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‘INTRODUCTION;

The subject of de0151on maklng under condltlons of
risk has been researched by many‘economlsts. .The works of"r
Kenneth Arrow, Eugene Fama,vEdmund Phelpe, Agnar'Sandme,‘v
James Tobin and others have examined the‘effect of risk_on
the decision—makingvprocess of 1nd1v1duals.l Specifically,'
their analyses have been on a theoretlcal le&el and theiri
efforts have analyzed consumption and 1nvestmentAdeciSiona
under conditions of risk. The comparative static analysis:
of risk and, more importantly, the changing pereeption of
risk, has led to certain conclnsionsvabeut the aliocation
of wealth among alternatiﬁe assets baseddon»the aseumption
of risk aversion. However, there have been few attempts‘
to empirically test these conclu51ons in a manner which is
consistent with the theoretical analy51s.

If individuals do perCeive a change in riski and if

they act upon these changed perceptions, then it would seem

lkenneth Arrow, Essays on the Theory of Risk Bearing -
(American Elsevier, 1970); Eugene Fama, "Multiperiod
Consumption and Investment Decisions," American Economic .
Review 60 (March 1970): 163-74; Agnar Sandmo, "Capital Risk,
Conumption and Portfolio Choice," Econometrica 37 (October
1969): 586-99; Edmund Phelps, "The Accumulation of Risky
Capital: A Sequential Utility Analysis," Econometrica 30
(October 1962): 729-43; and James Tobin, "Liquidity Prefer-
ence as Behavior Towards Risk," Rev1ew of Economic Studies
25 (February 1958): 65-86.




plausible to include some measure of risk\as'aFVariable in

an empirical investigation.‘VBriefly, this isxthe variable

risk hypothesis,whichvwas firstbproposed-by Vittorio BOnomo
in an application’to'aggregateﬁconsuﬁption.? There, riSk'

entered the model as the confldence placed in expectatlons

and the effect of changes in. rlsk on the average propen51ty
to consume ‘was estimated. |

The purpose of thls dlssertatlon is to place the

varlable risk hypothe51s in perspectlve with the risk
literature and to extend the scope of the,varlab1e~rlsk
.hypothe51s to another appllcatlon——spe01flcally, the
term structure of 1nterest rates.

We w1ll suggest a reasonable measure of rlsk and then r_b
emplrlcally test to determlne (l) whether thls measure is
appropriate, and (2) whether rlsk'can explaln ‘the movement.z
of economic variables over time. In addition to,testingv
the variable risk hypothesisjon its own‘merits; we will use
. the variable risk hypotheSis to test various hypotheses:
‘based on the prevalllng theorles about the term structure.~
If the variable risk hypothe81s is a valid one, 1t should
not be dependent upon'the partlcular measure used in'any
one application. This 1s not to say that all measures would

serve equallvaell. There should be some justlflcatlon for S

2Vlttorio Bonomo, "Varlable Risk and Aggregate Consump-
vtlon Behavior" VPI&SU, October 1975 (mlmeographed)
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a barticular measure based on acceptable thebry; >If risk
is a sighificant explanatéry‘ﬁariable, then it could bé 
i~ar§hedvthat previous’work‘has;béén éktended and, to the
extent that the risk variable is ébrrélaﬁgd‘with,includedA
variables, has beéh‘suSceptible fo biééed‘eétimates'of

coefficients.

Plan of the Dissertation

| Chépter I will sumﬁarizeithe differehtlanalfseS df thé 
effect of risk by Arrow and Tobin. ,Thé~purpos$ is to show“k
that the effect of risk has been theoretically‘researched'
‘and to introduce the concepf'Of‘a moving_inforﬁation set
as a»means of arriving éf a measure of pércéiﬁéd7risk. An
’iliustrative example ihcbrporating risk ‘as a_variéble into
a model, based on Tobin’s‘analysis, will be given fo'sth
- that this concept can be eaéily introduced into current
models.

Chapter II contains the resuits from an exploratory -
first test‘of the variable fisk hypotheéis in'an-application
to the term structure of'intérest rétes. The empirical
‘research done'by\Meiselmah.wiil be summariéed first.’vThen'
the criticism offered by Kessel will bebfeViewed as the
- argument is develbped thét the exéluSion of vafiable risk:
by both authors could lead to a different conclusién about
the merits of the ékpectations, liquidity premium, and term

premium theories about term structure. The conclusions



reached will depend on the performance of variable risk in
explaining the difference between the actual and forward
rates. | "

Chapter III extends the analyses of.ChapterfIIVto
include corporate bonds of a longerlmaturity and shows that-
the measure of variable risk performs better as:the term'to
maturity increases. | e |

Chapter IV contlnues the approach of using the -
varlable risk hypothes1s w1th1n the context of the prevalllng
term structure theorles by_test;ng the segmented markets
hypothesis. If this theorY-is correot}:there should be
separate and dietinctrmarkets for bonds of different‘
maturities With no crossover of effects’from’other.markets.v,'
Specificaliy, I test.for the effects of risk on one maturitjv'
in the market,for.aibond of e different maturity.

Chapter A% takes'the opposite approach to that‘of
Chapters II and III, ahd it attempts to’provide fﬁrther
tconfirmation or refutatioﬁ of the results of thoSe chapters;'
We specify a naive model which is in diredt-opposition to
the more sophisticated approach presented'eerlier- The
test is then to see whlch approach performs better.z

Chapter VI presents some final comments and suggestlons

for further appllcatlons..



CHAPTER I

THEORETICAL ANALYSIS OF RISK AND

THE VARIABLE RISK HYPOTHESIS

In this chapter;'We7presenE,theanaliees_of Arrcw
uand Tobin on the effect ofichangesain perceiued r-isk.l
'The’purpcse:is tokesfablishiaftheoretical backgrcund for
the variable rlsk hypothes1s derlved from utlllty max1mlzlng
2‘postulates. Arrow s- analy51s is a reflnement of Tobin' s,‘
but the two works agree substantlally on the effect of a ;
- change in perce;ved risk. We are spe01f1cally 1nterested
in theieffect of changes in perce;ved rlsk, and for<that
purpose we‘willvccncentrate cn.SUmﬁarizing:the_analysesfcf,‘
the changeiiu riSk aﬁd the neCeSSary»assumptions in their
models which iead to:their‘ccucfusions. We do nct_intend.‘
- to add to the body Qf‘theoretical‘analjsis cf risk; ArrOW'sffvv
‘work is summarized Eecause itcis a further refinement of
Tobin's, and we 1nclude Tobln s because the measure of rlsk.
used in thls dissertation follows from hlS measure. Prevlousfi
: workSgtestlng‘the-varlable-rlsk;hypothe51scw1ll then be
summarized; and fhe moving‘ihformatiou‘set,w1ll_be-1ntroducedf

Finally, a model based on Tobin's analyeis of liquidity

lSee, Arrow, Risk Bearlng, and Tobln,‘"Liquidity-
Preference.




preference w1ll be glven to demonstrate that the varlable o

’rlsk hypothesis can’ be ea51ly 1ncluded in current models.‘v"n

The Contrlbutlon of Arrow ,

Arrow has analyzed the effect of rlsk when an
individual is_facedeith theddecisiOn'of dividingfhis
wealth between tWoidifferent‘assets.?, The first”is monej}'hﬁy’
which is a riskless asset. that does not have a pos1t1ve |
yield, and the second is a rlsky asset whose yleld 1s a

'random variable. The 1nd1v1dual-must-choose what propor-h*
”'vtionvof'his initiaI’wealth to‘hold‘in each'asset;fiHe is'
dpostulated to max1mlze an expected utlllty functlon of

the form'
“max E[U(Y)] S

‘where 1 )
E[U(Y)] is the expected utlllty of . wealth
Arrow takes exceptlon to Tobln S formulatlon,‘ab
'quadratlc utlllty functlon, and he argues that the utlllty
function must be monotonlcally 1ncrea31ng as well as
: bounded and strlctly convex.> In thlS manner, thevlndividUalff
is faced with the famlllar constralned max1mlzat10n problem.J
Risk is 1ntroduced 1nto the utlllty functlon by means -

ofvthevrlsky asset. _Flrst, income is deflned‘as

2

Arrow, Risk Bearing, ch. 3.



Y=a(l+R +@-a, (L2
 where
A = 1n1t1a1 wealth

a =;amount 1nvested in the rlsky asset, and

R #,rate of return on the rlsky asset, a randomj
- variable. . : o ~

o Simplifying-the equaticn (l;2):Yie1ds“"

QvSubstltutlng into equatlon (1 l) ylelds the 1nd1v1dual s.hf

h'expected utlllty functlon whlch is to be max1mlzed.3

Arrow then analyzes the effect of . rlsk by changlng the
'dlstrlbutlon of R, the random yleld varlable. A shift of~

zthe'dlstrlbutloncof»R_toﬁthe;r;ght or'leftzlsgwritten as: -

R =R+h, . @s

 where

h #'a Shlft parameter.l;>
| Slmllarly, the dlstrlbutlon can be arbltrarlly expanded

or contracted by the Shlft parameter and 1s wrltten as.4

| L KA \f&},f_‘*}r--‘- RSN
CRm =R+ Qew ®-&D . @we

- where

31bid., pp. 98-99. Y1bid., p. 104.



. .
R is an arbltrary center.

Arrow used equatlon (1. 6) as hls measure of the spread ff
or dlsper51on of the dlstrlbutlon 1nstead of the standard
deV1atlon. The dev1atlon between the actual rate of return»ffA

and the center, (R - R ), is arbltrarlly 1ncreased or

decreased by 1ncrea51ng or decrea51ng the value of the- shlft;.‘

d.parameter, h. The dev1at10ns from the mean are usually -”
squared and ‘summed for the calculatlon of the standard Q,ﬂs"i

“deviation. Arrow then stateS° "A multlpllcatlve shift e

“about a non- negatlve center dlmlnlshes the demand for rlsky R

.assets 1n even greater proportlon than the shlft 1tself "
This statement 1mp11es that the: demand for rlsky assets 1s"'
--elastlc w1th respect to rlsk.b If a demand curve for rlsky
nassets is belng estlmated then the coeff1c1ent on rlsk :ﬁf
»_should be greater than one.g The purpose of thls study,
however, is to test the varlable rlsk hypothe51s."
Later, Arrow states.. : .
A partlcular appllcatlon is. that in. whlch R E(R)
In that case, the Shlft preserves “the mean but
‘increases the spread about it. It may therefore be
regarded as a pure increase in uncertainty . . . a .

pure uncertainty 1ncrea51ng spread decreases the
demand for rlsky assets 1n even greater proportlon.

Tobln S RlSk and quuldlty Preferences

Tobln S . approach to the ana1y31s of rlsk 1s 51m11ark4

to- that of Arrow s 1n that the 1nd1v1dual is assumed to

5Ibid.;‘p; 106. ®1bia.



have an initial investment balance whiéhwisﬁtO’be held'ih_f
| veither cash or conSdls.7'eNégati§e amounts arefeXCluded°byf“”f“"
. assumption, so the 1nd1v1dual 1s not permltted to sell

short ér borrow. The’ return to the portfollo 1s.ﬁ
R=2,(r+9 , s

where

R. = return to thefportfolio,

A, = proportion of initial amount held in consols,

r rate on consolS~per'year; and

g expected capltal galn or loss.

Slnce the expected capltal galn or loss‘isie/tandom»
variable with an expected value of zero,»the expected feturh-lh
i‘s‘:‘ | | | |

E(R) =up = A, . e (1.8)

Tobin then introduces risk as follows: "The risk

attached to a portfblio‘is to be’measured by the standerd;'

.deV1atlon of R, UR,

n8 whichwis_
op = Ay 0 . | R (1.9)

Combining (1.8) and (1;9)fyields the'riek—returnf
relationship: | | | |

My = 3 op - (1.10)

7Tobin, "Liquidity.Preference." 8Ibid., p. 72.
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Tobin then analees’diagrammatically the-risk*return -
trade-off with respect to indifferehce cﬁfves ahd an H
fopportuhity'locus;g; For our pﬁrposes, 1t w1ll not be
necessary to repeat this analy81s. However, the follow1ng
statement 1ndlcates that Tobln did analyze the effects of -
changing risk ahdvthe_role of 1nformat10n ;n_the.perceptlon
- of risk. | h | ‘

Investor's estimates,. Ogr of the risk of holdlng o
‘monetary assets other than cash, "consols" are subjec-
tive. But they are undoubtedly affected by market ..
experience, and they are also subject to influence by
.measures of monetary and fiscal policy. By actions
“and words, the central bank can influence investors'
estimates of the variability of interest rates; its
influence on these estimates of risk may be as '
important in accomplishing or preventing changes in
- the rate as open market opeations and other direct
interventions in the market. Tax rates,-and dlfferences R
in tax treatment of capltal galns, losses and interest o
earnings, affect in calculable ways the- investor's rlsks -
and expected returns. For these reasons, it is worth=

- while to examine the effects of a change in an 1nvestor s
estimate of risk on his allocatlon betwecn cash and -
consols.l :

Tobin c0nciudésLthatgasvthevinvestor’shestimatehof
risk‘decreases; the amount held in consols'incfeaSes,;l
- Hence, Tobin recogniaes'the,imﬁortancebof expefience and
, information in changingcthe7perceptibn'of risk V |
The works of Arrow and Tobin suggest that changlngu
perceptlons of risk are 1mportant to the 1nd1v1dual A next

step would be to test whether the theoretlcal analy51s of

QIbid., fig. 3;'?p.»73; 101p3a., p. 80.

o4,



711' |
' the changlng perceptlon of rlsk is valld but the emplrlcalrf

testlng must be done in a manner con51stent w1th the

theoretlcal approach.

Jf.The Varlable RlSk Hypothe51s

| The varlable rlsk hypothe51s can be stated qulte
simply. ' If 1nd1V1duals percelve rlsk and thls rlsk is b

- taken into account in their de0151on—mak1ng process, thenv”
'some measure of the changlng perceptlons of rlsk would
approprlately be 1ncluded in. a complete model of rlsky

" decision making. As stated above, the varlable-rlsk
,'hypothe51s is a llnk between theory and emplrlcal testlng,
As such, it should be compatlble w1th dlfferent approaches
"orvmodels of rlsky dec151on maklng, 1f 1t is to-be of any
;use;' Below, we show how varlable rlsk can be 1ncorporated
in a model for emplrlcal testlng based on Tobln s ana1y51s',njﬁ'

~ but thls is only one example of varlable rlsk.ipThej

'appllcatlons in later chapters show the merlt of thlS concept."'

