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fngrodaction

Kev requirements for auv saee. crel ceonamin stabilizatien policy are
(a) an accurate fareeast ot how the ceonmm will behave over a certain
period in the futurce, and (b)Y an understandisg of (be lags and size of

a

the offects of particular coveramenr cconomic policices,

The development of econometric techuiques amd recent advances in
economic theory have been largely concernwed with providing information
in these two areas. A number of econometric models have been
constructed for the Caﬁadian economy, In most cascs these consist of
a series of equations that establish what lcvel agrregate demand will
attain under various conditions and how the cconomy provides resourcces
to meet this demand. The demand and supply position tcils us whether
the resources of the cconomy are fully employed, or whether there
exists cither an excess of demand, causing the price level to rise, or

an excess of supply, leaving factors unemployed.

If such a '"structural' model is to be uscd as a forecasting tool, then

a large number of variables usually have to he estimated and uscd as
inputs for the model when making forecasts. As the number of fxogenous
varfables whose future values are known with some degree of certainty

is reiativcly small, the usefulness of the model as a forecasting tool

is limited. Not only is it difficult to usa such a model for forecasting
purposcs, but also the cost of constructjon can he considerable. However,
such a model is a useful device for learning how different exoponous
forces cause the cconomic system to react and, more particularly, how the
compinents of the economy are inter-related, 0 aceuvate historical

data are available, such a model should yiceld information on various



multiplicrs and how the eoars. o ovints would be altered §IF one or

some of tho exogenous variabloes behave differentle,

We conclude that the tvpe of model which is most useful as an aid ro
forecasiing is very differciit from onc which is useful 1or examining
the proccss by which diffurent policv variahles affect thin cconomy.
It was on Lhis basis that we chosc a2 "reducod-form” model for our

forecasts.

The main body of this paper consists of a descripticay of the economic
framework of the model and the results of a preliminarv estimation,
Use of the model as a forecasting tool is then discussed in relation

to simulations that have been made.

A more detailed discussion of the estimation of cach egquation will be
taken up in our next report on the model's development. At present,
only equation (2) is in satisfactory form; this equstion explains
interest rate movements. After intensive cxperiment using different
explanatory variables and different lag structures the other equations
were selected as being the least unsatisfactory. " Research is currently
being undertaken to improve the other equations af the model, with

priority being given to the income and price equation,

¥ The Agmregate Analysis Scction has teosted the RDNT and ROXEF (Bank
of Canada) structural models as forecasting tools, Simulations on
poth models were carricd out in 1959, RDXF has algo boea nsed to
generate a scven-year forecast for Canada from 197-19:6;

these
results are available upon riquest,



THE GENTRAL AT T AL TLAMPVORN OF T MODER!

The chiel attraction ot this model i{s 1ts puteotial uscfulnoss as a

forecasting tfool, With only six exascenous variables, the model steill

allows us to specify the level of many of the variables which the

provincial povevament would refer to when proposing stabhilization

policies that would be most appropriate for all levels of government

and for thv

monctary authoritles.

The varlables™ which are exogenous to the model, as it {s at present

constructed, are as follows:

a)

b)

c)

d)

The past and prospective changes in total
government fiscal stimulus - measured by the
change in zovernment expenditure on goods and
services (excluding hospitals, including defense)
plus direct transfers to persons (DEXP).

The past and prospective changes in the Canadian
stock of money - defined here as total deposits of
the public in commercial banks plus currancy in the
hands of the public (DM). Changes in the rate of
growth of money supply are also used (DGM),

The past and prospective changes in levels of [ixed
capital formation per quarter - made exogenous for
this short-run model, as the Dominion Bureau of
Statistics constructs forecasts of this variable,
onc year in advance from a samplc survey (DI).

Charges In the stock of the money supply of the
United States - defined here as dcmand deposits
plus time deposits plus currency in the hands of
the public (DMUS). .

