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ABSTRACT 

, " 

This thesfs s~ks to contribute to tH'e theoreti'cal and 
G' 

empirical debate surround1ng five key issues in the demana for money .. 

Thes~ issues are ident'ified as: stability, functional fonn, c~usa1ity'-

----~ ~ynam-ks-and competing theor;lies. 'Each is examined through ~Qe applica­

tion of current econometric methods to Canadiân data.' In addition to 

providing t~fonnation about Can~dian money demand. effor~ are made to " 

ass~ss ,t~,: p.r_~ctical nature of the econometr1c techniques--tlmpleyedô ' 

Cbntributions 1nclude: an assessment of relative sensÙiv!ty /-" ~ 

ofovarious stability tests; a discus~ion of 'st~bi Hty of monetarY~a~grê': / 
. , 

gates wherein â demand shioft in the current acc~ünt componerit' of narrow 
\ 

monei in the mid-1970s ;s fdentified; empiricatand theoret1cal 
/ 

analyses qf the appropriatenes~ of a semflogari th mi c funct10nal fom; 
. Lit' " , 

technJcal i~rove~nt~ in t"{ study of causality for Canada'; dis-" 
\ " 

cU5sion Dand ass~sment of variable" dynamics in the equilibra'ting adjust..:. 
" 

ment procl\ssj and construction of a statistically-optimum and economically- / 

rational priee expectations series. 
, 0" 
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RESUME 

le but de cette thèse est de contribuer au 'debat théorjqu!! 
_ ~- 1-' 

et empirique concernant cinq questions majeures sur la demande de 
',1 

'monnaie. Ces questions sont identifiées comne: la stabilit~, la 

fonne fonctionelle. la causalite, la dynàmique et les theor1es 
~, 

'concurrentes. Chacune est:' exalll,inee en appliquant des méthodès ~cono-, 

\ 

métriques ~ux données canadiennes. En plus de fournir dE"s renseignements , , . 
sur 1a- demande de .monnaie au Canada, des et:forts sont déployés afin 

• l 

d'êva1uer les techniques économétriques utilisées. • 
-It •• ' 

Les contributions se resument à: une évaluation de la sensibilit~ 
1 

re lati ve de di vers te~ ts' de st~bil fté; une di scuss i on de 1 a stabil Hé 

des agrégats monétaires dans lesquels un déplacement dé la demande 
i 

des comptes . .c.ourants. au milieu des années 1970. est iderttifié; 
~J'! - .ç-

des analyses empirique et théorique sur 1 J application de la . 
,1 fonne semi-l~garithm;que; des' amél iorations techniques dans une étude 

de 'causalité canadienne; 1? discussion et l'évalu~tion de la dynamique 

variable dans le processus dl adjustemenf à l léquil ibre; et la èonstruction , -, 

d'une série des qttentes optimales et rat'ionelles sur les prix. 

. . .. . 
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, FOREWORD 

E~oriO+iCS, the interface of statistical methods and 

economf c theOry) has done much in recent de cades to sharpen our foeus 

of the economi c environment. Rapid- advances in computer technology 

and improved data collection have contributed to a world in whieh 
. "' , - 1 

econometrics" as a discipline, has truly blossomed. "Econometrie 

technique, however, does not exist as an end in itself. -Despite the 

fait that the bulk of textbook materiaL9Ft- econometrics, .and one 
t> Q . , 

author estimates at least 80 per cent, 1s devoted exclusively to econometric 

theory, ft is the merging ofCtheory and data which 1s the crucial step .,.. 
-/ 

in what may be tenned the 'econometric approach ' . It is my view that an 
~ /. 

< 

over-emphasis of 1 theory-only' 'and insuffjcient wri tten attention to 
..-

-the problems whi ch actually confront the I1.r~cticing econometrfci an has 

prevailed in the literature. This thesis seeks to survey, develop and 

apply econo~tri c methods in a balanced presentation of theory and 

practice. 

The principal thrust of this study will be to ,address the structural 

relation which exists between real money balances and other predetermined 

variables of the economy. In so dOing, attention will be focused not only 
\ 

on the way in which our perception of the macroeconomy has evolved but . . 

. also "<m how this perception has been misdirected throug/i faulty or in,­

complete econometric analysis. Though this work cannot hope to resolve 

the myriad of problems wh1ch econometricians must f~ce in estimating 

structural relationships. 

/ 

it can point to di rections 
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of estimation can he improved. The Lucas critique of econometric model~~ 

for examp],e, applies to structural equations in general. We ,ar& concemed 

with the estimation of parameters which cannot be 'structural'" if they 

change, as they must, with change~ in policy. Neither can we hope to , 

resolve problems of data quality. Apart from usin~ the "este data that, 

are currently available, little can be done about measurement errors of 
-, 

wh; ch we are unaware. In spite of these and other pervasi ve problems 
/ 

facing econometric research the objective must be to, leam-as much, Qut 

not mor:e, about the economy as current data can tell us. This 'maximization 
/' 

can be approached by means of prudent application of econometric tneory. 

By necessity, the al'\alysJs of the p~sent thesis is partial 

equilibrium in nature. Attempts will be made to, isolate demand f.or money 

functions for Canada and to examine 'them as to questiOns judged ta be of 
."" 

current interest. Although a 'seri6us attempt h~ be~n made ta cover-as 

broad a range of related tapics as possible, a certain subjective narrowing 
. ' 

of focus was necessary for adequate treatment of the chosen issues. Un-

fortunately, and not for their lack of- relevance in a broader economic 

setting, tapies such as: the importance of money demand to the formation 

and strategy of monetary policy, lin'kages between the money market and 

other secters of ~he economy t $ubsti tutab111 ty of monetary assets, and 
" the proper economic definition of money; have been given only sUlTII1ary 

attention. The issues which are considered tg be of 1mmediate concem 

involve stabi lit Y of the demand relation, proper functional and dYl1ami c 

specifications, -the re-révint ~conomic variables and their causal inter­

action, and approPr:"iate estilliation techniques. It is judged that 
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t adequate re.solution ·of thé basic ~uest10f!s 15 necessâry, though not 

suff1c1ent, for consideration of the more cOmplex ones. The latter 

âre relegated to 
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CHAPTER 1 

AN OVERVIEW 

/' ~~' ,t .... ,' 

'" 
\\"" 

Most excursions into the theory of rooney demand begin at a 

familiar starting point. Early theoretical formulations provide the 

anchor and, in some cases, the vehicle for many narratives on this 

topic. This thesis will not attempt to break with that tradition. 

My intention. though u1timately to gain a better understanding of 

the larger economic environment. is specifically aimed at the .; 

resolution of currently-debated issues relating to the de~d for 

mo'ney. A well-defined view of the evolution of monetary theory is 

therefore judged essential to the realization of my 90f11~. , '" 

The present introductory chapter traces the deve l opmen t of 

key issues in conte~orary monetary theory. Since the ancestry of 
1 ~ 

much. of what i s currently debated can be found in early quanti ty and 
~ 

1 iqui dit y-preference theories. Section 1.1 is devoted to theories of 

money up ta, and including, ttrat of Keynes (1936). This first stage 
• 

of development saw the emergence of two fair1y distinct views of the 
"il 

demand for money. The second, or 'synthesis ' , stage brought these 

views closer together in what ;s termed. in S~ction 1.2, the neoclassical 

view. Seçtion 1. 3 provides .ttt:@ background for current debate~ based 

upon transactions and asset views of money demand. One interesting 

dimens ion of the present debate is that the two competing views-share ~ 
li 

a cotmlOn herftage. Relevant cross-currents are i dentified in Section 1. 3. 

C011lllOn to al1 three phases Dt theoretlcal developrœnt 1s h ...... e_~ 

recurrfng dtspute as to the proper ... definition of money. Section 1.4 

descrf6es the background of this dispute. In the next section, the 
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empirfcal studies on 'the demand for IOOnef are surveyed. 
-

Since thi~ 

11tera~ure 1s vast, ft fias &een neeessary to group the important 

studies into five major areas of concern. These are the five areas 

which are jUdged to be of primary interest to demand for IOOney in 

Canada. Each of ttiese areas will be exaJTIined in turn in successive, 

chapters of this thesis. They are: stability, functional form, 

causa 1 i ty, dynami c's and competing theori es. 

1.1 The Forerunners 

Early formul ations of the quantity theory (as seen in the 

works of Bodin, Cantillon, Hume, Ricardo and Mill) established a 

relation between the quantity of money and the demand for conmodities. 

, ~e 20th century saw refinements ta tflis cl~~s;cal vers-fon' in two ' 

specifie dlrecttons. The first, the transactions version, 1s 

associated with Newcamb and Fisher. The second, the cash-balance 

version, is associated with Marshall and Pigou. 

Fisher began fiis analysis with the famil iar exchange identity: 

MV == PT, ( 1.1') 

where M 1s the quantity of money, V is its velocity of circulation, 

P the general price level and T the volume of transactions. Since 

~ume of, transactions \liaS expected to persist in a fixed rel~tion 

ta the val ume of fu 11 emp l oynent output, T was ta ken to be 91 ven. ' 

He viewed V as a variaBle dependent upo,n such fnstitutional factors 
• ~ as the payment naBits of the pu5lfc, the extent of the use of credit 
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and the speedç:.of .transportation and cOl1lllunication -- a11 of which 
, ~ 

could be treated as fixed in the short run. The exchange Jdentity 

was thUs tra~rmed to the quahtity equation: 

MV == PT, (1.2) 

and Fisher (1911, p. 164) concluded, 

"The quantfty theory of money thus rests," ultimately upon 
, tlie fundamental peculiarfty which money alone of al' goods 

possesses -- the fact that it has no definite relation to 
tfte satisfaction of human wants, but only the power to 

, 'purcliase, th; ngs which do have such satisfy; ng power". .. ' 
Though the Fisherian' demand for money can still be found 

in contemporary work (see, for example, Pesek, "1970) il. more fruitful 

line of development came through the work of Marshall and Pigou and 

their realization that money is capable of yielding utility through 

the provision of convenience and security. The Cambridge economists 

were able to formulate a demand theory in microeconomic terms from 

the chof ce-making behav~or of i ndivi du. 1,. The randomn0 ; n t~e 
timing of receipts and expenditures and the possibi l ity of unforeseen 

conti gencies 1 ed to the demand of a specifi c quantity of money. 

to vary proportionately with the volume 

leve1 of money incorne, that is, 

( 1.3) 

1,'". 

where Md ; s tlie quanti ty of money demanded, Y the 1 eve 1 of money 

i ncome. Q an index of the rea l l eve l of output in the econ~my (as 

opposed to T in tfie Fisfierian version witich was a measure of total 
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. . 

transactions including transfers of used goods, intermed1ate goods, 

financial assets, etc:); and K the factor of proportionality. 

In short, the Cambridge theory under the same institutional 

constraints fmposed by Fisher, and equil1brium in the money market, 

yields the same quantity theory conclusion that priee varies in 

direct proportion with the size of the money stock. ,~ts advantage 

over the Fisherian version d1rives partly from its inception in 

microeconomic terms and partly from its greater f1exibility.The 
\ 

most important contribution of the ~ambridge economists was 
, \ 

\ ' undoubtedly the suggestion tnat mone~ derrf.~~ was no d1fferent in 

, princip,le from the demand for any other good. 

, . 

It was, however, no more than a mere suggestion. Hicks (1935, 

p. 21 wrote that Marsh~ll and his fol10wers 

Il •••• ,were aware that money ought to be subjected to 
marginal uti1 ity analysis; b,lJ.t..:t.hey were 50 dominated 
by the classical conception of money as a Iveil' (which 
is valid enough at a 'certain leve1 of approximation) 
that they persisted in, regarding the demand for money as 
a de~nd for the things which money can buy -- 'real 
balances', As a result of this, their invocation of 
marginal utility remained little IOOre than a pious hope!l. 

J 

The real hreak with classical tradition came in Keynes' Treatise 

wftich contained three separate theories of IOOney. Hicks referred 

to tfie first as a glorified quantity theory, the second a Wicksellian 

natural rate tfteory, and the third, jUdged by Hicks to be the most 

important, one of relative preferencepbetween bank deposits and 

securitfes. History was to prov& Hicks rignt for, in the fo11owing 
o 
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year, the General TheorY"was published and Keynesian 'liquidity 

preference 1 was fo~l1y launched. 
, 

, i In the Genera:]· Theory, Keynes outlined three separate motives 
• 1 

1 i 0 _ 

f r the holding of cash. The first was a "transactibns IOOtive" whith 

, 'd scrib1ed the necessity of hOlding cash to bridge the gap between 
, ~) 

ceipts and regu1ar p1anned payments. For the p~nt of unexpected 

bOlls or for the meeting of sudden emergencies, there was to have' 
1-:' . ...-, ~ , 

~isted a sécond motive wbich Keynes termed- "precaution~~II. The 

third, or "speculative motive Il , arase fr~m consideration 0 the 

choice, open to a11 individua1s, of holding money or bonds.- e 

assumed tnat the individual's ffnàncial wealth con~i5ted of either 

all bonds, which he descrfbed as consols yielding a fixed nominal 

sum in perpetuity, or a11· money. The relevant rate of interést was 

therefore a long-run rate of interest. The individual was assumed 

to alter his holdings between money and bonds depending upon the 
\ 
relation between the market rate of interest and his own êxpected 

"rate. Sinee this expected rate wa5 subjectively fonned and allowed 

-

to differ a~ng individuals, a downward-slop,ing aggregate demand,' " 

curve was possi~le. 

rt 1S at this juneture tnat the views of much 'of wnat ; s 

currently deoated in monetary theory seem to diverge. It i5 clear, 
1 

for example,~ that Keynes felt that the asset demand for money had 
if 

tfieoretlcal suBstance a.n~ tnat he sought to deal with ft by means 
, 

of tEte preeautionary mot!~e (see the General Theory, p. 170). 
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This was glossed over' in the neoc1assical restatement of Keynes but 

reborn in a newand dominant rale in subsequent portfolio approaches. . 
Important extensions of the liquidity preference theory came about 

through the relaxation of certain simplifying assumptions. The 

consideration of portfolio diversification as behavior towards risk 

is one such example. The importance of relevant holding 'periods for y"="=; 

money and term structure arguments are others. The Keynes;an 

extension of Cambridge monetary theo~ mightwell be viewed a 

cornerstone in the development of monetary thought. 

1.2 The Neoclassical Syntbesis 
, 
, 

In 1936, Hicks presented a paper at the Oxfor~ meeting of 

the Econometrie Society which was to have an impact, a~ le~st 

pedagogically, rfvalling that of the General Theory itself. The 

contribution was a vehicle of expression, ta become known as ISLM 

analysis, which fncorpQrated the teachings of Keyne~ within a 
, ' 

classical equilibrfum nK/~e1. In this model ~ liquidity-prefere~ce 
schedule 1s merged withl a 'Cambridge-style' quantity equation to 

produce the LM or liquidity-money relation between the market rate 
" of interest and real income. The IS curve is defined as the 

.relationshfp 5etween interest and, real incorne c~nsistent wfth 

~quil t6riuJ in the goods marKet. According ta Hicks and his 

followers, notable among whom were H~nsen, Klein, Modigliani and 

Samuelson, tne essence of thé Général TheOry cauld be reduced ta a 

cOmnent on the. ~nterest elastictties of money demand and investment. 
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The realfzat10n that this was not an adequate re.pr'èsentation 
, 

of Keynes' own view developed slowly. Davidson.C1977. P. 277) wrote\ 

"By the 1950' s. thi s mutant • Keynes i an' ana lys 1 s was" 
sufficiently entrenched in the orthodox macroeconomic 
literature that the few econàmists who were still 1 
fafthfu1 to developfng, Keynes' monetaryanalysfs (as 1 

opposed to t~e Keynesian analysis) ~~gan to warn that . 
wfiat nad 5een propagated as the Keynes;an theory of 1., 
output, emPloyment, inflatio~nd money was aetual1y 1 

a perversion of Keynes' own views about the real world ll
• ' 

.. 
Weintraub (1957) was one of the f1rst among many in the United States 

'to.make this point. He drew attention ta the inflation slip of 

"elassical Keynesian;sm" -. a model totally lnadequate for the 
, 

discussion of inflation. Robinson labelled ft "bastard Keynesianism" 

and berated its timeless equilibrium nature. Leijonhufvud (1968) 

devoted an entire volume to the distinction between Keynesian 

economics and the etonomies of Keynes. Shackle emphasjzed the 

importance of uncertàinty. historieal time and money as the essence 

of Keynes' analysis and noted their conspicueus absence in the ISLM 

treatment. The realization, thou~h slow ta develop, ne~erth~less 

did and Hicks, himself. felt compelled 'to write nearly fort y years , 

a~t~r>publication of his 1936 article 

"I begfn ••• '.with the old ISlH (or SIlL) diagram .... l must 
s~ that that diagram is now much less popular with me 
tnan l tbink it sttll is with many other people. It 
reduces the General Theor,y te (general) equflibrium 
economics; it is not really in tfrœ ll .* 

, 

*From 1Some Questions of rime in Economies ll mimeographed 1975 
and referred tq in Paul Davfdson,UPost-Keynes Monetary Theory and 
Inflation' '." r- lfe.lnt.aU!; ed. (1977]., • 
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. Patink1n (1949) developed, at· the microeconomic level, a 

monetary·theory whicn was not far removed from the classical view 

of the world. He incorporated money as the nth good 1n a Walrasian . ~ 

'general equfl1brium system of n-1 cO/lll1Odities. He argued that the 

demand for real balances, in his simple model, ~as invariant under 
# 

a change in the priee level. He viewed the real balance effect as 

a mechanism through which the economY reacted to changes in the 

, quanti ty of llOney in both the short- and l ong-runs . The essenti al 

difference between the short- and the long-run was that the 10ng­

run outcome of a change in the priee level, exaetly proportional 
l " 

ta the change in money, was arrived at through a series of less­

than proportionate ste~s. Although, at the end of any short run, 

the position attained was 'stable' in the sense that total 

supply equalled total demand, excess supply and demand for 

individuals in the market were not eliminated until long~run 

equl1ibrium was attained. 

As with the Hicksian mode', Patinkin's analysis met with 

considerable opposition. Archibald and Lipsey (1958) attacked it 

on the grounds that the real balance effect 1s a short~run 
c 

disequflibrfum phenomenon and. sinee the neoclassical theory 1s 

everywftere comparative statics, this type of dynamfc meehanism 

dld not belong. Other crltlcisms attacked the rfgidlty and 

narrowness of Patinkin l $ model. Meltzer, for example, demonstrated 

l' 
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o~ interest-bearfng and non-interest~bearin~ssets change -- thus 

changing the net wealth of the system. Gurley and Shaw reinforced 

this point. Nobay and Johnson (1977) labelled Patink.in's analysis 

'lpre_Wi ckse 11 i an Il monetary theory. 

Patinkin's (1965) demand-for-money model 1s interesting for 

its ex-plfcft account of a stochastic payments process. He assumed 
'" 

< 

that cash flows occur w1thin,time periods and that cash management 

decisions are made in the intervals between periods. All transactions 

were carried out in lump sums of m rea1 dollars. Thé costs associated 

with holding cash were assurœd di rectly proportional to the amount 

held. The cost associated with running short of cash was a fixed , . 
- -

charge assessed on1y once per periode Given the possibility of random 

occurrence of N receipts ~JKf1f~nts during an1 period, the 
, :--. '" transactor was faced with the problem,.of optimizing his initia'l'Gash' (j 

pos~ion. If, for example, he began th~ period with m dollars but 

encou~ered two payment trans~ctions in succession then he ~ad to pay 

a penalty. If, on the other ~nd, his f1rit transaction was a receipt 

and was fo11owed by an al ternate suc cess i on of payments and recei pts 
")l"""'" 

he ha~ to forego nn dollars in income, where r 1s the cost per period ' 

of holding a dollar of cash. Dvoretzky' proved in an appendix to 
, 

chapt,er V of Pat1nJdn (1965) that, at any stage of a randomly orderèd 

sequence of N recefpts and N p~nts, the probability that the 

pa.yme.nts will outnUtTiier the receipts by M or, more 1s approximately 
.f' '';':''''' 

equal to exp (-rf J . If initial holdings were mM doll ars then the 

pro61 em cftolce Bec s one of minim1zfng the expected cost of cash 

management: 
" , 
\ 
1 

, , 

\ ' 
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.. . 
where b is the penalty 1ncurred because of a shortage of cash. 

The ffrst-order condftion for a minilOOlll on E 1s: 

m - 2bexp (-~/Nl /(rN}. 

t 
(1:5) 

Transactions and interest.elast1cities may be computed from 

equat10n (1.5). Though P~tinkin's model has passed relatively 

unnoticed in ~e literature, 11s contl'l'ibution 'to the modem-era 

1 cash-flow' variant of the transactions view of money demand has 

. been considerable. 

1.3 Transactions an~ssét Vfews 

The importance of brokerage costs and the payments process 

had already been wel1-e$tab11shed prior to Patinkin's (1965) 
/ " 

account. Hids (l935} recogn1zed the impact of "frictions" and 

. paper-work costs on the equ111brat1ng process of' the .. money marke~ 
Both. 8aumol (l952) and Tobin {l956} built upon this therne in 

deve10ping transactions JlX)dels of the demand for cash. . (? 

The so-called "inventor,Y model" begins at the level of the 

individual transactor. He rece1ves an incorne p~nt once per time 

pertod and spends ft all,dur1ng tbe per10d at a un1form rate. At 

every moment, except at the very last instant in the period between 
f) ", J 

tfie expendtture "of'l,nfs last c~nt and the recefpt of b.is next pay 1 

he will be holding ffnancial assets. The cost of mafntafn)ng his 

- portfol fo wtll Be the SUIn of two components: a brokerage cost 
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. 
assurned to be inversely. proportional to tbe amount of cash held, and 

" 'an apportunity cast assumed ta !Je directly proportional ta cash 

holdings. Minimfzing total costs ~th- respect to cash holdings yields 
" 

the farnilfar ~square-root rule' wnereby the demand for real balances , . 

1s directl! proportional to the squarè-root of brokerage costs and 

real fncome and fnversely proportiona~ ta t,\e square-ro'ot of the 

rate of interest. 

The BaulllOl mode 1 abstracts fram' the question of choosing· a 
, 

representative 1nterest rate by considering only one alternative 

6 fnt~rest-bearfng asset. later transactions theori~ts would claim 

that the representative rate is the rate on that asset which is MOst 

closely subst1tutable with money. Its maturity is sometimes referred 

ta as the relevànt holding-period of money. While MOst transactions 

theorists would accept that there e~ist many possible interest-bearing 

substftutes for money a~d that the holding-period relevant for one J 
CJ 

period'may not be that which is relevant fôr the next', explicit 

account of the term st~ucture as an explana~ory variable i~ usually - ~ 

associated wit~ the portfolio view o~ the demand for mon~. ~. \ 

The Baumol model does nct guaranteé homogeneity of degree one 

C in priees. It"will be so oh1y as long as brokerage costs:'increase in 

step witn tne implfeit prfe~ index f~r transactions. Ta the extent 
" 

that .structural change; cause relative priee movements;-hQ~ever. 
! -,~ 

homogeneity of degree one will not nold. Technological changes such 

as tft.e fncreased use of computers or institutional changes such as 
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increased .competitiveness of the Ilanking system are examples of 

sui tab 1 e structura 1 changes. 

Despite the richness of the inventory model in emphasiz1ng 

- the importance of cash flow and cos~s assoCîa~e~ with investing 

idle funds, 'its dgidity in transactions and interest elastic1ties 

is often cited as a disturbing feature. Ml1ler and Orr (1966), for . 
exaq>le, suggest that the problem with the Baumol model lies 

- speciffcally in its assumptions regarding cash flow. While the 
- / 

familiar 'saw_ tooth' repres_èntatiOri pf the operating-cash balance 

.' may be accurate for the household sector where incorne earners 
~ ~ _J" 1 

frequently rece1ve payments at regular intervals, such 15 not' the 
- . 

case for the 'business sector. The Miller-Orr madel assumes a 

random-walk cash flow pattern in which cash flow 1s constrained " .. 
within upper and lower bounds. _ In this formulation, 1t is shown 

that an important determinant of the demand for cash is the variance c 

of cash flow. Depending upon whether an increase in cash 

floW'-var1ance is brought about by an increase in the frequency of 

transactions or by an increase in the real value of transactions, 

the tr~nsactions el asticity can be shawn ta lie in the range 

from 1/3 to 2/3. This IOOdel consolidates the 1umpy portfolio 

adjustment co st feature of Baumol with the stochastic flow concept 

of Patinkin to produce a model more amena~e to the explanat10n of 

ftusi.ness cash ma,nagement tnan tfie e~rly inventory model s. 

Responding, perfiaps, partially to a desire to explain , . 
portfolio diversification and partially to the c1aim of transactions .. 
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/ 
< 

theorists t'hat the speculative motive was inadequate, as an 
... ~"" 

explanatioh of money demand in the presence of an asset which' 
.' ' . ~ 
dom1nates IIx:mey, Tobin (1968) developed a more sophi$ticated' version 

of li qui dit Y preference. He viewed the 1 i qui di ty preference of an 

individual 'as oeing domfnated by behavior towards risk. Through 

indifference curve analysis he showed how portfol io diversification 

could be viewed as util ft y ma)(fm1zing behavior for risk-averse 

ind1viduals. The portfolio-selectior.'t theory fnitiated by Tobin was 

found to f1t comfortably within thé Keynesian framework. It relied 

essentially upon a priee adjustment mechanism. An injection of cash 

into the oanfdng system by the I1lOnetary authorlty t for example, would 

be e~pected to oe felt imœdiately by short-tenn rates and, eventually, 
-

through a chain of portfol io substitutions, a11 a long the tenn 

structure. The increase in bank reserves would be expected to 

reinforce, througn the making of loans at more favourable tenns and 

tnrough a greater demand Tor securities, the decline in yields on a11 

financial assets. Wi"th the supply priee of" and the expected yield 

from, new real capital remaining virtuall~ unchanged the por,tfolio 

,. positions of h.ouseholds and firms would be o~t of equllibrium. 

The direction of adjustment would naturally be toward those assets 

wfi.:ich. ftave becorne relatively more valuable; namely, real capital. 

Frie.dman and the' Chicago scflool' adopt a portfol io approach 

ln developing quîte a dtfferent view of the econontY. Here the 

empnasls ls placed upon a quantity ratfier than a priee adjustment. 

At any glven pot~t tn.time, an indfvidua1's wealth 1s in many ferms, 

, . 
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1ncluding financial assets, consumer durables and non-durables t and 
4" ... 

humantand non-human·capital. There 1s sorne preferred position in 

which these various quantities stand in re-lation ta one another. 

With an injectfon of cash which causes the level of real balances 

ta be in exeess of desired real bala,~cest agents will b~ working 

simultaneously to re-establish preferred positions. The eombined 
" <l!<1 - • 

effeet 1s inereased demand for consumer gaods and physieal capital. 

Subsequent priee inflation will restore real balances ta their 

desi red level. 

Friedman (1956) restated the quant1ty theary of money as' a 

. theory of the demand for money. Eacn wealth-owning unit was assumed 

ta dtvide fifs wea l t.h so as to maximize ut111 ty. Friedman grouped 

the numerous fonns of wea 1 th tnto fiv~ eategori es: r 1) money, M, 

recognfzed as the generally acceptable means of payment at a fixed 

,(6minal value; 2) bonds, B~ or c1aims ta time streams of n~m;nal 

incarne; 3} equities. S, or claims to stated pro-rata 'shares of 

, returns of enterprises; 4} phys i ca l goods, G;. and 5) 'human capi ta l , 

H. The demand for money was written:-

( 1.6) 

with rB tf\e rate on Bonds, li the ratio of non-human ta human weal th J . 
y nominal income, and u standing for a11 other variables wh; ch 

mtght affect tas tes and preferences. Friedman assumed ~omogeneity of 

degree one in pri ces and nominal incarne and rewrote (1. 6) in tenns 
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1 
of velocity, or Y/M. The Vf!loc{ty of money became a function of 

oth.er. variables. Its stability over time 15 often taken to be 

fun d amen ta l to the monetarist position. 

1.4 What i s Money? 

To address the definition of moÏ1ey only now, after a survey 

of. seventy years of demand for money literature, may strike ,the ~ 

reader as a peculiar ordering of prioffties. It is, in fact, 

èonsistent with the manner ln which monetary thought has evolved. 

For mu ch of the 'c1assical' era preceding Keynes, the concept or 
• 1 

money as a lubrlcant to trade was one which dominated theory. 

Though neither Fisher nor Marshall held constant-velocity views' 
1 

of the monetary system, the general th.rust of both theories upheld 

the classical neutrality of money. The Keynesian era added a new 
.-

. ~nsion to the economic perception of money. It became recognized 
\ 

tnat money was useful not only as a medi um of exchange, but al sa as 

a store of value. 

In addition to the new dimensionality of money as yie1ding 

uti1ity, the Keynes'hn era saw the introduction of a new mechanism 

, lin king the monetary and real sectors. Though ft is u~ually 
1 

assocf~ted with Pigou as a reaction against Keynesian theory, 

the wealth effect IS also~ found in the General Theory. If,! 

the slmple Keynesfan model with a horizontal LM curve lor a vertical 

rs curvel any shift ta the right in LM brought about by a fa11 in 

prtces ts not effective in rafsfng demand. The fall in priees, 
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or interest rates as the case may be, will, however, have a positive 

impact upon wealttl "and consequently upon demand for goods and services. 

Bath the price-induced and the 1nterest-induced wealth effects can 

be found in the General Theory (pp. 92-94). 

The suggested relevance of .money to the real economy 

thrust the issue of its definition ta the farefront of the monetary 

debate. 'The conventional view at the time was that money must act 
, 

simultaneausly as an asset ta its holder and as a liability ta its 

issuer. This suggested that money had no Inet l existence and hence was 

of no 'real ' importance. An increase in fiat or 'autside' money, 

for example, is an increase in the indebtedness of the Government. 

Gurley and Shaw contend that a non-zero net, weal th effect is 

possi151e from an ,'ssue of 'inside' money. Inside money is defined 

as
l 

being governrœnt debt Cfiat rooney) issued in payment for government 

,purchases of private securities. The increase in government debt 

1s backed by increased indebtedness of the private sector to 

Government. The value of this construction might be questioned 

on the grounds that households must ultimately perceive that they 
, 

own the businesses whose indebtedness has been increased. This, 

however, may be carrying an abstract argument to its extreme. Pesek 

and Sav;ng (1967) defend the opposite extreme in defining wealth 

as oeing any commodity that yields a positive incorne to the owner 

and no negative income to the non-owner. They stand apart from 

tne matnstream in their belîef that al1 forms of money, whether 
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fiat money, demand deposits, or travellers' cheques, represent 

moneta ry wea l th . 
" 

The definition of money wh; ch woul d be relevant for transactions 

demand is a narrow one. Money is thought of as being primarily 

a medium of excliange and hence necessarily highly 1j~id. For the 

asset demand for money the definitional lines are less clear.1Y drawn ,-'\.' 

and the cnofce has become one of empirical preference. Since demand' 
, 

functions for the oroader aggregates norma'ly exhibit greater 

stability, these are generally favoured by ~he,moneotarist school. 

Laidler (1980), for example. argues that since currency plus demand 

deposits (Ml) is more susceptible to shifts arising from newly-

invented instruments than any of the broader aggregates and since 

financial innovation ;s difficult to forecast, then a broader 

aggregate ;s preferable to Ml for policy-making as well as empirical 

• analys i s. 

WHh respect te the4flstitutional environment of the United 
", 

States, evolving definitions of money are especially relevant. The 

Federal Reserve Board, for example, has recent1y (February 7, 1980) 

implemented flew definitions for the monetary aggregates. The 

redefinitions were, neeessary to account, for the emergence of new 

deposit instruments. They had threatened ta make existing 
t 

aggregates obsolete as ;ntennediate targets for monetary policy. 

Broaddus (19781 9iV~ a detailed account of the historieal 

. deve.lopment of the atltomati c transfer servi ce (ATS). afforded by . 

the commercial Banks. In June 1972, state-chartere-d mutual 

~ 

\ 

, , 

l , 



I
--~-- ----~----.,------------._-------. --.. --'-----. '.- ,---

~_ ...... ~ ~~ ... ~ ~. .. ....... """' .. Il'"""'~_~ ... 1·'4~:o'II~,~{'Vo .. ~"<'f..,.. ........ ...,.,"ft:l:3f ..... -t""_""" __ .<~t.._ ~ ~ ~_ :..~ .. _____ -....-...... """'_ ...... _~ ........... __ .. _. ___ ~,..~'~ 
, 

1 

! 

1 
f 
f , 

f 
} 
\ 

1 , 

( 
\ 

(. 

\ 18 

savings banks in Massachusetts Began offering negatiable arders of 

wi thdrawa 1 (NOW) , accounts fol 1 ow1ng a favourable ru] ing OfJJthe 

Massachusetts Supreme Court. NOW, accounts are effectively interest-, 
bearing chequ1ng accounts. By January 1974 ~lthis abi11 ty as 

extended by federal legislation to a11 depository institutions. 
- / 1 

In -April 1975 ~ comœrcf al banks were àuthori Zjd ta transfer funds 

from savings to chequing accounts upon rece;Pi of a depositor's 

telephone cal1. As of November 1, 1978, Iœnb r banks of the "­

Federal Reserve System were allowed to transf r funds from a 

depos1tor's savings accaunt ta his chequ;ng a count automatically 

su6ject ta certain prearranged conditions. e ATS accounts enable 

the depositor ta earn interest on funds which otherwise would be 

I:teld in ch~quing accounts. The argument 1s ma e that since cheque's 

may be written against balances held in ATS ac ounts then they 

should be included in Ml. the aggreg~te which . s genera1ly ta ken 

te represent the economY 1 s medi um of exchange. Any trans fer of 

funds from demand depos i ts to ATS depos its wi 1 reduce Ml without 

any consequent reduction in money. Also. on n institutiona1 level. 

sfnce requi red reserves for ATS accounts are 1 ss th an that for 

demand deposits such a transfer will increase xcess reserves in the 

system and may operate agaînst the authority's wishes for restraint. 

Repurchase agreements (RPs 1. al though ot new to the fi nanc1 al 

system. na-ve grown raptdly tn tne 19.70s. Secu ities are sol d wfth 

tEte accompanytng agreement tnat the seller wH" repurchase them at 
, , 

a later date. A typical RI> transaction may take place when a 
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corporate customer of a comnercial bank has funç\s. say $1 mi11ion, 

which wi 1 1 not be needed for a day or more. He may earn interest 

at or near the federal funds rate ,in the interim by purchasing 

a government security from his bank. The..bank will simu1taneously 1 , i 

agree ta repurchase the security at a specified future date. Since 
1 

the ma~urities' of the RPs are frequently so short that cheques may 
1 , 

be written on t\em, they,too çould be included as a component of ,-

the medium of e>lchange. This instrument, in fact, allows demand 
\ \ 

deposits to be m~cn large, during the day when business is being 
1 

conducted than at\ the close of the day -when the demand deposits are 

recorded for purposes of re~e.rve accounting. 

The Canadian experience of the 1970s, though similar to that 
, 

of the U.S., is not as well docuJœnted. Thfs is perhaps due to the 

fact that the Canadian banks operate under 1ess forma 1 regulatory 

control'. TRe emergence of new .:Vnstruments in Canada often appear 

fn response to competiti ve pressures and are not necessari 1y 

" accompani ed by federa 1 1 egi 5 1 ati on. $uch a phenomenon occurred in 

early 1972 when the major chartered banks began offering their 

corporate customers cash management servi ces. These servi ces, 

though different across banks, in general allowed the automatic 

transfer of funds and consolidation of balances in different 

account~. They gave to corporate clients the options of: 

11 earning tnterest on the;r current accounts (CAs}, 
'fI* 

2l" the automatic transfer of funds in ex cess of a pre-speci fi ed 

Balance- inta certifièates of depos"it (CDs). or 
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3) the automatic p~down of loans in multiples of $10,000 ta $25,000 

for funds in exce$S of sorne maxlmum des i red balance. 

The resu1t of fncreasèd cash manageJœnt effidency has been a shar:p 

reduction in tne demand for CAs, and consequently for Ml. Financial 

innovation in the 1970s has been a cause for concern of monetary 

authorities in both Canada and the United States. 

1. 5 Empi ri ca l Studi es 

Early empi ri ca 1 work on the demand for money was undertaken 

in an effort to validate certain precepts of Keynesian theory. The 

notion of a speculative motive for holding money enFouraged the 

o movement of research activity in the 19~Os and 1940s toward empirica1 
. , 

investigation. Two pioneering litudies by Brown (1939) and Tobin 

(1947) launched a body of literature on the relevance of int~rest 

rates to the dedMnd for money. The evfdence supported the theory 

well as to the importance of an int.erest rate variable. Since then 

a voluminous empirical literature on the rriany facets of money 

demand has been generated. The present section attempts ta bunmar;ze 

that literature bY grouping the imp~rtant studies under five subject 

headings. Ttiese headings are considered to be the issues most 

relevant to the demand for money in Canada for the time periad under 

study. Each will be examlned in turn in a subsequent cllapter of 

thfs thesis. 

