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Abstract

The pace of financial market innovation in Canada quickened in the
past decade or so with implications for the empirical relationships
between the various monetary aggregates and other economic variables.
Against this background, this paper, using an error correction formula-
tion, presents new estimates of the demand functions for real M1, M2,
and M2+ balances and concludes that while some reasonable well-behaved
money demand functions exist, the interpretation of some of the varia-
bles, notably the Canadian Savings Bond variable, is open to question.
The total interest elasticities of demand (i.e., including the own rate
elasticity) are close to zero raising monetary management questions.
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I. Introduction

In November 1975 the Bank of Canada began to set explicit targets
for the narrow monetary aggregate, Ml. 1/ Toward the end of the 1970s
and into the early 1980s, however, the relationship between Ml, nominal
GDP, and interest rates became increasingly unstable, reflecting a
pickup in the pace of financial market innovation in response to high
(and rising) rates of inflation and interest. As a result, the Bank of
Canada in late 1982 announced that it no longer had a target for Ml,

In the wake of these developments, the Bank of Canada examined the
possibility of monitoring M1A, an alternative aggregate which, by being
defined to include some interest-bearing deposits, accommodated to a
degree some of the factors responsible for the unstable behavior of Ml.
However, although this aggregate was initially well behaved in the gense
that its actual growth appeared to be consistent with a stable underly-
ing demand function, subsequent financial innovations resulted in a
breakdown in that relationship also. 2/ More recently, attention has
focused on monitoring the M2 and M2+ aggregates which are considered to
be sufficiently broad to be largely unaffected by the continuing process
of financial innovation. However, to this point the intent appears to
be to use these broader aggregates as indicative policy guides rather
than as a basis for a return to formal monetary targets. 3/

The purpose of this paper is to discuss and evaluate the extent and
nature of the changes in the empirical relationships between the various
monetary aggregates and other economic variables. The focus will be
limited to a consideration of money-demand models. Specifically, illus-
trative regression equations of the demand for real Ml, M2, and M2+
balances, respectively, will be developed to highlight the main issues.
The principal conclusion is that, while there 1s evidence that some
reasonably well-behaved money demand functions do exist, both the inter-
pretation of the role of some of the variables in those functions and
the appropriate specification of the functions may still be open to

1/ Ml consists of currency and net demand deposits {i.e. demand
deposits net of private sector float); M1A consists of Ml plus nonper-
sonal notice deposits and daily interest checkable accounts (DICAs); M2
consists of M1 plus personal savings deposits and nonpersonal notice
deposits} M2+ consists of M2 plus deposits of trust and mortgage loan
companies and deposits and shares at caissegs populaires and credit
unions.

2/ The IMF staff's earlier work showed that although the simulated
values of M1A tracked actual values fairly closely over the four-year
period ended in September 1983, the apparent stability of demand for MI1A
may have been the result of offsetting though unrelated shifts in 1ts
ma jor components, specifically in personal and nonpersonal deposits.
See Appendix V to the recent economic developments paper to the 1983
Canadian Article IV consultation {SM/84/9),

3/ See Crow (1988).



question., While the existence of stable demand functions is not the
only precondition for a possible return to monetary targeting, any
uncertainty concerning the behavior of those demand funct:ions would
suggest the need for caution in reintroducing formal targets.

1 .

r

. JII. Background -

1, Structural changes affecting the behavior of monetary aggregates

The major structural changes in the Canadian financial sector over
the past decade or so that have important implications for the behavior
of monetary aggregates can be classified by whether their primary impact
has been felt by households or corporations. 1/ Concerning households,
the first structural change of note concerned the introduction of daily
interest savings accounts tn 1979, Prior to the introduction of these
accounts, the Canadian chartered banks paid interest on the basis of the
minimum balance held in the account over the calendar month., The net
effect of the introduction of these new accounts was to provide an
increased incentive for households to economize on their M1 holdings.

'
i

The daily interest savings accounts could not easily be used for
transactions purposes. However, starting in 1981, "all-in-one" accounts
emerged, combining elements of both the daily savings accounts and per-
sonal checking accounts. The result was the daily interest checking
account (DICA) which, because it is officially a '"notice" .rather than a
demand deposit, .1s not included in M1,

) .
The high interest rate (and inflation rate) environment Canada
experienced in the late 19703 and early 1980s provided a major incentive
for the development of these financial innovations, as households became
increasingly aware of the opportunity cost of holding their assets in
noninterest-bearing accounts. At the same time provision of these
accounts was facilitated by advances in information technology.

As regards the financial 1innovations affecting corporations, 2/ the
banks started to offer cash management services to large firms during
1976-77, and this was followed in the early 1980s by the spread of such
services to smaller firms. These facilities provided profitable over-
night use of surplus funds, e.g., through investments in overnight

1/ This is not to say that important structural changes have been
limited to the past decade. For example, the 1967 revision of the Bank
Act had removed ceilings on administered rates in Canada, thereby allow-
ing the banking system to respond more flexibly to changing market cir-—
cumstances. However, the pace of financial innovation in recent years
appears to have been particularly rapid. This part of the discussion
follows Freedman (1983).

2/ See Boothe and Poloz (1988).



money-market instruments, given standing instructions by the relevant
corporations concerning the disposition of those funds.

It may be noted that, in contrast to recent experience in the
United States, financial innovations in Canada did not need financial
deregulation but instead occurred spontaneously in response to changes
in the market environment. 1/ As a result, these financial changes have
tended to be continuous rather than discrete, particularly so in the
case of innovations in corporate cash-management techniques. This has
obvious implications for how the pace of financial change is captured
within estimated money demand functions. 2/

2. Recent velocity behavior

To illustrate the impact of the recent financial innovations in
Canada on the behavior of the monetary aggregates, and to set the stage
for the discussion on money demand equations, Chart 1 presents income-
based {GDP) measures of velocity for M1, M2, and M2+, respectively. Ml
velocity has followed a rising trend with the trend becoming more pro-
nounced, as expected, in the late 1970s, when the pace of financial
innovation quickened in response to rising rates of interest and infla-
tion, encouraging households and corporations to economize on their
transactions balances.

If the only structural influence on the monetary aggregates in
recent years had been the effect of financial innovation in causing
individuals and corperations to shift from transactions balances to
interest-bearing deposits then presumably the broader monetary aggre-
gates, which are defined to include such deposits, would have relatively
stable velocity measures. This has not been the case. M2 velocity,
which showed no discernable trend in the first half of the 1970s,
declined significantly between 1977 and 1983, a period of pronounced
financial imnovation. This decline is consistent with portfolio shifts
into the interest-bearing components of M2 from assets outside M2 and
suggests that factors other than those associated with the decline in
the share of Ml balances may have been at work.