* The symhols used for a particular variable appear in brackets.
A prefix "D signifies the guarter by quarter change and *G"
the percentapge ehanye from one quarter to the next.



e) The level of v vilibrim real catput - estimeted
to zrow at thy long-run trend vrowen rate of real
vutput (YF).

f) The quart-rly changes in the acminal value of
exports (L{),

From the model, we are able to maks estimates of the: following

variables:

a) Tno level (YY), changes (DY) and annual rates of
growth (CY) of nominal gross national product.

b) The level (YR), changes (DYR) nrd amnual rates
of growth (GYR) of real gross naticnal product.

¢) The level (P), changes (DP) and annual rates of
growth (GP) of the consumer price index.

J) The uncmploymeﬁt rate of the labour force (INE).

e) Nominal interest rates, rupresented by the
Canadian 3-month trcasury bill rate (RO3).

f) Expectations of future price changes (DP?%).

In our model, the central equation is the one used to explain changes
in nominal income. This equation is estimated by using a reduced form
procedurc. Tnls means that we do not try to specify the processcs by
which the cxogenous variables change nominal income. Rather, we
specify only the final, or total, effecct on nominal income of a change
in an crogenous variable. The assumption is mude that the undenlying
structurc of the cconomy chanpes very little over the period for which
the forecasts are made. This assumption scems to be a reasonablc one,

especially when making only short-term predictions,



In most cconomrtric models, th. chanzes in real income are cstimafed

as the solution of a system of simulrancous vquations defined in real
terms.  Price chanpes are then valculated. This is usually done by
comparinyg this level of real wvuiput with some [ull cmployment lovel,

in ordur to determine the dircecion and size of the pressure wn prices
resulting from excess demand. A variable to measure the growth of input
costs is also ivncluded and this almost alwavs emphasiscs the growth in
labour costs. Combining the growth rates of prices and real income, the

growth rate of nominal income can be derived.

The approach that is taken in thls paper is quite different. We estimate
the changes in nominal incéme first. The rcason for this approach is that
the economy operates by using nomirmai variables whose real value change
through time, As the correspeording real values arc altercd for a given
nominal unit, people adjust their behaviour with respect to the nominal
variables, In the real world, adju;tmcnt is not instantancous and
therefore, we must explain the speed-and the wiay that people react to

changes in prices and real output.

Our model is very similar to one that has been estimiated for the United

1

States” but, of course, therc arc significant differcnees that make the

model svitable for use in forecasting the performance of the Canadian

economy.

In Table I, the estimated cquations iare shown with Lhe identitics
ncecessary for the completion of the medel. 1he following section will

be a discussion of the vconomice theory that cach cquation reprosents.

1
Anderson, Leonall €., and Carl :on, Keith M., "A Moncrarist Model for
Economic Lrabilization', Rovies, Federal Keserve Bank of St. Louis, April, 1070
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All Jduta used ave mcasonally adjusted

4 2
DY = 48.359 + F  a DM + I b, DEXP, .
(1.009) i =0 L-1 i =0 L-1
7 2 1
+ 2. e US4 32— 4. 1. o4 . E e x|
i= 2 i L-i iz U 1 t-i iTTu i. t-i

Almon lap wmethod, 2nd degree polvnonials

a_ = L0428 ( .595) b o= L3719 (2.3509)
a) = Loows (2.797) - b? = .1209 (0.706)
ap = L1219 (2.529) by, = -.0030 (-.018)
ay = L1134 (2.034)
a, = .0728 (1.799) b, = 4958
= 4

Z:ai 449
¢ = -4,081 (-.538) d_ = .6638 (3.496)
cZ2 = -0.817 (-.189) a9 = 4687 (3.256)
¢l = L4l (.38 dy = L2674 (1.739)
¢t = 2,611 ( .624)
¢ = 2,776 ( .718) E d. =1.379
cg = 1.904 ( .719) :

Z:Ci = 3.804

eq = 4150 (1.721) : 5

e, = .2622 (1.497) R = .5849
e, = 1383 (0.948)

e3 = .0432 (0.305) D.W, =

2.315

e = .8587

L F%nvrus in brackets are o' ovaboaes;
R™ is deternination coofficient adijusted by Jdepree of 1recdonm,
D.W, is Dubin-Watson Statistiv s
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2, Interest Pa'es