Prev1ous emplrlcal studles Wthh dld not 1nclude a .
‘measure of" the r1sk varlable may have been subject to blas
in their estlmated coefflclents. In other words, 1nclu51on
of rlSk as-a varlable corrects an omltted varlables problem.vyi
AJAs_Johnston states: o | '
" the estlmatea reéressionﬂcoefflcrents will-be biased

estimates of: the true coefflclents,\the extent of the
~ biases dependlng on the correlatlons between the
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~included and the excluded variables and the coeffl—‘}
_cients of the excluded variables. 12
There have been two prev1ous tests of. the varlable
risk hypothe51s. Flrst tested by Bonomo,l3 1t was applled
to aggregate consumptlon’behav1or, although the thrustvwas“;dh
sllghtly different from that 1n this dlssertatlon. In
Bonomo's framework, rlsk 1s concelved as an 1ndlcator of
the confidence plaCed ln expectations of future-lncome and
‘how that degree of confidencelaffects consumption.f As
Keyhes has stated:
- The state of long-term expectation, upon Which our
“decisions are based, does not solely depend, »
therefore, on the most probable forecast we can
make. It also depends on the confidence" with which
we make this forecast--on how highly we rate the

likelihood of our best forecast turnlng out qulte
wrong.14

.vAs his measure of the deérees of expectatiohaltriskrincreased,u
Bonomo found that the averaée.propenSiti‘to COnsume decreasedeg
Scott Jones.introduces'risk as a'time-Serles variable
'.: invforeign exchange markets.;su His‘apprOach followed_ |
Bonomo's in that the cohfidehceeplacedjln“ekpectatious,off’

the future value of an exchange'rate:was;emphasized;V‘His B

125, Johnston, Econometric Methods (McGraw-Hill,

1972), p. 169. - = - ' e

: 13Bonomo;l"Var1able RlSk o
14John'M. Keynes, The General Theory of Employment,
‘Interest and‘Money,(Harcourt, Brace and World, 1936), p. 148.
15Scott Jones, "A'Variable Risk Hypothesis in a Forward
Exchange Market" (Ph.D. dissertation, Virginia Polytechnlc
Institute and State Unlver51ty,,1976)




results showed that as confidence in expectatiOne decreased,

the forward‘exchange rates (pricé:of a foreign.currencyvin

'» terms of speculatlve currency) 1ncreased The appliCation}j

~to term structure 1n Chapter IT will examlne the effect ofr
varlable risk on U.S. corporate-bonds, Wthh is similar toi
Jones's study, in that both ere‘finance-orientedhtests;
Thevimportance of information»and.a setiof:informetiOn S
~which is changing over tlme are key underlylng concepts of
" the variable risk hypothes1s ‘and w1ll be dlscussed in the:'
- next section as an 1ntroductlon to the‘measurefof-rlsk whlch"

. is proposed in that section.

The Mov1ng Informatlon Set

The passage from Tobln empha51zed the 1mportance of
information in the. perceptlon of risk. If we con51der_the,'
‘use of tlme-serles data, two questions arise concerning hOw:'t
much and whlch lnformetlon ie‘used: Howvmnchroflthe‘past'
is relevant and'how'arertheiVarious:information\bitsvto bé.'
weighted? 1In this sectionfywe.examine the wey‘in'which o
information is used in the evaluation of:risk;

' Tobin's use of thetStandard deviation to measure risk

is reasonable at firSt’glance, bUt on what information is

it calculated?‘ Tobln seems to imply that all past 1nformatlon E

is to be used. If the 1nd1v1dual enters the market at tlme t,'

he uses all past 1nformatlon¢up.to that point to form his

estimate of risk. Then, after period t + 1, he adds the
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new information acquired dﬁring‘that'time, reeValuates risk,
and does the same after perlod t + 2 t + 3, and so on.
1_There may be some problems w1th this concpetlon ‘if a smallerf
set of information is actually used in the Calculatlon of
pick. | . S o

First, information’from the distant past_may no 1onger;ir
be relevant. Structural chahges in_a'market broughtfoh by
new techhdlogy or new ihstitutiohs codldimake‘such-
information irrelevantrr | o

Second,. if information‘ishcostly,'the efficient markets
hypothesis implies that}thisrperiod's ihterest'rate COntainsfk
all thevneCessary.informatiOn to forecast next period's
interestrrate.. While‘thislmay be true for the mean or
first moment of the,distribution'of next period's interest
rates, we are interested ih the'second'moment as an estimate
of risk; For this, more thanroneiobseryation-is?needed to
‘obtainhah estimate of the'variance or standard deviation,

The second point raises some QuestiOns,concernihg the.
cons1stency of this approach ‘with the efflclent market
' hypothe51s. In Fama s survey artlcle,16 he deflnes three
information subsets. The weak form con51sts of the set of
historical priées, the semi- strong form consists of

information publicly avallable, and the strong form consists -

16Eugene Fama, "Efficient Capital Markets: A Review
of Theory and Empirical Work," Journal of Flnance 25
(May 1970) 383~ 417 ,




't‘of.individuals ordgroups'whobhaVe'monOpolistic_access‘topjtia;r;
'information.l7 The approach7of*thisxdiddsertation falisn -
1nto the weak form subset in that we w1ll use hlstorlcal
-data on corporate bonds. , | | o

Fama then proceeds to dlscuss equlllbrlum securlty
prlces 1n terms of Sharpe s two-parameter world : Brlefly,b.':

Jo'Sharpe postulated a utllltyifunctlon_of the form:lsh

where
ERx= expected rate of return, and
. GR‘# standard dev1at10n of expected rate of return.

This formulatlon is 81m11ar to Tobln s,‘and Arrowﬁs work.r
Proceeds from these two works.~x" e
Speaklng about the Varlous expected returns theorles
of securlty prlclng, Fama states, "such theorles would
posit that condltlonal on. some relevant 1nformatlon set,
the equlllbrlum expected return on a securlty 1s a. functlon}:;

,,19'

of 1ts 'rlsk' The remalnder of the artlcle 1s a survey j,

of tests u51ng one of the three ‘forms of 1nformat10n. There];;wfxf.'

' is no further mentlon of rlsk The.work;of.Bonomo and'JOnesV';"”

'17Ibid;,‘p; 383.
lnglllam F. Sharpe,i"éapltalvAsset‘Prlces.; A Theory' ~
of Market Equilibrium under Condltlons of Rlsk " Journal of -
Finance 19 (September 1964) 428 : o

19

Fama, "EfflClent Capltal Markets,“ p.,384; .
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would seem to fit in this framework as an extension of the

' expectedvreturns theories{~

. This dlssertatlon would also seem to flt in thls:
:framework as an exten51on of the expected returns theorles.r“

‘d‘Referrlng to equatlon (l ll), the eff1c1ent markets

llterature has concentrated on ER, while: thlS dlssertatlon}

concentrates on developlng and testlng a measure of OR

We are also spec1fy1ng the weak 1nformat10n subset as the

‘ relevant one for 1nvestors perceptlon of rlsk |

ThlS suggests that a mov1ng 1nformatlon set 1s

vfapproprlate for the evaluatlon of rlsk by 1nd1v1duals.
':‘That 1s, the set of 1nformatlon used by the 1nd1v1dual 15’

. hypothes1zed to be contlnually changlng as ‘new._ 1nformatlon
1s added and old 1nformatlon 15“dlscardedf Exactly how
much of the past is con51dered relevant cannot be determlned?

a priori. However, it 1s p0581ble to test varlous 1nforma-"

tion sets to determlne what is the approprlate length of ' :1n~ﬂf

tlme considered by the 1nd1v1dual
‘A mov1ng 1nformatlon set 1s compatlble w1th current
theories of expectatlons formatlon;f If the 1nformatlon

set contains just. onervariable,‘say 1nterest rates, then

it would be s1m11ar in approach to the adaptlve expectatlons;;f‘

btheory or a s1mple autoregres51ve scheme.» Another-approach..;;

to expectatlons formatlon is the ratlonal expectatlons

approach. The 1nd1v1dual 1s hypothe51zed to con51der more
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than just past interest rates 55 he attempﬁs to identify

the underlying forces affecting interest rates;_,Inithisv
case, the moving informatibn_set would censist of more

than one variable. ‘Measures;ofjmoneﬁary‘and fiscel policy. -
and the inflation rate or, more specifically, fhe variability
of these forces would\be'ihcluded in the infOrmation set'on j

- which the individual bases his estimate of risk.

Measuring Variable Risk

We now seek a measure of variable risk which is
consistent with the moving information set. ‘This could be
done by using a moving standard“deviation through time.

In this way, as new information becomes evailable, it‘is
added to the set, while outdated information is drdpped
from the set. The weighting scheme is simply_that’current
information, or the recent‘past; is more usefulythan old
information or the distant past.

"Using the raw standard deviation could lead to problemé"
of scale. Frederick Mills says:

Because the standard deviation of horse weights is
greater than the standard deviation of dog weights,
it does not follow that the degree of variability

is greater in the former case. A measure of absolute
variation is significant only in relation to the
average from which the dev1atlons are measured. 20

- For this reason, the measure.of risk that will be used

in this dissertation will be the moving standard deviation

20Frederick Milis, Statisﬁical_Methéds (Hehry Holt
and Co., 1924), p. 129. '



’_ ‘71'8'

d1v1ded by the mov1ng average whlch mlght be called the
-moving coefflclent of varlatlon.' Varlous 1nformatlon setsu
can be tested by 31mply changlng the perlod over which the'

mean and standard dev1atlon are. measured

Applying Varlable Risk

Incorporatlng varlablebrlsk 1nto ex1st1ng models can'
‘be accompllshed in a.stralghtforward manner;é For example,‘ 
Tobin's analy51s 1mp11es an 1nverse relatlonshlp ‘between
the interest rate,andethe proportlon o; ;ncome~held as‘

cash, or

-f® £ <0 o @azny

<=
|

where

E
I

- nominal cash holdings,

nominal income, and

w3
il

R = interest rate (assumlng only one other asset
as Tobin does). :

_If equatlon (1. 12) were to be estlmated as- a llnear»_

relatlonshlp, the equatlon would be.

=

’Y(B‘.‘a - bR(t) . - (1.3

Note that as R increases, the proportlon of income held as
cash decreases due to the opportunlty cost of holdlng the
zero yleld asset, money. Rlsk could then be 1ncluded as an
explanatory varlable and the theoretlcal equatlon (l 12) B

rewrltten as:



19

= E£@®,0%  E£(R) <0 £(0¥) >0  (1.14)

_ﬁhere
| o* is the measure of risk
As risk, o*, 1ncreases, cash holding 1ncreases'
according to the preyious analyse5~of,$ob1n and Arrow.‘
Estimating the theoretical eqnation (1. 13)fwouidirequire'
the respec1ficatlon of equation (l 12) to 1nclude a measure

of risk as an explanatory variable. : One form might be

(1.15)

¥(e) : R(t)

where
o* () = e of viek i i
— is the measure of risk discussed previously.
. R(t): o ' : R L

Including a measure or risk would be consistent with
the theoretical analysis’of'Tobin} while:solving_a possible
‘omitted variables prOblem.and removing the reSulting,bias- :

in the coefficients.

" Conclusion

The emphasis on variability in this dissertation 1s j'"
valso reflected 1n}the economics‘profession, In hlS Nobel
_lecture, Milton Friedman stressed the importance;of the
inoreased variability of the inflation.rate.ZI Wnilejthej

- object of the analysis is unemployment,ithe'effeors of

21Milton Friedman} "Nobel Leoture. Inflation and
Unemployment," Journal of Political Economy 85 (June 1977)
451=72.
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increased variability on employment can_be generaiized to‘
cover cther subjects;’_Friedman concludes thaté d"Higher‘v
average inventories of all kinds are one way to meet
increased rigidity and uncertalnty ?2 Frledman also statesd“
that "The more volatlle the rate of general 1nflatlon, the
.harder it becomesntovextract the signal aboutarelatlve
.prices‘from the absclute prices |

. In the first statement, hlgher 1nventor1es could be
read as hlgher cash balances needed to conduct transactlons;
and the analysis could have come from Arrow or Tobin. 1In
: the second statement, higher Volatility,(or higher risk)
requires more informaticn‘to'eValuate the effects of the
increased volatility (or risk). This is the anaiysis that
was presented when the‘movinglinfOrmation set wae discussed:
The current interest rate may-ccntain all the necessary |
information to estimate'next period's'interest rate, but
more information is needed to evaluate the rlsk

Frledman s remarks appeared in the Journal of Polltlcal'

- Economy. There is also ev1dence that VOlatlllty or
variability is receiving attention in journals not

‘specifically concerned‘with the higher realms of economic

theory. For example, in Bu51ness Economlcs,,the following'

~comment appeared: "One way or the other, yields on

221pid., p. 466. 231bid., p. 467.
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existing portfolios mus£ and will be better‘attuned'to
volatile open market rates."24‘ Since thiS'joufnal‘is
eoncerned with research thatfhas more praCEical applications;
such a quote shows that'COhcerﬁbover variability is not
confined to the academlc researcher.., H

In the next four chapters, we preseht an’ analysis
of risk as applied to the term structure of 1nterest rates.
The>thrust~ofbtﬁe analysis ie'empirieal and we hope to

draw some conclusions concerning macro and monetary policy.

4George Hanc and Saul B. Klaman, "Innovation and
Evolution in the Thrift Industry," Business Economlcs 12
(January 1977) 43-47. :




CHAPTER II
TERM STRUCTURE THEORIES

The first test‘oftthe variable risk'hypotheSiS’in this"
dissertation‘will focus ou a test of‘the'effect‘of risk on
the term structure of intereet‘rateS-"Term‘structure is .
the study of the relatlonshlps of the levels of yleldsu‘
to maturlty and the tlme to- maturlty of default—free
. financial assets. In testlng the variable r1sk hypothe51s,
we will also prov1de further ev1dence in the contlnulng
debate among the four theories whlch attempt to explain the
term structure. The two empirical‘works_whieh started the
debate, by David Meiselmau‘and Reuben Kesael,‘Will be

summarized'after’the”fourgtheqries have‘been“capsuled.

Prevailing Term Structure Theories

In order to understand the works of,Meiselman and
Kessel, and the test‘tokbefpresented‘in the following
chapters, it would be helpful to briefly,summariZe the fouri

theories concerning the_term'struc,ture.2

lDavid Meiselmau, The Tern Structureﬂof‘Interest Rates

(Prentice-Hall, 1962); and, Reuben Kessel, The Cyclical
Behavior of the Term Structure of Interest Rates (NBER
Occa31onal Paper, no. 91, 1965).

2For further references,’see,’JaCob\Mlehaelsen, The
Term Structure of Interest Rates- (Intext Educatlonal
Publlshers, 1973) ' :

22
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Segmented Markets'Hypothesis. As the tltle of thls

hypothes1s suggests, bonds of dlfferent maturltles are.
rtreated as belonglng to separate and dlStlnCt markets.

'Ind1v1duals in the market are assumed to have preferences

i concerning the length of tlme to maturlty.l They buy assets'jlﬁv»

‘such that assets prov1de sufflclent cash when they mature;g"
to meet expendltures as they occur. i |

These 1nd1v1duals are called hedgers as opposed to'ffT“W'
'speculators who do seek capltal galns._ Hedgers are also
'characterlzed by the term "w1dows and orphans"vwho are: |
llnterested in meetlng thelr expenses and do- not forecast .h"b
'd 1nterest rates, 51nce they do not have a speculatlve motlve.