The velocity of M2 subsequently increased sharply in the period
1983-84, a period when the financial holdings by the public included in
the broad aggregates declined significantly relative to total spending.
This has come to be known as the "consolidation period." While this

1/ This difference may not be crucial from a monetary policy pers-
pective, since, irrespective of whether deregulation has a role to play
in accommodating financial innovation, velocity measures are likely to
be affected in a manner which is difficult to predict.

2/ For example, see Boothe and Poloz (1988), op. cit., who use a
continuous time trend rather than a discrete dummy variable to capture

the impact of the spread of corporate cash management techniques on
money demand.



veloc1ty behav1or is not fully understood, 1t appears to have been the
result of households reducing their 11qu1d assets generally in order to ~
pay down their debts in the post-recession period. Since 1984, the
trend in M2 veloc1ty became -negative again. , However, there was a subse-
quent upturn in 1987 whlch appears to have been at least in part due to
a particularly large sales campaign for Canadian Savings Bonds (CSB). 1/

Sr

As can be seen by comparison, the veloc1ty of M2+ has behaved in a
broadly similar fashion to that of M2.

It is also clear from Chart 1 that all three velocity measures
exhibit substantial volatility in the short run. Since the purpose
of this paper is to consider the srability of estimated money demand
functions, accounting for this short-run volatility is 1mportant.
Sectlon ITI below on money demand equations will address this issue.

|

3. The information content of monetary aggregates

v

r

As final background to the discussion of money demand equations, .
reference should be made to a couple of papers that have been completed .
recently within the Bank of Canada in which the "information content"” of
a broad range of monetary and credit aggregates is examined. g/ In
esgence, this approach involves searching for empirical regularities on
both a contemporaneous and a leading basis between the various aggre-
gates and macroeconomic¢ variables such as nominal spending, outpuf, and
prices. 3/ Concerning the monetary aggregates, Hostland et al. test for
the information content of 46 measures of the money supply. These mear
sures included both conventional (summation) aggregates and superlative
(Divisia-type) aggregates based on the chain Fisher Ideal formula, which
welghs each component in a given aggregate in light of the '"monetary
services'" that component yields.

The most important conclusions of these papers may be summarized as
follows. The best contemporaneous indicator of the growth of nominal
spending is the growth of M2+, As potential leading indicators, Ml has
the highest information content with respect to nominal spending and
output, M2 with respect to prices., The information content of the
superlative indices tended to be less than that of the simple-sum aggre-
gates. 4/ The "best'" monetary aggregates were consistently superior. to
the best credit aggregates, though the credit aggregates sometimes add

1/ The role of CSB campaigns in money demand 1s discussed more
completely below.

2/ Hostland, Poloz, and Storer (1987), and Milton (1988).

3/ Although the interpretation differs, the mechanics of some of the
tests used in these papers are identical to those used when testing for
Granger-causa11ty.

4/ The estimates of the superlative indices 1n these papers were .
based on the earlier work of Cockerline and Murray, who also reported
mixed success. See Cockerline and Murray (1981).
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"information'" to equations already containing monetary aggregates.
Finally, the authors did not experience much success with monetary
aggregates augmented to include the stock of CSBs.

III. Money Demand Equations

This section presents regression equations of the demand for a num-
ber of monetary aggregates. The regressions are intended to highlight
some of the issues which have already been noted. The underlying money
demand functions can be expressed in general form as:

M, = £(p, %, R.» Di) (

it
Soue?

where P is a measure of the price level, Y is a scale variable (e.g.,
national income), R; refers to a vector of relevant rates of return, and
D; refers to selected dummy variables (discussed below). Assuming that
nominal money demand is homogeneous of degree one in prices, equation
(1) can be re-expressed in terms of real money demand as:

Moy
5 = £ R, D) (2)

A conventional way of estimating this equation would be to run a
regression in the logarithms of these variables, including a lagged
value of the dependent variable. This type of formulation--commonly
referred to as the Goldfeld specification--has often been motivated by
a (generally vague) appeal to portfolio adjustment costs. 1/ A diffi-
culty with that motivation arises from the fact that the estimated co-
efficient on the lagged value of real money balances typically implies
an extremely long adjustment period for which there is no theoretical
justification, Alternatively, Goodfriend demonstrates that the Goldfeld
specification can be retained if it is interpreted as being derived from
a model where true money demand adjusts completely within a period but
where the regressors are measured with error. g/

Rather than being restricted to the relatively simplistic lag
structure 1mplied by the Goldfeld specification, this paper will start
from a more general c¢lass of autoregressive distributed-lag equations,
in principle allowing for multiple lagged values of both the dependent

1/ E.g., Goldfeld (1973). Goldfeld refers to both pecuniary and
nonpecuniary costs as preventing the full immediate adjustment of actual
money holdings to desired levels. However, the nature of these costs is
not specified further.

2/ Goodfriend (1985). See also Ebrill (1988).



and independent variables. 1/ Specifically,. a general autoregressive
distributed lag model (ADL) is used that y1elds a static long-run equi-
librium solution consistent with the economic theory implied by equation
(2) above. The resultant equation is sequentially simplified ("tested
down") by dropping insignificant higher-order lags. While not an inevi-
table outcome of this process, one of the objectives of this testing
down procedure in the context of this paper is to see if Canadian data
are consistent with an error correction formulation of money demand.

(Error-correction .models (ECM) are elaborated upon briefly in Annex 1l to
the paper. 2/)

The regressions are run in the logarithms of real money balances
and the scale variable. This restricts the elasticity of real money
demand. to changes in the scale variable to be constant, a restriction
common to much of the literature. However, this restriction might not
be appropriate for the rate of return variables. In particular, in
light of the possibility that the interest elasticity of money demand,
which appears to have risen in the United States, may also have in-

creased in Canada, a semi-logarithmic specification is assumed for the
rate of return variable. 3/

In contrast with the practice at the Bank of Canada, the regres-
sions are run on quarterly rather than monthly data. This choice was
made in part with a view to keeping the lag structure manageable.

Turning to the specification of the variables selected, money
demand equations are estimated for M1, M2, and M2+, respectively. 4/
This choice of monetary aggregates was suggested by the empirical lit-
erature and the current policy discusgion. While the earlier literature
concluded that narrow aggregates such as Ml were associated with the
more stable money demand functions, the more recent experience of the
Bank of Canada, as mentioned earlier, has tended to favor the broader

1/ The approach adopted here is based on the work of Hendry (see, for
example, Hendry, Pagan, and Sargan (1984), Hendry and Richard (1982),
and Hendry and Starr (1987)).