The question of stabil Uy of moner demand l'las been one of 

survtving 1nterest intne monetary debate. Laidler (197]) frames, 
.. 
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the familiar monetarist-Keynesian dispute n terms of the relative 

stability of money demand and expenditure functions. Boorman (1972} 

has called the stability of demand, to her with the capacity of 

the monetary authQrity to influence th ,relevant money aggregate, 

"necessary conditions for the' success ul implementation of monetary 

policy". Though both Teigen (1964) d Meltzer (1963) we,re able 

to isolate stable demand for money . lations, the ftrst ser10us 

attempt at determlning relativ~ sta ility of narrow and broad money 

appeared in laidler (1966a). He f voured the broad aggregate. This 

has been the consensus of most U .. studies to date IGoldfeld (1976), 

Enzler, Johnson and Paulus (1976l, and Porte~ Maukopf and Simpson 

(1979)]. Studfes which found stabilfty for both broad and narrow 

aggregates lnclude Weintraub and Hosek (1970) and Khan (1914). 

Recent success in isolating staDle functions for both broad and 

narrow money has been reported in Heller and Khan (1979) and Cargill 

and Meyer (1979}. The Canadian data seem to support the relative 

stabilfty of narrow'money. Clinton (1973), Foot (1$77), Poloz (1979) 

and Cameron (1979) all report that Ml is more stable while only 

Rausser and laumas (1976) ho1d the opposite view. For France, 

Melitz (1976) reports that broad money has a relatively st~ble 

demand function. For the United ·Kingdom, Ha-cche (1974) supports a 

narrow aggregate. 

rhe second question for emptrical investigation concerns 

the cnoice of appropriate funct10nal form. The early ~rical 

work of Brown (1939) spectfied the demand for idle money as a 

l' 1_ 
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1 inear function of the rate of interest, the change in the rate of 

interest and the change in the leve1 of priees. Bronfenbrenner 

and Mayer were early proponents of a logari\th~îc functional form. 

Indecision as to whether linear Dr logar1thmic 1s the more appropr1ate 

fom has been reg;stered in E'isne.r (1963) and Chow'(1966). Mixed 

functional forms have broadened the field considerably. latané 

(1954), for example, tried a demand equation linear in incorne 

and reciprocal in interes't- rates, Konstas and Khouja (1969) 

used a similar form with an interest rate floor to explore the existence 

of a liquid1ty trap. Cagan (1956) hypothesized that the demand for 
, ' 

money is se~ilogarithmic with the level of anticipated inflation 
\ 

explaining th logarithm of real balances. A more recent varia~t 

of the semilogar'thmic forro appeared ln Hacche (1974). This equation 

is linear ln the 1 tere~t rate and logarithmic in all other variables. 
\ 

\ It has gained contemporary acceptance in Klein (1974), White (1976) 
\ 

and Cameron (1979). 

',;,~ Box, and Cox (1964) developed a statistical technique for 

estimating the power transformation which best suits the data. 

Suc~ a procedure has been applied ta the demand for money in several 

studies. Zarembka (19681 pioneered this work and found that the 

logarithmtc fonnulatton 1s more /appropriate than the 1 inear for ,the 

dem~nd for money. Furthermore, he found that this result 1s not 
, 

sensitiye ta model sp~ciftcation. White (19721 used the Box and 
.. 

Cox transformation in}a re-examination of tfie liquidity trap . 
• 

Spitzer (19761 tried a generalized Box-Cox function and Spitzer (1977) 
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\ 
) ci 

constructed a simultaneous equation model of demand ~nd supply using " 

the generalized forms. Mills (1978} gave evidenee fr?m the U.K. 

econoll\Y that the demand for narrow money (as modelled by eonventional 

specifications) is nct sensitive to choice of functional forin. 
, 

The third tapie of interest e'oncerns eausality. Sims (1972a) , 

using post-war U.S. data. found that he could reject the exogeneity 

"of GNP affeeting money but that he (tould not reject the exogeneity 

of,moneY,affecting GNP. He eoncluded that one should not estimate 

money demand relàtions which treat GNP as an exogenous explanatory 

variable. Pierce (1974) perfonned cross-correlation analyses on 

four components of the money supply. two in'terest rates, bank 

reserves and retail sales and eoncluded that predictions of money 

supply can be only marginally improved. if at all, by ineluding 
. '" -as explanatory variables past, present and future va1ues'of any 

series other than rooney supply itself. Barth and Bennett (1974) 

could not support Sims 1 finding of unidireetion~" causality from 

" money to GNP for Canada. They, in fact, reported unidireetiona1 

causality in the opposite direction when an index of industria1 

production was used as a scale variable. Williams, Goodhart and 

Gowland (1976) emphasized the complexi ty of the causal pattern 
\ 

when priees and exchange ra.te policy are taken into consideration. 

Sargent and Wallace {1973} investigated tlie direction of causa1ity 

between money and priees and could not reject unidirectional 

causality from money to priees. In a multivariafe analys;s, Mehra 

(1978) could not rejeet the Sims result as long as nominal variables 
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were used. When rea 1 ha 1 ances were regressed upon rea l' incarne and 
\ 

nominal interest rate~, however, he could not reject that proper 

causal1ty flowed from right to 1eft. In an important refutation 

of Barth and Sennett, Auerbach and Rutner (1978) 111ustrated ~~e 
- \ 

damaging effects of improper fi1tering techniques. Putnam ~nd 

Wilford (1978) rationalized the differentcausal patterns of 

the U.S. and U.K. economies ()n the basis of different exchange rate 

regimes. Mills and Wood (1978) supported thiS hypothesis. HsiaQ 

(1979) performed a bivari~te causality test for Canad1an money 

and inc?me. His technique employed the Aka~ke final prediction 

error criterion for choosing the apprapriate 1a9 length in the Sims 
. , 

, , , , 
~ framework. He reported bidirectional causa1i~y between Ml and GNP 

" 1 , 

and unidirectional c~usality from GNP to M2. 

The fourth area of conce",rn dea1s with th~ issue of dynamics. 

The discussion -begins wfth the partial adjustment model sinee ft' 

1s the dynamic specification which has predominated\he e~rly 
, . \ 

empi ri ca lu work. Chow (1966) appears ta have been the -N rs t w1 th 

a theoretical description of the geometrically deClini~g lag 
,--------v J 

structure for meney demande He fèlt that the disNAeiion between \1 

( 

snort-run and long-run demands for money was too sharply drawn. 

Snort-run demand for" money· was bel ieved to be dominated by a 

'transactions' moUve wtth empfiasis on current incorne and the 

l ong- runrJ demand for IOOney w~s ne 1 'teved to bé governed by an 1 a-ssets • 

motive, wit~ the empMs1s on pennanent incorne.' Chow designed a 
" " 

partial adjustment 1JIOdel whicn captured both th.e short- and 10n9-

, 
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.' 

runs and used ft ta empirically detennine the relative importance of 

pennanent versus cùrrent incorne. While Chow1s approach served as a 
< • 

good descripti on of the mode 1, a more ttleory-ori ented derivati on 

appeared in Feige (1967). He isolated two different theoretical 

justifications for the use of a stock-adjustment model. The first, . 
due to Cagan, dealt w;th 1 adaptive 1 expectations and the second 

, 

1nvolved costs of adjustment. A thorough examination of -this and 

other partial a~justment mod'els was given by Griliches (1967). 

Applications of the partial adjustment-adaptive'expectations 

demand 'for money model have appear~d in many sj:udies. The1r 

estfmates of the speeds at which various economi es adjust toward 

their long-run demand curves have covered a wide range of possibilities. 

De Leeuw (1967), for example, estimated unrealistically long lags of 

adjustment for the U.S'. economy. "(his conflicted wth results from 

Feige (1967) and Starleaf (1970) which suggested t~at of the two 

effects -- expectational and _partial adjllStrnent --1 the expectional 
- - -;' . 

lag is the dominant one. Furthermore, when permanent incorne was 
, «l • r> ..2. .. -

~ used as the i ncorne cons tra 1 nt, there was found to be no 1 ag of 

adjustment for the U.S. economy. A similar dfvèrsity has appeared 

in Canadian studies. Clinton (1973) estimated that the mean lag 
" 

from Hl between the first quarter of 1955 and the - fourth quarter of 
- , 

1970 (1955 l - 1970 IV), varied from 2.7, wh en the rate on 90-day finance /~~, 

company paper eRgol 'was used as the lnterest variable, to 7.3 quarters 

when the over-10-year Government of Canada bond rate was used. The 
Q 

mean 1 ag for broader money (Ml plus personal savfngs pl us non-personal 

1 

1 

/. 
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~" 

tenn and noti ce depos i ts} was found to vary from 7.5 to 22 ."8quarters . 

Vi llaneuva and >Arya (1975), using permanent 'income, found complete 
, 

adjustrœnt within one quarter for Doth. broad and narrow aggregates. 

The period of the study was 19581 to 1971 I. A.l ... Khuri and Hsouli 

(1975) estimated ~an 1ags whic~ varied from 2.3 ta 2.5 quarters ' 

for Ml and from 6.7 ta 10.1 quarters for M2 using Canadi an data 

for the period 1960 1 to 1970 IV. 

Much of the work considered thus far has been based upon 

the adjustment in the reallocation of the existing portfol io. A 

second possibil ity for adjustment lS through the real1ocation of the 

fi ow of savfngs. When the des i red 1 e.ve 1 of an asset di ffers from i ts .,. ./ 

actual 1 evel this divergence can be dissipated either by ahan"ging 

the 1evels of al1 existing assets or 0,r re.directing the flow of 

savings toward or away from thl$ asset. Brainard and Tobin (1968), 

by explicitly considering cross-adjustment effects between assets 

in the adjustment process, were among the first ta model this typ~_ 

of behavior. Modigl(anf (1972) and Friedman (1977) a1so emphasized 

the importance of the reallocation of savings. White (l977) 

consfdered this effect under moderate inflation. Santomero and 

Seater {J978} appealed to search behavior as an explanation of the 

presence of adjustment. Bri11emburg (19791 reformulated the partial 

adjust!pent undér conditions of unce_taf~t~. 

AlthougfL tnetartial adjustment model has prevaîled in the 
1 

,moner demand 1 iterature other dynamic specifications have Been used. 

Wht,te 09761 and Cameron (19791. used Almon distril5uted 1ags on 
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incorne and interest variables in Canadian demand for money equations. 

Liebennan (19781 used the SI)i11er tecfmique in estimat1ng money 

demand for the U.S. economy. Cargil1 and Meyer (1979} consider, 

withîn tne context of variable parameter regresston, the possibil ity 

tnat the parameters of money dernand have evo1ved through time. 

The fifth area of research centres upon the debate between 

transactions and asset thearists. While tftis deflate has not easily 

lent ftself ta empirica1 investigation, it is possible to isolate 

at least thr~e sa1ient points on whicn the two views faïl ta converge. 

The first involves choice of the scale variable, the second regards 

the relevance of the term structure, and the third conéerns the role 
\ 

of exp~ctations. 

As has al ready been noted, the transactions approach to 

money demand focuses on incarne as the scale variable while the 

asset approach uses long-rut:! variables such as permanent incarne 
'" 

Or wealth. As an eitherJor proposition the empirical resu1ts are 

inconclusive. Brunner and Meltzer (1963) using. annual U.S. data 

for 1910-4Q and 1951-58 found that the demand for Ml is more stable 

when constrained Dy wea1 th rather than either measured or permanènt 

income. On the basis of coefficients of, determination, R2s, for 

regre.ssions performed over various subsamples from 1892-1960 using 

annual U.S. data, Laidler (1966} concluded"that permanent income 

1S a better explanatory variable tnan either fncome or non-numan 

wealth. His evtdence came, however, primarily from a broader 
• 

deffnition of money and Was less dectsfve with regard to Ml. Meltzer 

-~ ~ ... - .... ----~. ,,- , 
..... _--._- ~ -_. 
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(1963) noted that, witn both rea1 incorne and real wealth as 

exp1anatory variables for Ml, the wealth variable entered with an 
\ ~ 

elasticity of-O.97 and a t-statistic of 9.5 and the income elasticity 

positive but not significantly different from zero~ Due ta the 

possible col1inearity of incorne and wealth, however, this do es not 

c0!lstitute a convincing rejection of the transactions argument. 

Studies using this same approach have, in fact~~ come to opposite 

conclusions. Bronfenbrenner and Mayer (1960) using annual data fram 

1919 ta 1956 show significance for real GNP and insignificance for 

rea1 wea1th. Heller (1965) using quar~er1y data frorn 1947 ta 1958 

also reported'a significant incorne e1asticity and an insignificant 

wea1th ~lastlcity. Modigliani, Rasche and Cooper (1970) tri~d the 

value of stock transactions in the demand for money and found it 
\ 

to have the expected positive sign but not significantly dif~erent 

from zero. Alchian and Klein {1973} included~the Standard and Poorls 

500 Comman Stock Price Index dfvided by the GNP ·deflator. The 

corresponding coefficient was significant1y different from zero and 

equa 1 to .0369. 

The problem of near-collinearity between incorne and wea1th 
J 

variable~ has effectively been avoided fn~several eross-sectional 

studies. The bulk of these studies show joint determination of the 

dernand for money Dy 60tH incorne and wealth. Lee (19641 using the 
,/ 

19~7-58 U.S. Survey of Consumer FJnances showed signiftcant 

coeffictents of 1.27 and 0.39 on incorne and net worth respectively. 
-

Nieuwen5urg (1969} u~fng the 1960 huteh Savings Survey reported a 
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current account incorne e1asticity of .42 and a current account net 

worth e1asticity of .Q4. Both estimates were signiftcant1y different 

'from zero. Pe~erson (1975} uSing the 1960-62 U.S. Survey of Consumer 

Finances supported tfle findings of Lee. In an equation with current' 

income, the estimated income and wea1th e1asticities were 0.98 and 

0.11, respectively. Witfl permanent incorne, they were 1.47 and .09. 

As a check on the credibility of these cross-sectional estimates we 

may compare them with the wealth e1asticities as computed in Thomson, 

Pierce and Parry (1975). Th~ defined wealth as the sum of currency 

plus Prlvately-held deposits plus Treasury bill holdings plus other 

asset holdings 1ess loans to the banking system. They then estfmated 

a montflly money market model for the U.S. for the period 1960:1 

through 1968:6. A dollar increase in wealth was estimated to resu1t 

in a $.03 increase in desired currency holdings and $.16 increase 

in demand deposit holdings. Although Lee's estimates are high in 
) . L' , 

comPar; son, bottVNi euwenburg and-'Peterson compare favourab ly wi th 

t/ese tirne series results. The results of these studies are 
../ 

sunvnarlzed in Table 1. / 

In reference to the second point of differentiation, r 

Believe tnat the transactlon approach leans more towards the use 

of a single representative rate, as determined by tne 'appropriate 

ho1ding perfod, than tfle asset approadi. Goldfeld (1973, 1976}, 
, 

for example. constders many single interest rate demand models. 

The asset view, as theoretical1y demonstrated in Friedman (l977), 

15 quite explicit aBout tHe relevance of the term structure. 
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TABLE 1.1: INCH AND WEALTH ElASTICITIES IH l'HE DEMAHD FOR NARRmI Jok)NEY 

" , 
Dependent Wealth lncome Wealth 

Stud:t. Data Period Vari.bl~ Vartab 1~ ____ Ha_st1dty E1astictty 

Me1tzer (1963, p. 232) U.S. Annua1 1900-58 Ml Rea 1 non-human 0.13 0.97 
Wea1th (1.4) (9.5) 

Bronfenbrenner and M.yer, U.S. Annual 1919-56 Ml Goldsmith Total*** 0.34 0.12 
(1960. p. 817) . Wealth (1956) (4.0) (1.3) 

Heller (1965, p. 301') U.S. 1947-58 Ml -Goldsmith Total 0.82 -0.21 
Quarter1y Wealth (1962) minus (3.3) (-0.9) 

èhow (1966. p. 119) 
gov't assets 

U.~. Annual 1897-1958 Ml Total private assets 0.39 0.64 

Goldfe1d (1973, p. 614) 
(ex. war Yri.) (3.6) (5.6) 

U.S. 1961-72 Ml Het Worth 0.60· 0.11* 
Qu.arter1y (..,5 model ~ 

9. 39 ri Lee (1964. p. 154) U.S. Survey 1957-58 Cheguing Het Worth ex. 1.27** 
(cross-section) 0 depos1ts real estate) 

Nieuwenburg (1969. Outch Survey 1960 Current Net Worth Cinc1. 0.42 0.04 
p. 262) (cross-section) accounts real estate) (11.0) (19.6) 

Peterson (1975. pp. 84-5) U.S. Survey 1960-62 ' Chequfng Total non-DIOnetary , 0.98 0.11 
(cross-section ) de pos fts assets oncl. govt. (8.4) (S.7) 

and corp. bonds) 

* These are steady-state coefficients. The short-run income coefficient had a t-stat1stic of 3.8 and the 
short:'run weal th coefficient a. t-stat1stfc of 1.4. . 

,,,- t-values are hot avaflable. Both are sfgn1ffcant at the 1 per cent level-. 
*** The principal difference between GoldslIIith Total Wealth and Goldsmith Net Worth 15 that Net Worth contains 

equfty assets and Total Wealth does not (see Heltzer, 1963, p. 228). 
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In Heller and Khan (1979J, the s1ope. intercept and curyature of a 

quadratic tenn structure are estimated oyer time and entered as 

explanatory yaria~les in the demand for money, They reported- a 

stable function. 

On the issue of expectations, the dividing line between 

transactions and asset views fs less clear1y drawn. Clower and 

Howitt (1978), for example, would .daim the relevance of èxpectat10ns 

'" ta the transactions demand for money. Go1 dfeld (1976), on the other 

hand, stated liOn a strict transactions view of the demand for money, 

a variable measuring anticipated inflation seems to have no place,", 

A unanimous view in favour of the relevance of expectations is held 

by tne Chicago school. The failure of early empirica1 evidence te 

~upport the relevance of expectations. however, caused them a degree 

of concerna In, 1963, Friedman and Schwartz were moved to conment 

"Fallure has marked every attempt we know of ta find a 
systematic relation between the quantity of money demanded 
ln tne United States and either the current rate of change 
in COlllOOdity priees or a weighted average of past rates of 
change in priees. taken as an estimate of the rate of 
change expected to prevail in the future". 

Cagan (l956) established'price expectations as an i~ortant variable 

in tne demand for money for seven Ilyperinfl ati ons. Thi s l ed to 

th.e hypothesls tfiat agents respond to pricEl. expectations in setting 

their demand for money only ,f inflation 15 very high. This 

'threshold effect' argument lS formally considered in Barro (1970). 

What made titis hypothesis questionable, however, was the observation 

tftat expectations were also 'tnoperatfve at very high rates of 
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,inflation. All studies -of the German hyperinflation iritluding 

Cagan (1956), Barro (1970), Evans (1978), Frenke1 (1978), Garber 

(1976). and Sargent (1977) were. forced to ignore data in the final 

mo!1ths of 1923. Duri'ng these JTxmths, rea1.money balances moved 

(contrary ta accepted theory) positively with inflation. Caganls 

exp1anation that rumours of impending monetary reform had a 

dampening effect on priee expectations during these months 15 

tested and supported in Flood and Garber (1980). 

Recent exceptions to the empirical fai1ure observed by 

Friedman and Schwartz have 6een Shapiro (1973) for the U.S., 

Smith and Winder (1971) for Canada, and Val enti ne (1977) for 

Aus tra 1 i a. The ; nabil i ty of any one s tudy to make a defi ni te 

statement is due ta the nature of expectations -- they are not 

directly observable. Empirical results are highly depehdent upon 

the process by which expectations are assumed to,be generated. 

* * * * * 

Chapter 2 of this thesis considers the empirica1 question 

of stability of demand for money in Canada between,1955 and 1977. 
. ~ 

The chapter begins with a description of the econometric ;tests 

to be used and a Monte Carlo examination of their reliahility. 

Havtng established the properties of the tests, the chapter proceeds 

with a staoi1ity analysis of demand for two different aggregates. 

The results of the analysis are then discussed w~hi~ the context 

of the cnanging instituti'onal frameworK of the Canadf an financial 

system. 
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Chapter 3 considers tne choiee of appropriate functional form. 

It begins with a theoretical description of the Box and Cox procedure. 

The procedure in îts simplest form is then applîed to a demand for 

narrow money formulation. Subsequent relaxation of constraints within 

the simple model allows for tne testing of mixed functiona1 foms 

and of mixed functional forms witn errors autoregressive of order 

one. The final section of this chapter d'fscusses the theoretica) 

implications of the semilogarithmfc form. Alternative fonms ,are , 
compared on cath theoretical and empirical levels. 

Chapter 4 extends and improves upon our knowledge of causality 

in the Canadian economY. The emphasfs of this chapter is upon 

tech.nical fmprovement. It begins with a review of the pub1ished 

lfterature. Six basic flaws in the methodology of previous causality 

studfes are isolated. Through their systematic e1imination from the 

methodo10gy described in Chapter 4, 1t is hoped that the empirical 

resu1 ts produced will give an accurate assessment of causal i ty for 

Canadian money demand. 

Chapter 5 examines the dynamics (jf money demand in Canada. 

----;U consi sts of four main s~,ct1ons. The fi rst discusses the -Koyck 

distributed 1a9 and considers associated theoretical problems. The 

second examines the Alll]On é1Ùtributed 1a9. The' third deals wi th 

error structures in 'the partfal adjus~t-adapt1ve expectations 

model. The fourth examines the ml,ism of the Koyck constraint 

to equalttY' of the response pattern of money ta all arguments of the 

system, and tests emp1r1cally the hypothesis that the adjustment 
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, 
of demand for real balances in Canada has changed over time. 

• 
Chapter 6 focuses on empirical issues which appear to 

differentiate transactions and asset views of money demand. In 

particular. two rather unrelated issues are chosen. The first 

deals wi th the observation of instabi 1 i ty in the demand for Ml 

in the mid-1970s and its apparent causes. ,Transaction-style 
1 

models for the components of narrow money are designed and est-imated 

in an effort to isolaté the appa~nt demand shift. the second 

issue concerns the fonnation of expectations and their relevance 

to money demand. The expectations literature is surveyed and a 

series ~f 'economically rational' expectations is constructed. 

In addition. a partial adjustment model of the demand for money 
\ 

is cteveloped in which alternative expectations hypotheses may be 

tested. The results are reported with the intention of improvillg 

upon the existing knowledge of money demand in Canada. 

\ -

~ - ~ 
---""---..::....::."-"~..,-..... '-~~~---"~ --- -_t ______ , -- :, --

......... ~ ~ .-<~ "~",,r~~ 
'" -'" -- ....... ~jOo .. -



I-,,----·~ ~-~- "~=--.-.----_-.-_ ----=--=~~,~~" --. -----·-_-~·-~~-_,,,,..,.-=_~-_.-_-,~_--_-.r---t 

1 

1 
r 
f 

\ 
i 

CHAPTER 2 

STABILITY 

Relative constancy of regression parameters over time has 

been a key issue in the evaluation of economic theory. The demand 

for money is one topic which has recei~ed wide attention. 

Unfortunately, ~riere remains an unsett11ng lack of consistency in 

the studies that have been conducted in this area. Not only has there 

failed to èmerge a general consensus ,as to'the relative stab11ity of 

the various money aggregates, techniques employed in assess1ng 

stability have ~ad methodological weaknesses. The/conventiona'. 

approach has been to propose a plausible single-equation model, to 

choose a reference time period which encloses a potent;al breakpoint,~ 

and ta test for constancy of the regression coefficients overo the two 

sub-periods before and after the assumed breakpoint. Fortunately, 
J 

techniques have been developed which do not require advance knowledge 

of the position in time of the structural shift. Three 5uch techniques 

wi 11 be des cri bed in t,hi s chapter and exami ned for sens fti vit y 
6 

ta different fonns of change. Two of the three techniques, the 

cumulative sum of recursive residuals (CUSUM), and the cumulative/sum 

of. squares of recursive residuals (CSQ) tests, are developed in Brown, 
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* Durbin and' Evans (1975). The th; rd, deve l oped by Ri dde 11 (1978), 

is a computationa1 simplification of the Chow test for structural 

change app1ied at each observation point from k+l to T-k-l, where k 

iS the number of explanatory variables and T is the number of 

observations for each variable. 

In Section ?l, 1 describe each test in tum.. Then in 2.2, 

1 apply each in Monte Carlo simulations of various forms of structural 

, ! change and assess the relative mer1ts of the tests. In the following 

two s,ections respectively, 1 describe and ana~yse the stabi1ity of 

conventional money demand models for Canada. In 2.5, 1 reexamine 

the stability of both broad and narrow money relationships using cubic 

splines. My conclusions are: 1) the CSQ test is the most powerful 

of the three tests in the detection of coefficient, error variance 

shi ft; 2) the Stepwise Chow test ;s mos~ powerful in the detection 

of pure coefficient shift; 3) instabil1ty is observed at var10us 

points in time for both broad and narrow aggregates but the narrow 

a9gregate exh1bi-ts greater long-run stability; and 4}. local insta­

bilities emerge at points of knawn legal or institutiona1 change. 
",-. 

\ 

2.1 Description of Tests " 

Consider the linear model: 

* These -tests'are embodied in TUiVAR, a computer program f/ 

obtained fram the Centra] Statistical Office, London, England . 
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t = 1, ••• ,T; 

where xi is a ,1 by k vector of non-stochastic explanatory vari ables, 

f\ 15 a k by 1 coefficient vector and Ut is a random error tenn 

nonna11y and independent1y distributed with zero ~ean and variance 

0/ Lhenceforth NID(Opt2V. The hypothesis of constancy over tille, 

ca11 it HO' 1s t~at Bt and 0t are invariant with respect ta t 
"-, 

and equal to Band o. Letting x~ = ~1' x2, .0 •• ~ ,xJ and 

y~ = [YI t Y2' ... '. iJ", the least squares estimate jB based 

upon the' fi rs t r observati ons i s 9i ven by; ~ 

'. br = (X~ xrr1 X~ Yr " 

The T-k 'recursive residu.a1~ are defined: 

wr = (Y r - X~ br_1»)S for r = k+l, k+2, ••• , T; 

(2.1) 

Under HO' the wr are NIO(Q,cr2) and their cumulative sums normalized 

by the estimated standard deviatlon, ô , are written: 

r 
Wr = (1/e) E w. • 

k+l J 

,Wr are approximate1y nonna1 variableswith meaYls, variances and 

covar; ances. g1ven by: 

• 
'\ E(Wr ) 11 0,, V(Wr ) = r-k , an'd COV(Wr,Ws ) = MIN(r,s}-k 
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If, however, the at are constant up to a point t but differ fram 

then on: 

E(Wr ) = 0 for r = k+l, " •.• , t; but 

E(Wr ) "1 0 for' r = t+l, ••• , ·T. 

The cumulative SUBI of recursive residuals (CUSUM) test is designed 
c 

ta detect sign1ficant departures of Wr from 1ts mean-value line. 

The cumulati ve sums of squares of recurs 1 ve res; duals 

norma li zed by the es timated error variance are written: 

r T 
S = (E w

J
.2}/(f Wj~) for r = k+l,. .•. , T. 

. r k+l k+l 

If T-k 1s even there are ~(T-k)-l independent observations in the' , 

set {S) == {Sk+2' Sk+4' ... , ST_2}; wh~reas, if T-k 'is, o.dd {sI 

has\~(T-k) .. (3/2) elements. fs1 can be shown to be an ordered 

sample drawn from the unifonn (0,1) distribution. The stat1stics: 

c+ = MAX(Sk+2j .. j/mL and 
, 1 

. , 

l 

c· = MAX(j/DJI 
- Sk+2j), for j = 1,2 •••• , m-l and m :0 ~(T-k), . ' 

are distributed as Pykels (ï959) modifled KollOOgorov-Smimov 

statistic. the sign1f1cance values of which have been tabulated. 
+ -AltemativelYt C and C are the maximum positive and negative '\ 

deviations of the elements of {S) from the1 r hypothet1cal nean-value 

line. GiVen that the maximum posi ti ve and negat; ve devia~ons 
~ . 
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of the whole set of Sr from' their mean-value line are close enough 

" + - . . approximations to C and C , they can be compared with the tabulated 

distribution to test for significant departure frolD constancy. 
\ 

This is known as the cusum of squares or CSQ test.! -

If i t is Imown that a 1 inear regression model obeys two 
~ 1 

distinct regimes ~nd that i ts change point occurs at point -t , the 

sampl~ can be split into two subsamples of t+ 'p-re-shift and T-t" 

post-shift observations.- The conventional Chow test consists of 

comparing the statistic: 

with an F distribution having k/and T-2k deg~es ,of freèdom, where 
• 0 ~ 

..0 \ /-.~ 

S 1s the residual Still of squares (RSS) taken fram the 1 inear" \ • 

- regression on the full sample, SI is the RSS taken from the 1 inear 

regression "on the first t observations and 52. the RSS taken from 

the 1ast T-t observations. Riddell (1978) developed: a computation-

al1y simple technique for perfonning this test at each of the 

potential breakpo1nts from k+l to T-k-l. SI can be shawn to be 

equal to the cumulative sum of squares of the forward recursfve 

residuals frOID k+l to t , and 52 to .the cumulative sum! 9f squares 

of the backward recursive residuals from T-k-l te t +1. The 
, 

series of Ft ( t) for t+ =; k+l, '... t T-k-1 c~n b~ comppted fram . 

one set of forwar,d and one set of backward recursive 19reSSiOns 

instead of the 3+2(T-2k) OLS regressions previously required. 

This will be referred to as the Stepw1se Chow test. 

'k. 
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Unfortunately, doubt as to the merits of a11 three tests 

has been registered in the 1 iterature, Johnson and Bagshaw (1974), 
/ 

for example:. found that the CUSUM tests are not robust ta departure 

from independence in the error tenn. Garbade (1977) applied CUSUM, 

CSQ, and variab]e parameter (VPR) tests in Monte Carlo simulations 

Of parametric instability and found that both the CUSUM and CSQ 

tests were less powerful than VPR. The CUSUM test was judged 

"qui te weak". Brown, Ourbin and Evans (1975) stress that the CSQ 

statistics should be thought of as "yardsticks against which to 

assess the observed sample path rather than provid'ing fonnal tf!Sts 

of significance." The inherent problem with the Stepwise Chow test 

. 1s that for i t to be exact at each point in time change must take 

place nowhere else in the~. F2{t+) is only distributed as F 

when t coïncides with the. true \reakPoint. Riddell (1978) 

illustrates two ways in which inappropriate inferences as to the 

timing of structural shocks call be made from the ·Stepwise Chow 

test. He shows how a point at whi ch structural change actually 

occurs can go undetected and how points at which n~change DCCUrs 

can be- identified as 'significant breakpoints. 

2.2 Shock Simulations and Comparative Reliability 

Stochastic simulations of different fonns of structural 

change were introduœd to the' model: 

\ 
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" '~ 
is a randomly generated -N(O ,i) error' tenn. * The data consis ted 

of 87 observations and each experiment was replicated 10 tiœs. 

Eigh t different shocks were tried: 1) di screte ch'ange in aO a t 

midsample (trials 1 - 6 of Table 2.1); 2) discrete change inJo 

early in sample (trials 7 - 11); 3) discrete change in /301ate' 

in sample (trials 12 - 16); 4) gradual chan~e in t30"at midsample 

(trials 17 - 21); 5) discrete change in ri at midsample (tria1s 

22 - 2.6); 6) discrete change in 0
2 early 1n sample (trials, 27 -

31); 7) dlscrete change in both 130 and ci (trial 32); discrete 

change in 130 with autoregressive errors (trials 33 -,44). The 

incidence of rejection of the null hYP9thesis is recorded in 

Table 2.1. 

The results from the CUSUM tests are shown in the first 

and second colurms of Table 2.1. When structural shift occurs in 

the coefficients of the underlying model wi th no change in the 

error variance, the CUSUM test 1s fairly sensitive to it. Its 

sensitivity increases with the magnitude 'of the shift. There fs 

no appreciable difference in the power of the test according to 

the time location of the shift, although the test performed on 

data arranged chronologically does better for late sample changes 
\ 

*The mode 1 i s based' upon a l ogari.thmi c demand for money 
model. The variables Xl and X2 are fnterest and fncarne series, 

, respectfvely.\ The data are described in Section 2.3. 
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. 
TABLE 2.1:." INCIDENCE OF REJECTION OF HULL HYPOTHESIS OF, STABILITY 

AT ,THE 90 PER CENT LEVEl FOR THREE STABILITY TESTS 
UNDER VARIOUS FORMS OF STRUCTUML SHIFT 

~ '. 
" 

L 

Re~ection Incidence for 10 Replications 
DES CRI PT! ON OF 
STRUCTURAL SH 1 FT 

,cusOR ~SQ Step. 
Back. For. Bac. For. Chow ~ 

1 No change 0 1 2 0 0 

, 
2 20 per cent d1screte 

change in Ba at '< 
. mi dsample* 2 3 2 2 1 

3 40 per cent 5 5 5 3 8 
4 60 per cent ,2 6 10 2 10 
5 80 per cent 8 7 la 9 la 
6 100 per cent 10 8 10 10 10 

"? 

7 - 20 per cent d1screte 
change in Ba early in 
sample ' 3- 1 3 0 2 

8 ~o per cent 4 8 5 a 7 
9 60 per cent 9 la la 4 10 

10 80 per cent 10 10 . 10 3 la 
11 100 per cent 10 la 10 5 10 

- ' ", 

---12 20 per cent discrete ~---

change in Ba late in ~ ----;:::-- \ -~-

sample, ~-l-- 2 1 1 a 
13 40 per cen t --~ 3 4 "1 5 0 
14 60 per cent 6 6 5 9 3 
15 '\.. 80 per cent 5 la 8 10 9 
16 100 per cent 6 10 la 10 9 

~, 

• *1his -represepts a change of roughly 0.6 standard errQr.!S-~ 
of es t1 mate. 
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( 
, , 

DESCRIPTION OF 
T'RIAL STRUCTURAL SHIFt 

,It 

17 20 per cen t gradua l 
change in 80 at mi d-

l 2 1 0 0 sample ' 
18 40 per cent 2 4 2 1 3 
19 60 per cent , 9 8 4 8 10 
20 80 per cent 8 9 7 6 10 
21 100 per cent 10 10 lQ 10 10 

• ( , 
, 
1 

22 10 per cent change in .' --
: 0 2 at midsample ( 1 1 4 3 .. 0 
) 
i 23 20 per cent 0 1 2 3 0 
< 24 30 per cent 0 2 5 4 0 ! 25 40 per cent 0 1 10 " 10 0 
f 26 50 per cent 0 3 10 '10 0 ! 
i 0 ~ "-

l, 
27 10 per cent change 111 

1 
0 2 early in sample 1 0 1 1 0 

28 20 per cent 0 1 5 5 0 
i 29 30 per cent 0 1 7 6 o . 
! 

f 30 40 per cent 0 0 4 .6 0 
, 1 31 50 per cent 0 3 9 8 0 , 

1 , 

32 10 per cent ctlange in 
SQ and 40 percent change 
in 0'2 at midsample 1 3 10 8 ·1 

33 No change wi th ,AR( 1) in 
error (RHO = .2) • 2 1 2 0 0 

1 
1 
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i' 
~ DESCRIPTION OF 
" ~ TRIAL STRUCTURAl SH 1 FT 
t 
t 
§ 

34 20 per cent change 'j 

\ in eo wi th AR( 1) in 
error (RHO = .2) 3 3 5 1 1 

35 40 per cent 4 4 5 2 7 
36 60 per cent 3 6 9 4 10 
37 BO per cent 9 7 9 9 10 
38 100 per cent la 8 la la la 

'1 
t 

39 No change with AR(l) 
in errer (RHO = .8) 7 7 7 7 8 

1 , 40 20 per cent change 

! Cf in 60 with AR(l} in , err.or (RHO = .8) 9 6 7 6 2 1 t 1 41 '- 40 per cent 6 6 8 6 5 

1 1 
42 ~-'60 per cent 9 8 7 6 5 
43 80 per certt 7 ~I 8 9 9 
44 100 per cent ' 9 8 9 ' 8 
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than that perfo\"lœd on data arranged reverse-chronologically (trials 

12 - 16). Furthennore, it seems not to matter whether the change 

is discrete or gradual; i.e., whether abrupt at one point in time 

or spread out evenly over five observations on either side of that 

point. 

The poor perfonnance of the CUSUM test in detecting changes 

in error variance (trials 22 - 32) is entirely expected. Since the 

presence of heteroscedasticity affects not the unbiasedness but 

rather the minimum variance prope'rty of least-sq~~res es ti ma tors " 

it is not surprising that such a phenollEnon is not reflected in the 

, llEan of the cumulative sum of recursive residuals. When the 

independence assumption is relaxed; i.e. with an error autoregressive 

of order one whose autoregressive coefficient (RHO) is equal to 

0.8, the CUSUM test beco~s highly unreli~ble (trials 39 - 44). 

For moderately autoregressive schemes, however, with RHO equal to 

0.2 (trials 33 - 38), the power of the test is not adversely 

affected. 