The main cr1t1c1sm lev1ed agalnst thls v1ew is that

1nformat10n on alternatlve assets 1s not 1ncorporated in j;f?

bond prlces. If there are speculatlve galns to be made by

forecastlng 1nterest rates, why- does one not do so’r It

: would seem that each 1nd1v1dual and market operates,in‘at'_d

vacuum-unaffected-by any outside forces in the real worldf'
The segmented markets hypothe31s was flrst proposed

by J. M. Culbertson.3 A more modern ver51on of thls

y hypothesis was: advanced by Franco Modlgllanl and Rlchard

. Sutch and glven the tltle-of the preferred hab1tat‘theory.4

3J M. Culbertson,‘"The Term Structure of Interest ,f"

Rates,“ Quarterly Journal of Economlcs 71 (November 1957)
485-517. o :

4Franco Modlgllanl and Rlchard Sutch "Innovations in
Interest Rate Pollcy,? American Economlc Rev1ew 56 (May
1966) 178 97 B ‘ . .




24

Follow1ng their argument, market part1c1pants have
preferred maturity habitats which reflect the
desire, and serve to eliminate interest rate risk
by insuring that maturing assets provide sufflcient

 cash to meet liabilities as they fall due.3

The preferred habitat theory places emphas1s on the

investors, while theisegmented markets'hypothe51s treats

each market as a Separate institution; The preferred

habitat theory is more flex1ble in that it 1s compatible,

- to be summarized next.i

a with other approaches such as the liquidlty premium theory

- The EXpectations’H§pothesis. iThe‘expectations

hypothes1s states that a long term 1nterest rate is an

average of expected future short term rates,_and that IR

'forward rates are unbiased estimates of expected future

rates of the same maturity.' In thlS v1ew, bonds are

1dent1cal except for differing maturlty.-

This theory represents anlimprovement overr
segmented markets theory‘in that it allows both
and expectations tovbeainCOrpobated»in'the term:
As.new information is'obtained andiexpectations

~rates are revised, the*changes,are reflected in

term structure.

There are two criticisms here. First, how

the

information

structure. .

of future‘

the current

is informa-

tion processed by the market? Do all individuals have the

5Michaelsen,-'I‘»erm'Structure, p. 81.
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same information and”forecaSts?‘ It wduld seemvfrom_the -
description given aboveithat'espectationsfare‘homogeneous}:':“
:.However, Mlchaelsen c1tes ev1dence that thlS 1s not true.s,h
'Second the p0551b111ty that these homogeneous expectatlonsjfu’

- could be 1ncorrect is- 1gnored because of the assumed

1nd1fference to rlsk

Liquidity-Preference~Hypothesis. The llquldlty

"preference hypothe51s comblnes and bullds upon the two |

prev1ous theorles.;.As above, there are assumed to be two

‘ytypes of 1nd1v1duals-’ hedgers,'who w1sh to stay in thelr R

preferred. habltat,‘and speculators, who w1ll depart from

thelr preferred habltat the preferred habltat belng a
partlcular length of tlme to maturlty Wthh 1s more
‘des1rable than any other maturlty These speculators w1ll jf:‘
' only leave thelr preferred habltat 1f compensated by a f“”iz
llquldlty premlum for the rlsk they 1ncur. |

Theoretlcally,,a speculator could buy elther shorter

or longer maturlng assets. However, relylng heav1ly on the ,ifff-}

'rlsk aversion assumptlon and the uncertalnty of the future'

1n'general 1t is reasonable to say that lquldlty premlums DR e

rlse as the term to maturlty 1ncreases.’ Borrowers w1sh to

f’borrow long, whlle lenders have a shorter preferred habltat.;y""”

Therefore, lenders must be 1ncrea31ngly compensated ‘in

order to buy longer maturltles.pff

®1bid., p. 84.
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Term Premium Hypothe51s. The term premlum hypothe31sfh o

is proposed by Mlchaelsen in hlS book 7 ‘A term premlum :
exists because of the'exlstence of risk as Michae1Senva’”
states.

Interest rate rlsk then, arises because of the

necessity of making commltments which may turn

out to be inappropriate not because of changes

in circumstances internal to the enterprlse but
because of such changes elsewhere.8 '

Notice that Mlchaelsen:follows%the line;of“reathing

used by Arrow and, especially, Tobin?i’Disturbances‘externalfhf"»

'.Q'to the enterprise are the cause of rlsk » In'other’words;v
. the 1nformatlon set is changlng over tlme whlch in-turn;vy

leads to changes in rlsk Term premlums may be con51deredw

to be an appllcatlon of the more genreal analyses of Arrow u1f'h

and Tobln to term structure. ThlS 1s ea51ly Seen in thej3j:gm_***'~

‘fdeflnltlon of a term premlum.

Because 1nterest rate rlsk is undes1rable,
the prices of dated securltles are lower than they
would otherwise be in proportion to the. amount of
time they span, given the levels of. succe551ve.

~ short-period rates. The price of perpetultles are

- similarly affected.. Yields to maturity are conse-
guently hlgher by an amount which we de51gnate a

. term premium, term préemiums being an increasing .
function of term to maturlty.‘ The' magnltude and
rate of increase in term premiums depends on,
‘among other thlngs, ‘the amount of interest rate
risk to be borne. Alteratlons of the maturlty

. composition“changes the amount of interest rate.
‘risk in the system, increases in. average maturlty
1ncrea81ng the magnltude of term premiums, and
decreases in average maturlty decreas1ng them.9

7Ibid.;sch.'3;*f,81bid.; p. 71. 9Ibid,;;p;j72."
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The passage quoted above does not explicitly state

the behavioral assumptions uhderiying termipremiums,

is obviously risk aver51on on the part of 1nvestors who

It

have a shorter preferred habltat fac1ng borrowers who w1sh ﬁi'

,to borrow 1ong which leads to the ex1stence of term

'-premlums.

guishable from liquidity premlums;

states that at a glven p01nt in tlme, two premlums are

formally equivalent.

negative if borrowers-had shorter habltats and lenders

-had longer habitats.

claims, because of the empirical circumstance that

On thls,‘Mlchaelsen'

Also, term premlums would seem to. be 1nd1st1n—

However, lquldlty premlums could be o

Term premiums must be positive, he

disequilibrating disturbances tend‘togproduce'positiveljdw”

o . . . S 10
correlated movement in one-period rates. -

more to say on this point in the following sections.

Meiselman’s Investigation '

Before descrlblng Melselman 's study of the term '

We will have,h'“

(2.1)

structure, it would be helpful to- deflne a forward rate as’
| (R, (t))t+n o
Fi(t,t+n):= (l+R )t+n-i - l\vfor i=1,...,n
t+n i '
where
Fi(t,t+n)-= the.forWardlrate~for'a‘bond ofviayearsb
maturity'atrtime’t for period t+n,'and
Rt+n(t) .= the actual rate on a bond of t+n years‘
maturlty at time t.
10

Ibid., p.

90.
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The forward rate can beidefined as "the rate at which
the capital sum invested in a simple'claim grows when
invested for.one more oeriod nll More properly,»F (t, t+n)!v
is the lmBllClt forward rate, since it must be calculated .
using the returns on bonds of different maturities and
should not be confused.with’forward éontraots‘or‘futures;4
trading. |

If we consider one- ahd‘two-year bohds;'thezforwardh
rate,'or marginal rate-as it is sometimes Called _1s 51m§ly :
the rate of return earned in the second year of the two-
year bond discounted'to the'present using the one-year rate. -
Likewise, there is a one—year forward rate two perlods
ahead, three periods ahead, and so on. 'There is also a twoér"
year forward rate one period‘ahead,,a'threeeyear‘forward
rate one period ahead, and‘so on, 12 R |
The expectations hypothesis implies that’fOrWardfrates

are unbiased estimates of'the~expected future'rates’or

Fi(t,t+n) Ri(t,t+n)v, ’ 4 : o (Q.Z)l

where

* .
Ri(t,t+n) the rate expected at period t to prevail

in period t+n.
The liquidity premium hypotheSis adds the liquidlty

premium to equation (2.2);

11Eugene Fama and Merton Miller, The'Theory of Finance
(Dryden Press, 1972), p. 35.

leichaelSen, Term Struoture, p, 83.
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F, (t,t+n) = R; (t,t+n) + L; (t,t+n) , S (2.3)

where

Li(t,t+n) the liquidity premlum at tlme t for

period t+n.
The term premium hypothesis substitutes a tetm premium

for the»liquidity'premium'in equation (2,3), h i”

Fi(t,t+n)' Ri(t,tfn) + Ti(t,t+n)},“ - o , (2.4)

where

Ti(t,t+n) the termhprémium‘at time.t for~beried:
R t+n.

,Meiselﬁan”applied the adaptive’exPectations:orverror o
learnlng approach to the term atructure by saylng that
forecasts of 1nterest rates are rev1sed based on prev1ous _
forecastlng errors.13 _Invother words, 1nd1v1dua;s'learn:

from past mistakes. Define the error infforeéasting'ash‘_‘

Ei(t) = Ri(t) - Fi(t—lgt)',- ‘ '»-'f pvsj‘ »,:(2.5)e~

_ahd define the revision in expectationsiasaiw

* ) ) ‘ ) . . ‘ it
AR, (t,t+n) = R (t t+n) - R (t 1 t+n) R , (2,5)"

Melselman then assumed a llnear relatlonshlp between
" the changes in expectatlons and the error in forecastlng,

and he estlmated.thevfollow1ng equatlon;f'

l3Meise’lm'an,”Interest Rates.
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DRY (t,t+n) = a + B e, ® + e, (@2

where

e (t) isdthe disturbance term.

Melselman s results for the one-perlod rate seem to
support hlS error—learnlng postulate.lgr The Bs-are all
. 51gn1f1cant and p051t1ve, whlle the os are zero,-or close'
to ZEero, and not 51gn1flcant These results were 1nterpretedl
by Meiselman as support for hlS v1ew and the expectatlons
hypothesis. -Espe01ally 1mportant,was the lack of 31gnlf1caneeih*
of the constant term. If it were statlstlcally s1gn1flcant,:ji

it would imply that expectatlons were rev1sed even if no

~error occurred.

The most important analysis criticizing Meiselman for
our'purposes is that'by KeSsel"and it'will bejsummarizedﬂ"

next. 15 Other criticisms of Melselman s work have been

given, but they are not relevant for the argument belng

developed here.lG'

Kessel's Criticism

Kessel followed Meiselmanlsxapproach in that he
accepted forward rates as representing<expected.rates. He
proposed-to“test the ‘expectations hypothesis by examining

the errors or differences between the forward.rate‘and the

M1pi4., p.h22.'r 15Kessel Cycllcal Behav1or.

16

See, Michaelsen, Term Structure, pp. 86-88.
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actual rate. If‘the éxpectations theory is’§Orréct, the
errors should have a mean of zéré and the fdrward rate
would be an unbiased estimate of the actual raté.” Kessel
did not use the Durandvdéta, but calculaﬁéd forwatd rates-
using Treasury Bill data on 14 to 91 day rates. - Kessel |
-found the following mean errdrs:17 |

Average

Length of Maturity Mean Error (%) ":”,Actual Rate (%)
‘14 days , 0.199 . 2.34
28 days . 0.567 2039
42 days 0.599 - . 2.54
56 days 0.444 o 2.67
63 days " 0.455 2079

91 days | . 0.669 . 2,91

As Keésel noted, these results show the forWard rate
to be a-biased and high eétiﬁator of the actual rate,
although the statistical~significahce, if any, is not
reported. The mean differenée was attribﬁted to the
existence of a liquidify premium. The errors increase from
the 14 to the 42 day rate, then'they decline and‘begin to
rise agaih from the 56 fo 9l day rate. Notiqe, also, that
the average actual rate increases monotoﬁically éé
maﬁurity incréases, which is édhéistent with the liequidity
- premium hypothesis, although'the,mean"differences do not‘

consistently support this hypothesis.

l7KeSsel,'Cyclical Behavior, p. 24.
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Kesselvthen hypothesized that the.liquidity.premium
would rise as the level of interest rates increased, He
tested this by regressing the difference between the
forward and actual rates in tvén theilevel of rétes‘in
t-1. He found a positive relationship. Theée :esults were
for the short-term Treaéury Bill datayohly.4 Aé the
maturity increased to one and two years, the résults were .
not signifiéant.18

Since the publication of»these two works; the debate
over which theory is correct'has’been cdntinued by different
authors with many empirical studies. We‘will~nowkintroduce‘

the variable risk hypothesis into the.débate;

How Variable Risk Fits In

In Chapter I, it wés,afgued that the exélusibn of risk
as'a;variable from empirical‘étudies is»not conSisten£ with
the theoretical analyses.of‘risk by Arréw and Tobiﬁ. And,
Kessel showed the mean difference between fqrward and
actuai rates to be posiﬁive., |

Our hypothesis can be stated just as Simply: it is
postulated that the differénce between the forward and
actual rates dependé bn risk. -Furthermore, as risk
increases, it is postuiated‘that'the différence betwéen thé
rates would incfease.‘ This is similar to‘Michaelsen's

term‘premium hypothesis. As risk increases, and therefore

18

1bid., pp. 32-33.
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;the chance of a loss’increaSeS'(With the'corresponding
loss of7utility), inveStorsywill’require a’larger and
larger.premium in order to hold:assets of.a longer maturlty;,:-
The term premium can be'thought_of as the'price of
_insurance against possible losses due‘to an-uhdertain'future;
Michaelsen also stated that.term premiums canvvary over o
time due to the changing perception of risk. But
Michaelsen does not test his theory empirically._ We
propose to do so as our test of the variableﬂrisk hypothesis.’
In this application, testing the variable'rlsk hypothesis
will also test the term premium hypotheSis.

In order to av01d the problems of scale dlscussed in
‘ Chapter I, we do not propose to test the absolute dlfferencev
between thevforward and actual rates. :Instead, ‘we propose
to use the relatiVe differencebor error betWeenjthe tWo
rates which is defined as | =
Fi(t,t+n) - bRi‘v(.}_t+n‘).

Ri(t+n)

' Relative Error = (Z.Slbu
where
the variables are those as deflned 1n equatlon (2.1) .
Using the relatlve error rather than the absolute
. error will av01d any problems whlch could arlse when the
absolute error is large because 1nterest rates are hlgh
Indeed; this is what Kessel found in this regre531on analy51s .

and Was'criticizedffor.it by'Michaelsen.l9

19Michaelsen', Term Structure, p,_94}
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The equation we will estimate is

F.(t,t+n) - Ri(t+n) s o, (t) ,
i ‘ - R, (t)
where
0. (t) _ ,
is our measure of risk.
Ri(t)

It should not be ex?ected.that movements in risk explain
all of the movement in the’relativé error. Certaihly there‘
are other factors affecting thé'relatiVelerro? and many of
these would not bevamenable‘to‘Quanitificafioh_and
empirical testing. Howevér, we do propose to.tést~whether

the variable risk hypothesis has any explanatbry,power.