2/ See also Culbertson (1985).

3/ See Ebrill (1988) op. cit. Freedman (1983) op. cit notes that the
high interest rate environment and the observed shifts in Ml demand
occurred simultaneously making it difficult to discriminate empirically
between the semi-logarithm and double-logarithm specifications. While
not bearing directly on the work at hand because their work was based on
data through 1979, it may be worth noting that Gregory and McAleer con-
cluded in favor of a double logarithm specification over both the pure
linear and the constant elasticity, additive errors (Cobb-Douglas)
specifications. See Gregory and McAleer (1983).

4/ Data sources for both dependent and independent variables are
cited in Appendix II.



aggregates. 1/ The implicit GDP deflator is used to deflate relevant
series.

The choice and specification of the independent variables was also
dictated by the experience of others, particularly that of the Bank of
Canada. The specific independent variables were selected as follows.

{0

1. Scale variable

While a range of scale variables have been used in the empirical
literature, in this paper a current income measure, 2/ specifically,
real gross domestic product (designated Y) was selected. Concerning the
relative magnitudes of the coefficients that might be expected on this
variable in the different regressions, note that, as already observed,
M2 and M2+ have both often tended to grow more rapidly than nominal GDP,
and Ml less rapidly. Accordingly, 1t is expected that the estimate of
the scale elasticity will increase the broader the aggregate under con-
sideration. 3/

2. Opportunity cost variables

A number of issues have to be considered in selecting opportunity
cost variables. First, on the issue of which maturity to use, a short-
term interest rate is viewed in this paper as the most appropriate gauge
of the opportunity cost of holding money. For this purpose, the 90-day
corporate paper rate 13 used. The variable is designated by RC.

The existing empirical work suggests that the negative interest
elasticities are highest in the demand for Ml. 4/ One potential explan-
ation for this lies in the fact that, the broader the aggregate under
consideration, the greater the proportion of deposits contained in that
aggregate which has a positive own rate of i1nterest. The opportunity
cost of holding these deposits is the interest rate differential between
that own return and money market rates. In Canada, where there tradi-
tionally has been no regulatory ceiling set for deposit rates, a rise in
money market rates has usually been followed, though with lags, by an
increase in deposit rates, with the result that there is only a limited
short—-run impact on the differential.

1/ Examples of the earlier literature include Clinton (1973) and Foot
(1977). Not all of the earlier work favored M1 over broader aggregates.
See, for example, Rausser and Laumas (1976).

2/ An alternative would be to use a permanent income measure.
However, Clark found that the cheoice of whether to use a permanent or
a current income measure was sensitive to the method selected for cal-
culating permanent income. This suggests that, in the context of the
present limited exercise, attempting to use a permanent income variable
would raise unnecessarily complex issues. See Clark (1973).

3/ This result has been noted among others by White (1979).

4/ Dufour and Racette (1986).



This suggests that-it would be worthwhile to make some ‘attempt to
accommodate own rates of return in the money demand equations. Because
the bulk of the broader aggregates consist of interest—bearing deposits,
it .is. possible to proxy the rates of return on, these aggregates Dy the
interest yields on these deposits. 1/ Specifically, the 90-day time .,
deposit rate at banks, designated RB, is included- in both the M2 and M2+
equations. Further, since there is evidence that relative interest
rates have a measurable influence on the public's allocation of funds
between bank deposits and trust and mortgage loan sector deposits g/,
RT, the 90-day time.deposit rate at trust companies, is also introduced
into the M2 equation. This variable is not included.in the MZ+ equation
since ‘M2+ includes both assets. 3/ )

K - ' -

.There are indications that changes in the growth of the stock of
Canadian "savings bonds can affect the demand for various monetary aggre-
gates. -Canadian savings bonds are ‘highly liquid assets which, subject
to a short holding period at the time of issue, are redeemable at face
value with accumulated interest and hence are substitutable for monetary
assets. The Bank of Canada emphasizes the impact of this variable on
the demand for M2 and M2+ but not for Ml. 4/ Based on a general equi-
librium point of view, h0wever, 1n this paper the variable gauging the
return to CSBs will be tested in all asset-demand functions.

\
- -

The discrete nature of the campaigns to sell rthese assets raises '
the issue of how to accommodate this variable 1n estimated money-demand .
functions. The practice has been to include the real.stock of Canadian,-
savings bonds as the relevant argument in money demand functions. That
practice is followed here. 5/ The variable is designated by CSB.

"Some earlier empirical work'on money demand tested for the sigmifi-
cance of currency substitution possibilities between domestic and for-
eign currencies. Typically, a variable such as the forward exchange
rate (Bordo and Choudhri) or the forward premium (Daniel and Fried) is
included to gauge the return to holding foreign money. 6/ The results
of this work are mixed. Bordo and Choudhri find no evidence for signif-
icant currency substitution effects, while Daniel and Fried argue that
some effects can be discerned when proper account is taken of the impact
of Canadian postal strikes on money markets, though even in this case

1/ Calculating the own rate of return on currency and noninterest-
bearing demand deposits raises a number of difficulties and accordingly
will not be attempted here. See Ebrill (1988) for a further discussion
of this issue in the context of the United States.

2/ Clinton (1974).

3/ The data for RB and RT were provided by the Bank of Canada.

4/ For example, Bank of Canada Review, February 1988, pp. 27 et. seq.
5/ Given the dimensions of the dependent variables, the logarithm of
the real stock of these bonds {seasonally adjusted by the X-11 procedure

in AREMOS wversion l.ll)} is used in the regressions below.

6/ Bordo and Choudhri (1982) and see also Miles (1978),




the effects appear rather small. Again following the practice at the
Bank of Canada, the regressions in this paper do not include variables
for currency substitution effects,

Recent work on money demand in the United States has found that
proxies for expected inflation can have significant explanatory power. 1/
Expected inflation can affect portfolio allocation across financial
assets if nominal interest rates are somewhat rigid in the short run.
Further, the tax systems in place in most industrial countries commonly
define components of the tax base in nominal terms with the result that
changes in inflation can result in reallocations between financial and
real assets. 2/ Various measures of expected inflation were tested in

the money demand functions, including the actual rate of inflation led
one nerlgd= The concurrent rate of 1nf1nr1nn meagured as the differ-

ence of the logarithms of the index of the 1mp11c1t GDP deflator, was
gselected, The variable is designated by PS.