Resul t~ of Monte Carlo tri al s of the CSQ tests appear in ~he 

third and fourth colurms of Table 2.1. These tests respond to 

coefficient changes, either discrete or gradual, and to changes 

in the error variance. The sensitivity to heteroscedas't!ic error 
r 

. is easily explained since I: Wj 
2 can be shown to be equivalent 

j=k+l 

toJ;baJ"esidual sum 'of squares taken from a linear regression 

based upon the first r observations. Trial '32 illustrates the 
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g~ater rel iabil i ty of th.e CSQ test for one combinat1on of 

coefficient and variance change. 

The general insensitivity of the fo~ard test ta early sample , 

change and the backward test to late sample change is demonstrated 

in trials 7 - 16. Like the CUSUM test, the CSQ test becarres 

highly unreliable in the presence of autoregressive errer. For weak 

AR( 1) processes of the sort' that would go undetected by conventional 

means (tri al s 33 - 38), the tes ts are unaffected, however. 

Column 5 records the results o~ the Stepwise Chow test. 

H perfonns well in detecting coefficient 'change. It appears more 
- -' ,,~ 

powerful than the CUSUM test for discre change and most powerful, / 

of the three for gradual change -- no matte where in the ~ samplel 

period the change occurs. Complete insensitivi ~o ,Change in 

the error variance is demonstra~d by trials 22 - 2~is is 

---be expected. The Chow test 1s designed to pi ck up charges in the 

coefficient vector ànd nothing else. lts robustness ta heteroscedastic '. 

error, is, in fact, a pasi the attribute. Just as wi th the other 

two tests, its poWer suffers badly in "the presence of autocorrelation. 

In ranking the three tests for the purposes of this study, 

the CSQ test is judged DJ?re versatile than th~, other two because 

of its ability to p;C~1 up Changes in ri as well as in B. Of the 

two tests for coefficient change, the Stepwise Chow test comes out 

ahead in being more powerful and computational1y simpler. These 
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resu1ts a1so illustrate how a conbination of tests can provide 

a clearer picture of the underlying ,structure than any one of the 

tests talcen alone. Such is the technique that will be appl ied 

to convefl'ti ona 1 demand for money mode 1 s for Canada. 

2. 3 The Da ta and Mode 1 5 

The data are quarterly and seasonally adjusted. They 

consist of: currency plus oemand depo,sits (Ml) j currency plus 

privately-held deposits (M2C); the rate on 90-day finance 

compa~y, paper (R90); the rate on 90-day swapped deposits (RSWAP); 
\ \ 

the Mele'ad, Young~ Weir average of ten provincial bond yields (RPROV); 

gross domestic 'product (GDP) j gross national expenditure (SNE); 
, 
"-

and the GNE imp1icH priee deflator (PGNEl,. 

A eonventiana1 demand for money model which has received 

wide acceptance is the partial adjustment model of Cl inton (1973). 

The demand for money balances, Md, depends upon a constant. rea1 

incarne, Y; a representative rate of interest, R; the pri~ level, 

P; and a random errer tenn u: 

(2.'2) 

As ful~,adjUstment of aetual money stock, Mt' to the desired money 

-. 
stock is assumed ta take more than one quarter, an adjustment 

rnechanism is required. It is specified as: 

(2.3) 

\ - ----'----
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where 9 ;s an adjustment coefficient. Substituting (2.2). into 

(2.3) ànd taking natural logarithms yields demand equation A: 

where lower-case symbols denote the natural logarithms of the initial 

variables defined above. 

Two alternative models which allow for a different dynamfc 

structure have also been considered. The first. model B, explains 
• f 

the demand for real Ml balances by Almon distribùted lags on 
• 

incorne and two interest rate variables: 

-(B) 

The scale variable, Yt , is assumed to impose a faste,r constraint 

upon the demand for real money balances than the fnte,rest rate 

variables. The delayed response of market participants to 

changing interest rates 1s allowed to be non-linear through cho;ce 

of a second arder Almon polynomial. A linear polynomial is chosen 

for the income variable. 

The second. model C-,,-explains the demand for real M2C by 

current income and a distributed lag on R90: 

{ C) 

1 
1 

1 
\, 
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The error tenns Ut~ vt and wt are assumed throughout to be nonnal1y 

distributed whi-te' noise r~mdom variates. 

r ~ . , . 
Problems affecting the cho1ce of specif1cat10n and proper 

variables for the demand for money are nu~rous and have been 

* dhcussed at length elsewhere in the literature. Several problems 

are particularly relevant to the present analysis. The issue of 

s1multaneous equation b1as affecting estimation 1n single-equation 

models 1s one example. Recent studies generally concur, ho~ver" 

that simultaneity 1s not of suff1t1ent magnitude to warrant the 

** use of systems estimation methods. Data deficiencies should 

also be noted. The disrupting effects of,mai) strikés in the 

seçond quarter of 1974 and the fourth quarter of 1915 are examples. 
/' 

The actual money supply figures during these periods are inflated by 

unusually long delays in the clearing of cheques. Suitable 

corrections have been applied to the money aggregates for mail-strike 
1 

*** 
float. A second data problem 1nvalvks the measurement of 

*~ee, for example, laidler (1977). 

**ThJ CSQ tests can be used in conjunct1on with s,ystems "' 
estimation methods (Poloz, 1979). Goldfeld (1976, p.702) and Laidler 
{1977, p.1l]} -suggest. however, that simultaneity has not been, -
a~ least historicélly. of over-riding concem. -

***The procedure involves estimat1ng models A, Band C with 
strike dUlllTlY variables, Dl and O2• In oodel A, to prevent the 

impact of Dl and O2 from having a gradual run-off aver time, the· 

tenns 963 Olt - (1-g}a.3 0lt_l + 9(34 DZt.~ (1-9)64 D2t~1 are 
incl uded. Cséé G ory and MacK1nnon', (198017. The estimates are 

d'then subtracted from the relevant aggregates ta preserve the models 
in a fonn compatible 'ith the stability tests descr1bed in Section 2.2. 
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opportunity cast. For the broader aggregate. an 'own rate' 

adjustJœnt is applied to the interest rate. The rate is "adjusted 

by a we;ghted average of the rates on the co~ponents of M2C. Wh; le 

it is true that Ml, too, has an implicit own rate (below~cost 

services on demand deposits. for example) it is assumed constant 
, * 

and i gnored here for 1 ack of data. 

Estimates fpr all three models for the full sample and 

various subsamples have been recorded in Table 2.2. The R90-GNE 

conbination was found ta perfonn better than other combinations in 

mbdel A for both IOOney aggregates. The' long rate. RPROV, performs 

.,aèlequately for the full sample period with Ml and M2C but fails 

to explain the variation in either aggregate over the shorter 

subperiods. GOP perfonns as wall' as GNE for the full period with the ... 
narrow aggregate for the shorter period but does not explain M2C 

for 1968 II to 1977 IV. Both R90 and RPROV enter significantly 

in model B. rheoretical justification for such a specification 

, involves the argument that term structure plays a rale in the 

detennination of money demand Lsee Friedman (1977)]. Mode l C 

is similar to the broad money equation analysed in Cameron (1979) 

except that the real incarne tenn enters contemporaneously instead 

of with a distributed lag of 'four to six quarters. Unfortunately, 

this equation shares with that of Cameron the undesiraD~e feature 

*Startz (1979) effers several empirical rœasures of the 
,i mp li cit rate on demand depos its. , 
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of high residual autocorrelation. A fi ~st-order autoregress ive 

'correction with RHO equal ta 0.9 was necessary to raise the D.W. 
, 

to a level of 1.72. 

(J l, 

TABLE' 2.2: MONEY PEMAND ESTIMATES 

Est1mated 
Pep. Long-Run Elast1citie$~ . Adj. 

Model Per10d . Variable GNE GDP R90 kSWAp R~ROV Coeff • .ill 
A 561I-77IV Ml .79 -.29 .2037 .0114 

~ 

A 011 Ml .81 -.30 .3334 .0133 

A 1/ Ml .81 -.30 .1711 .0119 

A Il Ml .82 -.35 .2358 .0140 

A .. M2C 1.29 -.20 .1019 .0113 

'A .. M2C 
.. 

1.29 -.23 .0855 .0117 
" 

A 6811-77IV Ml .81 -.43 .1016 .0106 
, , 

A .. Ml .74 -.55 • 106]'! .0106 

A Il 

M2C /' ~ .38 -.03 .409t .0119 

B .. Y .68 -.015 -.044 .0124 

e2I 1-77I~ Ml 
, 

B .68 -.016 -.042 .0113 

C 68II-77IV M2C .49 - .13 .0129 
'" 

* All short run elasticities for equat10ns reported here are 
s1gn1f1cant at the 95 oer cent level. The long run e1asticities 
for models B and C are sums of lag wei9hts. 
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. 
2.4 . Stabflity Analysls 

For the purposes of s tab i 11 ty ana lys 1 s It IOOde 1 A requ1 res 

a further transfonnat1on. ft is seen from equation (2.1) that if 
( 

X contains a stochast1c variable then the W will not bé normally \ r ! - , ' 

distributed. The validity of the CUSUM and CSQ tests, however, requ1res 

nonnality of the recursive residuals. Dufour (1979) suggested 

a method of deal1ng witJ:1 this problem. He noted that if the 

parameter 9 of model A were known then the term (l-g){mt-Cpt-l) 

could be subtracted from both sides of the 'equat1on. J ln practice, 
. _ - , J 

9 is not known but a consistent estimate of it, say '9'. may be 
~-

obtained through applicat10n of ordinary least squares (OLS). 

The version of A which will be analysed here 1s of the form: 

Table 2.3 records the incidence ,of rejection ~f HO for the 

three mode 1 s for vari ous t1 me peri ods. 11.'e genera 1 pi cture seems 

to be that stabl1 fty can be rejected for: .both broad and narrow 

money. ,With Ml, sign1.ficant, instability 1s 'observed on1y by the 

Stepwise Chow test. All three tests· de te ct instability in M2C. 

As to the point in time of structural change these tests "are 
1nconclusive. 

o 

For the 1956 - 70 s~sample. a per10d c~arable to that 

of Cl in ton (1973) It the hypothes1s of stabil1ty .fs re-jected by the 

Stepw1 se Chow test for Ml and by the CUSUM and CSQ tes ts for M2C. 
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CHART 2. 1! lONG-RUN INCOME ELASTICITIES FOR M2C AND Ml 
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One. implication of this f1nd1ng 1s that the 1nstability in Ml 1s 

different in nature from that in M2C. The M2C shi ft seems to 

arise in the error variance as well as in the coefficients. The 

stronger parametric fnstabil ity of M2C is" further supported by 

Chart 2.1. This figure plots long run elasticities for M2C and 

Ml. These elasticities are calculated over tillE fram 1957 II to 

1977 IV; with each successive pOint arrived at by application of 

OLS to a sample beginning in 1956 II and augnented by one observation. 

Strong instabil ity in the incorne el as~ic1 ty of M2C coincYdes wi th 

the 1967 Bant< Act revisions. Expansion of new savings instrumen~s 

as a result of removal of interest rate ceilings is one possible . 
cause ~ The moverren t ; n ta tenn depos its wh; ch res u 1 ~~ appears 

not to have affected the Ml incorne elasti ci ty. The behavior 

of the M2C elastic!ty indicatès an initial over-re~ction followed 

by a decline and, s~abi11zation at a higher level. These results 

are in accordance with Clfnton1s finding that demand for the 

braader aggregates 1s unstable relative ta that for Ml, and that 

this instability arises, at least in part, from a changed legal 

structure .. There 1s, however, no confirmation of Cl inton 's 

find1ng of abrupt change correspond1ng to the moverœnt from 

floating ta fi xed rates in 1962. 

1 

A simi 1 ar si tuation i S observed in the full samp 1 et 1965 to 

1977. The Stepwise Chow test rejects stability for both narrow 
~ 

and broad aggregates. The CUSUM and CSQ"tests., however. do not. 

The apparent inconsistency of this result w1 th that 01' the 1956 - 70 
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subsample might be explained by the high degree of autocorrelation 

evident in the full sample, M2C equation. 

The desirability of M2C as an asset was further enhanced 

in the first two quarters of 1972 by a sudden rise in tenn deposit 

rates. Bank, loans were expanding rapidly at thi~ time and, due 

to the law 1 iquidity in the banking' sys~m, the banks bid strongly 

for tenu deposits. Chart 2.1 shows a peak in the ,M2C fncorœ 

elastidty at precisely this time. The Winnipeg Agreerœnt of June 

1972, whi ch limi ted rates of interest offered on deposits of 

$100,000 or more fo~ less-than-a-year maturities to a maximum 

5~ per cent, relOOved instability in the market and appears t&>have 

reestablished the 1012-' incarne elast1c1ty at its former: 'level. 

For the period 1962 ta 1977 in model 8 and for 1968 ta 

1977 in models Band C, no instability 15 detected for either 

aggregate. 'The post-1968 finding of stabil ity in Ml by the~) 
CUSUM and CSQ tests, however, is called into doubt by a systematic 

string of negative residuals from model B following 1976 1. Ta 

investigate this f1nding, a shift te"" (which was constrained ta 

zero prior ta 1976 1 t increased transi tionally through ta 1977 

III and held constant thereafter) was introduced ta model B. This 
, fi _ 

shift was foûild ta be significantly different from zero and ta 

,represent a decl ine of roughly 6.7 per cent in. Ml. 

Coincident with th1s downward shift in Ml was a period of 
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rapid improvements· in the techniques av~ilpble to corporations 

for the management of transactions balances. Active competition 

on the part of chartered banks in offering cash management plans 
"-

to their corporate customers resul ted in a reduced demand for 

current accounts. When real current accounts (CA) are regressed on 

distributed lags of GNE ,and RSWAP tbe sàme ~hi ft variable that 

"'- was introduced to model B shows signifi canee wi th a coefficient 

roughly twi ce jas 1 arge. 'Since current accounts make up approxiliiately 

\ one"half of Ml. this 'supports the hypothesü that the Ml shift 

predomfnated in the CA component. This hypothesis will be 

examined further in Chapter 6. 

• The fa;l ure of the Stepwise Chow test to detect the 1976 

o shift in Ml is explained by its late occurrence, in thesample. 

As def1ned above, the Stepwi se Chow tes t checks for ins tabil i ty 

at every point from k+l to T-k-l. In the present sample. T-k-1 

corresponds ta 1976 II. The fai 1 ure of the CSQ test, however, 
1 

i s 1 ess eas i ly exp 1 ained. 1 f the answer i s that the CSQ tes t checks 

for a different and broader hypothesis of constancy and 50 is 
~ . 

less sensitive to pure coefficient change than the Chow test, then 

it would be instructive to determine empirically its relative 

sensitiv1ty. Very often, in a forecasting context. large. 

Prèdict10n errors are encountered due to late-sample ;tructural . . 
change. It 1s useful, therefore, t09be aware of the degree of 

\ 
resolution which each test affords~ 

1 
l' 1 
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TABLE 2;4~ INCIDENCE Of RE~ECTION Of HULL HYPQTHESlS OF STABILITY 
FOR MODEL lB) SUBJECTED TO SHOCKS OF VARYING DEGREES 

% decrease % of increase 
. in constant in error CUSUM CUSUM CSQ CSQ 

tenn variance Forward Backward Forward Backward 

6.7 0 
"'-

20.0 0 

S.a o -
30.0 0 ** *** 
35.0 0 ** *** 
6.7 6.7 

20.0 10.0 * 
/ 

25.0 25.0 " ~'-.._/ * 
30.0 30.0 *'Ir *** 
35.0 35.0 *'Ir *** 

LEGEND: *. sign1ficance at the 80 per cent level 
** sfgn1ffcance at the 90 per c~nt level 

*** s1gn1f1cance at the 95 per cent level 

. -

D.W. 

2.08 

2.05 

2.11 

1.86 

1.74 

2.09 

2.08 
~j' 

.. 2.14 

1.89 

1.78 1 
1 
l-
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The results of subjecting the constant term of model B to 
/ 

gradual shifts of varying degrees and applying the three tests 

are shown in Table 2.4. It is seen that f~pu-re coefficient 

shock alone, a c!ecrease in the constant tenn of 30 per cent 

is required before a rejection of the null hypothesis is indicated 

by ei ther the CUSUM or the CSQ test. When this constant tenn 

shock is combined'with an equal shock to the error variance, the CSQ 

test 1s more sensitive and picks up the change at 20 per cent. 

The CUSUM test iS j as expected, unaffected. In other words, 

for the 1976 Ml shift to have been detected by 1977 IV wi th ei ther 

the CUSUM or CSQ test t 1t would have had to have been fram three to 

four times greater than 6.7 per cent. This causes one to question the 
. 

applicability, fot forecasting purposes, of the CUSUM and CSQ tests 

te the analysis of stability of IOOney demand. 

2.5 Cubic Spl ines and Money Oemand 

One of the results of the stability analysis of Section 2.4 

was the suggestion that a dis con ti nttfiy '. or abrupt change, oc;curred 

in the demand for M2C at a point in time coinciding with a change 

in the legal structure _of the--{;anadian banking system. One 

'" al temative explanation, aside fram structural change or 

misspecification, might be that the dependent v~riable responds 

in sorne nonlinear fashion ta its explanatory va,riables. Although 

the issue of functional fonn will be examined in depth in Chapter 
i 

3, consideration will be given here as ta its relevance i~ the 
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context of stability. It is known that through the application 

" .pf cubic spline regression a 'free-fonn' curve, continl.lous 1n 

the second derivative may be f1tted to the data. If instabill ty 
. 

in the M2C demand function can be removed through the use of a 

non .. 1inear functional fonn, the discontinuity hypothesiS réferred 

to above 1s left severely in doubt. If, on the other hand~ no 

significant improvement C1)n he niade the hypothesis remains 

unrejected. 

The tenninology conmonly used 1n the description of 

splines will he used here. The 'knots' are the set of k jo1n 
\ 
:.. 

points denoted by: Xj for-j = l, ... , le'. _ If we parameter1ze 

the variable x according 'to: 

(x _. x.)+ ~~o , X < xj ] " 
-J x - X. t X > xj -J --

then the lin,ar spline, Sl(x) s 1s given by: 

1 k . 
S (x) = : Sj(X-!j) + ... Sk + 1\+1 x 

j-l -

and the spline polynomial of degree n, Sn{x), is given,by: 

k, , 
Sn(x) = 1: Sj(X-!j)~'" ek + 6k+1 x + ••• 

j=l 

n 
+ I3k+n x.. ' 

1 

The tenns 1n (X_!j)n are ~e terms whicl(provfde the discontinuities 

in the nth derivative of Sn(x). 

j 

1 : 
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Apply1ng a cubic polynomial with k internal knots to the 

incorne variable of model A yields: 

where (2.4) 

The abi lit Y ta accurately fit a segmented polynomia'1' 

mode 1 1s constrained ~ot by estimation technique, for standard 

regression methods may be applied to (2.4), but rather by number 

and location of the internal knots. On the one hand, 'too many 

Imats wi 11 ensure a flexible model wi th a high risk of imprecise 
, ./ 

,1 

estimates due to cOllinearity between spline variables. On the 

other hand, too few knots may fa1sely constrain the estimates. 

For the present study, it ; s judged 'preferable to -err on the 

side of constrained estimates than on the side of ill-conditioning. 

Cubic splines with one and two internal knots will be used here. 
- , 

Regarding the location of knots:three different criteria 

will be- used. Poirier (1976) suggested that if a point of 

structural change were known, ! priori, then it might be chosen 

as a knot in the $plin~ polynomial., Co)umns 2 an~ 3 of Table 
o 

2.5 emplay this knot selection criterion. Ahlberg, Nilson and 
"\ 
Walsh (1967) suggest the use of equal intervals between knot 

points. Columns 4 and 5 elflploy this criterion. McCülloch (l978) 
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TABLE 2.5: ESTlMATES FROM BEMAND' fOR M2C MODEL WITH AND WITHOUT 
,CUBIC SPLINES . 

1 2 3 4 5 6 
. 
Cubic 

Cub1c Cub1c CuDfc Cubic Spline 
Spline Spline 5pl ine Spline on R 1 

on M-1 On Y on Y on R (Two 1 

1 {One} (One {Two (Two Knots 1 

Knot Knot Knots Knots Equa1 , 1 

Origtnal at 1967 at 1967 Equal Jqu~ of Obser- 1 
Madel III) nI) /INIVlft::+1KrV 51 vat1ons) 

1 
) 

Coeff.: ,~ 

1.1 
C -1. 3910 -2.9132 .5323 1.8814 -1.392] -1.3884 1 

ci 
(-23.0~) (~4.35) (0.95) (3.62) (-23.32) ( .. 23.01) 1 

Y • 1209 • 11,11 .1306 .1267 . 
(3.74) (2.74 ) (4.0l) (3.8r} 

R -.02~ , -.0221 -.0237 -.0239 
(-5. 2) (-5.80) ( .. 6.22) (-6.41) 

M_1 - .0915 -.1482 -.1985 -.0~97 -.0960 
(-3.20) (-2.84) (-3.59) (-3.46) (-3.31) 

°5 -.0168 -.0664 .7807 ':'.0796 -.1236 

j (-2.0~) ( .. 0.45) (1.72) (-0.93) (-1.44) 

06 .0054 .0563 -.2217 .d324 .1544 
(0.66) (1.70), (-1.49) (0.16) (0.76i 1" 1 

1 

07 -.0039 -.0391 .2573 .0204 -.0688 
( .. 0.51) • ( .. 1.63) (1.~1) '(0.15) (-O. 50} 

i 
Cl .0022 .0845 -.3296 -.0·102 .0030, 

(O.61) (1.73) (-1.78) (-0.54) (0.13) 

1/ 
i 
\ () 

C .2139 .0018 .0004 2 (2.61 ) (L01) tO.20) 

. Res1d: 

RSS .01Q95 • 01Q62 .01027 .00981 .01010 .01019 
R2 .326 .321 .344 .365 .. 347 .341 
SEE .01149 :01152 ~O1l33 .01114 .01131 .0'136 
DM . 1.64 1.60 1.68 1.67 1.90 1.77 

r-
'\... 

, 
! 
l ' 
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l 

suggests the use of equal nUnDers of observations between knot 

points. Colurm 6 of Table 2.5 employs the McCulloch criterion. 

" 
In Table 2.5, the cubic spline on incarne, Y, with two 

knots (column 4) outperforms that on either the lagged dependent 

term, M_i' or lnterest, R. on the basis of t-statistics of 

* cofficients of the spline variables. Four of five spline coefficients 

are judged significantly different from zero. Three of four of 

the spline coefficien,ts on Y with one knot (column 3) are 

significant. One of four of the spline coefficients on M_ 1 

(colurm 2) is significant. One orfive spline coefficients on R 

with equal numbers of observations per interval (column 6) is 
• <lit. 

significant. None of th~five spline coefficients on R with equal , . 
intervals is significant. 

On the basis of fit. the incorne spline with two knots. 

(colulI1l 4). again outperforms all others. This model shows the 

lowest standard error of estimate (SEE) of" the six regressions. -" 

It is aiso noted that the SEE 1s lower fo,r all but one of the 

spline models than for the origieal model. Column 2'shows the 

on ly SEE hi gher than that of col umn 1. 

In Table 2.6, forecasting performance, as measured by rœan 

square prediction error over the last 25 observations (MSPE(25)), 

*The t-test is used as a test for ,significance from zero of 
indiv1dual coefficients, although it is recognized that to do 50 in 
a lagged dependent model învolves an approximation affecting the 
validity of the test. 
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and over the last 5 observations (MSPE(5)), are compared for the 

original model and three alternative eubic spline models. The 

original model outperforms a11 three spline models in tenns of 
i 

long-run perfonnance, MSPE(25). In terms of 1 ate-sarnple perfor-

mance. MSPE(5). however. the spline models fare better than the 

original model. 

TABLE 2.6: FORECASTING THE DEMAND FOR M2C WITH AND WITHOUT CUBIC 
SPLINES ' 

4 5 6 

Cubic Spli'ne Cubic Cubie Spl in,e 
on y Spl ine on , on R 
(Two Knots R (Two (Two Knots 

Or; gina l Equal Knots Equal Equa l # 
Madel INTVLS INTVLS Observations 

MSPE ~25) 1.185 2.859 1.484 1.617 
X lO-

MSPE P) 0.610 0.590 0.467 0.482 
X lO-

1 

111 

Chart 2.2 plots the wei ghted sum of the incorne spl ine 

variables times their regress;on coefficients against the depen-

dent variable. It shows the extent of the estirnated nonlinearity , . 

in incorne response which this mode1 allows. The first derivative 

of the contour, which is the short-run incorne elasticity of 

increases wit Y. The average slope of the first interval 

(approximately corresponding to years 1956 to 1962) is 0.204 
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'TABLE 2.7: EST~TES FROM DEMAND FOR Ml HODEL NITH AND WITHOUT A 
CUOIC SPLINE ON THE INCQflJE VARIABLE 

Cub1c Spline on Y 
, Original Model {2 Knots - Equal Intervals} 

Coefftctents : 

C 

y 

R 

Residuals: 

SEE 

ON 

P~ed1ct1ons : 
MSPE (25} 
X 10-4' 

f MSPE (5) 
X 10 .. 4 

-.8Q42 
( ... 474) 

.1513 
(5.59) 

... 0506 
{ .. a. 96) 

-.1865 
(-4.21) 

.Q1153 

1.75 ," 

1.56 
,. 

1.60 

-JI 

.9746 
(1.94 ) 

-.0509 
(-8.75) 

-.2052 
(-4.05) 

.3'l81 
" (0.92) 

/ --.0852 
(-0.61 ) 

.0994 
(0.66 ) 

-.1259 
(-0.72) 

.0121 
(0.13 ). 

.01137 

1.84 

3.85 

1.00 
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CHART 2.2: 

~ 

SPLINE VARIABLES WEIGHTED BV REGRESSION COEFFICIENTS 
FOR Y-SPLINE 2-KNOT MOOEL {M?C) 

r' ~ _______ • __ •• _______ • ___________________ ~ ___________________ • _________ •• ________ • ___________________ t ________ -----------• 

r , l '1 1 -, 
l , 1 1 1 • 1 
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for a 10ng-run e~~st1c1ty of 1.03. The average slope fn the 
. '" 

second interval (1963 to 1~69) 15 0.237, for a long-rll1 elastfcity 1 

~Of 1.19. The average slope in the ~irdJnterval (1970 ti)' 1911) 

is 0:297, for a long-run elastfcfty of 1.48. This evidence 

CQncurs wl th that of Chart 2.1. 

". 
, . Table 2.7 records the results of~pp1icat1on of a cub1c 

spline ta th~ income Variable for Ml (oodel A). It 1s seen that 
'" . - --

on the basfs of fft and sign1ficance of coeff1cfents~ the cUb1c 

spline represents 1ittl~ iqlrqvement over the original mdel. 
• P .-

Thé. .cub1c spline doe~:, h~ever. f~rove the late-s~le predtctive"J 

.pe~ormance of the ïuat1on. It 15 n.otable that the MSPE(S) 15 ~ 

higher than MSPE(25) 1 for Ml. while for M2C, ël$ shown in Table 2.6, . 
Co 

the reverse 15 true. ' This reflects the worsening performance of 
1 

the Ml mode1 s1itce 1976. 

\ 

2.6 Conclud1ng CoIIIIIents 

Numerous techntques for the detectton of tnstabtlfty'fn 

regresston' relations flave f.)een developed ,fn the feW short years 

stnce Brown, Durbtn and Evans popularized tIle use of recurstve 

residua15. These tnclude tests for hetero~cedast1cfty, serial' 

. correlattctn, functtonal mtsspectffcatfon. independence, and 
'1/ 

combinaUons thereof. Three of tbese tests, whfch have re.ce1ved 

, ' 

\ ' 

.' .-.... 

~ttention in recent l tteraturé, have been appl1ed here in an effort ~,rt<'-
1 • 

\. . 

C J 
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toi f1rst, ga1n an 1ns1ght lnto thelr co~ar~tive reliabilities and; 
-

second, to answer sorne long-standing questions about the stabiltty 

of money d~nd 1n canada. From simulation exerc1ses 1t 1s concluded 

that the Stepw1se Chaw fs superfor,1n power and eff1c'1eney to bath 

CUSUM and CSQ when the fnstabl1 ity is manffest~d entirely in 'the 
~.. 't , ... , 

coefficients. To the extent that such a phenomenon is unnatural and 
, \ 

, , . 
that one would expect 1n~tabl1ity to be man1fested 1n all parameters 

- -

of ~ III)de1 s1multaneously, the~ the CSQ test" beca~e of its sensi~1v1ty 

to ~artanc'e as 'well as eoeff1c~ent, change lS preferable. The 
,. t 

o choiee Qf either CSQ or Stepwfse Chow will 'depend upon the relative 

~19ht one attaches ta eoeff1e1en~ and arror vari~nce sh1fts. On the 

one hand, the error variante ~s an important param~ter of the syst~ 

we w1sh to est1111lte and demands .'the same attent10n as the 
~ . 

'éOeff1c1ènts. On the ather' hand, for 'forecast1ng"purposes dne may 

, wfsh a 1l1Qre-ftnely tuned tnstrlJllent such as the Chow test for 
, ' 1 

';; 

detect10n of coefftctent shtft. Evtdence has ~een presented here 
• • ~ 0 • 

ttiat, -noi only 15 ths C~ test more senstttve than trie CSQ to 

,coefficient shtft, t~ts result ts relatfv,ly robust to departure 

from homoscedasttc1ty., 
f 

On a strtctly emp1r1cal level t certain character1si1cs of 

Othe 10g-l1near InÔney·demand model fo,r Canada can be '1mproyed upon by 

~llowi!19 the lagarftruntc response of mney demand to 1ts expl~natory 
t ' 

varfables, expressed in ,109s, ta be nonl1near. Applicat1or1' of cublc 
• 

splines ta bath incarne and interest variables in the convent1onal . 
\ • < J 

log-1inear par,tial ~djustment moneY,demand model have shown sign1f1cant 
1 

1 

\ ' J 
.-

, , 
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tmproveme"nts in oV,erall ftt anb in late-sample predictive perfo~ance. 
An improved mean squared prediction errer based on predictions of the 

five last observations was shown to be the case wh en cubic splines 

werè applied to the incarne variable in both Ml and M2C equations. 

The cubic spline must, however, be appreciated for what ft is -"tl' a 

flexible c~rve-f1tting tool and noth1ngmore. Whi1e ~ ~ 

forecasts can a1ways be fmproved with' this method, such 1s not 

necessarily the case on an ~ ~ basts. 

On the issue of staf)111ty 'of money demand the general 

conclusion emergfng from this study is that a1though 1nstability 

has been observed in both Ml and M2C in Canada between 1956 and 

1977. ft has f)een re1atfvely more pronounced in .. the broader 

aggregate. The data suggest two instances of abrupt change arisfng 

tn the, tenn depostt compone nt of M2C. The 196-1.. change c01nc1des 
/ " 

with the expanston of n~ tenm deposit instruments by the chartered 

ban~s and after an adjustment pertod of roughly six quarters, results 
o 

in a permanentlr Ittgfie.r tncQJtJe ela$t'l,ctty of d~nd. The 1972 

1~staDi1tty "stems fram ilnusual1y cOOIpettttve biddtng by the 

chartered banks for t,erm depostts, 'wh1éh stabil ized w1th the 

introductfon 01 the Winntpeg Agreément. 

As for the narrower aggregate. "there 15 evidence that there 

has been' a downward sh1ft in the demand for Ml in the mid-1970s. 

Insti tutional data on financial 1nnovat1o~ during this period and, 

a ~incident downtum in current accountS suggest that this .shift 

may have been the result of increase:d cash management efficiency. 

..... 

l, 
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CHAPTER 3 

FUNCTIONAL FORM " 

the 1nabi11ty of eeonomic theory to differentiate be'tween 
/ ~ -r 

alternate funetional fonns in the demand for money has trad1tionally -

left the choiee of fonn to the diseretion of the researcher. A variety 

of di ffe re nt fonns has surfaced in the li terature. Brown (1939). for 

example, wrote the demand for money as a linear function of the rate 

of 1nœrest, the change in the rate of interest and the change in the 

level of priees. Bronfenbrenner and Mayer (1960) used a logar1thmic 

functiona1 fonn. The convenient economic interpretation afforded by 

the coefficients of the logarithm1c fonnulàtion enhanced its popu­

larity for ernp1rical work. The semiJogarithm1c fonn, as first appeared 

in Cagan (1956), became increasingly popu1 ar in the 197.os. A recent .'" 

variant of this form. which' is linear "in the interest rate variable 

and logarithmic in a11 other variables, (henceforth called the 

I semi-1og 1 model)'has appeared in Haache (1974), Klein (1974), White 
1 

(1976)' and Cameron (1979). 

The field of possible al te rnat1ves 1s broad. ' Fortunat.e1y, the 
,c 

Box and Cox lProcedure provides a technique for estimating the power 

transformation which best sui ts the data. 5.tudie's pioneered by 

Zarembka (l968) and extended by Wb1te (1972),- Spitzer (1976, 1977) and 

M111s (1978) applied this procedure to the demand for money. The 

abjecti ve of the present chapter wi 11 be ta exami ne Cana di an demand for. 

II1Qney us1ng a generalized funetiona1 form. Efforts will be made 
, ' 

ta relax as mueh as poss1ble o the canstraints of Junctional fonn-which 

are typ1cal1y imposed,., 
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Section 3.1 cons1ders a simple Box-Cox model in which the . . 
. power coefficients of a,l1 independent 'variables are constraine~ ta 

equality but are allowed ta differ from the power coefficient o?-the , 
dependent variabl~. 

, , 
Search1ng,over a gri d of d1fferent cambinations 

of these coeffi c~ents shows, for both IOOney aggregates, that the 

logarithmic fonn perfonns the best and that a11 mixed fonns 

t> can/ be stat1s~1.cally rejected. Section 3.2 extends the basic m:ldel 

to allow a thir:d power ~imens1on. In this ,extend~d model, the power 

coefficient of th~ tnterest var1ab-le 1s allowed ta-differ fram that 

of a11 other independept variables. No significant improvement over 
-~~ ~ 

the more constrained model of Section 3.1 is noted here. Section 3.3 

considers the extended Box-Cox IOOd~l w'ïth errors assumed to be 

autoregress1ve of arder 1. These results strengthen those of Section 

3.2. They suggest that the semi-log transformation induces a 

IIJ!lving average, in the residual of the M2C equation. Section, 3.4 

considers theoretical implications of the semi-log ondel and ',/ 

conc1udes, bath on th~retical and empirical grounds, that the 

logari~mic nodel 15 preferable. 

3.1 The Model and Box-Cox Estimation' 

è - Desired real balances in the econolr\Y are assumed to behave 

according ta the rule: 

/ 

\ .- -----,--- _-.. .. -;,~ __ ....... _M 1 M ___ ~~_ .. _ ......... _~, __ 
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where Ut are independent, normally distributed ra?dom variables with 

zero mean and constant variance. The symbol Zee) denotes the Box-Cox 

power transformation, written as: 

Z(6) =l<ze-1)/e, e ~ b, Z > 0 
R-nZ , e - P. (3.2) 

lf actual real balances adjust 'to desired real balances according 

to the rule: 

_/ -
'~- where 9 as before~ is the adjùStmen.t coeffi c1ent,"tthe demand for ~ 

real balances can be wr1tten as: 

A IIVJre general version of (3'.4) might allow the power 

coefficient of the dependent variable; say À, to vary 1ndependently 
,~""~ 

of' lJ. The log-likelihood fùnction of this more general model 1s 
ghen by:-

+ tn J t / 

(3.4) 

fI" 
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where ,M, for convenience, denotes the T .. by 1 dependent variable vector. 

X is the T by 4 matrfx of explanatory variables, and 
\ 

J = det (aM ().)) ~ ~ (M _ ~ '/-1 
- t=l t t - aM 

" 

is ,- the Jacobian of the transformation cjf M (À) 'to M. Maximi zing l with 
, ' 

respect ta e and i yields: 

â(À,ll) = (X(ll) 1 X(}l» -lX ('llLM(À) 

~2(À,1l) = l (M(À) -x(ll)â('À:ll) 1 (M(À)-X(l1)B(À,ll»)'~ 
T , 

Substituting for a and i in (3.5) gives the concen~rated likelihood function: 

( 3.6) 

1 

, Maximum l1telihopd. (.ML) estimators o.f 'À and 11 are fpund by searching over 
c _ _ .. _':' .. ":._ ._ • • 2 A '" A '-2 A"'" .. 

a (À,Il' grid and the Ml.. estimators of 13 and CI are /3(À,ll) and cr (À,J,l). 

The long-run incorne and,interest elasticities are computed as:· 

ny = 13 y{ll) ~ and 
t l....!... 

(M' -p )0.) 
t- t 

. , 

(3.7)' 

* 2 ,~, , 
The estimates of a and CI are computed as OLS estimates fr.om' 

given values of À an9 II in 'th;s procedure. . 

