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SIIMMARY

this dissertation is an analysis of the effect of
alternative nethod.s of constructing yield curves on the

results of the error-l-earning mod.el iLevlsed. by Meisehnan

(1962), and of the influence of expectations and risk
aversi-on on the term structure of interest rates in
Australia for the period f954-68.

In chapter one, three alternative nethod.s of constructi¡rg

yield curves are outl-lned, namely, free-hand smoothlng,

linear interpolatlon, and regression analysis. It 1s

argued. that the third. nethod- is the most satisfactory,
particularly when errors in the data are present and

observatlons are relatively fe\l¡.

A comprehensive history of the clevelopment of term

structure theory preced.lng the work by IIicks (I959c) in
Value and Caoital , is presented in chapter two. Important

contrlbutions by writers r¡rho antícipated later work on term

structure theory are emphasised. Attention j-s aLso paì-d to

tracing the origins of the traditional expectations theory

which is refined in Hicks' treatment in @.
In chapter three, a theoretical- analysis of the effect

of risk aversi-on on the ter¡n structure highlights the
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importance of transactorsI avallability periods for the

slope of the yield, curve. The analysis abstracts from

expectations ancl transactions costs, and concludes that,
until- the length of and degree of certainty about

availability perlod.s on both sides of the market are

specified, nothing can be said. a priorl- concerning the

slope of the yieId. curve.

The tradltÍonal expectations theory, from which

'l/ieisel-manr s error-learning mod.el- was d.eveloped, is discussed

in chapter four. The assumptions of the theory, along with
criticisms of these assuroptions, ancl the relationship
between the theory and the error-learning nod.el, are

examined-.

The general results of the tests of the error-l-earning

mod.el are reported. in chapter five. rt is argued that the

resul-ts support the importance of expectations in the

Australian securities market, particularly when recognition
is given to the effect on the tern structure of the central-

bankls open narket operations. The influence of expectations

shows most strongly with respect to yields on securi_ties

with relatively short term to maturityr and. it ic thooo

securitles which are traded in an active private market

that is relatively free of central bank control.
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In ehapter six, the three sets of results d.erivecl fron

the error-learning model using the three sets of yield

curves are conpared.. The eviclence suggests that the best

resul-ts are obtalned. using yie1d. data fron curves constructed.

by regresslon analysis, the nethod. which prod.uces the

smoothest yield. curves. It is argued. that it is preferabl-e

to use this methocl. when the data contains significant

imperfectlons, as ís the case with the Àustralian d.ata.

The use of smoothed. curves is defended against crlticism

that such curves ensu e good. resufts from the error-learning

mod.el. ff this criticism is valid, it coul-d. not be said. that

the error-learnlng mod-el 1s a valicl test of expectations

u¡here smoothed. yield- curve d.ata is used. However, the

evid.ence producecl in chapter six throws d-oubt on the

criti-cism and supports the validity of the error-learning

no del- .

Evidence is produced in chapter seven concerning the

existence of liquidity prenriums in Australian yieJ-d curves.

It is argued that the evicLence Supports the existence of a

Hicksian rrconstitutional weaknessrr in the Austral-ian

securities market.
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tNfRo_LUgfrg,

I--l--:!-be Le*qn Sjruç.fure--an-È-.1[ç.selcr.nl sri aJ¿

The term structure of interest rates is a topic that

has risen from the st¿ltus of an academic curiosum cluring

the first half of the twenticth centuryr to one that is

in the battlefiel-d of monetary policy in the latter hal-f.

lÏhile the topic aroust'd some d.ebate in the nineteen-

thirties, it was nrainly treated as a by-product of interest-

rate theory in general, an excursion to tie up the loose

end-s left d.angling by the use of I'therr interest rate in

general equilibrium theory" Hovrever, the real v¡orld-

importance of the analysis l/vas forcefully highlighted. in

the United- States during the trineteen-fifties and -sixties
when it was used- to support two diametrically opposed

monetary policies.

During the nineteen-fifties, the U.S. Federal Reserve

Bank maintained an open narket operations polì-cy of
rrBills Onlyr'. Based on a particul-ar analysis of the term

structure, this was a policy of restricting open market
l

operations to treasury bil}s.- Then in l-961, the Kenned-y

1. For information on 'rBills Onlyrr refer Riefler (1958)'

Young and Yager (1960)' Luckett (1960), Fand (1966)'

Van Horne (1966) and. Bonello and Russel-l- (l-969).

r-
Þ
C7

o

¿l t\
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Ad,ministration instÍtuted- rrOperation Twistrr, a policy of

conducting open market operatlons in al-l-- sectors of the

Ilarket for government Securi-t1es rather than just the short-

term end, This poÌicy was based on a quite different

interpretation of the determinants of the structure of
¿

interest rates fron that und-erlying trBills Only'r.

Despite its ad-option by economic adviSers to governnents'

the theory of the terrn structure has not yet been refined to

the point where it can be said- that thcre is a general

consensus in acad-ernic circles on the relatlve irnportance

of the najor determinants. ThiS is amusingly illustrated-

by Lutz (1967, p.210) r,vhen he notes that
trone author bel-ieves he is able to refute the
most wid.ely accepted theory by appealì-ng.t.o
thc erlpiriöal evid.encc, whilc einother thinks
that the facts support it, and- a third claims
that the same empiilcal materj-al that was used-
by the first supports rather than refutes this
theory. It

2, The literature on "Operation Twistrr is intirnately bound

up with the general analysis of the ef:flects of variations

in the supply of government securities on the term structure

and hence covers a wi<Le range of articles. A select few, in

ad.dition to those in footnote I abover are Qkun (1963),

1,,{od.igliani and. Sutch (1966), Holl-anfl (1969) anrL }Sieri"tag

and. Grove ( 1971) .
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The current state of term structure theory bears

analogy with the state of monetary and fiscal policy in
general, where major d.eterminants of economic activity
have been d.elineated. but the relative importance of the

7
variabl-es is still- hotly d.ebated..' Similarly, with tern

structure theory the problem is now one of d.ecid.ing to

uhçlL*e¿lçg[ expectations are important in d.eternj-ning the

terrn structure compared. with transactors' aversj-on to

risk, and. t_oJuhaL_g$*çg! the goverrunent's open market

operations affect the term structure.

"tr'ine-tuningtr of term structure theory is continuing,

both in the field of mod.cl- formulation and. enrplrical

testing. Whether the day will eventually be reached when

monetary policy has the ad"vanta6çe of a refined- model of

the term structure, on which a favourable conÊensus is
held by acad-emics, governmen-bs, and. people close to
securities markets is, however, another natter.

l. 2 _Ihceri e ç .s.f_l_Lc*_Ier,m_.$:bsrlqlrrre.

Theories of the term structure of interest rates can be

classified und.er three headings, narnely¡ €xpectations,

1ic¿uidity preference and- market segmentation. Und-er the

3. See, for example, Friedman (1970).
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heading of expectations are those theories which postulate

that market transactors base their portfolio decisions on

their expectations of future rates al-one. In selecting
securitj-es of particular terns to maturit¡r, they will be

infl-uenccd prirraril¡r by these expectations rather than by

the risks that are associated. with the uncertainty

surrounding changes in future rates. Expectations may be

formed concerning the course of future short-term rates,
of future long-term rates, or of the whol-e compl.ex of
rates that are expected to rul-e in the futureo

One of the earliest expectational theories is that ,/'
formul-ated by Fisher (1970), and. is referred to as the

trad-ibional cxpectations theory. The basic behavloral
postul-ate of the thcory is that narket transactors form

expec-bations concernj-ng the future course of Sh_gJ_t:term

rates o_veljLe_._1*o+g-_n4. ft is assumed. that transactors

are profit-maximizers with uniform and. conficlently hel_d

expectations. Consectruently, they base their portfolio
decisions on exi:ccted. returns over the long run, and. have

no e.--p;ik-Ii preference for securities of any particular
term to maturlty. The theory predicts that, in equilibrium,
the rate ori any long-term l-oan will be equÍvalent to a

geometric average of the short-term rates expc:cted- to rul-e

over the life of the long-tern l-oan. This theory is
discussed, further j-n chapter four below, and. is the basis
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for the mod.el tested- in chapter fj-ve.

Another theory of the term structure that is basecl on '¿'

expectations alone,enploys a different behavioral postulate

to that underlying the traditional expectations nodel.

Instead of long-term forecasts of expected- future short-tern

rates, this theory postulates that transactors make Ëh.oJÈ.Lg-fm

fore-c-auLË of long-term rates or of all- rates over the entj-re

matirrity spectrum. It is a.rgued- by Malkiel (1966) that the

latter postulate is more realistic and, in accordance v.'ith

the opini-ons of those people who aTe cl-ose to the activlties
of securities inarkets.

Desplte the C-ifferent behavioral postulates of the two ,'

major expectatlonal theories outlined above, the conclusions

reached- by both concerning the relationship between short-

terrn and- Ìong-term rates at any point in time are the sane:

see the discussion in chapter four bel-ow (pp" 127-28).

Sinilarly, whatever the particular structure of rates that

may be observed al any time, it can be rationalised- by either

of the theories. For example, if short-term rates are l-ess

than long-term rates a-b a moment in time, the rationale would.

be that the nartrtet expccts rates in general to ri-se in the

future. An expected- rise in future rates will, ceteris

p-Aqi.-þlls-, Iead, to a preference for short-term securities in

order to avoid- the inpending capital l-oss on long-terrn

securities ì-f bought now. This is because a rise in rates in
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the future implies a fall- in the future price of these long-

term securlties. The demand for short-term securlties wifl-

d.rive up their price and- So red.uce their yield- relative to

yield.s on long-term securlties. In the opposite case where

short-term rates exceed. long-term, both theories woul-d- predict

that the narket expects rates in the future to fall, l¡Thether

the process is expJ-ained in terms of expectations concern-ing

future short-term rates, future long-term rates, or rates

expected in the future on al-l--berms, iS irrelevant for the

final outcome.

The liquidity preference theory is basically an extension

of the expectations theories to al-1ow for the effect of risk

aversion on the term structure. îhe risk i-nvol-ved is the risk

of loss d.ue to unexpected- future changes in rates, and not

to any risk of borror¡ver default. ¡fhile allowing that the

expecta.tions of transac'bors concernì-ng future rates pfay an

important role in infl-uencing their portfol-io d'ecisions, the

-bheory postulates that aversion to risk lead.s to a state

where¡ oil the average, long-term rates exceed- short-term

rates. ,lÏhere expectations al-one influence the d-ecision

rnaking, short-tern rates will¡ o0 aveïage, equal long-term

r.a'tes provicled only that rates orc cxpccted. to rise a's often

and as far aS they are expected- to fal-l-. Hov'rever, the liquidity

preference theory argues that, given expectationsr â[ excess

d.emand for short-term securities wíll exist which will d'rive
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up the price of short-term securiti-es and- so red-uce their
yie1.d relative to long-term securitj-es.

This theory is often ascrlbed to Hicks (I939c), but is
more strictly due to Keynes (1910) r see pp,66-70 bel-ow.

Iurthermore, it is the theory of liquidity preference that

is d.iscussed by l(eynes in the Lreatise rather than that

discussed. in the @S_f_allIr_æg:f, In the former, fiquidity
preference is a resul-t of uncqt!¡¿illtJ concerning future rate

changes, whereas in the l-atter it j-s a resul-t of e¿B-eStatipns

of future rate changes, based on the concept of a normal-

level of rates. The theory of liquid.ity preference cliscussed.

here concerns the situation where transactors o u.ncertainty

conccrning future rate changes leads to an excess d.enand for
short-term securities.

The excess demand for short-term securities is a result

of a preference for short-term securities on the d.emancl side

of the narket, and a prcference for long-term securities on

the supply sid,e. lrend.ers of fund.s regard. short-term loans

as more lictruicl than long-term loans and so more availabl-e to

meet their expected. ancl unexpected need-s. 0n the borrowing

side of the marhet, borrowers are pictured as havi-ng a

need- for' long-term funds due to the nature of the production

process, and- so prefer to issue lonp;-term securitles.
The gap between short- and- long-terrn rates reflects the

liquidity premium required by lenders in ord.er to compensate
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then for the greater risk of holdÍng long-term securlties,
and is a refl-ection of what Hicks (I959c, p,a+6) refers to
as the marketos rrconstitutj-onal weaknessrr at the long-term

encl. so lvhile transactors make portfolio decisions on the
basj-s of their expectations concerning future rates, their
d-ecisions are ternpcred by considerations of the rlsk
associated with uncertain future changes 1n rates. L,iquid.ity
preference is discussecl further 1n cirapters three and seven

belovr¡.

Tho final group of theoriesfcnrscs on market se5¡nentation.

rn this caser exþectations are regarded- ashaving a ncgligible
influence on clecisions made by transactors concerning their
portfolios. Transactors are influenced- solely by consld-erations

of risk, and- so sel-ect securities of particul-ar terms in
such a Tr¡ay that risk is rninlmised, on the basis of their
averslon -bo 11sk, transactors have d.efinlte preferîences for
particular terms with no :r-rotivation to transact outside these

termsr so that the supply and demand. for securities vrithin
a particul-ar segment is ind.ependent of that for any other

se,gment. The outcome is tha,t the securitles market becomes

scgprented into several- sub-markets according to the term of
securities.

An important implication of the segmentation of markets

is that the monetary authorities can affect directly the

term structure by the use of open rnarket oper¿rtions, that is,
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by varying the supply of government securities be;'tu¡een

seginents of the market, For exanple, if the authoritles

wish to raise short-term rates in orderr SaY, to attract

capital inflow frorn overseas, and to l-ower long-term rates

in ord-err sâX, to sti:-nul-ate private d.omestic investment,

they can d.o so in a segmented- market by simultaneously

issuing short-term bond-s and buying long-term ones. The

increase in supply of short-term bond.s wj-ll cause a"n increase

in their yiel<l, while long'term yields will- fal-I v"ith the

d-ecrease in supply of long-term bond-s.

The theory of market segnentation has been d-eveloped. by

Crrlbertson (1957), who argues that institutional- irnped.inents

prevent the free fl-ow of fund-s between market segnentsr so

that expectations are lmportant only in the Lrugg of raüe

ad-justments. Meiselman (tgíZ) argues that the exj.stence of

rnarket segnentation is not necessarily inconsistent with

analysing a market gg-thgJ¿gþ it were compri-sed of transactors

who were motivated- primarily by their expectations of future

rates. Alt that is required. is that transactors in each

scgment of the rnarke-b be wil-l-ing to d.eal in securities at

the margin of their segment on the basis of their expectatlons

of future rates, ¿rnd. that al-I the segments in the rnarket

overlap. fn. this wayr the overlapping segments effectively
unify the marhet as a whol-e for the purpose of analysist

wíth the result that the term structure behaves aË_af ft
were determined. by expectatj-ons al-one,
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l\'lelselnan argues further, that an:rlysing a segmented

market as though it were dominated by expecta,tions alone may

be vaLid even if most transactors d.o not speculate al the

nargin of their segrnents. In -bhis case the term structure

may be d.etermined- by adequately-financed speculators in the

markct r¡Iho are indifferent to risk and who hold r-Lniform

expectations. These speculators act So aS to break down the

segmentati-on and bring about a term structuro' that reflects

their expectetions of the future course of rates. Once again,

the tegn structure wil---l- be have as -if it were d.etermined by

transactors who base their portfolio d-ecisions on their

expec-tartions of future rates. This irnplies that open market

operations wil-l- have no lasting effect on the term structure¡

see -bhe discussion in section 7,6,2 bc'fow.

Ihe -bheory of markct seg:nentatj-on nay be used to rational-ise

any term structure relationship (as were the pure expectational-

theories, see p. 5 above). 'vfherc shorb-term xa-les exceed-

long-term rates, for example, the argument is that

preferences for particular terms on the supply and d-enand-

sid.e of the market are, on the basis of risk aversion,

consistent with supply and d-emand- schedul-es that intersect

at a lower price for short-term securi-bies tha.n. for long- ,/
tern ones, Any patteriL of preferences consistent with this

result can be postulated a prip:ir so that empirical

J-nvestigation is required. in order to determine whether the
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pattern postulatcd. is real1y d.escriptive of the particular

market under investigation, Market segrnentatj-on is discussed

further in secti on 7.6 bçIov,¡.

_L. 
q The_s_]s Le-¡;_ultË

The major part of the thesis involves an analysis of the

effects of al-ternative method.s of constructing yielcl curves

on the results of the crror-l-earning model-. (The error-
l.earning morlel is an. indirect test of the traditional
expectations theory, and. was deviscd- by Meiseknan (1962)t

see sectlon 4.J below). It is demonstrated. that, desplte

criticism of the use of smoothing procedures for the

construction of yield- curves, such procedures are valid., at

le¿rst with respcct to the Australian data.

In ord-er to shovr this, three separate method,s tÍt-r 1ls€d to

construct qua.r-bcrly tinc-series of Austral-ian yield curves.

No such time-scries have previously been avail-abl-e. the

three method-s used., namely regression analysi-s, free-hand-,

snoothing and- l-inear interpolation, are d-iscussed in chapter

oner It is arg.ucd. in chapter six that the ncthod of regressj-on

analysis is most sultable when the yie1d. d.ata contains

significant imperfectionsr âs is thc case with the Austral-ian

d-ata. An examlnation of the three sets of yielcl curves

reveals that the curvcs constructcd by l-inear i-nterpolation

anti. free-hand. srnoothing eome to resemble the curvcs
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constructed. by regression analysis as imperfections in the

data are red.uced- over time.

The three separate time-series of yield. curve d.ata are

used- in tests of the error-learning mod"el-, andr âs expected,

the tests using d-ata from the curves constructed. by the best

rnethod, namely regression analysis, give the best resul-ts.

However, the critícisrn that tire use of d.ata from smoothed.

curves nccessarily -ç:rl.fl;1_es. favourable results from the

error-learning rnod-el is shoiru"n in chapter six to ile inconsistent

with the evidence. Some of the yield curves require

extrapolation at the short-tern cnd. because of a paucity of

observations below six rnonths to maturity. Consequently, the

time-serles of three-moirth yields constructed. by regression

anal-ysis are highly suspect as estimates of iltruerr yield-s.

lilhen these particular yields art: used" in tests of the error-
learning mod,cl the results are poor, Âp5!-úe=__t-be.._f_aç-t_.1-hd'

.ilre-ligf--ds--q-o-4r"e---lgp-ru--çgrg-o"_th9-d,--cgjr-v-ss.

'Ihe theory that favourabl e results from the error-Iearning

nod.el are d,ue primarily to the presence in the mod.el of one

particul-ar hey rate is also examined. in chap'ber slx. As an

indirect test of this theory, the nodef is nodified in such

a way that tho influonce of the particul-ar rate rr-'ferred. to

is reducod. Despite the nod.ificatlon, tests of the mod.el

still- provi-dr,. favourable results, suggesting that the erlor-
Iearning mocLel- 1s a val-id test of behavior based on ad-aptive
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expectations.

The results of the empirical tests in general are

reported in chapter five, and. they support the hypothesis

advanced. 1n the thesis that the central bank in Austral-ia

determines the term structure covering med.irrn- arnd. long-teru

securities, but that expectations of future rates d-eternine

the structure at the short-tern end. This hypothesis is
based on the nature of the Austral-ian securlties narket over

the test period. The narket has been, and stil] is,
relatively narrow by worl-d. stand-ard.s, and. so displays a

high d.egree of sensitivity to the activities of the central-

banlc. However, over the test period- t àL active private market

in securiti-es with terrns ranging up to three and. four years

developed., assisted. since the late ofifties by the birth

and growth of the offlci-al- short-term money niarket. The

active private marlcet in short-term securj-ties is less

sensitive to central bank open market operations than are

the le ss active markets 1n rned-ium- and. long-terrn securities.

Thus, on the basis of this hypothesis, the influence of

expectations shoul-d. be felt most strongly at the short-terrn

end. of the term structure, and this is supported by thc

evid.cnce of the tests for the period. 1954-68.

Further evid.cnce is provided by tests that are linited-

to thc 1960-68 period. Thc increase in private trad-iug

d.uring the 'sixties coul-d- be expected. to strengthen the
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influence of expectations in the short-term market as well-

as to spil1 over to securities of slightly longer term. Both

of these events are supported by the eviclence presented in
chapter f1ve.

In providing evidence for the 1954-68 period as v¡ell as

for the 1960-68 period, both annual and, quarterly cross-section

and. tiine-series d-ata are used. However, in ord-er to all-ow

tests uslng quarterly cross-section d.ata, the problem caused

by the prescncc of suspect three-month yields that Iffere

derived by extrapolation nust be overcoae. To this end, the

error-learning nod-el- is mod.ified. so that the infl-uence on

the mod-el- of thc suspect yield-s is ¡rini¡rlsed-.

Evid.ence is prod.uced- in chapter seven in support of the ,, /v
presence of liquidity premi-ums in Australian yield cürveSr

Three independ.ent tests all support the find.ing that, in

Aus-bralian ratcs over the period-, there lverc li-c¡uidity

preniuns that increased- in size with term but at a decreasing

rate. It is argued. tþat this evid-ence supports the liquidity
preference theory, and. so the exis-bence of a nconstitutional

urcaknessrr in the Austral-ian securi-bies market.

On the purely theoretical sid.e c ãf analysis of the effect
of risk aversion on the term structure of interest rates

is prescnted in chapter three. The analysis stresses the

irnportance of ascertaining the cì-egree to which transactors

on both sides of the securitles rLarket can determine the
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period, of time for which they wj-l-l- have or require funds.

It is argued that without such knowled.ge, nothing can be

saicL a prj-ori- concernì-ng the relationship betr¡¡een rates of

different ternr, abstracting from all- consid-erations other

than the risk of loss due to uncertainty concerning future

changes in rates.

The analysis of risk aversion combines the work on hedging

behavior by Meisclman QgeZ) with the analysis of portfolio
sel-cction developed by tVlarkowitz (I95?.) and Tobin (1958),

and- demonstrates how the work on l-ic1u-id.ity by Joan Robinson

(195r) is related to the pre sent a.nalysis. The implications

of the analysis for the central- bankos open rnarket operations

are cliscussed; it is conclud.ed. that in order that these

operations should. have gqme effec'b on the tern structuret

all- that is required is a market tha-b displays aversion to

risk, whatever the particul-ar forn this aversion may take"

i'/luch of the current debate concerning the term structure

of interest rates is based- on ïlicks' Vg1-l+e-aad.-gap-i:[Af- (Hicks,

(I979c) ). Iïowever, nany of the arguments involved. in the

d-ebate have bccn discussed. in sornc detail by earlier writers

who have recelved. li-btle attention i-n the more recent

l-iterature. In chapter two, therefore, the various

theoretical and. ernpirical strand-s of the pre-Vglug*aåIjx

CapiLAl- discussion of the tcrin structure are traced-, and

the inportance of the contributions of Sidgwick (lBB7),
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Fj-sher (1896, l-906, 1907, and. IgtO), Kock (1929) and Kcynes

(Ig3O and 1956) are emphasised-. The discussion in chapter

two iS, to the write1os knowledge, the most comprehensive

of its kind. available, and from it can be traced the

d.evelopment of the trad-itional expectations nodel lead-ing

up to llicks' refinement of the mod.el in valq_e- qlld"-Ç-api:Eal.

The assumptions und-er1y1ng the traditional expectations

model- and criticisns of the model are d-iscussed in chapter

four. In ad.d.ition, the rel-ationship between the traditional-

expcctatj-ons nod.el- anft MeiSel-man'S error-learning nod-el ís

mad.e cl-ear, âS well- as the relationship between the error-

learning mod.el- (an ad-aptive-expectations aod.el) and a mod-el-

dealing with the @1.gþio.q of expectations.
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CHAPTER ONE¡ CONSTRUCTION OF YIEI,D CURVES

1.1 Definition of the lern Stru.cture

The term structure of interest rates refers to the

variation in interest rates on loans accorcLing to the tern

to naturity of the loan. Other factors besicLes terrn to

maturity also cause variations in lnterest rates between

loans. Exa.u,ples of these are

(1) transactions costs;

(2) the rel-ative cred.j-t ratings of borrowers a"nd hence the

risk of default of payment of capi-tal and'/or interest;

3) vari-ous forms of taxation concessions which nake some

securlties more profitable than others.

The effect of these other factors are exclud.ed. fron the

present analysis which seeks to specify the variation in
return to the investor that is d-ue solely to the time periocl

for which a d.ebt is incurred. The term structure of interest
rates thus refers to the relationsldp between yì-eld.s to

red.emption antl term to maturity on securities that are free

of d.efaul-t risk, Defaul-t-free secuvities are those where the

elenent of borrower riskiness has been minlmiseil, so that the

securities are homogeneous with respect to the cred.it rating

of borroïrers. In practice this usually means limiting the

d.ata to government securitles, or to so-called high-grâde
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cofporate securitles.

Yield to red-emption i-s a nreasure of the average return

offered- by a security over its ter¡r to maturity and. is
ic!.entical with the internal- rate of return. It is most

comrnonly referred- to sinply as 'tthe Xie1d" and can be

cal-cul-ated- fro¡r the fol-lowlng formula.

M.P. -q,r
1+Y

+ + *r... * C- * R.V.
(I+Y)n

(1.f)

M.P. is the current market price of the security, R.V. is
its redemption val-ue, Cl to Cn are the regular coupon

payments offered. over the remaining n periods that the

security has to run, and Y is the security's yield- or internal
rate of return. Thus, given a securityos current market

price, coupon rate, red-emption value and. terrn to naturity,
its yie1d. to red.emption can be cal.cul-ated. from the above

formula using an lterative process.4

+, An actual example of this process has been worked. out 1n

Harcourt, Karmel and. \tVa,lla,ce (1.967 r Fp,:l-6:1.-64). A short eut

is to use an approximation for equation (1.1) as has been

d-one for the yield.s reported- in tabl-e L.7 in Bloch (1972).
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I, 2 lhe_Ii eld. Curve

The term'structure of interest rates that exists at a

particular point in tine can be described by what is known

as a yield curve, Here the yield.s are plotted on the vertical-

axls and term to maturity on the horizontal axis. A smooth

curve is then fitted. to the points, either statistically or

by free-hand.. An example of such a yield. curve is given in
figure 1.I on pagc 20 below. tr''rom the smoothed. yielcl curves

can be read- off yields for regular term to maturity, and

these yields can then be compiled. in a yield. tabl-e. llowever,

no such consistent set of yield d.ata has been published. in
Austral-ia. A1l- that is available are a few yiel-d curves

published. from tlme to time by the Reserve. Bank in its
annual- reports, and. yields on a few sel-ect maturities
published on a reguÌar basis by the Bank in its Stat¿Éi-g-al

_Þffç-ti¿. The yield tables used. for the empirical- work in
this thesis have becn complled- from yields on commonweal-th

bonds by the writer for the period. f95+-68, and are presented

in Bl-och (1972) along with the raw yield data from which they

are d.erived-.

YieJ-d. curves of various shapes have emerged. over the

last few decad.cs, the most cotnnon (at least in the U.S.A.

and Australia) being upward--sloping. As can be seen from

table 1.1- on page {1 bclow, all of the fifty nine yield
curves d-rawn for this thesis are upward--s1oping, though
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thirty eight of these curves as d-rawn by regression

analysis have d-ownward.-sloping sections as wel-l.. Downward--

sloping curves have existed- in earlier years of the twentieth

century. An exarnple is given in figure I.1 below which ís

derived- fron table I.7 in Bl-och (1972) where yield's for the

period- l9I9-55 are presented.. No attempt has becn mad-e to

fit yie1d. curves to al-l- of this carly bond. data.

Fig¿gs'- r-f
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FåGg]-Bgçgtlx of the Stoôt Exchange of Melboürl'r-€¡
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From the whol-e spectrun of yields that go to nake up 3

yield. curve, it is convenient at ti-mes to sel-ect two

hypothetical- yields as representative of the whole. These

are usually reforred- to as the short rate and the long rate.

V,lhere the rel-ationship between these two rates is analysed

in the fol-l-owing pages, it is to be thought of as a proxy

for the relationship between al-l- the rates that go to make

up the tern structure.

] . 3 Prqþleins_ i_n_CSrrstzus_ta_Be Yi cld _We s-

The probl-ems connected. with the construction of yield

curves can be conveniently d-iscussed by enploying the

concepts of qJors:*o1." the fins:b__typ_e ancl ç-LEgT.L-o*f*_tL1S.

F_gc!.1?-1}__ftæ. as introd,uced by ir/lasera (l-970a). There are two

nain problens involved. First, it is necessary to ensure

that the yiel.ds to red.cmption aye for securities that are

honriogeneous 1n al-l respects cxcept term to riraturity.

Therefore, other factors affecting yields such as

transactions costs and crcd.it ratings must be hel-d. constant

in order to isolate the effect of term to maturity on yields.

Failure to hol-d. thesc other factors constant can lead- to

I'llaserass errors of the first type, where d.ifferences in
yic;1d,s caused- by other factors are ascribed to term to

maturity,
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The second probler:e in the construction of yieId. curves

comes in atternpting to draw a curve through the scatter of

yields plotted. against term to i:raturity after eliminating

errors of the first type. This leaves the way open for

errors of the second- type, where the partlcul-ar curve

selected- rnay not correspond exactly to that which woul-d-

emerge if a greater and. greater nmber of securities, free

of type-one errors and- covering the entire maturity spectrum,

were observed.,

The two types of error described- above are closely

rel-ated. In order to ninimise type-one errors, the range of

securities sel-ected for inclusion must be l-lrnited to those

closely homogeneous in all respects other than tcrm to

maturity. This limits the number of observations and- so

raises the possibilÍty of errors of the second- type by

rnaking more difficul-t the actual- d.rawi-ng of thc curve s.

However, if a wide range of securities is allowed in order

to reduce errors of the second. type, it wil-l red-uce the

homogeneity of the sanple and so increase errors of the

first type. Hence the particular securi-ties that are chosen

to provide the basic data for the construction of yield.

curves must he ca:refirl.ly sel-ectcrl j-f hoth erro:tls of the

first and second. type are to be mi-nirnised,

The probl-ems concerning the construction of yield
curves coul-d be avoid.ed" 1n this thesis if a suitable set
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of curves using Austral-ian data $¡ere alread-y availabl-e. As

rnentioned above, however, no such curves are available, so

that a signifÍcant part of the work for the thesis involves

the constructlon of yierd curves. There is Little choice of
securitles from which to collect the basic data. Unlike the

U.S., for example, there are no tirne-series of high-gracle

corporate bond yields available in sufficient vol-ume to

allow the d-rawing of yieId. curves. Such a time-series has

been prepared- in the U,S. by Duranil- (L9+2) a¡rd Durand and

lTinn (1947), and- this j-s the basic d.ata used by Melselnan

(L962) in his tests of the error-learning nod.el-. Nevertheless,

Comrnonwealth Government bond-s are a honiogeneous class of
securi-ties, and- regular bond quotations are available from

the stock excharrges. l\{oreover, the volume of government

bonds has been far greater over the years than that of
corporate bond.s. In L95t, for example, comnonv'¡eal-th bond.s

represented. 66,2 per cent of the rnarket val-ue of sccuri-tles

listed on the Melbourne Stock Exchange, whereas corporate

debentures and. notes accounted- for only 2.+ per cent

(Rose, J.969, p,55). Coi";monwealth bonds were chosen, therefore,
to provid.e a tirrre-serÍes of yieì_ds.

1.4 _M1n:tuis_1.ne Ertors of the tr'i_rst Type

The rnajor forms of type-one errors are as follows.
(1) Default risk,
(2) Goverrulent market controls,
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(7) Taxation consid-erations with respect to coupon rates,

(4) Risk aversion with respect to coupon rates,

(5) Stock exchange listing imperfections,

(6) Optional eal-I d.ates,

Q) Transactions costs.

liach of these will- be l-ooked. at in turn.

1.4.1 D-çfe.uf-t R¿sh

Yield.s rnay d-iffer between securities d.ue to d.ifferent

d.egrees of d.efaul-t risk. The greater is the probabillty of

risk of d.cfault, the greater is the return required by the

lender. This factor has been hel-d constant by using only

cominonwealth bond-s to provid-e the basic d.ata.

1-*4j2__ Gp¡re qlulç_nt_It.[ Ar]{ g- t_ C q¡tg o I s-

During the Second- Yr¡orl-d I{âT¡ the Commonwealth Govcrnnent

introduced. capital issuc controls and minlnu¡n bond. prices

in order to l-ovrer the cost of d.ebt finance for d.efcnce

purpose; s. As a result, bond. yield,s for this period. are

i-nfluenced heavily by the official government control-s.

These controls were finally removed- d-urlng Deccnber 1955¡

eight yeaïs aftcr the war end.cd., by v'rhich time thc economy

had. re'ad-justed to a peece-time basis. In ord.er to avoid a

period. when normal raarket forces were distorted, the time-

series for the regression tests in the thesis begin at
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iVlarch 1954¡ and yield- curves ave constructed for each

quarter from that date. A further advantage of beginning at

this tine is that, prior to the midd,le 'fifties, there are

only a l-imited nurnber of securities record-ed. as outstancling

for cach quarter. By dclaying the start until L954t ruore

cross-section d.ata is available for -bhe regression analysis,

especially for the longer-term naturities.