4 4 10
} s + b ) + ¥ W (93 .
RO3 1Lz + Eoa; e & b QR o Y M-

Almon lag merhod, 2nd depree polynomials

ag = -.0761 (-4.417) w = .2%69 (11.606)
ay = -.0975 (-7.114) w; = .2068 (13.287)
ap = -.1005 (-6.705) wj = 1621 (14.494)
ay = -.08%3 (-5.937) w, = .1228 (13.108)
a, = -.0518 (-5.410) we = .0889 ( 5.373)
we = .0606 ( 5.990)
T_a = -.41864% wy, = L0376 ( 3.671)
i wg = .0200 ( 2.124)
b, = .0L17 (.875) wg = .0079 ( 1.055)
bl = .0065 (.762) wio = ,0012 ( .284)
by = .0029 (.283)
b, .0007 (.086) _ Xw, = .9648
b, = .0218 : . R = ,796: D.W. = .715
3. Consumer Trice Changes
DP = 1.0020 DP* + ,00000176 DY _ + ,00000175 DY
' (.66284)  t-4  (.es278) -7
- .00000436 GAP + ,00000653 CAP
(-1.29) t-1 (1.920) t-2
2

R = ,74: D,W, = 2.127

4, Expected Price Chanpes

o

1

DPt o« W cep . P
=1 { t-i t-i

(coefficients are given in equarion 1)

5. Full Emplovment Tevel Prod:ct

a+bT

YF e( )

Whiere T is a time variable: 147 firsr quarter = 1
e = constant of antural toparithm
a = 8.2499 (638.9)
h =

L1187 ( 96,77



6. Full Froolovmeat Cap

GAP :‘.R__.:...LE x g
YV
7. Uncoimlovmaont Rate
UNE = 5,062 - ,2083 CAP
{54. 1) {(-3.69) (-1.30)
+ 0409 GAP + ,10h2 GAP
- -4
(. 607) ©=3 0 (1.86) ¢
R = . 66:
8. Money Supply
= 4 D
Ht Mt—l M

9, Rate of Changes of Money Supply

y
DEM = o log M,
ae?
10, Price Level

Pp = DP + P,

11. Annual Growth Rates of Prices

Mt

- 2
.1223 CAPC_

1

o

gp = DP x 400

Peol
12. Gross National Income

= + DY

Ty Y1
13. Recal wnational Output
YR = Yt

PL
14, Annnal Crowth Ratcs of Real National Output
GYRt = ( YR - YRt-l ) X 40U

YR

t-1

D785 Cab, ,
(-1.10%)



Nominal Trncome

Nominal income in this aodel is vicwed as a measuve of tatal aperoegate
demand,  The part of acegropale demand which is not met by the sapply
of goods and scrvices at the inicvial price level will prodocse the

movements in the price level to wqualize the noninal apzregate values

of demand and supply.

We must now find the set of variables which, for the short-run period,
are exogenous to the Canadian ecoromy, but which influence the level
of aggregate demand. These varlables are used as the independent

variables in the equation explaining changes in nominal Lncome.

The variables set by government policv are the most obvious choices.

These include total government cxpenditures, and the rate of expansion

of the stock of money,

The monetary policy of the United States also has some cffect

on the level of aggregate demand in Canada. 7This will opcrate
directly to increasc the demand for Canada's exports by increasing
nominal income in the U.S.. When credit conditions in the U.S. are
slack, it may also make the international corpurations msre willing
to ve-invest their earnings in Canada rather than to withdraw profits
and dividends., Fasy credit conditions in the 1.8, can, therefore,

lead to an increasc in the rate of [ixed capiral formation in Canada.
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When preparing anort-run [orceascs fap to 6 quarters), the guantity
of fixed capital formation c¢an be used as an evopenons variahl..,

althouuh for longer periods it is clearly an endogenous variahla.