Previous Research: Economic Liﬁérature

There have been twb émpirical studies on risk and ferm
structure,band of particular interest are-thé measﬁres of
risk used in the empirical testing. James.Van ﬁorne uses:
monthly Treasury yield-curve data to group the observatidns
iﬁto two clusters representing changes in thé accustomed
level of interest rates.20 The accustomed level is the
average level of interestbrates in each cluster. Risk is

then "the difference of the actual forward-rate level from

0sames van Horne, "Interest Rate Risk and the Term
Structure of Interest Rates," Journal of Political Economy
73 (August 1965): 344-51. ‘
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the accUstomed le§e1;521‘ Van»Horne analy2es only the one»
month forward rate whlch is calculated up to twelve. months.
in the future, and his dependent variable is the change 1n
forward rates such as Meiselman used. |

Van Horne's study ie;an attempt to add a measure of
risk to Meiselmanisvstudy. While the statistical‘resnlts,
showed that interest-rate risk varied inVereely With'the -
level of interest rates, the measure'of:risk is open' to
some criticism. “ |

Taking the deviation‘from‘aniaverage is‘an,interesting
~approach to obtaining a measure of risk; howeVer, care must,
be taken in selecting the approrplate tlme series over
whiCh‘to average. The dev1at10n of the flrst observatlon
from the aterage is based on 1nformat10nvnot known at the
- beginning of the series. The;average‘can oniy be calculated
once the entire cluster is known, and a deviation from the
average is therefore not a good meaSure Ofvrisk;

~ The second study of’risk is by Robert OleenaWho also

used Treasury Bill datarzz' The dependent variable.is the
';difference between the 3 month forward rate 3 months ahead
 and theqactual rate to prevail at that time. This is the

unadjusted liquidity premium and is subject to;thehsame

*l1bia., p. 349.

22RObert‘A. Olsen, "The Effect of Interest-Rate Risk

on Liquidity Premiums: An Empirical Investigation," Journal

of Financial and Quantltatlve Analysis 9 (November 1974):
901- 10
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criticism about'levelstf interest rates which ied to the
use of the relative error in this dissertation. Olsen's
measure of risk is the variance of the expected,rate of
inflation. The exbected rate of inflation is calculated
from a survey, compiled by Joseph Livingston, cf business
economists and finance officers on their expectations of .
the Consumer Price Index six months ahead. The results
showed that as the variance in the expected inflation rate
increased, the liquidity premium‘increased; Again, there :
‘are some problems in this stuay.

In his comment, Burton Zwick points out that there is
a lag between the formation of inflaticnary expectations
and their inclusion in ncminalbinterest rates, and perhaps
Olsen's meaSure of risk does not account for this”.23 But
there is a more serious defect in that changes in the real
rate of 1nterest are not taken into account. This will be

discussed later as a further development of this dissertation.

Previous Research: Stock Market Literature

The empirical research on risk and return in the stock
market contains many different measures of risk. 1In
general, the emphasis of this research has been on developing

measures of risk and return to identify superior portfolios

3Burton Zwick, "Comment: The Effect of Interest-Rate
Risk on Liquidity Premiums: An Empirical Investigation,"
Journal of Financial and Quantitative Analysis 9 (November
1974): 911-13.
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or individual stocks. We w111 give‘a brief survey of tﬁeSe
measures in this section. | |

Thé first common measure ié calléd the "reWafd—ﬁo-risk"
ratio or "return-to-risk" ratio. Quite simply, it is the
inverse df the coefficient of variation and,relates the
average yield of the stock or portfolid over time to its.
standard deviation. Thisimeasure is uséd by ‘Robert Soldofsky
and Roger Biderman to evaluate the relative performance of
high and low grade‘stocks.24 They conclude that low grade
stocks have had a better performance thanvhigh.grade stocks
using this criterion. James Gentry and John Pike use the
' same measure to evaluate the yield of common sﬁock portfolios
of life insurance companies.25 There is no atteﬁpt to |
separate réte of return risk and default riSk‘in these works,‘
and, for their purposes, it is not necessary. The aim is Eo;
provide a measure of performance to be used by pdrtfolio
managers in selecting stocks forvinVestment; | |

The second commdn measure ié called "beta" and is

derived from the following equation.

R, = a.+ BRm ’ _ : ' (2.10)

24Robert M. Soldofsky and Roger Biderman, "Yield-Risk
Measurements of the Performance of Common Stocks," Journal
- of Financial and Quantitative Analysis 3 (March 1968):
59-74.

25James Gentry and John Pike, "An Empirical Study of
the Risk-Return Hypothesis Using Common Stock Portfolios
of Life Insurance -Companies," Journal of Financial and
Quantitative Analysis 15 (June 1970): 179-85.
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where

Ri‘= rate of return of a partlcular stock or mutual
T fund, and : S
'R_ = some measure of the market rate of return. such

as the Standard and Poor's Index or the return :
on government securltles such as Treasury Bllls.,j.7~

Equatlon (2.10) 1s called the "characterlstlc line,"
and B measures the sen31t1v1ty of the partlcular stock to
fluctuations in the overall stock market. There ‘has alsov'
- been much controversy over thlS measure, and Allen Sllver
has done an excellent review of the arguments for and
agalnst its use.26 The controversy is centered around
us1ng the past as an 1nd1cator of the future and separatlng
the market into "up" and "down“ perlods for a more
- sophisticated measure. | .

William Sharpe has publlshed two artlcles of 1nterest.

The flrst deals with the yleld of 34 mutual funds over the

period 1954 to 1963. 27 ;Sharpe estimates the;follow1ng
equation

ARR = o +Yyo R (2.11)

where
ARR = average rate of return for each mutual fund, and
.o = standard dev1at10n of the returns for each
fund :
26

Allen Sllver,-fBeta; " Up, Down and Sideways," Journal'
- of Portfolio Management 1 (Summer l975):>54—60.
2
7Wllllam F. Sharpe, "Risk-Aversion in the Stock Market:
Some Empirical Ev1dence;" Journal of’ Flnance 20 (September
1965): 416-22,
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Y Was'found‘to‘be pdsitiVe, and Sharpe-cbncludes that
the mutual funds:with:higher‘standafd deviations (risk)
pay a higher rate of retﬁtn; |

‘In the second;artiCie,?évSharpeladvecates.tne use ofv‘

a reward to variabilitY'ratio‘of the form

Avg. Quarterly,Excess Return £2,12)>,'

Performance Ratio é' Standard Deviationt’

Excees return is defined as'tne difference betWeen the
‘return of a stock and:the return on a risklees asset such
as the 90;day_Treasurnyill. iThis measure,is admore*
sophisticated version of the ratios sUrveyedvabOQe.v‘
Lastly,»A.:Jamee Heins“and”Stephan'E,_Ailieon:make use
of a different measure gf‘steck-price Variability;zg Their

. measure is

ngh Price - Low. Prlce ' (2 13):
~Average Price . R

Price.Variability‘f
This measure captures the total spread of the stock prlce
and relates it to the mean. ,However, the standard dev1at10n

would seem to be a better measure fothe~dlsper51on of the

distribution of a stock price, since Heins's and‘Allisonls

_ 28 i114am F. Sharpe, "Adjusting for Risk in Portfolio
Performance Measurement," Journal of Portfollo Management
1 (Winter 1975): 29-34. , - o

29A James Helns and Stephan L. Alllson,'"Some Faétors
Affecting Stock Price- Varlablllty," Journal of Bu51ness 39
(January 1966): 19 23, _
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measure excludes the distribution of stock prices-between“
the two extreme values.
All of these measures attempt to Capture the risk-

vreturn trade—off for stocks and mutual funds.’ It is

o gratifylng to note that the measure of risk proposed in.

this dissertation has " some ba81s 1n published research

Measuring Risk

The measure of risk iS'thatlproposediin Chapter-I-—the
standard deviation-dimided byhthe averagevlevel'of.interest“;
“'rates. This measure adjusts for a hlgh level of interest
rates, and it does not appear to be susceptible to problems
.of scale. | | |

Note that if the standard deviation increases or
decreases with no change in the average, then therezis a
pure’change in risk which both Arrow and Tobin analyzed
in some detail. If the standard deViation remains
constant, and the average increases, lt is hypothe51zed that
perceived risk decreases. ~ This is Arrow~s additive shift,
and our model predicts that the relative error should
decrease, ThlS could be justified by postulating that the
effect of an increased return due to previous higher interest
rates, with no increase-in'perceived risk, would he of
‘sufficient magnitude tO’offsetkany.desire for a termbpremium.
If both numerator and denominator are changing at the same

time, it is possible that an increase in the standard
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’dev1atlon w1ll be offset by a correspondlng 1ncrease in the =

- mean, and there may not be a change in percelved rlsk If

- this is not the case,,we must allow the data to determlne

whether or not risk is a statlstlcally 51gn1flcant factor.cﬂ»

vThe Data and Methodology

Equatlon (2 9) was estlmated u51ng ordlnary least—
squares regre551on analy51s.; The data used were Durand s:f'”
annual observatlons of annual ylelds on U S. corporate |
- bonds of l~to.10 years maturlty. The data ‘cover the
7’- perlod from 1900 to 1954.
| The approach was to calculate the forward rate as farv
in the. future as the data would allow.‘ In thlS chapter,
the onefyear<forward_ratejiSacalculated nine YGQIS‘ln the
future with the Durand data;l“fhe 55‘observationsyof the
- original data weresredUCed‘to~51} due toythe'calCulation :
.of risk using a S-year.movingaaverage,and standard ‘
deviation. The 5-year period was arbitrarily choSen
'because up to 9 observatlons are lost calculatlng the
relatlve error, and together with the 4 observatlons lost
" in calculatlng rlSk,vlt adds up to 13 observatlons lost ;n -
a sample of 55. If a lOéyear'moving ayerage andlstandard
dev1atlon were to be used 18 observatlon would be lost.‘
Also, it was felt that 5 years is suff1c1ently long for
information to be obta;ned; evaluated,'and to arrlve at an’

assessment of risk.
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The Statistical Results

Table 2.1 presents the results of estimating equation
(2.9) for the one-year forward rate from one to nine years

30 At first glance, the results appear‘to support

ahead.
the Variable risk hypothesis»until the Durbin-Watson
statistics are examined. They decline sﬁeadily from 1.14
-~ to 0.28."These statistics indicate the'presence of serial
correlation Which would result in standard errors which afe‘
biased downWard and-t—statiétics which are biased upward.
To correct for this problem;7the Cochrane—ofcutt procedure
was used._

Table 2.2 presents.the,results of estimating equation
(2.9)Ausing'the Coéhrane—Orcutt procedure. Thé»Durbin-
- Watson statistics are céhsiderably improved ranging from; a
1.90 to 1.28. Howe?er,fthe other results do not appear. |
encouraginé. The coefficient on risk, A, is significant
- in only one case--the three-period aheadd equation. The
R2 on Cochrane—Orcﬁttvdifferences; R2(ceo), reaches a

maximum at 0.3098 for the three-period equation and then

declines steadily. All told, the results are disappointing.

Conclusion

The statistical results do not support the variable

risk hypothesis. Because these results are for the one-year

30The author apologizes for the 1engthy tables, but
it was felt that summary tables could be interpreted as an
attempt to mislead the reader regarding unsuccessful results.
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TABLE 2.1

REGRESSION RESULTS, R, - OLS
Periods . - 2
Ahead 6 A R% F D-W
* ’ **
1 -0.192 2.267  0.2636  17.18  1.14
‘ . - * * % .
2 -0.473 4.973" . 0.3417  24.40  0.87
(1.96) (4.94) |
% : ' *%
3 -0.725 7.392  0.4339  35.25"° 0.50
(2.43) (5.94) |
4  -0.585 7.634" ;0.3300';‘922.17**_ 0.45
(1.50) (4.71) i ’
' k * * %k ‘
5 ~0.187  6.593 0.1947  '10.64 = 0.39
(0.39) = (3.26) . ‘
6 " 0.334 4.685  0.0840 3.94  0.32
(0.59) (1.99) ' '
7 ' 0.742 3.211  0.0343  1.49  0.30
“(1.17) (1.22)
8 0.869 = 2.549 0.0202 0.84  0.28
(1.44) (0.92) |
9 1.299  1.248  0.0048 0.19  0.29

(1.87) (0.44)

*
t statistics (shown in parentheses) are significant

at 5 percent level or better.

* %
F statistic significant at 1 percent level or better.

: NOTE: The notation above will remain the same for all
other tables 'in the text.
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TABLE 2.2

REGRESSION RESULTS,

Periods
Ahead

6 o X_ B -R2

R? (c-0)

1

0.233 0.165 0.4471
(0.94) (0.21)

0.169 1.798 0.5876
(0.37) - (1.35)

. . * o
~0.324  5.207 0.7602

(0.55) (3.79)

0.295 3.135 0.7654
(0.33) (1.93) -

1.123  0.111  0.7751

(0.87) (0.06)

11.853 -2.248 0.7947

- (1.15)  (1.20)

1.920 -2.453  '0.7634

(1an (.10
1.236  1.449 - 0.7457
(0.79) (0.60) -

1.745 =0.353  0.7361
(1.09) (0.14) - |

L
38.00

* %
65.54

ok
142.64

k%
143.55 7
T
148.20
_-,_@> **
- 162.60
Co k%
132.30 .
117.32

e
108.79

1.90
1.51

*.
l.42°

1 0.1668

0.1498”_ 

0.3038 -

| 0.1404
0.0605
0.0888
_o.Q923

0.0781

0.0742

NOTE: R2(c-o)vis‘the R2 on CochrahefOrcutt

*

or bett
' * %

better.

er.

t statistics significant at the 5 percent

”differenées;'

level”_

'F statistic significant at l‘percentllevellof
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rate, we should not be too hasty in abandoning the validity
of the Variable risk hypothesié.' We will postpone any
further analysis of these results until the regression
results for bonds of longer méturity are reported ih
Chapter III. At that'point, it will beIPOSsible‘ﬁo analyze
~all the results at one time and arfive'at some meaningful

conclusions.



CHAPTER III
- EMPIRICAL TEST OF THE VARIABLE

RISK HYPOTHESIS

In this chapter,.variable risk is tested using bonds"
of a longer maturity. In the process of testing the
variable risk hypothesis, the liquidity premium_ahd term

premium theories will also be féSted.

Preliminary Expectations

The equation to be estimated is the same as that

proposed in Chapter II.

(3.1)

;Ri(t+n)

where
the variables are the same as those defined in
equations (2.1) and (2.9), and i = 2,...,;9 years
maturity. : ” '
Since the term to maturity'is longer, we expect the
- coefficient on risk, A, the be greatér,thah_those for the
one year rate. The t statistics and R2 should also be
larger, and the explanatory power of the measure of risk

should increase as the term to maturity increases from 2 to

9 years. The reasons are the following.

