 and notes.

Brown's estimates were extrapolated to cover our extended sample period.

-
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Ku Capital stock in use i, e, , capital
stock in place adjusted for the
proportion of the labour force
employed

GDPg Gross domestic (civilian)
) supply

GDP - MPAA

11, CSTOT = CSTOT + GITOT - D,

-1
12, GITOT = GIBUS + GIG

D Real estimated depreciation on

the capital stock

r

Many forms of 8, were tested and a separate section describing
these efforts has been appended to the chapter. The most promising

production functions obtained were:

8. log GDP? . 7332 log A +.6045 log Ku +.8008 log L - 9. 922

(3. 47677) (7. 09870) (3. 37505) (3. 18837)
R = .99663 Su/; s = 1977 D.W. .27602
8.1 log GDPZ = .5459 log Ku + .8008 log L - 9.429
A (2.38298) (1. 04789) (. 94937)
R Z .99192 Sujy = _6753 D.W. = .2670 N |
8.2 GpP2! = . 1056 Ku! +.4753 % 1078 (Ku* L)' +4662.
A (4. 32102) (3. 33759) (7. 82073)
R = .99833 SU; = _620 D.W. = 1.7373¢ RHO = .4531

Yy



80

In order to complete the employment portion of the model,
we require an hours of work equation and the equilibrium condition
mentioned above.

The average hours of work equation is a quasi-reduced form
which attempts to capture both supply and demand factors. On th; supply
side, hours of work tend to decline as the affluence of the economy
grows and productivity increases. (3) A buffer on this process is provided
by the degree to which workers spread their‘a:pected earnings over the
present and future - i. e. by the amount of indebtedness which workers
jncur. As far as demand elements are concerned, hours demanded per
worker is strongly pro-cyclical - as an indicator of this cyclical demand

factor, we have included the rate of unemployment,

13, h: PL_, ., Nupc' CONC , We, ug
P
We Wealth proxy
CONC indebtedness proxy
P
13,