3. Dummy variables

Earlier empirical work found that postal strikes affect money
demand by disrupting payment and clearing mechanisms. Accordingly,

a series of dummies are included in the regressions to capture this
effect. In general, they turned out not to be significant which may be
in part due to the fact that the regressions are run on quarterly

data. 3/ Where appropriate, the variable is designated as D, where

i refers to the relevant year.

A shift dummy, denot the M2+
tions to capture the "consolidation per1od" referred to ear11er that
occurred in 1983 and 1984, A variable, designated TIME, was entered
into the M1 demand equation to capture the trend of innovation in finan-
cial markets in the 1980s--this variable was set at zero until 1981Q1,
when DICAs became available, and then commences counting upwards one
unit per quarter. (TIME was not included in the equations for M2 and M2+
because the changes the variable is intended to gauge are presumably
sontained within the broader aggregates.)

A final observation before proceeding to the regressions; while
simultaneous equation bias is always a concern when using single-
equation OLS, there is some evidence that the bias may not be very
severe in the case at hand. 4/

1/ For example, Baba, Hendry, and Starr (1988) o op. cit.

2/ On the potential tax wedge between real and financial assets, see
Boadway, Bruce, and Mintz (1984); and Boadway and Clark (1986).

3/ It may also be due to the fact that the lag structure associated
with a given postal strike may not have been appropriately captured by
simple dummies. See Gregory and Mackinnon (1980).

4/ See Poloz (1980).



The following error-correction model of real Ml demand was esti-
mated using quarterly data 1/ The sample period is 1970:III to 1988:II
which has been set to exclude the period when exchange rates were fixed
since there is evidence to suggest that the exchange rate regime can

81n(M1/P) = 0.483 - 0.364 Aln(M1/P)_; - 0.132 (Ln(M1/P) - 1n(Y/P)]_, (3)
(5.658) (-3.372} (-6.217)
- 0.003aRC - 0.010 RC_; - 0.075 1n(CSB/P) + 0.042D75
(-2.871)  (-9.256) (-5.076) b (3.219)
i
R? = 0.664 F(6,65) = 21.42 g = 0.0127
n1(1,64) = 0.87 3/ n2(1,64) = 4,81 n3(4,51) = 2,22
ARCH 4/: F(4,60) = 1.56 F(4,60) Critical Value = 2.53

Heteroskedasticity 5/: F(11,53) = 1.80

F(11,53) Critical Value = 1.98

1/ All computations used version 5.0 of the PC-GIVE econometrics
package of D.F. Hendry and the Oxford Institute of Economiecs and
Statistics.

2/ Sarlo (1979).

3/ "l (1,T-k-1) denotes a Lagrange multiplier test for residual

ﬂnvi al wrorarrolarysan of A—Aar ‘ 1
oo ViWbel

ASTAOCa [ anmh'la
Tiai gutoLgorreiation ¢

with k regressors, is for simple
fourth-order autocorrelagion, and IR is for orders 1 tﬁrough 4, The
test is distributed as x“ in large samples under the null hypothesis
that there is no autocorrelation. However, for finite samples, the F-
form reported here, with its critical value at the 0.5 percent_level, is
preferable as a diagnostic test (Harvey (1981). Note that this test is
valid for models with lagged dependent variables.

4/ Engle's "ARCH" test (Auto Regressive Conditional Heteroskedas-
ticity) see Engle (1982).

5/ Due to White (1980).
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The t-ratios are in parentheses. This equation satisfies a range
of diagnostic tests (at the 5 percent significance level). 1/ To inter=—
pret this equation, consider the long-run equilibrium solution:

1n{M1/P) = 3.65 + 1.0 1n(Y/P)} - 0.074RC - 0.5661n(CSB/P)

The income elasticity of real Ml demand 1s unity, a value sug-
gested by the testing-down procedure. This value is somewhat high,
given the posasibility of economies of gcale in Ml holdings, a trans-
actions medium. 2/ The (competing yield) interest semi-elasticity of
M1l demand is

EHIIP,R = -0-0748.

implying an elasticity of 0.74 at an interest rate of 10 percent per
annum. This is very high. 3/

The coefficient on the stock of Canadian savings bonds is negative
and statistically significant suggesting that those assets may be viewed
by wealth holders as substitutes for Ml. 4/ Taking the absolute magni-
tudes of the stocks of M1l and CSB prevailing in the second quarter of
1988, the coefficient value implies that for a $1 increase 1in the stock
of savings bonds, the stoclk of Ml would decline by $0.40. In light of
the Bank of Canada's experience that CSB sales have little impact on Ml
demand, this would appear to be a very high value., 5/

Chart 2 tracks the recursive least squares coefficient for the CSB
variable to illustrate the behavior of the coefficient over time,
According to that chart, until about 1980 this coefficient did not dif-
fer significantly from zero but since that time it has become increas-
ingly negative and significant. In fact, one interpretation of Chart 2
is that the coefficient may not be stable over the sample period. 6/

1/ The exception is the value for n, which suggests that there may be
some fourth-order autocorrelation. (Tﬁe critical value for n, is 3.99.)
2/ However, in this connection it may be worth noting that Gregory
and McAleer (1983) recorded long-run income elasticities as high as 0.9,

3/ See, for example, White (1976).

4/ Note that this statement could be consistent with the Bank of
Canada's statement that the greatest volume of activity is between CSB
and M2 and M2+ rather than Ml given the relative magnitudes of these
various assets. For example, at the end of 1987 the stock of Ml was
about 75 percent that of the stock of CSB's whereas for M2 and M2+ the
rat1os were about 380 percent and 640 percent, respectively.

5/ In this connection, it is worth noting that the Bank of Canada,
using a different estimating equation, reports a positive and barely
significant coefficient for this variable.

6/ Similar analysis of the other coefficients provided no evidence of
instability.
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Alternatively it could be argued that the recent significantly negative
values of the coefficient merely reflect the fact that the estimating
equation finally had sufficient information on this variable to permit®
a more accurate egtimate of the true value of the coefficient. At a
minimum there is a potential problem for policy makers in that the
coefficient value will clearly depend on the sample period selected.
! ful ey i

Given the concern with the ability of- monetary aggregates.to
track macroeconomic varlables, an important question is whether the
equation throws some light on the instability in M1 demand experienced
in the late 1970s and early 1980s. In Chart 3, the one-step residuals
(Y - XtBt = Ty where B is the estimated B8 using data up to and in-
cluding t) are graphed together with their current standard errors
(+ 20¢). The chart provides no evidence of a significant deterioration
in the goodness of fit of the equation in the early 1980s despite the
fact that the variable to capture the effects of continuing financial
innovation, TIME, has not been included in this regression (due to its
lack of significance). 1/

4 3 ' y L) I 1

"Chart 3 also shows that -in more recent times the residuals have on
occasions exceeded the 20 bounds. However, as can be seen in Chart 4
which presents the performance of one step ahead forecasts for real Ml
demand for the period 1986:3 to 1988:2, 2/ the forecasting bounds are
never exceeded. Furthermore, a x2 test comparing within and post-sample
residual variances for parameter constancy cannot reject at the 5 per-
cent confidence level the hypothesis of parameter constancy.