46
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Quite simply, we are following the line of reasoning.
used by Michaelsen for the existence of term premiUms-and'

detailed in the cited passages in Chapter II. Inereasing

n'maturity leads to increasing interest-rate risk, since the

future course of interest rates is unknown. In addition,
the liquidity premium hypothésis is COnsistenﬁ with fhe
term premium hypothesis in predicting that risk is more
important as maturity increases.. An'investqr-can be.
induced out of his preferred habitat by the addition of a
liquidity premium on an asset of a aifferent maturity.
It makes no difference whether the.preferred maturity is
short or 1long; the invesﬁeriis satisfied.in'that meturity
and must be compensated ﬁo invest in ah asset of‘a
different ﬁaturity. |

If the "constitutional weakness" of the market for
debt is considered, a more precise prediction using the
liquidity preference ﬁheory can be obtained. The weakness
is that borrewers wish to borrow‘leng”end lenders prefer
to lend for a shorter»period; ‘This_suggests that the
borrowers must offer hiéher liquidity premiums as the term
to maturity increases. The larger premium shoﬁld also result
in a larger\relative error as maturity increases. Assuming

investors are risk averse, the measure of risk should

- perform better as maturity increases. Therefore, the term

and liquidity premium theories are consistent with each
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other in predicting a mOre important role.for‘risk'as
maturlty increases. | | 2

Imp11c1tly assumed in these theorles 1s ~that investors
buy the assets and then keep them untll they mature. But
what of the speculator who buys an asset‘in,the hope,of»
a decrease in interest-rates?.vHe has nofpreferred,habitatt"
and, since bOnds'are‘traded dally, has.the chance:to-earn,
a capital gain. The relative mix of hedgers andgspeculators
in the market could affect the results‘ﬁredicted,aboVe_if
there were a sufficientlyvlarge~number‘of‘speculators.
- Again, relying on the assumptlon of rlsk aver51on, there
is a possible solutlon.v Taklng a strong view of rlsk
aversion, the speculator cannot be certaln that he would
be able to sell the asset at a proflt at some future date.
At worst, he couldvbe fOrced to‘holdvthe asset untll
:maturity lf an opportunity does not present itself to sell
~at a profit; and he joins the rest of the'marketeas'
'analyzed'above. The longer is the maturlty, the greater
the chance of a capltal galn or loss.  The speculator is
looklng for a gain, but he must 1nsure;himsel£ against'art
loss. This suggests that the speculator will.also demand = .
aixnnnpremium.- This premlum may not be as large 1n
magnltude as that requlred by a hedger because the
speculator is hoplng for a cap1ta1 gain and does not see
himself as holding the asset to maturity. Also} it is in

his interest to behave asba hedger to obtain the lowest
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price possible and afford himself of‘the opportunity for
a larger capital gain. |

The variable'risk_hypothesis is closely tied with both
the term and liquidity premium theories. The test of the
variable risk hypothesis in this chapter is also a test of
these two theories. Howevef, if the meaSure of riSk does
not perform well, it should not be taken as proof that the
term and liquidity premium'theories_are incorrect. Rather;
the interpretation should be that the measure-of risk is

incorrect.

The Statistical Results

Table 3.1 presents the,results of estimatihg equation
(3.1) for bOnds>Qf 2 to 9 years maturity using ofdinary
least-squares. It would be tedious to discuss individual
coefficients and t-statistics, since there are a total of
36 regressions in this table. It would be'more useful to.

- identify patterns in theicoefficients in order to draw some
conclusions about the variable risk hypothesisvand perhaps
the conduct of macrexand monetary policj.c

Agéin, as was pointed out ihbthe previous'cheﬁter, the
Durbin—WatsOn statiStics are the key“to thefoLS results. }
These statisticsrrahge from 01247to 1.21vfor the'twe—year'
rate, R,, and stronle-indicate,the,presehce'of sefial
correlation. Taken.as a group, the D-Ws improve as the term

to maturity'increases.v For R8' the D-W is 1.62 and for R9
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TABLE 3.1

REGRESSION RESULTS

- Periods

Ahead 6 A R? F D-W
‘¥R2 - OLS L
, ok * . R *
1 0.759 . 3.818 - .0.2776 18.45 1.21
' (4.47) (4.29)
: * . * %
2 0.419 8.032 0.3566 26.05 - 0.84 -
~ (1.40) (5.10) o
: . o . : . |
3 0.123 11.808 = 0.4347 35.37 0.52
(0.33) (5.95) "
. ‘ * ' o *
4 0.230 12.893 0.3694 26.36 0.42
©(0.48) (5.13) |
' ‘ Tk S *
5 0.656  11.807  0.2468 . 14.42 - 0.37
B (1.11) (3.80) |
6‘ _. 1.243 9.346* 0.1325 6.57 0.29
(1.80) (2.56)
* . . :
7 ~1.756 7.175 0.0678 3.06 0.29
- (2.27) (1.75) ’
8 1.997°  6.537  0.0521 2.25  0.24
(2.41) (1.50) ’ ‘
R3 —‘OLS
' * : * *%k
1 1.791 5.081 0.2732 18.04 = 1.27
(9.33) (4.25) ‘ : .
' S k S T ' ; * %
2 1.423 ©10.547 0.3556 - 25.93 0.82
(4.31) (5.09) - A
% Tk N . * %
3 ©1.104 15.641 0.4332 ‘35.16 0.54
' (2.64) (5.93) 3
* ok ' S k%
4 1.161 17.590 0.3918 28.99 0.39
(2.23) (5.38)

‘n



 TABLE 3.1--Continued

51

. Periods

Ahead 6 » o Rr? F D-W
 > * * . S * % g
5 - 1.563 16.767 0.2830 . 17.37 0.35

(2.45) (4517)’ : c o .
. * o * * %
6 2.148 14.221 0.1737 9.04 = 0.29
v (2.88) (3.01) E.
7 2.674 11.784 . 0.1021 4.79 0.29
(3.15) (2.19)
R4 - OLS.
* : ) * v * %
1 2.889 6.092 0.2496 15.96 1.32
(l3'57)f' (4.00) B
. ok C % ’ .
2 2.490 - 12.926  0.3506  25.37 0.81
(7.00) (5.04) '_ ' )
* ok ' . * %
3 - 2.154 - 19.090 0.4242 33.89 0.56
C (4.76) . (5.82) o _
E * %* , . *%
4 2.156  21.978 - 0.4018 30.23 0.37
| (3.90)  (5.50) |
: % : % ' %%
5 - 2.525 21.670 .. -0.3085 19.63 0.35
(3.74)  (4.43) o |
’ * * . k% -
6 3.104 19.048 0.2018 ~ 10.87 = 0.29
(3f92), (3.30)_ '
‘ * % I - Kk
1 4,022 7.276 - 0.2441 - 15.50 1.39
(17.55) - (3.94) ” o R . :
B * s T ) * %
2 3.605  15.257  .0.3423 24,46 0.81
(9.50) (4.95) - ' Lo - 5
. * % o *% :
3 3.245  22.504 - 0.4139 732,49. - 0.58.

(6.70)

(5.70)



TABLE 3.l1--Continued-

Periods:

2

Ahead b X 'R F D-W
* * o L k% ,
4 3.156 - 26.866 0.4192 . -32.48 0.36
' (5.44) (5.70)
* : * 5 L k%
5 3.487  27.117 0.3358 22.25  0.34
(4.94) (4.72) » . -
Rg - OLS
% * o L kx
1 5.206 8.229 0.2187 13.44 . 1.49
(20.67) (3.66)
- * * ‘ - %%
2 4.754 - 17.398 - 0.3287 23.01 -0.84
(11.76) ~ (4.80) B
‘ D % o D k%
3 4.369  25.718°  0.4048  31.29  0.59
_ (8.54) (5.59) v S ‘
’ N L & U * %
4 . 4.264 . 30.734 0.4107 - 31.36 0.37
(6.95) - (5.60) o
R, - OLS
x % - S k%
1 6.440 - 9,092 0.1973 11.80 1.56
(23.77) (3.43) . ‘ .
: * ‘ * ' * %
2 5.974 19.407 0.3124 21.35 0.86
(13.98) (4.62) =
i : * * . » ’ k% )
3 5.566 28,765 0.3899 29.39 0.60
(10.31) (5.42) : |
Rg - OLS
v * R o %%
1 C7.732 © 9,935 . »0.1752 10.19 1.62
(26.18) (3.19) v
% o k%
7.246 - 21,300 ,_0'2932 _19.50

(15.91) - (4.41)

0.88
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TABLE 3.l1l--Continued

- Periods
Ahead

>

A R ~F . D-W

R9 - OLs

1 9.059"  10.792" o0.1566  8.91° " 1.65
(28.27) (2.98) ST
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it is 1.65. These measures are barely acceptable, and i£
wasvdecided to use the Cochrané—drcutt procedufe to correct
for the serial correlaﬁion.
vTable 3.2 presents the results of reesfimating

equatibn (3.1) using the.Cochrane-Oréutt procedure. The
D-W statistics are higher as a group thah those reported - _'
in Table 3.1. Again, there is an inc;ease in the D-Ws és_'
maturity increaées‘and they do not indicatevserial
correlation for‘most of the relative errors up to 4 or .
5 peripds ahead. The'loerurbin—Watson?s at this point
‘are attributed to the effect~of other variables influencing
the relative error'which were discussed earlier as not |
being Quantifiable.  As Van Horne noted, "expectations
beyond the‘immediate future are likely to bé cloudier than
‘near-term expectations."1

- The régression coefficients exhibit two patterns;
Within each interest rate group, R2, R3, R4, ..., the
coefficientsincreasé,reach a maximum, andfthenidecréase
depending‘on how far in the future it ié:possible,to
calculate the relative'error. The highest coefficiént
‘ océurs,about.three.or’four periods ahead; and the
t-statistics correspond to this pattérn. The R2(c-o)s
corfesp0nd to the pattern of the‘coefficients for Rz‘and

'.R3, but for R, through R9 they reach,a’maXimum in the

4

one-period equation.

lVan Horne, ."Interest Rate Risk," p. 345.
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TABLE 3.2
REGRESSION RESULTS
Periods R A P S . 9 L
Ahead 0 A R . . F D-W R (c-o)u-
R, - CORC.
1 1.086 1.751 0.4102 32.68  1.90 0.1978
©(3.93)  (1.37) o T |
% o Ckx DR
2 ©1.338 2.363 0.6097 71.87 1.49 0.1321
(2.22)  (1.09) ,
' * R ' *% _
3 0.708  7.823 0.7565 139.79  1.51 0.2571
(0.93)  (3.32) T T ‘
4 1.348 5.658 0.7924 167.96  1.60 0.1523
(117 (2.1 A_—
5 2.325  1.271 0.8023 174.47  1.57 0.0577
(1.39)  (0.44) | ' o
6 3.387  -2.632 0.8295 204.31 1.40 0.0669
~ (1.58)  (0.91) |
7 3.851 -5.328 0.8076 172.11 © 1.45 0.1073
| (1.64) - (1.56) - * o
T N . * % : N )
8 2.597 3.271  0.7914 151.72 1.28 0.0759
(1.25) (0.87) v
Ry = CORC |
o * * ' T ke L -
1 2,009 3.412 0.3806 - 28.88 1.90 0.2363
(7.00) (2.06) . S L
' * . * % s
2 2.437 3.081 0.6170 74.11  1.46 0.1279
| (3.59)  (1.04) L
: o % : *x%x :
3 1.864  9.556 0.7485 133.93 1.58 0.2143
| (2.18)  (2.88) T
4 2.325  8.525 0.8088 186.17 1.62 0.1712
(1.81)  (2.44) | o
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TABLE 3.2-—Continued
Periods N ~ 2 . 2
Ahead 0 A R F D-W R (c-0)
: * % '
5 3.354 3.153 0.8153 189.87 1.69 - 0.0651
(1.82) (0.81) N .
; * -
6 4.774  =2.773 0.8468 232.11 * 1.43 0.0566
(1.96) (0.72) , ' SR '
* % e
7 5.459 -7.699 0.8268 195.71 1.52 +0.1112
(1.96) (1.69) : v
: * v * -
1 3.046 4.692 0.3405  ~3.61 1..91 0.2740
(10.04) (2.29)
* v e - ‘ * %
2 3.503 - 4,283 0.6098 71.89 1.49 0.1328.
(4.89) (1.15) ‘ .
. ) * o * , . * % , .
3 3.102 10.501 0.7415 . 129508 1.65 0.1816
(3.25) (2.47).‘ '
* * ok k ' ’
4 : 3.312 11.564 0.8156. 194.58 1.65 0.1896
(2.42)  (2.66) | -
1 * : CL ok
5 4.317 5.886 0.8181 193.35 1.79 -0.0822
(2.28), (1.20) :
6 6.164 -3.030 0.8543 246.23 1.45 0.0531
(2.37) (0.64) ' '
.R5 - CORC
* *v .‘ **, ' ‘ .
1 4.125 6.219 0.3158 21.69 1.95 0.3139
(13.28) (2.60) ; o _ .
. * ) ' * %
2 4.655 5.142 0.6044 70.28 1.53 0.1337,
(6.18)  (1.15) S LI
' * *x : *%k o
3 4,470 - 10.300 0.7366 125.82 1.68 0.1462
(4.27) (2.01) : : » ’
4 4.231 15.794 0.8240. 206.06 1.68 0.2276
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TABLE 3.2——Continued

Periods

Ahead 0 A Rz F vD—W_.Rz(c—o)
v . ‘ * %
5 5.335 8.949 0.8264 204.69 1.87 0.1010
(2.73) ~ (1.55)
R6 - CORC
* * o * % o
1 5.269 7.488 0.2709  17.46 1.96- 0.3540
(16.22) (2.67) : ’ o
* , *x - : -
2 5.698 7.305 0.5783 © 63.08 1.56  0.1503
(7.57) (1.39) . :
. * * _ R T ‘ .
3 5.613 12,207 0.7263 119.42 1.75 0.1504
(5.28) (2.04) :
* *x o k% - ) :
4 : 5.433 17.748 0.8176 197.29 1.74  0.2156
(3.73) (2.95) ' :
R7 ~vCQRC
~ * * L Kok , :
1 . 6.473 8.643 0.2368  ~ 14.58. ~ 1.97 0.3863
(19.26) - (2.70) N : o
: * v S k% ,
2 6.823 9.442  0.5554 57.47 1.59 0.1647
(9.05) (1.57) , S |
, : * ' ok o
3 6.908  12.991 0.7153 113.04 1.78 0.1433
(6.27)  (1.90) o
'Rg = CORC
* . x : * %
1 7.743 9.722 0.2056 12.16 1.98 0.4119
(21.68) (2.64) ‘ '
2 8.040 11.300 0.5292 51.71 1.60 0.1776
(10.37)’ (1.64) ’ ‘ ’
R9 - CORC
1 9.055 - 10.769 0.1824 10.49 1.98 0.4280
(23.73) (2.55) ' : ' o
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The second pattern wbrﬁh notingvis thét the regression
coefficients‘increése across métdrities holding the_periéd.
ahead constant. For example, ffom R2 to‘Rglin ﬁhe one~-
period ahead'équation, the coefficien£7increases,monotoni-
cally from 1.751 to 10.769.

There is also one pattern as yet unéx?léinable. Notice-
that the explanatory power decreases in ﬁhe-two—period ahead
equation and then begins to increase for all maturities up

6
far enough ahead for R

to R,. It is not possible to calculate the relative error

7
"dip" in the R2(c-o) at that point has not ddcurred due to

to R9>fdr a pattern to emerge. This

computational error, and the author has no reasonable

explanation for this pattern.