'" 
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, 0 , 
! respect1vely. It 1s noted from (3.3) that for 9 > l the adjustment 

,.. , 

becomes explosiv~. The size of 9 can thus be considered grounds for 

'possible acceptance or rejection of a particular functional form. The 

\priinary criterion of choice will be a likelihood ratio test where an 

proximate 95% conf1dence region for À and ~ can be obtained from 
'" " 2 ' 

L max(À~ll) - L max(À,ll) < l X2 (.05) = 3.00. 
o 2 " 

A ternatjve forms will' be- ranked according ta the size of ~he;r log like-

li ood maxirum. ' Fonns within the stated conftdence region will be judged 

su erior to those outside, givën that their estimated adjustment coefficients 
'"' . 

\..,are less than unity. 
<l , 

The results of t the estimation when applied to Canadian data from 

* 1956 II to 1917 IV are recorded in Tables 3. land 3.2. The data are 

quart rly and seasonally adjusted. Two monetary aggregates: Ml, or 

curren y plus clemand deposits; and M2C, or Ml plus pr1vately-held deposits, 

are ex ined. The income measure used was real SNE in 1971 dollars. , 

The interest rate was the rate on 90-day finance company paper. Priee 

def1ation of the rooney aggregates was perfonned~by the GNE implicit 

price deflator, PGNE. 

Fifteen different cO/lÎ)inations of À and lJ werè tested. The 

owe~ coefficient on ~e dependent variable, À, was se;t equal to 0, .5 
, 

The power coefficient on the explanatory variables, ll, was 

s ~ equal toI 1.0, 0.5, 0.0, -0.5 and -LO. These models are rurked . \. 
in order of ecreasing log-likelihood maxima in Tables 3.1 and ·3.~. 

For both mone aggregates the logarithmic fonn (À 1: O~ 1.I :: b) appears 

to be super1 r followed closely by the square root CÀ :: .5, \.1 1: .5) 

@ 

M'he rogram used was obtained from Huang, Moon and Chang (1978). 
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TABLE 3.·1~. DEMAND FOtl Nl WITH BOX-COX (Be) TRANSFORMATION 

-----------
LIKELIHOOO COEFF. OF COEFF. OF 

~ l!. L-MAX 
-~.-

RATIO INCOME IflTEREST , 
, 

0.00 0.00 197.221 0.151 -0.051 

0.50 0.50 196.558 
(5.59) J-8.96) 

0.66 0.138 -0.0,65 

", 1.00 ' 1.00 . 194.864 
"'?>,., 

0.50 187.339 1 ~(r' -.'''>. 

(4.98) (-9.10) 
'2.36 0.118 '. -0.081 

(4.32) (-9.31) 
~.88*. 0.381 -0.189 

~"\,"~I>"'I ....... (4.12) (-7.92) 
0.,50 1h-O,Q 185.287 

'o. 

"'. 
0.00 -0.50 "182,}52 

~ ...... 1". 

"'~"'.,.. 

0.00 0.50 180.043 
-

0.50 1.00 177 .577 

11.93* 0.366' -0.139 " 
(3.931 (-7.17) 

15.07* 0.324 -0.100 
_.' (3.64) (-6.51)" 
17';·lS~~,.. 0.049 -0.023 

"~'-" '(4.41)." ... , .h1,.SSr 
19.64* 0.037 -0.027 . 

1.00 0.00 160 .576 
(3.37) (-7.65) 

36.65* 0.820 -0.386 

0.50 -0.59 158.242 

0.00 -1.00 155.921 

(2.21) (-4.99) 
38.98* 0.564 -0.259 

(1.61) (-4.27) 
41.30* 0.347 -0.170 

. "" 
0.00 o 1.00 152.578 

(1.11) (-3.75) 
44.64* 0.012 -0.009 

1.00 -0.50 135.479 
(2.37) (-5.81) 

61.74* - ~ 0.431 -0.665 

0.59 -1.00 134.754 
10.32) (-2.82) 

62.47* -0.369 -0.401 

1.00 -1.00 116.326 
. ( -0 . 31) . ( -2 .31 ) 

80.90* -5.445" '. -0.901 
------------1:! .23) ( -1 .40) 

t * es s gn1ficance at the 95% leve1. , 

~ 

Q 

COEFF. OF 
LASSEO Ml ~ nr 

0.814' 0.75 -0.21 
(18.36)" 

0.858 0.86 -0.32 
(20.42) 

0.905 1.06 -0...11 
(23.36) 

2.645 -0.10 0.11 
. (18.88) 

2.581 -0.12 0.18 
(16.94) 

2.560 -0.12 '0.27 
(16.05 ) 

0.281 0.07 1.77 
. (16.56) 

0.301 0.09 . 1.60 
(19.11 ) 

8.234 -0.02 0.04 
(13.57) 

8.374 -0.02 . 0.07 
(13.30) 

8.517 -0.02 0.13 
(13.70) 

0.101 0.04 0.58 
(14.42) 
27.423 - 0.0 0.02 

(11.18) 
28.188 0.0 0.04 

(11.86 ) 
93.122 0.0 0.01 

(10.57) 
t 
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TABLE 3.2: OEMANO faR M2C WJTH BOX-COX (BC) TRANSfORMATION 

À 

0.00 

0.50 

1.00, 

0.50 

0.00 

0.50 

1.00 

0.00 

0.00 

1.00 

0.50 

0.00 

1.00 

0.50 

1.00 

./ 

. 

l!. 

0.00 

0.50 

1.00 

1.00 

0.50 

O.QO 

0.50 

-0.50 

1.00 

0.00 

-0.50 

-1.00 

-0.50 

-1.00 

-1. po 

LIKElIHOOO COEFF. OF COEFF. OF 
l-MAX RATIO . INCOME INTEREST 

303.970 

302.776 1.19 

297.906 6.06* 

280.731 23.24* 

276.993 ~6.98* 
. 

254.148 49.82* 

254.104 49.87* 

c 252.143 51.83* 

238.473 65.50* 
. ", 

205.205 98.77* 

203.045 '100.93* 

200 . 180 103. 7~* 

166.320 137.65* 

164.585 139.39* 
.. 

135.684 168.29* 

0.121 
[3.74) 
0.064 

(3.50) 
0.034 

(3.20) 
0.128 

(16.37) 
0.229 

(15.17) 
-0.701 

(-7.52) 
-0.440 

(-8.47) 
-1.058 

(-6.33) 
0.140 

(17.91) 
-2.729 

(1(}.25) 
-4.174 

',C (-8.74) 
-6.050 

{-7.22} 
-11.148 
(-9.41) 
-16.126 
(-7.86) 

. -37.444 
(-B.OS) 

l''''l\ 

-0.021 
(-5.72) 
-0.020 

{-5.44} 
-0.019 

(-5.22) 
-0.017 

(-5.97) 
-0.017 

(-5.73) 
-0.021 

(-1.99) 
'-0.020 

(-1.90) 
-0.022 

(-2.17) 
-0.013 

(-4.18) 
-0.014 

(-0.47) 
-0.017 

(-0.58) 
-0.020 

(-0.75)('" . 
0.003 

(0.04) 
-0.006 

(-0.09) 
0.034 

(0.22) 

* Indicates significance at the 95% level. 

0: 

/ 

.C6EFF. OF 
lAGGED M2C 

0.908 
(31. 79) 

0.293 
(34.69) 

0.095 
(37.37) 

0.028 
(15.07) 

0 .. 085 
(12.24 )" 

2.32 
(28.16l 

0.7f/h 
(31.48) \. 

7.009 
·(25.04) j 

0.001 c' 

(0.67) 
5.312 

(22.58) 
15.725 

(19.65) -
45.453 

(17.14) 
33.495 

(16.87) 
94.657 

(14.57) 
192.107 
(13.05) 

II :Y. 

2.74 

0.25 

0.15. 

0.70 

0.91 

0.82 

3.56 

0.23 

1.00 

0.71 

0.27 

0.12 

- 0.24 

0.11 

0.09 

-

2r 
-0.24 

-0.03 

-0.02 

-0.03 

-0.03 

0.01 

-0.06 

0.00 

0.03 

0.00, 

0.00 

0.00 

0.00 

0.00 

0.00 

...... 
U'1 

1 
1 
i , 

1 
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1 
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1, 1-1 = 1) f0f"!l's ~cordi n9 to the li ke 1 i hood rati 0 

test the logarithmic', the square root and the " inear fonns cannot be re­

j~cted for Ml j and the logarithmic and square root fonns for M2C. For 
, ' '. t' 

both Ml and M2C all mixed functional forms, (i .e. À t- ll), can be statis-

tically rejected. No change in these firfdings came about as a result of 
-~,,--~ 

extending the range of À to include negative values or of tightening the 

, .l.I dimension of the (;\,~) grid.. None of the forms accepted by the like­

lihood ratio test has anegativ~ adjustment coefficient. All forms for 
\ 

both Ml and M2C for which ~ < O. however. have stronglynegative ad just-

ment coeffi ci ents. 

3.2 Extended Box-,Cox (ESC) Estimation 

The roodel thus far developed, while being more flexible than 

conventional roodel s, still does impose one constraint which might be 

considered unrealist1c, namely; the power coefficient on_ the interest 

variable 1s constrained to,equal that on al1 o~her explanatory- variables. 

Not only are the units of measurement <,f r different from a11 other 

,variables but also there exists arnJt>le theoretical support for the 

separate treatment of r. The rationale, for example, which al10ws 

the interest elasticity to rise as the interest rate rises ne~d not' 
, ' 

apply to the 1ncQme elasticity. There 1s suffiçient justification· for 

extension of the model ta include a third powe'r dimension, 'Y which-
" -..r ~' 0" 

transforms the interest variable. 

The mode l now becomes: 

. (Mt-Pt )(>')= g80 + 981 Yt'lJ}+ ,ge2 rt{-y)~ (l-9)(~1~_1-Pt_l)(lJ\ Ut. 

" \ 

1 

1 

! 
1 
1 

1 

'1 
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Estimators of À, )J and y are f&u11d by searching over a (À,lJ,Y) volume 
\ 

for the combination which maximizes the concentrated l1kel1hood function: 

.... 2 
L(À,~,y ; M,X) = -T{tn(21J) + 1} - T tn(a (À.lJ.y» 

2" 2" 

, ) - ~ 

As before, an approximate L95% confidence region for À, lJ and y 1s 

obtained from 
... A A 2 

L max (À,)lI,y) - L max (À,lJ,Y) $. lx (.05) - 3.91." 
2 3 

(3.6a) 

- -- \' 

($) . 
The search for the highest L-max was performed over À, )J and y 

- " with À varied' from a-.O to 1'.0 in 1ncrements of -.5, -and ~ and y 

Ilarj'e.d from 0.0 to 2.0 in.increments of 0.25. Since space would 

not al10w the tabulation of these 243 models, the estfmates from certain 

selected model~appea'r i.n .Tables 3.3 and 3,.4. These inc1ude a11 unrejected 
1 

models togethe~ with the semi-log model for Ml and the same for 
... , ., 0 

M2C plus the full, linea,r model. Within the logarithmic family (>.=0, 

11-0), which was found to have had the hfghest likélfhQod under BC 

e~timation, no improvement appeared as à result of al10wing À ;. li. 
l ' 

for Ml (Tabl~ 3.3). Within.the square' r.oot (À=.5, lJ=~5) and l1near 

().=1, lJ=l) 'famtlies, however, strong improvement was not1ced. The new 
" ~ .. ' 

L-max of 199.231 for the 'fonu À=.5, lJ=.5,. and y=~25 was~ in fact, 
.' , 

suffi c1ently hi gh for rejecti on of the full l inèar_ fonn whi eh 
, 

previously had been accepted in Table 3~1. 
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1 TABLE 3.3 DEMAND FOR Ml WITH EXTENDEO, 80X-ÇQ~(EPC) TRANSFORMATION , 

'j J ï 
, 'Î. 

1 , LIKELIHOOD COEFF. OF COEFF. OF COEFF. OF ; 1 , 
). .l! Y l-MAX RATIO INC()tE INTEREST· lAGGED Ml . ! 

0.50 0.50 0:25 199.231 0.236 -0.026 0.852 .: 

(5.24) (-9.54) (20.72) 
1.00 0.25 0.25 198.935 0.3 0.807 -0.085 0.477 

(6.77) (-10.33) (22.85) 
1.00 1.00 0.25 198.776 0.46 0.666 .,.0.081 0.870 

1.00 1.00 0~50· 198.~86 
(S.32) 

0.95 0.403 
(-9.8;3) \ (22.81 ) 

- -0.082 0.869 
,(.' 

\ . (S.20) (-9.83) (22.16) 
• Il 0.50 0.50 0.50 196.558 2.67 0.138 -0.065 0.858 

(4.98) (-9.10) (20.42) . o • 

0.50 0.75 0.25 197.908 1.33 6.270 -0.28 0.~74 
(6.14) (-9.91) (20.35) 

0.00 0.00 0.00 197.221 2.01 0.151 -0.051 0.814 -...a 'i 1 

(5.59) (-8.96) (18.36) 00 
f ! O.QO 0.00 0.25 196.929 f·3 0.080 -0.009 0.845 i i ~, 1 

(5.02) (-9.03) f19.43) . \, 
1.00 1.00 0.75. 196.849 2.38 0~'226 -0.082 0.882 1 1 

(4.89) (-9.63) (22.35) 1 1 0.50 0.25 • 0.50 196.261 2.97 0.134 -0.025 1.494 1 (4.82) ( -8.84)' (20.47) 1 1.00 1.25 0.50 196.219 . 3.01 0.473 -0.086 0.48 ! '. (6.17) (-10.02) (21.55) 

t. t 

0.50" 0.25 0.75 196.202 3~03 0.075 -0.025 1.517 1 (4.81) (-8.85) , (22.10) J 
1 

0.50 0.50 0.75 196.139 3.09 0.071 -0.026 0.888 

-1 
. (4.46) (-9.11 ) (22.08) 

1.00 0.75 0.75 195.804 3.43· 0.218 - , -0.080 1.542 
(4.56) (-9~ 19) (22.04) 

1.00 1.50 0.25 195.684 3.55 9·968 -0.088 0.258 
(8.25) (-10.37) -(21.88) 

1 &00 po 0.75 1.00 195.574 3.66 0.121 -0.080 1.565 
't' (4.50) (-9.1~ (23.58~ ~ , O.O(t 0.00 1.00 - 191. 348 7.89* 0.010 -0.0 0.93 # 

(3.49) ,( -8.10) (25.02) .' * Indicates signlficance at the 95% level. ,-1 
i 
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Consider1ng, for" s1mplicity, those fanas in Table ,3.3 for 1· 

which ,À").1 we a~ 1eft with 8 possible ,f'unctional transfonnat1ons. In 

order of '1ike 11 hood-ratlo ·.~e~t.b1l1tY th.; .~ (.5, .5, .25), P ',Ir- ' 

.25), (1, 1, .5), (0, O~, 0);\-0, 0, .25), {.5, .5, t.5,}' (1. ':1, .. 75) J~ 
(.5, .5, .75). This last reduction in n\JUbers 15 not as àd hoc as ft 

\ ' 

might at first appear. Recal1 1n9 that li 15 the power coefficient of 
1';' • 

both 1ncome and 1agged money and that adjustment ,of real balances ois 

aS$umed to behave according to equation (3.a), the impo'sit1on of À-p : ' 

1s not wholly unrealistic.· 

For M2C (Table 3.4) a slightly different 'picture emer'ges. 
ll- (,.) fi " 

In bot~ the,logarithm1c and squa'1! root familiés 1mprovement 1n·L....ax 

1s Ob~n;d by' relaxation of the 'liey constr~1n~. Setting; a~ before', 

).~1l we have 11 possible models wh1ch in arder of decreasing L'-max are: ,. 

(h,. d, .5), .. (0,0,'.25),'(.5, .5,.1), (.5, .5,1.25), (O. O. Q),. (.5,'.5,' 
T ' .' ,1 

.75), (0, 0, .75), (.5, .5, .5), (.5" . 5 ~ .25), (.5, .5, ~) .~nd (.5 r .5, 
, , ' 

1.5t. -For, bath Ml and M2ê the full 10J)BritfIDiè transfonnation faJles . . ' , 

well. The semi-log and fu1.1 ,11qear IIIOdels are rejected ,for ~oth 

agg~gr<es. , 
" . 

, ~ J 1 .-

Is galn~d ~~~~::·:n:f3~;:. e:::e O:h:.ax;;:t ~e :.::n::r'in~ 
estimated".~a~tic~ti~S (M.1 .a~d ~C). ~s ~:ted f~' (~.7), for'the 

square root and 1 ogar1thmic ·fam111es~for various values,of'y. ,'It 1s noted 
l t\ .~. 10 '" • : ' ~" \ 

that the fncomë elast1c1ty exh1bits higher varfability for M2C ln the 10ga., 
-

rithmié ·fom than '1n the square rdot fOnll as y 15.varied: . Ît 1s ~lso exhib1ts 
• .r <p " 

g.reater, varfability for Ml in th,t!' s~uare i"oOt fonn-as ,y·15 v,aried. 

, In this case 1.t might be app~pr1ate -ta choo~e th~t fUll~t~onal) f0"!1 .. . " '" 

c.> '" 

, 
'1 
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CMART 3.1a: MeN! JIIClK EI.AST-Kmts IN lit SQUAftE ROOT FAMJ\~ l1f THE ESC 1II00L 
FOR A RAIIGE OF POIŒR C!EFFICIENTS ON THE INfEREST YARiA8lE. . \ 

1.50 

1.25 

'--
\ 

0.75 , 

" b" 
Hl 

HtC 

0.25 0.50 O.". 1.0 

" l'OWD. r,ounCDH'r 011 DIftIIIST • y 

• CHART 3. lb: MEAN lNCOME EtASTIClTlES lN '!liE LOBARITIIMIC f'AMILY Of' THE EBC 1Il0EL 
FOR A 1WI6E ~F POIlER COEFFICIENTS ON THE I~RESf VARIABLE. 
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1.75 
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0.0 0.%5 
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-PIERCE TÈSTS FO~ AUTOCORRELATION IN REGRESSIONS EMPLOYING . 
ENOED BOX-COX lEBel TRANSFORMATtON '. , ; , r' 

, ,TABLE 3.5: 
, THE 

.~ 
; " '" 

\, , 
. FIRST. QRDER AUTOCORRELA TI ON • 

« ,. 
." ,foIlNEY 

Ml 

! 
" 0'.50 

l!. l 

: 9·50 0.25 

,AUTOCORREl.:A TI ON ~ OF' ORDERS ONE TO FOUR -., 
0.44 ' 7.15 

; , 

. , 

, '. 

" 

: 1.00' , .. 00 
, , 

,0.50 ,0 .. 50 

0.00 O.Qr}' 

1.ôn, 1,.00 

0.00 " 0.00 

0.50 

0 .. 50, 

0.00 

1.00 

1] .. 00 

. , 

: 

0.44 

. Q~72' , 
1.29 

1.09 

1.76 

, 
0'.00 00.00 - 0.50 4. 76**--.~ 

.-, M2C '-, 0' 

0.00 0.00 -0.25 3.60* 

,0.50, 0.50 1.00· 
c 

4.36** 
., 

0.00 0:00.' 0.00 2.92* 
li>' 

1 

0.50 
, 

0;50 0.50 3.25* 

p.oo 0.00 1. po 9.22** 

1.00 1.00 1.00 3.25* 

c' 

-~""'~- \ 

* Indfcates s1gnif1cant autocorrelation àt the 90% level. 
'** lndfcates 51gn1 ficant autocorrelation at the 95% level. 

.. 

_'.'!:t".t"'::: _'_ "_. 

7.'86* " 

7.38 

8.58* 

'8.23* 

7.50 

9.90** ' 

' 9.02* 
,..' 

9.02* 

' 9.14* 

8.21* 

19.16** 1 

7.53'-
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. 
for which the estimâtes"are least sensitive ta an improperly transfonned 

interest variable; namely, the logarithmic form for Ml and the, square 

root form for M2C. 

For selected farms of the Ml and M2C models Box-Pierce tests for 
* autocorrelation of order l, and of àrders l through 4, were applied to 

the residuals. The results appear in Table 3.5 .. The models chosen for 
~ . 

___ testing were four accepted models fram Table 3.3~ five accepted modeJs 

from Table 3.4, the semi-log model and the-full linear mo~el. It 

is seen that the Ml models are relatively free of autocor~elatian. This 

supports the widely-held belief t~~t the demand equation for Ml is proper­

ly specified .a~' that its perfonnance is general.1y insens\t1ve to choice 

of functional formlfSee Mills, (l97sf!. M2C, however., ~hOWS significant . 
autocorrelation for all of the seven forms tested. This evidence 

suggests that, at'least in the case of M2C, our modelling is not com-
\ 

plete. The next step 1n the development of ,our model will he to design 

a method for removing the AR(l) component of this autocorrelation within 

** the Box and Cox framework. 

3.3. Extended Box-Cox Autoregressive of Order One (EBCAR1) Estimation 

Cons; der the mode 1: "il" 

,J ~ 

(Mt-P
t
)().) ='960 + g~l Yt{~) + g~2 r t

lY) + (l-9)(Mt_l-P,t_l)(~) + Ut, 
/ 

(3.4b) 

where the dfsturbances, Ut' follow the stationary AR(1) process deffned by: 

* See Box and Pierce (197l) , Ljung and ,Box (1978) 

** In addition te the Box-Pierce tests for autocQrrelatfon, the 
Shapiro-Wilk test for norma11ty wâs applied to al1 thirteen sets of 
resfduals. The $-W stat1st1c was 'un1formly less than .13 while the 
critica1 value needed for rejection of nonnality was upwards of .95. 
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'Ut = PU t _1 + et' 1 ~ 1 < 1 . 

whe:e the et1s are independent 'N(O,a2) random variables. For this model 
. -

E{u) = 0 and E(uu 1) = V where 

*" v-1 -p = 
( ~'-p (1+p2) 

'~ 

0" -p 

o 

0 

-p 

(l+p~) 

J, 

~ 0 

-p 

1 

The concentrated log-likelihooa function is given by 

L(;>",l1,y,pjM,X) 

"2 = -T{in(2n) + 1} - T tn{cr (y,~,y,p}} 
. "2 '2 

. 2 T 
,+ 1 ~n(l-p } + (>,.1) E in (Mt-Pt). 

"2 " t=l 

. I~ 

(3.6b) 

The estimation of p then simply involves adding a fourth dimension to ~hè 

maximization proceçiure described above \'lÏth the new 1 i kel ihood function 

(3.Gb). The resl.llts are summarized in Tables 3.6 and 3.7. 
~\ 

1 

Since the new dimensionality allows p to vary. from -.~ to ~ 

in increments of .1 'the number of potentia1 models inèreases by a fahor 
" of 19 to a new total of 1425 .. ',Of these 122 were not rejected by the like-

, 

lihood. ratio test. Table 3.6 shows the incidence of these 122 models in -

the various families (À,J.l) and sub-fa~ilies (À.)1,y). Tt is seen, for 

example,that in the square r.oot family (À~.5, y=.5) with y=O there are 

five forms which meet the 1ikelihood ratio requirements. Of these (which 

correspond to 5 differen~ values of p between -.9 and .9) the form 
/ 

(;>..=.5, u=.5, y=O, p=.2) reaches the highest L-max. Aga;n we can reduce 

our field by considering only those models for which À=jl and we are left 

, J 

f . ! 
1 1 

1 
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. 
with the ten models appearing in Table 3.7. 

Table 3.8 registers the results of Box-Pierce tests appl'ed 

ta the residuals of the EBCARl transfonmed model. Compar1ng Tables 

3.8 and 3.5 then shows that the EBCARl extinguishes the first order auto­

corre 1 a ti on fram six of the seven mode 1 s testéd, The one mode 1 wh; ch 

15 not-improved 1s the semi-logmodel. In order ta get a clearer 
\ 1 

understanding, the autocorre.latiah functions (AGF) and partial auto-
\[ 

correlation funetions (PACF) of the seven sets of res1duals are plotted 

in eharts 3.4 - 3.10. .In time series analysis it can be shown that 

{ the ACF of an AR(p} process decays whil e ; ts PACF cuts off after the 
1 ~ 
~ -------------

! pth autocorrelation. S1milarly the ACF of an M(q) process cuts off (= ' 

\.-

after the'qth autocorrelat1on wh11e 1ts PACF deèays. Charts 3.4 - 3.8 

and Chart 3.10 show the complete relOOva of 'the fi rst order component. 

Chart 3.9 shows no improvement. The se 1-10g transformation apparently. 
~ 

'mtoduces a IOOv1ng average fOrnl.o 'autocorrelation -in the residu~l 

of the MlC equatioR wh1ch the AR(l) correction cannat remove. 

, , 
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TABLE 3.6: THE INCIDENCE OF ACCEPTABLE f-l)OELS FOR DEMAND FOR M2C EMPlOYING 
, , THE ESCAR1 TRANSFORMATION 

) 

'-
'- 1 

? ' ,1 
t : . 
) , 

* 
Fam11y Max Occurs 

".. 
À }! .l Number in Family at p ~ -. 
0.5 0.5 0.0 5 0.2 300.2'03 

0.25, 5 , 
\ 0.2 300.479 

0.5 ~ 5 0.2 300.716 
0.75 5 0.2 300.911 
1.0 6 0.2 301.060 . 

N ," 

0.5 .- 0.75 0.0 5 0.4. 301.497 
0.25 5 0.4 301.924 
0.50 ' 7, 0.4 302.294 
0.75 7 0.4 302.600 

Ci 1.0 7 " 0.4 ..-/ 302.834 
3T 

1 ; 
0.0 0.0 0.0 7 , ' 0.2 302.082 

0'.25 7 0'.2 302.148 
0.5 7 0.2 302.165 
0.75 '7 0.2 302.134 
1.0 7 0.2 302.057 

-3b 

0.0 0.25 0.0 6 0.4 
" 

301.943 
1. 

/" 
0.25 6 0.4 302.170 
0.5 6 0:4- 302.325 
0.75 6 0.4 302.406 

\ 1.0 6 0.4 302.414 
"- 3fj' 

f 

: .> 

1 
f' t, 

~ , 

1 
• • Th f s col UlQn conta f ns the number of mode 15 .for eat À • ~'.} comb i na t fan t () <i which are not rejected by the likelihood ratio test. There are ive 

-~ 
such IOOdels in the (>,·".5, 1l=.5, yao.o) familYlt"eath of wh1ch has a different 
va) ue of p. ' 

.. 
"l '. /'-) "~ 

1 
-< t .. J' .- --"'- - - ..... 'r' ...... -.......-~._-- ", ..... --\ . ---........ ~~ - .. 

~ ...... _._-~ .... _)-. ---.... ~- "" -- . __ .. .-......- ..... ~~- - . . 
_------.- ~ ....... "-- ~r .. ----~- t ~ ....... -- ..... _" - .. - ..... 
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TABLE 3:"1:' DEMAND FOR fot2C QITH EBCART TRANSFORMATION: THE TOP-10 

À 

0.0 

0.5' 

J!. 

0.0 

0.5 

~ 

, 
j 

r 

y 

0.0 

. 0.25 

0.5 

0.75 

1.0 

0.0 

0.25 

0.5 

0.75 

1.0 

f 
/ 

COEFF. OF • COEFF. OF '" COEFF. OF 
-2 1 NCOME I~TEREST lAGGED M2C !d!M 
0.2 0.137 

J (3.47) 

/ 
/' 

-0.020 0.894 
{-4.81} (25.84) 

302.082 
: 

. ! 
0.2 - 0.138 

(3.50) 

0.2 0.139 
(3.52) 

0.2 0.139 
(3.53) 

0.2 0.140 
(3.53) 

-0.p16 .661 
(-4.83) (25.79) 

-0.012 .489 
(4.83) (25.75) 

-0.009 - .362 
(-4.83) ('25..70 ) 

-0.007 .267'~ 
(-4.81) (25.65) 

302.148 -"'~ 1-, 

302.165 

1 302.134 ~ 

co 1 ....., 

j 302.057 

"- ! 
0.2 0.071 0.()31 ' 0.529 , ~300.203 - j-

(3.20) (-4.48) (28.38) 

0.2 0.072 
(3.25) 

, 
-0.025 , ,.391 

{-4.55} (28~36) 
300.479 

/ 

0.2 0.073 
(3.30) 

-0.019 " .289 
(-4.62 )' (28.34) ~ 

100.716 
0.2 0.014 

(3.34) 
-0.015 .214 

(-~ .61) (28.33) 
300.911 . 

e 

0.2 0.075 
(3.38) 

-0.012 .158 
(-4.70) (28.31 ) 

301.060. 

1 
1 
i , 
1 , ' 
\ ---------___ 0_--...... -----· -.. -. __ ., ne' "f'*srnlll' iIF H .... : 

.----------------- ---------------------
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TABLE 3.8: BOX-PIERCE TESTS FOR 'AUTOCORRELATION,EMPLQYING THE EXTENDE~ 
, BOX-COX AUTOREGRESSrVE OF ORDER ONE (EBCARl), TRANSFORMATION - \. 

(M2C) 0' 

'l\ FIRST OROER 
À ~ 1. Ji AUTOCORR. - ï' 

0.00' 
Il 

0.00 0.50 0.2 0.00 
\ 

0.00 0.00 0.25 0.2 \ \,0.00 
j , 

'Î " a ~ 50 a . 50 . 1. 00 0.2 1 0 .'0) 

0.00 0.00 0.00 0.2 j 0.0l"\, 

l' 0'.50 0.50 0.50 0.-2 j 0.00 
! 

0.00 0.00 ,'LOO 0.2 1 9.70** 
~ 
~ 

1.00 1.00 1.00 0.2 î 0.01 , 
" , , 
~ 
~ 
~ : 

. ~ 

1 
i ci -l 

AlJTOCORR .. OF ORDERS 
ONE Ta FOUR 

7.79* 

7.80* 

7.87* 

8.20* ' 

7~50 
1 

26.56** 

6.21 

0, 

* Indicates s1gn1f1cant aLtocorrelat1on at the 90~ level. 
** Indicatès's1gnif1cant altocorre1at1on at the 99.5% 1evel. 
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3.4. "The Semi-Lo.9ari thmiç, Madel and Interest Rate Res,ponse 

A recent, and increasingly popular" variant of the loga­
~ /' 

ri thmi c demand for money function i s the semi -log spec1 f, eati ~n where 

the' interest rate is. entered as a leve1 and an other dependent and 
D 

independent variables are entered"logarith~fcally. Th,is ~del dates 

at 1 eas t to .Cagan (1956) who' 19ressed ,the 1 ogari thm of .rea r ba la,nèes' 

upon the level of anticipated inflation. Hacche '(1974) resurrected the 

t idea in~his usage of interest rate levels as a variable in a logarithmic 

demand for money function. The economic thinking behind such a speci­

fication is revealed in the statement by Hacche: 

"The log-linear fonn ..... constrains -the 
elasti cHies (short-tenn and long-term) of 
the demana for money wi th respect to each 
explanatory variable to be constant; and in 

• part1cular to be independent of the level of 
the variable. This 1mplicit assu~tion 1s 
convenient and, generally speaking, not 
implausfble. In the case of the interest 
rate variable, however. it is perhaps less 
1ikely that, for, example, a doub1ing in the 
rate from 1 pér cent to 2 per cent will have 
the same proportionate effect on the demand 
for money as will a doubling from 10 per cent 
to 20 per cent. Il • 

He goes on to show that by uSing the variable (l+R). instead of R, 
, , ' 

a ris~ fram 10 per cent ta about 11.1 pel"· cenLwould have the same 

proportionate .effect upon, maney demand as would arise from.l per 

,~ cent ta 2 per cent. Furthennore. sinee ln (l+R) ~ R tor small R, then 

the semi-log specification 1s intuitivel~ justified. This 

seemingly innocu~us modificatioll"'has become firmly rooted in 
\ 

,con tempo ra ry empi ri ca 1 wo rk . \. 

\' 

1 

1 

1 

1 l, 
1 , 

, ,­
" 
i 

f _ 
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, Statist1cal tes~ for stability as dev~loped in Chapter 

2 do not reject,stabi1i~y,~n' the 'logarithmic specification for ~l 

but do reject s tabil i ty for the s~nrr-l og mode 1 . Furthenoore, 
, , ' 

, the CSQ s tati s ti c from the backward !"ecurs ive regress i on 
<0 , , 

when plotted shows strong ve,rti c,al movement for the sémt-log model . 

between 1958:3 and 1959:2. S,inte the recursive residua1s are themselves 

a series of one-period-ahead prediction errors a pronounced 

movement in their nonnalised ctmlulative' sum of squares indicates the 

position in time of structural shi ft. Sinee the backward CSQ 

test is more sensitive ta ear1y sample instàbility than the forward test 

(see Chapter 2), ft is not inconsistent that the forward test does not 

indi cate rejection. 

Whi1e it is known that the late 1950s were a rather turbulent 

period of Canadian financia1 history,* "the task at hand' is to exp1ain 

why one mode1 appears to be stable whi1e the other does note One 

possible explanation is summarized in Charts 3.2 and 3.3. In Chart 
1 

3.2 it is seen that there exist two interva1s between 1956 and 1962 

1958:3 and 1959:4 -- in which RPROV (the Mcleod, Young and Weir average 

of ten,provicial bond yields) and R90 move in opposite directions. 
1 

It is seen also that the logari thm1c R90 series exhibits much 1ess 

variability than, its leve1 R90 counterpart. ~f money demand responds 

to changes 'in both short and long rates,** and if factors causing an 

imbalance in the bond market force long rates upward but not short 

'C 
* It is a period, for examp1e", of accelerating growth in near-banks, 

of vi gorous growth in short-tenn money market i ns t'ruments and the ti me 
of an unprecedented1y large sales campaign of govemment securi ties. 

11'* Fr1eqman (1977) develops the theoreti~al basis for this argl.!Jllent • 
. / 

..,,1 
1 
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CHART 3.2: 1190. LOG(R90) NIl RPROY 1956 11 tG 19&2 Il 6.5 ,-------_________ _ 
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CHART 3.3: ESfl~TED SHOIIT-AUN INTEREST ElASTJCITIES {Xl0-2j OVER TIl( 

FOfI $EMI-L06 AIID LOGARITHIIIC IQIET ŒfMJ 1956 II TU 1966 IV ' 
1 

-3.& ~----------~----------~--------------__ 

2 
19$a _ 

e 
19St 

a 1_ 2 
1884 

2 
1866 

SEHI-LOG 

LOGARITlIMIC 

-/._1 

1 
l' 
1 
1 

1 

'1 
[ 
! 



t , 
j 
f 

1 

! ' 
" 

1. 

} 

( 

________________ -,.-----------:-------------1 
:aL *141 id 

92 

rates, then a regression relating money demand on1y to R~O might appear , ,. 

unstable. The effect of RPRO(riSing would likely be ta reduce money 

demand. The absence of a simu1taneous rise, or presence of a fa 11 , 

in R90 would'thérf be reflected in a 1ess negatfve,. in~erest elasticity 
1 

of money demand. In Chàrt 3.3 the estimated short-run interest elasticity 

1s plotted aver time for both models. The extreme left values of this 

plot aré the regression coefficients based upan the full sample of 87 

observations. In moving from,left to right each""new' position corresponds 
, " 

to the coeffi cient prOduced by a success i vely smaller sample with 

the earliest observation removed. ,-Bath models show a smal1er absolute 
/ 

'9a1ue (less negative) for the intere5t elastic:ity fn the late 19505. 
-.,.-­

In the case of the semi-log model the effect is more pronounced. The 

relative,1nstabi1ity of the level R90 regression might then be 

, attributed ta the greater variabil ity exhibfted by R90 than by its 

10gari thmic transfonnation • 1 

Box-Cox estimation of the appropriate functional from is 

sunmarized in Table 3.3. These results showthat the log·linearmodel 

JÀ = 0, II = O. y = O} 15" clearly statistiéalty superior to the 5em1-1og 

100 de 1 (1. = 0, Il = O. y = 1) for these data. , ' 

',' 

* The long-run elasticity as measured by a2R1 where R 1s the mean of 
the interest rate series, shows the same peak in 1959:4 . 

. ' 

r 
! 

1· 
1 

! 
1 
1 

1 

o 1 
1 

! 



( 
\ 

, , 

93 

3.5. Concluding Conments 
o 

This study has been designed to demon-strate some of the rigid- ' 

Hies il\herent' in ~onventional demand fo~,: money mode1s and ta i 11us-
~ , 

• - 1 

trate the CQnsequence of their removal upon demand for money estimates 
" 

. in ~anada. It is found,that the logarithmic transformation works well 
fi( 

for·bath IJnarrow and broad IOOney aggregates. The square root transforma-
o " '\ 0 

tian works equally well an.d, on the basis of the likelihôpd ratio test, 

no statistical preference 1s ind1cated'for 0lle or the bther. When the 
o 

power transformation of the interest variable 1s allowed to vary frotn 

____ th_a_t_~f .Ether variabJes, the logarithmic fonn for ~l .shows -les5-­

var1ability in incorne elasticity than the square'root,fonn. For M2C 
o ' 

the square root fonn' s"hows a mo~ os tab le i ncome el as'tf ci ty. ~ The spec1 f-

ic~tion of the Ml model does not appear sensitive to functional fOnll -- the 
o , 

residuals of the Ml equation being almost universal1y free of autocor-

relation. The typ~ of autocorrelation, pre~ent in the M2C model does, 
1 

however~ appear to be sensitive to the choiçe of functional fonn. 
Il ,,' 

'The semi-log model, for exampl,~, see~ ta, inject a fonn o~ autacorrelation 
"' 

into the error which conventional corrections do not remove. 