The -forecasts presented in Chart 4 are static, however, and it ‘may
be argued that dynamic forecasts would provide a more useful indication
of the impact of cumulative errors. A dynamic out-of-sample simulation
over the period 1986:3 to 1988:2 revealed that while actual nominal M1
stock increased by 20 percent over the period as:.a whole, forecast nomi-
nal Ml stock increased by 25 percent, a significant discrepancy. 3/
(This result could have been inferred from Chart 4 since the equation
consistently ov2rpredlcted real Ml demand in the most recent three
quarters.) !

+

v

1
t

1/ This evidence is supported by a Chow test based on a break in the
sample period at 1980:1, The test failed to reject at the 5 percent
confidence level the hypothesis of parameter constancy. MNote that tests
such as the goodness of ‘fit tests used-here are not intended to form the
basis for policy--95 percent confidence bands are wider than those which
would be typically employed in a monetary targeting exercise.

2/ The bounds around the forecast path is set for the 5 percent con-
fidence level. Again, this is a statlstlcal criterion rather than a
basis for policy.

3/ The dynamic simulations in this paper were estimated using AREMOS
version 1.11. They are expressed 1n terms of nominal rather than real
stocks given the interest being expressed recently 1n re-examining the
role of nominal monetary targets.
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Chart 2
CANADA

Real Ml Equation: Bounded Recursive Least
Squares Coefficient for ln CSB 1/
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1/ The estimated value of the coefficient of the variable calculated
by recursive least squares and bounded by plus or minus two standard
errors of that estimated value.
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Chart 3
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1/ One step residuals (Y, - X'By = U, where 8 1s the estimated 8 using
data up to and including t) bounded by the current standard errors {: 2 o¢).
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Chart &
CANADA

Real Ml Equation: Forecast Peformance 1/
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1/ The error bars show plus or minus two standard errors of the
estimated value for the dependent variable, yielding an approximately
95 percent confidence interval for the one-step forecast.
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Officials of the Bank of Canada view the role of the CSB variable
in equation (3) as coming from a spurious correlation between that
variable and the process of financial innovation. Specifically, in
their lnter?retatlgn the CSB variable m‘lahr be nleLnE up the impact of
the introduction of DICAs. The alternat1ve approach suggested is to
introduce into the equation a dummy variable (valued at unity starting
in 1983:3) when the growth in popularity of DICAs started surging.

Equation {3A) below presents the estimation results of that approach.

Aln(M1/P) = 0.396 - 0.398Aln(M1/P)
(7.804) (-3.980)

- 0.172[1n(M1/P) - 0. 66ln(Y/P)] (34)

"1 (-7.028)

- 0,008RC . + 0.036D75 - 0.034D83

(-10.258)"Y  (2.849)  (-5.242)
R? = 0.665 F(5,68) = 26.96 o = 0.0124
n,(1,64) = 0.78 n,(1,64) = 10.88 n3(4,64) = 3.28
ARCH: F(4,60) = 0.13 F(4,60) Critical Value = 2,53
Heteroskedasticity: F(5,59) = 0.218 F(8,59) Critical Value = 2.10
) Ty nﬁ’l wafaeao L o S F-1 aniveanarad A .y 1va—1 ‘11 Thﬂsﬂa 10 ﬂ!v“'t‘ﬂﬂﬁa n'F
"ll l-‘; AP T AQLGCE D L ¥ il DUEEGB\.‘;U \.l\.llll.ul)' A E-R N GUL‘;. E ¥ Ty =y S =) e wF ¥ AGWTLE A

autocorrelation, due perhaps to seasonality, since the critical values
for ny and n3 are 3.98 and 2.52, respectively. Otherwise the equation
is satisfactory on the basis of the diagnostic tests presented.

Considering the long~run behavior implied by this alternative equa-
tion, the long-run income elasticity is now about 0.7 and the long-run
interest elasticity is now 0.5 at 10 percent interest rate levels, In
light of the results reported elsewhere, these values seem more reason-
able than those i1n equation (3). A further statistical mark in favor
of the model in equation (3A) is that it encompasses the model in equa-
tion (3) by a variety of non-nested encompassing tests. 1/

1/ For example, Ericsson (1983). The encompassing tests were con-
ducted in PC-Give version 3.0,
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In other respects, equation (3a) parallels equation (3). Specifi-
cally, there is no evidence of a break in the late 1970s 1/ and, con-
cerning 1ts forecasting ability, there is again evidence of a cumulative
overprediction of Ml demand in recent quarters. On balance, and 1in light
of the Bank of Canada's practical experience in this area, "equation (3A)
might be prepared to equation (3).

As regards the demand for the other aggregates, the approach fol-
lowed in this paper is to estimate the regressions in a form equivalent
to that employed in the regression for real Ml demand. A representative
equation for the demand for real M2 balances is: 2/

Aln(M2/P) = 0.035 - 0.100 {1Q(M2/P) - 1.181n(Y/P)]_, - 0.002RC_,
(9.275) (-3.99) ' "(-1.511) (4)

+ 0.010RB_, - 0.008RT_,- 0.0094P° - 0.005 P°_, - 0.06841n(CSB/P)

(4.093) (-2.511) " (-7.061) (-4.281) (-4.385)
R%= 0.622 F(7,66) = 15.48 s = 0.006 1970:1 - 1988:2
n (1,65) = 1.264 n,(1,65) = 2.45 n,(4,62) = 1.29

ARCH: F(4,58) = 1.00 F(4,58) Critical Value = 2.53

Heteroskedasticity: F(14,51) = 0.74 F(14,51) Critical Value = 1,89

1/ To gain further insight into the problems experienced by the
Bank of Canada with the M1 aggregate at' that time, equation (3) was
re-estimated for an earlier period (1967 up to 1979) to see if the
resulting equation could forecast accurately over the period when the
instability occurred. The resulting one-step ahead {static) forecasts
did indeed on occasion differ significantly (at the 5 percent confidence
level) from the actual outcomes. Furthermore, a dynamic simulation over
the period 1980 to 1982 indicated the existence of an increasingly seri-
ous cumulative forecast error. It should also be remembered that all
these equations are run on quarterly rather than monthly data and that
there have been numerous data revisions,