Interpretation of the Statistical Results

It ié‘now posSible to‘combine the results for the one-.
year relative error from Chapter II with thdse of
Chapter"III. Referring back»to Kessel's study,2 the

average relative error one period ahead for the different

maturities is:

R, 0.26 R, 3.60 R, 7.23
Ry 1.36 Ry 4.78 Rg 8.54
Ry 2.47 Ry 5.99 Ry 9.88

2Kessel, Cyclical Behavior.
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Note that the average relatlve error 1ncreases

monotonlcally as maturlty 1ncreases, whlle Kessel s. mean:

" difference dld not~ To take account of scale dlfferences,

-the relatlve error, not the mean dlfference, should be used.r_s -

This table provides partial support for the term and
llquldlty premlum theorles.v

Addltlonal support for these approaches to term
structure is prov1ded by the statlstlcal.results,of'

Chapters II and III. | An expianation'of the relativelylpoor:'

‘results for the one-year relatlve error 1s that perhaps the*_,:

expectatlons hypothes1s holds for. the one-year rate.v The o
one-perlod forward rate’has been relatlvely close'to the
iactual rate asdshownain the table’above;_ Bé?bndrone year,
ta premium is‘heceSsary to insure against:a'capitalgloss
which explains the better resultS'forbthe 1onger maturities;fd
More‘importantly, the statisticalﬂresults support thef]‘
.valldlty of the varlable rlsk hypothe31s. Theoryfsuggests~
;that as maturlty 1ncreases, rlSk increases and the
‘coefflclent of the measure of risk does just thrs‘t Thereh
' is also a slight increase in the t?statiStics_across all
maturities using the-oneeperiod ahead results.d'The results
alsovsupport Friedman's statements on variabiiity. As
variability increases, a larger‘term'premium‘is needed todb'h
make longer term bonds competltlve with short- term bonds.t
Therefore, as varlablllty 1ncreases across all 1nterest |

- rates, longeterm‘bondsfwlll sell.at a lower,prlce due to
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hlgher term premlums.v ‘This could affect long-term 1nvestment

~plans of corporatlons who mlght be forced to seek other means _]

of flnanc1ng thelr 1nvestment plans or put them off to a

later date orvabandon'them ent;rely.

Conclusion

..hnother interesting pOint'about‘thesejresults COmesﬁ
from a similar study'by the author‘oompleted some.time ago;dd
The approach in this study was the same, but the measure
” of rlskrwas dlfferent._ The measure was based upon ‘the f"
method used‘by BonOmo in.the‘flrst test of the Varlable:;;
‘risk hypothesis}'and the interestedvreader‘is referred to
his paper for a detailed explanation.of the method.i»The"‘

p01nt 1s that the general pattern of coeff1c1ents,

 t-statistics and R2s was v1rtually the same in both studles.o.h'

' This lends further support to the varlable rlsk,hypothe51s,

because;in the?sameaappliCation,using‘two different measuresij;

of risk,‘the results"were’quite similar.h_This demonstrates,;

'that 1ndeed the varlable rlsk hypothe51s is not dependent

on the partlcular measure of rlsk used in the appllcatlon,
The next chapter presents a dlfferent appllcatlon

follow1ng the approach of u31ng the varlable rlsk hypothes1s‘

to test term structure theorles. S



CHAPTER IV
TEST OF THE SEGMENTED MARKETS HYPOTHESIS

The results of‘the previous.tests of the‘variable_riek '
hypothesis have been in conjuhetion with'the'liquidity and
’term'premium hypotheses. In this chapter; we propose to
use the variable risk hypothesis in e test of the segmented

markets hypothesis.

The Previous Applications -

The introduction of risk in the_preVious tWolchapters

has been of the form

F.(t,t+n) = R, (t+n) v o. (t) S
| R, (€+n) "= 0+ A= ' B C % )

where

 which iS”equation (2.9)'repeeted fof convenience.

- It was concluded that the statistiCal‘reeults supported
the liquidity and term premium hypoﬁheses, while little has
| been said about‘the segmented marketS’hypethesis. Implicitly,
- we have been testing,this'theory by fegressing the one-year.
relative error on.the one year measure eferisk, the two—year,_

~ relative error on the two year measure of risk, and so on.

61
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If the results had not been acceptable, indirectlf’the
segmented markets hypothesis would notvhave been supported
because one year risk did not affect the one-year relative -
error. In this chapter, ahother test of £he Segﬁehted' |
markets hypothesis will be propoSed which_syould'give more

definite proof.

The Segmented Markets Hypothesis

The segmented markets”hypothesis was discussed in
.Chapter II, and we briefiy repeat itsiessence here. Bonds.
of different maturities are treated as if each is sold in
a separate and distinct market. Therefore, as'Michaelsen
states: - "The segmentedbmarkets hypothesis suggests, if
“anything, that the relationship between‘price movement on

securities with different maturities should be unrelated."l

This means_that_prioes of bonds are determined by forces
pecuilar to each markeﬁ, and there is no crossover of'effec£s~,
from the markets of bonds of‘different’maturities; ' The
results of estimating'equation}(4.l)~heve suggested thatv
risk within the marketvis‘importent; It remains to be seen
whether risk outside the market for a bond of specific o
maturity can also affect-the.relative error.

Specifically, we intend'ﬁo use the variable risk
hypothesis to test the sensitivity of'thebrelative error of
one maturity to interest rate risk of a different maturity;

_We_propose_to.testvthe segmented markets hypothesis with

lMiChaelsen, Term Structure, p. 105.
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the following equation:

F; (t,t+n) - R, (t+n) 10 o, (t) ' . o
Ri(t‘l‘n)_ - =0+ I A, —— ro (4.2)

j=1 I R. (&)
. ‘]
where’
i=1, ..., 9,
3j =1, « « « 10, and
i#3 .
Equation (4.2) postulates that the relative error in
the one year rate will-be regressed on the measure of risk
»for 2, 3, ..., lolyear rates, the 2—year,relative‘error on'
. risk for the 1, 3, .;., lO'year rates, and so‘on; \
Notice that the measure of risk for.the one year rate
is ggi included in the test of the one-year reLative error.
As was discussed in Chapter I, the exclusion of an explanatory
- variable could lead to bias®in the estimated ceefficients, the
‘extent:of'bias depending on=£he correlation'of the excluded‘ |
variable with the included variables. The test proposed in
;'thie chapter is subject to such bias, especiallj since the
- measures of risk for the different matﬁrities will.probably,f
be highly correlated with each other. |
The only justificaﬁion for ignoring such bias is that‘
the segmented merkets hyéothesis'cannot be tested in e
consistent manner if risk for that matﬁrity“is ineluded.
The statistical results in Chapters IT aﬁd III show that B

risk does affect the relative error when both are measured
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for the same maturity. But theasegmented markets

hypothesis implies that‘forces'outside the market for a

bond of specific maturity have no_effectrih.that market.
Therefore, a test of this hYpothesis would exclude internal_
forces and include eXternal'forces.' Equation (4. 2) attempts_'
to capture this notlon by 1nclud1ng the measures of risk

for other maturities and excludlng the measure of risk for

the spec1flc maturlty of the dependent var1able.~

Preiiminary Expectations_h

If the‘seémented markets hypothesis:is valid, we weuld |
expect generally poor resuits mithtnonesignificaht
t-statistics; low st andllOW-Festatisties, thus, mould
indicate that risk from other bonds has no explanatory
power in the movemeht of the relative error‘of a'specifica
bbond and that the market-ferveach'bondbis,a1self-contained
unit ekdluding‘forces from the markets ofvother bonds of
different maturities;: .v o

If the segmented markets hYpothesis:is:to bevdisprOVed;
we would expect good results in terms of the summary
statisties mentioned;ahove.’ The measuresIOf risk of the
»different maturities should‘perform weli when tested eh the
relative error of other maturities- Thls 1s not to say- that N
the coeff1c1ents for all measures of rlsk should be -
81gn1flcant in every equatlon.v It would be lnteresting to
see a pattern emerge 1n the estlmated coefflclents, but |

that will be p01nted_outnwhen the results are dlscussed.
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Theoretically, if a‘generalhequilibrium approach isi
taken, it is easy to see why the effects of.risk'in;one"
‘maturity could affect the:relatiVe error of other ﬁaturities.r
Investors are confronted with an array of assets each of |
‘which has risk and return characteristics. If one maturity
‘has a comparative advantage in either return'or,rlsk,
investors should attempt'toiacquire thisdasset'and, in so
doing,;bid up the price until'the aSset'is'just competitive.b
with other assets instead of being superior.' It makes no
difference whether the comparative adVantagevis”in.return
or risk; Ifrthe return is‘high relative to the'risk the .
bidding up of the prlce w1ll bring the asset in . llne w1th
other assets. If the risk is low relative to the return,v
~ the 31tuatlon is the same. The»investorfcannot affect the
risk immediately, but the price of the bond is directiy"
affected by the investors; ThlS suggests that a daily studyvs:
of the bond market would be. 1nteresting if suff1c1ent data
‘were available. ThlS argument supports Lhe prop051tion
‘that the segmented markets hypothe51s w1ll be disproved
but we will have»to examine the statistical‘results for
clarification. | | | |

In addition, the signs Ofvthe coefficients.cannot be:
specified beforehand.v It‘is'possible that changes in risk
could increase thevrelatiVe,error as‘; "shock“_makes its |
way through the economy; resulting in positive coefficients

for.the)measurefofﬂriSk'in differént maturities. It is also
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hposs1ble that an increase in risk in a bond of one maturlty
bcould increase the demand for a bond of a different.

maturity and thus dectease the relative error resulting in
‘a negative coefficient. This is the argument made in the
‘preceding parégraph.

. " Concerning patterns in the coefficients, it is
poésible that'risk‘in shbrt-term bonds affects the long=term
‘relative error more than vice'veréa. The rationale is thé
following.

If we‘accept the propoSitioh that the ecbnomic system
tends toward equilibrium,'then short*term rates :eflect the
immediate impact.of a shock to the system, while the long-
term rates reflect both the diffusion of the shock as ithis
absorbed by the économy'and COunter—méaéures by fiscal and
mohetary authorities to returh the‘economy~to a stéble'
state. Thérefore; what happens to short-term rates is
partially reflected in long-term rates plus the expectation
of corrective measutes by economic policy makers. The flow
of causallty is from the short term to the long term.v
While this is an lnterestlng'theory, it remalns for the.data,

to support or reject it.

The Statistical Results: Corfelation
Coefficients : '

Before discussing the regression results, some analysis
of Table 4.1, which shows'the’correlatidn coefficients of -

the measure of risk for the different maturities, would be



" TABLE 4.1

CORRELATION COEFFICIENTS

3 T4

97

Q@ a a a@ a ' a a a
*ko*m*\l*m*‘-w*b_h*w*[\)'*k-"*

Q
[}
o

1.00 0.988 0.964 0.937
©1.00  0.993  0.977

1.00  0.995

.. 1.00

0.958
1 0.984
0.997

- 1.00

'0.886

0.939

- 0.971
1 0.989

- 0.998

0.861

0.018"
0.954
6;577:
0.991
0.998

1.00 .

- 0.822

0.883

0.925
0.953

0.972

0.985
1 0.994
0.999

‘1,00

L9
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helpful. Table 4.1 presents the correlation cOefficients

1"

. S . B
between the measure of risk for the one-year rate,o
measure of risk for the two-year rate,,dé; and so on. The

~the

lowest‘coefficient is 0.808;:which is the correlation

* . *. : ) ,
‘between oy and le' The highest coefficient is 0.999-
. % * ‘ % * s . S
between 08 and»o9 and between 09 and‘GIO‘ Also of interestv

is the diagdnal‘adjadent to the row of 1.00s indicating fhé ;ﬁ‘

: ' * * .
correlation of o, and ¢ o, and ©

* *
1 2" 72 3’

coefficient increases as maturity increases from 0.988 to

and so on. The

0.999. The same is true fof:éll of these diagonals. By
_itself, this table could be offered as eVideﬁcegagainstvthe
segmented markets hypothesis, SihCe the crossfcorfelationsg
should be low aéCofding to this thed?y." | |

vAnothér point to be cbﬁsidered is theFSévere mulﬁicOlf
linearity indicated by table 4.1 Since these c¢£rela£i0n‘-‘
coefficients are high, it wiil-bé—difficult to distinguish !
between the effect of thevindividual’q*suin the £égression
egﬁation. Standard errors will be biased upward and, therefq;e;v
the t-statistics wililbe biased downward, leadihg one to o
suspect that the Variablé has'no explanatoryvaWer, ' The
1coefficients fhemSelves'wiil not be'biaSed; so we'must rely
on summary statistics, sﬁ‘ch-,asbtvhe»R2 and F.sﬁatistics, t¢
indicate overéli goodneSsiof’fit,lwhile not>béing éble to
identify significant.variables by t-statistics.

The usual apprbaéh to ébrrect for multiéollinearityﬂis

to take first differences or deviations from the mean.
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’ Hdwever,,the Cochrane—Oréutt‘proéeduré uses différénces,v
and theft—stétistics are notﬁiﬁpiovedvas a result of
correcting for-seriél correlatibn, as will be seen. The
second method is to use deviatiéns from the mean ihstead“
of the levels of the variable. The use of déviéﬁions'ffdm_-
the mean is questionable here, since thé original data are
standard de&iations and meahévand'leave the analysis opén
to the criticism of‘ménufacturing the‘reéults. For this
reason, there was no attemptrto generate,uﬁbiasea“

t-statistics.

The Regression Results

Table 4.2 presents the results of eétimatiﬁg'equatioﬁ
(4.2) using ordinary léést—squares and the Cochrane-Orcutt
procedure. The OLS results are on the léft side, including
the summaryvstatistics, and the Cochrane—Orcutt results are
on the right side. The simple correlation coefficient'
between the_depehdenﬁ variable and eéch Qf the independeﬁt
variables, p, is shown in the(column in'the,midd1e of'thé
table.