There Ls often a fairly long delay hetween the time when financing is
available and when materials are purchiascd and men hired., ilecaus=2 of
this and the fact that the Dominion Kureav of Statistics produccs
forecasts of this variable (for 4 quarters), we have treated fixed

capital {ormation as an independent variahle.

The equation to explain nominal income was estimated in a reduced
form. When using such a procedure, the coefficients measurc the
total effect of the particular variable on income and are,

therefore, partial multipliers.

Of the variables considered, only the changes in the Canadian money
supply, changes in total government expenditurvs, changes in the
United States money supply, changes in exports, and changes in fixed
capital formation gave results which were consistent with macro-

economic theory and were statistically satisfactory.

Interest Rates

In this model only the equation explaining the three-month treasury
bill rate was cstimated, However, the same basic Lheory aud vaviables
could be uscd to cstimate other interest rates of different maturity,

It is to bt expected however, that the lap structure for the variables



vhich explain other intere t vates would be somevhal Jdifrecent.
A detailed explanation of che theery and evstimation procadure wvhiceh
we used to construct this cquaticn is found in a previous paper on

2
this topic .

Consumer Pricas

From the first equation in Table I, we are ahle to vstimate the
growth in nominal income. The next step is to determine what

proportion of the growth in nouminal income can he attributed to.
increases in prices on the onc hand and to the expansion of real

output on the other.

Instead of thinking of full-empluoyment level of output as being a
ceiling, we define it as being that level of output at which prices
increase are at their long-run trend rate. When actual output is
above the equilibrium level of ocurput (vGAP» positive) we would
expect prices to risc faster. And, when "GAP" is necgative,

prices should grow ar a slower rate ur even, in an extreme case,

decline.

Expectations as to future price increases also play a very important,
role and it is this variable which is important in e¢xplaining

the behaviour of the economy. As expectations do not adjust

Junkins, Glenn P., and Lim, Nenry 3.F., "The Determinants of the
Nominal Interest Rate: An Bapirical Study of the Canadian Case’,
Eeonomic Planning Granch, Depirtment of freasury aml Economics, (wimeo),




instantanceasly, the ceenomy o respend eolv slovlys to aloered

conditions.

In the estimation of the oguatiou to expiain price changes, woe used as

explanatory variables the espoected growth in prices, the growth in

pnomlnal incame, and the difference between actual and equilibrium real

output.

Unemplovinent Rate

The uncmployment rate is explained as a function of the differcnce
between actual and equilibrium real output (GAP). The constant in

such an equation is very important as it tells us the level of
unemployment that has been consistent with the trend of output at full
employment. The value we obtained for the constant term in this ‘
estimation is 5.062 per cent. This result leads us to the conclusion
that the governments in Canada should be fighting uncmployment by
methods which will change the structurc of the labour market. We can
only expect to bring unemployment bclow this level by these methods,
The tools of monetary and fiscal policy are ineffective when &ttempting
to reduce unemployment below about 5 per cent of the work force unless
one Is preparcd to accept excessive inflation. Illowever, this conclusion

cannot be applied dlrectly to the Province of Ontario as its labour

market is, no doubt, bhetter orgianised than thosc of the other proviaces.

Further rescarch will be carricd out on this sector to sce if the
relationship between the unemployment rate and output {s a srable

one, Cthe parcricipation rates ol different Tahonr cronps in b
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work lorce, productivity ratey. aad the mmber of hours worked may
be variables that should be incleded {n the cquations in ordar to

more accurately cxplain unacmplovrent rates 1n Ontario and Uanada,

TESTING OF T MODEL

In order to test the reliability of this model in predicting
economic bchaviour, uc'solvcd the cquations for the cndogenous
variables each quarter to sec if the differences between the
actual and the predicted valucs followed a svstematic pattern.
(If such a pattern emerges, this is evidence that important