While it may be intuitively appealing ta sU9gest tHat the effect 

upon the dema.nd fO,r money of an increase, in rat1!s from 1 per cent to 
, ° 

2 per cent should be proportionately the sarne as the effect of an increase 
o 

from 10 per cent to 11.1 per cent, the
o 
theoretical implicati",ons bear 

cl oser scrutiny. The aggregate demand curve for real money palances 

in such a worl d would be nearly linear w;th 'respect to 'interest rate~. 

Given the usual -independence assumptions between individllals, "market 

participants would display this nearly linear resporise to the full 

, 
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spectrtlll of interest rates. This linearityassumption imposés upon 
. , 

the world a homogeneous response to interest rates whether they are 
. ~ 

hfgh or low. That is to say, individuals would respond to a changiilg 
... 

income in preclsely the same way vis-a-vis their cash balances whether 

the economy was 'in recession or expansion. 5uch a view negates the " 

possibllity that un ce rtai nt y plays a role in the formation of portfoliO 

decisions. 

A more realistic view' of the world, and one whièh dates 

back to the found~tion of the Keynesian theory of l1qui dit y ptèference, 

" is that a11 market participants entertain a notion as ta what 1s the 
, ' 

nonnal rite of interest at any point in tirne. There is a point for 
• 

.- eaeh consumer where market rates are sUfficiently below this nonnal' 

rate that demand becomes inelastic. When rates fall to a cri'ti~al level, 
.' 

s,uspicion that bond priees can do' nothing but fa'l prevents any movement . , 
out of money and into bonds in Spi~' of variations in the opportunity 

cast of holding IIIOney. Any new increments of incorne are fed directly 

. ~.<_ ,into the cash component of the individual's portfolio. It is the existence 
. 
of different ldeas as to what 1s the nonnal rate of interest at any 

, 1 

point in time whieh bends the aggregate demand curve convex to the origin. 

The logal'1tbm1c demand eurve 1s of this fonn . 
. 

The early Keynesian view, it has been ar:gued, is no longer 

relèvant in a modern world of high inflation and high nominal int~rest 

\ rates. It 15 precisely this argument which sugges.ts an aSYD"lJ1etric effect 

of the omitted expectatio'ns variable upon the interest rate response 

of mo~ey dernand~ I~ 1s possible that, in. buoyant periods, when inflation . , , 

and inflationar'Y expec€ations are high ,lIIOnex dernand responds linearly 

• 
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wfth resp~ct ta the rate of interest. In recessionary periods with low 

inflation and interest rates, however. expeè:tational effects are 1 ike]y 
r _... "-

" , 
" 

to be overshadowed by general feelings of uncertainty and the simple 

Keynesian model 1s' like1y ta be the relevant one. 

This theoretical exposition includes, of course, the possibflity 

that interest rates ..ecful d fall ta a 1evel at or below the cri tical level 

for all market participants. Such a' situation typi fies the liquf dfty 

trap hypothesis where aggregate demand becomes perfec.t1y ine1ast.fc to 

ir.terest rates. Many studies, inc1uding Kostas and Khouja (1969), 

\V~ite '(1972), Spitzer (1976), Barth, Kraft and Kraft (1976) and 

McCulloch (1978), have examined the possibi1ity of existence of a 

li qui di ty trap. The genera 1 concens us has been tha t the re i s no 
, 

empirical evidence ta support its existence. This does not, however. 

imply linearity of the money demand function. The true aggregate demand 

~curve may -1 ~e somewhere between the hyperbol ic function of constant 
.~. , 

elasticitfes whose" horizontal asymptote represents an interest rate 

1 floor and the linear function of. the semilogarithmic specification . 

For quarterly data from 1956 II to 1977 IV, the lifting of the 

the constraint of constant elasticity and imposition of that of 
~ .r "", 

'--·~...1inear response appears neither theoretically nor empirically 
~ 

justified. 
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CHAPTER 4 

CAUSAlITY 
1 • 

Econometries 1s int1mately t1ed ta questions of causal1ty. 

Impl1c1t in many single-equàtiôn econometric models where an 
\ 

endogenous variable is regressed upon predetermined variables is 

the assumption' of causalfty running from the right-htnd· 'indep8fldent~ 

variables t~.th~ 1eft-hand 'dependent' variable. Unbiased and 

consfstent.éstimates of the parameters of these models can be found 

through 'the application of ordinary 1east squares (OLS). If, as 

suggested by Wo1d (1952), unidirectiona1 causal chains can in 
"'-
genera1 be mapped out be~een economic variables, then the world can \ 

be modelled recursive1y. Requirements for a recursive system 

are that 1) the matrix of coefficients be triangular and that 

2) the contemporaneous error dispersion ~tr1x be diagonal. The 

relations of ~~e systems may be gf'len uni9.1,rectionaJ., causal 

. An alternative causal structure was advanc~d by Haavelroo 

(1944J,-'and later by Koopmans' (1949) -as being more relev~nt ta . 
economics. Their mode1, known as the,simu1taneous equation 

model, allowed for the existence of feedback, or bidfrectional 

causality. Given ident1fiabi1ity of a structural equat1on, consistent,' 
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\ ' 
and asymptotica11y unb1ased estimates of the structural parameters 

\ ' can be obtained via two stage 'least s.quares and alternative methods. 

Strotz and Wold (1960) considered causal interpretation within 

a,simu1taneous equation model: They suggested that, for practical 
, 

purposes, it might be desirable to impose recursivity upon such 

telS through the use, of contro.! variables. 

At least three extensions appeared in the literature around 

this time. Simon (1964) and 81a1ock (1962) bui1t upon the foundations 

of path anaylsis. as orig1nated by Wright (1934), in the study of 

causal1ty in recurs1ve models. Zellner (1962) considered recursive 
, , 

models with cross"-equation correlation in the error tenns. Feedback , " , 

do es not enter explicitly .:in such models but is manifested 

in the error terms of 'seemingly-unrelated' regressions. Fisher . 

(1965) suggested a compromise between the simple but n~ive \ecursive 

a models of Wald and the more complex simultaneous equation models of 
. , 

the Cowles Commission. In Fisher's 'block-recursive' models, 

causation is simultaneous within'blocks of equatians but is uni-

directional between blocks. 

Granger (1969), drawing upon work by Wiener (1956), 

exp1icitly laid out an econometric definition of causality. This 

definition has been supsequently used in many empirical studies. 

Pierce and Haugh (1977) give a'thorough review of the definitions 

a~d methodology involved. Section 4.1 of the present chapter 

defi·nes ,various tenns with which causality studies are typical1y 
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concerned. t Zellner (1978) points to several problems 
" t; 

encountered in transforming the Wiener-Granger definition of 

/ causality te an empirically testable definition. These problems, 

and others, are descrfbed in Section 4.2. In Section 4.3 thé 

empirical results of multivariate causality tests applied ta 

Canad1an money, income and interest series are' p~sented. Conclusions 

of this analysis are summarized in Section 4.4. 

4.1 Definitions 
v 

As an illustration of the basic methodo1ogy, consider 

X and Y as covariance stationary processes. X is satd to be causing 

Y, in the Granger sense, if we are better able 'to pre~ict Y t using 

'a11 information th~n a11 information exc1uding X. * We may write 

(4.1) 

where u and v are mutually uncorrelated, white noise processes. 

Suppose that Ut and vt may be represented by distributed 1a95 on 

Xt and Yt together with white noise errors nt and Yt respectively: 

(4.2) 

*Zellner (1978) presents a sur,vey of philesophical definitions 
of causality and their relation te econometric definitions. 

--- -- __ ~~~~,'Ii 
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S1ms (l972a) proved that Y does not cause, X (or Granger non-
1 

causality of X by,Y) if and only 1f b 1n (4.1) 1s 1dent1cal1y 

zero. Substftut1ng (4.2) into (4.1) and settfng b = 0 yields: 

(4.3) 

\. 

In the second 4.3) we solve for Yt to ~1ve the 

express 

, (4.4) 

.where ~t = COt + dvt • Unidirectional causality from X ta Y is 

consistent only with the situation that the prediction of Y is 

'not improved with the inclusion of future X as explanato~ variabl~ • ., 

S1ms 5uggested that this can be tested by regressing Yt on future, 
, 

current and past X and checking for the significance,of coefficients 

on future X as a group. 

It i5 seen that equation (4.4) is not 1n a form suitable 

for testing since its error 15 a mov1ng average of white 

noise. Only under the strict assumption that ~(L) 1s of zero arder 

will the errors be free of autocorrelation. This descr1bes the 

'need for filter1ng. Empfrical methods for determin1ng the appropr1ate 

f11ter for 'wh1ten1ng' the residual will be discussed in the 
\ " 

analysis of Sèction 4.3. A second important condition for applicabflity 
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~ , 
of the conventional signif1cance tests ta model (4.4),;s that 

the errors be normal1y distributed. This assUmption fs.rarely 

emphasized and seldom tested for in the empirical literature. 

.l'. ' 

The find1ng of Granger non-causality or the ~HS of a 

regress;on relation by the LHS is often referred to as exogeneity 

o~the independen~ variables. Hansen a~d Sargent "(1979) correctly 
\ . 

point out that Granger,non-causa11ty of X by Y 1s a necessary 

but not sufficient c~nd1tion for strict exogene1ty of X in (4.4). 

An additio~nal requirement 1s that E [Xt 1/It-~ = 0, for al1' j. 

The conditions for exogeneity are therefore more stringent than 

those under which Y fails ta Gran~er-cause X. This distinction 

is recog~ized by Wu (1973) who proposed a test for exogeneity 

within the simu1ta'neous equation mode1. No at~empt at establishing' 

exogeneity will be .attempted in the present study. . , 

Feedback is said to occur, according ta Granger, if X 

is causing Y and a1so Y is causing X. Instantaneous causality 

occurs if Yt is D~tter pred1cted with Xt included in the P~~~ction 
, -

'than with Xt excluded. There ex:ists a causality 1a9 of Jength m 

if knowing the values of Xt_j , j ~ m improves the prediction of Y
t
. 

Spurious causal,fty is said to exjst between two ,variables when no 

causal-1ink ,exists between them but both are caused by a third 

vari"able. 

The definitive work of Granger and Sims precipitated an 

explosion of empirical work on causality in economics. 1 limit 
) 

o 
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, . 

my field of attent10" ta studieS~relevant to money demand. ~ 
t '... 0 Il 

"~ rev1ew c1:es the majo,r stUdi~S together w"th their empirfcal results 

ànd lists ~he main econometric problems associated with thern. / 

, 

\ 
4.2 Survey and Cri ti que 

. , Si~s (1972a) made, the first authoritative statement on 
,~ / , ~, ' 

causality within a bivariate money-income relationship. He argued 
", 

that a central tenet 1n the disagreement "between the rnonetarists , 

an'd the skept1cs" was regarding the dfrectiqn of influence between 

business conditions and the quantity of money. The major thrust 

of the monetarist position w~~ that nominal money had a direct 

impact upon ~ominal income, wh11e non-monetarists argued that 

business conditions in general influenced the supply of money. 

Sims felt that empirical evidence as, to the direction of this caus(Iity 
, 1 

might help in resolving!thi~ dispute. He found, usfng post-war 
• 

U.S. data, evidence of unidirectional causa11ty from money ta GNP. 

Barth and Bennett (1974) uSing Canadian data frorn 1957 to 

1972 found no evi dence of ~ Ul11 di rectiona 1 causa li ty from money to 

GNP nor from GNP ta money. Furthermore, when the index of industrial 

production (IIP) was used as/ the incorne measure they found 

,u~idirectional causal1ty running from IIP to money. This evtdence, 

wh1ch co"fl1cts w1th the monetarist,:v1ew ~ with the result of 

Sims 1 ~~s attri buted to the openness oJ the 'taqadi an economy and 

fixed exchange rates which severely l1mited the scope of monetary 

policy over most of the peri ad. Auerbach and R~tner (1978) cast 
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;. 

doubt on the Barth and Bennett f1nd1ng of b1d1rectiona1 eausa1ity 

between GNP andmoney on the'grounds that they'filtered their data 
\ 

inappropriately. 
, 

Williams, Goodhart and Gowland (1976) examined the 

mon~-income re1ationship using data for the Un1ted K1ngdom. They 

found that evidence as to eausa1ity was less clear eut for the 

U.K. than Sims reported for the U.S. There was sorne ev1denee of 

unidirectional causa1ity running from nominal ineorne to money but 
~ " 

a1so sorne evidence of unidirectional~ausa1fty running from money 

to priees. The1r conclusion favoured a more comp1icated relation­

ship between money and income 1n whieh both àre detenmined 

sirnultaneously. Mil1s and Wood {1978} examined U.K. data for the 

period 1870-1914 when Brftain was under the gold standard and f1xed 

exchange rates. Their ffndings supported those of Barth and Bennett 

whose data a150 spanned a period predominate,d by fixed exchange 

rates. The; r contenti on was that exchange rate poli cy exerts a 

powerfu1 influence on the perceived relation between incorne and 

money. 

Mehra (1978), uSing U.S. data in a multivarfate mode 1 , could 

reject non-causality of the RHS variables; name1y, nominal GNP, 

the rate on cOl1lllercial paper (RCP) and the rate on time deposits 

(RTO); by nominal money. W1th real money and real GNP, however, he 
\ 

could not reject non-causality of the RHS by the LHS'. 
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Most economists would agree that results of thèse causality 

tests 's~ould'1>e inte~preted caut1ously. Seldom, however, are the 
, 

reasons for such skepti c1sm pred sely spell ed out. 1 ~ave enumerated 

six complaints that have, at various times. been levaped at one or 

more of the above studies. 

1. One pervasive conclusion emanating from these 

studies 1nvolves the specification of money demand relations. 

The trouble is, most causality studies have 'been set 1n bivariate 

money-i ncome models. As Mehra noted: 

S1ms' conclusion .•. clearly implies that nominal 
money stock whfch is exogenous in a bivariate 
distributed-lag framework of income on money will 
still be exogenous in a multivariate distributed-
1ag framework of money-demand.relations. '1* ' 

Such is not necessari ly the case. As noted earlier t t'Ho variables 

may appear .ta be causal1y l inked when, in fact, they are not -­

the phenomenon ~nown as 'spurious causality'. The equivalent 
..... . 

situation might exfst when correlation is~ur1ously- low instead 

of spuriously high. Pierce t 1974), for example, referred 

*Mehra consistently used the tenn 'exogene1ty' when in fact he 
meant 'Granger non-causal ity , . As noted above, evidence of a one-sided 
relation betweèn money and contemporanebus and lagged values of explan­
atory variables implies only that money does not cause the ·explanatory 
variables in the Granger sense. Strict exogeneity 1s only 1ndicated 
by additional ev1dence of lack of covariance between the error tenn and 
the explanatar,y variables ~hemselves . 
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ta the situation where two variables appear to be 
4" 

thgependent bec~use of a conrnon b,ut opposite association wi th a 

third variable as 'spurious independepce'. If..we are to make 

conclusions about causality with1n a money demand relation~ then, 

at least three variables are important -- money, income and a 

measure of the opportunity cost of holding money. 

2. A related problem also considers the, ultimate use to 

which the studies are·directed. If we are to'make 1nferences about 

money demand after having established the direction of causality 

between nominal income and money, then the demand function to which 

we should address ourselves 1s the demand for nominal balances. 

It 1s the demand for real balances, howeyer, which,is 

judged ta be the economically 'relevant one. Sims (1972), Barth and 

Bennett (1974), and Mills and Wood (1978) a11 consider only 

nominal variables. Among the studies looking at both the real 

and nominal variables are Williams, Goodhart and Gowland (1976) 

and Mehra {1978}. The present study looks at nominal, real 

and per cap.Î ta money and i ncome. 

3. Most of the studies thus ,far mentioned have used 

seasonally adjusted data. The reason 1s, of course, the'necessity 

of having 'whitened', cp,variance stationary data for applicabllity 
." 

of the tests. As Sims freely admits, howéver, tilt can be shown that 

in distributed-lag regressions relating OHO variables which have 
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been deseasonalized by procedures with different\assumed rates 

of shift in'the seasonal pattern, spurious 'seasonal' variation 

is likely to appear in the estimated lag distribution." On the 

other"hand, the deseasonalizing procedure could be taking too 

much out of the data, there,by weakening the true causal pattern. 

Sims used deseasonalized data, included seasonal durnmi~s te remove 

'spurious seasonality' and then filtered throughout to remove 

autocorrelati9n. Williams, Goodhart and Gowland felt they could 

dispense with the seasonal dummies since they used the same seasonal 

adjustment on both sides of the equation. The present study uses 

unadj.usted data and relies upon seasonal dUlllTlies for removal of 

seasonality and a pre-whitening fi1ter te ensure residual white 

noise. 

4. An equally harmfu1 pre6ccupation is wit~ 'ad hoc' 

filtering techniques. Sims, for example, uses the,filter (1 - .75L)2 

on the grounds that "this filter approximately flattens the speCtral 

density of most eco!lomic time series, and the hope was that regression 

residuals would be very nearly white noise with th1s prefiltering". 

Williams-L-Geodhart and Gowland 'used a combined filter of the fOnT! 
2 ~ 

(l - L)(l - a1L - a2L ) where al and a2 were estimated from the 

• \ 2 fitted residuals. Mehra used the filter (1 - kL) wher~ kwas 

estimated from the data. Barth and-Bennett used the same. filtering 

device as Sims. Auerback and Rutner used a more sophisticated 

" ---. -

1 

1 

,1 

1 
! 

1 

1 

i 
1 

J 

1 

1 



i , 
1 

1 

J 
t 

, 
. (, 

__ '~$_~_".""''''''_~'fI"lI • ____ ~_~~_,,_~_ \ 
,-

, . 1 

\ 
1 

113 

estimation technique for deriv1ng the1r fil ter. It 1s based on 

a technique deve10ped by Durbin and out1ined in Anderson (1971 • 
. 

\ 
p. 214) which uses an 1nfinite autoregressiva procedure arbftrar11y 

\ -
truncated. Each technique contains an element of arb1trar1ness 

either in the choice of the lag weights t in the length of the 1ag, 

\ 

\ 
\ 

or in both. The consequences of inadequate removal of autocorrelation \ 

upon the tests are stud1ed in Granger and Newbold (1974) and in 

Pierce and Haugh {l977}. If autocorrelation remains in the ffltered 

residuals then bias will occur in the estfmates of the variances 

of the least square coefficients. Very often the bias is downward 

fjee Granger and Newbo1 'd (l97'!.YWhich produces fnflated F statis~ics. 

As a result, non-causal ity of X ,by Y may',be rejected whef! ft rea~ly 

do es existe Feige and Pear~;-'t1974) suggest the poss1bilHy of such 

an occurrence in the study of Sfms (1972). 

Hsiao (1979) developed a t~chn1que for reduc1ng the 

arbitrariness in choice of number of leads and lags in the Sims 

framework. His method 1s based upon t~e Aka1ke (1969) technique 

which optim1ze5 the tradeoff between 105S in effic1ency of too long 

a lag and bias resulting from too short a lag. Although Hs1ao does 

\ 

\ 

remove some of the arbitrariness of the S1ms methodology. he too ///~ 

chooses an ad hoc f11ter. In the present study l fh the number O}/ 
~ / 

leads and lags arb1trarily at four and use the Aka1ke criterfoJYfor 

cho1ce of an optimum f1lter. / 

./ 
/ 
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5. The methodology for testing for autocorrelation 15 

another area which demands attention. -Sims used Durbin fS 

periodogram bounds test which failed to give conclusive results in 

some instances. He stateèl: IIThe conclusion from this list of 

approximate or inconcl us1ve tests can only be that there is room 

for doubt about the accuracy of the F-tests on regre5sfon co­

efficients". ,Furthennore, even in instances where the tests were 

conclusive, Pierce and Haugn (1977) express doubt as to the choice 

of test: "Poss1bly the periodogr~m test used ,by Sims 15 not /a1ways 

a reliable 1nd1cator of the type of seria1 correlation patterns l1kely 

to be of importance." S'fms (1972, page 549) may have been justified 

in his choice of test because, as he notes, at the t1me his paper 

was written there existed no appropr1ate tests for whiteness of . 

resfduals. Bo~.and Pierce (1971) developed a test _which detects 

autocorrelatiolT of any order and of either moving average or auto­

regress1 ve type fn unfvarfate t1me series. A subsequent mod1fi cation 

of th1s test developed by Ljung and Box (1978) will he referred to 

in the present study as the IQ-test l,. See Dav1es t Triggs and Newbold 

(1977) and Davies and Newbold (1979) for discussions of finite 

sample pr.operties and power studies for th1s particular test. 

6. Even Mehra IS expansion of the analysis to a mu1tfvariate 

fr~mework may not have been suft:1cient to account for external 

i nfl uences on th e causa 1 r>,att~~~\ There i s ev i dence, beg i nn t ng wl th 

\ 
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t Barth and Benn~tt 's cursory obser\lhiOn on the openness of the 

! Cana di an economy. ach i e vi.g a na1 Y~ i cal bas i s) in' the wo rk of Putnam • 

~ and Wil ford (1978) and acqui r~ ng empi ri ca 1 /~ upport in Mill ~nd _--- ---

.t. Wood (1978), that exchange rate Potfcy1ïas~ort~~t influence 

t: upon apparent money-income patterns. The present study compares f ~I 
~ 6 the results"'of causality tests applfed to data from the full period, 
î' 

l 
f 
t 
! 

.' 1 
t , 

t 
~ (1' i 
! -

1 l' 

t 
f 

, 

1956 to 1977 with those from tests applied to data with the fixed 

exchange rate period (1962-1970) exc1uded. 

4.3 Empirical Results 

It is known that the dynamic respo~se pattern of th;­

-partial-a-djusbnent model 'follows a geometrfcally decaying infinite 

lag. Morêover t the partial adjustment model A of Chapter 2 imposes . -

the same response pattern of the dependent variable for" all arguments 

in the system. lifting this constraint and allowing current values 

of the dependent variable to be influenced by future values of the 

independent variables allows us to wrate the mpre general money 

demand function: 

00 00 

(mt - Pt) :: (lo + ~ = -ca C111 Yt-l + i = _;.,0.2i r t - i +:. et t 

* specified, as before, in nat~J:al logarithms. 

( 4.5) 

-r 

*This f~ncti-onal fom makes easier ,the required assumption of e 
being a normal and independently distributed random variable. For t 
other functional fonns it is likely that the positive and increasing 
money and incorne series would impose bounds upon the distribution of 
the error, whether the estimation was performed on stock or flow 

// variables. It is noted also that the choice of a logarithmic form 
// ÎS. empÎrÎcally justified in Chapter' 2. 

~-----,_ ... ,,------
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The data are quart~r ly and séasona lly unadj usted. Seri es 

on Ml, R90, GNE and PGNE trom 1956:II te 1977:IV were obtain,ed 

from the CANSIM data base. For removal of trend, first differenc1ng 
t 

was applied to the logar1thmically transformed data. Th,insertioR 

of dl1fll1Y variables (Di) to remove seasonal variation and the 
i 

constraint to four leads and four 1ags on the explanatory variables 
~' 

(4.6) 

Demand for money equations have been inverted in various s,tudies 

[for exanlple, Poole" (1970) and "Goldfeld (l973g, ta give 

fonnulations w1th incarne or interest as the dependent variable'.' 

Corresponding fonnulations for model (4.6) would look like:" 

and 
3 4 4 

rt = k + r n;01 + r Si (mt-i·pt ... i) + r Q1Yt-i + 1'13t' (4.8) 
, 1 = l i =-4 : i =-4 

l' 

*Thfs constraint 1,5 imp05ed for reasons of parsimony. Even the 
present version has 22 explanatory variailles. Any more l eads or 1 ags 
would dangerously reduce our degrees of freedom, especially for the 
smal1er samples. Mehra tested the appropriateness of this constra1nt 
and found that "the accumulated 1a9 weights on income and interest 
rates do nct change 51 gnif1cantly after the inclusion of current and 
four ·lagged tenDS. \1 
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.... 
The error tenns 1'1~ t' 112t, and 113t are assurned to be 

nonnal ~ independently distributed random variables w.ith zero mean 

and constant vari~nces of 0/' cr/ ~nd 0/ ~·,respecti'vely. 
Ta tes t for freedom from autocorre l ation a Q-test was applied 

,ta the re~iduals of a11 regressions. In those cases where the 

Q-statistic rejected the hypothesis of freedom of autocorrelation, 

1t was necessary ta prefi1te~"'the data. The. method of estimation 

of the appropriate filter, together with the algorithm used, are o~t­

lined in Appendices 4.A and 4.8. Briefly, it 1s an application of the 

Akaike final prediction error (FPE) criterion for choice of the 

appropriate order of an autorègressive process using Yule-Walker 
:i' 

* estimates of the fllter coefficients. ~ll cases of autocorrelated 

residua1s (7 of th'e 15 models estimated) on~ass of the respective' 

filter reduced the Q-statistic to an acceptable l~vel -- t,hat 1s, 

lower than 40.26 at the 90 p.er cent l evel. When the Shapi ro-Wil le 

• test was app1ied to the resultj~g sets of residuals the hypothesis 

of normality could be rejected, at the 90 per cent level, for none. 

Tables 4.1 to 4.5 sumarize the estimation. In Table 4.1 

the methodology is applied to nominal variables. M, Y and R denote 

*Geweke and Meese (1979) show that model-fit~ing criteria such 
as that of AkaHe are, in general, asymptotically irie~fic1ent. They 
suggest that the Schwarz (1978) app.roach, which 1ncorporates nested 
al tematives fonna11y in a Bayesian model, has better'asymptoti c 
properties. For sample sizes used here, however, such poten'tial gains 
are judged to be unimportant. 

" \ 
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.nomina1 Ml, nominal GNE and R90, respect1vely. In Table 4.'2, 

, real variables are used; that is, nominal Ml and nominal GNE 

deflated by PGNE. In Table 4.3 the methodology 1s applied to 

real per capita money and incorne. Total Canadian population 15 

used as the deflator. In Table 4.4 nominal variables are exam1ned 

wi th the fixed exchange rate period data omltted. Table 4.5 presents 

the results for real variables, again with fixed exchange rate 

omitted. 

In Table 4.1 1tOis seen that the fllter 1 + .34L + .09l2 

+ .18L3 - .24L4 was required ln ~he regresslon of Y on M and R 

[equation (4.7}J The notation Ln(Xt " = Xt-n' signifies the 

lag oyerator. Neither of the other two regressions of Table 4.1 

required. from the point of vlew of the Q-statistic, an autaregresslve 

fl1ter. The resultlng residuals of equation (4.5) gave a Q-statistlc 

of 23.65 which is much below the critical value at the 90 per cent 

level. It 1s noteworthy, however, that the D.W. statistic still 

1ndicates first arder autoregressian. Throughout the exercise it 

will be noticed that the filtering procedure used here 15 more 

effective in eliminating orders of autocorrelation higher than' 

first arder • 

. Table 4.2 shows ftlte~s applied to real variable models 

for equations (4.6) and (4.B) Equation (4.6) had a Q-stat1stic 
\ 

'of 33.60 but indicated significant first arder autoregression 
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TABLE 4.2: ESTIMATION SUtt1ARY FOR REAL VARIABLES 

./ 

FILTER 

Coeffi c i ent'ton 
Lag of -4 

-3 

NOBS 
Q 
RSS 
D. W. 

-2 
-1 
o 
l 
2 
3 
4 

Coeffi c i ents on 

EQUATI~ 4.6 
M=f(Y.R 

1+.37L+.18~ 2 

- • OlL 3.., • 13L 

Y R 

-.008 .025 
.119 .002 
.075 .053 
.153 -.020 
.181 -.053 
.281 -.017 
.107 .001 

- .141 -.034 
.274 -.009 

79 
33.60 
.0205 
1.25* 

1 . 
R -1 

.0 0.0 
0.0 

Lag of -4 0 

RSS 
D.W. 

-3 0 
-2 0 
-1 0 
o 
1 
2 
3 
4 ~-----V 

.0 

.0 0.0 

.0 0.0 

.324 -.056 

.335 -.037 

.855 -.009 

.011 -.044 

.204 .001 

.0286 
1.11 * 

-

\ 

7 EQ~11TION 4. EQ~~ TI ~~ 4.8 
Y=f M.R) - R:itf Y.H 

NONE 
1+.0~L+.b3L 2 

+.28L 

M li y M 

/.273 -.748 .751 -.609 
-.182 -.207 -- .180 -.078 
.084 .056 .709 -1.401 
.171 .012 -.013 -1 .925 
.192 .002 .997 -, .934 

-.062 - .021 1.147 - .079 
-.073 .047 1.404 1.852 
-.015 -.018 .602 1.054 
.191 - .011 -.276 . 1.170 

83 79 
24.21 23.31 
.0332 .5323 
2.87* - 2.29 

...... ) 

M R Y !t .. 
0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 
0.0 

.. 0.0 0.0 0.0 
.267 .000 1.002 -2.054 

-.127 -.048 1.667 -.727 
.039 .059 . 1.662 1.122 
.076 -.032 .077 1.496 
.232 -.009 -.546/' 1.767 

.0422 .7672 
2.77 * 2.07 

\ 0' 

* Indi ca tes si 9n1 fi cant f{rs t order a utoregress i on a t the 99 per cent 
leve1 • ' , 
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TABLE 4.3: ESTIMATION SUM'fARY FOR REAL PER CAPITA VARIABLES 

FILTER 

Coefficients on 
Lag .of -4 

-3 

NOSS 

~s ( 
O.W. 

-2 
-1 
O' 
1 
2 
3 
4 

Coefficients on 
Lag of -4 

-3 
... 2 

RSS 
D.W~ 

-, 
o 
1 
2 
3 
4 

EQ~~TI~ 4.6. 
M=f~ Y .R) 

1 + • 38l +. 18k 2 

- • 03L 3_. 13L 

y 

.012 .026 

.11' .003 

.068 .054 

.150 ,- .021 

.177 - .053 

.277 -.017 

.107 .001 . 

.145 .'-.035 

.268 - .009 

79 
. 34.20 

.0207 
1.23* ~ 

y R 

0.0 0.0 
0.0 0.0 
0.0- 0.0 
0.0 0.0 
.333 -.056 
.336 -.037 
.826" - . 009 
. 007 -.045 
..197 \ .003 

.0291 
1,.08* 

\ . 

EQ~~ TI ~~ 4.'1 
Y·flM~RJ 

1+.56L+.25L 2 
+~27L3 

M R 

.211 .• 978 
-.016 -.030 

.007 .033 

.264 J .003 

.256 .016 
-.028 , -.021 

.034 .047 
~.048 -.013 

.188 -.002 

79 
39.77 

, .0262 
1.H* 

.M. R 

0.0. 0.0 
0.0 0.0 
0.0 0.0 
0.0 ~ 0.0 

.443 .011 
-._166 -.016 

.187 .053 
-.134 -.025 . 

.216 ~.005 

.0304 
1. 17* 

EQ~~TI~~ ~.8 
Raft Y .Ml • 

NONE 

y 

.590 

.256 

.125 
- .663 

.504 

.579 

.640 
1.066 
-.336 

y 

0.0 
0.0' 
0.0 
0.0 

.776 
1. 1'46 
1.492 

.126 
-.024 

-.020 
-.107 
-.594 

.. 2.233 
-1.956 
-.116 
1.176 
1.644 
0.B24-

83 
23~71 
.6191 
2.00 

J. 

M . -
0.0 
0.0 
0.0 
0.0 

-Z.164 
-. lBS 
1.809 
1.502· 
1.302 

.8132 
1.96 

1, '1 1 

* Indicates s1·gnificant f1rst order alitoregression at the 99 per cent 
level. ' . /' 
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TABLE 4.4: ~i~~~~~~DS~~RI1~~~I~0~I~~~O~~~I:~~~~D~~TH FIXED tXCHANGE 

1 
. 

E~~TION 4.6 EQUATION 4.1 EQUATION 4.8 

1 
• M=f Y.R) Y=f(M.R) R=f(Y,M) 

1+.42l-.01L 2 

1· FILTER NONE +.36L3 NONE 
1 1 

1 
"-

y R M .B. l M 1 
1 ~ .. , 
~ 

Coefficients on '! 
lag of -4 • 141 .011 .303 - .051 -.372 .018 

-3 -.088 .006 -.668 -.014 ).654 1.775 
-2 .323 -.001 .775 -.002 3.334 ,:,,2.152 
-1 .437 .015 -.393 -.007 1.029 -5.602 
0 -.009 -.017 .B~7 .007 .120 -1.556 
1 .219, -.037" -.525 ... 022 -.249 1.433 . 2 -.132 -.023 .907 .056 -2.643 2.873 
3 -.299 .007 -.285 .027 -.405 -1.216 
4 .078 0 -.000 .254 . -.025 1.060 2.121 

Cl -/' . , 
NOSS 51 47 51 
Q 22.47 33.40 20.39 
RSS .0046 .0077 .3909 
D. W. /2.26 1.70 2.14 

,,\ r R t! .B. y M-
t Coefficients on 1 
1 

" Lag of -4 0.0 0.0 0.0 :0.0 0.0 0.0 ! 
,'Il 1 0.0 i -3 0.0 0.0 0.0 0.0 0.0 

\ 
~ -2 /" 0.0 0.0 0.0 0.0 r- 0.0 . 0.0 

-1 0.0 0.0 0.0 0.0 0.0 0.0 
0 .124 -.026 .140 -.299 -.499 ... 2.646 
1 .300 -.045 .155 .019 • 740 .994 . 
2 .135 -.033 .594 .036 -,066 '2.289 
3 .035 -.007 -.094 .047 -.930 1.797 
4 .022 -.015 .207 -.042 -.665 1.359 

~ 

RSS .0102 .0158 .6943 
\~ 

D.W. 1.65 1. 74 1,.83 

() 

, , 

.i .... ~ ~ •• - .......... .... 
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1 TABLE 4.5.: ESTIMATION SUMMARY FOR REAL VARIABLES WITH FIXED 

r 
EXCHANGE RATE PERlon DATA ( 196211 .... .,.197Ôlî1EXcLUDED 

t ., 
l 

l EQUATION 4.6 

J " o M=-f y R i 
f 1 

1+.4L+.05~2 1 1 
\ FILTER NONE +34L3_.02L NONE 
t 

! 
l ,R , 

!1 R Y ~ 

Coefficients on 
1 > Lag of -4 -.276 .003 .196 -.028 1.268 .024 

-3 .05' -.013 -.359 -.022 2.492 -1.014 ! 1 -2 .479 .043 , .133 -.006 2.903 -1.088 , 
! -1 - .438 '-.005 .050 .010 -.600 -3.467 f 
! Oc .033 -.024 .565 ... 024 -.655 -1.471 

t 
1 .205 -.081 1 -.241- .... 014 .,;.559 .107 
2 -.152 ' .003 : .385 .026 -1. 173 1.913 

Ct. ,3 -.240 - .004 i - .127 .040 2.181 1.399 

r 4 .737 - .003 1 .368 • '::..044 .293 .771 
1 

• NOBS 51 1 47 51 , -
Q 2r.88 1 15.94 33.44 
RSS .0125 .0085 .3180 
D.W. 2.48* t.62 2.11 

y R . M R Y M • 1 

Coefficients on 
La~.of -4 0.0 0.0 ' 0.0 0.0 . 0.0 
~~:Y- -3 0.0 0.0 0.0 0.0 0.0 

-2 0.0 0.0 
1 

0.0 0.0 0.0 
-1 0.0 0.0 1 0.0 O.{) 0.0 
0 ... -.040 -.038 1 .361 -.270 -1.627 ,. .-' 1 .18.2 -.084 -.233 1.644 -.430 
2 .102 .005 .404 1.319 2.148 
3 . -.005 -.042 • .161 .164 1.368 
4 .452 -.031 " .380 ,~ .742 1.390 

. \ 1 • 
.0140 RSS .0171 1 .5993 

D.W. \ 2.37 1.91 1.95 

• () '" 
* lndicates significant f1rs~order autoregress10n at the 99 per cent 

1 

level. . 
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at the 99 per cent level with a D.W. of 1.25. Equation 

(4.7) was not seen to require an autoregressive filter but did 

'show a sighi~icant.D.W. of 2.87. Table 4.3 ~eports significant 

autoregression of order l for Equations 4~6 ~nd 4.7, 'with D.W.s .~ 

of 1.23 and 1.11 respectively. In Table 4.4 all three equations 

passed the Q and D.W. tests. In Table 4.5 only equation (4.6) 

indicated si~nificant first order autoregression with a D.W. of 

2.48 .. 

.. Keeping in mind the apparent 1 i'mitations of these filtering 

procedures t 1 examined the results of the causality tests as 

reproduced in Table 4.6. The elements of this table are the 

F-statistics computed fram the residual sum of squares (RSS) 

of the constrained and unconstrained estimations reported in Tables 

4, l through 4.5," When marked by asterisks they indicate significant 
~' ~' 

non-zero coefficients Qn the future variables as a group. This 
(:, 

indicates significant rejection of non-causality of the.RHS 

variables by the dependent variable atthe 95 per cent level. As 

shown by Granger and Newbold (1974), however, the effect of 

inadequate removal of autocrre1ation i5 to inflate the F-statistics. 