Once again, the iow Durbin—Wétson statistics make the
OLS results unreliable, sd the Cochrane-Orcutt results are
to be analyzed. . In general,.the results improve:as term -
to maturity ihcreases. Uéing the R2 oﬁ Céchrane?Orcutt
differences, Rz(c—b), as the criterion, the explanatory

power of the model increases going from7R2 to R9. There
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TABLE 4.2

REGRESSION RESULTS

: Coefficiehtb :

OLS

o

-~ CORC

Ry le periodﬂahead

Rz(c-o)

=0.455%
(2.51)

-4.61
(0.15)

49.82

(0.43)

-49.11
(0.30)

- -87.25
-~ (0.51)

115.63
(0.81)

175.47

- (0.78)

-497.41
(1.59)

- 382.18
. (1.28)

. 274.64

(0.61)

. 0.3819

- 1.36

2.75

'0.312
0.509
0;504H_

0.502

0.504

" -0.072

(0.23)

- -8.24

©(0.30)

- 102.91

(0.93)

-233.26
o (1.33)

- 88.83

- (0.63)

©203.76
. (1.09)

-192.92

~(0.69)

~ 3.68

- 5.73

a (0.02)

 34.45
1 (0.31)

©0.4908

1.84
4.18%*

©0.2327




TABLE 4.2--Continued

OLS

CORC

Coefficient o
Ry = 2 periods ahead
0 ~0.767* ' 0.512
(2.25) (0.79)
A, 0.637 0.573 7.14
(0.01) (0.16)
Ay 24.08 10.558 -25.35
(0.11) ’ (0.14)
EY 84.48 0.541 91.53
4 (0.27) (0.31)
As -238.87 0.528 . -54.20
| (0.76) . (0.24)
Ag ~44.49 0.518 ~270.78
| (0.17) 7 (0.82)
Ao 734.12 0.513 564.65
(1.72) (1.12)
Ag -1,111.34 0.508 409.18
(1.82) | (0.77)
A 670.29 0.506 54.64
| (1.16) o (0.11)
o ~105.06 1 0.505 ©38.61
(0.45) o - (0.19)
R2 0.4465 0.6177
D-W 1.05 1.53
F 3.50%* 6.82%*
0.2118

R2(c-o)
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TABLE 4.2——Continued“

Coefficient -

OLS

o

o CORC

Ry - 3vperibds ahead

-1.015%
o (2.21)

20.15
(0.26)

-17.15

(0.06)

163,91

(0.43)
-266.81
(0.70)

-362.67
(1.09)

1,140.06%

 (2.09)
-905.70

(1.22)

164.94
(0.23)

77.00
0.5461

0.71

5.08%*

0.27)

0.644

0.623

0.501
0.583
.0,569_*"'
0;5611>{
'0.552
'0;548

0.546

0.173

C(0l21)

. 19.53

~ (0.39)
-48.97
(0.25)

106.48
~ (0.36)

- =69.25

(0.31)

 -262.02

(0.75)

519.62
1 (0.97)

- -102.75.
©(0.19)

-295.20

T(0.58)

127.14
(0.63)

0.7772

- 1.48

14.34%%

0.3532
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TABLE 4.2--Continued

Coefficient

OLS

P

CORC

Ri - 4 periods aheéd’

L -1.398%

(2.42)

86.11

(0.86)

~212.66

(0.60)

312.84

(0.65)

-224.21
(0.46)

-332.59

1,046.09
| (1.53)

-1,250.14
(1.28)

~ 504.82
~(0.52) ¢

101.74
(0.28)

- 0.5039

©0.570
. 0.559

1 0.547

0.539

. 0.533
(0.80)
0.534
0.534
0.537

0.541

~0.442
(0.44)

-21.81
136.83

. -149.26

. (0.43) ‘

-108.98

©(0.40)

104.42
' (0.25)
115.07

(0.18)

'56.59
(0.09)

 =240.86

(0.40)

-~ 126.13
- (0.52)

- 0.7899

1.52

15.04%%

0.2301
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TABLE 4.2--Continued

Coefficient S }OLS

p,

~ CORC

Ry -5 period$ ahead3  '

o  -l.a60%

o208

193.62
(1.53)

-598.64
739.24
(1.13)

-305.78
(0.49)

- =214.96
(0.42)

A - 1804.69
(0.96)

'=1,943.00
(1.61)
Tl

. =248.63

R . 0.4241
D-W  0.64

4

F o 2,95%%

(1.29)

1,619.24

7(0.55)

o440
' 0;43§:ﬁf

 ;0,432':
Co.am1

0.432

0.440

© 0.446
©0.453

0.460

. -0.335
(0.25) .

3.77
~ (0.06)

1 49.04

©(0.20)
=140.30

(0.37)

- 83.76

. (0.27)

27.65
" (0.06)

- 36.32
(0.05)

. =224.41

-(0.28)

. 67.61

© (0.10)

119.53

(0.42)

’“¢,0}8041‘1

1.40

15.97%%

- 0.1818




TABLE 4.2--Continued

 CORC

Coefficient  oLS o
R, - 6 periodé;ahead"v 
0 -1.064 2.27
(1.30) (1.21)
Ay © 306.85*% 0.278 85.43
- (2.09) (1.26)
Ay ~1,017.00 0.268 - -212.81
(1.87) | (0.82).
Ay '1,241.37 0.261 - 39.00
(1.61) - - (0.10)
- -418.07 0.258 . 217.96
(0.58) | . (0.67)
A -216.71  0.259 -3.56
(0.37) ‘ © (0.01)
A 873.47 0.267 - =-134.70
(0.86) . (0.17)
g -3,009.19%  0.274 -319.40
(2.03) » (0.37)
Ag . 2,947.88% 0.283  327.97
(2.08) o (0.43)
Ao ~660.51 0.201 -0.658
E (1.26) o (0.00)
R? 0.3707 0.8146
D-W ©0.70 1.42
F 2,29 16.60%*

) Rz(c-o)

0.1771
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TABLE 4.2--Continued

OLS

Coefficient P ~ CORC
le - 7 periods ahead
0 -0.598 2.80
(0.66) (1.44)
Ay 335.91% 0.163 113.16
Ay -1,173.14 0.149 -373.43
| (1.81) | (1.11).
A 1,565.47 ©0.139 463.05
(1.65) ' (0.88)
Ag -616.67 0.133 ~18.61
(0.75) | v (0.05)
A -396.73 0.133 -739.29
(0.60) " (1.31)
Ay 1,190.31 0.142  1,156.63
(1.02) ' o " (1.36)
g 3,284.06 . 0.149 -1,123.29
B ©(1.95) i (1.20)
g 3,134.79 0.158 395,18
| (1.99) | (0.48)
Mo ~711.60 1 0.168 130.76
(1.22) L ~(0.40)
' Rr? 0.3501 0.8188
D-W 0.54 -~ 1.57
F 2.04  16.57%*
‘ Rz(c—o) |

0.3049
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TABLE 4.2--Continued

‘ Coefficient‘ 

OLS

p.

- CORC

1

R, - 8.periods ahead

-0.208
(0.22)

503.40%
(2.46) .

-1,680.80% -

(2.25)

1,830.03

459,82

(0.48)

-1,913.92%
(2.20)

774.88

(0.62)

-2,128.05
(1.21)

3,512.78

(1.97)

1,330.40

0.3487

_0;122‘v
0.109
0.0991- 
0;093 ;f”‘  
  :0.09lf“
’.'0,0§8i'

| 0;1031 '

:fo;iii:“ o

- 0.119

1.40

(0.83) ’
- 80.11
. (0.64)

. -259.58

'.'(0.54).v"

320.09
(0.48)

102.79 |

(0.21)

-722.27
" (1.03)

772.65
- (0.73)

. -578.61

- (0.51)

294.87
(0.26)

-2.10
(0.00)

0.7634
1.42
1147
0.1421
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TABLE 4.2=-Continued

Coefficient © oLs o - CORC

Rl - 9 periods ahead

o 0.416 , 2.46

(0.39) | |  (1.20)
Ay 352.68 0.057 -94.77
: (1.55) | (0.74)
As =1,255.19 0.051 359.38
T (1.52) | - (0.73),
A, 1,589.59  0.047  =376.30
(1.43) o R (0.54)
A 232.83 0.045 © -41.38
(0.22) ' o . (0.08)
e -2,129.08*  0.045 ©-94.12
‘ ' (2.14) | o 7(0.13)
A, 1,203.67 . 0.052 99.98
(0.78) _ (0.09)
rg . -937.88 0.058 1,418.46
2 | (0.48) o (1.21)
Ay 1,799.45 . 0.065 -1,960.84
3 (0.92) o (1.71)
Ao -843.81 - 0.072 - 679.21
| (1.05) e - (1.37)
R? 0.2382 . . 0.7621
D-W - 0.62 © 1.66
F

1.11 . - . 11.03%x

R? (c-o0) : . 0.1652
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TABLE 4.2--Continued

OLS 0

Coefficient CORC
R, - 1 périod ahead
0 0.432 0.756% -
(1.83) | (2.28)
Ay 2.03 0.532 -0.120
| (0.22) - (0.01)
A, 34.98  0.520 ©100.07
(0.38) - (0.95)
A, -45.43 0.513 -251.84
(0.23) (1.15)
Ag -92.14 0.511 89.41
(0.42) (0. 45)
Ag 148.13 0.511 216.87
| (0.83) 1 (0.97)
A - 181.27 0.512 -119.81
(0.63) - - (0.35)
Ag -594.61 . 0.512 -161.80
(1.46) - (0.41)
Ag 471.77 0.513 122.99
(1.26) (0.34)
o -93.29 0.512 . 13.54
| (0.63) ©(0.09)
R 1 0.3835 0.4609
D-W 1.43 1.85
F 2.77 3.70%*
Rz(c-o)‘

0.2667
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TABLE 4.2--Continued

Coefficient OLS o ‘CORC
R2 - 2 periods ahead
0 0.002 1.71%
(0.00) - 1 (2.02)
A 8. 80 0.611 6.59
- (0.55) | (0.50)
As -32.36 0.582 -68.67
(0.20) | (0.46)
A, 183.41 0.564 196.51
(0.53) (0.61)
As -313.58 0.550 -119.18
- (0.82) (0.44)
Ag -25.87 0.541 -359.92
(0.08) © (0.91)
Ao 844.12 0.535 770.23
;' (1.63) (1.26)"
Ag -1,365.07 0.528 -491.23
? (1.82) (0.78)
Ag 858.89 0.525 51.06
| (1.24) (0.09)
Ao -140.90 0.523 112.83
(0.52) (0.48)
Rr% . 0.4665 0.6479
D-W 1.03 1.50
F 3.79 7.77%%
0.2169
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TABLE 4.2--Continued

OLS

" CORC

Coefficient | p
R, - 3 periods ahead
0 ~0.40 1.13
(0.71) (1.08)
A 14.59 0.677 11.10
: (0.71) (0.75)
Ay ~49.20 '0.639 64,22
. (0.24) RS (0.41).
Ay 281.28 0.616 182.03
(0.67) (0.55)
A ~414.50 0.598 -200.80
~(0.88) (0.73)
A -303.20 0.584 -118.63
(0.74) ©(0.28)
- 1,299.18 0.575 516.14
(1.97) (0.78)
Ag -1,277.72 0.567 -246.85
| (1.39) (0.37)
Ag 445.47 0.561 ~253.80
(0.51) . (0.40)
Ao 24.38 0.558 - 171.32
| (0.07) o (0.70)
R? 0.5577 0.7870
D-W 0.70 1.57
F 5.32%% 15.19%%*
R? (c-0) | 0.3502
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TABLE 4.2--Continued

Coefficient oLS 0 ~ CORC
R, - 4 periods ahead
0 -0.692 ©0.858
(0.97) (0.67)
Ay 22.96 0.613 -5.84
, (0.87) | (0.34)
Aq -68.56 0.598 130.59
5 (0.26) o (0.74).
A, 191.61 0.586  =212.60
' (0.36) (0.57)
g -176.08 0.578 44.92
©(0.30) ©(0.14)
Ag -399.61 0.572 -154.99
(0.78) (0.32)
Aq 1,205.61 0.573 ~319.93
| (1.46) o (0.43)
Ag ~1,422.68 0.572 111.03
| (1.17) a (0.14)
Ag 633.70 0.572 -322.64
(0.56) | (0.46)
Ay 49.87 0.574 106.13
(0.12) (0.37)
R? 0.5162 0.8115
. D-W 0.65 1 1.52
F 4,39%% 17.22%%
'R2(c—o)‘ |

10.2301
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TABLE 4.2--Continued

OLS o]

Coefficient CORC
R, - 5 periods ahead
o - -0.830 S 1,56
(0.95) . - (0.90)
Ay 37.42 . 0.497 $-2.99
(1.17) . ; (0.17)
Ay -211.53 . 0.493 103.46
(0.65) - E (0.56)-
A, 443.42  0.488 -231.81
(0.65) (0.59)
- ~352.22 0.487 -~ 136.58
(0.46) | | -~ (0.39)
Ag ~149.47  0.487  .=2.64
(0.24) £ (0.05)
Ay 1,124.95 0.495 . 94.48
C o (L.12) ~(0.11)
Ag -2,362.15 0.499 -285.07 .
(1.60) (0.32)
A 1,727.96 0.505 33.97
| (1.25) - (0.04)
Mo -203.00  0.511 183.63
(0.40) B (0.57)
R? 0.4473 ©0.8348
D-W 0.54 1.46
F 3.24%% 19.65%%
2 0.2126




TABLE 4.2--Continued

Coefficient

Y

oLS CORC
R2 - 6 periods ahead
0 ~0.496 3.57
(0.50) (1.52) .
'Al 66.49 0.374 ©14.78
: (1.77) : (0.79)
Ay -473.93 0.355 ~15.92
. (1.27) (0.08)
" 1915.88 0.347 -128.79
(1.16) (0.31)
Ag -590.93 0.344 192.50
(0.67) (0.51)
A -124.57 0.344 32.64
(0.17) " (0.06)
A, 1,525.21 0.351 ©1.04
(1.28) (0.00)
‘AB -3,877.67% 0.356 -423.79
(2.14) (0.43)
Ag 3,202.47 0.364 300.42
(1.94) : (0.34)
Ay =581.40 0.370 29.34
o (0.98) ’ (0.09)
R2 0.3963 0.8404
D-W 0.58 1.45
F 2.55 19.89%%*
0.1266
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- TABLE 4.2-=Continued

Coefficient oLS o CORC
Ry - 7 periods ahead
0 -0.049 4,42
(0.04) C(1.71)
A 84.43% 0.277 27.42
(2.10) | (1.29)
Ay -682.20 0.249 -191.56
(1.57) (0.80)
Ay 1,303.70 0.240 333.28
| (1.39) (0.65)
Ag - =697.76 0.235 ©=22.06
(0.69) (0.06)
A ~411.49 0.234 ~741.21
(0.51) ©(1.18)
A, 1,967.29 0.242 1,347.97
| (1.46) \ (1.40)
g -4,536.24% 0.248 -1,318.99
| (2.22) | - (1. 25)
Ag 3,716.69% ©0.257 324.66
(2.01) (0. 35)
- ~686.43 0.265 249.41
. (1.04) (0.69)
R® 0.3875 0.8505
D-W 0.50 1.65
F 2.39 20.86%*
Rz(c—o).

0.3064




" TABLE 4.2--Continued

OLS

CORC

' Coefficient

:4R2 -8 periods aheéd”i_]

P

D=-W

Rz(c-o)

0.407

(0.36)

128.04%
(2.77)

~927.55%
(2.02)
1,276.70
(1.31)

729.88

(0.63)

-2,252,18%
(2.22)

1,700.09
(1.21)

-3,353.95

(1.58)

4,002.01

(2.00)

. =1,264.43
(1.63)

©0.4042

1 0.55

2.49

1 04244  _.
,0.209, 
 10.263 f7:"

'L5Q201°'

Coa0r

_ fo;2i1v J”*"
16.218 .

0.225 ‘

C 2,62

(0.19) .

o 33.64
o (1.08)

~237.39
(0.77)

-~ 333.37

 .(0.54)

. 276.25 -

(0.51)

- -972.50
IR

. 909.46

-819.45

- (0.65) -

 556.56

(0.46)

o 67.99

©0.8145

1.40

15.61%* ..

0.1782
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TABLE 4.2--=Continued

'CoeffiCient

OLS

.

CORC

Ry - 1 period ahead

D-W

r? (c-0)

1.43%
(5.43)

7.05

(0.37)

-2.77"
. .(0.05)

18.80

(0.12)

-125.28

(0.50)

154.71
(0.81)

192.82

(0.59)

-666.76

(1.46)

549.30

(1.37)

- =114.55
(0.74)

0.3809
1.52

2.73

0.538

0.531f1 
0.515
"o.Sié_i‘
, 05512 ""
.6.511‘> -
©0.511

©0.509

S 1.62%
. (4.88)

©2.83

(0.12)
 15.05
(0.23).