1. 4r a*. Laxqti-o-o _Ç-o-as-i*dç-r:Ub;Lo_zu¡_:u-i-tfr-J:qsgqd-tq-Q-agp en ielsÉ

Therc has been no study of thc effcct of taxation on

bond. yields in Australia, at least to the writeros knolvled.ge.

lfowever, two consicleratj-ons arc clear enough. First,
-bra:rsactors \¡cre allolved- a ten per cent tax rebate on coupon

receipts from goverrulent bonds over the perÍocl 1942-68. This

factor is hel-d constant by end-ing the time-series at September

1968, alÌowing fifty nine yielcl curves to be cLrawn, one for
each quarter frorn March L95+ to September 1968. Second.ly,

coupon payments reccivcd by trans¡-rctors 1n Australia are

subject to income tax v¡hereas capital gains are not, at

l-east for transactors not cla,ssified as share traders by the

tax c-lepartmcnt. This factor l-ead-s to a preference for low-

coupon, deep-cliscount boncls in ord.er to minimisc lncomc tax,

so that yield.s wilJ_ be l-ower on securities carrying

reÌatively lower coupon rates, as the tax saving replaces
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some of the yielcÌ, Thus, for a given tern to naturity there

will exist a d.irect relationship between yield. a¡rd couponr

However, this direct relationship may be reversecl when risk
aversion is taken into account, so that the final- rcration-
ship between yielcl ancL coupon is not clear on theoretical_

grouncl.s.

with resoect to Counon Rates

Given that two sccurities have the same y,ielcÌ ancl terrn

to naturity but different coupon rates, a transactor may

have a clefinite prefcrence for one security or the other on

the basis of his aversion to risk. This is because the

security v¡ith thc higher coupon rate is repaic'l proportionately
faster than is that with the lower coupon. For example,

assurre that securities A and B each have a face v¿rl-uc of

ø100 and a tern to rlaturlty of ten yeaïs, but coupon rates

of five ancl six per cent respectively. rn orcÌer to rcturn a

yicJ-d to reclcmption of fì-ve per cent each, theirprices will
have to be $100 and $IO7-72 respectively. This is sunmarisecl

as foll-ows.

Security A

Security B

i¡ac-ç- valge- I-iqlaL Price

-(Tt-' 
-T,TT T)-

l-00

t_00

5

5

100

ro7.72



_27_

The proportion of the price repaid in each year for the

first ni-ne years is 5/l-OO or 5 per cent for security A, and.

6/107.72 or 5.57 per cent for security B. Hence, security
B with the higher coupon rate 1s repaid- proportionately
faster. This can be nore clearly seen by examj-ning the case

where the transactor e s budget is l-irnited in both cases to

É100. In thj-s case, the repayment streams of the two

securities ¿-rre as foll_ows.

Years l- to 9

Security A

Security B

(ø)

5

Y-sEr 10
(ø) Iieldg')
r05 5

x 6 (IOO/1O7.72x 100) + 5,57
= 98.40

Again it can be seen that security B is repai_iL proportj-onately
faster, returni-ng relatively higher interim payments ancl a

relatively lower final_ payment,

Given that securities A ancL B have the same yiercr and.

tern to maturity, a transactor rnay still prefer one or the

other on the basls of his aversion to risk. For example, he

may incur a liability which requi-res annual interim payments

ancl, a lump-sum pagrrlent after ten years. rn this case, either
secu:rj ty wì'ìl he a suitable investment to all-ow him to

heclge against futu.re interest rate changes 1n the manner

described. in chapter three below (see pÞ.90-90 ). paynent

streams of both the asset ancl the liabil-ity will be ilatched

07.72
5,57

/r100
5
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in ad.vance so tha"t the net return is fixecl over the ten years

irrespective of arry future cha.nges in rates. However, if he

incurs a liability which has an j-nd.efinite repaynent stream,

then as portfol-io-selection analysis indicates (see pp. 96 -
99 below) he will, on the basis of his averslon to risk,
prefer security B which returns the l-oan effectively faster.

\[hether transactors wi]-1 prefer l-ow or high-coupon bond.s

when consid-eration is given to their aversion to risk will-
clcpcncl, thcrefore, on the nature of their commj-tments and.

thc tlme perlod for v¡hich they have funds availabl-e for
investment in securities. This natter is exploreil in nore

d,epth 1n chapter three below. The inportant thing to note /
here 1s that while taxation consiclerations suggest a clirect
relationship bctween yield and, coupon rate as outlined in
sc.ction I,4.3 above, this rel-ationship mey be revcrsed- by

considerations of risk. Thus, the ultinate relationship is
uncertain on ther¡retical grouncls. Fortunately, the reÉiression

equations tes-bed" in section 1.5.5 belov¡ suggest that coupon

rates have an insignj-ficant effect on yields, so despite

the theoretical- relationship betlveen yielcl ancL coupon, it
has been ignored. on cnpirical g""un,-ls.5

5, Eviclence on the relationship usíng U.So d,ata can be found-

1n $Iall-ace (1964) ancl l3use (1970b), ancl using U.1,. C.ata 1n

Grant (1964b) ancl Iiisher (1966 ancl 1967.),
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Irnperfections in stock exchange listings encompass out-
clated quotes, listing errors, and temporary niarket d,istortlons
causecL by large transactions in a narrow market. These

problens are d.ifficul,t to handl-e. The quarterly time-series
of yieltl curves are for the l_ast d_ays of March, June,

Septerober and December, but some stock exchange quotes are

not avail-abre for the last clay of the quarter. rn these

cases, earl-ier quotes are given but with no inclicatlon as

to the day to which they refer, Listing errors and temporary

market cListortj-ons are also clifficult to overcomer so that
sorne errc)rs of the first type can not be altogether prevented.

Neverthel-ess, large errors are excl_ucled. by averaglng the

quotes fron thc Metbourne ancl syd-ney stock Exchanges as

reportccl in the Exchanges' monthly reports, Quotes that
d.iffer by more than a tenth of a percentage point between

Exchanges are cxcl-ud.ecL entirely.

7-,+.6 Option¿ll Catl Ðates

Tirhere securities have optional cal-l d,ates, the final
reclenption c-Lates are uneertainr so that the yiclcl to

reclemptì-on for ea.ch of thesc securities is somewhat

lncÌeterrninate. As the Treasury has the power to recleem

these securlties over a periocl of time, a definite rnaturity
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d.ate can not be fixed., but it has been comnon for the

Trcasury in the past to red-eem on thc latest date. A rising
trend. in general interest rates over time as expcrienced.

since the Seconcl lforld. l[ar encourages such a practlce if
the cost of the public d-ebt is to be nininised. Therefore,

the l-atest redemption rl-ate has been used here to d.eternine

the tern to maturity of each security.

L.AJ Transactions Costs

The mcst important transactlon cost of clealing in
colninonluealth bon<Ls is the brokerage charge. Detai-}s of

brokerage charges are given in Bloch (1972, p.3), and are

of the orcler of a quarter of one per cent of the face value

of the securlty. As the transactor is interested. primarily

in the æ.! yiel-d- to be real-isec-l from a securlty, the yields

need. to be arljustecl for brokerage charges. Such ad justr:lents

are in fact carrj-ed- out by the stock exchanges, so that the

net yieÌd. is listed in their nonthly reports,

l-. 5 l/linimi sinE trlrrors of the Second- Tvpe

Given that the data is relati-ve1y free of errors of the

first type, the next task is to construct¡ for each cluarter,

a yield- curve frorn the cross-section data, 'Ihere are three

possible ways in which this can be approached-, namely,

free-hand smoothing, linear interpolation, and l-east-squares
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interpolation using ord.inary regression analysis. llfl- three

approaches are employed. here. Thi-s allows the error-learning

mod.el to be tested- separately using data from each set of

yield curves, and so an estirnate can be made of the effect
on the results of the particul-ar inethod. chosen for the

construction of yield curves. Such an analysi.s is carried

out in chapter si-x below,

LÞ-'-I-*{.ree$ee4-Sue-o-Lhrne

This method. was brought to prominence by Davld Durand

(T942), From the scatter of bond. yields ptotted against

term to maturity, Durand. drew an envelope of the lowest

yields for each term to maturity 1n ord-er to efiminate any

type-one errors frorn the high-grad.e corporate bond yi-elds.

lle al-so restricted the curves to three basic shapes, smooth

upward-sloping approaching an asymptote, horizontal, and.

smooth downward-sloping approachì-ng an asymptote. Any

irregular burnps were al-so treated as type-one errors and- so

iggrored.. After the free-hand. constructÍon, the d.ata was

then smoothed- even further un-bil the successi-ve differences

in yield.s between maturities became sufficiently regular.

There are two major disad-vantages of Durandf s method. of

smoothing, First, by restricting curves to just three

basic shapes and" so ignoring any bumps, the data is biasecL

in favour of a pure expectations mod.el such as the error-
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Ìearning mod.el-, âs lrregular burnps and- shapes niay well be

evid-ence of n¿rrket segmentation. Second.ly, by their nature,

free-hand. smoothed. curves are unique to the drawer and- so

are unlikely to be reproduced by another person.

The curves constructed. by free-hand smoothing in this

thesis are different in two respects from Durandrs. First,
there is no restriction on the nunber of shapes all-owed'.

Rather, the curve is drawn to follow the general directlon

of the observationSr So that in some cases there aTe aS many

as four poì-nts of infl-exion. Neverthel-esso the presence of

some errors of the first type are recognised. as the free-

hand. smoothing d.oes not simply interpolate between the

observations as plotted., but rather outl-ines the curve that

appears to give the best fit to the scatter of points. If
the observations were all completely free of errors of the

first type so that they could. be regarded. asrrtruerrpoints,
then a simple interpolation procedure would" be recluired

that prod.uced a curve passing through al-l the rrtrueil points.

By contrast, the fitting procedure al-lows that all points

are not necessarily tttruerrr and. so prod.uces a curve that

may or may not pass through any or all of the original
observations.

Second"lyr [o attempt has been mad,e to regularise the

dlfferences in yiel-d.s between rnaturi-ties by additlonal

smoothing. Once the best general fit is obtained after
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allowing the curve to fol-l-ow the general directi-on of the

observati-onsr ro further ad.justments are mad.e. These two

differences froin Durand.0s method of fitting can be expected

to react unfavourably on the tests of the error-learning

model-, based as it is on refined estirnates of fov,rard. rates,

and should be kept in rninct when comparing the results in
chapter five below with those reported" by l/leiselman.

Examples of yield curves drawn by free-hand smoothing

can be found on pp ,196-202 below. 'i'he quarterly yield tabl-e

that is d.erived. from the curves constructed by free-hand,

smoothing is presented. in Bloch (1972, pp.1Jl--60 ).
Unfortunatelyr a paucity of observations of three-month

yields constrained the first observati-on for each quarter

to maturities of slx months, as explained. on pp. L59-6O

b elolv.

I,5.2 Linear Internolation

T..,inear interpoÌation simply requires that successive

observations be joined by straight lines to form a jagged

graph, and. has been used by Grant (lgA+a). Grant i-s critical
of free-hand smoothing as used- by Durand., claimlng that it
is highly "artificj-alrr and unsuitabl-e for the d.erivation of

forward rates, as these rates are extremely sensitlve to
relatively sroal-l changes in spot rates. Grant introd.uced,

linear interpolatlon in order to al-]ow a comparj-son of its
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effects on the error-learning nodel- as compared. with the

effecis of free-hand smoothing on the I'esul-ts as reported

by l\{eiselman.

Masera ( f970a, p. 89 ) , however, is cri-tical of Grant u s

approach on the groirnd.s that it ignores errors of the first
type and stochastic error terms, âs wel-l as assuming with

no reason that 1t provid.es correct yield.s. L,inear

interpol-ation assumes that the observations are completely

free of type-one errors and slnply in-berpolates between

tl:.ese observations, unlike both free-hand smoothing and

least-squares regression anal-ysis where the presence of

some type-one errors are recognised. A similar argument

appli-es to the stochastlc errors.
l/laserats l-ast point, concernin.g the l-ack of reasoning

supporting the ability of the linear interpolative method,

to prod-uce correct yields, is not an easy one to answer.

Given that the observati-ons are free of erl'ors of the first
type, the particul-ar method. chosen to interpoJ-ate between

these observations is, in the final analysis, purely a

matter of su-bjective oplnion, unless one wishes to inpose

a particul-ar theory of the term structure on the pr'obl-em.

The problem being tackled. here is the best vray to dra"w

yield curves ,so that a particular theory of the tern

structure can be analysed.. If the theory i-s then used. to

justify one particul-ar method- of construction rather than
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a,nother, the results of the tests of the theory are to a

degree spuri-ous, and. d.ue to the d-ata used rather than the

behavior postulated by the theory. Neverthel-ess, one can

still argue with sone justification that particular method,s

of construction are totally inconsistent with one or other

of the theories. To use one of these methods woul-d. still
bias the tests, but this time against the theory, ì1lasera

argues that l-inear interpolation is biased. in this manner

against any theory hased on expectations, presumabJ.y because

expectations would tend. to l-ead to sm.ooth curves¡

Bxanples of curves d.rawn by l-inear ì-nterpolation can be

found, on pp.I95-ZOL below. 1'h.e quarterly yield table derived

from linearly-interpol-ated curves Ís presented in Bloch

(I972r pÞ . 162-9! ). Once agarin, the first observation for
each quarter is the six-month yiel_cL.

I.5,3 Least-souares ReEression Ana"l-

Given that some errors of the first type are unavoidabl-e

d-ue to limitations of the basic data, and. that a jagged.

curve tend.s to be biased. against expectational model-s, the

method of linear lnterpolation can not be used. with a high

degree of confldence. Free-hand smoothi-ng, on the other

hand., is a highly personal method that d.erives curves which

are unique to the d.rawer, makíng exact reprod-uction by other

people unlilcely. T[Ihat is required- is a method of construction
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that recognises the presence of type-one errors, 1s not

biased in favour of any particular mod-el of the term

structure, and can be reproduced. exactly by other people'

The method, that most closely rneets these requirements is
that of least-squares regression analysis, a method that

has been used by D. Fisher (1966) and lVlasera (l97Oa).

In this methoil, errors of the fÍrst type a,re alfowed. for

by making estimates of rrtruerr yields corresponding to the

observeù yielrls. Interpolatj-on i-s then carrled. out between

estirnated. yields rather than the original sample yields.

The fitting of yield curves by regression analysis,

therefore, invol-ves two independent processes carried out

simultaneously¡ the estimation of the rrtruer¡ yields (those

free of type-one errors) correspond"lng to the sample yield.s,

and the interpolation between these estimated yield.s. lÏith
free-hand smoothing, both the estination of the trtruerr

val-ues and the interpolation are performed by eye in
d.rawing the smoothed- curve. \,ïith regression analysis, or1

the other hand, the ertruerr values are estlmated by the

method of l-east-squares, whlch at the same time gives a

regression equation that can be used to interpoleite between

the estirnated. values.

The selection of the regression equation that gives the

best fit to the poì-nts is still a subjectlve matter personal
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to the fitter. Nevertheless, the selection process can be

carrj-ed out in a reasonably scientific manner that involves

repeated. testing. Furthermore, given the regression equation

sel-ected, other people can reprod.uce the curve.

In this thesj-s, ordinary least-squares regression anaÌysis

is used in three s-bages to construct the yiel-d, curves

required. for tests of the error-learning mod.el_. In stage

one, preliminary regression tests are carried. out on sample

cross-section d.ata in ord.er to isolate significant
Índependent varj-ab-Les. An equation containing these

significant variables is then tested 1n stage tr,vo against

the complete set of cross-section data required. for the

tests in chapter five. From the resul-ts of stage trvo, one

or nore regression equations are chosen as giving the best

fit overal1, and are used in stage three to construct the

final- yield curveso Each stage will_ now be discussed in
more detail-.

(]),SJaøe Ong

The basic d.ata from whlch the yield curves are constructecl

compri-se one set of cross-section yields for each quarter
from March l-954 to September 1968. This gives fifty nine

sets of cross-sectlon data, vrrith the number of observations

in each set ranging from eighteen for the earliest to forty
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three for the latest, a wid.er naturi-ty spectrurn of securities
coming on to the market in more recent years. fhe basic clata,

then, are a time-serj-es of cross-secti-on d.ata, from which

fifty nine yield curves are to be constructed..

As mentioned above, in d.eriving a regression equation

for the purpose of fitting yield curves, it is clesirabl-e

that it be chosen in such a way as to avoid bias j-n favour

of any particular theory of the tern structure, A1l- that is
required is a regression equation containing mathenatical

terms that adequately d-escribe the shape of the yield curve.

One way of deriving the required, equation is to fornulate
an initial equatlon that contaÍns al-f the likely mathematical

terms d.escribing the various shapes founä in each cross-

section, and then test this initial equation against a sample

of cross-secti-on yie-l-ds. By examining the yield_ curves

d.rawn by free-hand smoothing, some preconception can be

formed. as to the 1ike1y nathematical terms"

As a resul-t of such an examinatJ-on, the fol-lowing initial
equation is formul-ated,

J=a+bX+cX2 + df + eX{ + f(Iog X) + g(l-og X)2 +. U (I.2)

Y represents yield to redemption, a is a constant term,

X is term to maturj-ty, and U is a residua] term. The

d.ominance in the free-hand. smoothed. curves of a smooth
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upurard-sloping curve approaching an asynptote suggests the

l-ikelihood of a logarithnic function, wh1le the presence of

several- points of inflexion in some of the curves ind.icates

the need for cubic and. ctruartic terms. Flnal1y, in the

absence of apparent evidence of the nced- for more complex

forms, a preference for mathernatical simplici'by restricts
the equation to first-order functional relatlonshlps"

Having formulated. the initial regression equatíon, the

next step in stage one is to isolate the signlficant
indepenclent terms. This can be done against sampl-e cross-

section data, in order to reduce computing costs, The sample

is selected in such a way as to incl-ud.e all- the hasic shapes

found. over the conplete tine-series, so that terms which

are significant for any one cross-sectj-on should- sirol up

as significant in the sample. In this wavr the insignificant
terms can be excluded, before testing the regressj-on equation

agalnst ea,ch set of cross-section data for the compJ-ete

tine- serles.

Six sets of cross-section data energe as having shapes

that are representative of al-Ì those found in the complete

tine-series. These are reproduced. in table 1.1, where it
can be seen that the pred.onj-nate shape is smooth upward,-

sloping a'oproaching an asymptote, although in set (6) there

is a point of infl-exion early in the curve that is found in
twenty of the fifty nlne curves.
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Before goi.ng on to the actual regression testsr it is
convenient at this point to reintroduce the problen of

coupon rates Vhich was l-isted as a possible Source of errors

of the first type (see pp. 25-28 above). It was argued that

the theoretical- relationship between yielcl and coupon is
uncertain, so that nothing has been cLone as yet to remove

this potentlal source of type-one crror. Hov/ever, nor¿v that

a regression equation is to be tested in orcler to isolate

significant terms, the problem can be exanined further by

including terrns j-nvolving coupon rates. An estimation can

then be mad.e of the significance of the effect of coupon

rates on yields" If the effect is significant it can be

held constant by including a term for coupolt rates in the

final regression equation, otherwise it can be ignored.

Equation I.2 is expanded to includ-e terns involving

coupon rates in a maJrner similar to those involving tern

to maturity. This gives ectruation 1.5 as fol-l-orvs.

f = a + bX r- cX2-r dX3 + eXa + f(l-og X) + e(]og X)2

+ hC + iC2 + j(1og C) + k(log C)2 + U (1.3,\

C represents the coupon rate. Equation I,3 is tested. against

the six sets of sample data. The program uscd for the

regression tests is given in Efroymson (1960). In brief, the

i.ndependent terms in equation 1.3 are added- to the regression

in a step-wì-se fashion in order of their significance, and
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Tabfe 1.1

Results of Staee lne
Prel-in -inary S.eEr_es gion Re SUJ-ts UsinE Sa"pp-I-e Da-t,a

Date cross-
section
observed-

General- shape
of cross-
section

Ter¡ns from equation 1.3
retained as signiflcant

Number
of times
observed.

(1) March
]-956

5Y 7,37(1oS X)

+ O.OOO4X3

4.1L - 0.45X +

+ 1.40(1og X)2

(2) June
l-956

1Y 6,89 2.75X + 0.12X 2

0.01C2+ 8.44(1ogX)

+ 7,og(1og l{)2 - o.ooolxq

3) sep
L95

t
7

2TY 4,O9 + L.52(1og X)

0.63(1og X) 2

(4) Dec.
rg57

29Y 4.25 - 0.001X

+ 1.16(1og X) 0.44(1og C)

( 5) Dec.
1960 'Y

5.28 + 0.0OBX2

+ t.72(1os X) - I,B5(1og x)2

o. 0002x3

( 6 ) March
1967

20Y 7,78 + 0.08)C

+ 0.52(1og X) 0.48(1og X)2
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accepted. in a final regression equation if they reach the

0'10 level of significance. The criteria for good.ness of fit
in a]I cases is the correlation coefficient and significance
tests. The resul-ts are given i-n table 1.1. In table 1.2 is
a s'Jmmary of the significant terms, arecl a clearer picture
energes as to the number of tlmes that a particular term is
reported as significant.

Teh'l e 1 ^2

fre¡r_T*4k_rJ(Significant terns denoted x)

Sarnplc
nunber

Regressj-on terms

x x2 ;f xa 1og x (rog x)2 c c2 log C (1og C)2

(1)

(2)

3)
(4)

( 5)

( 6)

xx

x

xx

x x

x

x

x

x

X

x

x

x

X

x

x

x

x

x X

tr''rom table l-.2 it can be seen that the terms C and. (l_og C)2

are not significant in any of the sample regressions, anil so

are e1j-minated.. C2 is significa¡rt only in sa.nple number 2,
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arid as this covers only one yield. curve it is al-so

elininated. Sinilarly, 1og C is significant only in sa^npIe

nr¡nber 4 which covers only nine yield. curves. As the

ul-tinate a1m is to derive one or two regression equations

that ad-equately describe most of the shapes found in the

time-series, 1og C is regard.ed. as atypical and exclud.eil.

X3 and. Xþ are eliminated on the grouncts that wherever they

are significant (together covering only nine yield. curves),

the absol-ute values of their respective coefficients are

negligible, thus ind.icating small explanatory povrers,

This left the fol-lowing regression eq'uation to be testecl in
stage two.

f = a -t- bX + cX2 + d(log X) + e(log X)2 (1.4)

( 2_Låt_aee_lï¡q

Having d.erived. a regression ectruation containíng the

significant terms, it is then tested over each and. every

set of cross-section data in the time-series. The results
of these tests are presented in table f-.3. rt can be seen

that in twenty three of the fifty nine sets of cross-section

data, every tern in equation I,+ is selected as significant
at the 0,10 l-evel- of signific&nce. In twenty cases,

er.luation l-.4 Jess the term bX is chosen. Table 1,3 shows

that no other expression is sel-ected. in more than five casesr
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Expressions contai-ning significant terns Number of times
selected-

J= a

J=a
f = a

V-ô

J= a

\t-I-a'

J=a

+

-l-

-t-

+

1"

+

4-

bX + cX2 + d(loe X) + e(l-og X)2

cX2 + d(]og X) + e(rog X)2

d(log X) -F e(]og X)2

bX + d(l-og X) + e(log X)2

cX2 +. d(1og X)

bX r- cX2 ¡- d(]og X)

bX + d(Iog X)

5

+

4

2

23

20

I
59

Consequently, the following two equations are chosen for the

final step in the construction of yie1d. curves.

J = a + bX + cXz r-d(]og X) + e(Iog X)2

Y = a 4- cX2 + d(toe X) + e(log X)2

( r.4)
(1.5)

The final step in stage two is to test equations I.4
and. 1.5 against the remaining sixteen sets of cross-section

d.ata represented by the latter five expressions in table I,t.
This resul-ts in equation 1.4 being sel-ected, in fourteen of
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the sixteen câ.s€s¡ The final outcone of stage two, therefore'

is that equation 1.4 is selected. as giving the better fit

to thirty seven of the fifty nj-ne sets of cross-section

data, with equation 1.5 covering the renaining twenty two sets.

(z)_S_tj7.ee T,E,eg

In stage three, ecluations L,+ and l-.5 are regressed

against the cornplete time-series of cross-section clata, and

estirnates obtained foi' each ctruarter of the yields at regular

terrn to maturity, These yield.s have been compiled in a yield

table and are presented. in Blocln (I972r pp.f00-129). As

with the yì-e1d tables compiled. from the free-h¿urd. sÍloothed.

curves and. linearl-y-interpolated- curves, this table is the

sou-rce of data for the empi-rical tests in chapter fivc below.

1--.6 Sruuar¡¿

In this chapter has been presented an analysis of the

constructíon of yielcL curves using the al-ternative roethod.s

of free-hand smoothing, linear interpolation and- least-

squares regression. It has been necessary to actually

construet yi-eld curves using Austral-ian d-ata for the

empirical work invol-ved. in the thesis, as no such d.ata is
reactily available, In chapter six below, the effects of the

alternative methorj,s on the tests of the error-learning
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morLel are analysed-. It is concluded there that where

significant errors of the first and second type appear in

the d.ata, the nethod. of regression analysis is the most

appropríate.
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)sig

2.I Introductlon

l/los'b of the recent Literature on the ter¡n structure of

interest rates takes llicksr statement of the trad.itional

expectations model in Va_hrc_.al3d-qggilêt (Hicks , 1979c) as

the major found.atíon of the topicr6 although Fisher (1910)

is sometimes given pre-eminence. L,ittl-e has been written on

earlier work concerning the term structure. In this chapter

1s presented a systematic account of the theoretical
cleveloproent of the term structure in the writings of
economists preceding liicksE work. The traditíonal-

expectations model itsel-f is d.iscussed in detail- in chapter

four below, as well as some of the later work on the term

structure that folLov¡ed V¿Iuç_a¿-ù _e-aqila,t.

åLz-JrJ-'-"f e,yr-À8.2I

Reference to rel-ative interest rates on loans of varying

duration can be traced back at l-east as far as 1821- to Say|s

brief nention in a d.i-qcussion of intere*st rates in general.

He suggests th¿rt interest on short loans :¡ril1 be relatively

6. For example, IVIei-selman (L962), I(essel- (1965), I\{od.igliani

and. Sutch (1966), Biervrag and. Grove (1967), and, Buse (1970a).
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lower because of the 'rpositive advantage of having capital
readily at command.rr (1B2Ir pp, L36-77), Say is concerned.

here only with the effect of risk aversion on the term

structure and- not at a1l- with the effect of expectations.

tr'urthermore, his brief discussion of risk aversion ignores

several- important factors. Rislc aversion is d.iscussed in
detail in the fol-lowing chapter, but some general points

oan be nade here.

In stressing the Írnportance of having capital rcadily at

command, Say emphasises the l-ender 0 s attitud.e to risk at

the expense of the borroweres, an api¡roach that is often

repeated- in later writlngs. Borrowers who require funds

for investment in carpital equipment, for example , are

concerned. with ens'uring a read,y source of fund-s over the

l-ife of the project. If the project is a rclatively long
qne, the firnd,s will be required. over a longer period than

where the project is expected to have a short -l-ife,

Gonsequently, it is an empirical- matter whether borrowers

will prcfer to borrow for short or long terms. In ord.er for
short rates to be l-ower than long rates as Say suggests,

howevere .?Jld given that l-enders prefer short-term 1oans,

iL Ìras Lo be shown th¿rt borrowers prefcr long-ter'ru 1oans.

This is the sort of analysis that is in fact und.crtaken by

Keynes (1970) in hi s work on normal- backlardation in
commod.ities markets (see pp.66-70 below), and_ by Hicks (I959c)
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in his d.iscussion of a ltconstltutional weaknesstt in debt

markets (see pp. 101--5 below).

It can also be questionecl whether in fact lenders d.o

prefer short-term l-oans. A strong supoorting argument could.

be made if a worl-d without fina¡rciaL intermediaries is
assumecl, In such a world, the flow of funds is between

prinary borrowers and prinrary lend.ers, that is, between

transactors who either l-end or borrow but not both at the

sane tine for the same period, From the l_enderes point of
view, a short-term loan, negotiated. if necessary for
successive short terms, is obvlously more read.ily available
to meet both expected. and unexpected. future needs as they

arise. The funds tied up in a long-term loan nay not be

avail-able at all to meet an unexpected need if tlre borrower

cannot repay the loan before the agreed maturity date.

Iloweverr with the d.evelopnent of financial- lnterneilia,ries
and with them the growth of negotiable instrunents, a lend.er?s

capital that j-s invested. in a long-term loan is often as

readily available as fund.s lnvested ín a short-tern loan.

The major uncertainty here now is not the availablity of
fund.s as such, but rather the priqg at which they are

avallablc, that is, the price at which the security
covering the long loan can be so1d.. This uncertainty is
referrecl to in chapter three below as capital-uncertainty.
There is aLso uncertainty connected with the stream of
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short-term loans, nanely, uncertainty as to the interest

income earnecl on future short-term loans. Thi-s is referred

to as interest-uncertainty. 'Ihe analysis in chapter three

below suggests that preferences for one type of uncertainty

over the other cannot be decid.ed a pr-iorl¡ so that l-enclers¡

preferences for short or long loans requires empirieal

investigation.

The existence of negotiable lnstruments issued by

governments is recognised by Say, so that his analysis can

be consid.ered to apply to a world, containing financial
intermecl-iaries, Therefore, his stress on the importanee

of reacly capital highlights capital-uncertainty at the

expense of interest-uncertainty ¡ ãh emphasis that is
repeated. frequently in the writings of Jater economists,

for exa.mple, Sid.gwick (1887), Fisher (1930) and l{icks

(I979c), the l-atter argui-ng that, in the absence of eìrl

extra return for l-ending long, lenders will prefer to hold

their money on d-eposit.

2J H' Si¿swiqk. 1å87

Sidguick has more to say on the relationship between

short anri. long rates than d.oes Say, and foreshailorvs many

aspects of the analysls of the tern structure that r¡/ere to

foll-ow. He regards short and- Iong rates as being cieterminecl

by d.ifferent forces, but connected via arbitrage and.
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speculatlon. The short rate he regard.s as the price paid.

for the use of money, and the long rate as the price paid

for the use of capitalr âo approach developed. later by

Marshall- (L921) and. Havrtrey (1958). Bankers, acting as

financial lntermediaries, are seen to prefer short loans

because of the read.y availability of these loans in meeting

¡f exceptionally large payments" (1887, p. 246), Here again

there 1s an emphasis on capital-uncertainty at the expense

of interest-uncertainty, Sidgvrick notes that a preference

for short I oans tend-s to depress short rates relative to

1ong, and argues that the actual relationship between the

rates over the ten-year period from l-869 to 1878 is the

consequence of this pattern of preferences (p. 246n).

Another lnfluence noted by Sidgwick is the trouble to
the professional l-ender of continually supervising the

investment of rnoney for short period.s, which tends to raake

for a dovrnward.-sloplng yleld curve. This observation

foreshadows later work on transaction costs. He also

anticipates l-ater work on the cyclical nature of thc term

structure by arguing that, because money is more sensitive

to the trade cycle than is capital, the short rate will
¿rlso be more sensitive to the cycle than will the l-ong rate.

'Ihus, the gap between short and. long rates caused. by lend,ers

preferring short l-oans, will vary over the cycle accordingly.
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However, both rates wil-l tend. to move i-n the sane direction
due to arbitrage operations. For example, a fall in the short

rate resul-ting from the effect of the trade cycle on the

price of rnoney, will make long l-oans more profitable at the

margin. This will encourage a shift of fund.s to the long end

of the market and so a subsequent decline in long rates.
Sidgwick d.oes not make any reference to the effect of

expectations on the term structure as such, but d.oes mention

the ì-mportance of expectations in discussing a tend.ency

tovuard.s a unlform yield- for all types of securities.

'iif any one prefers a:r invcstnent that at present
yieJ-d,s a lower interest than another, 1t is
because he considers it safer or expects it to
rise hereafter. t' Sidgtruick (1BB7r pp. 260'61)

An example of this 1s where short loans at present yie1d.

l-ess than long l-oans, but due to an expected rise in the

general level- of rates, a series of investments in short
loans promlses a greater return than a long loa"n covering
-bhe same tlme sparr This brief mention of expectations

foreshad.ows the work by Fisher (1950) in linking up

expectatlons of future rates and. the term structure.
It can be seen, therefore, that in a relatively brief

díscussion of the subject, Sidgwick is renarkably

perceptive in outlining for further analysis the niajor

determinants of the term structure.
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Irving Fisher is generally acknowledged as the founder

of the traditional- expectations mod.el' In his 1896 work, he

demonstrates that where a contract has d-ifferent i-nterest

rates for d.ifferent time perlods, an Itactuarial averagerr

calÌ be calculated which will- yield the sarne present value

for the contract aS does the varying rates. I{e sug,gests that

this concept has practical applieation in the case of

government bonds, where the current yield. to redemption can

be considered- an rtactuarlal averagerr of aLI the interest

rates expected over the life of the bond..

In view of later controversy over the exact inechanism

and behavioral implications of the expectations theoryrT it

is convenient to present Fisheros theory as falling into two

Segnents, one which assumes the presence of certaintyt the

other not. It is clear that xvhencver l'isher refers to long

rates as an average of expected future short rates¡ the

setting is one of certainty,B His reference to the calcuLation

7, See , for example, the iliscussion betvreen Cul-bertSon (1958i

and ïlehrle (1958), and. that betv,¡een Ruse (1971)' KesseJ

(19?1), Roll- (1971) and Wood (1971), and. pp.l-2I-28 below.

B. This view is sllpported by culbertson (1958, p. 608n)'
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of an rractuarial averagerr lnpfies the presence of certai-nty.