2/ It may be noted that the dummy created to capture the impact of
the "consolidation period" on real M2 demand did not perform well. This
may be-due to fhe relatively crude manner in which the dummy variable
was specified. v
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The corresponding long-run equilibrium is characterized by:
1n(M2/P) = 0.348 + 1,181nY/P - 0.018RC + 0.101RB - 0.082RT - 0.048P°

Equation 4 satisfies standard diagnostic tests based on the summary
statistics presented. Concerning the equilibrium solution, the equation
implies an income elasticity of real M2 demand of about 1.2, which 1s
consistent with the contrasting behavior mentioned above of M1l and M2
velocities (Chart 1). Because the time period of this regression
includes a period of financial innovation, however, it cannot be ruled
out that the high recorded income elasticity may only reflect a poten~-
tially high degree of correlation between changes in income and the
process of financial innovation which has not been adequately captured
in this equation. One possible way of capturing the influence of finan-
cial innovation within the error-correction model framework used here
would be by including a trend term in the equation. This resulted in an
income elasticity of 0.6 and a trend unexplained growth rate of 2.3 per-
cent per annum.

The coefficients of the rate of return variables all have the
expected signs. The magnitudes of the implied elasticities, however,
are large. Perhaps more interesting is the fact that the total interest
elasticity {(i.e., the net effect on real M2 demand of a simultaneous
change of the same magnitude in RC, RB, and RT) is effectively zero.
This result seems relatively robustj in the alternative regression with
the trend variable included, although the individual elasticities were
reduced 1n absolute value, the total effect remained effectively zero,

The CSB variable affects the dynamics of equation (4) but not its
long~run value. This has the plausible interpretation that in the short
run the discrete CSB sales campaigns affect real M2 demand--a phenomenon
often cited by the Bank of Canada--but over the longer term there are
further portfolio reallocations which reverse this affect. On the other
hand, this result is not consistent with the fact that CSBs have a long-
run impact in the M1l demand equation, suggesting one or other result is
in error.

Turning to the behavior over time of the opportunity cost varia-
bles, Charts 5, 6, and 7 present the bounded recursive least squares
coefficients for RC_,, RB_,, and RT ,, respectively. There are a couple
of pnotable features. First, the own-rate of return coefficient, RB,
always sigmificant, shows evidence of instability in the late 1970s,
precisely when the wave of financial innovation commenced. This result
may reflect progressive changes in the pattern of reactions of the own
rate to fluctuations in competing market yields that were precipitated
by the wave of financial innovation. Second, the coefficient of the
trust and loan deposit variable, RT, became significantly negative
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during the 1980s perhaps also reflecting the impact of financial innova- °
tion, 1/

Though not presented here; the coefficient for the proxy for
expected inflation is stable throughout the period suggesting that this
variable may well be a valuable indicatcr of the opportunity cost of
holding assets in the form of a broadly defined aggregate such as M2.

The one-step residuals presented in Chart 8 indicate that this
equation is——with the exception of one observation in early 1983--by
that standard, well-behaved. The one step-ahead forecasts are also
well-behaved (Chart 9). 2/ However, the errors, though small, are
cumulative. This is confirmed by a dynamic simulation over the period
1986:3 to 1988:2; actual nominal M2 stock increased by 18 percent over

tht period whereas the corresponding forecast stock increased only by
14 percent.

Turning now to the demand for real M2+ balances, the following is a
representative equation!

Aln{M2+/P) = -0.102 + 0.174A1n(M2+/P) - 0.101[1n(M2+/P) - 1. 681n(Y/P)] (5)

(-3.629) (2.770) (-5.913)
+ 0.004RB_, - 0.005RC_; - 0.0084P% - 0.0052%
(5.230) (-7.565) ~ (-8.969) (-5.850)

- 0.069 Aln{CSB/P) - 0.020 1n(CSB/P)
(~6.474) (-4,502)

R2 = 0.774 F(8,64) = 27.51 a = 0.0044 1970:2 -~ 1988:2

n1(1,63) = 0,00 n2(1,63) = 1.63 n3(4,60) = 2.84

ARCH: F(4,56) = 0.35 F(4,56) Critical Value = 2.54
Heteroskedasticity: F(16,47) = 0.537

F{16,47) Critical Value = 1,87

1/ As was the case with Chart 2 above, the significance of this
result is open to different interpretations.

2/ Again, the x“ test comparing within- and post-sample residual
variances cannot reject at the 5 percent confidence level the hypothesis
of parameter constancy.
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Chart 5

CANADA

Real M2 Equation: Bounded Recursive Least
Squares Coefficient for RC_; 1/
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The estimated value of the coefficient of the variable calculated

by recursive least squares and bounded by plus or minus two standard
errors of that estimated value.
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Chart 6
CANADA

Real M2 Equation: Bounded Recursive Least
Squares Coefficient for RB_; 1/
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l/ The estimated value of the coefficient of the variable calculated
by recursive least squares and bounded by plus or minus two standard
ervors of that estimated value.
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Chart 7
CANADA

Real M2 Equation: Bounded Recursive Least
Squares Coefficient for RT_; 1/
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1/ The estimated value of the coefficient of the variable calculated
by recursive least squares and bounded by plus or minus two standard

errors of that estimated wvalue.
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Chart 8

CANADA

Real M2 Equation--Residuals 1/
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1/ One-step residuals (Y, - Xéét = Uy where ét 1s the estimated B
using data up to and including t) bounded by the current standard errors
(xr 2 ay).
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Chart 9

CANADA

Real M2 Equation: Forecast Performance 1/
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1/ The error bars show plus or minus two standard errors of the
estimated value for the dependent variable, yielding an approximately
95 percent confidence interval for the one-step forecast.
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Ln(M2+/P) = -0.965 + 1.681n(Y/P) - 0.049RC + 0.041RB - 0.049P°

- 0.185 1n(CSB/P)

Since its characteristics are quite similar to those of equation
(4) above for real M2 demand, the discussion of the details of this
equation can be brief. In particular, with the exception of some
evidence of autocorrelation given by the portmanteau test n., (the
critical value is 2.53), the equation satisfies all the sel&cted test
statistics. The income elasticity of demand is 1.7 which appears high.
This implies that again the scale variable may be picking up an unex-

nlalmad Fwmand affame 1/ Bimalle £ - rlho manlfialame ~liina
P&ﬂlllcu LLCLIW ‘:J-l-=\-|-l l-l LLLIG.I.J.J’, LULUELIIE Ul.l I-H.E l-Ul';Ll.J.\..J.!:I.lI.. VGLUGB

for RC and RB, the total rate of return elasticity 1s negative, but
barely so.