variable. have been left out of the equation),

These simulations were carried out using two sets of explanatory
variables. The first set of explanatory variables was the actual
hiStDliCai data, This test enables ys to detect any Lias in vur
estimatced cquation. The second set of simulations used were the
actual historical figures for DM, DG, DMUS, but for quarterly GNP and
the consumer price index, the vaiues generated by the wodel were used.
These simulations allowed us to determine if the model accumulates

its errors in onc direcction to such a degree that the values of the
"level' varfables calculated endogenously diverged considerably

from the actuwal values, Tt is important that the mode]l should not



have this property il we wish o carey ont economic for. casts,

When constructing forceasts of the codovenous vaviables 1or loager
periods than the first guarter bovonrd the sample period, we have to
use the values for the changes in zross natlonal produc: and changes
In the price level produced by the model itself to forvcast the
values of all the endogenous varlablos the following guarter.
Therefore, we want the model te function so that the acenmulation

of errors docs not become a large value in any directicn. [In other
words, this test was mﬁde to reassure us of tﬁe validity of our .,

equation specification (admittedly, in most cases the v2 and DW

values were low: this was partly because difference equations were

used).

Nominal TIncome Equation

Equation (1), which has nominal income as the uependent variable,
shows that changes in Canadian money supply have no immediate effect
but become significant after a lag of one quarter, (The significance
of the coefficients is assessed at the 95 per cent confidence level).
However, the effect of government expendlturcs on.nominal income is

immediate and disappears within half a year,

Changes in fixed capital investment have a very important iaflucnce
on the changes of nominal income, with the cocfficicnts for the

coincidental and one-quarter lag periods being significant at the

95 per cent level of confidenern.



Changes in the United States vooeliry stoek were introduccd with a
scrics of laps and thie signs of thoe cocfficicnts conform very woll.
with the cwpected transmission mechanism, The encbficirnrs for
the lirst and second quarters after the change are negative but

for the third quarter, the sign of the coclificivnt is positive,

but is still very small., For lags of forr to s.ven quarters the
cocfficicats are much larger and remain positive, implying that
U.S. moncy supply has a positive influence after a lag of four

quarters, with the impact persisting for threce quarters longer,

All the explanatory variables in this ecquation arc cxogenous.
Therefore, it is possible to carry out simulations of thn‘first
type, using historical data. Ve estimated the level of nominal
income for cach quarter by adding the sum of all the estimated
changes in nominal income for the quarters preceding that

quarter to nominal income in the base quarter, 1954 first quarter.

The results come out very well; in no period is the difference
between the estimated and actual levels of nominal income very

serious {scec Figure 1).

When we compare the estimated changes in nominal income with actual
changes we get mixed results (sce Figure 2). IFrom 1964 to 19u9 the
cquation cxplains the changes in nominal income very well, However,
from 1954 to 1964 the values for the vquation fluctuate around the
trend of the actual values, but, on scveral occasions, prediction

of turning points is not accurate,
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One explaration of this is s, during the Tiftics, Canada was on

a flexible ~xchanze rave svstom, while in the sixties il was on a
Fixed oxchangs rate svstem, Yo would expect that the rata of
reaction and the timing of nowinal income te chanoies in Canadian
fiscal and monetary policy, and to changes in lnited States monetary

policy, would differ greatly under these two systems,

For this recason, we plan to estimate the equation for the fifties
and sixties separately. This is especially important as we are

once again on a flexible exchange rate, and it may be that a model
which best explains the decade of the fifties will be more suitable
for prediction purposes, now that once again the Canadian dollar

has been allowed to find its own level.

Three-Month Treasury Rill Rate

The simularions which are carried our using rhe actual historical
data for this equation producc estimates which are quite accurate
{see Figure 3). The equation indicates the turning points of the

actual scries very accurately and shows no systematic bias.