Another exampl.e occurs in Fisher (I93O, p.70) where he

describes a rate on a five-year contract aS tta Sort of an

avere-,ge of five theoretically existing ratesr one for each

of the five yea1s covered.tr He gives the most complete

statement of the rel-atlonship in his f906 work, where he

refers to a transactor who is contemplating the purchase of

a 25-year bond. with the intention of reinvesting the

proceeds after twenty five yearsó Fisher suggests tha.t if

the transactor expects the average of rates on 25-year

bond.s purchased- now and in twcnty five years tine to exceed

the rate on a 5O-year bond purchased not¡¡, the transactor

v¡ill- prefer the forner option, that is, to purchase the

stream of relatively shortcr bond-s. Conversely' if the

average of the two shorter rates is less than the return on

the lO-year bond., hr- rvil-l- prefer the longer bond- (FÍsher,

1906, pp, 275-74),

That this discussion applies to a worl-d of certainty is

demonstrated by Flsher's observations concerning the

investment behavior of insurance companles. tr'ishcr suggests

that the future income of insurance companies und.ertaking

continual reinvestment is affected by changes in future

rates¡ so that expectations of ehangcs in rates are

important. However, hê goes on to ad-d.c
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I'Insurance companies can only roughly take
account of the changes, reckoning that the
greater the l-ikel-ihood of a. rise, the
better the policy of malcing tenporary
investments at high rates and the greater
the l-ikelihood of a faLI, the better the
policy of making permanent investments,
even at mod-eratéfi low rates.rr Fisher (1906, p. 274)

It seens then tha-b in an uncertain world, Flsher sees

transactors basing their decisions on their expectations

of future rates, but not necessarily in accordance with the

strÍct I'actuarial averagerr model vrhere forecasts of specific

future rates are required.. lìather, they form an opinion

about the general future trend of rates, This is further

evid-enced by the observation that a, 5O-year bond. yielding

l-ess than a Z5-year bond. can be explai-ned "bX the

prevailing opinion that interest tends to fallr'r and his

statement that rrthe investor puts no specific values on the

ind"iviclual yearl-y rates of interesttt (Fisher, l-896, pr 29),

Fisher¡s analysis of the term structure und-er conditi-ons

of certainty and. no transactions costs, is the birth of the

traditional expectations nodel-. lJecause of the id.ealised.

cond-itions that are assumed., it fol-lows as a matter of logic

that profit-maximi zing transactors wil-l base their portfolio
decisions on their expectatlons of future rates as outl-ined.

1n chapter four bel-ov¡. The precise algebraic formul-ation

of the average is d.evcloped by tlicks (I939c) and Lutz (1940)"

and. given empirical content by Meisel-man (1962), Most



Ìvriters, lnclud.ing Fisher himsel-f , do not think that the

nodel- ¿ìs it stands is a conplete d-escription of the

relatj-onships und.erlying the term structure. Adjustnents

are usually made to all-ow for the effects of risk aversion

and. transactions costs.

Fisheres analysis of risk aversion is sirnll-ar to that

presented by both Say and Sidgwick. The normal rel-ationship

between rates is regard.ed as being where short rates are

lower than long rates due to the greater liquidity of short

loans to the l-end"er. Money invested in short loans is a

rrlittle like noney on deposit, or read.y noneytt (Fisher,

1930¡ p. 210) because it is available when needed.. Hence,

some of the interest on long securities j-s a compensation

for the lesser availability of long loans, and yields on

short securities are consequentl-y l-ower on average than

yielcls on 1ong. As with SaX and. Sidgv'rick, Fisher's brief
analysis of risk aversj-on centres on capital-uncertainty

and. neglects interest-uncertainty. It is Fisher, hov/ever,

irvho d.eserves the credit for se'ttì-ng term structure theory

on its feet by introduelng the traditional- expectations

mod.el, the bl-ueprint for the vrork by Hicks (l97gc) fron

which most Later work d.eveIoped..
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ã tr" __F ,_J,e.qi"4stp-ç, LQ 2f , LqZ[

Lavington undertakes arr analysis of the term structure

that is much in the spirit of Sidguickos iÃ¡ork. After

emphasising the greater l-iquidity of short l-oans to

transactors r¡¡hen Ìending direct to primary borrowers, he

suggests that the presence of financial- intermediaricsr bV

increasing the negotiabii-ity of long loans, reduces the

difference in rates for d.ifferent terms. He considers that

only narrow rnarkets ¿rnd brokerage costs will be rL.asons for

any normal gap betv¡een short and long rates, at least up

until- the 'twenties. In a later article (Lavington, l-92+),

he supports this argument with evid-ence that for many clecades

up to the end- of 14lor1d War One, thc. average of short rates

over a period. of years is substantially the samc as the

averege of long rates. This he attributes to th.e effect of

the stock exchange in girring many long l-oans the licluidity
advantage of short loans.

In the l-ater article, Lavington su¿çgests that the îtwenties

vrould see a nev\r rel-ationship betlveen rates. The greater

marketability of short loans corning on to the market, coupled.

v'¡ith the greater observed fl-uctuation in prices of long

securitles over the previous two decad.es would be likelyt
hc arg"ues, to increase the rel-ative preference for short loans

and. so nake short rates on average lower than long.
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Lavingtonrs point about the greater fl-uctuation in prices

on long securities is al_so nentioned. by Kock (1929) and

used. in l-ater portfolio-selection analysls in support of
an upvrarcl-sloping yield- curve as the norn, a topic d.iscussed

further in the next chapter. The reference concerning the

greater marketability of short loarrs again emphasises

c api tal- -unc er tai nty .

Lavlngton al-so examines the cyclical movement of the

term structure, presentlng evid.ence that changes in short
and long rates are connected. to a common cause. vilhereas

Sidgwick vlews changes in short and J-ong rates as originating
from d.ifferent causes, Lavington views these changes as due

to a conmon factor, namely, the supply and. d.ema:rd. for
loanable fund-s with the latter more important. The supply

and demand. for loanable funds wil_l vary over the trad_e

cycle with demand varying most, and_ so initiate changes in
both short and long rates. In a boom, for example,

sidgvtick suggests that the demand. for short loans w1ll- be

more affected- than that for long loans, J_eading to a larger
rise in short rates than long d.espite arbj-trage operations.

However¡ âs short and long rates are both affected by

l-oanable fund.s, their rel-a.E:þ'e profitability over the trade

cycle shoul-d not change. Evidence for boom years, hoirvever,

suggests that long loans increase their relative
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profitability compared with short loans ciuring the upslruing

of the trad.e cycle. Lavington suggests this is cLue to the

fact that, during boom years, businessnen switch their
investments from consols to capital equiprûent in order to
take advantage of the buoyant economlc condltions. This

tends to increase the yield on consol-s and. will react on

the short rate as well, but expegþatiQns oÍ- further-investment
switches will- see yield.s on consors rising at a faster rate
than necessary in ord.er to keep the rel-ative profitabílity
of consol-s and. short securities in balance.

0n the basis of evidence of slumps that he hail- at the

time of wrlting, the converse d.oes not appfy when rates are

going doïun. That is, there is no evidence that consol_s

d.ecrease in relative profitability as businessmen switch

from capital equipment to consols. L,avington postulates

that this is due to the new relationship between ry_erêgq

rate levels mentioned above, caused. by the greater

fluctuation j-n consol prlces an¿t so the l_ower capital_-

uncertainty on short loans.

2.6 A. Marshal-l . 1923

Marshall- d.iffers from both Sidgwick and. Lavington in
his riew of the d.irection of causal-ity between changes in
short and. long rates. He considers the long rate to be
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I'therr rate of general equilibrium theory, determined. by the

supply and. d-emand for capital investment, and while the

short rate reflects money market activity, it is affected
by changes origlnating in the long end of the capital
market. Thus,

rrlf the amount of capital has been increasj_ng
l-r.t, then, in spite of a great widening of
the fiel-d. of investnent, it forces d.own-therate of dlscount.rr Marshal_l_ (a927? p, 205)

This Ís the first suggestion that the rong rate is the key

rate in the tcrm structure, and is supportecL later by Keynes

(1956) and, Malkiel- (t962).

2,7 A,,C. .Pig.ou. L327

The l-ine of anarysis adopted by Marshar-r- is criticised
by Pigou because of its implications for the cen-bral- bankf s

discount policy. rf short rates are d-eternined by long rates
while long rates are determined, by the supply and- demand.

for capital, the implicatj.on is that d,iscount policy is
constrained by these outsj-de forces of supply and, d_emand.

Pigou suggests that this anarysis ignores changes in the
general l-evel of prices. While agreeing that the discorrnt

rate is tied to the long rate, he says that it is the real
rate of interest that is relevant here. The central- bank

can ad just the d.iscount rato to any d,esired revel-r âs

changes in commodity prices will- restore the previous
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relationship between the d.iscount rate and the real rate

on long loans.

tr'urthermore, Pigou suggests that the central bank can

affect the reaL rate on long loans. Through its powers of
credit creation, the bank can lncrease the supply of funds

avail-able for capital j-nvestment and. so reduce the real
rate of interest on both short and_ long l_oans. Thus the

bankos powers are not limited. by outsid.e forces as

suggested- by Marshall_.

?ge K* Kock" 192q

The effectiveness of the central- bank's discount policy
1s extensively explored- by the swedish economist Karin
Kock, in a work that is d-evoted primarily to institutional
organisations, particularly banks. She makes several
important contributions to both the analysis of expectations
and risk aversion.

As regards expectations, she appears to be the first
writer to see the importance for term structure theory of
the concept of a normal- level of interest rates, a natter
d-lscussed later by ](eyne s (1936), Hicks (1959a), Robinson

(1951), Malkiel (1962) and Mod.igl-iani and Sutch (t966).

Because of the regular cyclical fluctuation in both short
and. long rates, transactors become accustonecl to rates that
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regul-arly move up and down, so that a novement in one

particular d.irection is not expected to continue for any

ì-ength of time. Rather, they form an opì-nion of the average

rate that rules over tine and. expect a regular fl-uctuation
about this rate" Thus, if rates have been moving up for
some time during an expansionary phase of the trade cyc1e,

transactors will- anticipate a d.ownturn in the near future.
They wil-1 prefer long securities, therefore, in ord_er to

benefit from the anticipated. capitat gains when rates
fall, and. so retard the upward- movement in long rates.

Similar1y, if rates have been moving downward.s for some

time, transactors wil-I anticipate an upturn in the near

future. This will make short securities more attractive
than long because of the potentially higher yieldr so that
a shift into short securi-ties will hamper the downward

movement of long rates. The net result will be a greater

cyclical swing in short rates than in long, strengthened by

complementary acti-on on the borrowing side of the market.

As the ldea of a normal- or average rate 1s the basis of
these particular rate movements, Kock suggests that,
provid.ed thc d.iscoirnt rate can j-nfl-uence other l_oan rates,
the central bank can control the l-evel of this normal rate
by the use of the d"iscount rate. The ability to do this will
d.iffer between markets in d.ifferent countrles.
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Another matter first raised. explicitly by Kock concerns

the length of time for which transactors formulate their
portfolio plans. She critj-cises L¡avington for assuming

impl-icitly that when people purchase long securities they

intend- to hold thern as a long-term investrnent, unlike a

short-term investment in short securities. She thinks it
more likely that a transactor contemplating whlch type of

security to purchase wil-l view both as a short-term

investment.

'rThey use them (consols) for temporary invest-
ments of balarrces and- the anount of the return
d.epends therefore not only on the: yield but

v'¡i1l- be abl-e
929, p. I3B)

also on the price at which they
to sel-I them.rr Kock (1

'Ihe use of short planning periods is a theme developed for

the theory of the term structure by Kald.or (L939),

Robinson (L95t), Kahn (1954), Culbertson (1957), Malkiel-

(L962), Michael-son (1965) a¡d Wood (L969) , and is discussed.

further on pp,I27-28 below.

The other irnportant contribution made by Kock is to the

theory of risk aversion. She appears to be the first writer

to acknourled-ge that the choice of naturity will be influenced

by the average length of transactorso obligatloïLs, a theme

d.eveloped later by Keynes (1910), Kahn (1954), Culbertson

(1957), Meisel-man (1962), Modigliani and Sutch (1966) and

Masera (1969b), and, d-iscussed. in d.epth in the next chapter.
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A further infl-uence she mentions is the greater observed

fluctuation of prices on long loans for a gj-ven change in

rates. This point is an important part of portfolio-sel-ectlon

analysis developed by Markowitz (1952) and Tobin (1958)'

and of the work by lVlalkiel (L962) on the mathematics of

bond. prices.

It can be seen from this brief review of her work, that

Kock is responsible for first mentloning several matters in

connection with the tern structure, that later spawned. nuch

debate concerning the nature and effect of expectations ancl

risk aversion on the structure of rates.

2.9 Vll.'ltr. Rief1er. 1970

Riefter takes up the point raised by Lavington and Kock

concerning the greater observed fl-uctuation of prices on

long l-oans for a given change in rates, as part of a

d.iscussion on the stability of long rates relative to short.

fle observes that short and long rates in the U.S. for the

period 1919-28 tend to move together, but with long rates

exhibiting the greater stability, a phenomenan also

discussed by Keynes (1916), Kalecki (1919)' Hieks (L919a)

and Malkiel (1962),

Riefler ad-vances two reasons to explain the greater

stabiJ-ity of long rates. The first is to d.o with the point

raised. by Koek concerning the arithmetic of bond. prices.
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Turning the point the other way round, a given change in

the price of a security has less effect on its yield as its

term to maturity lengthens.

"Tfhen these maturities are relatively short,
fluctuations in the current pri-ces of the
securi-ties are refl-ected in more nearly
equal fluctuations in the cal-cu"lated. yield'
but when yields are cal-culated on long
maturities - on, for exanple, the typical
twenty-year bond. frequeni;ly used- as a base
j-n calcul-ations of bond. yields relatively
large changes in the current quotations
from these securities prod.uce relativeÌy
smal-l movements in thej.r cal-culated yield
to maturity. rr Riefler ( f950, p. 120 )

The second. reason he gives is based on the tradltional-

expectati-ons theory. Rlefler appears to be the first writer

to make use of the theory as it stand.s in describing real

world events, and- is followed. in this by Williams (1918)'

Lindahl- (1919), Kalecki (1939) and Meisel-man (L962). As

the mod-e1 pred.icts that the long rate is an average of

expected, short rates over the life of the long loan, a

temporary increase in short rates is not fully matched by

increases in long rates.
I'the current yield on bonds, in conseqÌlencet
is not directly comparable with the current
yield on short-tern 1oans, but rather with
the average expected. return on short-ter¡r
Joans ovei a similar period of years with
the resul-t that lend.ers rnight reasonably
prefer a long-term bond- yielding five per
eent in times of high money rates to a short-
term loan yielding ãeven." Iliefler (19J0, p. 121)
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This argurnent is supported. Ìater by Katecki- (I9"s9t P. LI2),

and. relies on the assumption that the narketos expectation

of future short rates is inelastic wlth respect to changes

in the current short rate, a topic which is widely discussed

in later writings, for example, Keynes (1910 and- 1976),

Hicks (Lglga) , Lutz ( 1940 ) , N{arx (1942) , Riefl-er ( 1958) '
flrood (1964), Van Horne (I965b and l-966), and Fand (f96r5).

2 
' 
l*Q--.-L.J. Ke¡¿p-e-s , .-191p "*_1'9f_6-

I(eynes j-s the first to outline in any d.etail the

relationship between the production and financi-a,l- sectors

of the econom} as they impinge on the term structure. His

treatnnent of this in the heatitr (tg:O) is still- the most

detail-ed. account in existence everr tod-ay. In the Trealls-e.

he postul-ates that the normal slope of the yieJ-d curve

will be upward-, based- on his analysis of normal bachwardation

in commodities markets. Kel'¡6.0 position here is that,

because of the nature of the technological processes used,

capital-uncertainty will- d.orninate for the econolny aS a

rtrhole. Unl-1ke Say, Sidgwick a,nd. Fisher, who concentrate

solely on capital-uncertainty, Keynes recognj-ses the

pïeserlce of interest-uncertalnty but ouggests that g

balance , capital-uncertainty prevaì-ls. The state of

technology is such that the most productive methods tend

to be those round.about processes that employ relatively
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long-lived, assets such as Iand., buildings and other physical

assets. These long-l1ved- assets have useful lives that are

J-onger on averaáje than the term for which tranSactors wish

to invest their fund.s in securities" To quote Leijonhufvud

(1968, p. 102),
itln Keyneso grand conception, the basic
function of ofinance' in modern systerns
i-s to reconcile the d-esire of households
to beoliquldî with the technological
necesslty for the system as a whole to
carry vast stocks of oPhYsicalÌY
illiquid-' canital- goods. rr

,Ihe result of thi-s preference for round.about processese

is that for the economy aS a whol-e, the average period for

which transactors have funds available for investment in

securities witl be less than the average term to roaturity

of al-l securltles on the market. As 1s shown in the next

chapter, thís resul-t impÌies that capital-uncertainty will

doninate for the market as a whol-er so that given

expectations and. transactions costs, the yield curve wil-l

slope upward. 'Ihis concl-usion abstracts fron any idea of

the presence in the securities market of ad.equately-financed

speculators acting aS narginal- transactors to remove the

uprvard. bias¡ â possibility discussed by lVleisel-man (1962,

pr 10).

Ihe experience of downward-sloping yield curves in the

past Keynes attributes to a change in technological

consid,eratlons. These d.ownward--stoping curves are usually
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observed d-uring economic upswings, the upswings beÍng d-ue

to Schumpetarlan-type innovatory booms. In such times, it
becomes nore profitable to employ less rouncLabout processes

in production, leading to the use of shorter-Iived, assets

and so securities r,vlth shorter terms to maturity. Eventually'

these securities will have terms to maturity that arer on

average, less than the time for which fund-s are available,

so that interest-uncertainty will come to dominate the

market resultlng in a dov¡nward-sloping yield curve.

Keynes e treatment of expectations in the Gegera-Ljlheo-rJ

(L976) changes from that in the Treatise (I97O), In the

Treatise he postulates that the central bank, by operating

on the discount rate, can affect the long rate and so the

l.evel- of investment spending on capital good.s, whereas this
ability is viewed. r¡uith much l-ess enthusiasm in the G,ert€r-al-

LhqçrX,. In the earlier work, the key rate is the long rate

determined by expectations of future long rates. It is
connected to all other rates in the yield curve by

profitability consid-erations, as a very low long rate and.

a very high short rate, gÍven expectations, gives investment

in long loans a high opportunity cost. The data presented

by Keyries for' []re perj-c¡d I9I9-29 suggests that there 1s a

surprisingly cl-ose relationship between dlscount rates and-

ylelcls on consols, even cl-oser than expected by consiclerati-ons

of profitability, given the imperfections j-n the market,.
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In the Treatise, Keynes ascribes this close rel-ationship

to a chaln of belated and irnperfect reactions from one end

of the market to the other. tr'rom among the total maturity

spectrum represented by the narketos outstanding securities,

d-ifferent transactors vrill- prefer different terms, and these

preferences wil-l overlap in such a way as to connect the

vuhole maturity spectrum from end- to end. Thi-rs, a rise in
short rates wil-l- cause a ripple in the yield cllrve as it
affects first transactors in the short end, then those

further along the yield" curve, and so oo. Keynes is supported

l-ater in this by Meisel-man (1962, Fp. 52-5+'),

The argument is carried- a step further by Keynes when

he proposes that not only d.o happenings in the short end

eventuall-y ripple their way along to the long end, but that

these happenings themsel-ves affect transactorso expectations

of future long rates. îhere is l-ittle other evíd.ence

available on which transactors can formulate their
expectations of future rates, and current changes in short

rates wil-l-, therefore, be given significant weight. In other

v¡ord.s, expectations of future rates will be el-astic vrith

respect to changes in current short rates. The implieation
of al-l this is that monetary policy, acting prinaril-y on the

short end- of the market, is thought in the Îlea.b:tsg. to be

an effective way of influencing activity in the long end.
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The position in the Gene-fq1_-lheqry. is different. Keynes

postulates there that the long rate is not overly responsive

to changes in the short rate. Rather, the long rate can be

thought of as

tta highfy conventional. . c .' . .phenomenon.
For its actual value is largely governed
by the prevailing view as to what its
value j-s expected to be. Anv level of
j-nterest which is accepted with sufficient
conviction as lilcef]I to be d.urabl-e vrill-
be d.urabl-e.rr I{eynes (l-956, p. 2O3)

Keynes suggests that only if changes in short rates are

made grad.ua.lly so that transactors can become accustomed

to the new Ieve1s, will- transactorst expectatj-ons change

permanently or durably, Sharp changes in varlous dlrections

witÌ not be considered- d.urabfe, and so expectations will be

inelastic with respect to these changes in short rates,

Therefore, monetary policy whlch aims to influence the

long rate by working on the short rate wil-I requJ-re a

considerabl-e time J-ag before it becomes effective. This is
a much more pessimistic outl-ook concerning the elasticity
of expectati-ons than that ad.opted- in the Tre-a-b:L¡ig.

Culbertson (1957, p, +86) attributes this change in outl-ook

to a rel-uctance of long rates to decl-ine in the othirtles.

2.11 .I .8 . vrlil_Ii a¡qs , 1938

'fiiilliams supports lrving Fi-sheros presentation of the

long rate as an average of expected future short rates.
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rrl,ong-term interest rates are not a genus
who1ly d.istinct from short-term interest
rates, and they are not deterrnined
separately from short-terrn rates by
independ-ent consid.erati-ons. Rather, long-
term rates are only a thing d"erived., arL
average of a special kind., a mere figure
of substitution that can be used in place
of the series of short-term rates for the
years covered. T,tril-fianrs (1938, p. 60)

As v'¡ith Keynes before and. Hicks (I939c) after, Williams

compares the bond- rnarket with the commodities narket, and.

is one of the first wrlters to d-evelop the inportance of

the forward rate for the term structure. These forward.

rates can be considered. market forecasts of expected

future short rates, and. like a:ny other forecasts in the

presence of uncertainty, subject to error.

'rlt is not maintained of course, that tlie
future rates so cal-cul-ated- wil-l- necessarily
come to passi it is rnerely asserted that
such rates are implicitly forecast by the
bond prices in questlon, and. that such a
forecast by the bond. market is arl
interesting fact in itsel-f, worthy of
criticism as to its plausibility l-ike any
other forecast mad.e by the securities
market, rr lVil-l-j-ams (f 958, p " I24)

It can be seen that, like Riefler, W1ll1ams is applying

Fisheros traditlonal- expectations mod.el-¡ âs franed- in a

world- of perfect certalnty, to the real world of imperfect

foreslght. He goes even further and d.erives market forecasts

of short rates for the period L937-60 as iinplied. by the

L957 yield curve. This approach d.iffers from that of Kock
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who proposes a nodel urhere expectations are formed.

concerning the whole spectmm of rates for the next peri-od,

rather than of short rates al-one over several perlods. It
d.iffers also from Hicks (I939c) who bases his work on the

trad-itional expectations mod.el- but allows for the presence

of risk aversion. Hickse mod-el includ.es risk premiums as

part of the forward rates, so that these forward rates are

biasecl estimates of future spot rates, a matter lnvestigated.

in depth by Kessel (1965) and Cagan (1969), and- in chapter

seven belol. As the risk premiuras increase with tern to
maturity, the nornal slope of the yield. curve wil-l be

upward.. Wil-lians is critical- of this argument on the grounds

that downward.-sloping yield. curves have been observed. nany

times in the past, and. that the net risk on long loans will-

be zero,

'rfor the hope of tennporary appreciation is
bal-anced- against the fear of tenporary
d.epreciation. rr Uli]-Liarns, (f958, p. 1+)

Apparently, !|illiams thinks that transactors give the same

weight to an equal chance of loss or gain, that 1s, that

they are lndifferent to risk.

2.12 F.R. Macaul_ay_r_L958

Like T[illiarns, Macaul-ay recognises the presence of

implied future rates in yield. curves. Moreover, he is the
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first to cond.uct a test of the traditional expectations model

using evidence independ.ent of that irnplied by the yield
curves themselves. He find-s that the pronounced seasonal

varlation in call--money rates as quoted. on the New york

Stock Exchange, is anticipated, by movements in ni_nety-d.ay

rates as the ilod-eI pred.icts. Hovüever, he finds little
evidence of successful- forecasting elsewhere, though he 1s

careful- to point out that evid-ence of unsuccessful

forecasting d-oes not necessarily mean that forecasting is
not attenpted-. Rather, it may just mean that the uncertainty
invol-ved- l-ead.s to lnaccurate forecasts. Neverthl-ess, he

suggests that the forecasting irnplied. by the data is so bad
'bhat it raises d.oubts whether forecasting is real1y attenpted.

at all beyond the very near future. However, Lutz (l-940,

p. 41n) has since shovm that i\ilacaul-ay mislnterprets some

of the evid.ence, whj-ch, when correctly interpreted., actrrally
strengthens the case for accurate forecasting.

Few v'¡riters fol-l-owed" lViacaulayos l_ead in devising an

irrd-epend.ent test of the trad.itional expectations mod.el until-
l/leisel-man (1962) d,evised- the error-learning model- and.

started. a spate of empirical tests that continues solidly
to the present tine.

Macaulay introd.uces the concept of trdurationtr to d.escrj-be

the true length of a loan. He points out that the number
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of period.s to maturity is only one aspect of a security's

repayment planr so that consid-eration should. be given to

other repaynent features involved over the life of the loan.

An obvious theoretical- factor apart from tern that affects

the duration of a loan is the level- and frequency of coupon

paymentsr âs most bonds and. debentures in practi-ce carry

equal and regular coupon payments. The effect of coupon

rates on yield.s is d.iscussed in chapter one above (see

pp.25-28), where it is shown that the final- effect is
uncertain v'¡hen both risk aversion and taxation effects are

consld.ered.. In the enpirical work carr|ed. out for this

thesis, tern to naturity is used in lieu of cluration, as

the tests carried. out j-n chapter one above suggest that

the effect of coupon rates on rel-ative yield.s in Australia

is, in practice, slight.

?.1-3 R.G. Hawtrey, 19ã8. 19ã9-

llawtrey d.isputes Keynese contention in the Trea]b-i-Êe that

rnonetary policy, working through the d-iscount rate, ca^n

affect the long rate ancl. so the level of economic activity'
d,espite the fact that Keynes hiinself modifies this position

in the General- Tlaeef,l¿. The attack by Hawtrey in his f958

woric is launched- on two fronts. First, he questÍons whether

changes in the short rate will- signiflcantly affect the long
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rate. Here he ad-opts the argument first put forward. by

Sidgwick that the two rates are determined. by d.ifferent

causes; the long rate by the supply and demand- for capital,

and. the short rate by cond"itions in the money narket. Vilhile

there are sÍmil-ar novenents in the two rates d.ue to such

cornmon causes as wars and, d.epressions, these sinil-arities
are very limited, especlally those d.ue to expectations. He

suggests that transactors can only forecast up to a

maximum of two years ahead, and views the securities narket

as belng effectively segmented into short and long end.s with
little overlap.

The el-ose correspond.ence that Keynes finds between short

and, long rates is, Hawtrey suggests, d.ue to the partj-cular

years chosen. To d.emonstrate this, Hawtrey presents d.ata

over a much longer period- of tirne which reveals l-ittle
correlation between movements in short and- long rates.

As D.H. Robertson (1940) points out, Hawtrey's rtodel- of

the trade cycle is intermed.iate between those of liicks
(I919a) and- Lavington. lfihereas Hicks views the long rate as

relatively stable over the cyc1e, Hawtrey finds a cl-ear

cycllcal movement. L,ike Lavlngton, Hawtrey attributes the

cyclical novements in short and. long rates to a conmon

callse, namely, changes 1n the demand- for loanable funds.

However, whereas I-,avington sees these movements connected
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by expectati-ons of future investment switches leacling to

arnplified. movements in long rates, Hawtrey suggests that

the evidence shows that short and long rate rnovements do

not alvrays synchronise, so that often when short rates change

long rates d-o not.

Hawtreyes second. frontal attack on Keynes, questions

whether the l-evel of economic activity is affected primarily

by changes in capital spending that result fron changes in
the long rate as suggested. by iVlarshall and. Keynes. Hawtrey

regards it as more likely that the economy is prirnarily

affected by changes in stocks resulting from changes in
the short rate. Thus, thc question of whether changes in the

short rate affect changes in the long rate is j-rrelevant

for monetary poÌicy, as changes in the short rate al-one wil-l-

be sufficient to achierre the d.esired resul-ts.

Following some comnents from Hicks (1979a), Hawtrey

discusses in some d-etail in his 1939 art"icle the elerncn.ts

detcrmining the long rate. The effect of the short rate on

the long rate he sees as minlrnal, due to the inabiJ.ity of

the market to forecast more than a few months ahead-.

Rather, he takes the eclectic stance that there exist ma,ny

j-nfl-uences on thc long rate.
t'The actual movements of the long-term rate
of lnterest are the result of many forces.
It would. not be possible to obtain statlst-
ical evid.ence of the operation of any of
these unless the effects of the others could.
be el-i-rninate d.rr Hawtrey (I979a, p r I52)
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To the extent that expectati-ons are inrportant in linking

the long rate wlth the short rate, Hawtrey regard-s it as

expectatj-ons of future l-ong rates' On this general point

he is in synpathy with Marshal-l and Keynes. But unlike

IIicks (1919a) who postulates that expectations of future

long rates will be a functj-on of past short rates, Hawtrey

argues that g4l¿ persistent tend-ency in the capital market

will- affect expectations of future long rates.

2.I+ J.R. Hicks. 1939

In a review of Hawtrey's l97B lrilork, Hicks (1959a)

criticises the contention that short and long rates wil-l

have comlnon movementS over the trad.e cycle. The evid.ence

presented by Hlcks suggests that the long rate, unlike the

short rate, is remarkably insensitive to the cycle. He

postulates that this is d-ue to the fact that the current

long rate is primarily a f¿nction of the normal leve} of

the long rate as viewed by narket transactorsr a stance

first taken by Kock and. d-eveloped. tater by Malkie,l- (1962)

and. iViodigliani and Sutch (1966). This normal- Ievef is a

function of the ave,rage of past short rates, and- this by

nature tend.s to change rather slowly ovcr timo. Tho short

rate wil-I be one of the rates affecting the long rate,

but its effect is relatively inslgnificant.
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Consequently, Hi-cks agrees with Hawtrey that monetary

policy, by operating on the short rate, w111 have little
effect on the long rate, but d.iffers in his view of the

d.etermlnants of the long rate. It is interesting to note

that the empirical results reported. in chapter five below

support Hicks I contention that expectations are inelastic
with respect to the current rate due to the concept of a

normal rate (see pp. l+5-+7 below).

Hícks nodifies his presentation in Value*-anL-Cjl,pital,

where he suggests that people formulate expectations not

only about the future long rate but about the whol-e

spectrum of rates expected in the future, from short to long.

This means that a mod-el- of the term structure can be developed

v,rholly in terms of expectations of future short rates or of

future long rates, whi-chever is preferred, &s the resul-ts

wil-l be consístent in ej-ther case. Accordinglyr I{icks

elects to present his mod-el of the terrn structure in Value

and Ca'oi-tal- in ternrs of expectaticns concerning future

short rates.

2115 E. Liltdrül-. 1929

Linrlahl-, in the tra.dition of Kock, Rieflerr Keynes, Hicks

and l{awtrêyr is concerned with the abì-lity of the central-

bank to exert an influence over the term structure. Like

Riefl-er and. Will-iarns, hê regard.s the long rate as being
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primarily a function of expected. short rates. This means

that one channel by which the central bank can influence

long rates is by making announcernents concerning its
pollcy on future short rates. In ad-d.ition, open market

operati-ons vril-l be a successflrl channel through which the

term structure can be affected for three reasons.

(1) The market displays an aversion to risk. Whilst not

making this explicit, he refers the read"er to Kockos book

for an analysis of the risk factor. It will be renenbered

that Kock was one of the first writers to consider the effect
of the average length of transactors t obligations on their
portfclio preferences. Vlhere rnaturi-ty preferences exist
independently of expectations, variations in the supply of

securities can affect the tern structure as discussed in
chapter three below.

(2) The market's supply and d-enand. for securities is subject

to a budget constraint, so that theoretically, the central

bank with the backing of the goverrunent can excrt compÌete

control- over the term structure.
(7) Vrlhile speculators can be expected, to reduce the

effectiveness of open market operations, they are: averse

to risk and so wil-l- not conpletely neutralise the bank's

efforts, a point taken up again by Robinson (1951, p. 97).

Based on his analysis of the tern structure, l,indahl
goes on to analyse the implications for the general prlce
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l-evel, and. conclud.es that the long rate has a more pernanent

effect on the price level than d.oes the short rate. Lindahl

thus postul-ates a market that is very sensj-tive to the

central bank¡s r,ronetary policy, with both expectations and

risk aversion assisting the bankos efforts to control the

term structure.

2.1-6 M. Kalecki. fQ<q

Kaleckj- agrees with Hicks (I979a) concerning the relative
insensitivity of the long rate to the business cycle, and

bases his support on statistlcal evld-ence for the period-

LB53-1912, He explains the apparent stability of the long

rate in terms of the trad.ltional expcctations model-, rivhere

the long rate is an average of expected short rates. These

expectations are relatively inel-astic with respect to

changes in the current short rate, being deterririned- rather
by the nost recent average position of short rates.