The significant F-statistics which are produced fram regressioh5 
~ 

whose D.W. statistics are unab1e to reject first order autoregression 

are therefore inco~clusive. Table 4.7 feplaceswith the synbol I?I, 

those elements of Table 4.6 for which first order autoregression 

was not properly removed and which showed significant F-Stat1stics. A 

, . 
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TABLE 4.6: CAUSALITY IN M. Y AND R RELATIONS 
(PRELUlINARY RESULTSl 

• 

(1) (2) (3) (4) (5) 
NOMINAt REAL 
y AND M Y AND M 

REAL PER- EXCLUDING EXCLUDING 
NOMINAL REAL Y CAPITA M 1962II - 1962II -

EQUATION Y AND M AND M AND Y 1970IV 1970IV 

Equation /4. 6 
M=f1 (y ,R) 2.45* ' 2.83* 2.90* 4.46* 1.32 

Equation 4.7 
Y=f2(M,R) 0.82 2.08 1.12 3.29* 2.01 

Equation 4.8 
R=f3(M,Y) 1. 78 3.14* 2.23* 2.81* 3.21* 

TABLE 4.7: CAUSALITY IN M, Y AND R RELATIONS 
( FINAL RESUL TS) 

\ 
(1) (2) (3) (4) (5) 

NOMINAL REAL 
y' AND M Y AND M 

REAl PER- EXCLUDING EXCLUDING 
NOMINAL REAL Y CAPITA y 196211 - 1962II -

EQUATION Y AND M AND M AND M 1970IV 1970IV 

Equati on 4.6 
M=f, (V ,R) 2.45* ? ? 4.46* 1.32 

Equation 4.7 
Y=f2(M,R)/ 0.82 2.08 1.12 3.29* 2.01 

Equation 4.8 
R=f 3(M, Y) 1.78 3.14* 2.23* 2.81* 3.21* 

------'- ; 

*Indica~s s1sp11f1cantly non-zero coeff1cien~ on the future' 
variables as ~ group' (i.e. significant rejection of non-causality of 
the RHS variables by ~ dependent'variable) at the 9S per cent 'evel. 
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'~ 
Column 1 of Table 4.7 supports the finding of Sims and 

of Mehra that there exists unidirectional causality running from 

nominal money to the RHS variables. Granger non-causa1ity 1s 

rejected for Equation (4.6) but not for either of the other two. 

When the same expertment is performed with fixed exchange rate 

data removed (co1umn 4), Granger non-causal1t)< is rejected for a11 

three equations. This would fndicate simu1taneous determinat10n 

with no clear causation pattern. The non-causa1ity of the RHS 

variables by the dependent variable of equation (4.6) is more 

emphatically rejected in column 4 than in column 1. 

Columns 2 and 3 of Table 4.7 repeat the exerci~e with 

real and real per capita variables respect1vely. In neither case 

can the non-causality of the RHS by the LHS be rejected (a desir­

able property). For column 2 the statistic of equation (4.7) 1s 

very nearly signifl~ant at the 95 per cent level (compared to a 

cr1t1cal value of 2.10). Were ft so, one could state statistically 

that unidirectional causation flowed from right to left in equation 

(4.6'). The closeness of the result speaks favourably, in an 

econometric sense, of our models of demand for real balances. 

Column 5 repeats the test of co1umn 2 with fixed ex change 

rate data excluded. Again,- One cannot reject the non-causal1ty . 
of the RHS of equation (4.61 by the LHS. Again, one must stop - ' 

just short of saying that unidirectional causation runs from right 

,to left in equat10n (4.6) The presence or absence of fixed 
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exchange rate data seems not to affect the causal patte~ between 

variables in the real demand for money model. \ 

4.4. Coneluding"Comments 

Much has been done on mo~ey-income eausality sinee the , 

stuqy of Sims (1972a). Fortunately, the sheer volume of stud1es 
, Î 
"-

and the1r sometirnes eonflicting views have injected a greater ' 
\! caution in the interpretation of resu1ts. The use of causality 

testing has undergone, and is undergoing, a process of maturation. 

Recent work on the consequences of inadequate remaval of residutl 

aùtocorrelatlon has led to gr~ater emphasls on the choiee of the 

appropriate filter and to the use of empirically determined fil~rs. 

The effects of measurement error upon filter specification and the 

consequent effects upon causality tests is a topic of growing 

concerne Improper model specification,. aggregation bias ,and the 

inevitable problem of deflning 'causality' econometrical1y 

must al1 be r:eckoned with before final conclusions are drawn. 

In concrete terms thls study makes six basic improvements 

ta the methodology of Sims. Sorne of these six improvements have 

appeared 1'n recent articles but all of them have appeared in none. 

They are: (1) the use of a multivariate framework as done by tl 

Mehra (1978); (2) the consideration of rea1 versus nominal variables, 

also,done by Mehra {1978}, and subsequent consideration of real 
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per capita variables; (3) the use of undeseasanalized data in 

order to avoid unnecessary smoothing and the spurious seasonality 

described by Sims; (4) the use of the Akaike Ji.nal preôiction 
" 

error criterian for estimation of the whitening f11ter; (S) the 
\ 

use of the Box-Pierce Q-test in conjunction with the Durb1n-Watson 

test for verification of the applicability of the F-testsi and 

(6) consideration of the effects of different exchange rate regimes 

upon causal Rat~rns as done by Mills and Wood (1978). 

Mehra advanced a mult1variate framework for the testing 

of causal1ty. Unfortunately, the identification of causal patterns 

in such a model 1s much more complicated than" in the b1variate 

case. For ,~xample, if two variables can be related by three d1fferent 

'" causal links then three variables can be related in twenty-seven 

different causal patterns. Perhaps Mehra seeks ta avo1d the 

complexity of muTt1variate causality by speaking 1n tenns of 

exogeneity. Exogeneity 15, however, stronger in an econômetric 

sense"than the form of Granger 'non-causality' he observed. 
.. . 

It 1s believed that the re4ults of th1s study " .. 
confinn the information provided by the bu) k of the pUblished ' 

il 

literature. For nominal variables the non-causality of the RHS 

by money 1s rejected. When incarne or interest 15 the dependent 

var1able non-causal1ty of the RHS 1s not rejected. This is in 
~ 

agreement with Sims and Mehra. For nominal variables, w1th the 

fixed exchange rate data excluded, the non-:causality of equation 
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(4,6) is even more.emphatically rejected. This ag~ees with 

Mills and Wood (1978) for the United Kingdom and with Montmarquette 

and Forest (1979) for Canada. 

l"he economfc interpretation of this observation 1s 
/ ------- // 

that there is little scope for monetary policy in an open econo~ 

with fixed exchange rates. Thè causal 11.nk from money to incouÎe 

should be strengthened, therefore, by leav1ng out the fixed rate 

.data. This is observed with the less emphat1c rejection of non­

causality in column 1 than if column 4 for ,equation 4.6 1n 

Table 4.7 •. 

Recent studies Lfor example, ,Poloz {1979tT have exam1ned 

the question of simultaneous equation bias in the demand for 

money. The argument 1s that if the Bank of Canada sets interest 

,rates in response to the behaviour of money aggregates then one 

requires an 1nterest rate reaction function in addition ta a 

money demand funct1on. Unfortunately~ the present stuQy has 

~ot answered this question. What 1t has done, at least in the 

case of demand for real balances, 15 to verify a necessary condition 
" 

for exogene1ty of, the RHS. Further support for the belief that 

simultaneity was not a problem for the time per10d of this stuQy 

comes from the knowledge t~at prior to mid-1975 the Bank of 

Canada followed an 1nterest rate rule and paid 11ttle attention 

to monetary aggregates. Except for the last ten observation$ 

of the sample period of th1s study t when the Bank ~ Canada was 
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actively rnan1pulating inte,rest rates with a v1ew towards 

controlling the growth of Ml, 1t 1s probably adequate ta treat 

interest rates as exogenous. 
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Appendix 4.A: The Akaike FPE Criterion for Cho1ce of, the Appropriaté 
Autoregressive F11ter -

Wold's theorem tells us that any zero mean. covariance 

stationary process excluding deterministic components can be 

represented as a moving average of a sequence of uncprrelated 

random variables with zero mean rand constant variance. If X , 
, t 

(t = 1, .... T), 1s a sample drawn from such a process, then 

(4.9) 

where e~ are NID(0,a2 ) rando~ variables. Equation '(4.9) may 

be rewr1 tten : 

(4.10) 

Consider the finite representatfon of (4.10): 

N 

Xt = j:l ajXt_j + et' 

. Covariance' stationarity of X assures invertibility. i.e. that 

" 

# ' ' 

the roots of !he polynomial (l-alZ- ••.. -aNZN) lie outside the 
\ 

unit circle. _An e~timate of th1s polynomial, ta be term~d the 
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\ 

autoregressive f11ter of Xt,' 1s what we desire. The problem 

béfore us is that asymptoti cally unbiased estimation of the ai 

requires knowledge of the true N and that choiee of an appropriate 

N-reqùires estimates of the ai' 

Akaike (1969) suggests; 

(1) Choose an upper 11mit for N, say L. wh1ch is suff1c1ently 

large as not to exclude the efficient mode1. 

(2) Caleu1ate the sample autocovariances 

1 T-S 
YS = f E Xt+S Xt for S = 0, 1 ••.• L. 

t=l 

(3) Minimum mean square prediction estimates of ai (N) for N = 1, 

\ •••• L, are found'by solving the Yule-Walker equations: 

(4) Define FPE as the mean square prediction error: 

FPE = E ~Xt - Xt)~ 
... N"X where Xt = 1:1 ai t-i' Considér another realization of th1s same 
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,\ 

AR process and denote it as Yt . The prediction of 'Yt would be 

g1ven by: 
N ... 

Yt = 1: <l 1 Yt f' , ;=1 x,. -

The FPE for Yt would be 

FPE • E ~Yt - i~l~X.iYt-i)~ (4. 11) 

, whicb is shawn in Ulrych and Bishop (1975) to reduce to the SUIn 

of two components. The first one corresponds to the minimum residual 
.-II< ' 

sum 6f squa~es àf~~(~ arder AR. fit ta Vt , 5N
2., When N is 

less than the true ~order of the process SN2 includes not only 

contribution fram the variance of the innovation but an additional 

contribution from the bias result1ng from misspecification. The 

estimate SN2 1s artifi~Jal1y high a~d will decrease as N increases 

to fts true value. The second component of FPE,:however, measures 
... A 

the stat1sti.cal deviation of !lx,i from !ly,; which i,ncreases with N. 

, The Akaike criterion 15 to adopt as the optimum of N that value that 

min1m1zes the FPE of (4.11[. Akaike (1969) has deveTaped an efficient 
\ 

est1mate of th'fs minimum criterian. It is written 

FPE(N) = T + (ft + l) SN 2 

T - (N + 1) 

.. 
,A. FORTRAN program for 'the computati,on of the ai{~)and FPE(N) 1s included 

in Appendix 4.8. 
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Appendix 4.8: A FORTRAN Program for the CC;I/nputation of the Akaike 
F1na'1 Prediction Error ! 

) 
(" 

C THIS PROGRAM COMPUTES THE YULE-WALKER ESTIMATES OF THE 
C PREDICTION ERROR FIL TER COEFFIèIENTS AND THE AKAIKE FlffAL 
C PREDICTION'ERROR. THE ALGORITHM IS DESCRIBEO IN AKAI~ (1969) 
C .ANN. IN5T. STATIST. MATH. PROGRAMMED J.P~COCKERLINE (1 79). 
C 

10 
l 
2 
3. 
4 

5 
7 
8 

9 

DIMENSI0~ X(200),C(50,50)~CINV(50,50),WK{200),D(50Jl}, 
1 A(50,1},AT(1,50),Xt(50,200),W(1,200),R(50),FPE(50) 

REAL * 8 RHO,SUM,SUMI 
DOUBLE PRECISION C,CINV,D,A,AT,XL,W,R,FPE' ~ 
READ(S,l) N,M 
DO la l=l,N 
READ{5,2) x(I) ~ti 
CONTINUE . 
FORMAT !214) .. FORMAT FlS.8) . 
FORMAT l2X,'P = ',12,llX,'A{ 1) ',F8.4,5X,'FPE(AR I ,I2,') ',FI.9 
FORMAT lHO,lOX,'YUlE-WAlKER ESTIMATES OF PREDICTION.ERROR ' 

IFILTER COEfJS. AND"THE AKAIKE FINAL PREDICTION ERROR (FPE).'//)' 
FORMAT (29X,'A(',I2,') ',FB.4) , 
FORMAT (/) , 
FORMAT (lOX,'-----------' ,9X,'------------',8X,'-------------

1---- 1 ,/)' " 

FORMAT (lOX,IORDER AR{P)' ,9X,'COEFFICIENTS'8X, IFINAL PRED ERRORS i
) 

WRITE (6,4) 
WRITE (6,9) 
WRITE (6,8) 1 
SUM=O.O 
00 15 l=l,N 
SUMeSUM,+ X(I)*X(I) 

15 CONTINUE 
RHO = 5UM/FLOAT(N) 
DO 99 MM=l,M 
D(lff .1)=0. 0 
N20 = N-ftlM 
DO 20 J-l,N20 , 
OCfttt,l}=O(MM,l)+(X(J+MM)*X(J) ) 

20 CONTINUE, 
D(MM,l)=O(MM,l)/FLOAT(N) '1 

00 30 I:al,MM 
CO ,1), .' RHO 
if ,(I.EQ.MM) GO Ta 30 
DO 40 Ja 2,fttt 
IF (J.LE.I) GO TO 40 . 

- .... __ ...... _---_ ... '" - , .. -
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t C(I,J) = D~J'..l,l) r 

r 40 
C{J,I) .' C I"J) j-

f, CONTINUE - ~" 
t.; 

t 30 ~ CONTINUE 
CALL LINVlF (C,"',50tClNV,lO~K.IER) - "J 

CALL VMUlFF (CINV,D.MM,MM,1,50,50,A,5Q,IER) .. 
00 50 1-1 ,fit! , il< 

AT(l,I) = A(I,l) 
50 CONTINUE - \, 

N60 = N-ff4+1 
00 60 Jal,N60 "; .. 

" 
00 60 1=1,'" 

\.. , M2 Il J.tf+J-I , 
1 

Xl(I,J) • X(Forl)" t 
1 60 CONTINUE 1 

) 

( 
r . 

KI< =- N-ftM > 1 

t 
CAU. YMUlFF (AT ,XL,l,fI1.KK. 1,50,W, l,tER) 
SUMI • 0.0 

J 
00 70, I=l,KK 
ll=Jt1+1 
SUMI = SUMI + (X(lL}-W(1 ,I) )**2 

1 70 CONTINUE 

C R(MM)=SUMI/FLOAT(N) 
i t j 

FPE("')·R(MM)*(FLOAT(N+MM+1)/~LOAT(N-I-MM» ~ ~ 

! WRlTE (6,3) KtI, A(1,l) ,,",,,FPE(1tt) , 

1 
IF (MM.EQ.l) GO TO 81 
00 80 JaZ ,,",, 
WRITE (6.5) J,A(J,l) 

'f -BQ CONTINUE , 
l --\ 81 WRlTE (6,7) 1 
! 99 CONTINUE 

STOP 

\ 
END 

.. 

• 
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• 
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CHAPTER 5 

DYNAMICS 

The distr1buted 1a9 framework 

Yt/~ 9k(L)Xt + Ut' 

1 

" 

, , 
/ 

1 

where L is the,1ag operator, may-be sean to represent a var1ety of 

specifie forms. The 1ag po1ynomina1 
n' . 

e;-(L) = aiL (n + 1- i)Li ~ 
r, i=O, ' ~ ) 

for example, denotes the Fisher 1a9. It i5 seen to be linearly-
~ 

decli~1ng'and parsimon1ous in the sense that on1y a and,n need be 
a 

/-estimated. The Koyck 1ag 1s written 

. 1 1 .e2 (L)=aY (l-).)À L, 0 < ).<1. 
1=0 

The shape 1s geometr1ca1ly deciin1ng w1th the est1mated À providing 

a measure of the 'speed of adjustment ' • The Almon 1ag, wf1tten 
"j 

e~(L) = ~ ~ a i Li 
, 1=0 j=O ij 

1s of variable shape depending upon pre-specified values.of 
..r. 

,orde~~r. and 1ag 1ength, n. The Pascal l~g (Solow, 1960), 

94{L) :II a f (1 + r ~ 1~: (T - À)r).iLi, 
1=0 i!(r-l! 

takes 'on the po1ynominal 'lnvelted-V ' shape 'or the immedlately 

dec11ning Koyck shape depending upon pre-speclfied values of r 

.... 
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[see Kmenta (1971, p. 48817. The rational 1ag, 

S i e (L) = r a.l 
5 ;=0 1 

( nô 1-) 
1 • i~l il 

t 
, , 

--------------------

f , 

generalizes for any possible function of adjustment speed, À. and 

order of polynominal, r. and is unconstrained as to shape. (Jorgenson, 

1966). Rational lags may be identified and estimated by ARlMA - ~ 

methods ~ox and Jéhkins (1970)~. 

The two most prevalent lag fonns appear1ng in the ~ney 

demand literature have.been the Koyck and Almon,specifications. 

Each will be examined more closely in successive sections of this 
\) # / ,.. 

chapter. Section 5.3 will descr1be and apply a statistical test 

, for alternative error structures within the partial adjustment-

adaptive expectations model. Section 5.4' will cons1der the possibility 

that the dynami c structure ; n the demand for rea 1 balances'. has 

evolved through- t1me. Three, methods of variaple paramet?r regression 

will be employed in partial adjustment mode1s for two money 

aggregates. 

5. 1 The Koyck Lag 

Usage oT a geometrically declining lag form in the demand 

for money dates at least ta Cagan (1956)* who mode1'ed expectations 

adaptively in proportion to the previous periodls forecast- error. 

* , Maurice Allais uses the Koyck-lag in "Explication des, Cycles 
Economiques par un Modèle Non-linéaire a Régulation Retardée", presented 
at the European Meeting of the EconoJœtric Society, Uppsala.' 1954 and 
pub1ished in Metroeconomica. ·vo1. 8. 1956, pp. 4-83: 

----;-- r 
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Chow was the first ta publ ish a theoretical descri ption of the geometrically 

declining 1a9 structure for money demand. He felt that the traditional 
~ 

-, 
distinction between short- and long-run demands for maney was 

too sharply drawn. Short-run demand for money was believed ta 

be strongly dominated by a 1 transactions 1 motive with emphasis 
\ 

on current incarne. Long·run dernand for money was bel feved 

to be gove[ned by ~n rassets 1 moti ve, with the emphasfs on pennanent 

incorne. Chow designed a partial adjustment model which captured 

both demands. 

While Chaw's approach served as a good description of 

the model a more theory-oriented derivation appeared in Feige 

(1967). He offered two different theoretical justifications for 

/ the 1 agged dependent variab l e mode 1. The fi rst dea 1t wi th expectations. 

In the familiar log-linear model. equilibrium demand for real 

ba lances. mt d, was wri tten': 

The determfnants were expected real incorne. Yte, and a representative 

rate of interest, rt' With the expectation-generating function written 

as .. 
yt

e =rYt_le +À(Yt - Yt_l e ). (5.2) 

\ d 
then equiHbrium in the money market. mt = mt' allowed 

, 
mt = bO 1- b1Yt + b2r t + b3r t _1 + b4mt _l + bSut _l + Ut (5.3) 

'-
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where 

and bS = -(1 - À), 

Fe1ge '.s second theoret1cal derivat10n of the lagged 

dependent variable model involved costs of adjustment. He identified 
, 

two costs asso'ciated wfth any particular cash balance position 

as 1) the cost of be",g out of long-run equl1ibri um; and 2) the 

-direct cost of getting there in tenns of brokerage charges, The 

fi rst resul t-s from uti 1 i ty foregone in the case of a shortage . 

of cash or incorne foregone in the case of a' surplus. It 1s typically 

represented as a quadratic 10ss functlion of the deviation of 

desired from actual balances. The second cost 1s likewise assumed 

to be a quadra ti c f4:f1ct i on of the change in actua 1 ba 1 ances 1 n any 
J,:. / 

one periode The total cast assoc1ated w1th cash balance mt 1s 
, 

therefore represented as 

(5.4) 

The problem is ta choose the level of actual balances wl'\ich 

min1mizes Ct for a given level of desi_r~d balanêés:- mtd, 
,.-- --- -

Differentiating (5.4) w:!!lL,respéct ta mt and setting th~ cl..er1vatfve 
- - ----- , 

equal. to zero yields the optimal adjustment path:. 

(5.5) 

. / 
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where 

ô = a/(o. + y). 

In a situation where both costs of adjustment and adap ive expectations 

play a role 1n t~e fonnation of adjustment 1ag5 the ~d l becomes 

where , 
i 

(5.6) 

Cs = -(1 - ô){ 1 - À ), c6 = -(l - À) and c7 = ô. ' 
'" , 

1 

:~ f 

This model will be referred to as the partial adjustment-adaptive 
/ 

expèctations (PAAE) model. 

Several variations of the PAAE model have appeared in 

the l1terature. Friedman [ëhow (1966. note 3, p.' l14)J, Genberg (1975) 

,and Villaneuva and Arya (1974) have suggested modifications to the' 

model wh1ch have a1tered the adjustment path described by {5.S}. 

V111anueva and Arya appl1ed non-l1near ~o-stage least squares 

ta models for Japan and Canada and concurred with Starleaf (1970) 
, 

and Feige (1967) that the expectational effect domlnates tt?e partial , 

adjus1J!lent effect. Furthennore, when permanent incorne was used as / 

the income constraint. no 1ag in adjustment could be fo,:,nd. 
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~UCh of the theoretical discussion considered thus far 

has -c 'tred around adjustment in the re-allocation 'of the existing 

port olio. A second possibi1ity for adjustment, which was 

ori ina11y advanced by Chow (1966) and has recent1y gained support. 

i through the re-alloeat10n of the flow of savings. When ,the 

es;red 1evel of an asset differs from its actua1 leve1 th1s 

divergence can be diss1pated either by changing t~e levels of a11 

existing assets or by red1recting the flow of savings toward-or 

l'away from th1s asset. Bra1nard and Tobin (1968) expl1citly considered 
i 

cross-adjustment effects b~tween assets in a portfolio model • 

Modigliani (1972) and Friedman (1977) a1so emphasized the importance 

of sav1ngs. White (1978) considered this effect under moderate 

,inflation. Santomero and Seater (1978) appea1ed ta search behaviour 
,\ 

as an explanat10n of the presence of adjustment 1ags. Bri11enburtt 

1979) refomulated the partial adjustmelit model under condi~tions 

of uncertainty. 

One powerfu1 objection to the use of the Koyck 1ag, at 

\ least for quarterly or annual data. concerns the problem of 
\ 
'time aggregatfon. Mundlak (1961) showed that if complete 

adjustrnent takes 1ess than one data period then the presence 
\1,' 

of the 1agged endogenous variable as a regressor biases upward the 

est-imate of the mean adjustment 1ag. The cORlllOn find1ng of relatively 
, . 

s'low speeds of adjustment; for examp1e in de Leeuw (1967), whe~ 

the react10n t1me at the micro level m1ght be only a few weeks, 

, , 
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suggests such a problem. Bryan (1967) tested the appropriateness 

of the Koyck model for bank adjustments to monetary policy. An 

excess reserve mode 1 conta i ni ng a 1 agged dependent mode 1 was 

estimated for each of 19 separate conmercial hanks using weekly data. 

This relation was then reestimated pooling the data over the banks. 

For the micro data the average lag was 3.2 weeks and from the pooled, 

data was 2.& weeks. When the aggregate weekly data were averaged 

/' into months the regression~o yielded an estimate of 28.7 months for 

adjustment. 

Griliches (1967) demonstrated a second potentially serious 

problem. Even if adjustment is instantaneous the lagged dependent 

variable may seem ta contribute very signifjcantly'to the explanation 

of money,stock. This could happen if the unexplained portion of money 
, 

stock, the residual, is autocorrelated. In this case, the est1mate 

of the coefficient on 1agged money reflects the serial correlation 

as wel1 as the speed of adjustment and 1s upward biased.-J 

Breen (1971) suggested a third source of confusion emergfng 

from the stock-adjustment hypothesis. Whi1e it is clear that partial ~ 

adjustment on an aggregate level 1mplies some sort of habit 

persistence of the population as a whole, it is not clear what this 
\ 

implies about the individual micro unit. It;s possible that 

agents act 1ndfvidually in the same way ,that they act aggregatively -­

adjust1ng the1r demand only partial1y to a g1ven change in supply. 

It 1s also possible, and more 11kely s~s Breen, that indivfduaJs 

_Ma--e,i ther complete adjusters or non-adjusters in any one period. 
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In such a ~he coeffi~ie~t upon the 1agged dependent variable 

would measure more close'ly the proportion of non-adjusters in the 
l , 

sample than the speed of adjustment of the m~cro ~nits. The 

presence ,of long 1a9s of adjustment would then- become ~re of an 

institutiona1 factor than a behavioura1 characterfstic of decision 

makers. In Breen IS words: IIThus fram the pol icy makerls viewpoint, 

the cumulative effects of a policy decision cannot be counted on 

fo~ the gradual achievement of a particular pOlicy goal_~ , ,Whi1e 

other 1ags may exist within the monetary transmission mechanism. the 

l,on9 1ag in adjustment to changes in po1icy variables rnay be rnuch 

1ess ,important than indicated in recent econometric studies··. 

The permanent i ncome approach to money demand di sputes 

partial stock adjus~ent on two points [White (1978}]. The first 

1s that the relevant incarne constra1nt in the demand for money is 

permanent i ncome and because of hlgh substi tutabi li ty between money , 

and other 'financial assets the impact of a change in pennanent 

incorne upan the cash component of an individual·s portfolio is 

relatively inmedfate. 'This, says Friedman (1959), 1s supported 
, . 

in the aggregate by the behavi our of pennenent ve 1 oclty. Given 

that actual balances are everyw.he're equa1 ta desired balances then 

permanent velocfty, unlike measured velocity, behaves 1n an 

intuitive1y-expected, counter-cyc1ica1 manner. The second 

argument is that changes in the desired share of money in a given 

portfolio due to changes in 1nterest rates take place very rapidly. 

Wh1 te (1918) exp1a1ns this phenomenon with the observation that the 

- -- \- -,,-._- - -- -
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desired addition to narrow money accomoanying a fall in rates 
. l' 

coincides with a desired reduction' in other assets. Through 

explicit account of interactions aJ:l1Ong financial assets, the port­

folio models entertain the possibility of more..rapid adjustment. 

Finally, ft has been noted that the reduced fonn equation 

der1ved from the adaptive expectations hypothes1s (5.3) differs 

from that derfved from the partial adjustment-adaptfve expectations 

hypothesis (5.6). Waud (1966,1968) considered the extent ofsmall 

sa~ple bias and departure fram normality of the distribution of 

he estimated regression coefficients due to choice of one model 

when the other was more appropriate. He concluded that the effects 

of such misspec1ficatfon are considerable both in estimation of 

the mean lag and, for very small samples, in testing for significance 

of the ~egrers i on coeffi ci ents • 

5.2 The Almbn Lag 

Almon (1965) developed a technique for estimating the 

weights of a polynominal distributed lag. This technique has been 

usefully employed in severa' demand for money studies. White (1976) 

and Cameron (1979) are examples uSing Canadian da~a. It 1 s to be 

thought of as al ternate, and not necessari ly superi or, ~to the 

Koyck ,specification. Theoretical problems with the technique 

are well doclJllented, as for example in' Schmidt and Waud (1973). 

We begin w1th the d1stributed 1ag model: 
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As long as n is finite and known, the Xt are non-stochastic, and 

Ut are independently distributed random errors with zero 

rnean and cdnstant variance, then unbiased and efficient estimates of 

wo ' ...... "'n can be obtained through ordinary least squares. 

, Problems arise, however, in that large vàlues of n may lead to 

imprecise estimates of the wi . High collinearity among explanatory 

variables may make positive inference difficult or impossible. 

The desire., then, is ~or a parsimonious specification of (5.7). 

The Almon approach cons i s ts of mappi n9 W, a vector of dtrnens i on 

n+1, onto a vector ô of dimension r+l whose elements are the 

'ord i nates of an rth degree po lynomi na l, where r < n. Al gebra i ca lly 

thi s may be written 

W = A.o. (5.8) 

where A is an n+1 by r+1 transformation matrix. Rewriting (5.7) 

in matrix form and substituting for W yields 

y = XAô + u. (5.9 ) 

Given that (5.8) is true, or that the n+1 elements of W can be 

fitted exactly by an rth arder po1ynominal, and that the error 

J ( 

tenn u has the aboye-menti oned properti es then unbi ased and effi cient 

estimates of the wi "can be derived through application of OLS to 

(5.9). 

Unfortunately, the fit-of the rth degree polynominal to the 

n+1 lag weights is rarely ever exact. Because any given continuous 
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function w1th1n a c10sed interval can on1y be approx1mated by a 

po1ynomfna1 of suitable degree and because, in practice, r 15 

usual1y cnosen small, (5.8) shou1d be rewritten 

- W = A.6 + e (5.8a) 

\'Ihere e is an n+1 by 1 vector of errors. This Y,ie1ds 

y ,. XA6 -t-: Xe + u. (S.ga) 

Appl i cation of OLS to (5.9a) y1elds the estimatif' 
J' 

5 = (A'X'XA)-l A'X'y'. (5.10) 

The derfved estimate of W is 

w = A6 = A(A'X'XAr 1 A'X'y 
\ 

(5.11 ) 

substitutfn9 (5.9a) into "(5.11) g1ves 

w = A~ + A(A'X'XA)-l A'X'Xe + A(A'X'XA)-l A'X'U (5.12) 

The bi as of ~ 1s written 

E(Q.) - W =~(A'X'XA)-l A'X'X- In+~(W-AôV (5.13) 

S1nce the bias of Q depends upon the true parameter vector W then we . 
~ know nothing of its size or direction., Furthermore, the dependence 

of the bias upon X may demand the complete re-estimation of a 

structural model for minor data revisions. 
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The residual sUJI of squares from (5.9a) 1s 

~ A. • 

U 1 U = e 1 X 1 MXe + u 1 Mu + 2e')(' Mu '. (5.14) 

where M = ~- XA(A'X'~r1A'X' and \- is the T.by T identity matrix. 

It can be seen th~t û'û w~ll nct have the usual ,x2 distrlbut:ion" due 

to the first and third terms on the RHS of (5.14). Conventiona1 F-

and t- tests are therefore 1nval1d. The practice of uslng signi fi canee 

tests, to choose appropriate val ues for n and r 1s incorrect. 

H~ving observed the properties of the Almon estimates, 

~hen, ft is not surprising that they fa11 within the general 

class of 'biased est1mators'. Sh111er modffied the Almon methods 
, " 

by imposing a degree of smoothness ta the lag distribution. 

Instead of a110wing (5.8) to be stochastic, as 1n (5.Sa) , he set 

(5.15) 

where AW; ~ wi - wi _1 an~ the
O 

t i ~ NIO{o. C1ë,2). 

Merging these priors with the sample information via Bayesian 
co 

techniques then yields a posterior di stribution function 

for wi . Maddala (1977, p. 385) shows that the mean of this 

'\ posterlor distrib~tion is a ridge estimator of w.' When (J~~ = 0, 

. the Shi 11er estimate reduces ta the Almon estimate. ,Liebennan (1978) 
.~, 

uses the Sh111er methods in esti.mating money demand for the U.S. 

economy. 
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,5.3 Testing for Alternative Error Structures 

It 1s seen from equation (5.6) that the error structure 

of the partial adjustment-adaptive expectation (PAAE) mode1 is 

complex. As the adaptive expectation assumptipn is extended to 

other variables in the multivariate model this comp1exity increases. 

This obviously has implications for estimation. Specifications 

invo1 ving autoregre~;ve error structures, for example. would \ 

not be appropriate for either equation (5.3) or (5.6) since their\ 
, , 

error' tenns are generated, at the very least. by moving average 
1 

processes. Neither wou1d an MA(l) correction be appro'\1riatE: if 

the errors were of hi gher arder moving average or of ARMA processes." 

Pertinent. therefore, to a discussion of dynamics in the deman.d for 

money 1s,I a description of how one wou1d discriminate between 

alternative error structures within such a mode1. 
Jff 

Consider, for example .. a genera1 version of (5.1): 

, 

_ mt d • <la + alY~ + ~ r te + Ut' J 

""ere mt~ generated by partial adjustment me~hanlsm: 
(5.16) 

~.(1 - 9l L)mt ' (5.17), 
).1 '-

i 

and yt
e and rte are generated by adapt1ve expectation mechanisms: J 

J 

*In Monte Carlo work by Hendry and Trived1 (l972) 1 t ,1s suggested' ! 
that speci fy1ng the correct order of the error process is mOre important 
in tenns of blas and mean square error of the est1mators thàn speci fy1ng 
its correct fonn, f .e. J whether MA or AR~. 
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(1 - 92L) 

r e = t ).3 rt ; 

(1 - 93L) 

wi.th L the lag operator; 9f • 1 - "1; 0 ~<).1 < l 
. } 2' 
for 1 • 1. 2, 3; and Ut .. 'NID (Q~ (lu ). 'Substitution 

.( 5. 18) 

, CS.19} 

of (5.17) • (S.lS) and (5.19) into structura' mode 1 (5.16) yields 

the equat i on of observab les: 

. , 

(l - 9,LH1 - 92l)(1 - 83l)mt • ),lCJo (! - 9
2
L}(1 - 93L) 

(S.20Y 

'whose error t~nn can be seen ta be generated by MA(2). If we 

further gener~l1ze the model ta al10w Ut to be generated by an 

ARMA (p,q) process then the generating' process of the errbr bf 

(5.20) can be shown 'to be ARMA (p, q ... 2). 

Equation C 5.2Q) reduces to . 
, . 

A7r t _1 + Yt ; ~ 

where Ao • 00"1 ),2À3' Al •. 3 .0 ", - ",2 - "3' 

(5.21) , 

AZ • - [(1 - ",)(1 - ),2) + (1 • ~ )(1·" ~~) + (1 .. "2) (1 • ).3D, 
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A6 =- ~À1Àr A7 Il o.2"l À30 - "2) and 

Vt = ~lUt - À1(2 - À2 - À3)ut _1 + "1(1 -, ÀZ}{l - À3 )Ut _;· 

Gfven that Vt 1s generated by an MA(2) process, a suitable non­

l1near algorithm may be applfed to (5.21) to produce estimates of 

oodel parameters and errer tenus. Godfrey (1978b) proposes tests 0 . , 

of the nu 11 hypothes i s tha t the errors, V t' are genera ted by. ARMA 

(Pt q) aga1nst log1cal a1ternatives.~ Two alternatives are considered 

part1eular1y,relevant te the present case. 

The first tests the null hypothesis,~ HO; that the V't are 

g~nerated by the MA(r) process; against the alternativé, ~A' that 

the ~t a~e generated by ARMA (p, r). For the present case with 

r = 2 thi's 1s equivalent ta testing the null hypothesis that 

the Ut are serially independent aga1nst HA: the Ut are generated 
1 . 

by AR{p}. 

The second tests the nul1 hypothesis HO aga1nst the 

alternative hypothes1s. Ha; that the Vt are generated by MA(q t r). 
, 1 

Again t with r Il 2t this 1s equ1valent to test1ng the null hypothes1s 

that the Ut are generated by MA(q). The more genera1 alternative 

hypothes1~ He' that Vt are generated ~y ARMA (p, q + r), cannot 

be entertained with1n the Godfrey framework (Godfrey. 1978a). 
, 

Derivation of these tests has been ful1y developed in 

Godfrey (1978 l,b) and need not be attempted here. What 15 

cons1dered useful, however. is a simple descript10n of the mechan1cs 
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involved for the two ~pecff1c aDDl1tations ment10ned above. Seme 

notation is required. Let V represent the T by l vector of errors 

from mode 1 (5. 21 ) • Let U represent the T by 1 vector of errors 

from th~ structural model (5.16). Let, 

v - N(a)U ....... MA(q) 

denote the property that V 15 generated by an MA(q) of- U ~here 

N(a) is the T by T matrix: 

1 0 / 

" a 9 

1 

N{al = • • • 

• • 
Qg 

• i.' 

• • • 

• • • 

0 <lq "'Cl1 1 

Let N{y)V • Il .... AR(p) denote the property that U is generated . , , 

by an ,AR(p) of V. Let llU) represent the T by j matrix: 

o o 
o 

~l 

o 

" 

-- ~ .. -~-----~--~-----... -_._~ .... -~- -_._.-..< .... ""\ _.-.........-'""""-------



i 

" ! 
1 "! , 

1 ... 