It is significant that this ecquation is able to forecast both the
turning point and the level of the treasury bhill rate in the second
and third quartcers of 1970 with a high degree of aceuracy, o period

whien the rate was declining very rapidly.3

31hid



Whon we carey outr simelaticns using acenal valnes of the rate of
change of the consumer price index and estimated values for real
income changes (sce cguation 1}, we find that, from 1964 to tho
present time, the ecquation indicates the turning points accurately,
but the estimates are consistently lower than the actuatl iaterest
rate. The reason for this is the inaccuracy with which our price
cquation c¢stimates the oscillations in the growth of prices., TIn
this case, the result we obtain in the latter simulation is
cvidence of the weakness of the price equation and not of an

inadequacy of the interest rate equation,

The intercst rate equatloh does give us some impdftant ingights
into the timing and adju;tment of the expectations of price
increases, and into the movements of the actual price levels.

If the rate of inflation goes up by 2 per cent, then cxpectations
of future price increases will rise by 1 percentage point within
9 months, with a further adjustment to the full 2 per cent for 24

months of increased inflation,

This lag of expectations of price increcase explain why it is
difficult to arrest inflation once expectations have been formed,
and why we obscerved in 1969 and early 1970, prices rising as
rapidly as bofore the contractionary government policiuvs, even

thouph growth in output had slowed noticvéhly.



Consumer Pric « Changes

[n this cquatlon we Find that the expected rite of change of the
price level is the dominant variable in explaining the rate of
change i the actual price level. Although both the change in
nominal inccme and the gap between the level of actual and potential
output are also included as explanatory variables, only the

coefficient for the gap, legged two quarters, has the correct sign

and is significant.

The estimated values, in a simulation with all explanatory variables
as exogenous varlables, follow the trund of the actual rate of

change of the pricc level quite well, but the quarter to quartey

changes are much less effectively predicted (see Figure &),

However, the cquation is a very simple one, and a more sophisticated

version of this hypothesis is to bec testcd.

Unemployment Rate

Whean we look at the simulations for the rate of uncmployment, we

find that the cstimated values follow the actunl wvalues quite well,
The cxplanatory variables used in this case is the gap between actual
and potential output both vuincidentaily and at lags of one, two,
three and four quarters. Where the gap between acrual and potential
output is estimatced endogenously, we [ind that the crrors cansed by
the price equation make it take on larger values, both negative and

positive, than it should. This in turn causcs the values in the
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simablavion of the unemplove o0 caiation to overshoot the e tual
values when the unemployment rate is falling and to underestimat,

the actnal values whoen the rate of unamplavmentr is rising.

When we carry out the simulations with all explanatory variables as
exogenous variables, we find that the cquation sometimes underestimates
when the unemplovment rate is falling (see Figure 5). This behaviour
is caused by the movements in productivity, number of hours worked,

and participation rates which vary over the business cvele. In

futurn estimations of this equation we will introduce some of thesc

additional variables as explanatory variables.

FORECASTS FOR 1971 AND CONCLUSION

While the simulations with the reduced form model using historical
dats yield results which are ecncouraging, to see how the model bchaves
when used to forecast outside of the sample period, we constructed
estimates of the endogenous variables from 1970 III to 1971 IV based
on two sets of assumed condf{tions. The first set of exogenous (Set I)
variables are based on the ﬁssuﬁption that the governments will
undertake a very expansionary economic policy and that Canada's
exports grow very rapidly. The sceond set of cexogenous variables

(Sct II) arc based upon more moderate and prohably mdre reallstlc
assumptions as to the expansion of both cxports and povernment fiscal

and monctary policy {sec Table 11},

We [ind that cexcept for the price cguation, the model behaves quite

well, A high rate of growth of nominal income of 10,5 for 1971 is
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naot implansible,  Also with vur more moderate asseuptions, the
growth of nominal inconwe ot 3.3 per cent is obtained; this appears

to be quitce reasonable ailso.

We believe that our research has shown that this type of ecenometric

model can be useful for making short-run forecasts. For the provineo
of Ontario, with its relatively limited data base, Canadian forccasts
remain the most reliable source of indicators for measuring the level

of economic activities in Ontario.

Our futurc rescarch will be continuous effort to improve and update
the model but still restricting the model size. The development of
quantitative links betweern the Canadian indicators and the provincial

economic indicators will be attempted.
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