Therefore, changes in short rates have only minor

repercussions on the long rate. Once again this analysis is
consistent with the resul-ts reported. in chapter flj-ve be1ow,

where the evidence suggests that expectations of future
rates in Austral-1a are formed. by an extrapolation of past

rates with weights that decline nore than e¿(pone for
rates further into the past.
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i(alecki appears to be one of the first writers to
propose that, on the basis of risk aversj-on and transactions

costs alone, the yield curve will sJ-ope downward,. He

recognises the dual concepts of capital- and interest-

uncertainty, and says that on balance, the interest-
certainty and. l-ower transactions costs associated- with

consol-s wil-l be preferred to the capital-certainty of b1Il-s.

2,I7 N. Kal-dor. 1939

Kaldor is critical of the argument that the expected.

short rate is a function of the average of past rates, on

the grounds that it is arrboot strapsrrtheory that requires

an explanation of how past rates are d-eterrnined. before it
is cornpletc. However, he suggests that the notlon of a

normal long rate is irnportant in explaining the relative
stability of lon-g rates compared- with short. Thereforee he

proposes that the long rate is a function, not of past

rates, but of expected future short rates along the lines

outllned by the traditional expecta-bions mod.e1. Th.e rrboot

strapsil criticisn he claims is avoided. by suggesting that

the current short rate is not d-epend.ent on expected. future

ratcs but on the curuent supply and denand for cash

balances,

Robinson (1951-, p. LOl-n) argues that Kald.or still d-oes



-82-

not escape the frboot strapstr criticisnr that he apparently

fears So much. She says that one of the main d.etermínants

of the d.emand for money is expectatlons concerning the

future course of the long rate, and this links up the

circularity in Kal-dorb argwrent again. She suggests that the

rrboot strapsrr criticism is unavoid.abl-e when ilealing with the

term structure.
rrThe price of any long-Iived- object with
l-ow carrying costs is strongly influenced.
by expectations about what its price wil-l
be in the future. ff the rate of interest
is hanging by its boot straps, so is the
price of Picâssoes paintings.ir Robinson (1951¡ pp,102-3)

Kal-dor criticises Hawtrey's contention that the market

is effectively segnented", with expectations havlng little
Ínfl-uence on any relationship that d-oes exist betvr¡een short

and long rates. If a situation prevail-s where short rates

exceed long rates for long enough so that the present level

of short rates comes to be regard.ed. as nornal, then

transactors will- eventually switch their funds from the long

end of the market to the more profitable short end.

Because cf the connection between short and- long rates,

Kald.or suggests that bank rate can not be freely used. for

rnonetary policy purposes, as it may react unfavourably in

some circumstances on employment. For example, a relatively
high short rate that lasts for sone tine d-ue to the efforts
of the authoritles rnay come to be regarded. as normal and so
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l-ead to an increase in long rates. This wil-l then fead to

a d-ecrease in investment and. so unenployment. Kaldor

concl-udes that as the short rate can only be increased

temporarily if unemployment is to be avoid.ed, the use of

bank rate by the monetary authorities can not secure a

stable l-evel of incone. This 1s because if the rate is to

be lowered. when unernployment threatens, it wil-l- have to be

kept high at other times to all-ow the d.rop r so affecting

the rate regarded- as normal.

2.18 SJ.mrcr.rv

It can be said in summary that by 1919 all- of the

irnportant variables that appear in later work on the term

structure have been identified. From then on, most writers

are concerned with developing models that emphasise the

rcl-ative j-mportance of these variables, though ernpirical

tests remained Scanty until- Meiselman (L962) encouraged- a

rush that continues tod.ay. An a\ruareness of this earJy work

seens essential- for a proper treatment of the issues being

hotly d.ebated tod.ay.

In the next chapter a d.etour is taken in order to

analyse thc cffcct of ri-sk aversion on the term structtrre,

before returning to examine the traditional expectations

r,ro.dcl in more d.etail- as well as some criticisns of it by

later writers.
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CIIAPTiIR TllRÍtE: RISK AVERSJ"IA

q,I fr_rtrod.uction

In this chapter, the effect of rlsk aversion on the term

structure of interest rates is analysed. The risk referred to

is that experienced by transactors j-n securities markets as a

result of uncertainty as to future changes in interest rates,

and not to any fear of d.efault by the borrower. I'urthermoret

expectations and transactions costs are taken as givenr so that

it is sol-eIy the d-esire to avoi-d. risk that is analysed here,

Much of the literature on the term structure ai-*"o..us risk
aversion in the context of either hed-ging behaviorr9 or

portfolio analysis based. on util-ity maxi-mizationr äs d"eveloped.
1n

by Markowitz (1952) and Tobin (1958).*" There has been little
l- l-

attenrpt to relate the two approachesr or to shovr how the

concepts of capital--uncertainty and incone-uncertaintyr âs

introduced by Robinson (1951), fit into the analysis. L{asera

(1969b) has made a start in this direction, anit his work is

extend.ed in this chapter.

9. For example, Meiselman (1962) and Modigliani and- Sutch (f966).

l-0, For exarirple, Bierwag and Grove (L967) and Grossnan (A967).

l-1. Some d.iscussion on tire reLationship car be found in

Cul-bertson (1957 and- 1958), Wehrle (1958), Michael-son (L965),

Telser (L967 ) and Vlasera (1969b).
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It is suggested. below that the analysis of risk aversion

is cl-arified by first divld.ing transactors i-nto two typest

nameJ-y, those vr¡ith d.efinite avail-ability perì-ods and those

with indefinite availabllity periods. The mor'e general case

of partially indefinite availabllity periods is then

examined-, and. the conclusion is reached thatt abstracting

from transactions costs j¡.nd expe-ctati futUre r?.tes-

the normal- slope of the yield curve can not be determined

a pleiQ.Ii. Evidence iS necessary concerning the length and

relative importance of definite cornpared- with indefinite

availability periods for both the supply and. der'rand side of

the securities rnarket, Finally, the implications of the

analysls for a central bankos open narket operatlons is

d.i scussed-.

7.2 Canital-Uncertai-ntv and. Interest-Uncertaintv

The rel-atlonship between capital and. income is one which

has generated nuch d.iscussj-on in thc Ìiterature , although

it still can not be said" that conplete agreement about the

rel-ati-onship has been 
"*o"h"d..12 

Despite this ambiguous

rel-ationship, Joan Robinson has adapted. these concepts to

a generalised- d.iscussion of liquidity in her articl-e on

L2. Refer, for exarnple, Parkcr and Harcourt (1969).
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the rate of interest (Robinson, l-95]-, p,94).

Capital-uncertainty she d-efines as uncertainty as to the

future capital val-ue of an asset d.ue to future changes in

the rate of interest. She d.efines j-ncone-uncertainty aS

ltuncertainty as to the income that a sum of money now

comrnitted to the asset will yleld. in the future.rrBut if

one adopts the simplistic stance that income represents the

change in the value of capltal over ti¡re, it fol-l-ows that

capltal-uncertainty and. income-uncertainty are opposite

sid.es of the sane coinr 3s it were. However, Robinson d'oes

not pursue this line of argurnent, and simply sugges-bs

instead- that varlous assets contaj-n these qualities in
varying d,egrees, and selects a few as il-lustrative of the

rest. In this lvay she contrasts bills (short-terrn) and

bonds (long-term).
t'The d.ifference between them a"rises from
uncertainty. In a world where past
experience has been that interest rates
vary from tine to tine there is
uncertalnty about future interest rates,
in the sense that, whatever an Índ.ivid-ual-
may believe about the most probable
future course of interest rates, he d"oes
not hold. his belief with perfect
conviction. An otvner of weal-th who buys
a bitl today knows what his capital wil-l
be in three monthsc tlme, but he is
uncertain what lnterest he will then be
ablo to get by re-invosting it. If he
buys a bond., he knows his incorne for as
l-ong as he likes to hol-d the bond-, but he
is uncertain about what his capital will
be worth at any date in the future,
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I'Perfectly good- bills thus offer negligible
capital-uncertainty, but relatively high
income-rtncertainty, while perfectly good
bond.s offer perfect certainty of income,
but relatively high capital-uncertainty.'l

Robinson (1951r pp. 95-96)

Fron the above d.escription it may help to clarify the

issue if the term income-uncertainty is replaced by the

ternr j-nterest-uncertaintyr so that theestimation of income

as such can stil-l- incl-ude part of the anticipated. change

in the future val-ue of capitat if d-esired.. In this way

it is the interest paynents received. fron thc long-tcrm

security that is known for as long as the security i-s he1d,

and not necessarily total_ income.

The coupl-ing of capital--uncertainty with long securities
and. interest-uncertainty with short , cayL only be justified
vrhere the expressions Itfong-termrr and- rrshort-ternn aïe

related- to transactorso availability periods, as vrill- be

d-emonstrated- in the following sectlon.

5. 5_ AVaif_aþ_iÀitv P erio ds

The concept of an avail-ability period can be thought of
as that period of time for which a transactor in the

securj-ties market has funds avail-able for the purchase of

securities, or requiresfunds by the sal-e of sccurj-ties, The

irnportance of this concept for the theory of the tern
structure seems to have been recognised. first by Kock (1929).
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For some transactors the avail-ability period. wlll be knovn:

with a high degree of certainty, but not for others. A l_ife
insurance compaJly, for exanple, can if it wishes statistieally
determine within certain confid.ence limits what proportion
of a year e s premiums wil-l- be required. for cash payments in
particular years in the future. consequently, it could

arrange to have definite sunîs of money available for the
purchase of securities for specified_ periods of time.

similarly, a widow in many cases will- have a definite
sum of money availabl-e for investment over the remai_nder of
her l-ife. Other transactors in the market, however, wirl
be highly uncertain as to the peri-od of time for which they
will require funds¡ or have fund.s available for dealing in
the market; others again wirl fal-l somewhere in between

these two cases of a high and a l-ovrr d-egree of certainty.
vÍhere a transactor has a definite availability period.,

it does not necessariJ-y fol-l-ow that a short-tern security
as generally und,erstood will subject hlm to i-nterest-
uncertaintyr or a long-term one to capital-uncertainty. A

three-rnonth bi]l, for exampr-e, fr&y subject one transactor
to lnterest-uncertainty but another to capital--uncertainty,
d'epend.Íng on their respective availability periods. f f
a l-ender (borrower) has funds definiteì-y avail_abre for
longer than three months, then the bill- will subject him
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to interest-uncertainty. Conversely, if the fund.s are

avail-able for l-ess than three months the bil-l will- subject
hirir to capital-uncertainty¡ âs the lender (borrower) will-
be uncertain as to the amount for whiqh he can sel_I

(repurchase) the bill- when the fund-s are required-.

It is suggested-, therefore, that the concepts of eapltal-
uncertainty and- interest-uncertairrty can only be coupled- in
general with long and short securltles respectively, where

the terms 'rfongrr and. rtshortrr are explicitly d-efined in
rel-ation to availabllity perj-ods. In this vrayr a long

securi-ty will- be one urhlch has a terrn to maturlty that
exceeds the transactoï|s availabllity period and hence wil-l_

subject that particular transactor to capital--uncertainty.
A short security will have a term to naturity less than

the transactorûs availability period-, and so will- subject
him to interest-uncertainty. tÀIhere avail-ability periods

are ind,efinite, then both capital- and. lnterest- uncertainty
wil-] prevail, the former becoming relativeJ-y more important
as term to maturity increases]

In exanining the effect of availability periocLs on

rlsk-averting behavior, it is convenient to begin with two

ext,r'eme cases, namely, where completely d.efinite and

completely indefinlte availability periods exist. The more

general ease of some ind.efiniteness will then be examj-ned..
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¡ . ã -1 _Defini teÆallaþilltv p eri odê

Transactors with defj-ni.te avail-abi-lity period.s can be

further subdividetL into two groups, hedgers and non-hed.gers,

according to whether or not they have liabi]ities as well
as assets. Each of these cases wil-l be l-ooked- at in turn.

Lal - I=led.eers

In order to qualify as a hedger, a transactor must have
'both assets and l-iabitlties. Iledging, in the context of
risk aversion, has been aptly descrlbed by Meisel-man

(1962, p.B).
I'I{ed.ging is achieved. by having essentj-aIly
the saxne itern on both sid.es of one's
bal-ance sheet. The hed.gÍng rnechanlsm

finance it vrith a J-iability that has a
repaynent stream matchj_ng the expectcd

l-iability's paynent stream. In this ïray
both sid-es of the balance sheet will
respond. al-ikc to a given change in
interest rates. tt

The example given above of a life insurance company is al-so

that of a hed.ger as Meisel-man points out (1962, p.8).
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'rA fi-fe j-nsurance company has long-tern
llabilities in the form of conrnitnents
to deliver fund_s, on the average, in
the distant future. The life lnsurance
company ean hedge against interest rateshifts by acquiring long-tern assets...rl

rn order to avoj-d. both capital-uncertainty and. interest-
uncertaintn¡ and hence to preseÍïe net worth, (as d.istinct
from maximizing net worth), an exact inatch of the payments

stream of assets and. liabilities must be made, rf¡ for example,

a three-year liability is financed. by a five-year asset, the

asset vriill have to be sold at the end- of the third. year at arr

unknrmnprice in ord.er to repay the J-iabirity. capital-
uncertainty will prevail and the net worth in three years tine
vril-l- be uncertaln. rf¡ on the other hand, the l-iahility is
financcd- by a stream of one-year securities, the in'berest to
be received in the second and- third. years is not knovnr.r so that
interest-uncertainty prevails. As the assetrs var-ue at any

point in tlme depencLs on the present val-ue of the future net
receipts, including interest receipts, this uncertainty
concernlng future lnterest recei-pts means that the asset's
val-ue in each year will also be uncertain.

Thus, where either capital-uncertainty or interest-
uncertainty prevail, the net val-ue of the bal-ance sheet is
subject to change over the availability perlod and. is,
therefore, uncertain, so that hed.ging must be imperfect. rn
ord-er to hed.ge perfectly, in the sense that the net value is
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_r1preservedr*- the payments stream of assets and liabilities

nust be perfectly matched-.

In the context of hedging behavior, the avail-abi-lity period-

wil-l- be that period- for whl cÏt a transactor 1n the market has

a payment stream in relation to his assets (if he is a

borrower in the rnarket), or to his liabil-ítles (it fre is a

lender). T/here this avail-ability period is knourn with

certai-nty, the hed.ger can avoid risk, âS lVleiselman points out,

by selecting a security with a term to maturity that matches

the tern of his definite avaj-lability period. As a result,

both sides of his bal-ance sheet will- be unaffected' by any

changes in j-nterest rates that occur over the period, and his

net worth wil-l, therefore, be constant.

IIote that in order to hed.ge perfectly, one need.s to have

a d-efinite availability period., otherwise a perfect rnatch on

the opposíte side of the balance sheet can not be rnad.e. Note

also, that even with a d.efinite avai-lability period., a perfect

matching may not be posslble d.ue to an imperfect Securitj-es

market. That is, a securj-ty may not be available that has the

required. paynents stream (in the case of a lender), or there

nay be no d.ernand- for a security with the desired payments (in

I3, Houthakker (1968) points out that hedging is not solely

arÌ action for avoiding risk. However, thls analysis abstracts

from all- considerations other than aversion to risk.
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the case of a borrower)r so that some risk remains.

Nevertheless, the inplications of hed.ging behavior for the

term structr:.re are much the sane v¡hether perfect matching

is possible or not.

It follows from the description of hedging behavior

above, that if a" hedger has a rel-ativcly short avallability
period- he will- have a preferc'nce for short securities as

a resul-t of his aversion to risk, and vicq ve_rsa for a

transactor with a long availabil-ity period. Thus, in a world.

of universal hedging and. definite avaj-lability periods, the

overall preference for short- and- long-term securities,
and hence the general slope of the yield. curve, ca.n only

be deternined g_p-:lþti if the weighted. average availability
peri.od for each sid-e of the market is known, For exiLmple,

if it is known tha"t relatívely short availability period.s

tend. to d.oninate the lenderso sid.e of the market, i'rhi1e

the borrowersr sid-e is d.ominated by rel-atj-vely long

availability periods, it ca¡r be pred-icted. that, on the

þasis-of--r::Lslc--avers:Lan alone, the yielcl curve v¡il-l- slope

upvrard due to an excess d-emand. for short securj.ties

d.riving short yielcls bel-ow long yield.s.
r,ri/here the average availability periods in such a worl-d

are not known, ho\Tever, nothing can be said^ a priori about

the sJ-ope of the yield. curve. The issue cern only bc
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resol-ved. by enpirical- arralysis. The same consid-erations

apply in a market not cornprised solely of hedgers but

d-orninated by thenr in terms of the supply of and. d.ernand. for
fund.s.

( b ) Nou:HedgetqÊ

Hed.gers need. not be the only transactors with d.efinite

availability pericd-s. There nay be some people on the

lenclerso side of thc narket, for example, who have fund.s

availabl-e for a definite period- of tirne but no offsetting
l-iabilities. An example of this is a person with id.le funds

awaj-ting the purchase of a consumer durable at a dcfinite
d-atc in the future. The wid.ow also rnay have no liabj-lities.
Furthermore, the private sector of the economy as a whole

vrll-l be a net lend-er of funds where the governlnent is a

signì-ficant borrower. Transactors in this ca.tegory can not

hed,ge agaj-nst changes in interest rates in the sense used-

above¡ âs there is no liability payments stream to be

¡iatched. Nevertheless, risk can still be avoiclcd by ¡rurchasing

a security with a term to rnaturity that matches the l-ender's

avail-ability period, In thls wâXr both the interest recej-ved

over the period., and. the amount of capital received at the

end of the pericd. will be known with certainty. That is,
there will be no capital-uncertaì-nty or interest-uncertainty.



-95-

If a security with a term to maturíty longer than the

avail-ability period. ís purchased-, there vuill- be some capltal-
uncertainty, as the securlty wil-l have to be cashed- before

maturity at an uncertain price. Interest-uncertainty will
exist vrhere a security with a term to maturity l-ess than the

availability period. is purchased, as the transactor wil-l- be

uncertai-n as to the interest he can earn on reinvestment'

It fol-lows that a transactor with a definite avail-ability
period. and no l-iabilities, and acting on risk aversion

alone, will select securities of particular term to maturity

on the basis of ]rj-s avaitability period.r âs is the case with

the hed.ger. Once again, therefore, the general slope of the

yield curve can only be determined a priori once the average

availability period. is known.

Definite avail-ability period-s are a prerequisite for the

exi,stence of narket segmentation, where transactors have

d-efinite preferences for securities of particul-ar termr or

terms within a particular maturity range. These preferences

d.elineate the marhet into segtnents according to termr so

that one group of transactors may prefer securities v'¡ith

terms ranging from three to six years, another may prefer

terms of ten to fifteen yeaïs, ancl so oÍt¡ Given this range of

preferred- terms, transactors will not deal in any others,

thus foregoing the chance of a higher return. The relationship
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between market segmentation and l-iquidity preference is
discussed in sectlon 3.6 bel_ow.

The argument so far has been that, in a world. comprised
so1ely of risk-averti-ng transactors with definite availability
periods, be they hedgers or non-hed.gers, the general slope
of the yield- curve ca' not be determined a priori until- the
average availability period. for each sid.e of the market is
knor¡¡n. rn the next section, the case of conpletely indefinite
avail-ability periods is exarnined.

o

An indefinite availability period is one who.re the
transactor is va€rre or_lneertain as to the time_period for
which he will- have or require funds, rather than the
situation where the time-period is unl_inited. rffhere a

risk-averting transactor has an ind.efinite avall_ability
period, his aversi-on to capital-uncertainty compared_ with
interest-uncertainty is not irnmed.iatery obvious. vtlhereas

the transactor wiflr a definlte availabitity period can

avoid both types of uncertainty by natching term to maturì_ty
and- avail-ability period-, the transactor with an indefinite
availability period has to weigh one type of uncertainty
against another when ser-ecting securities of particular
tcrm. Horvever, extending the analysis along these l-1nes



-97 -

tend.s to be unfruitful, so that a more generalised. approach

to risk aversion is necessary. This appears to have been

recognì-sed. first (in eonnection with term structure theory)

by Culbertson (1957, Þþ , 492-93).

Vtrhere there is no independent evld.ence avail-abl-e

concerning transactors e preferences for particular
maturities, it becomes necessary to take account of such

characteristics as the behavj-or of relati-ve prices and.

yield-s on securities of different term, and to analyse the

maximi zing behavior of market transactors with respect to
their portfolios. This particul-ar traiL has been blazed by

Ì,[arkowitz (L952) and Tobin (1958), and- has come to be known

as portfolio-selection analysls. It rel-ates specifically
to the case where the transactoros availabil-ity period. is
uncertain.

Portfolio-sel-ection analysì-s ís based upon a stud.y of

mean expected- yielcls from al-ternative portfolios of

securities. Risk aversion is explicitly al-lowed for by

consid-ering the probability dispersion of yleld.s around these

rneans. f t is usual- in the anai-ysis to postulate that
transactors compare alternative portfolio opportunities
over a time-horizon equal to that oet by a one-period ouorrtityl4

14. Refer Bierwag and Grove Qgq) and Grossman (L967).
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ri'[ood- (1969, p. 524) points out that such a time-horizon is

the rational one for a transactor wishing to naximize his

returns ove_r ABL_Le*I:ig1|r a point that can be traced. back

to at least Robinson (1951, p. 95n). Given this time-horízon

for comparing al-ternative portfolio opportunities, and using

Tobings approach to portfol-io-selection, it is a wel-l--known

result that the variance of the money val-ue of a bond-

portfolio increases $¡ith t"t*"15

A risk-averting transactor with funds to invest in

securities for an indefinite period. of time will thus be

able to select the term of security that minimj-ses his rj-sk.

By using portfolio-sel-ection analysis, rather than an

ind-eterminate comparison of capital- and interest-uncertainty,

it is cl-ear that a portfolio of one-period- securitles is
subject to the l-east variance in money value. Thereforee

in a rnarket comprised- of transactors with ind-efinite

availability periods, there will- exist a d-emand for one-

p eri o d. s e curi ti e s wi th no- denaud- d-eE-[q-r- S.-e*cl'4iês.s-o f

=othq-Jerc--
Exactly the sa.me analysis applies to the supply sid'e of

the market. Suppl-iers of securities requiring fr-rnd.s for

15. See, for example, Grossman (1967).
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uncertain period.s of tine can best avert risk by minimising

the money vari-ance of their portfollos. Once again this
inplies a preference for one-period securities, so that
there will exist a preference for one-period. securities

on1y. The net resul-t, therefore, wil-1 be a flourishing
roarket in one-period securíties to the excl-usion of all
else, with no term structure, no yield- curve, and just
rrthet' interest rate of general equllibrÍum theory.

ãJ_,å"__ts^arli_a.1'r:__r_+4e{iniiç_ê¡raúe}_rJ,rtLPerlqùs

It has been shoürm that where the securities narket is
d-oninated by risk-averting transactors with definite
availability period-s, the normal slope of the yleld curve

can only be determined. by enpirical analysls. lrihere

ind.efinite availability period"s dominate, hov'rever, the

yield curve will be non-existent, the only yield being

that on one-period securitj-es. !ìIhat if the market contains

a mixture of definite and. ind-efinite? Many combinations ean

be imagined. For example, it may be that definite avail-ability
periods of rel-atively long 'berm d-ominate the demand. side of

the market with completel-y indefinite on the supply side,

or Ëg.e_vrya or a mlxture of definite and indefj-nite rnay

occur on each side of the market or on one side only.

Ilowever, Masera (1969br pp. 254-57) has shown that where a
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mix of deflnite and. ind.efinite availability periods exist

in the narket, the normal- slope of the yield curve is still
i nd,e t e rmi nat e A_p_r_i_glti..

A more general case in the real world. than a mixture of
total-ly d-efinite and totally ind-efinite availabilì-ty periods,

is where transactors have S_gmg. id.ea concerning the length

of time for which they have or require fund,s for dealing in
the market, but are not completely sure. lo the extent they

are uncertain both suppliers and d.emanders wil-l, on the

basis of thelr risk aversion, prefer one-period. securities.
Ilut to the extent that they are .certain, their preference

will depend. on the length of their availability periods,

and so be indeterminate. llence, the final outcome will
d"epend on the d.esre_e,o:L lhlr_f_q_çrjgi4@, and so stlIl be a

nat'ber which can only be resolved by empirical analysis.

The concl-usion reached is that until it can be determi-ned,

statistically how certain both suppl-iers and- demanders of
securities are concerni-ng their avail-ability periods, the

very existence of the yield curve can not be d_etermined

a priori. The existence of yield. curves in the real- v,¡orld

is not necessarily evid-ence against the d-ominance of

uncerta,jn availability perlod.s on both sid-es of the market.

This analysis has abstracted from transactions costs and

expectations, either of which may account for the exj-stence
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of yield. curves quite ind.epend.ently of aversion to ri-sk.

Furthermore, should it be the case that there exigts a

highd.egreeof@]taboutavai]-abi1ityperiodsonone
or both sides of the market, then the slope of the yield

curve wifl- still be indeterminate until the average lengths

of these availabitity period.s are knownr

Z.A-Sqn-e Opinr orrs--aþo"-ü= ihe Reer]- \ii-orLX

2-{*1---Ð-diei-re--V-e:ut:¿s--Inde-fj:rjte--å-vai}abi.litJ-J-qriodg

I./lany writers have given their inpressions as to the most

J-ikely situation in the real wor1d., some of which are

d.iscussed- in chapter two above, but in nost cases they give

l-ittle supportlng evid.ence. Perhaps the most famous is

IÏlcks (I959c) wj-th his hypothesis of a 'rconstitutional-
weaknessrr in d-ebt markets. Based on armchair analysis but

apparently derived. from Keynes (1950), Hicks argues that a

weakness exists in the long end. of the market d.ue to a

preferenee by lenders for short securi-ties whil-e borrowers

prefer 1.ong. This excess demand. for short securities results

in liquidity premiums being paid on long securities in ord-er

to attract fund.s to the long end of the market, so that a:rl

upward.-sloping yieJ-d. curve prevails.

The rationale behind. Hicks' model- appears to be a nixture

of definite and. ind.efinite avail-ablIity periods on opposite
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sid-es of the rnarket. 0n the borrowing sid.e, llicks postulates

the presence of hed-gers with long availability period.s.

"They may be ernbarking on operations which
take a considerable tiine to come to frultion;
or they r:ray rnerely be laying d.own plans for
continuous prod-uction, in the forn of a long
series of planned. inputs and outputs, which
it will not be easy to break off at a:ny
panticular point. These persons wil-l want to
hedge their future supplies of raw r,raterial-sn
They will have a strong propensity to borroi,v
1ong. rr Hicks (I939c, p r 146 )

Hicks d.oes not say explicitly whether he considers these

hcdgers v¡ith fairly definite availability periods to be the

d.ominant transactors on the borrowing sid.e or not, but moves

on to the l-endersl side r¡vhere his analysis becomes more scanty.

I-,end.ers are portrayed- as having preferences for short

securities, because

'rif no extra return is offered. for long
lend-ing, most people (and- institutions)
would. prefer to l-end. short, et l-east in
the sense that they would- prefer to hold
their money on d-eposit in soüe v¡ay or
other, rr Hicks (I939c, pp. 146-+7)

This type of reasoning can be supported by portfolio-
selection analysis, assuming that rnost lenders have

j-ndefinite avaÍlabili-ty period-s. Alternatively, Johnson (I97I,

ppn 86-87) suggests that Hicks vlews the typical lend-er as a

bank, with short-tern Iiabilities and. hence a preference for
short-term securities. However, the two interpretations are

consistent if it is assumed that banks act to translate their
d.epo sitors l ind efinj te availability period.s ( and hence
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theÍr d.epositors' preferences for short-term d-eposits) into
a d.emand. for short-term securities.

It is suggested-, therefore, that the Hicksian analysis can

be supported by postulating a market where the borrowing side

is dominated by hed-gers with. long and fairly d.efinite

avail-ability perioti.s, and hence a preference for long

securities; and a lendin6l sid.e d.ominated by transactors with

indefinite avail-abiJ-ity peri-od.s and. hence a preference for
short securities. The resul-t is an excess denand. for short

securities, leading to an upward-sloping yield. curve.

Keynes (1950) is aore informative on his reasons for
postulating an upward.-sloping yield curve. Drawing on his

analysis of nornal- backward.ation in coTrurlodities narkets, he

suggests that the econonic system as a whol-e wiJ.l display an

excess dernand for short securiti-es. As discussed- in chapter

two above (see pp" 66-68), Keynes regard.s the nature of

technology to be such that firns prefer nnore rou-ndabout

method-s in prod-ucti-on to l-essr so that the systerrrs physical

assets tend- to be long-lì-ved.. As indiriduals have relatively
shorter li-fetimes, there will be a dernand for long-term fund-s

(at a uniform rate of interest) that can notr oî balance, be

sa[isfiedr so th¿rt än upward-sloplng yleld ciulve p].'evaif s,

This type of analysis provides an ansïver to such critics
as Bailey (1964, p. 55Ð and- Meisel-nan GgAZr pp. L4-I7),

both of whom ar?gue that in practice such hed.ging behavior



-104-

can as well- l-ead- to a downward-sloping curve. 0f course,

Keynes' assumptions sti1l need ernpiri-caI support before the

matter can be satisfactorily t"*ol-tud,f6

An important work basetl on hedging behavior is that of

lttlod.igl-iani and Sutch (1966). They base their analysis on the

supposition that each transactor has a definite niaturity

preference or 'rpreferred-habitat" as they call- it. This

concept is identical- to the concept of an availability
period-, as illustrated. by the fol-lowing passage from theÍr

v'¡ork,

'rsuppose that a person has an n-perj-od-
habitat; that is, he has funds which he
v¡ill not need. for n periods and. which,
therefore, he intends to keep invested
in bonds for n peri-ods.rl

Mod.igliani and- Sutch (1966, p, lB5)

In this setting, they d-evelop a mod.el, i-ncorporating

expectations based. on the work of lleleeuw (l-965). Tests of

the model show it to have good explanatory poïuerrrf7

thereby indirectly supportlng the pÍesence of definite

16, Further d.etails of Keynesr approach can be found- in
Houthakker (f9Ae) and teijonhufvud (1968).

17. See, however, K€ssel (1967), iilal-Iace (1967b) and

Hamburger and I.,atta (1969).
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availability period.s.

Cul-bertson (1957) is generally regarded as a strong

proponent of a hedging-type approach to risk aversion. This

does not, however, stand up to close scrutiny' It is cl-ear

that he regard,sexpectations as an unimportant d.eterminant

of the term structure, but concerning risk aversion he is
vcry clear on the poínt that there will- be some 'bransactors

with fairly d-efinite availablì-ity periods, while oth.ers will-

have indefinite period.s and so require a more generalised,

risk analysi-s than the former (1957 ¡ ÞP, 492-97), Thus a

hedging analysis will- be rel-evant for some transactors but

not others.

On the opposite side to writers favouring a heci.giit.g-type

analysis of risk aversion based. on d-efinite avail-ability

periods, are those who argue that such hedging behavior is

rel-ati-vely unimportant. Usua11y, however, they provide as

Iittle supporting evi-d.ence as their opponents. Michaelson

(t9e5, pp. +60-6L) for example, argues that hedging behavior

is rtspeclal and empirically unimportantrr, so that a

mearÌ-variability approachrr is required,r âS used, in portfolio-

selection analysis. Unfortunately/ he fails to prod.uce any

evid.ence to support his contention other than his oi¡/n

general i-npressions.

One writer who d.oes prod-uce evidence on the natter is
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üIa1ker (L95+). In a study of U.S. Government interest rate

policy during lnlorld V[ar Two, Vlalker finds that large shifts
oceurred. 1n the average maturity of transactolsl hold.ings

of government securities. He ascrj-bes this to a change in
expectatj-ons brought about by the goverrunentrs war-time

stabil-isation policy. However, Kessel (1967 r pP. 59+-95)

argues that such large shifts &Te evid.ence against the

rrpreferred.-habitat'r theory, based as it is on definite
maturity preferenceso

It d.oes not foIlow, of course, that evid-ence of gng

change 1n transactorse maturity preferences j-s necessari-ly

evidence agalnst definite availabifity periods or the

rrpreferred-habitat"theory. Except in the case of market

segmentation, a transactoros preference for securities of

particular term to ma,turity is a function, not only of his

aversj-on to rlsk, but also of his expectations of future

changes in rates. Hence, a shift i-n maturity preferences

may reflect a change in transactorse expectationsr âs

Vilalker suggests in his stud.y, rather than the absence of
I'preferred-habitatsrr. Kessel- argues, however, that such

Iargc shifts as observed by Vtlalker are unl-ikely to occur

where preferences for particul-a.r habitats, based. on risic

averslon, are at all strong.
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In a manner si¡rilar tQ Michaelson, K€ssel concl-udes that the

theories of hed.ging behavior are based- on forces that have a

rrrel-atively ninor effect, if ãLY¡ on the terrn structure when

conpared. with liquidity preference and expectationsrl

l(essel (L967, p, 59+),

3-.4.2--_jSp-Qqqf ?tiqn

Another variation to the analysis of risk aversion is that

ad.opted- by such wrj-ters as Robj-nson (1951) and l/ieiselnan

(1962), who arép.e that it is adequately-financed. speculators

who finally deternine the sì-ope of the yield curve. They see

speculators as marginal transactors with sufficient funds to

ni-nirnise yíe1d- d.ifferential-s caused by the marketrs aversion

to risk. For the purpose of the present analysis, the

speculators are constrained. to perfornring arbitrage, as i-t is

assumed. that expectations are given. For example, if there is

an excess d.ernand. for securitles of sho::t tern, speculators

can profit (given expectations) by lendlng long-terrn and.

borrowing short-term. lilhether the ultinate slope of the yield'

curve will still be upward., or whether it will becone

horizontal d-epend-s on whether speculators also display any

aversion to riÊk.