, , 
, 

o 

" -~ -- -. ------. --------~---~--:------'__r 

152 

Then 1t can be shown that to test 

HO: V = N(a)U •.•. MA(r) 

against 

4 

HA: N{y}V ~ N(a)U .•.• ARMA (p, r) 

one regresses the vector Û against the regressor set 

... 
where â; 1s an r by 1 vector of the estimates ~àf a, and U and 
... , 

V are T by 1 vectors of residuals obta1ned through non-11near 

estimation subject to parameter constraints app11ed ta (5~,21)., 

The R2 of that reg~ss10n times T, call ft ~, '1s then êtistrfbuted as 
2 

X p' 

Ta test 

HO: V = N(a)U .••. MA(r) against 

Ha: N(y)\' = N(a)U •.•. ARMA (0, q + r) 

.. 
one regresses U aga1ns~ the regressor set 

(A)_l - (U)-Y 
N a L X: l q+r .J-. 

CP> 15 then d1str1buted as ~, . 

The test that the errors Vtof model {S.21} are generated 

by an MA(2) process aga1nst the alternative that they are generated 
1 

by an ARMA (1. 2) process has been perfonmed uS1ng quarterly Canadian 
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data. As shown above, this is equival~nt to te~ting that the 

structural errors Ut' of model (5.1&) are independently distributed 

against the alternative that the Ut are AR(l). The test stat~stic 

ois computed to be 47.95. As compared with the critical value 

for the x~ dfstribution at the 95 per cent level, this 

indicates strong rejection of the null hypothes1s. The test of 

the s~ nu11 hypothes1s against the alternative that the Vt 
are denerated by an MA(3) yields a test stat1stic of 49.22. Although 

1 

neither test 15 suffic1ent for identification of the true error 

. structure of ~del (5.16) ,bath strongly suggest the presence of 

autocor~lation in Ut. This could be an indication of misspecif1cat10n 

in mode 1 ( 5.16) • 

5.4. Variable Dynamics 

Several recent articles have considered the possibility 

that dynamic processes underlying money supply and demand have 

not been constant over t'lme. White (1978) argued that adjustment 

ta desfred levels of money balances involves rebuilding or depleting 

stocks of fi nanci al assets. Si nce thl S may requ1 re changes in the 

rate of saving. ft 1s a gradual process"achieved over a per10d of 

time. Factors such as the size and direction of the nece$sary 

adjustment and the inflatfonary climate al1 have a bearfng on the 

speed w1th which the adjustment 1s carr'led out. Carr and Darby (1979) 

suggested that money supply shocks fnfl uence the demand for money· 

Sfnce unanticipated changes in the money supply, and hence in the 
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1 eve l of pri ces, affect the synchroni zation of purchases and 

sà1es of assets t~en they may result in temporary changes in the 

des i red 1 eve 1 of money ba 1 ances . 
\ 

A simple test of the oypothesis that adjustment in the 

demand for money has not been COAS tant through time is possible 

wi th; n mode l ( 2 • 2) . 1 t i S rewri tten 

(5.22) 

where all variables are expressed as l~garithms. The 'nominal' 

adjustment mechanism, appearing in Clinton (1973), 

(5.23) 

assumes that the adjustment of real balances occurs at the same 

rate with respect to priees as with respect ta any of the other 

variables in the model. Substitution of (5.23) into (5.22) 

yiel ds 1\ , 

.. 
(mt - Pt) = 960 + 961Y.t + 982r

t + (1 - g)(mt - 1 - Pt) + gu t " (5.24) 

\ 

-\ 

1 

; 
1 

'1 
1 
1 

, 1 

1 
! 

1 

1 
! j 
1 

1 

1 

'An alternative adjustment mechanism, specified in réal ter'ms. is: , i i 
l' ~ 
! 1 

Substituting (5.25) iota (5.22) yields 

+ gUt • (5.26) 
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Nhich differs fram (5.24) in that thé true lagged dependent 

variable appears in the' RHS. Model (5.26) states that the 

sponse of real balances 1$ more rapid with respect to priees 
_ , >....;il _ _ _ _ _______ -f 'fi) 

than with respect to any of ,the other variables., 80th models 

(~.24) and (5.26) may be seen to be cons't~ained versions of the 
/' / 
more genera l mode 1 

The three models were estimated for the samp1e periods 19S6 Il 

to 1977 IV. Using Oonventional statistical criteria neither 

mode1 (S.26) nor model (5.24)' could be rejected., With Auarterly 

Canadian data there appears ra strang $upport either for Go1dfeld l s 
~~ 

(1976) preference for nominal adjustment or for Laldler 1s (1980) 

preference for real adjus~ent. The rea1 adjustment model (5.26) 

i s used in the present ana lys i s. • 

Variable adjustment ~~ be viewed as a form of parametric 

fnstability. Three specifie fonns are considered in this thesis. '. 

The first involves a finitè nuJtlber of abrupt parameter changes over 
'" ~.. ~ 

the sample. This d1screte ~arameter variation has been examined 

by Quandt (1958, 1972), Chow (1960f', Hinkley (1970), Goldfe1d 
--, .. -1 • , ---. . 

a~d Quandt,(1976) and Riddel1 (1~78 a, b). Chapter 2 of this thesis 

addresses this part;cu1a~ form of instability. 
~ 

The second font! lS random movement of parameters. This 

variation has·been studied by H11drèth a,nd Houck (1968), Swamy 

(1970), Rosenberg (1972), Cooley and Prescott (1973) and surveyed' 
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by Go 1 dfe 1 d and Quandt (1976). Of' the random coef 1 c 1 ent mode 1 s', 

two will 'be developed an"d used in this study. The e are the 
, 

(Hildreth and Houck) stochastic parameter, and Cooley and' 

Prescott) adaptive regression rnodels. 

The third form of instabi1ity 1s systemat1c p rameter 

variat~on. Meyer' (l972) and Carg111 and Meyer (1978, 1 79) 

consider variation which 1s • state-of-the-economy , depen ente 

Thei": /OOdel allows for systematic variation in the coeffic ent 

vector according to some exogenous factors in the system. 

A ,simi1ar model will be developed here. Both a time trend an '. 

the rate of inflation w1.11 be used as state variables. 

5.4.A. Stochastic Parameter Regression 

l app1ied stochast1c'parameter regression, as developed 

in Hildreth and Houck (l968) , to the partial adjustment model 

(5.26). The ,first dif~erence of logarfthms of teal money was 
Il . . 

regressed upon a constant, the logar1thm of GNE, the logarithm 

of R90 and the logarithm of 1agged real money for both Ml and ,M2C 

for the period 1956 1·1 to 1977 IV. Tables 5.1 and 5.2 record 

the resuhs of OLS and Hl1dreth-Houck estimation of Ml and M2e 

respectively. Column 1 contains the ordinary least squares 

estima tes. ,Col umn 3 contains the GLS estimates of the means of 

1 

j 

the four stochastfc parameters. Col umn 5 contai ns th~ Hil dreth-Houck 
. , (\ 

estima,tes of the variance components. Associated w1th each estimate " . 
is 'an approximat~ t- value. The inclusion of the lagged dependent 
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TABLE 5.1: HILDRETH AND HOUCK ESTIMATION IN THE DEMAND FOR Ml 
___ ~,.'.-'1 

Ordinary 
Least Sguares 

Estimate t-value.· 
Variance Com~onents 
Estimate t-value 

CONSTANT 0.0896 0.71 O.OOOB 0.B1 

GNE 0.1513 5.59 -0.0000 -0.08 

. R90 -0.0506 -8.96 -0.0505 .. 8 95 0.0000 0.97 

LAGGED Ml 0.8135 4.21 0.8108 't.25 0.0000 0.18 

R2 0.514 0.514 

DW 1.75 1. 75 

RSS 0.0110 0.0110 

'-... 

/ 
1 

TABLE 5.2: HILDRETH AND HOUCK ESTIMATION IN THE DEMAND FOR M2C 

Ordi~ary 
Least / S9u~res Variance Com~onents 

Est1mate ' t value Estimate t-value 

CONSTANT -0.3929 -4.74 - .3927 -4.81 -0.0002 -0.28 

0.1209 
, 

GNE : 3.74 0.1213 3.75 0.0000 0.58 

R90 -0.0206 . -5.72 0.0208 -5.80 0.0000 0.49 
1 

LAGGED M2C o·r 3.20 0.9080 3.20 Q.OOOO, 0.60 ' 

R2, 0.3 0 /.350 
DW / 1. 4 1.65 

1 
RSS O. 110 0.0110 

1 
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variable, of course, allows for only asymptotic validi~y of 

tests based on such statistics. 

It is seen fram both Tables 5.1 and 5.2 that estimates from 

the classical linear model and those from the-stochastic parameter 

model are very nearly identical. In bath cases the estimates of 
" 

the parameter variances are insignificantly different from zero. 

The st~chastic parametec~~de1~~e~~îparticularlY insensJtive to 

the M2C parameter/var'Î~t1on }itnessecl in Chapter 2 and suggests 

that allowance forlrandom variability in the speed of adjustment , ' , 
o 

of actual to desired real ,balances~dQes not significantly alter 

or improve our ability to model the demal1d for money" 

5.4.8 Adaptive RegressJon 
~ 

The original Cooley an~ Prescott article {1973a} allowed 

for stochasticity of only the constant term. In a subsequent 

paper (1973b) they generalized the model to allow for all parameters 

ta be stochastic. They have tenned it thé "varying-parameter 

regf'\ession model". The simpler model, called "adapti~e regression" 

because of the autoregressive-type adaptation of the constant term, 

will be applied here. 
\ 

Tables 5.3 and 5.4 record the results 'of application oT 

"adapt1ve regression to our money demand model. As' in the 'case 

of stochastic pararneter regression, the resul-ts. are not noticeably 

different from those of ordtnary least squares. There is·one 

statist1c. however, whieh suggests that the adaptive model mfght 

• 
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TABLE 5.3: CDOLEY AND PREscon ESTIMATION IN THE DEMAND FOR Ml 

CONSTANT 

GNE 

R90 

LAGGED Ml 

R2 

DW 

RSS 

Ordinary Least Sguares . 
Estimate t-value 

0.0896 

0.1513 

.. 0.0506 

0.8135 

0.514 

1.75 

0.0110 

0.71 

5.59 

-8.96 -,. 
~ -,. 

4.21 

Coo1ey and Prescott 
Estimate t-value 

0.0779 0.64 

0.1487 5.67 

-0.0504 -9.19 

0.8179 4.24 

'0.581 

1.87 

0.0107 

\ , 
TABLE 5.4: COOLEY AND P'RESCOTT ESTIMATION IN THE DEMAND FOR M2C 

CONSTANT 

GNE 

R90 

LAGGED M2C 
' 2 
R 

DW 

' RSS 

./ 

, 
Ordinary least Squares 
Estimate t":,,va1ue 

-0.3929 -4.74 

0.1209 3.74 

-0.0206 -5.72 

0.9085 3.20 

0.350 

1.64 

0.0110 

Cooley and Prescott 
Est1mate t-value 

-0.3907 -4.83 

0.1193 3.78 

-0.0205 -5.83 

0.9099 3.23 

0.660 

2.04 

0.0108 ~ 

! 
.", ~ 
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, 

represent an improvement over the classical version. The bW 

statistic in Table 5.4 ind1cates rejection of f1rst-order 

autoregression for the adaptive model but is i~conclusive 
,r 

for the classical model. Two factors, h~èv~r, make this a very j , ~ 

tentative conclusion. The DW 1s, of course, not the proper test 

1 \ \ stati,st1c to use in the presence of a lagg~d" dependent variable. 

(see --Ourbin, 1970). Secondly. even if the ~ stat1stic i5 accuT\atelY 
l, \ 

1ndicating a lack of AR(l) in the error, it s~s nothing about 
Il 

ri 

moving average and higher orders of, autoregr~ssive autocorrelation. 
, " 

. /," 
In summary, very little information 1s d,rived from the application 

,,-
of adapt1ve regress10n to money demarfd model (5.26).. If the 

coeffic1epts of (5.26) are indeed variable we have no evidence 

to suggest that this variability 15 random. 

5 ••• C State-Varying Parameter Regression 
, 

Meyer (1972) suggests an approa~h to parameter var1ability 

whereby the varfat10n is systematic and determined by other pre~ , . 
, determined variables in the system. He assumes 'the modeli 

k 
Yt ~ 1:1 Xit Bit + wt ' 

// .. 
~(5.27) 

where Yt 1s the t-th observation on the dependent variable, Xit is the 

t-th observation on the i-th explanatory variable and wt is the value of 

the disiurbance at time t. The subscript, .t, on Si indicates that 
" 

the coefficient is allowed to vary over the sample. More specfficallYt . 

/ (5.28) 

• 
where Bit 1s the t-th element of the T by l coefficient vector Bi' 

~ -~---_ .. "--
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ait 1s the t-th element of the s.tate variable associated with 

coefficient i, Yi is the scale coefficient ta be estimated, and ~it 1s 

a disturbançe tenT!. Substitut10n of (5.28) into (5.27) yields 
k k 

Yt = E XitZit 'Yi t r Xit~it + wt · (529 ) 
1:1 i.1 

Unbiased, consistent and efficient estimates of Yi can be obtained 

through application of OLS ta (5.29) glven the assurnptions of the classical 

linear model and that ~it= o. This is equivalent to say1ng that the 

movement over time of the B coefficients 1s purely systemat1~ w1th no 

random component. If, however, ~1t~ 0 and ~ 1s a vector of constants then 
, 

the movement of a can be said ta be purely random. With the additional 

ass~pt1ons that"E(;it) = 0, E(~t't ) = cr2tITand E{~~t ).a 0 then model 

(5.29) can be s'een to reduce to a fonn similar ta that of the 

~stochast;c parameter model of Hildreth and Houck. 

Incorporating this approach into the partial adjustment 

model yields: 

(mt-pt) - (mt - 1- Pt-l) = g~o_+ ga1Yt + g~Zrt - g{mt -1- Pt-l) + 

gyojt + gYl!t>'t + gY2ltrt - (5.30) 

. gY3~t(mt-l - Pt-l) +Vt • 

- The results of estimat1ng equat10n (5,'30 ) for Ml and MlC, when i 

represents a linear time trend and when ft represents the rate 

of inflation. are shown in Tables 5.5 and 5.6. ,T; values which, 

aga1n, are only approximate due to the lagged dependent variable 
• 
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TABLE 5.5: STATE-VARYING PARAMETERS IN THE DEMAND FOR Ml: 1956-1977 

" T1me-De~endent Parameters Inf1ation-De~!ndent Parameters 
~: Eitimate t- va 1 ue Estimate t- value 

9 0.4543 3.92 0.3032 3.44 • 

a
O 1.2408 0.81 1.4221 2.85 

al 0.7196 <\ 4.90 0.7083 13.86 

'a 
2 -Q.1142 =3.21 -0.14'55 -3.24 

Ya -0.0223 -2.60 -1.1918 "3.69 .' 

Yl -0.0060 -4;77 -0.1409 -2.18 

Y2 ,;,0.0001 -0.12 .;0 .0181 -o'l~a --

-y 
3 -0.0099 -4.56 -0.3066 -3.27 

RHO "- 0.0396 0.32 0.1785 1.50 

R2 
0.525 0.558 

D.W. 1..96 1.97 

~S 0.0097654 0.0090875 '" f 

~ 

0' 

\ 
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TABLE 5.6: STATE ... YARYING PARAMETERS IN lHE DEJ4A!D. FOR M2C: 1956-1971 

.. 
.' 

'V 

.. Time-De2!ndent Parameters .Inflation-Del!endent Parameters 
Coeff. Ëstfmate t- value Est1mate t- value 

9 O. 1897 1.52 0.0957 ., 1.71 . 

00" 7.7632 ~.93 -4.6848 .. 2.56 . ~ 
.-,r-

0.1914 0.25 1.3622 1.39 Cll 

1 -0.05D2 

," 

~ -1.39 -0.0809 ':1.63 
': 

,>, 

(; Ya -0.0939 --1.18 -1.4862 -0.94 

C, Yi 0.0178 0.81 0.2459 0.48 
0, 

Y2 0.0002 0.62 0.0127 1.03 
.. . 

Y3 0.0096 '-.:.L.~{r:60 0.t377 .',~'-' {).32 . 
.; _" _a 

" , 

RHO 0.2941 2.01 0.3320· 2.79 

[. R2 0.369. ::;.' 
. ' . 

0.509, 
.' . .., 

o..W. 2.01 2.04 ' , . 
... ' , . 

.. 
RSS 0.0096327 0.0074995 

~ 

~ 
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are,included wtth the estimates. The hypothesfs that the coefficients 

, are 1n~pendent of time and 1ndependent of the rate of inflation are 

then tested by checking for sfgnfficance of t~e group of state­

va~1ng \coeff1cients' of (5.30) in all four re~r.ess10ns. F-
" " 

statistics are recorded in Table 5.7. 

:table 5.7 suqaests that ~e éoeff1cients in the stock, 

adjustment demand for money model are not constant ot/er the 

. per10d 1956 II to 19n IV. "and that ft 15 IIIOre l1kely that 
" 

tMs 'variab111ty 15 IIM)re c1osely'linked to' the rate of inflation 
, " 

" 
, than ta a lhnear tfme trend •. This of COUrs~, 1s not conclusive 
l" ' 

evidence that adjU5tment fram actual to des1red real balances 

1~ variable. since 1~Stab11i~ in ~e regressfon parameters could 

COlE fram diverse directions and is ~ot necessarl1y related to -the 
\ 

adjustment par~ter. It 1s. however. consistent ~1th such ,an 
\ 

hypothes1s.' _ \ 

\ \ 
, 1 

, 'TABLE 5.1: TÈSTS OF THE ~LL HYPOTHESES OF\ TUE AND INFLATION 
I"DEPENDENT COEFFICIENTS lN THE\DEMAND FOR MONEY 

, \ 

'. , HO: Para~ters Independent' ~n: Parameters' Independent of 
,Aggregate of a l1near Time Trend '\ the Rate.of Inflation 

Ml . 2.177 3.813* .. 
Ml 'v .1.983 8'.165* 

./ . 

* S1]nif1~ance at 99 Per cent. 
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5.5 Concluding Comments 

A simple approach to problems of dynam1 c adjustinent in 
" . '. ,~ 

demand'analyses is to assume them away. That 15, to ,asf~e 
\ 

that full adjustment occurs withln any one period and that every 

observatipn coincides with the intersection of aggregate demand 

and supp1y relations. While such an assumption may be justifiable 
1), 

1n demand for money studies with data period1 cHies of one year 

or longer. it 1s not obvioU51y 50 for quarterly or monthly models. 
1 

This has 1ed to the development of dèmand for money models where the 

actual level 1s a110wed ta 1a9 beh1nd the desired levé1. 

The partial adjustmerit model 1s one such example. In this model 
Il 

a shock ta one of the exogenous arguments wh1 ch detenn1nes the des, i red 

depende~t variable will affect, only partialTy, the actual dependent 

variable. The divergence between actual and desired levels 1s 

then postu1ated ta d1min1sh geometr1ca11y with the passage of tlme. As 

long as the peri,od pf shock to othe exp 1 ana tory varab 1 es i s shorter than 

the length of t1me required for full adjustment. such"a system cou1d 
• 1 .. " :. .. 

pers1st in a state of d1sequilibr1urn. Many theoret1cal arguments exist f' 

as ta t~e inappro~r1ateness of such a rn9de1. Gr11iches (1967) d1scusses 

problems assodated withresidual autocorrelation. Mund1-ak (l961) 

il1uostrates how t~ora1.aggregation may present a probl~m if adjust-

ment of the micro units 1s actua1ly faster than the period of the data.·\ 

. Breen (1971) e~tends this ,argument by claiming that mi cro untts ar,e 

• 

1 \. 
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e1ther ful1-adjusters or non-adjusters in any one period and that 

ijle adjustment coefficient 1s closer to a measure of the proportion 
'1' 

of non .. adjusters in the sample than it 1s ta a measureof the 

speed of adjustment .of 1ndiv1duals. Pennanent income proponents 

would favour the temporal aggregation argument on the grounds of 

. h1gh substitutability between money and- other financial assets 

and of the double-edged effects of interes~ rates. upon relative 

portfolio positions. Finally, Waud (1966)' cons1ders the effects of 

m1sspecif1cat10n error upon the properties of unbiasedness and 

nonnal1ty ·of the coefficients and finds .them to be substantial. 

One popular rationale for the presence of lagged dependent variables 

in deman~ for money models 1s the joint partial adjustment~ 
J 

adaptive expectat10ns argument as dèveloped by Feige (1967). 

Casual inspection of such a model reveals that the error tenn ., 

must follow, at the very least. a mov1ng average process. A 

test procedure developed by Godfrey allows us to make in,ferences 

about the structura l errbr of the PAAE mode l, The hypothes i s of 

. autoregressive. errors 1s tested 'aga1nst specifie alternative 

hypotheses. These tests have implications as to the validity 

.. of the original adaptive~expectations assumption. Such a procedure .. ,.. , 

-- -----:---... --.-----_ .... 

has indicated Poss,1b,le m1ss~cation within a Canadian PAAE 

demand for money modela ,( "-

A second approa~to adjustment 15 to assume polynomfnal 

d1str1butftd 1a9 weigh~$. This approach. though apparentl!' 1ess 

restrictive -and hence enjoy1ng wfder acceptance among. practfcing 

econometr1c1ans, 15 no less subj.ect to cr1 tf'c1sm \han the Koyck mode1. 
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The cr1tic1sm 1s esse~t1al1y based upon the bias which results 

from 1ncorrectly spec1fy1ng the appropr1ate order and 1a9 

length. Furthennore. procedures based upon s 1 gnif1 canee tes ts , 

which are often employed in choosing the order and 1a9 length 

for-' an Almon polynom1na1, are statist1cally invalid; 

As regards the adjustment process itself in the demand 

for money, 1 t ean be rationa1ized from two points of view. The .. 
traditional way 15 ta proceed from the idea that the agent. upon 

recognizfng h1s shortfall (or surplus) in cash balances, will react 

by transfer!:i~,"wea1th from (to) other exist1ng assets. The 

transaction costs of such a decis10n are then weighed against the 

r1sk and fnconven1ence of being out of equilibr1um. An alternate , . 
adjustment procedure is through the real1ocation of the flow' of 

~ 

savings. This mechan1sm of adjustment d~es not entai1 'transaction 

costs and allows for the P?ssibi1ity of variability over time 
• 

in the speed of adjustment. 

From the present study. when a state-varying parameter model 
1'> 

was employed, the hypothesis that the coefficients were independent 

of the rate of inflation was rejected for Ml and M2C. The 

hypothes1s t~at tfle coefficients were independent of a linear time 

trend was not rejected for Ml or for M2~ My principal conclusion 
" , 

1s that there 1s substance to the hypothes 15 of varfabi l1ty in the 

speed of adjustment of money demand and that thi,s variabil1ty 

co1ncides w1th per10ds of rapidly r1s1ng priees' ând 1s due. perhaps, 

ta prevafling uncertainty ~nd to the presence of unantic1pated priee 

,shocks . 
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CilAPTER 6-

COMPETING THEORIES 

In seeking explanatiotTs of monetary phe~~mena, 1:heorists 

frequently f1nd themselves in support of"one or the other of two 

competing theories of money demand. The asset view emphasizes utility 
~ - .' -

1 

gainedcthrough the holding of money as one of many assets in a 

given portfolio. Fonnal i zed in the work of Friedman (1956) is the 

proposition that the'demand for money is detenmined in the main by 

pennanent incorne and the rates on competing assets. The transactions 

"view of the demand for money emerges more fram the cl assi cal stream. 

Here t money 1s thought of as be;ng in demand solely to facil itate 

transactions. 1 t i s der; ved, independen'tli of a speculative moti ve, 

, within the inventory models of Baumol and Tobin. Detenninants are 

, 

\ -

the l evel of transactions, the cost of transactions, and the 

opportunity cost ot holding money. 

In Friecman's fonnulation, the expected rate of inflation 1s 

viewed as the impl i cit rate of retum on inventories of physi cal 

goods. It should, therefore, be recognized by the IOOney holder as 

the rate of retum of an al temate "fonn of wealth. Despi te 

theoretical relevance of in.flationary expectat10ns to the demand for 
,-

money, however, empirical studies .h~ve general1y faHed to give (0 

supporting evidence. 

The transactions schopl is less ·decisive with respect ta the . 
theoretical relevance of expectations. For example, Clower and 

-168 
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How1tt (1978) seek to demonstrate the importance of expectations to 

t~e transactions demand for mone)', while GOldfel,d (1976) sunmarily 
, ' 

dismi sses expectations as having no pl ~ce 1n the transactions 
\ 

modela 

Explanatipns of recent instabil"ity in conventional Ml 

equatlons typically fall into either the transactions or asset , , , 

.t. 

school of thought. One 'transaction-style' argument is that changes 

in the effi cfency of cash management hav~ ha~ an impact on des i red 

~ey holdings. Porter, S,impso~ and Mauskopf (1979), for example, 

e~hasize the impor~ance of these changes for the U.S. economy. 

In the'Miller-Orr model, the variance of the firm's cash flow ;s 

a detenninant, a10ng with brokerage costs and interest rates, of 

demand depo$1t balances. One contribution of Porter e>t al. was the 
j " -­. 

recognition that th~ link between the ,'finn's scale of operations and / 

the variance' of its cash flow may have altered significantly s;nce 

1974. 

Most 'asset-style' explanations of jthe Ml shi·ft stem from 

the Friedman1an propOSition that a11 interest rates are ,relevant 
. 

to the dete~ination of ,money demanda ' If dema~d for Ml depends 
, 

upon a sp~ctrum of:, interest rates then a fun.ction e~lo'y1ng only a 

short rate, say, will remain stable on1y as long as the yield -turve 
" 

does not move about. An ~nstable yield curve· under slJch conditions 

will co1ncide with an unstab1e Ml equ~tion. Heller ~d Khan (1978) 
,'" , 

est1mate quadratic y1e1d Curves based upon seven 1.1'\terest rates 
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fram 1960 1 II to 1976 IV and enter the paraJœters of these curves 

into a money demand equation. They report a stable equation. The 

estimated equatlon, however 1 when dynami cally simulated to 1977 IV, 
dl !.cc 1 ~ ... 

does not produce s~11er errors than conventional IllOdels over the 

. saRe peri~d /see Porter and Mauskopf {197817. 

The present chapter consi~ts of two distinct sections. The 

f1rst, deals w1th a sh1fting demand fdr 1-11 in the m1d-1970s, .and its 

apparent causes. The' second deals with 1nflationary expectat1ons. 

rhough both top~cs can be 100sely jo1ned under the general heading 
~ 

of 1 com~ting theories l, they are treated separately here. The 

resul ts of section 6.1 bear in no way upon the assumptions or , 

con cl usions of section 6.2. 

In section 6.1, transactions- JlX)dels of the demand for 
a 

components of narrow money are developed. ·When shift variables 

are introduced to eacn equation" it 1s concluded that the rnid-1970s 
1 \ 

o 

shift in Ml or1ginâted in the current account component. Furthennore, 
~ 

when cross-equatlon cons'tra1nts on the shi~t. coefficients are appHed 

within a syste~framework, Ml appears to have shifted downward 

by an amount ranging from 4 ta 8 per cent • 

. In section 6.2 various theories of expectation generation 
'1 

-v are exam1ned. One contribution of subsect10n fi~2.A 1s 1n the 

derivat1o~ of an oPt1m~m 'error·le~rntng' series of_auto~~$sive 
expectat1ons. It 1s seen that under the assumed conditions for 
" '8' •. 
apt1mal1ty. bath the arder and coefficients of the autoregress;ve 

1 • 
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generating function change 0rer time. In subsection 6.2.B, a partial 

adjustment model is develope(~in which alternative expectations 
\ 

hypotheses may be tested. Although empirical testing of'static 

versus rational expectations proves not to be infonnative due to 

high residual autocorrelation, a general framework for such a test 
'" 

i s exami ned. 

6.1 Components of Narrow Money 

In Chapter 2, i t was observed that Ml mode 1 s wh; ch fit 

quarterly data well prior to 1976 produce large negative residuals 

for the subsequent two years. When a shift term (zero prior ta 

1976 I, increased linearly to 1977 III and held constant at 7 in 
-_ l' (>, 

1977 IV) was included in the regression Hs coefficiê11t was faund 

ta be significantly different from zero and to represen1; a decrease 

in Ml of roughly 6~7 peY. cen~. This procedure, as shown in Wilton 
'f \ j;I J 

(1975) J may'be interpreted as a test for ,structural chang~ in the 

constant tenn. ~t ~as conClUd~ fr~m knowledge·of institutional 

behavio.r that the, source ~f tf s ins tabil fty was in corpora te cash 

/ \nanagement policy. A more rigorOuS econometric exa~ina~1on of this 

phenomenon is 'undertaken in the .pt'\sent chapter . 
, • 

A comn transactions explanation of the mid':'1970s shift 

in money demand arises from the Miller-Or-r model. As noted in 

Chapter 1, an important determinant of the demand for cash ffiây be 
, , \... 1- • • l'J , • 

the var; an ce of c~sh flow. Wi th 1.mproved cash management techniques 
l ' 

a",finn's cash flow variancé may be reduced relative to its scale - , 

1 

'" 

1 

1 

l' 

1 
i 

/ 
. i 

1 



r 
t 

l 
\ 
r 

( 

" 

______ -- __ ~--->~-->-------,----,--t 

172 " 

of operation. Akerlof (1978) shows that movernent fram loosely­

JOOnitored accounts to tightly-monitored accounts will have a , , 

downward, impact on the demand, for money. Whil'e Canadian bank 
_______ r-.t1~ 

depos1t data are not direct}y -separable ,as to holder of deposit, 

i t 15 probably safe to assume that an personal chequing accounts 
. . 

are h~la by indivi~uals and that most current accounts are held by 

finns. If the transactions hypothesis is true, then the observed 
~ 

~1 s~ift should. be, more c~o~el~ associa~d w1th the current account 
, 

component. than with either currènc/ or personal chequing accounts. 

An asset-style explanation of the Ml shift cl aims that the 

source of instability 1s mis,specification of the fitte,d equation. 

Fr·iedman (1977) has shown that-the opportunity cost of holding cash 

balances 1s sOJœ weighted average of rates on assets across the 
- '~' 

spectrulll of maturities. Ta the extent that rates on aS'sets of 

different maturities- are not 1ncluded in the specification of . (' './ 

, ------ ' demand for'mone~, pronounced mov~ments. in the tenn struct,w,re will 
, , v \ 

, appear as instabilities in tHe 'regression equation. Heller and 

Khan (l979) tested this hypothesis by entering a quadratic yield , , 

curvè di\.ectly into'a regression equation for the demand' for money:. 

While they' reported a stable equation, Porter and M'auskopf (1918) 

subsequently questioned their findings on the b~sis of dynamic 
,,' 

simulations'. Subsection 6.J.A reports on single equation estimates 

of the demand for companents of narrow money. This is don~ both . ' 

for models cOf\taining interest rates explicitly, and for models 
.t ' 

containing estimated 'parameters of a 'quadratic yield curve, 8S 

rœasures of the opportunity cost of hOlding monèy. 

J 
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6.1.A Single Eguat1àn Estimates4 

Aggr-egate data in the following analys1s include: currency 

outside banks (CURR). cur:rent accounts (CA), personal chequing 

accounts (PCA) , personal chequ'able savings deposits at chartered 

banks (pesos), and currerÎcy plus demand d;po~t~ 'O.t1). They are 

seasonally adjusted and cover monthly intervals. End-of-lOOnth' (EOM) 

data are col1ected fram 1968: 1 ta 1978: 9. Average-of-Wednesdays 

(AOW) data are ava11able fram 1974: 1 to 1978: 9. Bath 'series are 

used below ... Inte'rest rate d~ta include: thè rate on 90-day swapped 

deposi ts (RSWAP), the rat,elon non-chequable savi~9s deposits at 

chartered banks (RSDB), the McLeod, Young" and Weir average of 

provincial bond yields (RPROV). Again, both EOM and AOW se~ies are 

used. Two measures of incame are real gross national expend1ture 

CYGNE). and real person,al. disposable incarne (YDP). POP denotes the 

size of the total Canadian population, CPI denotes the' consumer priee 

index and PGNE denotes the GNE ~flator. Jhree different shift 
, 

variables are used.' SHIFTEXQ;s a linear tine trend beginnfng i~ 

1974: -l-<1nd held constant after 1977: 9. SHIFTI is a lin~ar time 

trend' beginn~-9 in 1974: 1 and he 1 d constant after 1975: 12. L\ 

"'SHIFT2i9) a -1 inear t~me trend be9.inning" in 1976: 1 "and held constant 
, " 

after 1977: 9." 

Two different dynamicspeciffcati.ons are used in IOOdel11ng 

Ml and the narrow money comp6n~nts. Th'e, first involves, AllOOn 

d1strfbuted 1ags. These models, apart from dummy variables for 

,\ 
, -----... -_.--
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. , 

per10ds affected by mail strikes and error tenns, are sUlllllarized 

as follows: 

+ d20 SHIFTEX f " 

7 3 
log (~~t) t = a30 + i~O b3i RSDB t _i + 1:P c31 log (YDP)t .. i 

7 " 3 
log (p~~~) = a40 +. I: b4i RSWAPt _, + r: c41 log (YGNE)t_i 

t 1=0 ' 1=0 

+ d40 T + d41 r2 
Ml _ 1 3 

log ('PGNË) = a50 + JE b51 RSWAP t-1 ,E c51 log {YGNE)t .. i 
t ,=0 1-0 . 

~ 
7 

+d50 SHlm + r 951 RPROV t _i . 
i=O .• ~ 

Here T 1s a 1inear time' trend. Almon coefficients on income 

follow a first degree polynomial and those on interest follow a . " 

second _degree pOlynomial, as in models Band C of Chapter 2. 

; 

, Estimates for these five l"?dels using AOW data ,from 1974: 1 

to 1978: 9 are reported in Table' 6.1.. In a11 cases t corrections . - ~ 

l 

for first arder autoregress1on were applied. The autocorrelation 

coeffi cient 15 labell.ed AUTOl. In the four component equations the 

Durbfn-Watson (DW) statistics are acceptable. 'In the aggregate 
, ' 

Ml equation; howev~r, the transformed res1duals.still irtdica~ 

the presence of ffrst otder autoregressio,n:' With assumptions .: 

" 

--~---,-'--' --~---------

1 

(6.l) 
i 

(6.2) 

(6.3)' 
1 
! 

1 ! 
l , 

: 1 

1 ; 1 

1 
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(6.5) 
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TABLE 6.1: SINGLE EgUAllon ESTIMATES FOR S~LECTED MONEY ~S 
(AOW, 1974:01 ta 1978:09) 

Independent 
,VariabUts/ 
Sumnary Stats" 

Constant 

SHIFTEX 

SHIFT2 

T 

Short Rate (E) 

Long Rate (E) 

Incorœ 

AUTOI 

DW 

,"If -
SER 

,.. Dependent Variable 

CA PCA pcsos Ml CURR 

-7.1005 
(-22.3)* 

-3.4681 -8.1033 -8.1457 -2.5282 
( .. 1.2) (-10.4) (-3.29) (-0.8,4) 

-0.0064 
(-3.6) 

-0.0044 
(-5.6) 

-0.0211 
(-7.4) 

-0.0139 
( -19.42) 

0.0001 
(12.36) 

-0.0023 
(-1.9) . 

-0.0129 -0.0208 -0.010 
(-3.3) (-11;05) (-2.63) 

o 

-0.021 
( -2.39) 

0.5214 0.6797 0.9720 1. 0605 0.6490 
(2.7) (2.7) (14.5) (4.95) (2.41) 

0.969 0.213 

1. 70 2.03 
0.951 0.872 

0.00353 0.01379 

O. 338 .Q..63O 
r->-

2.00 2.01 
0.950 0.996 

0.01391 0.00501 

0.789 

1.41 
0.660 

0.0076 

CORRELATION OF OLS RESIOUAlS 

CURR 

CA 

pèA 

~CSOS 

1..0000 

O. ~89 1.0000 

- 0.1925 

0.1447 

0.7864 • 
0.5900 

1.0000 • , 

0.6699 1.0000 

- - ---~-------, 
- " ~ , .. -. '. ( 
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of normalfty, zero mean, homos cedas ti cit y, and lack of autocorrelation 
• 0 

in the error of each of these model s, the t-valuesd"epo'rted in 

parentheses below the estfmates of Table ,6.1 may be fnterpreted f-or 
. ' 

tests of sfgnfficance. All regressions report significantly 
--'""'--~'~'" . 

negative interest elasticities and signifi cantly positive (between 0.5 
. ~ ~ . 

and 1.0) incorne elaSti dties. Thé correlation matriX' was co~uted 
, 

for the OlS:residuals from the CURR, CA, PCA and PCSDS equations. This. 
, 

1~fonnation, when talcen in conjunction with the lack of similarity 

of explanatory variables of the se ,equat1ons, suggests that 

improvements in aS1qltotic,effic1ency over OLS estimation can be 

ach1eved. 

The second dynamic specification 1rivolves the Koyck 

d1stributed Jag. The Héller-Khan (1979) methodology has been 

applied ta Koyclc-style models for CURR, CA, PCA and Ml. The tenn 

structure variables are the intercept., sl,o~ and curvature, of a 

qu~drat1c y1eld curve based on monthly observations for se ven 

interest ~ates. Est1mates fram these four models are recorded 

in Table 6.2. 