The behavior of the recursive least squares coefficients is broadly
similar to that observed immediately above in the case of the real M2
demand equation. The one additional variable to consider 1s the CSB
variable which, in the case of this equation, affects long-run equilib-
rium demand. The long-run elasticity implies, given the 1988:2 levels
of M2+ and CSBs, that for a $l1 increase in the stock of savings bonds
the stock of M2+ would decline by $1.18. This is an implausible value.
Further, as can be seen in Chart 10, the coefficient of this variable is
unstable and becomes significantly negative in 1982. This behavior
again raises some of the 1ssues already mentloned when the CSB variable

wre Al armiaced 3 ranmosd oA W -k
Wa§ diSCussed in LUHHCLLLUU LLI

e o A o PO

he real Ml demand equaction.

Finally, Charts 11 and 12 present the one-step residuals and one-
step ahead forecasts, respectively. 2/ Both are satisfactory. The
corresponding out-of-sample dynamic simulation over the period 1986:3 to
1988:2 forecast a 19 percent increase in the stock of M2+ in comparison
to the actual increase over that same period of 21 percent, indicating
that the equation performs well by that criterion.

To this point the regression equations for individual aggregates
have been discussed in isolation. When viewed together, a number of
obgervations can be made.

To begin wich a technical buc nonetheless an important general

pulnL in assesaxug the econometric results presenLeu aDUve, there is the
question of whether the error-correction model (ECM) is a useful

1/ Interestingly, however, when the regression was re-estimated with
a trend term, the trend term was not significant, in contrast with the
case of M2 discussed above.

2/ Concerning the latter, the 2
again satisfied.

test for parameter constancy is
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representation of the behavior of money demand. To address this issue,
it may be recalled that whether the error correction representation is
valid or not depends on whether the speed of adjustment parameter--the
coefficient on the error-correction term in the regressions above--is
significantly non-zero. In the regressions presented above, the speed
of adjustment factors, generally at around 0.1, are low, a result which
has also frequently been reported in the partial-adjustment models of
money demand. Although the t-ratios indicate that these coefficients
differ significantly from zero, th?t test is biased since, under the
null hypothesis of zero values, the model is nonstationary. Further
tests are therefore needed. .

‘
- ! -~

‘As discussed in Appendix I below, testing whether ‘the ECM framework
is valid is equivalent to testing whether the variables in the relevant
regressions are cointegrated. 1/ Accordlngly, Augmented Dickey-Fuller
tests were run on the residuals of the regressions to test whether the
variables are cointegrated. 2/ These tests failed to reject the hypo-
thesis of noncointegration but the results were clase to rejection, par-—
ticularly for M2. Of course, since the power of these tests in gmall
samples is yet to be fully understood, these results should not be
viewed as decisive. In this connection it is interesting to note that
when the time trend variable was included in the ECM for M2, the speed
of adJustment caefficient increased in value from 0.1 to 0. 16 a signif-
icant improvement.

Other more specific comments on the regressions include the fol-
lowing.

First, a number of the features of the results reported above have
also been obsgserved in other studies. For example, the tendency for the
(total) interest-rate elasticity to decline as one moves from Ml to the
broader aggregates has been noted elsewhere,

Second, this paper took the view that if Canadian savings bonds
influence the demand for M2 and M2+, 1t is reasonable to test whether
that influence extends to the demand for MlI. The empirical results
indicated that the variable to gauge this influence, the stock of CSBs,
was significant in gome form of equation for all three aggregates.
However, on further comsideration, the role the variable plays is gener-
ally troubling. The long-run elasticity values in both the Ml and M2+
equations are implausibly large. Further, the recursive least squares
coefficients are generally unstable in both equations, notably in the
early 1980s. While these results may be due to the specific econometric
strategy being pursued in this paper, they suggest that care needs to be

,

1/ See Engle and Granger (1987) Loosely, the relevant wvariables are
cointegrated when they do not deviate too much from each other over
time,

2/ Granger (1986) and Dickey and Fuller (1981).
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Chart 10

CANADA

Real M2+ Equation: Bounded Recursive Least
Squares Coefficient for Ln CSB 1/
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1/ The estimated value of the coefficient of the variable calculated
by recursive least squares and bounded by plus or minus two standard
errors of that estimated value.
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Chart 11l
CANADA

Real M2+ Equation--Residuals 1/

1.80r .

P rmrmemy
’ L AT T PLab T TS TOPre emrm i T Vmmit s RALTTEL TP TFE LT T
' RATTTTT
"

Tl s i
RN

L
) ez
s, - et

(il L L ; ] L . ) ] L |

1977 1979 1981 1983 1985 1987 1989

'_,-l.‘. aamimamdTEE,

R LD IV IVFL 2L L VI _,---.-..:-\..-..r---"
e

1/ One-step residuals (Y, - X;ét = U, where ét is the estimated 8
using data up to and including t) bounded by the current standard errors
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Chart 12

Real M2+ Equation: Forecast Performance 1/
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1/ The error bars show plus or minus two standard errors of the
estimated value for the dependent variable, yielding an approximately
95 percent confidence interval for the one-step forecast.
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taken in interpreting the influence of this variable in all money demand
equations, rather than in just the Ml equation.

Third, the ranking and the magnitude of the measured income elas-
ticities are not implausible in light of the velocity behavior displayed
in Chart 1. However, as pointed out above, the time period of these
regressions includes a period of rapid financial innovation and thus
the possibility of high correlation between changes in income and the
process of innovation cannot be ruled out. 1/ The potential difficulty
this raises is that if the pace of financial innovation were t¢ change
then the coefficient on the scale variable might result in inaccurate
forecasts, 2/

Fourth, expected inflation, though admittedly crudely calculated,
appears to have an important role to play--particularly in the broader
aggregates. It may be worth noting that the coefficient of this varia-
ble was unaffected by the "consolidation period." In studies for other
industrial countries this variable is often rationalized as being a
proxy for the relative rates of return on financial and real assets.

Fifth, as already mentioned in the case of the CSB variable, on a
number of occasions there is evidence of coefficient instability.
Whether this is due to structural shifts or due to the ability of the
estimating equations more accurately to estimate a coefficient value as
the sample period lengthens is not certain. In either case, however,
coefficient variability poses a serious problem for policy makers since
the estimated value of relevant coefficients will then depend on the
sample period selected.