Meiselman (1962, pç 10) argues that speculators aTe risk-

índ-ifferent, and- so base their portfolio decisions entirely

on their expectations of future interest rates. Thusr given
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expectations, a market containing these risk-indifferent
marginal transactors can be expected to display a horizontal

yield curve with no a pliAri bias at all.
Robinson (f951, p. 97) d.iffers from Meisel-man in

arguing that speculators are rlsk averser so that there

rvíl-l stil-I exist an æor! bias in the yielcl curve'

Furthermore, she suggests that the usual- case wil-l be where

speculators, along with the rest of the market, display a

preference for capi-tal-certaintyr so that a bias will exist

toward-s an up$iard.-sl-oping yield curve. As one expects

speculators to have indefinite avail-ability perlod-s, their
capital--consciousness is supported by portfolio-sel-ecti-on

analysi- s 
"

l-þ_ Qonclusion

The outcome of the above iliscussÍon is that, âbstractlng

from transactions costs and. expectations of future rates,

nothing can be said a pri-ori- about the normal slope of the

yield. curve. However, if evidence can be prod.uced concerning

the length and. relative importance of definite compared- with

indefinite availability periods, then empirical statements

can be made concerning particular markets.

In chapter seven below, the resufts of a serles of tests

for the exlstence of liquidity premiuns in Australian yield
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curves are presented. The evidence supports the contention

that, for the period. 1954-68, the yield. curves contain

positive liquidity premj-ums as an increasing function of

tern to maturity. Such ex post evid.ence is consistent with the

existence of a "constltutional lveaknessrr in the Aust::alian

securities market, al-ong the llnes proposed. by }Iicks (I939e).

and 0pen l/larkg_t 0pelations

Liquidity preference is a term that strictly can be used-

to describe any market sltuation where transactors display

an aversion to risk. However, it is generally used in the

context of the llicksian model of the ter¡r structur"rfS and

for purposes of exposition it is convenj-ent to restrict the

term to the market situation where liquidity premiums form

an i-ncreasi-ng frmction of term to maturity, as outlined- in

the introductj-on to this thesis. Expectations are assumed

to be an ímportant influence on portfolio decisj-ons. ÄbsÈracting

from expectations and- transactj-ons costs, the yield. curve

wil-l- slope upvuard. as the result of the market o s aversion

to risk.
Liquid.ity preference is consistent with the existence of

lB. Refer Kessel (L965? pr 41) and" Malkiel (1966r PF. 24'28>.
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d.efinite availability perì-od-s, as pointed" out on pp, ).0L-3

a"bove. It is assumed that transactors will move outsid-e

their preferred periods if liquid.ity premiums are paid. in
compensatlon for the extra risk invol-ved-. It is here that

one d.istinction can be d-rawn between liquid"ity preference

and market scgmentatlon. In a segmented- market, investors

do not transact outsid-e the;ir preferred terms, that is,
there is no trade-off between risk and. return.

Expectations are r.:nimportant in a segmented marketr so

that supply and- d-emand- in each segment 1s completely

ind.epend.ent of that in other segments. This means that

lictruidity premiurns do not arj-se at all. In order for yield.s

to be registered. on a wide range of maturities, therefore,

the supply and. d-emand for securities must al-so be wid.eJ-y

spread, unless transactions costs encourage investors to

transact outsj-d.e their preferred. period"s.

It can be seen that definite avail-ab1lity periods are

consistent with both liquidity preference and market

segmentation, and. that expectations are important in the

formc-.r rnarket but not the latter. Another d.ifference in

the two market situations concerns the ordering of the

supply and- d.emand- sched.ules for each registered market

yield" With liquid.ity preference, the schedul-es must be

orclered such that a smooth upward--sloping yic1d. curve
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results. No such ord.ering 1s required with narket

segmentation, however, as the yield. curves may take any

shape .

3_. 6. 2 0pen Mjlrhc_L__l0perationË

As nentioned- in the introd-uction to this thesis, the

U.S. Government has, at various times in the past, used

open market operations in arL atternpt to influence the term

structure in the U.S" The resul-ts reported in chapter five

below support the contention that the central bank 1n

¡,ustralia has exerted. an influence over the term structure
j-n Australi-a. Various enpirical tests have been carried. out

concerning the effect of open market operations on the tern
19

structure, but no d-efinite concensus has ernerged-. However'

in most cases, there has been some evidence of an exogenous

infl-uence on the tcrm structure, and. while this has

apparently been d-ue to variations in the supply of government

securities, the strength and permanency of the infl-uence j-s

wrcertain.

f9. For example, refer Okun (1963), Wall-ace (1964), Scott

(1965), Modigliani and. sutch (1966), Mal-kÍel (L966),

Dewald- and Bush (1968), Hamburger ancl Latta (1969)'

Bi.erwag and- Grove (1971), and. Taylor (1971)
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There has been confusion j-n the l-iterature concerníng the

market conditions that are necessary for open market

operations to have an infl-uence on the term structure.

Strubl-e (1969, p. 237), for example, suggests that open

market operations have no infl-uence on the term structure

in a market that d-isplays l-iquidity prcferer.c€¡

t'Both the pure expectatlons theory and. the
version of this theory which contends that
liquidity preference is partly responsible
for the establ-ishment of maturity yield
differential-s, agree on one vital- point:
that the rnaturity structure of outstancLing
debt does not affect the maturity structure
of yield-s.'r

If, as Struble suggests, the maturity structure of

outstand-ing d.ebt has no infl-uence on the term structure,

then varlatj-ons in the supply of government securitles will
also have no effect on the term structure. Ho\,vc.ver, Struble

1s wrong in claiming that liquid.ity preference rend.ers the

maturity structure of outstanding d.ebt unimportant for the

tern structure.
Open market operations wil-l- be totally ineffective in

changing the yield. curve only where the market displays no

aversion to risk at all, so that transactors with rrniform

and. confid-ent1y-heId expectations doninate. In such a market,

the dernand- schedul-es for securi-ti-es of each term arc

infinitely el-astic at the respective rates of interest that

equate yield.s for each and every hold.ing period., as implied
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20
by the traditional expectations theory. Therefore¡ âtr

increase in the supply of securitles of any term is taken

up by the marke'b (assurning no constraj-nt on fund.s), so that

in equilibrium, the structure of rates remains the same as

before the increase in supply occurred, though at a higher

level- overall-. This also assumes that the change in the

supply of government securities d.oes not itself cause a change

in expectations.

With liquidity preference, by contrast, the d,emand.

sched-ul-es for each term are not infinitely elastic because

of the effect of risk aversion. Transactors are paj-d. a

premium in ord-er to compensate them for the extra risk
involved i-n transacting outsj-de their preferred terms.

Variations in the supply of government securi-ties wil-l- have

an affect on the magnitud.e of these premiums and so on the

shape of the yield. curve. For example, if expectatlons are

given so that the yield curve sJ-opes upward-, the central bank

can lower the l-evel- of l-ong rates by purchasing long

securities. The decrease in supply of long-term securÌties

wil-l red.uce the premiums at the long end of the market, and.

20. See chapter four be1ow, and- Ma,tkiel (L966r pþ. 187-88)

who gives a geometric analysis of holding-period yield.s.
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so red-uce the long rate,

It is argued., therefore, that the evid-ence of an exogenous

infl-uence on the term structure is not surprisingr &s all
that is required. for open market operations to exert Ë-ane

i-nfl-uence on the term structure, is a market that d-isplays

an aversion to risk, whatever the particular form it may take.

\¡Ihether the market d-isptays liquid.ity preference or market

segmentationo th<; yield.s on various terms will be responslve

to changes in both supply and. demand schedul-es for the

respective terrns. Open market operations will be totally
ineffective only where the market d.isplays no aversion to

risk at all-.

It may be that uniforn and- confid.ently-he1d. expectations

are d.ominant in the market, at l-east for an lmportant group

of transactors, with yields affected to only a minor d.egree

by risk aversionc but to the extent that risk aversion is
present at all, open rnarket operations v'¡ill have æ. effect

on the term structure.

A further implication of the analysis is that the

existence of definite 01' indefÍnite ava"il-ability period.s Ís

irrel-evant for this general conclusion. The type of

avail-ability period. wil-I have an effect on the shape of the

yield. curve, and- hence on the partlcular area of the curvg

whcre open market operations ate cond.uoted., but no-b on the

overa.ll- effectiveness of these operations.-
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cilÆ)TER FOURs EXPECJATIONS

4.l- I(rtrod.uct_ipn

As can be seen from chapter two above, most of the writers

on term structure theory up to L919 regard. expectati-ons of

future rates as playing an important role in influencing

transactors ' portf olio de cÍ slons . Hovuever, consid,e rable

d-ebatc emerged- concerning the particular rate or rates that

are forecast, âs well- as the length of the planning period.

over vuhich transactors make their d.ecisions, and this d-ebate

continues today.

Fisher (1930) formul-ates the trad.itional expectations

theory in terms of long-term forecasts of future short rates,

and is supported by Riefl-er (l-95o)r lltilliams (1958), Lind.ahl-

(L939), Hicks (I939c) and. Meiselman (1962), An alternative

formul-ation, first proposed by lVlarshal-l- (1923) and given

support by Keynes (1950), Hawtrcy (1919) and Robertson (1940),

views transactors as makj-ng long-term forecasts of the long

rate. UÏore recent work on the term structure proposes a third
alternative, whereby short-term forecasts are mad.e of aLl

rates in the maturity spectrum, a vicw first proposed- by

Kock (1929) and later supported by Robinson (1951), Malkiel-

(1962) and Wood (r97L) " In the following section, these

alternative theories will- be discussed in conjunction with

the tradltional expectations mod.el-.
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4.2 The Traditional Exnectatíons lVIodel

This model- can be traced- back to Fisher (1896) but is
more fornally presented by Hicks (rg3gù2r and Lut z (t94o).

Before outlinlng the mod-el in detail, some simple notation
t)

is introdoced-.22 Let P refer to expected or fu-t-ure rates , -

.R to actual or ËLot rates, and r to implied or forw¿td rates.
Let prescripts refer to the period j-n which a rate Ís expected

to be realised-, the first subscri_pt to the term of the loan,

and the second- subscript to the period in which the rate is
recorded. on the ¡rarket. Thusr t+1FI,1 refers to the one-perlod

spot rate expected as at time ú to prcvail d.uring period t+7.

tRz,t refers to the two-period. spot rate ruling in the narket
at time t, t+lrr,t refers to the one-period. forward. rate
implied. by the yield curve at time t to apply during tine
t+L.

The concept of an lmplied or forward rate requires

clarification. From the spot rates tR 11 , tR e,t , tfi3,t, ,
c7

.. .. . tRn,l " which make up the yield curve as observe dat

2I, Note, hovrever, that Hicks supported. a modÍfied version
of the ¡ro d el ( see pp . l-01-2 above ) ,

22, The notatj-on is based. on Meiselman (1962, p, l-9).

21, As the prescript for.R val_ues is the sane ag the

second subscript in al-l cases, the preseripts will be

o¡rltted from R values from here oïrr
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tine t, a rate can be derived. that is d-etermined at time ú

on money to be d.elivered in the future, and. this is the

for¡¡¡ard rate,24 Fo, example, if the spot rate on two-year

l-oans ( na1) is 5 per cent per annum, and. the spot rate on

three-year l-oans ( 4,t ) is 7 per cent, then (using simple
j-nterest for il-lustrative purposes) the rate d_etermj-ned.

today on a one-ycar loan to comulence two years from now

( t*zot,t ) is 11 per cen-b per annurn ( Gu7) - (zxi) ). That is,
at the margin, a trensactor can simul-taneously sel-l- a two-

year security and purchase a three-year securi-ty, thereby

effectively investing in a one-year l-oan to start in two

years time.

Arbitrage operations ensure that forward rates are

positive. If .R3,t is 3 per cent per annum, for example, while

.Rr,* is 5 pc'r cent, so that 1r¡rj,l is -1 per cent ( (3x3) -
(2x5)), an assured- profit can be rnade (ignoring transacti-ons

costs) by sell-ing three-year seeurities and purchasing two-

year securities. These arbitrage operations will_ contínue.

until such discrepancies are eliminated and forward. rates
become positive again.

24. This concept i-s analagous with, and indeed d.erived from,

the rrfuturesrr rates applicabl_e to commod.ities markets:

refer Hicks (I919c, pÞ. I++-52).

Yq, -
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lhe tradítional- expectations model postulates that the

spot rate on a security at time ú (Ën,t ) is anzaverage of
the ons-perj-od future rates ( 1f1,1 , trlFl,t r t+zFl,t , ,...
r....1*n¡ Ft,¡ ) expected over the l-ife of the security. This

is because a transactor with fund.s avail-able to invest for

n period.s has a choice of investing in an n-period. security

or n one-period securities, If the l-atter prospect offers

a higher return, then he will- purchase the l-atter as will-

other transactors with the same expectations, thu.s lowerJ-ng

the yield on one-period- securities until- the returns from

both investments are brought into equality.
For cxample, if fig,t is 5 per cent wh1le tFr,t is 4 per

cent, trlPt,t is 5 per cent and ilZPt,1 1s 7 per cent, then,

usin¿ç simple interest again, a transactor with fund.s to

invest for three perì-ods ean earn an average of 5 per cent

per period on the three-period- securì-ty and. 5.1 per cent on

the otre-period- securities. Under these circumstances there

will be a preference for one-period securities that will-
last until- relative prices ad just suffic1ently to bring

the average returns into equa11ty. ll'úhen this happens, the

three-period- rate will- be arL average of the three one-period-

rate s.

The exact nature of this average d-epends on the assunptions

made concerning the repayment streams of the securities. The
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general- formula derived by Hicks (I939c, po 145) assumes

that all payments of interest and. principal are mad.e when

the n-period. security matures, and. 1s equival-ent to the

following equation.

(1 + Rn*)n = (I + trì,t)(I + F lrt ).....(1 + t*rr1 
fr,t) (4.1)

t+1

By comparison, Lutz (I94Ot p.37n) gives a formul-a that assumes

that only the prlncipal is l-eft invested- in the contract

until- maturity, with interest payments being withd.rawn.

In this case, the formula is as fol-lo*s.25

(l- + {n,t )
(1 + 1r1,1)(1 + 

t+1 Ft,t )(r + t+ZPI,t ).o..'....

ßt * t*1rr,t )(r * )...(1 + trr.-rFr,tft+2
E +1,t

a ô o a o c o o o o o a o o o a o o o o o a o o 0 a ao a

aae

* ftr n t+zlt,t)...(1 + t*n-1fl,t)] . ".

ô e o... "(f t t*n-1 Fr,1 )

+ (1 + t*n-tFr,t ) + l- (+.2¡

Before looking at the assumptions unclerlylng the mod.eÌ,

two implications can be noted-. First, forward- rates ( t*¡rt,t )

25. For the derivation of these formul-ae, refer Conard

(1959, Þp . 10+-7).
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wil-] equal expected. rates ( t*jEt,t ). If the forward- rate on

a one-period loan due two years from now ( t*2r1,t ), for
exanple, is grcater than the one-period rate expected to

mle at that tirne ( 1*2F1,1 ), then transactors will anticipate
a profit by entering the forv'¡ard. market. By und.ertaking to

repay at the present forward rate a sum of money at the end.

of period t+2? a profit can be mad-e by borrov'¡ing the funds

with which to repay the l-oan at the lower spot rate expected.

to rul-e d.urlng that period (Rt,bz ). Thls sort of activity
will continue unti.l forward- rates are brought lnto equality
with their respective expected rates. This neans that the

expected. rates are implied by the yield. curves themselves

in the form of forward rates. It is solely a natter of
arithmetic that the forward- rates ( t+;r1,t ) can be d.erived

from the yield. curve, but the trad.itional- expectations nodel-

gives behavioral content to these forward rates by equati-ng

them with expected. future rates ( t*¡I,t ).
The second. implicatj-on of the mod-e1 is that the return

per period. (or hol-ding-perlod yield. as it is usually caIIed.),

is the sane irrespective of the period" of time for which

funds are investedr or of the term of securities hel-d. If
this is not so¡ then securities wíl-l be bought and. sold in
the manner d.escribe d above until any d.ifferences in hold.ing-

period yield.s are eliminated..
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4"2.I Assumntions

The assumptions und.erlying the trad.itional expectations

nrodel are as follows.
(1) Transactors in securities markets are profit-maxi¡tizers.

(2) Dominant transactors (in terms of fund.s) have uniform

expectations concerning future movements in interest

rates, and. these expectations are held with complete

confi d.ence.

(3) Transactions costs are zcroo

(4) Transactors naximize their returns over a time-period

at least as long as the longest term of security

outstand j_ng.

Assumptlon (1) is necessary in order to ensure that

transactors act to equalise hold.ing-period yields and- bring

forward. rates into equa"lity with expected rates. Assunpti-on

(2) ensures that transactors are willing to invest 1n

securities on the basis of expected. return only (complete

confid.ence), and. that the forward rates are pred.ictions of

the future rates expected. by the market (uniforn expectations).

It is necessary for transactions costs to be zero in ordor

that holding-period yields are equatc'd on securitj-es of

different tern, while assuinption (4) ensures that the long

rate will be a geonetric average of expected. future short

rates.



-I22-

L.2.2 The Necessitr¡ for Ad,ditional Assunptlons

l/lost writers accept that, on the basis of the four

assumptions above, the conclusions of the mod.el follow in
a logical fashion. One writer who d.isagrees is Vfood, (1969),

who argues that a further assurnption is necessary, namely,

(5) rrinvestors, when selecting their optimal portfolio at a
given point in time, consider themselves bound to hold-
ðach sècurity purchased until maturity.rr {p. 522)

lÏood. argues that, if thls further assumption is not made,

the nod.el nay gì-ve sub-optimal results.
The essence of iüoodos argrrment, is that where transactors

use one-period planning hori zotrs, rates expected more than

one-perlod- into the future are not taken into account in
making ln.vestment d.ecj-slons. Gj-ven thisr €xpectations of

the next-period-'s long rate mai¡ be lnconslstent with

expectations of future short rates, Therefore, unl-ess a

transactor is constraj-ned, when purchasing securities, to
hold. these securities until maturity, a situation Inay arlse

where he can gain a larger return by investing solely on

his expectations of next-period.os rates, rather than on

ratcs expected. over scvcral period.s.

This criticism of the trad.itlonal expectations model

sparked a d.ebate in the March L97l issue of the AEcliqen
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Ecpnama-c Reviqw, where lTood's article is challenged- by

Buse, Kossel and Ro}I, with a reply by lilood. The main

argument centres on the distinction between equilibrium and

disequilibrium conditions, with the challengers asserting

that the inconsistency between expectatlons of next-period's

long rate and. of future short rates, i-s a d.isequilJ-brium

situation that will- eventual-ly be removed in the movement

toward.s equilibrium. However, lÏood replies that disequilibriun

situations are the rul-e rather than the excepti-on, so that

the mod.el- lead-s to sub-optimality most of the time, ul1ess

assumpti-on (5) above is added-.

Masera (1969b) has al-so challenged. Wood.es article on '"/

similar grounds to the l-ater chaì-lenge in the Arneriçg.n

Eco-nor:ric R-ev-i-eu. After claiming that \[ood. has confused

equilibrirm and. d.isequilibrium condltions, M¿¿sera suggests

that ìilood's confusion arises from a misinterpretation of

causality. Wood asserts that the condition that the long

r¿rte is an average of future short rates implies that

holding-perì-od. yields nust be equal lrrespective of the

term of securities hel-d. However, Masera suggests that the

causality operates in the opposite d.j-rectlon. That 1s, in
ord"er to have equilibrium, expected. holding-period yield-s

must be equal, implying that the long rate must bc an average

of cxpected short rates. And' assumptions (1) to (4) above
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ensure that expected. hold.ing-period. yields must be equal,

as d.escribed above.

Wood" has not replied to this criticism, and when combined

with the main chalJ-enge in the lmef¿ggp Econg.mi_!_Àevieïu, it
appears that the case is still to be rnad.e for the necd- of

an ad-d.itional assumption in the nodel_.

4,2.5 Uniform trlxnectations

l,iiost of the criti-cismsof the trad-itional- expectations

nod.el are aimed at the real-isn of the underlying assurnptì-ons,

in partlcular, assumptions (2) and. (4). The assunption of
uniform expectations has been critlcised by Kahn (L95+)

and Luckett (l-959). Kahn suggests that the equality of
expecteil short rates with corresponding spot J_ong rates,
applies only to the marginal transactor. Furthermore, this
transactor may view the market o s expectations as d.ifferent

to his own, so that he nay j-nvest 1n a manner inconsistent
with that pred-icted, by the nod.el.

'Ihe seme point i-s mad-e by l-,uckett in criticising Lutz's
(1940) formulation of the model. However, l\ileiselman (L962)

argues that the presence of a group of transactors wj-th

uniforn expectations and adequate flnance, can cause the

ter¡r structure to behave as ijl alt the transactors in the

market have uniforn expectations. l/leisel-man postulates that
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such a group is present in the forn of speculators.

Culbertson (1957, p, 496) d-oubts whether speculators do

have uniforn expectations, and consid.ers that the importance

of speculative activity will vary fron market to market.

I{ane and Ma]kiel (1967 ) report that in a mail- survey of

UoS. banks, life insurance eompanies, and non-financial
corporatlons, they found- a wide diversì-ty of expectations

concernlng future rate changes. However, Michaelson (f965)

finds evid.ence to support unÍform expectations in a test
invol-ving U.S. short-term securitics. Al-so, in interviews
with Australian share brokers, money market deal-ers and other

such transactors, the vr¡riter has found the overwhelming

opinion to be that expectations tend- to be uniform, due to

the rclatj-ve sm.allness of the Australian securities market,

and- the suggestion that it is a "gossipy" one where TLews

travel-s f ast.

It does scem rurlikely that there exists in fact a market

composed- of transactors, al_l_ of whom hol_d id.entical

expectations. Therefore, the question becomes whether there

exists an important body of transactors, with ad.equate

finance and uniform expectatj-ons, who effectively d-etermine

the term structure. As can be seen from the few cases

quoted above, opinion on this question differsr so that more

empirical research is needed- before the matter can be resolved

satisfactorily.
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4.2.4 Comnletelv Confid-ent Exoectations

The assumption that expectations are held with complete

confidence is need"ed to eliminate the possibility that
uncertainty may cause transactors to prefer securities of
particular tern on the basj-s of risk aversíon, and so

distort the relationship betwcen long rates and. expected.

future short rates. There is wid.espread agreement that many

transactors do suffer uncertainty and. an aversion to risk,
but again, Meisel-man (tgøZ) argues that speculators who

d-ominate the ¡rarket are risk-indifferent, and so cause the

term structure to behave as if the whole narket itself is
ri sk-indifferent.

llleisel¡ran also points out that even if individual
transactors display risk aversion, it does not necessarrily

follow that the market as a whole will al-so display risk
aversion. Transactors rl¡ho hed-ge their assets and. liabilities,
and- so restrict their speculation to a small- range of

securities, may forn overlapping seginents covering the whole

maturity spectrum. Again the outcome is the same as if
transactors have complete confidence in their expectations,

and. so invest in all maturities on this basis.

lileiselman is the exception rather than the rule in his

approach to the effect of rísk aversion on the yield. curve.

Most writers express the oplnion that risk aversÍon v¡iIl-
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have some effect on the term structure whether speculation

is important or not. Some of these oplnions can be found. in
chapter two above. fn chapter sevc;n below, evidence is
produeed that is consj-stent with the inportance of risk
aversion in the Australian securitj-es market. Hence, it is
argued that the traditional expectations mod.e1 d-oes require

nod.ification for the existence of rlsk aversion,

+.2.5 LenE'th of Trn.nsaetors t P-l a.nni ng IIorì zôns

Another criticism of the model concerns the assumpti.on

that forecasts of future rates are nade over a time-hovizon

extending long into the future. Many writers, for exanple,

Kock (1929), Kaldor (1939), Harrod. (1948), Robinson (1951),

Kahn (L95+), Cul-bertson (1957), Mal-kiel- (1962), Dorrance

(1963), utichaelson (L96j), Lutz (1967 ) and tüood (t969),

suggest instead that transactors make forecasts of all. rates
over short-tefro planning horizons.

Nevertheless, l/lalkiel (1966, pp, 75-77 ) shorr¡s that the

inplications concerning the rel-ationship between short ancl

long spot rates are the same whichever behavioral postulate

is used-. He demonstrates that, lmpl-icit in the p_racs,-S. expected

to rule in the next period using a short-term planning period,

are streams of expected. short rates.
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"That 1s, we shal-l show that given any set
of expected- prices for next year, there is
a unictrue stream of future one-year rates
that is consistent with it . o. o... o.... c..
Thus, even though the two approaches start
fron very d.ifferent behavioral assrrnptions,
the final resul-ts of the two approaches
are ind.istinguishable.'t l/lalkiel (1Ç66, p. 75)

L,uckett (1967) argues that the resul-ts are d.istinguishable

in the sense that, because of the d-ifferent behavloral

assumptions involved., the one-period forward. rates implied

by the yield curve at any ti-me can only be equated- with

expected rates in the model based. on long planning horizons.

But Hicks (1967, pr 94n) points out that the marketos

elcpectations concerning next period-us pri-ces, nay still be

based- on its expectations of future short rates over the

long run, a possibil-i-ty noted. al-so by'rr/ood (l-969' p. 525n),

This lmplies that forward rates und.er such circumstaflces

can still- be regarded as equal to expected. rates in both

no d-el- s 
"

It can be seen from the above review, that d-ebate on the

traditional- expectations model has ranged. far and. wider with

most of the major issues being a matter for enpirical

analysls. In the followì-ng section¡ ãî indircct test of

the nodel is discussed..
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4.7 The Error'-T,earni n q Modef

4.3.1 Tntrorlu tion

The error-learning model was devised. by Melselman (1962)

in order to provi-d.e an operational test of the trad.itional
expectations theor:y. Previously, most tests of the theory I

had relied on the assumption of perfect foresight, and so

compared. forward. rates at time É with the correspondlng

spot rates that aye realised. at time t+j. As mentioned_ above

on pp , 116-20, at tlme t the yleld curve contains implicit
forward. rates which the theory postulates are also unbiased

estinates of the expected- spot rates for peri_ods t+L , t+2 ,

t+3, and. so on. rf transactors have perfect foresight and

act solely on their expectations of future rates, then

forward. rates wil-l forecast accuqateru future spot rates.
However, when transactors mal<e forecasts und-er condltions
of imperfect foresighte errors are likely to occur, so that
differences between forward rates and correspond.lng spot

rates may reflect imperfect foresight rather than the

absence of forecasts.

In order to make the traditional expectations theory

operational, Meiselman devised a test that d.oe s not rely
on the assumption of perfect foresight. His moclel Ís based

on the manner in which expectations are re!,ised, rather than
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on hov¡ they are fornc¡l. That is to sâÍ, the model- is not

directly concerned with expectations as to the leve] of

future rates at any point in tine, but rather with how

expectations change over time as a result of present

happenings. As Telser (1967 r pp, 55I-57) shows, this
formul-ation is a variation of the Cagan-Friedman model of

ad.aptive expectations. In section 4.4 below, the d.erivation

of the error-learning mod.el fron a mod.el based, on expectations

of the level of future rates is shown.

In the error-learning mod.el, it is assumed. that transactors

revise their expectations of future rates whenever they find.

past expectations to be in error. These reveal-ed. errors in
past forecasts can be quantified- by the d.ifference between

tlte 7¿-period. forward rate at, time ú-l that refers to the

n-period- spot rate at time t, and the corresponding n -period
spot rate that comes to pass. These forecast-errors wil-l

lead- to a revision in expectations of future spot rates that

are applicabl-e to pcriods later than ú, The revision in
expectations can be quantified by the changes in forward.

rates between pcriod.s t-l and, t, Therefore, there shoul-d

exist a correl-at1on between the reveal-etl errors in past

forecasts and the rev;[sion in future forecasts (as embodiecl

in changes in for*u"a rates).
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L.V.?. AlEebraic Renresentation of the Model

( 1) Eç::ward Ratcs

Forward- rates can be estj-mated by using the following

general formula, which is derived. from Keynes (1!J6, p. 169)

and Hicks (1959c, p. 145).

n ltn(1 +fiì*n{)T
f+j n,t

(4.3)
1t + Ei,t )l

t+jrn,t refers to the n-perJ-od forward ra'te as implied by the

yield curve at time ú, and- appllcable to the period. þ+i, For

example, 197513,1970 is the three-year forward rate applicable

to l-975 as implied. by the yield. curve at the beginning of

19'iÐ, and can be calculated. as folJows.
3 (r+A )B

'19?5 r3,19?0 = I't

1

I
(1 + .Fs,t ¡u

rifris method of cal-culating forward. rates assumes that all
coupon payments are zero or mad-e at redemption date (see

Fp. 118-19 above), and that transactions costs are zevo.

The regresslon results in chapter one above (see pp. +0-43)

ind.icate that even where coupon payments are present, their

effect on the term structure is slight, while Vtrall-ace (L96+)

has shown that the effect of regular coupon payments on the

above formul-a is smalIr so that the forÍnula is a good
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approximation even where regular coupons are paid.r âs 1s

the case with government bond.s.

Ihe error-learning nodel is conveniently expressed- in
terms of one-period- forward rates, for which the formula is
as fol-lows.

t*j I,
(l+"jr.,,t )j-1

(1 +

From the yield. curve at time t can be d.erived a whole series

of the se one-period forward rates 
t*1 

o1,t , lr|rl,l r 1+3r1,t ,. . .
.... ...P.. (where i is the term of the longest securlty

f+j-1 1,t

outstancling at time ú ), representing the one-period. spot

rates expected to rule d.uring period_s *7, t+2, t+3, .......
t+i-L .

(2) The Error-I-,earninE Mod.e]

t t_ (4.4)
R.,)l),t '

The in.d-epend.ent varj-able in the model ís the reveal-ed.

error in the marketîs forecast, This is represented- by the

differenee between the ¡rarketr s forecast at time t-7 of the

one-period spot rate expected to rule during period ü (tti,aa

and. the oorresponding spot rate which comes to pass (",,,* ).
The error ín the marketes forecast 1s expressed as follows.

t t 
li,t¡I

),
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As a resul-t of this revealed. error in their past forecasts,
transactors revise thc;ir expectations of future rates. rn
the absence of any such revisionr t+¡1,t_1 and. t+¡1,t wil_1

be equal. Thus, the revision term is as follows.

t+¡ 
11,t - t+¡ 

zi,t-1

the complete functional relationship between forecast-€rror
terms and revision terms is as fol_1ows.

t+¡11,t t+¡ 11,t-1 f (\,t ! ( 4,5)
1t ,t-1

The sense of this, is that if the market had expected. this
period o s one-period. spot rate to be 5 per cent, when in fact
it is 6 per cent, then the marketrs expectation of other
futu-re rates will- be revised. upward by some fraction or
nultiple of I per cent, representing the revealed error i_n

the forecast spot rate.
Equation 4,5 can be reduced to the following form.

A t*¡o1,t f(Et (4.ø)

4 is an abbreviation for the reveal_ed forecasting error. rf
a li-near relationship is assumed. for equation 4.5, e quatlon

+,6 can be expressed. as foll-ows.

^ t*¡r1,t i = 7r2t3r,..,. (+r7)
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The ad-ditlon of a res:üd,ual variabl-e in ordor to recognise

the presence of other infLuences on forward rates, gi-ves

as foll-ows.

A 3 + b.E
J

j = 1r2t3t..,. (4.8)
t+j

The relationship expressed- in equation {.8 can be testecl

using least-squares regression analysis, The rcsults of such

tests using annual and- quarterly data is reported in the

fol-l-owing chapter.

4.+ Exnectations Concerni ns the T,errel of Rate.q

Jacob Mincer (1969) has shown that the error-Jearning

inod.el- is consistent v¡ith models that deal- with expectations

concerning the l-evel- of rates. The basic mod.el- outlined by

Mincer is based on a 1ínear extrapolation of current and.

past rates, with several variations according to the

individual weigh-bs placcd. on the past observatlons. In thls
wâJr the expected val-ue of future short rates is obtained.

by a weighted average of current and past va.l-ues of short

rates. Thus 'the general formula for a one-period. forecast
1s e.s f ollows. 26

, + u.tlat

t*1 
F1,t -- 1$-Ê;Æt,t-¡

(4.9)

26. Mincere s variabl-esfor the forecasted. val-ue (I*) and past

value (v) have been replaced here by P and.R respectivel-y,
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As an example of a partlcul-ar derivative of this general

case, Mincer gives the fol-l-owing formula for a linear
extrapolation that invol-ves exponential forecasting, that

id, vrhere the weights for the current and, past val-ucs of

spclt rates d-ecline geometrically into the past"

t*1 F1,t gj¿-lr - ø) n1,r-, (4"r0¡

He then goes on to d.emonstrate that this particul-ar

formul-ation is consistent with the following adqæli_re.

expectatj-ons mod-el.

F g(R
1,t ,t-i

) (4.n¡
t 1,t-1

It can be seen that the model- depicted. in equation 4.11

differs from that in equation 4.5 (the i\lleisel-man model), in
that in the former, the particular time-period. rel-evant to

the forecast shifts forward, whereas in the l-atter it is
stationary,

Mincer al-so d-emonstrates that other ad.aptì-ve expectations

mod-els are consistent with linear-extrapolation model-s where

the relevant weights do not decl-ine exponentially into ì;he

past. To denonstrate this, he uses the fol-l-owing tine-series
tivhich orlginates as a l1near function of ind.ependent random

shocks, with zero means and comnon varj-ance for all e.

t*1 
F1,t t

F
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(4.t2)

In the case of the time-serj-es depicted in equation 4.I2,
all linear forecasts imply ad-aptive behavior, although the

model- i-n equation 4.lf above rel_ates only to the case of
linear forecasts with weights that d.ecline exponentially

into the past. The adaptive model relating to the general

case is as foll-ows.