One remarkable feature of rab le 6.2 15 that even when the . 

'- tenn structure 1s entered exp.licitly in the Ml equation, the 

coefficient of SHIFT2 indicates a downwàrd s,hift of appr9*imately 
;' '-.' *,it - , 

9.3 per cent. This wouldseem to,reject the asse-t view that " ,'. .... " .... 
• 1 • 

'Il y" 

*Since SHIFJ2 15 entered in a fonn wh1ch prevents 1 ts run-off 
Over time, the percentagè sh1ft 1s computed by multiply~ng the coeff-
icient by the value of-SHIFT2 at -its endpofnt. . 

, 1 

'/ 

, 

\. 
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~ *t-values are reported in parentheses. They ,are on1y 
asyniptotfcàl1y val1d due to presence of a lagged dependent variable. 

**These 'variables are the est1mated 1ntercept. slope,.and 
curvature of a quadratic yield curve based on rates on JO .. , 60-, and 
90-day financlal pape .. , and 1~3, 3-5, 5-10 at\d 10 years and over - , 
Govemlll!nt of Canada bonds. 1 am indebted to Ran Parker for 
guidance in th1s area. 
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\ 

instability in the demand ,for M1 1s due largely to omission of 
-

relevant inter:est rate data. Furthermore, i':1 both the Almon 

specifications of Table 6.1 and' the Koyck spee:ifications' of Table 
..... , 

\ . , 
6.2, the only component for which .a Shlft variable apparently 

contributes explanatory power is CA. This would seem to support 

the transactions view that the downward shift in Ml resülted from 
1 

increased cash managemen~effkie~cy of corporations. f. 

Since the shift vari.ab'les used in Tables 6.1 and 6.2 were 

chosen on purely empirical grounds, it is useful to summarize our 

prior'views as to possible shifts in CA. PCA and pesos. Exam­

ination of ins titutional data reveals that bank5 began c;>ffering ~ 

ca~h management plans to their corporate customers in .J.9?,2. This 

suggests that the downward shi ft in CA began before 1976: 1. 

As for PCA. the p1cture is less sharply. defined. In the early 

19705, the~ chequing costs to customers f,!)r. CAs relative ta peAs 

increased dramatical1y. -One would normally associate this with an 

upward Shi~'t in --the demand for PCA. However, at the end of 1974; 

a legislative change allowed tax, exemption ori $1000 of interes~ 

incorne. If the relevant oppor-tunity cast for PCA ;s some tax-

'adj~sted interest rate, then this legal change should have had a . ., 
downward impact u~on PCA. The combined effect on PCA is not, 

therefore. unambiguously defined. It is n9table from the equations 
J 

of Tables 6.1 and 6.2 that the extended shift vqriable (SH'IFTEX) 

is ,relevant to C,A ,and that no shift is relevant to PCA. When 

1 .' 

" 

• 

J 

1 
t 

1 
i 

j 
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l , 

the extended ~hift i~ 1ncluded' in the Mf equatio"" however, it 
1 • 

contriblltes explanatory p'ower onlyo for the peribd 1976: 1.ta 1977: 
"."11 ( • 

Th~ 1'il\a1 'co~on~nt considered 't,ere 1s· ~equable persona1 

. SaVingS"de~Osits at chartered b~~kS (pesos). Whi1~ pesos k not a 
~ ~ - " conponent of Ml, it may be considered a transactions balance and 

.. 1".. • . 
may be releVarft Dec~use of fts potential substitutability with tne 

" 
components of Ml. W1th -the adveJ1t of non-chequable savings in 

1967 t pesos, fell off fram a l'evel IOOre than $2 billion highl!r than 
\ , 

demand deposits to~ a level in 197P roughly $0.5 billion below " 
-

demand'deposits. After·a two-year interval of positive growth, 

PCSOS from 1973 to the present ~ayed .relatively flat and declined , . 
(1 . steadily as ,a fraction of de~nd depo~its. Throughout the period .. 

explored in the present study, chequable savings deposits have been 

.' 

(l 

\ 
\ 

rather uncoq>etitive. 

The PCSOS equation (6.4) ;s a150 a simple transactions 
. , 

mode 1. An important feature of this model iS, the presence of a 

quadratic trend; Al though this trend has been t:hosen simply for 

the i~provement it gives to the fit of the equation, an !! post 
v 

justification for its presence may be that these deposits are he1d-

by a parti cul ar segment of the popul ati on. The ho 1 ders are 

"t, ~ _"8sslll1ed to be averse to complications assoc1ated with maintaining 

f separate savings and che~g accounts, The estimated impact of 

*SHIFTl is the difference between SHIFTEX and SHIH2. Wh en 
SHtFTl and SHIFT2 are entered in the Ml equation only SHIFT2 is 

, s1gnificantly ~ifferent from zero. When they)are entered in the CA 
equation bath are significant. 1 
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'- , 
the qua~rat1c tfme tren~, as reported in Table '"6.1, mlgnt, then be the 

" , 
rasult of two factors: 1)., the demographfc effect of a holding popula-

tion which 1s declinlng over time t and 2) a ~1 ayed learning response 

to the dimjnished competitiveness of these Jnstruments which occurred 
, 0 

in the late 1960~and early 1970s. The rate orèhange of'this impact-, 

1s seen ta be strong 1nit; ally and to moderate gradually through the 
o , . 

sample period. The estfmated polynomial. -.0139. T + .Q001 T2. has 

zero slope at T = 70. correspond1ng to 1979:10. 

6.1.8 Systems Est1mates 

\ . As s~ow~n the ~orrelation matrix of Table 6.1 there ex1sts 

con~rable cross-equation correlation in the least sqùares residuals, 

particularly among CA, PCA and pesos. In view Of this correlation, 

improved asymptoti c efficiency 1S possible with the appl; cation of . \. 

t' 
Zel1ner-effi cient (ZEF) estimation. Resul ts for this al ternative 

approach are shown if! Table 6.3 for the four equation model. 

Comparing the estimates and t-values of Table 6.3 with thejr 

corresponding entries in Table 6.1 confinns what one would expecti 

n~mely. only slight changes in the~stimates and higher t-values on all 

coeff; cients in the equations for CA, PCA and PCSOS. These were the 
~ 

equat;ons least similar in explanatory variables and demonstrating 
, ,\ 

the highest cross-equation res'idual correlation. The t-values reported, 
. 
of course, are appropriate for statistical inference only asymptot1cally. 

\ 

Even in the present sample of 57" observations, however, the asymptoti c 
tJ 

result appears ta hold. 
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TABLE 6.3: ZELLNER EFFICIENT ESTlMAT;ION OF COMPONENTS OF HARROW ,MONEY 
./ 

(AOW 1974: l TO 1978: 9) 
, , 

" • , 

lndependent Variab1esl 
'Del!!ndent Vari~ le Ig 

Summa~ Statlstics 
' . 

a 

CURR CA PCA" ,peSDS 
\ 

, Constant' -6.9447 -3.7836 -9.6541 -8.8794 
( -22.56)* (-1. 75) ( -9.59) (-4.53) 

. SHIFTEX -0.0046 .. (-7.42) 
~, • 

T -0.0143 
~ 

(-23.13) 

'12 " 0 1 
0.0001 

.,.-", (16.33) 
Cf \ \ 

Interest (E) .. 0.0067, -0.0207 -0.0090 -0.0209 
c 
/ 

(-3.76) (-8.12) (-2 .60~ ( -11.49) ~ 

1 
Income (l~) . 0.4300 0 .. 7069 1.1022 1.1240 

(2.33) (3.77) (12.82) (6.63) 
• û 1 

/}\ ,)J 
/' 

AUTOI 0.9693. 0.2258 O. 350~ 0.6302 

DW 1.68 1.97 1.97 2.01 

~ 0.949 0.864 0.951 ~ 0.996 

S'ER 0.0057. '0.0223 0.02174 0.00804 

,/ 

\.---Y , 
*t-values, valid aS)nnptotfcal1y,~re ~renthese,\ 

\ 

., 
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A~ide from the 'potentlal galn in asymptot1c effic1ency, 

a second potential bene fit of ZEF estimation" stems from the feasibility . \. 

of cross-equation constraints. In the present con~~xt ft is considered 

ful to constrain the magni tudes of shift~ in the various components 

as a means of ;ncorporating prior knowlèdge. ~or exampJe, if equal and 

,opposi te shifts occur simultaneously in two components of' Ml then the 

agg,regate should be unaffected. Conversely, any shift in one component 

wh1ch ;s not ~y an equal arid oppostte shift in another component' 

.. 

! 
l, 
: , 

1 

1 

1 
1 
1 

1 

1 
f 

1 

,1 

sh~uld b~ reflected in the aggregate numbers. Suitable modiff cations l ' 
~ the CA, PCA: and peSDS equations appearing in Table 6.3 allow ~ l '1 

the interrelation of shift coefficients. The modifications ar~ ~' 1 

iy SHIFTEX of the CA equation is spl i tr into SHIFTl and SHIJry"2, 2~ SHIFTI ! . 
and SHIFT2 are included in the PCA equation, 3) YGNE replaces YDP in 

the PCA equation to avoid the col1inearity which was apparent between 
" . 

YDP and", the shi ft, and 4} SHIFTI and SHIFT2 replace the quadratic trend 

of the pesos equation. " 

)Re~u1ts from the unconstrained model estimated with AOW data 
5 ....... 

from 1974: 1 to 1978:9 appear in Table 6.4. It is seen that for CA both 
\ , 

shift coefficients are negative and significantly different from zero. , . 
For PCA both are positive but not significantly different from zero while 

for PCSDS neither shift coef 'cient is sign1ficantly different from'zero. 

This supp!rts the inference d wn from the 'OLS estimates that the Ml 

.shi ft can be largely identifie as shi ft inCA. 1 t seems ta con f1 i ct , 
1 

however, wi th ~e .;nference dr~wn. 'om the Ml regression tha~ the."shift 

",Î 
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began in the f1rst quarter of 1976. Tbe CA eqViltiorr- of Table 6.4 
, . 

suggests that funds began sh1fting out in early 1974. _ 

TABLE 6.4: 'ZELLHER EFFICIENT ESTIMATION OF' UNCONSTRAINED THREE 
EQUATION MOOEl (AOW 1974: 1 TO 1978: 9) 'U 

Independen t Var1 ab 1 esl 
Surnnar,):: Stat1sti cs Del!!ndent Variable 

CA PCA PCSOS 

Constant • ~6'.1239 _ -5.9444 -5.1747 
1 

{':1. 90)* ( ':0.86) (-1.36) 

SHIFTl -O~'OO40 0.0033 0.0018 . 
(-5.11) (1. 52) (0.46) 

SHlFi2 -0.0058 0.0025 . -0.0006 
,(-5.11) (0.10) (-0.30) 

Intere,~tl' -'(1:') -0.0188 -0.0141 -0.0172 
(-2.74) (-2.00) (-5.36) 

< 

,In come (E) 0.9057 ~7459. 0.7561 
(3.24) .23) (2.35) 

AUTOI 0.3239 0.6380 0.9651 
(2.88) (6.57) 007.82) 

ur' - If 
,QW 2.31 .2.43 2.39 

~ O.~4 0.945 0.995 

SER Il 0.02068 0.0212"4 0.00825 . 
'. 

'\ ~ 
*t-values. valid a~toticallY. are in parentheses'" 

. r· " 

f· 

} -

f • 

The fint row of Table 6.5 sunmarizes the relevant regression '-.~ ,,: 

!' 

oP ' 

results of Table 6.4 in tenus of e~t1nrated dollar amounts shifted to '~. 
each of the components. An estima~d exodus of $876 million came 

, ~ 

.&" 
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from CA between 197'4: land 1975:12. Another $'1,249 million shifted 

from CA betwe.en 1976: land, 1977: 9 w;th no sh.ifts appearing in either 

df the other two components. '" The cOnDined shift in Ml is th en computed 

to be $2,125 million or 11. 7 par cent of ; ts average level over the 

period. 

; 
In the subseq~nt rows of Table 6.5, a series of arbitrarily 

, . 
chosen cross-equation constraints were app1 ie~ to the coefficients of 

the shift variables as a means of assessfng the robus,~ess of the un­

constrained shift estimates reported ,in the previous paragraphe The 

coeffiG-len~s of the shift variables in the assumed models imply specifie 
,----~ ....... I 

percentage changes in the dependent variables. It 15 possible, tMrefore, 

to constrain the coefficients acr,oss equations in such a way as to im­

pose a"given relation on the shift magnitudes of the various components. 

The method for testing the appropriateness of such constraints is to 

compute the systems analogue of the F-ratio. This ratio is distributed 
, <' 

, 
asymptoti cally as chi ·square with q clegrees of freedom, where q i s the 

nuniltlr of constraints. If the r~tio exceeds the tabulated critieal ' 

value at an appropriate level of s1gnificanee the validity of .. the null 

hypothesis, Le., the constrai.ned roodel, 1s statistical1y rejected. 

For censtraint 2 of Tabl e 6.5, the null hypothesi sis that the 

,: infl~x of funds te peAs between i9'74: 1 and 197~: 12 15 appro~imately ,", 

equal to 1/5 of the exodus of funds fram CA, with no shift in PCA 

between 1975: land 1977: 9. .The' constraint to zero Of SHlfT2 1n the 

• , PCA equation 1s repeated in a11 six constrained models of Table 6.5. 

, 
) 

l' 

1 

1 
: 1 

1 

j 
1 
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The test statistic shows that these constraints ca.nnot be rejectèd. 

Constrafnt 3 illl>oses a SHIFTI in PCA approximately equal ta -1/3 
~ 

times the shift in CA. Constraint 4 imposes a SHIFTI in PCA approxi-

mately eqqal to -2/5 times the sh1ft' in CA. Constraint 5 imposes a 

SHIFTI in PCA a'pproximately equal to -1/3 the shift in PCSOS. Constraint 

6 i~oses a SHIFTI in PCA approximately equal and opposite to the shift 
r 

1n PCSOS. Constraint 7 constrains SHIFTI in CA ta zero. In none of the 

six constrained models was the test statisti c (compared with x~ at the 

90 per cent level"of 4.61) high enough for rejectior;\ of the null hypothesis. 

It is notable that even constraint 7, which constrains the early shift 

in CA ta zero is not rejeèted. Also, a wide variation in possible move-
1 

"men't of t9'0S from +$1,054 mill ion to -$2~1 million is observed. The 

range of Ml shifts implied by these seven runs is from 3.2 per cent to 

11.7 per cent. a is tha,r.efore possible that so~ of the long shift 1n 

CAs could be mask.ed by an offsetting shift in peAs; however, with this 

relativel.Y short sample period it is not possible to impute a very./ligh 

degree of\prec1sion to' the shift estima tes. 1. 

Ta i'lvestigate the possibility that the early CA shift i5 a 
1> 

spurious ré'sult peculiar to the short sample period, 1 tried four differ-
",,'\ " 

ent shift variables 1n the Ml equation for two sample periods. Since 
~ 

a~erage':'of-Wednesdays (AOW) data are not available prior to 1974: 1,' the 

longer sample pertQd consists of end-of-:month (EOM) data. The results, 

, , sUJl1lla.rized in" Table 6.6, would appear to support the c1aim that the early 

shift in CAs is spurious. WhÙe' the extend~d fhift appears significant 
't. -

to Ml for both sample periods-:1 ts significance, at least for the 
-ri' ., 
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TABLE 6.6: Ml EgUATION, LEAST SQUARES ESTIMATION OF ,THE SHIFT 

Independen t 
Var1 ab lesl 
Sumnar,y' Sta ts . 

SHIFTI 

SHIFT2 ' ' 

. SHIFTEX 

RSWAP O::~ _ 

RPROV (I) 

Incoœ (r) 

AUTOl 

DW 

'Tf 
SER 

f 
'% Shift, 

1 

" . 

Dependent Variables 

(AOW 1974: 1-1978: 9) {EOM 1968:12-1978: 9~ 
Oôuble Ex tended Double Extende 
Shift Shi ft Sh1ft Sh1ft 

.. 0.0027 
(-1. 79)* 

-0.0032 
(-2.20) 

-0.021 
(-4.67) 

0.004 
(0.2S) 

1.042 
(l.90) 

0.6196 

1.42 

0.715 . 

0.00783 

·13.2 

-0.Q029 
(-3.77) 

-0.021 
(-4.77) 

0.007 
(1.08) 

1.018 
(4.42) 

0.'6175 

1.42 

0.724 

O~00755 

-13.2 

, 
~ 

0.0001 / 

(0.05) 

-0.0032 
(-4.19) 

' -0.0016 
( .. 2.88) 

-0.016 -0 .. 016 
(-5.93) , (-5.00) 

-0.023 -0.012 
(-2.88) (-1. 54) 

\ 

' 0.846 0.825 
(16.9?), q1. 79) 

0.8208 0·8844 

1.69 ,~ 1.74 

Ol829 ' 0.728 

0.00751 0.00611 

-6.6 -7.2 

*t-val"ues.are in parentheses 
c' 

, " 

. ' .. 

-

1 

--~_._--~\f'1'WI' ,lWaW __ • - -------... -,~- -,... , . ; 

.\ 
1 

1 

. ; 

! 
1 
1 



( 

, '. 
"', t • 

... --- .. -.--~.-- ._--"--~'="==;:-::==1-

188 

EOM data, seems 'to derive from the 1976 arl'd 1977 segment. Th~ early. 

sh1ft is sign1ficant using AOW data, but 15 ,not using EOH data: 

lhe CA equat1on, though not reported h'ere, wa5 estimated using 

EOM data for the per10d 1968:12 - 1978: 9. This regression gave support­

iog ev; den ce that the early CA shi ft i s peculi ar to the AOW da ta ~nd the 1 

,shorter estimation period. While the extended shift was significant for 

the longer sample period, most of its explanatory power came fram the 

1976: 1 - 1977: 9 segment. When the extended period was split into 

,SHIFTI and SHIFT2, only the l~~ter remained significant. SHIFTI ~ndicated 

a negative shift although it,wa~ not significantly different from tero. 

When Zel1ner-efficient estimation was app1ied this result did nôt change. 

As a further test for possible spuriousness in the ~~ults from 

the short sample period, the cross-equation constraints of Table 6.5 were 

applied ta the sane model using end-of-month (EOM) data for the period 

1968:12 - 1978: 9. The results appear in Table 6.7. Several. points are 

worth mentioning. The first is that the eOarly shift in CA, though uncon­

strained in rows 1 through 6, is never si gnificantly different from zero. 
• 

The second 1s that the positive early shift in PCA appears unimportant J 

.> as a fraction of the negative early shift in PCSOS. This is not sur-e 

prisi'ng sinee most of the shift between pesos and PCA 1s thought. ta have 
" , 

occurred b,etween 1968 and .1971. Third, estimated Ml shifts range from 

4.2 per cent'to 5.6 per cent -- smaller thàn the aggregate measures and 

much less variable than the corresponding measures for AOW, 1974 - 1978 

data. 
J 
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TABLE 6.7: CROSS-EQUATION CO~ST~IN+S ON SHIFT COEF~ICIEkTS IN ~, PCA AND P~SDS EQgATIONS 
_(EOH 1968:12-1978: 9) 

Constra1nt Test Stat 

1 0 0 -1526 

2 4.44 0 +12* -1514 

3 4.55 < 0 +9* -1514 

4 4.63**' 0 +3* -1514 

5 7.86** 0 +419* -1313 

6 7.31** 0 +375* 7375 

7 2.93 0* 0 -1520 

-. 
* Indlcates constraihed est1mates. 

Est1mated SHIFT2 

-763 ' 0 -901.---/ 

-878 0* . -910 

-1022 0* -910 
" 

-898 0* ":'910 

'-1084 'tl* - -944 

\-1001 Y' 
0* -716 

1 

1_r022 0* , ··904 

1 

... 

Est1mated Total 
Ml Shift . 

-763 -4.2 

-866 ~ -4.8 , 

-1013 -5.6 

-895 -4.9 

-666 -3.7 

-626 -3.4 

-1022 01 -5.6 

~-. ** Indicates sign1ficant rejection of the null hypothesis at the 90 per cent level. 
1-/' 
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Suclt wide swings i,n the point estimates coming from different 

/ data il1us
i

tràte the needdfor cautioQ when attenlpting to attach a dolla'" 

amount to the 'shift out of Ml. These resul ts indi catej however, ,:that 
, ,> (' 

1 0 0 "r, 

such a shift did occur and that it predomihated ,in the current account 

component of Ml. 

6.2· Expectations 

1 

6.2.A. Formation of Expèctations " 

One popular hypothesis regarding the fonnation of expec~t1ons 
----

is ~tfiat current and past le'{els of a giv~n variable ,are sufff~1e.nt 

for the -model1 1ng of expected future levels. One begins with the 
o 

assumption that the expectation of priees ('for example, can !le , 
l , 

represented as: 

(6.6) 

where A(L) 1s a polynomial of t~e distributed lag operator l. , The' , , 
, c 

synmol e is used to, represent a random error tenn. For conveniencft, 

the sane syrOOol is used for the error of su"sequent equations 

though they n~ed ,not represen't the same error p~cess. Et-l{Pt ) " 

is u~ed ta represent the expectation fonœd in pe~fod t-l gf p;ices 

in per10d t. Referral to the expectations of 6.6 ,as 1 autoregressive 1 

1n~o]ves another important assumption ":'-\one which:is rarell 

mentioned. If the process represented by 6.6 is autoregressi'v~ 

in the traditidhal sense of the ward, then 
, , 

t ___ .... , _ ' .. 
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(6.7) 

-TI) 1 5 1,mplies that expectations are always realized. This condition 
. . 

may or may J'lot be desirable for any ghen application. 
~ 

One example of autoregressive expectations, given'condition 

- ' (6.7), 1s written: 

{6.8} 

This 'may be compared to (6.1) with eto = bl + b2 ", Ctl :.' -b2 and 

n = 1. With b2 ), a then past trends are- expected to continue and' 
\ 

expectati'ons are said ta be extrapolative. With b2 < 0 thén pist' 

trends are expected to reverse and expectatioris are said to be 

regressive. With b2 = 0 ex'pectations are s~atic .. 
\ 

• 

An al tematé fonn of expectation generation is provided by 

\ '. . ,the adaptive e.xpectatlon model. Such a model Ji rst appeared in 

, ........ ____ .Jthe demand for money 1 iterature. in' Cagan (1956). Here, priee 

expectat10ns are assumed ta adapt ta last period's 'expectations 
~ 

\ 

in proportion ta last period's forecast errar as follows: 

Et-l(P t ) = Et-2(Pt-l) + À ~t-1 - Et-2(Pt-l~ .+ et . 
, . 

With 0<>'<1, this is equivalent to expressing. expe,cte~d priees as a 

g~rœtrically decl ining distributed Tag on aetual priees: 

. " 

."JP F 

" 
f" 
1 

. . . . " . 

( ..... 

16_ • 

/ 

(6.9) 
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THe idea tnat expectations are fonmed 'rationallyt is fonmally 

crtadi te.d to Muth. wh.o wrote in 1961 that "expectati ons, s ince they are 
\ 

infonned predictions of future. events, are esseRtially the saJœ as the 

predictions of the relevant economic theory ... ", More precisely, 

the rational expectations hypothesis states that expectations are 

the true mathematical expectations of, future variables conditional 
- , 

upon all infonnation available at time t. With1n the context of a 

simple macro model, rational expectations on priees might, be represented 

~ a reduced Tonn equation containing lagged values of priees 'and all 

'&Îher relevant infonnation on the exogenous variables. The aS~10n 

that priees behave according to a st ble, known reduced fonn endogenizes 

priee expectations to the model. That agen 1 utilize full information 

in the place of the l1mited ;n~!>nnation contained in past inflation . 
, ' . 

rates, to fOnll inflation expectations underlies, for example, the wq,rk / 

of Modigliani and Shiller (1973) and Sargent and Wallace (1973). 

/ 
Midway between the concepts of autoregressive expectations 

and rational expectations 1 ies the recognition that there is an economic 

cost associated with the acquisition and use of infonnation. Feige and 

.~earce (1976) 'introduce the notion of 'economieally rational' expeet-
\ 

ations to' represent those expectations which are fonned on the reduced _ 

infonnation for which the marginal improvement in forecast is just off­

set by the marginal cost of ac~uiring infonnation. 'Feige and Pearce 
, 

assume that information on inflation history is of negligible cost and 

that agents go ta autoregressive expectati~ns models first. Using the 

cross-correlation procedure of Haugh (l972) they concluded that neither ' 
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fOl"K&st 1 - Y 1':2 
Observation (T) 

FILTER COEffICIENTS Of 'r-I 
(7! 

f 

1 

1 - 3 r - ... 1-5 1-6 1-8 1-9 r - 10 1 - 7-

r-"" 

1967 :3 .O~S .1120 .2056 .4394 
4 .1304 .2444 , .3288 

1968 :J .2676 .2993 
2 1 .0807 .0654 
3 \ .2213 .0846 
4 1 .3125 .2580 

1969 :1 t .4110 
2 , .1119/ -.0503 

1 3 .2663 .0859 
4 _ .3689 .3107 

i 

X-I 

.2588 .4009 

.5085 

.3527 .4153 

.49n 

1970 :1 .5582 ~ 
2' .3447 • 
3 .0873 _ .0879 , .. .2599 .2291 

1971 :1 .3917 .4040 ' 

<' 

.5480 .4823 ; 

.3298 .3732 

.3820 

2 .6423 
3 .0907 .1724 .3508 .ms 
4 .0707 .2654 .1915 .3916 

19n :1 .1371 .1911 .2470 .2764 
2 .1459 .2443 .2020 .3215 
3 .1990 .3687 .3251 .. .3862 .4520 

1973 :1 .~1 .2002 .1560 .2156 
2 .2685 .2459 .1177 .1109 
3 .3690 .2295 .1062 .0532 

': \4 .3690 .2976 .0763 .0750 • 
1974 :1 .4819 .1871 .1190 .0285 

2 .5121 .2511 .0135 .0743 
3 .6220 .2078 .032 .0038 
4 .6648 .2794 -.0278 .0082 

J975 :1 .5604 .3942 .0115 -.0498 
2 .5815 .3519 .1052 -.0276 
3 .4735 .4366 .0448 .9871 "<. .51lt .2817 .1456 .0399 

1976 :1 .5418 .2987 .0557 .0773 
/ 2 .4358 .3915 .0815 -.0116 

3 .4722 .3341 .1154 -.0303 
4 .3954 .5204 -.0247 .0562 

1977 :1 .4122 .4729 .06H 
2 .3945 .5530 
3 .8798 .. .4221 .5217 '"l 

-.66i3 

:~ 
....r 

-.1291 : .0971 s .0481 . 
-.0fi86 - - ,1:1615 
~0573 0' 

.OZ34 -.0858 .1124 

.0972 . .0273 . -.0220 
,.0248 .0ti09 .0246 
.0030 - .Ot07 .089B 
.0017 -.0262 :, .0204 

-,.0164 -.0121 -.0005 
.0162 _ -.0198 .œ77 

-.0242 
1 

,-.0572 -.0545 -.0~13/ 
-.0138 -.0944 -.0103 

.0609 -.0619 -.04~ 
• 0312 -;0215 . -.t)t13 
.0994 -.0531 
.0581 

-
, 

,. 

. ,. 

.0611 .0590 

.1762 -.0171 

.0350 '.0238 
• 1107 ~.1068' . 
.1172 
.0543 .0141, 
.0442 ... 0040' 

.0373 - .Û:JOl 

.0013 "-.012'3-
-.0038 

.' 
<? 

• gogo 
;.0172 

, :0-395 

.0331 

. ' 
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. ) 

moneta~y pol icy variables (three different money aggregates) nor a 

fiscal 'policy variable l~igh-employment budget surplus} could significantly 

fmprove upon the forec:as ts of the. autoregress ive mode 1 s . 

. 
One drawback of the ràtional expectation approach is that the 

structure of the expecta~ion generating mechanism is assumed constant and 
1.; , 

~ 

known. There appears no scope for 'error-leaming' or, for relevant changes 
, 

as new and better infonnation beeomes available. An âttèmpt to deaVwith . 
this problem is made in the present study by applying the Akaike technique 

(described in Chapter 4) to a subsample of 50 obsèr,vations on PGNE and 

roll ing this subsampJe one observ~ion at a t1me through the full .sample 

from 1956 II to 1977 IV. This al10ws not only the autoregressive coeff­

icients, but aHa the order of the autoregressive process, to change over 

time. In addition, ,the -expectation generat'ing function is optimum, in a 

.... statistical sense, at ev"ery point in time. The coef'icients of these 

'Akaike-optimum' autoregressive filters are recorded in Table 6.8. It 
l 

ii seen that as the sample extends ifila the priee-volatile mid-1970s 

the~ of autoregression lengthens. Thi sis cons i s tenLwith 

the vi~w that. as uncertai~tY increases, a~ts will rely less upon the 

inmê'diate past and will rely more upon a longer historical record in forming 

.. expectations of the future. 

6.2.B. Static Vs. Rational Expéctations r 

, 
In this section. the partial adjustment model of Kennan (1979) 

is adapted for, testing between static and rational expectations in the 

demand for money. ~~e denote, as before, short-run desired real balances, 

1 \ 
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o 

d 
~t' as: 

d ... .' 
Mt :: Uo + al y t + ~ r t +, Ut • . 

1 ". 1 

(6.io) 
-$! ._---~-

We define long-run, desired reaJ balances, Mt, as a rational dis-

tributed lag of current and fu~ure short-run, desired real balances. 

It is assumed that individuals seek to minimize the expected Rresent~ 

va.l ue of the quadrati c 10ss function: 

t~lR ,El(Mt-~)2 + a2(M(Mt_l)~ , (6.11) 

• 
with respect ta actual real.balances, Mt. R is a known and constant 

o 

--

discount factor. Setting the first derivative of this expected 

~resent value with respect to M1 to zero yie~ds ~-ennanls first-order 

optimality condition. With suitable modification and the assumption 

that: 

Et (6Mt +1) :: ÔMt+1 • 
l,..... 

, 0 

the optimality_condition reduces to 

[ 1 - {1+a+R)L
P 

+ 1..2J~t+1 = -! M~. 
. R R • R . - \ 

J.~ ~ 
where L i.s the backward operator, and a 15 al /a2• 

(6.12) 

• 
(6.13) 

If À is one root of the quadratic operator for L in (6.13). 

then i t can be 1ihownL-Kennan (1979, p.1443V 

t ~ 2. (6.14) 
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, ., Assum11'1~that the long-run desired level 
'i' ., , .'1 is giveo by , 

, ,'\1 \ 
',\ '\\ l 1 

'" 

" . e • 

(6.15) 

TM S' is, reCOgn'i~~ëi as 'ihe 'partial' adjustrnent mechanism described in 
»~ "t ~ '> '- \. \ .. " !o \ J 

\~. (" ,: , .... , -' , "-

"" sect,tM;~S.·l. In shà~t't the optimal adjustment, path (6,'13) is shown 
~ ~ \ 0 : \\ 1 \ i, (1 , 

~~~;._~'?~~~~'yy the' p~'rtiaVadjUstment rule. 
1 \ Y.. C, 1 t\ u ~'o 1 • " 

"',\ 1 11): \ .. 
, ,,' Ill",g",~era12 the 'long-rt,m:desired level of'real balan~es, Mt' 

n l \'1,11 t Il d 
'will diffèr~~o~ the short-run target, Mt. This fs accomodated 

, ), ' . 
by cOJJÎ);ning ,the optimal adjustrnent path ~6.l3) with structu'ral 

model (6.l0). Setting the discount rate R at unit y, for convenience, 

yields the general reduced form: -
'r 

(6.16) 

where 60 = aoo/(2+a), 61 = aol/(2+a), 62 = a~/(2+a), a3 = 1/(2+a), 

84 = 1/(2+a):~~nd vt = a u;/(2+a). 

With s~atic expectations;' Et(Mt+s~t(Mt)=Mt for a11 s. In 

, th1s case, the long-run target, Mt' fs 1ndfstinguishable from the 

short-run target, M~. Substituting M~ for Rt in (6.15) th~n yields 

the reduced form model: 
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Mt = y 0 + YI Y t + Y 2 r t + Y 3 Mt_l + "! t (6.17) 

where Ya ='(l-À)cxo ' YI = (l-:À)cxl , Y2 = (l-À)~, Y3 = À and '1 

wt = ,O-À)Ut · 

While .. in principle, models (6.16) and (6.17) can be seen 
,-

as special cases of a more general mode 1 , it is found that the 

traditional significance tests cannot be applied here because of 
, , 

" strong autocorrel~n in the residuals, from (6.16) and the general 

model. The unconstrained model t when estimated for data extimding 

from 1956 II,to 1977 III, has a Ourbin h statisticof -3.86 and a 

DW statistic of 2.76. Model (6,~6), when esti'!lated overthe same 

period, shows a Ourbin h of -4.73 and a DW of 2.73. MOdel (6.17), 

however, rejects first-order autoregression with a Durbin h of 1.37. 

A similar result is obtained for five subsamples. 

While the theoretical derivation of the test is sound. in 

"application it appears less than satisfactory. This is due, in part, 

to our fa il ure to observe expectations di rectly. For example. to 

ma~e the above test operationa1, Kennan 's adjustment path is 

transfonned to (6.13) with the assumption that Eét.Mt+l ) =: ~Mt+l' 

Within 'Muth's rational wor1d such may be the case, but it 1s not at a11 

clear that this should be so when expectations are static.' Oi~ect 

tests of" expectation fonnation when the expectations variable itself 

must be proxied must always be subject to doubt. 
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6.3. Concluding Comrnents 

As in most areas of economic research, several theories abound 

as to the nature and origin of the ~eman.d for money. In';the foregoing 
~ . . 

chapters of the present work l have sought to ident1fy the prevalent 

issues which have béen open to disagreement in the literature. These 
./ , 

have been stability, functional form, causality and dynamics. 

The present chapter deals with two issues which may be viewed as dis­

tinct fram one another, except that both are examined here under the 

general the me of competing theories. 

Different theories as to the motives for holding money yield 

different views as to the source of recent instability in demand for . 
money equations. The transactions apprôach pOints ta the passibility 

that fnstabilty has arisen rn the demand for cash by firms, while the 
'" 

portfolio approàch suggests misspecification in the opportunity cost 

variables-of conventio7al equations. The foregoing empir;cal analysis 

bath supports the transactions view that the demand for CAs has s~ifted. 
, 

and rejects the portfolio view that functional instability is related 
• 

\ 

-te-~~ absence of a spectrum of rates in the demand equation. 
o 

The unconstraineQ estimate of the Ml shift implied from component 

equations uS,ing AOW dc~ta fram 1974:1 ta 1978:9 was 11.7 per ~nt. 

This may be tao high an estimate for reasons peculiar to the wortness" 

of the sampie peri~d. As an illustration, of possible imprecision in 

this estimate, constraints applied to this model which yielded an 

estimate of 3.2 per cent could no~ be statistically rejected. The lowest 
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estimate of the Ml shift fram Table 6.5 wit~ an unconstraired early CA 
\ ' 

, shi ft was 8.2 per cent. Similar equations when estimated with EOM data 

from 1968:12 to 1978: 9 produce estimates of the shift ranging from 

4.2 per cent ta 5.6 per cent. These numbers suggest a realistic con­

fidence region Tor the shift in Ml ta be fram 4.2 ~o 8.2 per cent. 

The second section of Chapter 6 deals with exp~ctations. éom­

peting theories may or may n~t~ê in conflict as to the rele~anae'Of . 

expectations to the demand fo? money. While asset theorists agree among 
(' 

themselves that ,priee expectations,should be a determinant of money 

demand, transactions theorists are less in agreement. Wheth~r the dis­

pute is about relevance ta the demand for money or about the formation 
, \ 

of expectations, empirical resolution has been hampered by lack of 

observedpxpectations data. ln spite of this, simp1ifying assumptions 

....... l'I.u.,,-...·n, dealing with two expectations-related topics. 

6.2.A. an optimum autoregressive filter for priees 

co~uted at e ch point in time for the period 1967. III to 1977 IV. 
~ 

riterion for 0 imality was minimization of Akaike's final prediction 

error. It was seen that not only do the autoregress;ve coefficients 

change aver time, so does the optimum order of autoregression. With 
/' 

expectations being formed in an 'economically rational' manner, then 

expectations formed in mid- ta late-1970s were based upon a longer his-­

torical record than those formed a decade earlier. 

In subsection 6.2.8. a procedure develeped by Kennan (1979) te 

test for static versus rational expectations was adapted to the demand 
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for money. Whfle the tneoretlcal deny.tlon _~u be sOll1d. lts 

application proved unsuccessful. ihe.lagg1ng·~~d lead1ng' dependent 
1 • 

variables on,tne RHS of the more general models seemed to contrfbute 

ta strong resfdual autocorrelation. 'It was concluded that, comman 

to.mast empirical tests designed ta choose between alternative 

'expectations hypotheses, ~his tro~edure suffers fram l~ck of 

observed data on price expectations. 
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