Sixth, the use of a semi-logarithmic form for the rate of return
varigbles is generally supported by the results. In particular,
abstracting from the structural shifts in the values of the coefficients
of these variables, the coefficients are otherwise stable over time.

Seventh, when comparing across equations, the broader the aggre-
gate, the smaller is the standard error of the regression. This becomes
even more significant when it is recognized that the dependent variable
for broader aggregates is larger in absolute value. 3/

1/ It may be noted in this connection that with the exception of the
DICA dummy in the M1 equation, the variables introduced to capture that
continuing process of change failed the significance tests.

2/ VNote that this problem occurs irrespective of whether the process
of financial innovation is captured by a trend term or by a scale varia-
ble-—either way, the prospects for financial innovation are uncertain.

3/ See Dufour and Racette (1986), page 224.
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) , IV. Conclusion

This paper had the limited objective of seeing whether the underly-
ing money demand functions fit well and are stable. The results of that
limited exercise suggest that, on balance, the equations seem to have
become reasonably stable, with the equations for the broader aggregates
fitting somewhat better than that for Ml. However, the stability of
some coefficients remains in doubt raising questions concerning the
predictive value of the equations, In additiom, difficulties in
interpreting some of the individual regressors raise questions con-
cerning the appropriate specification of the equations.

It must be emphasized that a stable money demand function is a
prerequisite for a successful return to monetary targeting but does not
of itself indicate that such a return is either desirable or feasible.
For example, the magnitudes of the estimated coefficient values is also
important. The empirical work above suggested that the total interest
elasticities of demand for the broader aggregates are close to zero.
This could raise serious problems for the Bank of Canada if interest
rates were selected as the control instrument since the Bank would then
have to control the spread between own and competing rates of return.
That in turn raises the question of the appropriate choice of control
instrument or control procedure to implement a targeting policy, a
question that raises issues beyond the scope of this paper. 1/

_As a final observation, it should also be recognized that, should
targets_be re-established, there remains the issue of how broad or nar-
row the target bands should bej in the case of the M2+ equation esti-
mated above, if the target period is one year, the standard error of the
regression would suggest bands of about + 3 1/2 percent. Narrower bands
would increase the risk of exceeding the bands for purely random rea-
gsons. However, even if the bands are established in light of the avail-
able empirical information, there will always be the possibility that
the monetary aggregate moves outside its band when all other indicators
suggest that there is no need for a policy change or, which is perhaps
more serious for the credibility of the targeting exercise, it remains
within its band even as all other indicators suggest the need for a
change in the stance of policy. These considerations reinforce the need
to exercise caution before reintroducing monetry targets.

1/ See, for example Dufour and Racette (1986), Courchene (1979), and
white (1979).
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Appendix I

Error-Correction Models and Cointegration

As an example of the methodology being employed in this paper,
consider a first-order version of an autoregressive distributed-lag
equation. 1/

- 1A
Yo =B ¥ ByXp + B X ) *BaY ) e (14)

The Goldfeld partial adjustment specification is tantamount to setting
By = 0 to yield

Yo =B * B X v BaY e (24)

This may be an unwarranted a priori restriction and, in particular, is
not imposed within the error-correction framework. Specifically, the
error-correction model (ECM) relaxes this restriction, while continuing
to assume the existence of a long-run stable demand function for real
money balances, deviations from which encourage adjustments to re-~
establish equilibrium. Transforming equation (lA) yields:

AY, = By + 88X + (B, #8,)X _, + (By~D)Y _, + ¢ (34)

where & indicates a first-difference. This equation can be expressed in
an ECM form as follows:

(32+ 31)
8Y, = B, + B 8K+ (63 - 1) [~ ?T':“EET x]t_1 * e,

(4A)

By *+ Blﬁxt + (33-1) (Y - A X] * ey A>0

t-1

The term in (X-AY)..; is the error-correction term--it measures the
"error" in the previous period and agents "correct" their decision about
Y, in light of this disequilibrium. The coefficient on the term,
(83-1), measures the speed of adjustment, This equation form offers

two advantages. By first-differencing, the possibility of running a

1/ For further elaboration, see Gordon (1984).
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spurious regression is reduced. Second, since it is not a pure first-
difference equation (83 # 1), there is a determinate long-run equilib-
rium solution. e o )

The follow1ng describeés how ECMs and c01ntegrat10n are linked,-as
suggested in the.text. 1/ e

Denote a stationary series as I(0) (integrated of order zero), then
another series Zy, for example, is I(k) (integrated of order k) if
Ath is I(0). (In fact, stationarity is not necessary for a_series to
be 1(0) but stationarity, as found for example when a random walk is
first differenced, captures the notion of an integrated series.)

[ . RN

Consider two series X, Yy, both I(1l) and hav1ng no drlft or mean

trend., If there exists a constant A, such that

-

N
il
e
I
=
]

is I{(0), then X, and Y are said to be cointegrated. The relationship
X = AYt might then be. interpreted as the long-run equilibrium with Z;
measuring the extent to which the .system is out of equilibrium, This is
analogous to the error—correction term above. In that connection, test-
ing to see if the coefficient on the error correction term (the speed of
adjustment parameter) is significantly different from zero is equivalent
to testing whether the variables are cointegrated--a significantly posi-
tive speed of adjustment implies that the system will tend to its long-
run equilibrium in response to random shocks, implying that the varia-
bles do not deviate much from each other. If, however, the coefficient
is not significantly.different from zero, then the model does not con-
verge and levels can be permanently affected by the error terms—-the
variables are not cointegrated.

1/ The following 1s based on Hendry (1986) and Granger (1986). ‘
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Appendix II

Data Sources

The data in the regressions are quarterly and, where appropriate,
seasonally adjusted. In those cases where the original series are
monthly, quarterly data are derived from three-monthly averages. The
following are the source data series where the B- and D- numbers refer
to the CANSIM data bank.

M1:

M2:

M2+:

RC:

CSB:

NGDP:

GDP:

Currency and Demand Deposits. Monthly data. B1627

Currency, all checkable notice, and personal term
deposits. Monthly data. B1630

M2 plus deposits at trust and mortgage loan companies,

caisses populaires, and credit unions. Monthly data.
B1633

90-day prime corporate paper rate. Monthly data. B14017
Stock of Canadian savings bonds. Monthly data. B2406

Gross Domestic Product at Market Prices. Quarterly
data. D20011

Gross Domestic Product at 1981 prices. Quarterly data.
D20031

90-day time deposit rate at banks., Data supplied by the
Bank of Canada.

90-day time deposit rate and trust and mortgage loan
companies. Data supplied by the Bank of Canada.
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