óe * EUet it tt-it
R

1

t {,t¡1,t
(R

tr1 
fl,t-ln

t+1 ' q ) 4.r7)t

rn thc case of exponential forecastlng, equations 4.11 and

4.r3 are equivalent, that is, t+1 F1,t-1 -- t 4,t-r r âs the same

expectations are hel-d for any span into the future.
From equation +.I3 can be derivcd. the error-l_earning

mod.el using different revision coefficients for different
spans into the future.

E "tk (Rt, )E
tt*k 

F1,t-t ç 4.14)t* t1 t 1,t-1

y¡ is a function of the weights \ , gZ, ßk, in
equation 4.9, There are as many distinctive adaptive equations

4,I4 as there are distinct paraneters ,1 j-n equation 4,l-2,
Henee, the values of the vk as revealed. by empirical tests
can give evid.ence as to the particul-ar form of equation 4.9

involved.. That is, the resul-ts of the error-l-earning mod,el

can be used to say sornething about how transactors actually
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forq their expectations concerning the lpvel of rates in
the future. Thus, it is cl-ear that the error-l-earning

model can be used to provide evidence on how expectations

are revised. from time to time, and. on how these expectations

are formed in the first place.

The pattern of declining yk found in the enpirical tests
reported- j-n chapter five bel-ow, is consistent with a l_inear

extrapolation of past rates with weights that decline nore

than exponentially (refer Mincer, p. 9l). It is interesting
to note, that this particular pat-bern of linear extrapolation
j-s consistent with the hypothesis that transactors form

expectations concerning the nornal l_evel of rates, arL

hypotiresis which has been ad,vanced by Kock (1929), Keynes

(1976), Hicks (r939a), Robinson (1901), Mafkiel (1962) and.

Modigliani and" Sutch (1966), Further evicÌ_ence concerning

the fornulation of expectati-ons by Australian transactors
will- be d.iscussed in the foÌlowing chapter.
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CHAPTER FIVEg --TEflIS 0F THE ERR0B:IEARNING-JÐE!

5 . l-Intro duc ti o4

In this chapter, the error-l-earning mod-el- is tested

using Australian d-ata. The basic nod.el tested. 1s that
described in equation 4.8: sce p, ]-34 above. Annual and

quarterly d-ata are used. for both cross-section and. time-

series over the test perioò. 1954-68, Furthermore, three sets

of yield curve d.ata are used., being those d.erived. from yield,

curves constructed. by regression analysis, free-hand- smooth-

ing and llnear interpolation respectively. The constructlon

of these yietd curveð is d.iscussed. in chapter one above.

5.2 Results of Tests usins Annual- Cross-Section and Time-

Serres Data

5 . 2 .1 Intro ductlo-g

The first series of regression tests involves annual time-

series and cross-section data in order to allow a conparison

of the results i¡vlth those obtai_ned by lV1eiselman (tgøZr ch. 2),

Ifeiselman restrlcted- his tests to annual- d.ata because of the

límitations of the Durancl d,ata on which the tests v/ere based..

Durand'|s yield" curves had. been estimated on an annuel basis

since 1900, but his quarterl-y time-serie s did- not start
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27until- 1952,-' In ord.er to all-ow sufficient observations for
the regressj-on tests, ilTeiselman used annual- data for the

period- 1901-54. His resul-ts are repri-nted- below in table 5.4,

5.2.2_- Caf cul?_t_ioq _ofl_Igtward Rate_g

The one-year forv'i¿rrcl rates required for the tests of the

error-learning model- were cal-culated uslng equation 4.4t

see p, I32 above. The cal-culation was made separately for
the three sets of yield. clata d-erj-ved- from the yield curves

constructed. by regression analysis, free-hand. snioothlng and.

l-inear interpolation. In order to obtain an im'pression of

the effect on the resul-ts of the different methods of
construction of yield curves, the resul-ts from each set of
d-ata are eomparerl. one with nnotho".28

The d,ata requirements of the error-learning nodel, are a

consistent cross-section of forward- rates estimated

separately over a number of yield curves, that is, a time-

series of cross-section forward rates. As explained on

Þp. 24-25 above, the limitations of the basic d.ata restrict
the tlme-series to the fifteen-year period. 195+-68. In terms

27. The data used by l\fieiselman can be found in Durand (1942),

Durand and Winn (1947), Duranil (1958) and. The Econouuþ

Almarrac_ (1957),

28. This matter Ís taken up in chapter six bel-ow.
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of equatlon 4,4 therefore, subscript ú wil-l- run from one

(I95+) to fifteen (1968) for the a¡rnual time-series.

The extent of the cross-sectlon wil-l- be limited to the

shortest yield. curve in the whole tine-serj-es' This happens

to be the 1954 yield curve, where the longest bond outstanding

has thirteen years to raaturity. Consequently, the estinatj-on

of one-year forward rates fron each of the yield curves is
restricted to an upper limit of twelve years into the future.

In ter¡us of equation 4.4r subscript i will- run from one to

twelve for the annual cross-section" The calculation of

forward- rates using annual- d.ata can be sunmarised. as follows.'

j+1

T
(1 + F(i¡).t )
(1 + Ri,¡ ))

t = 712t ...L5
j = 7'2t,..72

7 ( 5.r1
t+j

5.2-'3 Tests -of the Errqr-Lea:lninå-lt/lpde]" :1964-68

Having calcul-ated. the annual tirne-series of one-year

forward rates, the error-learnì-ng mod.el ean be tested by

regt ession analysis based on the fol-l-owing equati-on.

t+¡r1,t - t+j 
or,t4 = oi * bj( R1ì - tr 1,+-1 ) + u' (5'2)

t = 2"3r...25
j = 7'2'.. .17

This resul-ts in eleven regressions each with fourteen

observatlons. The resul-ts are given for the three sets of

yield data in tables 5.1 to 5,3.

1,t
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Tabl-e E.l-

and 0ne-&;-aLE-qrecast-Errors. f9q4-68

Data-f_rom Regression Analysis Yield Curves

^
? = a,. + b,E, + U.J lr lt+l t

a)(
J

constant tu"ro(b)
( stand-ard error
in brackets)

Rcgression / ^ \coefficientt "'
( standarct error
i-n brackets)

Correlation
coefficient

I
2

3

+

5

6

7

B

9

10

T1

0.0040 xx
( o. oor_4 )
0.0034 xx

( o. 0012 )
0. 0027

( 0. oo1, )
o,oo22

( o. oo14 )
0.001_9

(o;oor4)
0;001_7

( o. oo15 )
0. 001_6

( o.oo15 )
0;0016

( o.oo14 )
0. 001_8

( o. oof4 )
0.0020

( o. oot_5 )
0,0023

( o. oo17 )

0.7 625 x
( 0.1859 )
0.5999 x

(0,t627 )
0,4777 x

( o,1656 )
o,3B4O x

( 0.1780)
o.5176

( o.1BBB)
0;2607

(o.1976)
0.2220

(o;1928)
0 .1_9 51

( 0.1884)
0.17 62

( 0 ,1858 )
0.1670

( o.1gr1 )
0.1677

( o. 2t_91)

o.7 67 4

O,7289

o,6599

o,5285

o, +523

o.5623

0,3155

o.2865

0.2640

o.2+23

0.2109

(a) Number of years later(b) Significant terms at t
usi-ng a two-tail test

(c) Significant terms at t

than t to which forward rate refers.
he 5 per cent level of confidence
are marked- xx.
he 5 per cent l-evel of confldence

usi.ng a one-tail test are marked. x.
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lable 5.2

and One-Y.ear For-qc. ast-Errors. f954

Data fron Egçe-Iland Srnopjhed Yietd Curves

T aÀ +b.8.+u.Itlt*j t1

(a) constant t"t*(b)
( stand.ard- error
in brackets)

Regression ¡ "¡cocffici-ent'"
( stand.ard error
in brackets)

Correlation
coefficientJ

I

¿

7

+

5

6

7

B

9

10

11

o.oo23
(o"oo14)
o.002,

( o. oof5 )
0.0022

( o. 0014 )
0..0022

( o. oo15 )
0.0021

( o. ool_4 )
0.001_4

( o. oo15 )
0 ¡ 0018

( 0.001, )
0.00t_5

(0.0014 )
o.0024

(,0.0012 )
0. 0011

(0r0012)
0. 001_2

( 0. 00f, )

0.6446 x
( o.l_844 )
0,4986 x

( o. 1986 )
0.4180 x

( 0,1856 )
o,32Bo

( 0.1975 )
o ,2982

( 0.1868 )
0. 2l_08

( o.2006 )
0 .2t29

(0.r726)
0,2]-07

( 0. t_840 )
0.2709

(0.1577 )
0.L876

( 0.1670 )
o.rt4+

( 0.1749 )

o.7to4

0. 5868

o.5+50

o,432+

o. 4f86

o.2903

o,7555

o,7l':4

o.+4+L

0,1025

o,2165

(a) t{un¡er of years later than ú to which forward rate refers'
(tl Significant terns at the 5 per cent l-evel of confidence

uslns a two-tail test are rqarked xx.
(c) Sienificant terns at the 5 per cent level- of confidence

using a one-tail test are marked x.
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Table 6'<

Re]ations Fetween Annual Changes in One-
Year Forw¿rd Rates ( classified blr maturit-r[
and- One-Year Forecast-Errors, fQq4-68

)

Data f:q@Polateü Yiefd Cg¡rves

^
o 

1rrt*j a.+b.8. +U.
I lt l

(a) constant t""r(b)
( stand-ard- error
in brackets)

Reg{gssion (c)
coefficient'
( stand.ard- error
in brackets)

Correl¿¿tion
coefficientJ

I
a

3

4

5

6

r-7
I

I
9

t_0

11

0.0025
(o.oof'/)
0.0008

(0.oo2l_)
o.oo7t

( o. oo16 )
0.o01-2

( o. oolg )
0.0010

( o. 0017 )
0. 0029

( o. 0016 )
0 

" 
0002

( o. oo24 )
0.00J1

( o. oor7 )
0.0008

( o. oo15 )
0.0008

( o. oor0 )
0.0021-

( 0.0010 )

0 "5277 x(0,2\93)
O.5OO2 x

(o.267r)
o,2500

( o. 21og )
o,1725

(0,2412)
O,T55I

(o.22rr)
0.2624.

( o. 2oog )
0.2+0+

(o.5L39)
0,2837

(0.2207 )
0.L872

( 0.1877 )
0. 0057

(o,t255)
o .2I2I

(o,1256)

0.5702

o, +755

0.3238

0.t566

0.1985

o.7528

o ,2159

0.7478

o.27 67

0,0l-51

o. +182

(a) Nu¡rber of years Ia(b) Significant terns
using a two-tail_ t

( c) Significant tcrrns
using a one-taj_1 t

te
at
ôê
at
ôd

T than ú to which forward rate refers.
the 5 per cent l-evel- of confidence

t are marked. xx.
the 5 per cent l-eve1 of confid.ence

t are marked. x.
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5.2.4 Analysis o_f_ReEtlI-Lg

It can be seen that the explanatory po\iver of the model is
best using d.ata from yield curves constructed by regression

analysis. The general results are l-east favourable using

d-ata from the yield curves constructed by línear interpolation.

This suggests that the sinoother the yield curves, the better

ave the resul-ts from the error-learnlng mocLel. However, even

the tests usì-ng data from linearly-lnterpol-ated. yielcl curves

give some results in favour of expectations.

Iffhile the resul-ts in general are not overwhelrringly

favourable for the tradltional expectations theory, they do

give some evidence in support of the importance of expectat-

ions. In the case of table 5.I, it can be seen that the

first four regressions have signifì-cant b coefficients.
That is, the annual forecast-errors ate significant
d.eterminants of revisions in annual- forward. rates fo:r

perlod,s of up to four years into the future. The correspond-

ing figures for tables 5,2 and 5,5 aye three years and two

years respectively.

Furthermore, the signiflcance of the regression

coefficlents tencls to decline in a regular manner, the

greater is the nunber of years later than t to which the

relevant forward rates are applicable, A regression of the

regression coefficj-ents from tabl-e 5,L against i, vrhere i
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runs from one to el-even, produces a correlation coefficient

of -0.921. This ind.icates that the revisionsin forward- rates

aîe connected to each other in a systeraatic mannerr as

pred.icted. by the trad.itional expectations theory.

The decl,ine in the regression coefficients indicates that

the annual revision in one-year forward rates beconres less

sensitì ve to one-year forecast-errors, the further the

period to which the forward rates refer lies ahead. For

exanpl-e, the forward. ratesapplicable to one year into the

future are more sensltive to current one-year forecast-

errors, than are forward rates applicable to ten years into

the future.

The correl-ation coefficients in table 5.1 also decline

systematically as i increases. All- are positive and. d-ecl-1ne

from a high of 0,7674 to a l-ow of 0.2IO9, The correspond.ing

figures for tables 5.2 and.5,5 are highs of 0.7f04 and.

0,5702, and. lows of 0.2165 and. 0.015I respectivelyr but the

decline in each is not as systenati-c as in table 5.1.

The decl-ine 1n the regression and. correlation coeffÍcients

is not necessarily evidence that expectations concerning the

d.istant future are l-ess important than those concerning the

near future. IVlincer (L969r pp. LO3-+) has shown that a

declining pattern of correl-ation coefficients in connection

v,rith the error-learning mod.el- is consistent with a nod-el of
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expectations based. on a linear extrapolati-on of past spot

rates, that is, a nodel- concerned, with how expeclatj-ons

are forrned-. Where expectatj-ons of a].l future rates are

based on a l-inear extrapolation of past rates, the

correl-ation coefficients obtained frorn the error-learning

model- can be expected to clecl-lne.

Furthermore, as mentioned in chapter four above (see

pr I37), a declining pattern of lggggss:ton coefficients is
consistent wlth a linear-extrapolation mod.el- where the

weights d.ecline more than exponentially lnto the past.

It foll-ows therefore, that the dccl-ine in the regression

and. correlation coefficients obtained from the error-
l-earning nrodele are not necessarily eviclence that

expectations of the distant future are less firm than near-

term expectations. Ind-eed, the d.ecl-lng in the regression

coefficients provides, evidence as to the manner in which

expectations are forroed in the Australian market. That is,
the error-lee.rning model has produced. eviäence not only

of the way in vrhlch expectati_ons are retIis€_d, but also of
how expectations are formed.. 0f course, the regression

coefficlonts whioh are not oignificant can not be uccd as

part of the evid.cnce supporting the importance of
expectations.
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The above results are also consistent with the assurnption

that Australian transactors are infl-uenced by the idea of

a rrnormalrr rate of interest, a concept discussed. on pp.

6l-62 above. Vfhere the weights assigned to pAst rates

d-ecline more than exponentially, it implies that forecasts

of rates extend,ing further and- further into the future trace

out a path toward.s the position of normalcy. This is
il-l-ustrated. in figure 5.L, taken from Mincer (f969, p. 95).

FiEure 5.1

The Relationship Between Pattern of
Weiehts arrd. l\,l_ultipeÉod Forecagtg

Pattern of w_eiehts
(declining nore
than exponentially)

Mul_ti_Bctip À _f o_Le_c a s t s
irnp lje¡L _þ¡¡ _u'ei Eht p atterÐ

L,og o
weight
( ß,Ê'

É

t-5 t4 t-3 t-1 t t+1 t tt4
Extrapolation base periocts Forecast target periods

Note: In the l-eft panel, the solid l-ine shows Ê, the rr'rei-ghts
in forecasting one period" ahead-; the crosses show ß', the
weights in forecasting two spans aheacl.

These resul-ts can be compared with l/leiselmanf s.
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5.2.5 Meiselmano s Results

As mentioned- above, Meisel-man carried out a test of the

error-learning mod-e} using private-bond yield d.ata compiled

by Durand. Meisel-nanls results, reprinted, in table 5,4¡ give

stronger support for the trad.itional- expectatj-ons nodel than

do the results reported. in tables 5.f to 5,1, Atl of the

b coeffieients in tabl-e 5,4 are significant, while the

correlation coefficients range from a high of 0,952 to Ð"

low of 0.590

It would seem, therefore, that expectations of future
rates play a stronger role in influencing the portfolio
rLecisions made by transactors in U,S. securities; narkets
'bhan is the case wlth Australian transactors. However, one

important difference between the securities market in
Australia as compared. with the U.S. must be considered

before such a conclusion can be drawn. The Australian
rnarket has always been much narror¡rer than the U.S. narket,

both in the range and volume of securities trad-ed.29 Furth

more, the Austral-ian central bank and Comrnonwealth Treasury

have tended to dorninate trad.ing, and this 1s particularly

29. Refer Spray (1964) , Arnd.t and. Harris (1965 ¡ pp . 94-95

and. ch. 7) and. Rose (1969, chs. 5 and 9).
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Tabl-e 5.4

R e 1 ati qn_s 3.e*!Le en A$ngaf__Aþneg s__ia_!aÈ.
YecL Forv¡ard- B-atqs (clAjlS.ified. þL maturitv)

^t*¡?1,t = at+brU, + U

(")
i

Constant term
( stand-ard error
in brackets)

::äiii:i3åt(b )
Correlation
co effi cient

1

L

2

4

6

6

7

B

0.00
(o.o2)
0. 00

(0.05)
-0,01
( o. o4)
-0,05(0.04)
-0.02(0.04)
-0.01
( o. 01)
-0,02(o.or)
0.01

(o.o,)

O "7O1 x

0,526 x

O.+O5 x

0,326 x

0.277 x

0.255 x

o,259 x

0.208 x

0.952

o,867

0. 769

o.682

0,64.2

0,625

o.61r

o. 590

(
(

a
b

)
)

Number of years l-ater thanú to which forviard. rate refers.
Stand.ard- errors not reported. Significant coefficients
marked. xr. but level- of significance not reported.
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true of the bond, t.tkut.5o
This dominance of the bond. market has all-owed the

nonetary authorities to exert a strong influence over the

level- and. structure of interest rates, so overshadowing the

influence of private transactors whether their actj-ons be

motlvated by expectations or other factors. This is
particularÌy true of rates on securities of l-onger than

f,our years to maturity, a point discussed in more detail

bel-ovr ( see pp. 176-77),

ConsequentÌy, while expectations may be an important

d.eterninant of private transactors' i-nvestment decisions,

the term structure itself from around four years to

maturity onwards is determined priroarily by the r¡onetary

authoritj-es. Before the overall irnportance of expectations

for the tern structure in Austral-ia over the test period.

can be d.ecid-ed., therefore, the influence of the rnonetary

authorities on the term structure must first be removed. As

yet, the error-learning nod.el- has not been successfully

ad-aptecl to allow such an investigation.
Another factor affecting the test resul-ts concerns the

quality of the test d.ata. The earlier part of the time-

10, Refer Àrndt and. Harris (1965, ch. 7), Rose (1969, chs.

3 arid l-0) and Lewis and iÅIallace (1971).
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Series of Australiarr bond- yields can be expected- to contain

relatively J-arge errors of the first and second type as

compared- withr sây, the period 1960-68' The Austral-ian

capital market remaj-ned narrov,/ by world standards until the

nineteen-sixties, and. even cJ.uring the nineteen-fifties the

data avail-able for the construction of yield curves was not

completely satisfactory. Tests limited" to the nineteen-

sixties are carrj-ed. out bel-ow (see pp. 178-84).

Another ctifference between the Australian and U.S' tests

is the number of observations invol-ved, in the regressiotls,

The tj-me-series used by Meisel-man ran over fifty five years'

compared. with fifteen years for the Australian d.ata. The

Australian data before L954 is most unsuj-table for the

statistlcal analysls that j-s involved with the error-

learnlng nod-el-. Consequently, the Australian time-Series can

not be extended. to a length that is comparable with that for

the U. S. d,ata.

In ord-er to increase the number of observations and- so

obtain a better comparison with Meiselman's resul-ts, a first
approach is to take more frequent observations within the

test peri-od.. This has been clone below by utilising quarterly

yie1d. curves rather than annual, and So observing quarterly

changes in one-year forward- rates. lVhether this resul-ts in

a conparabl-e lncrease in d.egrees of freed.on for the regresslon
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tests d.epends on whether the observations are independ.ent.

This can be evaluated by means of the Durbj-n-Vfatson test on

the regression resid-uals.

Another irnportant advantage of using quarterly ti-me-series

data, is that j-t al-Iows a test of the error-l-earning moclel

for the shorter period 1960-68, and. so provid.es evidence for
the hypothesis deveJ-oped in sections 5.5,4 to 5.5.6

concerning the infl-uence of the centraL bank j-n Australia
over the term structure"

5. q RSsU]-E¡¡_ !.f _t'%sLs usins A$_BuAl- _Croj_s-Segþjon grnd_

QJ¿e-r.le-rry--Tr¡tç-:r5_qti-_ss__n_ata.

5.V.1 Tntrodueti on

In order to increase the observations for the regressj-on

tests, the revision in one-year forwarfl- rates can be

tabulated on a quarterly basj-s rather than on an annual

basis. That is, the cross-sectlon of forward. rates remains

on an annual- basis in ord.er to conform with Meisel-ma¡-es test,
but the time-serles of these revisions is now on a quarterly

basis. Similarly, the forecast-error term for the error-
learning mod-el will be in terms of one-year forward, rates,
but as reveal-ed. each quarter rather than annually. ThÍs

meslrs that the yieJ-d curves for each March are compared in
ord.er to calcul-ate the revisions in annual- forvrard. rates.r-



-r53-

as are the curves for June, September and December. In this

rv&yr the number of observations is j-ncreased. four-fold.

5.år-? *-A.af cu_fgli_q_of eorwar

The cross-section of forward- rates reraains the sa.ne as

for the tests 1n scction 5.2 above, so that j in equation

+,+ continues to run from one to twelve. However, the

annual- revisions are ÌIorff observed. quarterly, so that ü will
run from one to fifty nine. the forrnul-a is as fol-l-ows.

j+1

L? (1 +R¡ro1r )
(1 + R1¡ )i

t = 7¡2t. .,59

i = 1"2t. ,.1,2
(5.1)

t+4j t

These one-ycar forward. rates for the quarterly time-serles

have been cs,l-cul-ated for the three sets of yield curves, and

are reported in Bloch (L972r pp.ZZ9-348).

2:å"åJ.esIS. qf t_he__EÏ::or-Leanginq U9d el" lqq4-68

The regression equation used for testing the error-learning

mod-el using one-year forward. rates and quarterly time-series

is as fol-lows.

a, ? )+u (5.4)
t 1,t4 j

t = 5t6r7r....59
j = 1r2r3r""L7

r
1t+4¡ 

r1,t
t+4j ,t4

+b (a
1rt
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This results in eleven regressions each with fifty five

observations. These results are shovm separa.tely for each

set of yield. d-ata in tabl-es 5.5 to 5,7.

5.3.4 Analvsis of Re_sl¡f_tii

The increase in the number of observations for the

regression tests resul-ts in an increase in the number of

signific¿,rrt regression coefficients and in the l-evels of

the correlation coefficients for each set of data. In table

5,5, for exarnple, it can be seen that every regresslon

coefficient j-s significant, while the correlation coefficj-ents

range from a high of 0.90+5 to a low of 0.26II. Holvever, the

re¿5ressions display strong sÍgns of autocorrelation" As can

be seen in tabl-e 5.5, the Durbin-VÍatson statistlc for each

of the eleven regressj-ons is far below the crucial- value of

I,53. This ind.icates that the observations arc not independent

so that the results are spurlous to some degree.

fhe regressj-on resul-ts using annual time-series data

reported in table 5,1 d-o not display any signs of autocorrel-

ation. Hence, the use of quarterly tine-series in ord,er to

j-ncrease the number of observations available, has not made

the results any more conparabl-e with Meiselman'S results

because of the p1esence of autocorrelation. This particular

problern is overcome in the next section, where three-nonth

forward- rates are substituted for one-year forward. rates.
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Tabl-e 5. q

B e 1 a t i_o_n s_lsMqn_ésn

D at e__Lr_og B g.Jqr c s, s igU-*AT}çü¡¿S.jS_ f i e f i_QluII e s.

^ t+4j = a.. + b.E, + A.I lr l
o1,t

(
.l
a) Ccnstcnt tcrrn(b) Regression / ^l' ( stand arcl error cocfficientt "' Correl-ation

1n brackets) ( standarcl error coefficient
in brackets)

Durbin-

[]iitt I

t_

2

3

+

5

6

7

B

9

10

l-l_

0.0078 xx
(0.ooo4)
0.0051 xx

( o. ooo4)
0.0024 xx

( o. ooo4 )
0.0018 xx

( o. ooo5 )
0.001-5 xx

( o, ooo5 )
0.0015 xx

( o. ooo5 ¡
0.0015 xx

( o. ooo5 )
0.001-4 xx

( o. ooo5 )
0.0017 xx

(o.ooo5)
0.0020 xx

(o.oooe¡
0.0025 xx

( 0,0007 )

0,8262 x
(0,0535)
0,6225 x

(0,0550)
0,4702 x

( 0 .0 55+)
0.3563 x

(0,o572)
0.272+ x

(o.o6o2)
0.2129 x

( 0.0629 )
o.l7+3 x

(0.06+3)
O.I51O x

(o,o65o)
0.1480 x

( o. o669 )
0,l-569 x

(0.o7 42)
0,r79+ x

( 0. ogll- )

0.9045

0.8410

o.75gr

0.6+99

o.5277

o ,4218

0,'5+87

o.3o7g

0,2908

o,27go

o.26rL

o.39 x
0.41 x

4.46 x

0.51 x

0.51 x

0.50 x

0.{8 x
o.47 x

0.46 x

o'45 x
0,43 x

(a) llurnber of years later than t to which forward rate refers.
(b) Significant terms at the 5 per cent l-evel- of confid.ence

using a two-tail- test are markecl xx.
(c) Significant terms at the 5 per cent tevel of confidence

using a one-tail test are marked. x,(d) Resressions displaying signs of autocorrelation are marked
x. The crucial- l-oiuer bound of the Durbin-Watson statistlc
bel-ow which autocorrelatlon is significant is L."51.'
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Tabl-e 5.6-

Rel-atip+g B-eLw-een AnnJ,al Chanses in Qne-
Y e ar trLqrwarÈ*R atqs-Íqb s-g-Lv*çd. S-açil ouar ter )

d ne-

Data _f_fo_m Trçe-Ea,nd Smoo_t_hed Yie1d Curues

A tn4j r1,t = at + brEr + a')

(a) constant term( b )
( stanclard error
in brackets)

Rcgression / ^lcoefficient\"'
( stand-ard- error
in brackets)

Correlation
co effi clentJ

I
¿

3

4

5

6

I

B

9

10

11

0.0026 xx
(o.oooI)
0.001-5 xx

(o.ooo6)
0.0018 xx

( o. ooo6 )
0.0019 xx

( o. 0006 )
0.0020 xx

( 0.0005 )
0. 001-9 xx

( 0.0005 )
0,0020 xx

( o. oooS )
0.001-5 xx

( o. oo05 )
0. 001-6 xx

(0.0005)
0-0011 xx

( o. ooo5 )
0. 0011- xx

( 0.0005 )

0,7557 x
( o. o5go )

o ,4122 x
( o. o7oo )
0.3+41 x

( o. o6Bg )
o,25gL x

( o. 069, )
0.2472 x

( o . oe44¡
O"2642 x

( o. 0604)
O.2604 x

(0.0567)
0,2246 x

( 0;061I )
0.1859 x

( o. o60g )
o,t43o x

( o .0569 )
o.0Bl_5

( 0.0605 )

o,8614

0.6287

o.5659

0.4569

0,466L

0.5150

0.5556

0.4596

o.7870

0.7?_62

0.1819

(a) Number of years l-ater than ú to which forward- rate refers.(b) Significant terrns at the 5 per cent l-evel of confidence
using a two-taif -best are marked xx,(c) Si-gnificant terms at the 5 per cent l-evel of confidence
using a one-tail test are narked. x.
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Table 5.7

Re]ati_qns _Betwee4_ A¡¡rual- Charrqes in Onq-
Year Fg_{ward Ra-þ-e-r Cobserved--- each quarterl.

b

ata

A 
t*4¡ = ar+brUI+Uj

'1,1

(a)
¿

constant t""r(b)
(stand.ard error
in brackets)

Regression / ^ \coefficicnt\"/
( stand.ard error
in brackets)

Correlation
coeffi- cient

1

2

7

+

5

6

7

o(J

9

IO

11

0.0035 xx
( 0 .0006 )

0. 0008
( 0. oo08 )
0.0020 xx

( 0. oooT )
0.0019 xx

( o. ooog )
0. 001-7 xx

( o, 0oo8 )
0.0059 xx

( o.0oo7 )
0.0018

( 0.0010 )
0.001,

( o. o01o )
0 

" 
001.1

( o. ooo7 )
0. 001-, xx

(o;0006)
0,0008

( o. ooo7 )

0,7747 x
( o .0665 )
0,3964 x

( o. OBBB )
0.2771 x

( o. oB2t- )
0.2+21 x

( 0.1008 )
0,557r x

( o. 0861 )
o,3963 x

( o. oB5B )
0,3292 x

( o. tr+z )
0.0561_

( 0.1135 )
0,]-552 x

(o.o8l5)
0.1468 x

( o. o7o7 )
0. 0440

( o. 0768 )

o,8349

0.5226

o " 4205

o,3t35

o.49og

o.5557

o,768r

0,0677

0,2+75

0.27 42

0 ? 0784

(
(

a

b
)
)

Number of years l_a
Significant terns
using a two-tail t
Significant terrns
using a one-tail_ t

ter
at
est
at
est

than t to which forward rate refers.
the 5 per cent level of confidence
are marked xx.

the 5 per cent l-evel of confid-ence
are marked. x.

(c)
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Tlne-Series _Ðata

6.4,1 Introductlon

So far the tests of the error-learnlng model- have been

based on one-yeaï forward rates. The argument has been that

transactors make forecasts of future one-year rates, and

that revlsions in these forecasts are revealed by revisj-ons

i-n one-year forward rates. However, there is no apparent

reason why transactors c forecasts shoul-d be restricted.

specificalJ-y to one-year rates.

In terms of the trad-itlonal- expectatlons mod.el as d-eveloped.

by Fisher (1950), transactors make J.ong-period. forecasts of

the one-perlod. rate, but the actual unit period itseLf is
not specified-. Hicks (I919c, p, L45) makes the convenient

assumption that the unit period. is one week, with cLecisions

macle on Mond.ay and. held- for the rer:slncler of the week.

I[everthe]-ess, he suggests that expectations will be formed

concerning the future course of al-l rates in the rnaturity

spectrun (I939c, p. l-5Z),

It foll-ows, therefore, that in terms of the error-

learning mod.el-, the partlcul-ar unit perlod chosen for the

forward rates can vary. Forecasts of future one-year spot

rates, for example, will be refl-ected. in one-ycrar forward
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rates, forecasts of future flve-year spot rates in five-
year forward rates, and so orrr Revislons in al-l forw,-rrd-

rates can be expected whenever errors are aiJ'r""ed in
past predietions. A reduction in the unit period to three

nonths, thereforee will all-ow an increase in the nunrber of
regression observations, while leaving the error-l-earning

mod.el consistent with the traditlonal expectatlons modeI.

Unfortunately, the bond. yield- d.ata avail-able does not

al1ow a complete test usi-ng three-month forward rates. For

the period 195+-68 there is a paucity of yield. observati-ons

on securitles of less than six months to naturity. In the

fifty-nine quarterì-y sets of cross-section d-ata, a third
contaln no observations for terms as low as three months to

maturitys see Bl-och (1972, pp. 52-97 ).
Under these circumstances, the three-month spot rate

required. for cal-culating three-nonth forward rates can be

obtaineci only by either extrapolation of the yield curve,

or the use of three-rnonth yields on securities other than

govermnent bonds. The latter possibility presents a problen

in that securities selected- as a substitute for government

bond-s nust be comparabl-e ín terms of errord of the first
type. CIearly, to avoid- cllfferences caused by differcnt
levels of defaul-t risk (see pp. f7-18), the securities
would require the Comnionwealth Governnent's backing. The

only three-month yield. cLata of this kind avai-labIe in
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Australia, apart from bond yields e are yields on treasury

notes, but these are only avall-able on a conslstent basis

from 1963, and in any case are relatively insensitive to
rnarket forces. As for obtaining three-nonth yields by

extrapolation of boncl yield,s at the very short-tern end. of

the maturity spectrum, such a process must be regard.ed âsr

at best, highly suspect.

Because of the difficul-ties of d-eriving a consistent set

of representatíve three-rnonth yields over the test period,

the quarterly yie1d. tabl-es derived by free-hand snoothing

and, h-near interpolatÍon d.o not include a three-nonth spot

rater see tsl-och (L972r pp.250-332). However, in order to
al-l-ow a test of the error-Iearning model using quarterly

cross-section and- time-series d.ata, a three-month yield. was

derived by extrapolatlon for the yield. curves constructecl

by regression analysis. The use of these suspect three-nonth

yielcls in tests of the error-l-earning model- also provid.es

evid.ence concerning the controversy over the effect on the

mod.el- of ernploying d.ata from snoothed yield. curvesr a matter

investigated in chapter six below.

5_.:1.2 Calcu]_a-ti_qn of Fpfg/Ard Rptes

Three-rnonth forward. rates are calculated from equation

4.4, As the time-series spans fifty nine quarters, subscrj.pt

ú ïuill run from one to fifty nlne. The cross-section of
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yield.s available in March I95+ spans fifty four quarters,

and this l-inits the estimation of three-month forward. rates

to fifty three quarters into the future. Hence, subscript

i will nrn from one to fifty three, and. the calculation

for the regression analysis d.ata is as fol-lows.

(1 +a +1

1
t = 7r2t,. .59
j = 7t2t,..53

(5.5)
(1 +n )i,

f¡or the freehand. d.ata and the linearly-interpolated- data,

i wil-l run from two to fifty threc due to the absence of a

three-nonth spot rate in each curve. These three-month

forward rates are reported in Bloch (L972r pp.198-372).

5 . 4-'-2----T.esl Ê o f-ths_jnco r- L e ar_ninq_ I4a d €1,- lj54: 68

Regression ecluation 5.6 bel-ow d.escrj-bes the test of the

error-l-earning model using so1e1y quarterly d-ata. As it
requires the three-month spot rates (Fl,t ), the test has

been carried out using only regression analysis d.ata.

)
t,.3

t+l
t

t+¡11,t t+¡11,t-1
(ab+a j T ) +U1,t-1 j

t = 2s3t...59

j = 1r2r'.'52

(5.e ¡tt

This resul-ts in fifty two regressions each with fifty
eight observations. The results are reported in table 5.8.
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Table 6.8

and. Ouarterlv tr'orecast-Errors^ 1954- B

Data from ReereÇsion Anal_vsis_Jiefcl Curves

,

A t*¡ r 1,t

(a)
J

constant term(b)
( standard error
in brackets )

Regression /^l
coeffi cicnt\ "'
( standard error
in brackets)

Correlation
coeffi cl ent

1

2

3

+

5

6

7

B

9

10

11

I2

t1

I+

15

L6

(

(

¡

.o+53)
,0623
.0+22)
.067 +

0
0
U

0
0
0
0
0
0
0
c
0
0
0
0
0
0
0
ô
0
0
0
0
0
0
n

U
0
0
0
0
0

.0012

.0010 )

.0009

.0009 )
,0006
.0008 )
.0004
.0007 )
.0002
.0007 )
.0000
;O006 )
.000L
.0005 )
.0002
.0005 )
.000,
.0005 )
.0004
.0005 )
.0004
.0005 )
.0005
.0005 )
.0005
.0004 )
.0006
. 0004 )
.0006
.0004 )
.0007
.0004 )

0.11_92
(o.oezz)
0.07+0

( 0.0811 )
0. 0147

(0.o7 +7)
0. 0158

( o. 0660 )
o,oI92

(o.o5g2)
o.0270

(o.0519)
0;0352

( 0"0499 )
0.o+27

( o.0469)
o,0503

( o. o44g )
0.0565

(o
0

(o
0

( 0.0412 )
0.0714 x

(o.o4o5)
o.o745 x

(0.0799)
o.o77o x

(o.0393)
0.0797 x

( o. orBS )

0,1786

0.0546

o.026+

0.0280

o.o+5+

0.0668

0,0937

o "1207
o,I4B2

0.1718

0,L937

o .2153

0,2292

o .2+2I

o.2529

0.264.8

(

:(

(

(

(

(

(

(

(

(

(

|.

(
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T¿þfe 5rB (Cont. )

constant tur* (b)

" 
(a) ( stand.ard. error

'|r ín brackets )

Regressi orL (¡\
coefficient'"'
( stand.ard. error
in brackets)

Correlation
coefflcient

17

l-B

1g

20

2L

22

23

2+

25

26

¿t

28

29

50

3T

32

33

3+

55

36

0.0007
( 0.0004 )
0.0007

( o. 0004 )
0. 0007

( 0.0004)
0.0007

( o. ooo4 )
0.0007

( 0.0004 )
0.0007

(o,o0o4)
0.0007

( 0 ;0004 )
0. ooo7

( 0;0004 )
0.0007

( o. 0004 )
0.0007

( 0.0004 )
0.0006

( 0;0004 )
0;0006

( 0. 0004 )
0 .0006

( 0 .0005 )
0.0006

( 0.0005 )
0.0005

( o, ooo5 )
0.0005

( 0.000r)
0.0005

( o,ooo3 )
0.0005

( o. ooo5 )
o,0004

( 0 .ooo5 )
0.000 +

3)

0.0804 x
( o .0381 )
0.081-6 x

(0.0377 )
0.0BIB x

( 0.0771 )
0.0810 x

(0,076+)
0.0814 x

(o.0359)
0,0793 x

(o.0351)
o.077 6 x

( o,or48 )
0.0764 x

(o.05+2)
0,0735 x

(0,0336)
0.0705 x

(o,0352)
0.0680 x

(o;0526)
0

(0
0

(o
0

(0
0

(0

4lx
23)
09x
18)
69x
L5)
2l-x
12)

o.27Lt

0,2780

0.2829

0,2846

o.2902

o.2877

0,2859

o,2866

o,280+

o,2730

o,2682

o.2568

0.2+82

0,2552

0. 2181

0.2076

O,LB27

0.1689

0,1584

o.1232

o6
o3
06
05
05
o3
05
o5

a

a

j

ò

t
a

a

a

( 0 .000

0.0481
( o. o5og )
o.0+29

( o. oro8 )
0.039r

(o.o5o5)
o.o52r

(o"o7o7)
o.o285

( 0.0507 )
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ta¡:te-5d (Cont. )

ja) constant t""t(b)
( stand.ard. error
in brackets)

Regre ssion (¡\;ãEiii;ie;t (c)
( stand.ard- error
in brackets)

Correlatlon
coefficient

37

7B

59

40

+I

42-

+3

+4

+5

+6

+7

4B

49

50

5T

52

o. 0004
( o. oo05 )
0.000,

( o. oooS )
0. 000,

( o. 000, )
0. 000,

( o. ooo4 )
0.0002

( o. ooo4 )
0. 0002

( o. ooo4 )
0. 0001

( o, ooo4 )
0. 0001

(o"ooo4)
0.0001-

( o. ooo4 )
0, 0000

( o. ooo5 )
0, 0000

( o. ooo5 )
-0. 0001
( 0.0005 )
- 0. 0001
( o. ooo5 )
-0.0001_
( o. ooo6 )
-0. 0002
( 0. 0006 )
-0.0002
( o. ooo7 )

o.0232
( o. oSog )
0.0155

(o;0513)
0. 0l-l-0

( o. o51B )
0. 00.+2

(0.032+)
-0; 0017
(o.o33+)
-0. 0085
(0,o3+3)
-0.0141(0,0356)
-o.o2L1
(o ,o57 2)
-o.o2B5
( o. orBg )
-o,0355
( o. o41o )
-0.0419
(o,o+53)
-0,0497
(0.0458)
-0.0571_
(o.o4B7)
-o,0635
( 0.05f9 )
-0 " 

071_8
(o,0555)
-0. 07BB
(o,0592)

0.0998

0.0660

o,046+

0.0t77

-0.0070

-0.o15r

-o.0530

-o,07 6+

-0.0968

-0.1151

-0.l-287

-o,-l-453

-0.1548

-0,r6L2

-o.a7o9

-o ,r7 52

( a) Nunrber of quarters later than t to which forward. rate
refers.

(b) Significant terms at the 5 per cent l-evel of confidence
using a two-taiI test are marked. xx.

(c) Significant terms at the 5 per cent level- o.f conf,!.dence
using a one-tail test.are marked r,
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5.4.4 Anafysls of Results

The results reported in tabl-e 5.8 are very weak ind.eed.

Despite the fact that twenty of the fifty two regressions

have significant regression coefficlents, the val-ues of the

correlation coefficients never exceed O.2902. Furthermore,

the last twelve regressions report regression coefficients

with the wrong sign.

These weak resul-ts are und.oubted.ly d.ue to the presence of

the highly suspect threc--month spot rate* ( 8l ) in both parts

of the forecast-error term ( Rt,t - t "1,1-1 ),

(7 + Rz.,n )
2

re t 
11,t-1 I7 -r R1,¡t

If a valid test using quarterly d.ata is to be carried out,

the error-learni-ng nodel must be mocLj-fied ín such a u¡aJr that the

infl-uence of the three-rnonth spot rate 1s nininised.
The traditional- expectations theory postula"tes that

expectations are consj-stent throughout the yield curver so

that expectatj-ons concerning one particul-ar future rate are

l-inked with expectations of al-I other future rates. This

postulate u¡as supported by the test of the regression

coefflcients on pp. I+4-45 above. If this is the case, then

good results should. still be obtained from the error-learning

mod.eJ- by substituting the revealed- error in the oil,e-v€o.r

spot rater soÍ, ( fr4,t - tr4,t_1 ), for the suspect error-term
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invol-ving the three-rnonth rate. That is, the revisÍon i-n
three-¡nonth forward rates should be connected to revealed.

errors in one-year spot rates as well as to revealed- errors

in three-month spot "otu..5l rn this way, the suspect three-

¡ronth spot rates can be apparentlg re¡roved. from the regression

tests.

Unfortunately, this is not the case. Any forward. rate,

of whatever uni-t perlod, that relates to a spot rate expected.

in three-nonthsr tlme invol-ves the three-month spot rates or,

Íìore generally, any forward rate at tirne t tlnat relates to
period- t+L ( t¡rn,t ) invol-ve. tR1,t, as shown by the following
generaÌ formul-a for multi-period- forward rates (derived fron

equation +.3).

n (1 +R )nú
t+1 

rn,t (n+1 ),t 1 (5,7 )7*R1,

The three-month spot rate is invol-ved in the estiiiration of

the six-rnonth forward rate relating to three-months I tirne

( t oz,t¡ ), the one-year rate ( tot,tu ), the ten-year rate
( to,p,t-l ) and so on r This means that any test of the error-
learning model- that includes a forecast-error tern involving

a quarterl.y comparison of forward- rate and spot rate,

51, According to Melsel-man (1962, p, 1I), the error term

is only a proxy for changes in rrtherr interest rate.

t
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whatever the unit period. of the forward rate, requires the

threl-month spot rate in orcler to estimate the relevant

forward rate.
Neverthel-ess, the importance of the three-month spot rate

is less for a foreca"st-error term based on the ens-yea.r

forward rate ( fi+,t - t"4,t_1 ), than it is for one based on

the three-month forward rate (frl,t - tr1,t-1 ). It can be argued,

therefore, that the distortion introduced by a suspect RI

value can be reduced by usin65 an error terrn other than that

based. on R1, The results of the follovring section tend to

confirm this.

5.5 Resrl ts of î,es-hs r:si n¡r Arrnrl¡l ¡nd Ollarterlv Cross-

Sec_tion llata, and. Quarterly Tirrle-Ser_ies Data

|:-Lf f ntrqdqqtio

In this section, a forecast-error term based on the on.e-

year forward. rate but as revealed c¡uarterly - is substituted

for one based on the three-month rate, whlle retalning the

three-month unit peri-od for the revision term.

5.6.2 Caf culation o-[ Forward RateÉ

As the revlsion terms ere thc same as those used in
section 5.+, -the only new calcul-ation invol-ves the forecast-

error terms. This new calculation uses the following forrnula
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which is d-erivecl fron equation 5.7 above.

4 + ) t = 1"2r...59 (5.e¡r
t*1 [,t

7

f + R.t,1

6.5.3 Tests. of the Error-Learninq Mode1. l-Q54-68

The regression equation for this section is as follows.

t+¡r1,t t+jr1,t-1 = oj*bJ(R+,t - tr4,t-1 ) +u, (5'9)

t = 2o3'...59

i = 1o2r"'52
This resul-ts in fifty two regressions, each with fifty eight

observations. The resul-ts for the regression analysi-s data

are reported. in table 5.9.

5.5.4 Anal-Lsis of Results

The resul-ts in table 5.9 are consistent with those

reported in tabl_e 5.1_ which are based. on annual data. The

first fifteen regressions contain significant regression

coefficientsr âs do another fifteen towards the encl- of the

table. The first fifteen regressions involve forecasts

reaching nearly four years lnto the future, and- the annual

tests reported in table 5.1 contain significant regression

coefficients for the first four regresslons, also covering

a span of four years into the future.
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Tabl-e 5.9

Dat a fron Rger e s sl on__Anal-l¿ s:Ls YisljL-lOwl¿q çi

A t*j r1 t =oj*bjrf*Uj

(a) Constant ¿ut*(b) Re65ression , \
( stand ard- error coðff:-cient( c / Durbin-

i3lïîtrJ Correlation
( stand-ard. error coefficient
in bra"ckets )

in brackets)

1

2

3

+

5

6

17
T

B

9

l_0

11

T2

T3

I4

15

t6

0.0016 xx
(o.ooor)
0,0022 xx

( o. ooo4 )
O,OO22 xx

( 0.000, )
0.0021- xx

( 0.0005 )
0.0018 xx

( o. oool )
0. 001-6 xx

( 0.000, )
0.0014 xx

( 0.000, )
0.001-2 xx

( 0. 0o0l )
0.0010 xx

(0.0005 )
0.0009 xx

(0,0oo5 )
0"0007 xx

(0.000, )
0.0006

(o. ooo5 )
0.0005

(o. ooo7 )
0 .0004

(0.000, )
0,0005

(o. ooo3 )
0.0003

(o. ooo5 )

r,r27g x
( o. 0667 )
0,9978 x

( o. 0768 )
0,8662 x

(0,0739)
o,7476 x

(o"o7o1)
o,6432 x

( o. 0678 )
o,5529 x

(o
0

(o
0

o,914+

o.8665

0.Btr29

0. Bl_86

0.7853

0,7 405

0,68+5

0.6207

0.55+r

0.4881

o. +2+6

0,3678

0,5I8+

0,2716

0.23+2

o.2028

r,55

r.95

1.98

1.90

r,7g

r,67

1.59

I,53 X

L.52 x

r,57 x

r,57

r,62

r.67

r,7 2

1.77

1. 81

0671 )
+7 +t,
0675)
+058

a

a

a

a

x

X
( o. 0685 )
o,3476 x

(o.o69B)
0,2965 x

( o. o7o8 )
o,252/, x

( 0,07f9 )
o ,2L48 x

(o,0726)
0.1814 x

( 0.0710 )
0.Lr+5 x

( 0.0711 )
0. l-518 x

( 0.0751 )
0.11-28

( o. o72B )
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Tabf e-L9 (Cont. )

Constant term
(b)

(a) ( stanclard error
in brackets)

Re gression /.\coefficicnt'-'
( stand.ard- error
in brackets)

Correl-ation
coefficienti

Durbin-
!Tatson
test

u
1B

T9

20

2L

22

23

2+

25

26

27

28

toLJ

70

3I

12

33

),',

35

36

37

0.0002
( o, ooo5 ¡
0.0002

( 0.0009 )
0.0002

(o,0007)
0.0001

(0. ooo3)
0.0001

(o.oo03)
0.0001

( o. oooT )
0.0001-

( o .0003 )
0.0001

( 0 .0003 )
0.0001

( 0.000, )
0.0002

( 0. o0o5 )
0.0002

( o .000, )
0.0002

(0.o0or)
0.0002

( 0. ooo3 )
0.000t

( o. ooot )
0.0007

( o .0005 )
0.0005

(0,oool)
0.0004-

( o .0005 )
0.0004

(o.ooo5)
0.0004

(o, ooo7 )
0.0005

(o.ooo5)
0"0005 xx

(o.oool)

0.0960
(0.0721)
0.0826

( 0.0716 )
o.o7?7

( o. oToB )
0.0612

( o. 0698 )
0.0588

( o. 0689 )
0.0557

( 0. 0677 )
0.0508

( 0.0667 )
0.0502

(0"0655)
o "0+95( o. 0644 )
0 

" 
o5f2

(0.063+)
o.0576

(0,o622)
0.055+

( 0.0612)
0.0604-

( o. 060l_ )
o.06+5

(0.0592)
0.0679

(o.o5B4)
o,o7 +2

( o. o 575)
o.o7g7

( o. o57o )
0 "08( 0.05
0.09

(o.o5
0.09

(0.05
0.10

(0.05

0,r752

0.r52.+

o.1160

0.1202

0,1]-33

o,Io53

0.1013

0,1018

0,l-021

0,1073

o. 1l_44-

0. l_200

0.L332

0.144f

0,r5t7

0.t6gg

0.I8',17

0.rgg4

0 .2r2L

0,2270

O,2tl23

1.84

L. 86

J. 88

l-. 88

f.89

1.88

1,87

l-.86

r.B1

l_.81

1. B0

r.77

r,76

r,7 4

L.73

L.7 2

L.73

L,7,+

r.7 +

r.77

1. 81

5+
61)
09
60)
72 x
57)
79x
56)
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Tabl_e 6. I ( Cont. )

j
constant tutr (b)

(a) istandard- error
in brackets)

Regression lr\
coefficient'-' Correl-ation
( stand.ard error coefficient
in brackets)

Durbln-
![atson
test

3B

19

+o

+L

+¿

+3

4+

45

+6

+7

4-B

4c)

50

51

52

0.0005 xx
( o. o0o, )
0.0006 xx

( 0. oool )
0.0006 xx

( o.Ooot )
0.0007 xx

( o. oooS )
0.0007 xx

( o. o0ol )
0.0007 xx

( 0. 000, )
0,0008 xx

( 0. oooS )
0.0008 xx

(0.000, )
0.0009 xx

( o. 0oo5 )
0.0009 xx

(0.0004)
0.0009 xx

(o.ooo4)
0. 001-0 xx

( o. o0o4 )
0.001-0 xx

( o. 0oo4 )
0. 001-1 xx

(0.0005 )
0.0011- xx

( o. ooo5 )

0.1-079 x
( o. o56r)

0. l-161- x
(0,0567 )
0.1f98 x

(o .oi7T )
o,l2_7 2 x

( o. o 593)
0,:--309 x

( o. 06l_0 )
0.1357 x

(o.o633)
0,l-41-B x

(0,0662)
0.l.457 x

(o.o696)
o.r4B7 x

(0.0716)
0.f52L x

( o. o7B2 )
0. l-560 x

( 0, 0810 )
0.1567 x

( o. 0BB7 )
0.l5BB x

( 0.0949 )
0.1609

( 0.1015 )
0.l-613

( o. togo )

0,2489

0 .264L

o.267 +

0.2756

0.2756

0.2756

0,2750

0.2692

0.2599

0,25l-6

0.2435

0.2299

0.2185

0,207 2

0.rg3g

f .85

1. 87

r.g+

L,96

2.OL

2.05

2. 0B

2,ro

2.L7

2,r1

2.r+

2,L+

2.L4

2,r7

2.I2

(a) Number of quarters l-ater than t to which forward. rate
refers.

(b) Signiflcant terms at the 5 per cent l-eve1 of confid.ence
usÍng a tr,vo-tail_ test are marked_ xx.

(c) Significan-b terms at the 5 per cent level of confidence
using a one-tail_ test are marked, x.

( d) Regressions d.lsplaying signs of autocorrel-ation are
marked- x. The crucial l-ower bound. of the Durbin-\rtlatsonstatistic bel-ow which autooorreration is signlficant 1s
r"5+,
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The correl-ation coefficients in table 5.9 decline in a

systematic manner, from 0.9L4+ for the first regression to

O.l-015 for the twenty third regression. Following thisr they

rise consistently again to a level- of 0.2756 for the forty

third regression, and- then d.ecJine agaLn. The pat-i;ern of the

level- of the correlation coefficients in table 5.9 is

d.escribed. in figure 5.2.

Figure 6.2

G.¡jrph of the Corre_lgtion Coefticie.nts fron
Table q. I acrqld.:Lag_t_o_ TqTm-_ qL P_rqdiction

C¿Lr,rel_e,-E!_al}
coç*ffig.ients

l*00

0.9

0rB

0

0

0.5

0.4

0,3

0,2

0.t

a.

7

6
I

t

a

I

a

5 l0 t5

-a.att"tl"aaa)a
a a

| .l
ttt. 

a a a t'
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The correlation coefficients in table 5.Ie by conparison,

cl.o not display any tenclency to turn upward.r ês cl.emonstrated. "

in flgure 5,1.

Fisure 5.3

Grapþ of the Correlation-Qoefficients fron
TabJe 6.1 accord.ine to Tern of Prealiction
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It seems likel-y that the cyclical- movement in figure 5,2,

along with the significant regression coefficients in tabl-e

5,9 for terms thirty six to fifty, are not indicative of

expectations but rather are d-ue to the presence of sarnpling

fl-uctuations. Bartlett (1946) has demonstrated that a

cyclical movement in the pattern of correlation coefficients
may be obtained from any linear autoregressive time-series,
where the value of the regression coefficients becomes

absolutely small-.

The interpretation of correlation coefficients depends on

two independ.ent factors, namely, rrthe appropriateness of the

theoretical- scheme assumed. and- the magnitude of sarnpling

fluctuations" (Bartlett, 1946, p, 27) . Bartlett d.emonstrates

that when the val-ues of the regression coefflcients become

smalI, the eorrel,ation coeffj-cj-ents nay not approach zero

as expected., but rather nay undergo a cyclical fl-uctuation.

This is d-ue to the fact that when the regressj-on coefficients
are smal-l, the sampling properties of the correlation
coefficients depend. on the variance and covariance of the

stand.ard. errors.

It can be seen from table 5.9, that the upturn in the

correl-ation coefficients occurs at t= 24, when the value of
the regressj-on coefficient is 0.0502 and. d.eclininE. The

regression coefficients do move up again starting at t= 26,
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but as soon as they reach 0.1-41-8 àt¿= 44 and con_t-Lnue_bq

I!S,.g., the correlation coefficients turn dgwn agaln. This

contrary movement in the two coefficients, therefòre; is
probably d"ue to the sampling fluctuations mentioned by

Bartlett. Whether the upturn in the regression coefficients

starting at t= 26 is also a samplíng property, hovrever, is
not cl-ear. It d.oes seem unlikely though, that tlne upturn 1s

indicative of transactorst expectations. For example, the

pattern of slgnificant regression coefficients in table 5,9

would suggest that pred.Íctions reaching up to fifteen
quarters into the future, along with predictions spanning

quarters thirty s1x to fif,tyr gL9 sensitive to forecast-
errors, while pred.ictions spanning slxteen to forty-nine
c¡uarters into the future, along with quarters fifty one and,

fifty two, are not. Such behavior by transactors seems most

unlikely on common sense grorurds, and is inconsj-stent with
the results reported in tabLe 5,f.

The substltution of three-month forward rates for one-year

forward rates in the error-learning model_, has largely
overcome the problem of spurious resul-ts caused. by auto-

correlation. 0f the fifty-two val-ues for the Durbin-vtlatson

statistic reported. in table 5,9¡ only three are below the

critical- val-ue and then only marginally, Thls suggests that
quarterly pred-ictions of three-month forward. rates are

independ,ent of each other over time.
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The evidence fron tables 5.1- and 5,9 suggests that
pred-ictions of future rates up to approximately four years

into the future are sensitive to current prediction-errors.

However, it d.oes not necessarily fol-l-ow that transactors do

not make forecasts for longer periods than this. Rather, it
coul-d. be that the infl-uence of the central bank in the bond

market effectively masks the effect of expectatlons on the

yield. curve over all but the shortest end of the curve,

Support for this argument can be found in the presence

over the test perioil of an active prJ-vate narket in short-
term bond-s of up to three yeaïs to maturity, where the

influence of the central bank was less than for other

naturities where no comparable market existed. The

developnent of the short-term money market during the

nineteen sixties al-lowed, such a market to clevelop to the

stage where, according to a private paper prepared by the

Reserve Bank, the private d.eal-ers had a turnover of short-
term securities that was several times l-arger than that of

the bank itsel-f, Consequently. it would. be harder for the

central bank to mani-pulate rates at the shorter end. of the

yield curve, than it would be for other areas which are

subject to much less private trading. In the medium- and.

long-terrn areas of the bond market where trading is not as

active, the bank would have a much stronger influence on
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yield.s. As Rose (1969, p. I57) points out in d,lscussing the

bond market,

rrmost of this activity is in short-dated
bonds. Despite the institutional
framevrrork, the secondary (bond.) market
in nedium amd. long-d.ated issues j_s

relatively narrow, and. is characterised.
by cliscontinuous tradlng. rl

The concl-usion that emerges from the above discussi-on, is
that whil-e the resul-ts in tabl-es 5.f and.5.9 support the

inportance of expectations for only approxirnately four years

lnto the future, the influence of the central bank over the

med-iurn and long-term areas of the yield curve overshadows

the presence of expectations for period.s longer than four

years lnto the future. Add.itional evid.ence on this matter is
gained by limiting the tests to the 1960-68 peri-od.

During the period. 1954-60, the Austral-1an capital market

vì/as stil-l shaking off the effects of war-time restrictions.
In addition, the volume and. bread.th of securities (including

commonv¡ealth bond.s) coming on to the capital market tend.ed.

to increase significantly d.uring the nineteen-sixties.72
Therefore, the infl-uence of behavlor based on expectations

shoul-d. show out more strongly durlng the 'slxties, reflecting
the d.ecline in the relative importance of the central bank.

52. Refer Arnd.t and Harris (1965¡ pp. 9+-5 and 2O7-B),

Rose (1969r ch. ,s) and B1o ch(L972, table L,.4, pp. j7-97).
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The growth of the capital narket saw a d.ecl-ine in the

relative slze of the transactions of the central bank

compared with the market as a whol-e ,39 wrliLe the Commonweal-th

Government ad-opted a more fl-exible interest rate po1i ty.3+

Furthermore, it could be expected. that the increase 1n

rnarket activity probably applied., to some extent, over the

whote range of the term structure, so that the effect of

expectations should, show through over a longer foreca"st-

period. than the four years reported for 1954-68.

5.5.5 Tests of the Error-Learnins i\Íod-el-" 1960-68

The regression equatlon is now as foU-ov¡s.

t+j 
r 1,t t+j 

o 
1,+.,.1

'b = 26s27t28r...59

i = 1r2t35,,""52

This resul-ts in fifty two regressions each with thirty four

observations. The results for the regression analysis data

are reported. in tabl-e 5.10.

5-:å € nnafvsi._s_p-[_nqsuft s

As a resul-t of limiting the time-series to the 1960-68

perì-od, the values of the correlation coefficients for each

53, R.ofer Rose (1969, o. 155).

7+, Refer Arnd.t and. Ilarris (L965r pp, 203-8), and Lewis

and Ï[a]-lace (1971, p, I0),
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Table 5.10

Data froni ReEression Anal-vsis Yie1d. Curves

^ t*¡ 
o1,t = a.+b.8,+U.I Jr l

(a)
i

Constant term(b )R"gr"ssion
( stand-ard error coeffieient( c)
in brackets) (stand.ard- error

in brackets)

Correlation
coefficient

Durbin-
\,riatson
test( d)

l-

2

1

+

5

6

7

B

9

l_0

1l_

T2

T1

I4

15

I6

0.0020 xx
( 0. 0003 )
0.0027 xx

( o. 0oo3 )
0,0027 xx

( o. ooo, )
0 "0025 xx

( 0, o0or)
0.0022 xx

(o.ooo3)
0.0020 xx

(0.0ool)
0r0018 xx

(0.000, )
0.0016 xx

(0.0005)
0.0014 xx

( 0.000r)
0.0012 xx

( 0.0005 )
0.0011 xx

( 0. 000, )
0.0009 xx

(0.0005)
0.0008 xx

( 0. 000, )
0,0007 xx

(0"0005)
0. 0006

( o. oool )
0.0005

( 0. 000, )

r,L920 x
(o .0567 )
I,T062 X

( 0.0658 )
0,9905 x

( o. oo4o )
o,B7B7 x

( 0.06f7 )
0.7756 x

( 0, 0608 )
0,6853 x

( 0.0611)
0,6052 x

( o.0621 )
o,5536 x

( o,0655)
0,4720 x

( o. 0648 )
0,4173 x

( 0.0658 )
o,3688 x

( 0,0667)
0,3266 x

(0.067)
0,2908 x

( 0, 0675 )
O.2572 x

( 0.067 5 )
0.2298 x

( 0.0674 )
0.2055 x

( 0. 0671 )

0,9656

0,9478

0,9391

0,9291

0,9f41

0,8927

o,8647

o.8296

0.7900

0.7 +6+

0,6990

0,6513

0,6057

o.55BB

0,5163

o,+7 6r

r.7 2

l_. 89

f.84

L.75

r"66

f .58

L,52

r.+7

L, +4

L. +3

L. +4

l, +6

1.48

1.51

L,53

r,56
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Tabl-e q .10 ( Cont, )

1
U

constant term (b) o"gt".*ior, 
(t)

(al (standa"rd- error coðfficient Correlation
in brackets) stand.ard- error coefflcient

n brackets)

Durbin-
\tratson
test

(
i

T7

1B

a9

20

2I

¿¿

21

2+

tq

26

27

28

29

30

'L
32

t3

34.

35

76

17

0.0005
( 0. 0005 )
0.0004

(o.oo0l)
0.000,

( o. ooo5 )
0.000,

( o. 0005 )
0.0003

(o.ooo5)
0.0002

( 0.0005 )
0.0002

(0"0003)
0.0002

( 0 .000, )
0.0002

(0.o0or)
0.0002

( o. ooo3 )
0.0002

(o. ooo7 )
0.0002

( o. oooS )
0.0002

(0.0003 )
0.0002

( 0, 0003 )
0.0002

( o. 0005 )
0.0002

(o. ooo3 )
0.0002

( 0. 000, )
0.0002

(0.0005)
0.000J

(o . ooo7 )
0.0003

(0.0001 )
0.0005

(o. ooo3 )

0,1840 x
o.0663)
0.1667 x
0. 0658 )
O .I5I3 x
0,065+)
0,1369 x
0. 0644 )
0.1285 x
o,0679)
0.l-IBl- x
o.o6t2)
0.111-6 x
o. o628 )
0.1058 x
o .0620 )
0. 1018
0.0620 )
0. lo04
0.0615 )
o.0973
0.0617 )
o.0967
0.061-4)
o.og7g
0.0613 )
0.1001_
0.0615 )
0.0992
o.o622)
o.r0t6
0.0623)
0,1057
0.0610 )
0 *l-085 x
o.0632)
0,11-34 x
o.0639)
0.l-175 x
0.0645 )
O.l2I7 x

(0.0647 )

(

(

(

(

(

(

(

(

(

(

(

(

(

(

(

(

(

(

(

(

o.++05

o,+077

0.778+

0.15t9

0,1552

O,3L7B

o,2996

0,2887

0.2788

0,277 +

O,2688

0.2684

0,2719

0.2765

0,2715

0 .2820

o.2B+4

o.zgot

0.2995

0.3066

o.3L45

1.59

L.60

r.62

r,64

r,64

r.67

1,6B

r,69

f .69

r,7 2

L.7 6

l_.78

l_. Bl

1.82

1.87

1.90

L,g5

l_. gB

2.oo

2.o3

2.o9



-18:r--

Table 5.10 ( Cont. )

i (a)
constar:-t t""r(b) Regression (c)
( stand.ard error coefficient Correlation
in brackets) (stand.ard. error coefficient

in brackets)

Durbin-
Watson
test

1B

39

LAI

+t

42

43

+4

+5

+6

+7

/-R

4.9

50

51

52

0.000J
( o. ooo7 )
0.0005

(0"000r)
0.0004

(0.0007 )
0.0004

( o. ooo5 )
0.0004

( 0. 000, )
0.0004

( o.0o0r)
0.0005

( o, o00r )
0 

" 
0005

( 0.0005 )
0.0005

( o. oooS )
0. 0005

( 0,0005 )
0.0005

( o. 000, )
0.0006

( 0. 0005 )
0.0006

( 0.0005 )
0.0006

( 0.0005 )
0.0006

(0"000r)

0,7213

0.372+

0.135r

o,7465

0.7591

0.7607

0.77 +0

o.3B5I

0. JB6B

o.4oL2

0.4078

o.+ro3

o.+278

o.4295

o.+376

2.o9

2,r2

2.16

2.1+

2,1-B

2,20

2.L9

2,lB

2,20

2,L7

2.17

2,L4

2,I4

2.L0

2.06

0.L257 x
( o. 0655 )
o,I3t5 x

( o. o66o )
O.I74I x

(0"0667)
0.1401 x

(0.0670)
0,1458 x

( o. 0678)
O.I4B1 x

( 0.0676 )
0,l-542 x

( 0. 0680 )
0.1604 x

( o. 0680)
0.1-61-4 x

(0.0677)
0.167 6 x

(0.0675)
0.1705 x

( o. 0680 )
o.r75l x

( 0.0670)
0,1795 x

( o. 0670 )
0. l-804 x

( o. 0670 )
0. l-845 x

(o.0670)

(a) Number of quarters later than ú to which forward. rate
refers,

(b) Significant terns at the 5 per cent level of confid.ence
using a two-tail test are marked. xx.

(c) Significant terms at the 5 per cent level of confid'ence
using a one-tail test are narked x.

(d) Regressj-ons displaying signs of autocorrel-ation are marked
x. The crucial 1owôr bound of the Durbin-lVatson statistie
below whleh au.tocorrel-at,1on is significant 1s I*59,
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of the fifty two regressions have rj-sen. There is no evidence

of autocorrelatlon in any of the residuals. This supports

tlie contention that the infl-uence of expectations on the

term structure in general has become more important j-n

recent years as a result of the growth of the capital market

and. the decl-ine in relative importance of the central bank.

The other i-mportant point to note from table 5.1-0 as

conpared with -babl-e 5,9, is that the number of early

regressions reporti-ng significant regression coefficients
increases from the first fifteen to the first twenty four.
This evidence is not j-nconslstent with the hypothesis that
the growth of the bond rnarket during the nineteen sixties
saw the active market in short-dated. bonds spreading to

bonds of longer term to maturity, along with relatively less

control over yields by the central bank. Consequently, the

expectatiorrs of private transactors in the bond market show

up as significant for forecast-periods of up to six years

lnto the future, compared rrr¡ith four years for the L95+-68

period.

The correlation coefficients from table 5.1-0 do not

decline consistently throughout the entire tern of prediction:

see figure 5.4 bel-ow. Once again it seetns probable that, âs

with figure 5,2, the upturn in the graph is due to the

presence of sampling fl-uctuationsr âs are the significant
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Fieure 5.4
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regression coefficients for regressj-ons thirty four to fifty
two in tabl-e 5.f0. A possible alternative explanation of these

significant regression coefficlents, is that they are d.ue to

transactors I expectations dorninating the rel-evant sectlon

of the yield curve. However, this section approximates the

maturity range of eight to thirteen years, and-, to the

writer?s knowled.ge, there is no evidence of a^n active market

for bonds of these naturities that is relatively free from

central- bank control".

5.6 Summarv

In this chapter has been presented. a serles of tests of

the error-learning ¡lod-eI. The results using annual d.ata for

the period. 195+-68, while giving some support to the

trad-ltional- expectations modeI, do not compare favourably

with Meiselmanes results based. on U.S. d.ata. Tests uslng

annual- cross-Sectj-on and. quarterly time-series were carried

out in order to increase the observations for the regressions,

but the tests suffer from the presence of autocorrelatlon

of the regression residuals. This problem was overcome by the

use of quarterly tj-ne-series data, but a paucity of observat-

ions of three-month spot rates prevented a proper test.

Consequently, a test was d-evised. incorporating a forecast-

error term based. on one-year forward rates, observed.
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quarterl-y. The resufts of this test support the general

findings of the annual tests, índicating the significance

of market forecastS based. on expectations Of future rates

of up to four years into the future.
In ord.er to exa¡nine whether the influence of the eentral-

bank in the bond. market had prevented. forecasts for longer

perlod.s from determining the rel-evant sections of the term

structure, a more l-imited test period, 1960'68, was exanined,

with the result that the significant period increased from

four to six years into the future. As the bond. market

became more actj-ve 1n the osixties, this resul-t is consistent

with the argument that the influence of the central bank

over bond" yields has decl-ined- for securities of longer and

longer tern to .nraturity.
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CHAPTER SIX a--CONSTRUCTI0N -QI- YIELD

CURVES- 4ND ÎI{E ERROR-I]EARNING MODE!

6J Introductign

An irnportant finding whlch emerges from the results

reported in cliapter five, concerns the effect of different

method.s of construction of yield curves on the tests of the

êIrol-Learni-ng mod.el-. A debate has been carried. on in the

literature concerning the most appropriate method. of

construction of the yield cur.ves that are used in tests of

the error-l-earning models see Grant (I964a and 1964b)t

D. Fisher (196+), (1966) and, (L967), Buse (1967a and 1967b)

and. (f968), and Ï[a1lace (]-969).

Grant (I964a) criticises the MeiseJnan (L962) resul-ts on

the ground- that they are bascd. on suspect data.

In particul-ar, Grant consid-ers that the smoothing of yield

curves by Durand. is I'artificialri, and makes the resul-ts of

the tests of the error-learni-ng nod.el as reported by

Meiselman highly suspect. Ðstimates of forward rates are

extrernely sensiti-ve to relatively sna"l-l changes in the

val-ues of spot rates, and Grant argues that the smoothing

process ad-opted. by Durand. 1s not cond-ucive to accurate

estimates of spot rates, Consequently, the forward- rates

d.erived from these spot rates are suspect, âS are the resul-ts
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of the error-l-earning model-. Grant enploys yield curveg

constructed by ]inear interpolation of U.K. d.ata as the

basis for a test of the error-l-earning model-. The resul-ts rÉ

give l-ittle support to the trad.itional expectations mod.el.

Grantrs results are questioned by Fisher and. Buse. Fisher

(l-96+) argues that linear interpolation does not allow for

the effect of varying coupon rates on yields. That is, the

u5e of linear interpolation ignores the presence of errors

of the first type caused- by varying coupon rates: see

chapter one, pÞ. 25-28 above. Yet it is assumed in thc

cal-culation of forward rates that ere required for tc'sts of

the error-l-earning mod.el, that regular coupon paynents are

zero, Hence, while a smoothing process may or may not

compensate for the coupon effects, linear interpolation

d"oes not.

This criticism by Fisher can be extended to cover aL'L

errols of the first type, and. not so1ely those that are due

to the presence of varyi-ng coupoll rates. Fisher carries out

a -best of the error-learning mod-el- employing yield- curves

that are constructed by free-hand- smoothing of U.K. d.ata,

and obtains results that are favourabl-e to the traditional

expectations model.

Buse (1967a) al-so obtains favourable results froro the

error-learning mod-eJ using smoothed. U.K. yield Cü1'V€S¡
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However, he argues that whether or not snoothing is correct

theoretically, the use of smoothed curves ensures good.

resul-ts from the error-l-earning mod.eI, provid.ed. only that

short rates fluctuate more than long rates and in the same

direction. The good- resul-ts are due to the pattern of

forvrard rates associated with any smoothed. yield curves,

a pattern which approximates the shape of the yield. curve

itself.
As a test of his hypothesis, Grant jumbles up the snoothed

yield curves j-nto a rand.om ord-er and renrns the regresslon

tests of the error-learning nodel. The results show higher

values for the regression coeffj-cients and coefficients of

determination than those obtalned. from the tests employing

chronologlcally-ordered yield. curves. Buse concl-udes as

foll-ows.
I'The IVIeisel-¡ran model is consistent with any
set of srnoothed. yieÌd curves in urhich the
short and long rates move together but in
whlch short rates show a greater variability.
The eorrect chronol-ogical order is not vital
to the result. The nodel cannot, thereforet
be consid.ered. a useful- test of the expectations
theory because it d-oes not discrlmlnate
between the behavior of j-nvestors acting on
Meiselman postulates and, al-ternative
formul-ations which are consistent with the
same pattern of observed- rates. The consistency
and strength of the correl-ations may or tnay
not be relevant. Meisel-man results woul-d- be
implied by any set of yield curves, even if
the type of investor behavior which Meisel,¡ran
assumes dominates the yield curve did not
exi st , rr Buse (L967 a, p . 61 )
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Wal-l-ace (L969 ) has since shovnr that Buse's eontentj-on

that correct chronological order of the yield curves is
not vital to the results from the error-l-earning mod.el,

1s based. on I'an irrel-evant and incorrect comparison of

coefficients of determination" (p. 52+). Vtlall-ace suggests

that comparisons of predictive power shoul-d- be based on

comparlsons of mean-Square prediction errors, ra,ther than

of coefficients of determination. When he ran such a test

he found. that the chronologically-ordered. yield curves

gave the better pred-ictions a finding that is in direct

contrast to Busees conclusionso

Wal-l-ace suggests that the production of high values

for the coefficients of determination using randomly-

ord.eretl- yield curves as reported by Buse, 1s d-ue to the

presence of the one-period spot rate in all the experiments.

No matter how the curves are ordered, this rate at tine ¿

( åt,t ) is used- as an explanatory varlable of the yield

curve at time t. Consequently, it nay be that the

explanatory power of this variable afp¡e is enough to

ensure high values of the coefficients of determination.

The questions raised above concern fÍrst, whether

snoothing is preferable to l-inear interpolation in the

construction of yield curves, and. secondJ-¡r, whether high

val-ues of regressíon coefficients and. coefficients of



_190-

d.eternination in tests of the errror-loarni-ng model are

assured. by the use of smoothed- curves, in which short and

long rates move in the same d.irection with short rates

having the greater variability. Evidence fron the tests in

chapter five concerning these two q.uestions are reported. i-n

the followj-ng sections.

6-.2 Smoothins versus Linear Interpglation

Technlques for constructing yield curves are described

in chapter one above, It is pointed- out there (pp. 33'15)

that linear interpolati-on invol-ves the implicit assumption

that observations are completely free of type-one errors.

These errors are discussed in chapter one above, and. it is

apparent that they are present in the data that is used for

the regression tests in chapter five. As mentioned by Fisher

(L964, p. +L3) 1n connection with coupon rates, a smoothing

process may or may not reduce these errors of the first

type, but l-inear interpolation d.oes not. Evidence on this

matteï is prod.uced. by comparing the results of the regression

tests in chapter five for the 195+-68 period, with that

presented. bel-ow for 1960-68.

In tabl-es 5.5 to 5-7 on pp, 155-57 above are reported the

resul-ts of tests of the error-l-earning model uslng quarterly

time-series and- annual cross-section data, the results in
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each table being based on a d.ifferent set of yield. curves.

These three sets of resul-ts are not as close together as are

those for tabl-es 6.1 to 6,7 bel-ow which conta.in the results

of conparable tests for the perì-od 1960-68. It is suggested.

that this is d.ue to the cfoser confornity of the three sets

of yield- curves in the l-atter part of the cornplete tine-
series as compared with the forner.

As a wider range of bond. riraturities became available j-n

the nlneteen-sixties, the scatter of observations avail-able

for the construction of yield curves carne closer together,

Consequentl-y, less interpol.ation 1s necessary between

observatj-onsr so red.ucing errors of the second. type.

Furtherrnore, errors of the first type are reduced. as the

inarket becomes more perfect. This red-uction in type-one and

type-two errors all-ows the yield curves constructed by

linear interpolatlon and free-hand- srnoothing to becorne more

and- more srnooth a

The end result, therefore, is that as the tirne-series

comes to an end, the curves constructed by l-inear

interpolation and free-hand. snoothing cone more-g.nd--r4olee tq

, Irt order

to illustrate this, the yield. curves for the rnonths of
i\,[arch I95+, 1958, 1962, and f968, using the three sets of

data, are graphed- 1n figures 6.1 to 6.8 below. The d.ata used

can be found. in Bl-och (1972, tables 2.1 to 2,5).
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Table 6.1.

l-n

Ttata from Regresslgn Analvsis Yield Curves

^ t*4j 11,t

a1e

+ b.E, + U.
It J

a,

(")
J

constant tet*(b)
( stand.ard error
in brackets)

Resressi-on t
ä;ãi;i;ii"¡( c )
( stand.ard error
in brackets)

Correlation
coefficient

I
¿

7

A
'f

5

6

7

B

9

l_0

11

0.0033 xx
(o.ooo5)
0,0027 xx

( o; oooS )
0.0022 xx

( 0;0004 )
0.0018 xx

( o. ooo4)
0.0015 xx

(o,o0o4)
0.0017 xx

( o. ooo4 )
0.001J xx

( o. ooo5 )
0.0012 xx

( 0; 0005 )
0.0015 xx

( o. ooo5 )
0.001{- xx

( 0. 0oo5 )
0.0015 xx

( 0.0005 )

0
(o

0
(o

0
(o

0
(o

0
(o

0
(o

0
(o

0
(o

0
(o

0
(o

0
(o

,8379 x
.9768)
.6699 x
,o+57 )
.5494 x
.0486)
,+625 x
.o5L+)
,7999 x
.0551)
,3552 x
.0551)
.32+7 x
;0571 )
.7046 x
.059+)
.295r x
.06f7 )
.2876 x
.o678)
.2882 x
.0658)

0,977r

o.g+3+

0.9027

0,8579

0. 812l_

o ,7 675

0,726r

o,6896

o.66r+

o.6+17

0.67L7

(a)
(b)

Number of years l-ater than t to which forward rate refers.
Significant terns at the 5 per cent l-evel of confi.d.ence
usj-ng a two-tail test are marked xx.
Significant terms at the 5 per cent l-evel of c.onfide-nc;e,
using a one-tail- test ar.e marked. xe,

(c)
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Ta.ble 6-2

Data from Free-Hand Smoo-thed, Yield Curves

Â
t+4j

a11 t + b.E. + u.Ir l

f")
J

constant t""*(b)
( stand-ard. error
in brackets)

Rcg{glslot. r ,. ¡coefflcient\ "
( stand.ard. error
in brackets)

Correl-ation
coefficient

0,96l-6

0.8321

0. 8681

o.B++g

0.8412

0.82+7

o,7797

0.7008

0,6506

o.5266

o.+BL7

1

2

3

+

5

6

7

B

9

10

1l-

0.0031 xx
( 0.0004 )
0.0016 xx

( o.0oo5 )
0.0016 xx

( o. ooo4¡
0.001-9 xx

(o. ooo4)
0.0020 xx

( 0, 0004.)
0.001-7 xx

( o. ooo4)
0. O0l-B xx

( o. ooo4)
0.001, xx

(0.ooo5)
0.0015 xx

(0.0005)
0.0011 xx

( o. ooo5 )
0.0008

( 0.0006 )

0.8507 x
(0.0451)

o -5455 x
( 0.0672)
0.5090 x

( 0.0541 )
o,4835 x

(0.0568)
o,+5+g x

(o.o547)
0,++05 x

( o .0561 )
0.3704 x

(o,0552)
0.5339 x

( o. o6t1 )
0"2878 x

(o,o62+)
0.2]-9l- x

(0.0657)
O -2L42 x

(0.0724)

(a)
(b) gni

ing
gni
ing

fican
Number of ears l-ater than t to which forward. rate refers.

terms at the 5 per cent level of confidence
vtsi

11S(c) si
a two-tail test are marked xx.

flcant terms at the 5 per cent level of confid.ence
a one-tai-I test are marked. x.us
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Tabl-e 6.e

Relati-ons Between Annual- ChanEes in One-
vear Forward. Bates (observed each quarter)

Data fron Linçarly-fnÍelpolated Yield, Curves.

À t*4¡o1't = oi + b'Et + u'

(a) constant tu"r(b)
( stand-ard errorin brackets)

Regression I ^ìcoefficientt "'
( stand.ard error
in brackets)

Correfation
coefficlenti

t
2

3

+

5

6

7

B

9

10

l_1

0*0056 xx
( o. 0006 )

0.00t_5
( 0.0008 )
0.001-7 xx

(0.0007)
0.0022 xx

(o.ooo6¡
0.001_,

( o. ooo? )
O.OO72 xx

( o. ooo7 )
0 .0011

( o. ooog )
0.0019

( o. 0o1t_ )
0. 001_2

( 0. 0oo8 )
0.0007

( o. 0oo5 )
-0.0001
(o.ooo8)

O.8322 x
(0.0676)

0 .49L4 x
(0.0925)
O.+Il-9 x

( o. oer4¡
O.54O7 x

( o. oToo)
o.4704 x

( o. oB52)
0,3857 x

(0;0797)
0.3929 x

( o.l,l_f 2)
0.3647 x

( o .1514 )
0.2019 x

(o.og35)
0.l-559 x

(0,0657)
0,124.8

(0.0916)

o.9L67

o.7022

0.68+6

0.7972

o,7157

0. 6684

0.5+8+

o.+582

0 ,37 2r

0 .4138

o.2+57

(a) Number of years later than tto(b) Significant terms aI, the 5 per
using a tv¡o-tail- test are marke(c) Significant terms at the 5 per
using a one-ta1l test are marke

which forward. rate refers.
cent level- of confidence
d. xx.
ent l-eveL of confldence

X¡
c
d
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FiEure 6.1
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broken line and. the linearly-interpolated curve by the
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FiEure 6.2
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FiEure_ 6.<
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FiEqre 6.4

Yiel-d Cqr,ve Constructed
bv ltree-Hand S¡roothinE
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I'ieure 6.5.

March 1962
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Fleurq 6.6
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FiEurq 6.7

March la68
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FiEure 6.8

Yiel-_d. Curve Cons_tructed
bv Free-Hand Smoothine
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It can be seen th.at the three types of yield. curves

become increasingly simil-ar over the test period.. iffhereas

the linearly-interpolated yield. curves appear quite jagged

early in the time-series, by 1968 they closely resemble the

curves constructed, by regressj_on analysis. These results
demonstrate the inad.visability of constructing yield curves

i-n a manner that al-lows the curves to foll-or,v closely the

raw observa.tions, where these observations are knovm to

contain erïors of the first type and. potential- errors of the

second- type, Irr particul-ar, the use of li-near interpolatlon
to construct yield curves for the earl-ier years of the time-

scrie s is most questi-onable.

It follows that the results of the tests of the error-
learning nod-el are more susoect for thegc__reasons, when

based on yield. curves constructed by l_inear lnterpolation,
than are those resul-ts based, on cuïves constructed- by

regressj-on analysis. Whether or not it can be conclud-ed that
the results from thc latter tests can be held. with more

confidence ove_rall, depends on the strength of Buse,s

argument that ang snoothed. curves that are used as basic

d-ata for the error-learning model- will provide favourable

results, provided. only that short and long rates move together,
with short rates showing the greater variability. This

argument 1s examined_ in the follovring section.
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6.3 Smoothed Curves anal the trlrror-Learnins lVlodel

In chapter five above (see pp. 158-67) are reported- the

results of a test of the error-learning model using

quarterly cross-section and time-series clata. It will- be

recall-ed that the first observation ( q ) in two-thirds of
the yield curves used. for the test was obtained by

extrapolation and. so regartled. as highly suspect as an estinate
of the rrtrue, value. rf Busee s argument holcts, then despite

these suspect ftt values, the test of the error-l-earning
model should. still- have procluced. good, results, because the

d.ata comes from a time-series of yield curves where short
and long rates move together, and. where the fluctuation is
greatest in short rates. This can be seen froro figure 7,2
on p. 2!4 bel-ow, Howeverr &s ind.icated in tabl-e 5.8, the

resul-ts are very poor. It is argued, therefore, that these

results are inconsistent with Buse¡s argument, and. that they

lend. support to the validity of the error-learning mode1.

One further possible criticism of the error-learnÍ-ng

model needs to be examinecl before it can be concluded that
the mod.el is a val-id test of the traditional expectations

theory. lilallace (1969), in criticising Buse (tgala), conments

that the prod.uctiorr of high values of the coefficients of
d.eter¡rination in the tests rr-rn by Buser mâX have been due

primarily to the presence of the fi., values in the forecast-
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error term of all the tests. That is, the explanatory

power of the one-period. spot rate alone_ rnay be sufficient
to ensure high values of the coefflclents of deternlnatlon.

If this is the case, it funplies that the good results
obtained. fron the error-l-earning rnodel- are not necessariÌy

d-ue to the type of behavi-or proposed by Meiselman.

Evidence concerning this matter is provlded by the

resul-ts 1n section 5"5 above (see pp. 167-75), In order to
overcome the problens caused by the presence of suspect Rl

values in the quarterly d.ata, the error-l-earning mod.el- was

reformulated by employing a forecast-error term based. on the

one-year spot rate (ft+ ) rather than on the three-month rate
(fi1 ), wh1le l-eaving the clepend,ent term expressed in terms of
three-month forward. rates (see equation 5.9 on p. 168). The

three-month spot rate is stil-l invofved in the forecast-error
term via the one-period forward. rate (see pp. 166-67), but

obviously its lmportance is much red-uced compared with its
infl-uence in the forecast-error term used for the tests in
section 5.5 (see equation 5.6 on p. l-61).

According to V[al1ace's argunent, mi-nimlsing the influence
of the R, val-ues may well have resulteci in poor results for
the regression tests reported_ 1n tabl-e 5,9 (pp. L6g-7I),
Howeverr âs discussed- in section 5,5,+, the results give

good support for the existence of the type of behavlor that
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is postulated by MeiseLman, especially when the influence

of the central- bank in Australia over the yleld curve Ís

recognised. ì[hi]-st minimising the influence of the 8., values

in the error-l-earning nodel is not su-ffisl€nt evidence to

invalid.ate Vllall-acers theoryr âs some spurlous correlation

may remain, these resuLts do glve some indirect evidence on

the matter.

6.+ Srunmarv

In this chapter the validity of the use of smoothing

procedures for the construction of yield curves has been

d.iscussed. Evidence has been produced to demonstrate the

ad-visability of srnoothing when large errors of the first
type and potential- errors of the second. type are present,

as is the case with the early Austrah-an data,

In acldition, a criticism of the error-l-earning nrodel by

Buse (1967a) has been examined, and. evid.ence produced that

contrad.icts his argument. In particul-ar, it has been shown

that smoothed. curves of the type described by Buse d.o not

necessarily ensure good- resul-ts from the modeI.

A further criticism of the error-l.earning mod.el-, this

time by lira]lace (1969), that good. results from the rnodel-

d.epend on the presence of 8l values, is given an ind-irect
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test that throws d.oubt on the vaLldity of the criticj-sm.

It is conclud.ed. that the ability of the motlel to give a

valid. test of the type of behavi-or proposed. by Meiselman

and by the traditlonal expectations theory, is supported by

the evidence produced. in this chapter.



- 208-

CHAPTER SEVEN: TIOUID]TY PREMIUMS

IN AUSTRAL]AN YIELD CURVES

7,1 Introd.uction

rn this chapter is presented a series of tests concerning

the existence of l-iquidity premiums in Austral_ian yield
curves over the test period. 195+-68. The trad.itional
expectations r:odel as outlined above (see pÞ. 116-20)

postulates th¿rt forv'rard. rates are rrnbiased estimates of
expected. future spot rates. rt will be recarfed from chapter

three above (see pp. l-01-r) tnat Hicks (r939c) rnod.Ífied the

trad.itlonal expectatlons theory in order to al-l-ovr for the

presence of liquldity premiums in the term structure.
Hicks suggests that liquidity premiuns are an increasing

function of term to maturity, and represent a compensation

to lenders for the risk i-nvol-ved in lending rnoney for other

than the shortest periocl. That is, the longer the period.

for which a l-oan 1s mad.e, the greater is the prelrium

required to conpensate the l-ender for the risk of unexpected

changes in rates in the future. Because borrowers prefer
long loans, the debt market suffers from a 'rconstitutional
weaknessrr, a state where, wlth given expectations and. an

equality of short and long rates, there is an excess supply

of long securities and an excess demand for short securltles.
Liquidity premÍ-ums will be paid on long securities in. order
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to attract fund.s to the long end. of the market. As a result,
forward. rates will- no longer be 'unbiased estimates of
expected- future rates, but rather will- overstate expected

rates by an anrou.nt that reflects these positive liquid.ity
premì-rms.

Hicks'0 theory of a ilconstitutional weaknessrr in debt

markets is sinril-ar to Keynes'(t950) work on normal

backwardatj-on, whereby positive liquì_d.ity premiurns again

lead to an upward--sloping yield curve. Nevertheless, it is
shown in chapter three above, that even if the debt market

d-oes display an aversion to risk, nothi_ng can be said. \7..

a prlori about the sigrr of liquidity premiums unless the

relative importance and length of definite compared. with
indefinite avail-ability period"s is known.

Ex 'oost evldence concerning the existence of Iiquidity
premiums 1n Austra]ian securities markets is presented, in
the fol-l-owing tests.

7.2 Co4stant Terms j-n the Error-L,earniaE MelLeL.

The first test is based on the results of the regression
tests of the error-l-earning mod.el presented in chapter five.
The existence of signlficant constant terms in the regression

equati-on At*¡o1,t = a + bUl¡ may be evid.ence of the presence

of liquldity premiuns. If the revision in forward rates
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^ t*¡o1,t cont¿rins a signiflcant constant faclor a which is
independ.ent of the error term bEl t then the constant factor

rûay refl-ect the presence of l-iquid.ity premiums. That is' if
forward. rate revisions do not respond. solely to reveal-ed

errors in past forecasts, it implies that other factois

besÍcles expectations may be an lnportant infl-uence on

forward. rates. And íf such a factor is constant when forward.

rates are revised. in response to reveal-ed- forecast-errorst

this factor may reflect the presence of liquidity preroiums

that are insensi-tive to reveal-ed, errors.

It can be seen from tables 5.f to 5.3r 5.9 and- 5'f0 on

pp. I+L-3, 169-71, and f79-Bl- above, that all of the

constant terms are posltlve. The absence of negative terms

coul-d be indicative of the presence of positive liq.uidity
premirms. Furthermore, the constant terms are significant

in the regressions relating to the shorter end of the yie1d.

curve. fn table 5.f0, for example, the first fourteen

constant terms are significant. The first fourteen regressions

relate to bond.s of up to approximately four years to naturity.

It is argued in chapter five above that this is the

approximate area of the yield. curve which has been most

sensitive to private trading over the 1960-68 period.

Therefore, forward rates derived from this section of the

yield. curve are most likely to refl-ect the invcstment
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behavior of private transactors as compared. with that of the

central- bank.

Consequently, if liquidity premiuns are present, they

can be expected to show most clearly in the regressions

relating to the first fow years of the maturity spectrr:n,

and this 1s the case with the results reported in table

5.f0. A simil-ar case can be mad.e for the results reported

in tables 5.f to 5,3 and 5,9, The appearance of significant
constant terms in table 5,9 for the last sixteen regressions

is probably due to the problem of sampling fluctuations
referred. to 1n chapter five above (see pp. 174-75),

The finding of positive and. significant constant terms

supports the existence of positive l-iquidity premiuns in
Australian yield curves. Simj-lar supporting evidence using

both U.S. and- U.K. data has been reported. by iÃralÌace (1964),

Van Horne (I965a) and Buse (L967a). Mej-sefman's results
(L962, p. 22), however, have both positive and negative

constant terms, all of which are insignificant, but [rood.

(1965) has d.ernonstrated that this is not necessarilJ¿

inconsistent with the exj-stence of liquidity premlums.

The absence of significant constant terms, while neccssary,

is not sufficient evidenoe for the absence of liquidity
premiumsr ås Vfood shovrrs that insignifj-cant constant terms

can be generated. cven where liquidity premiuns exist.
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In the next section, a test is carried. out in order to

d.etermine whether these prernì-ums are a firnction of tern

to rnaturity in the manner suggested by Hicks.

7." i\verese Yj-çJ{ Curve" 1954-68

A test for liquidity preniuns devised by Kessel (1965,

pp. 17-l-B) is based on the shape of the average yield. curve

over the cornplete tirne-series. An average yield curve for

the fj-fteen years from 1954 to 1968 is computed. by averaging

separately al-l the yield,s on one-year securitj-es, two-year

securities, and so on up to thirteen-year securities. The

resulting yield curve i-s shovnr in figure 7.I,
According to the trad.ltional- expectati-ons theory t àî

upward.-sloping yield cuïve refl-ects the marketls expectation

that interest rates in general will- rise in the fi.rture¡ ll[ith

respect to figure 7,I, therefore, the explanatj-on would be

that for the period 1954-68 as a whole, the market had

anticipated a rise in the general level of interest rates¡

A sinple test of this proposition can be rnad-e by empJ-oying

ex 'oost d.ata on rate movements over the period.. The actual

trend of rates Ís sho\¡m in figure 7.2 below, and- neither the

two-year nor the ten-year bond. rate displayed. any obvious

upv,lard trend over the period.

It could- be argued-, therefore, that to the extent that
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FiEure 7.2
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expectations of future levels of rates are based. on recent

past level-s, flgure 7.2 glves l-ittle support to the -"

hypothesis that transactors expected- a genere.l rise in rates

over L954-68. Arr al-ternative explanation of the general

npward--slope in figure 7.I is that it is due to the presence

of positive liquid.ity premirms, the premiums increasing in
absol-ute size with tern to maturity, but at a" declining
-no*a

7r4 Forecast:.Error Tern Biaq

Another test for Iiquidity premiums al-so based on Kessel

(1965r þÞ. l-B-19) concerns the frequeircy of hish estimates

of future rates as revealed. by the forecast-error term ln
the error-learni-ng nod-el. If posltive liquidity premiums

exist, forward- rates should be high estimates of future rates,

so that the difference between forward rate. (to,,tu ) and

corresponding spot rates ( 
".,,t ) rrillr on &Te_reg_e., be

positive. This neans that the forecast-error terms should.

have significantly nore mi-nus signs than plus signs, and.

their average should. be negative.

In tabl-e 7.f is reported. thc forecast-error terms

relating to the results in table 5,I (p.f41) based on

equation 5,2 (p.140) i the forecast-error terms for table

5.9 (pp. 169-7I) based. on ectruation 5,9 (p,168) are reported.

in tabl-e 7,2. It can be seen from table 7.I, that of the
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Table 7.1

(a)t R1 t 
11,tl R1,t t r1,t.1

t

I
2

1

4

5

6

7

B

9

10

11

T2

t3

r+

o,o7+7

0.0419

0.041-1

0.0400

o.0162

0.0408

0.o+54

0.0402

0,o7++

0.0410

0.0461_

0,o45't

o. o4o5

o, o42B

o. o41g

o,o+9+

o,0578

0.0489

0.o+55

o,o+zl

0,o477

0. 0498

o. o45o

o.o79r

o.0+56

0. 051-0

o. o5o9

o,0+66

-O'-0072

-0.0075

-o,ol27

-0 .0089

-o.0097

-0.0013

-0.0039

-0.0096

-0.01-06

0.00L9

0.0005

-0.0057

-0.0104

-0.0078

(a) t represents the yearly observations from Septernber
l-955 to September 1968.
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TabLe 'l .2

a

(a)
t R 4,t t 14,t-1 fr4,t - tr4,t-1

t_

¿

,'

+

5

6

7

CJ

9

10

11

T2

L=s

L+

T5

T6

I7

1B

o.o2g5

o.o2gg

o,030+

o.o2g+

o,ot76

0.o3+7

o,o15r

o,o3B3

o,o+z\

0.0419

0.0406

o.0427

0.0458

0.0411

0.0402

0"0402

o.o+o3

0.0400

0.0510

0,0528

o,o55+

o.o5+B

0.0365

0.0586

o,0+53

0.041-0

0.0440

o,o+7 4

o. o51B

0,0+52

0.0484

0.0464

0.0468

0,0+16

0.0+2+

0.0+25

-0.0015

-0.0029

-0 .0050

-0,0054

-0.0029

-0.0019

-0.0102

-0.0027

-0.0019

-0.0055

-0.0112

-0.0025

-o. o046

-0.0053

-0.0066

-0.o05+

-0.0021

-0.0025
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Table 7.2 (Cont.)

(a)
Rt 4,t to4,tr Ru,t - tr4,t-1

19 0.0786 0.0419 -o,oo33

20 0,0364 0.04f4 -0.0050

21 0.0773 O.O799 -0.0026

22 0.0362 O.O3g7 -O.-O075

21 O.Ot69 O.O5'.f g -0.0010

2+ O.O592 O,O57Z 0.0000

25 o. oJgl o. 041t_ -0.0020

26 0.0408 0.0410 -0..0002

27 O,057t 0.0440 0.009f

28 0,0523 0.059 5 -0,OO'lz

29 0.0496 0.0555 -0.OO5g

30 o .o47+ o :O5Ze -o. oog4

31 0.0408 0,0+67 -0.0059

32 0.0415 0.0440 -o,o025

53 0.0414 0.0441 -O.OO27

5+ 0.0402 0.0439 -o.oo57

35 0.0386 O,O+58 -O.OO52

36 0,0386 0.0409 -o.oo23

17 o,o35t 0.0415 -0.0064

38 o.o3++ o.o57o -0.0026

3e 
_ 

o.o7+5 
1,0561 :,0:2e
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Table 7.2 (Cont.)

(a)t
" n,a

rt 4,t-1
Rn,l t of,t-1

40

4r

+2

+1

++

45

46

+7

+B

+9

50

5I

52

53

5+

55

56

57

5B

0,03+2

0,o39+

0.041-0

o,o4L3

0,0+67

0.0460

0.0461

0.0458

0.046f

0.045f

o,o+53

0.041-2

0.0409

0.0410

0.0405

0.0419

o.o+5L

0.o+77

0.0428

o,o35B

o,056l

0,0+36

0,o+55

o.0+43

o.o49z

o.o+83

o. o50l

o. o49B

o. o5o7

0.0482

o.0491

0,o+++

0,0438

o.0+56

o.0477

0,0+66

0.,0487

o. o47B

-0.0016

0,0033

-o.0026

-0.0022

0.0024

-O.0032

-O.0022

-o.oo+3

-0,0057

-0,0056

-0.0029

-0.0079

-0.0ot5

-0.0028

-0.0011

-0. 0018

-0 rOO35

-0. 0050

-0.0050

(a) t represents the quarterly observations from June L954
to September l-968.
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fourteen error terms 1nvolved., only two are positive, while
the average error is -0.0063¡ 0f the fifty eight error terns
in table '1.22 only three are posltive, whlle the average

error is -0.0014. Both average error terms are significant
at the 5 per cent l-evel- of confid-enceo

Meiselnalr argues that errors' in forecasts do not
necessarily contradict the theory that forward rates are

unbiased estÍrnates of future rates. Forecasts nay be

inaccurate yet still d"etermine the term structure. However,

there shoul-d be no mean blas present in that case, but a

mean bias is revealed by the resur-ts 1n tables 7,r and.7iz.
This evld-ence nay well be ind.icative of the presence of
liquidity premiums,

7.5 Summa.rv

rn this chapter has been presented a serles of tests for
the existence of liquidity preniums in Australian yíeId
curvesr The concl-usj-on reached. is that positj-ve liquidity
premiums d-o exist, and. that they increase in size with term

to naturlty, though at a decreasi-ng rate. These resul-ts are

consistent with the existence in AustraLia of a

'rconstitutional weakness, in debt markets, especially when

combined. with the favourable resul-ts reported in chapter

flve concerning the ì_nportance of expectations.
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