S =79.71

13.53

(0.06)

~150.08
(0.67)

co=1e1l

(0.00)

-:—343.70

(0.76)

1300.62

v(o.75)4fﬁ¥ ;: 

—46.53
(0.28)

0.4201

- 1.87 ¢

o 3.26%%

0.2961
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~ TABLE 4.2-—Continued‘

 Coefficient OLS

p

" CORC

 R3'4'2 periods ahead

S 7 0.915%

(2.05)

Al 32.91
' ' (1.03) .

=75.72
307.39
(1.17)

2495, 20
(1.19)

A o . 34.89
L (0.11)

A, 990.35

1927.00
(1.31)

- =116.34
R . 0.4891

D-w 1.00

F . 4.15%%

' R2(¢—o)v

(0.84) .

(1.76)

A © -1,582.51
S (1.97)

o (0.43)

0.628

0.613

0.578

0.564
o.ssa
” '0;547'
v >Q;540  ~
‘Ao.53é”

0.533

o 2.62%
o (2.94)

o 35.82

o(l.11)

-100.90

(1.12).

208.01
131

~281.69
(1.01)

-327.82
(0.82)

918.50

(1.43)

-620.44
(0.92)

-106.02
(0.17)

182.24

©(0.74)

0.6722

147

o B.66%*%

0.2537
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'TABLE 4.2--Continued |

Coeffiéient} . oLs P ' CORC

N R3".3»pe;idds ahead{:

0.473

(0.77)
39.89

(1.00)

-78.13
(0.70)

343,36
(1.06)

-507.74
(0.98)

-261.32

(0.60)

1,357.04
(1.87)

1,449.70
(1.43)

600.41

(0.67)

-21.07

- (0.06)
0.5720

0.695
0,678 
0.637
0.620
0.607
o;sééi
0‘5891 "
0.533  

0.578

o 2.04

(1.85) .

' 38.68

C(L.10)

-88.70
. (0.91)

. 226.75

(0.92)

o -256.72

(0.86)

=136.05

(0.29)
619.53
- (0.86)

-398.48
- (0.54)

-170.18

" (0.25)

 165.46

(0.63)

0.7895

 1.65
15.42%%

0.3425
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TABLE 4.2=--Continued

Coefficient - oLs o  CORC
R3 -4 peiidds ahead | ’
o 0.186 2.17
(0.24) (1.48)
Ay 29.13 - 10.639 -17.38
| (0.58) - (0.45)
Ay -26.23 0.635  60.53
. (0.19) R (0.58)
A, 84.03 0.615 . -99.54
(0.21) . (0.37)
Ag -100.06 0.608 108.70
(0.15) | (0.32)
A -386.72 1 0.602 ' ~363.89
(0.71) ©(0.71)
A, 1,176.89 0.602 461.22
Xg -1,505. 44 0.600 81.07
(1.15) (0.10)
A 804.69 0.600 -284.53
(0.70) (0.38)
Mo -36.88 0.600  68.26
(0.09) (0.23)
g2 0.5318 0.8235
D-W 0.62 1.55
F 4,67** 18.66%*
r? (c-0)

0.2348
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TABLE 4.2--Continued

Coefficient OLS o CORC
R3 -5 periods ahead
0  -0.068 2.83
(0.07) (1.44)
Ay 0 36.26 0.535 -26.81
| - (0.59) (0.68)
A, -38.74 0.535 93. 39
(0.23) | (0.87)
Xy 122.60 0.527 -220.77
o 7 (0.24) . (0.79)
Ag -259.29 0.526 185.88
(0.32) | (0.52)
A -41.59 0.526 . -48.92
: (0.06) ' (0.09)
Ay 1,105.41 0.533 117. 44
(1.01) (0.13)
Ag -2,401.10 0.536 -315.68
o (1.52) , (0.34)
Ag 1,749.53 0.542 35.19
(1.27) (0.04)
A0 -212.15 0.546 213.80
(0.42) (0.65)
R> 0.4722 . 0.8513
D-W . 0.50 1.56
F 3.58%% 22.25%%
R? (c-0)

0.2469




TABLE 4.2--Continued

92

Coefficient OLS o CORC
FR3V4 6 periods ahead
) 0.183 4.94
(0.17) (1.96)
Ay 84.34 0.434 -17.19
(1.20) (0.42)
Ay =159.64 . 0.426 97.89
: (0.82) (0.87)
A, 368.45 0.409 -  =350.87
(0.64) | (1.21)
As -524.48 0.405 300.63
(0.56) | ~(0.80)
A 46.13  0.404 81.22
o (0.06) | ©(0.14)
Ay 1,746.55 0.410 26.99
! (1.34) (0.03)
Ag -4,142.77% 0.414 -470.67
(2.10) : (0.46)
Ag 3,129.67 0.421 1281.20
(1.83) o (0.32)
Ao -481.82 0.426 57.19
(0.79) . (0.17)
R? 0.4196 0.8621
D-W 0.52 1.44
F 2.81 23.62%%
Rz(c-o)

0.1511
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TABLE 4.2--Continued

Coefficient,_ . '; . OLS. o)

CORC

; 33 - 7 periods ahead

e 7 o.613
©(0.52)

(1.92)
-336.08 0.329

(1.55) |

(1.10)

(0.65)

(0.37)

(1.75)

(2.33)

(L.91)

(0.76)
R” . 0.4125
D-W - | 0.48

P - 2.65

A © 148.99  0.343

RV ::. C 720.44   t"',‘0g31z 
-695.64 ©  0.306
A . , - 321099 0.305
 2,569.43 o _0-312'
;5)217.89* »"0;3i8v 
3,725.97 -  0.325'

A - =527.70 ~  0.333

5.67
(1.93)

44.21
- (0.94)

. =91.17

. (0.70)

- 165.96

-42.24

©(0.10)

. -662.28 .
(1.05)

1,427.22
o (1.40)

-+ =1,354.09

(1.21)

158.61

.17y

 365.98
7(0.97)

. 0.8627

1.73
23.04%%

0.2955
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TABLE 4.2--Continued

- Coefficient

OLS [

~ COrRC

‘R4 - 1 period aheéd

2.47*

18.57 . 0.524
(0.71) o

-59.21 ~  0.516

(0.55)

89.31 - 0.507

(0.60)

| -222.77  0.496

224.41 - 0.496

(1.02)

282,48 0.495

(0.81)

-771.36 0.494

(1.59)

517.23  0.494

::(l,lS)f

1 -63.64  0.493

(0.34)
0.3703
1.59

2.61

 2.59% |
C(7.58)

- 18.18
(0.60)

-49.71
(0.42)

" 62.38

(0.41)

- =159.11
- (0.70)

180.02 -

- (0.75)

. 179.64

(0.47)

-543.66
(1.09)

'356.81

- (0.78)

-31.38

(0.16)

~0.4003

1.91
©2.89%x

0.3403
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‘TABLE 4.2--Continued

OLS

CORC

Coefficient P
Ry - 2 periods ahead
0 1.86% 3.16%
(4.01) (3.90)
A 69.58 0.641 78.02
| (1.68) (1.68)
Ay -281.33 - 0.626 ~301.56
_ (1.66) (1.75)
Ay 415.42 0.609 374.59
: (1.76) (1.84)
Mg ~621.92 . 0.578 -321.40
(1.66) - (1.29)
Ag -241.53 0.569 ~163.52
©(0.70) R 7 (0.42)
B 1,146.51% - . 0.561 1,044.63
| (2.02) - (1.68)
Ag -1,611.84 0.554 821.39
(1.99) S (1.17)
A 565.51 1 0.549  165.15
. (0.77) R ~(0.26)
X0 99.24 - 0.544 281.51
(0.33) (1.08)
R? 0.5185 0.6823
F 4.67%* 9.07%*
Rz(c—o) |

0.2939
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TABLE 4.2--Continued

Coéfficient

OLS 0 © CORC
R, - 3gperiods ahead
0 1.43% 2.82%
(2.22) (2.62)
A 74.76 0.707 84.36
(1.44) » . (1.69)
A, -279.12 0.690 =291.59
(1.29) (1.54)
Ay 420.28 0.671 340.28
(1.39) : (1.48)
A -577.51 0.635 -316.95
: (1.23) | ©(1.21)
A -69.61 0.623" . -4.90
(0.15) | (0.01) -
Aq 1,473.45 0.614 - 686.04
(1.92) | (0.96)
Ag -1,464.65 0.604 -489.94
C o (1.44) (0.65)
Ag 285,77 . 0.598 -225.56
(0.30) | (0.32)
Ao 1 162.07  0.592 224,13
(0.42) - (0.81)
R? - 0.5892 ©0.7983
D-W 0.67 1.71
F 6.05%% 16.27%%
R2(c-o)

0.3613
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"TABLE 4.2—4Continued

"Coefficient

OLS

: 0 .1H 

" CORC

R, - 4 periods ahead

D-W

F

Rz(c-o),

S 1.17
(1.43)

33.33

(0.51)

-41.99

(0.15)

41.66
-15.23
(0.02)

-374.46
(0.64)

1,086.14
(1.12)
Talyy

- 928.65

o Tlol7ay

- -110.87
C(0.23)

- 0.5424

0.61

e 4;87*?

(0.11)

6.655'“
10.652
‘0.644;J”"5$¥; :
- o (0.03)
0.627
0.622
0;621 
| ,b;é;§H 
 ‘§¢618

>_ 0?6l7 

3,37+

o (2.14)

C 12,13
©o(0.22)

32,36

- 6.82

. 60.22

©(0.20)

-592.83
(1.18)

759.65 .
(0.95)

9.95

~(0.01)
291,77

3”(0.37)

40.69
(0.13)"

0.8283
1.59

19.29%*

0.2453




TABLE 4.2--Continued

 Coefficient

OLS

[

-~ . CORC

‘R, - 5 periods ahead

0.848

(0.87)
12.68

(0.16) :?f

100.72

(0.30) -

- -187.08
- (0.40)

142.77

(0.19)

-42.18
(0.06)

622.35

(0.53)

-2,335.05
Tl

2,159.62 -
(1.45) -

. -408.10

(0.70)

10.4943

0.561

o.563.: :
f 0.560
0.554f;'
'0.554:"
0.559
'd.sezL

0.570

4019
©(1.92)

-64.86

©(1.14)

o 273.72
o (1.28)

2311.64

. 226.45

©(0.74)

- =194.70

(0.37)

164.55 -
(0.19)

- =407.56

(0.43)

©153.20

- (0.18)

©196.29
~(0.58)

o 0.8571

- 1.68

23.33%%

0.2793
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TABLE 4.2--Continued

 Coefficient oLs o CORC

R4 - 6 periods ahead =

o 0.982 6.75%
(0.87) (2.38) -
Ay 68.99 0.474 -89.25
(0.73) ! (1.61)
A, -69.56 ©0.465  457.86%
2  (0.18) | T (2.20)
A -29.87  0.457 - -604.56%
. -3.11 0.445 . 405.08
| (0.00) | . (1.35)
A ©107.21 - 0.443 -6.05
(0.13) | ' (0.01)
Ay 1,224.88 0.449 -152.20
(0.86) ©(0.18)
Ag - -4,038.26 .0.453 -530.08
o (1.98) | (0.55)
Ag '3,404.63 0.458 542.53
| C(1.87) | (0.64)
Ao -591.16 ~ 0.462 S -14.71
(0.87) ©(0.04)
R? 10.4433 © 0.8861
D-W 0.47 1.40
F  3.10%% 29.39%%
r? (c-0) 0.2599
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TABLE 4.2--Continued

Coefficient

oLs = p

~ CORC

a',iRS'— 1 period ahead7fﬂ

D-W

} Rz(c—o)

3.64%
(12.34)

23.65 . 0.516 -

(0.82)

. -83.92  0.508

~ (0.65)

175.25 . 0.501

(0;69)_

-202.14  0.496

(0.80)

. 197.82  0.495

(0.89)

108.67 0.496

(0.37)

~604.27 0.496

(1.26)

460.77 - - 0.497

- (0.89)

-60.42 0.495
(0.28) v

0.3628
- 1.60

. 3.69%
(10.49)

26.69

. -106.77
T(0.77).

238.84
~ (0.90)

=277.53
(1.01)

246,99

©(0.93)

75.74
(0.22)

-479.11
(0.97)

. 273.87
(0.54)

. 16.64

(0.08)
0.3911

1.94
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TABLE 4.2--Continued

" Coefficient OLS P

CORC
R5 - 2 periods ahead
0 3,07 4.12%
|  (6.46) (5.09)
A 70.87  0.644 1 82.79
| (1.56) ©(1.59)
Xy -283.14 0.629 =334.32
, (1.40). (1.59)
'A3= 530,39 o 0.614 562.74
- (1.33) ' (1.54)
Ay —467.21 . 0.598 —434.66
(1.17) (1.20)
g 141.53 -~ 0.577 -24.28
& (0. 40) ' (0.05)
Aq 614.40 0.569 729.03
- (1.26) , (1.18)
'As : -1,079.40 ©0.562 -619.83
| (1.34) (0.86)
g 386.63  0.557 -295.15
(0.46) - 10.42)
Ao 108.37 - 0.552: 342.93
(0.31) L (1.19)
R | 0.5007 0.6730
D-w ©0.92 1.56
Foo 435wk - 8.69%*
| | 0.2838

Rz(c-o)
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TABLE 4.2--Continued

- OLS

Coefficient o) .CORC
Ry - 3 periods ahead
0 2.65% 3.81%
(4.03) (3.46) .
Y 80. 32 0.710 114.80%
(1.42) ' (2.00)
Ay 295,07 0.694 -430.95
(1.13) (1.81)
As 523.64 0.677 667.66
(1.00) | (1.60)
A, -396.57 0.659 -490. 38
©(0.78) ©(1.24)
Ag -189.78 0.632 - 182.72
(0.42) © (0.35)
Ay 960.14 0.623 262.71
(1.42) (0.37)
Ag -994.60 0.614 -284.64
(1.00) (0.37)
Ag 217.42 0.608 -255.59
(0.20) (0.33)
Ao 119.53 0.602 244.91
(0.26) (0.82)
R 0.5809 0.7965
D-W 0.66 1.74
F  5.85%% - 16.09%%*
R? (c-0) | 0.3405
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TABLE 4.2-~-Continued

Coefficient , OLS : P CORC
[-RS - 4 periods ‘ahead
0 " 2.23% 4.34%
‘ ‘ ©(2.75) (2.81)
Ay 37.87 0.675 ~2.20
(0.54) ‘ R (0.04)
A2~ : . - -58.37 - 0.672° -44.68
(0.18) ~ (0.17)
Ay 62.29  0.665 211.86
(0.09) (0.46)
Ay -13.89 0.655 . -181.95
(0.02) | (0.42)
A k -370.31 ' 0.641 -524.,48
o : (0.66) : 1 (0.91)
A, 1,088.05 0.640 1949.09
’ (1.30) (1.20)
g 3 -1,583.93  0.636 . =71.95
- (1.19) (0.08)
Ag ~ '1,034.65 0.634 -437.29
(0.72) B (0.54) .
Ao : -154.58 10.632 ' 115.78
(0.27) ‘ (0.35)
R2 | 0.5596 0.8353
D-W 0.60 1.67
R 52w 20.28%%
rR? (c-o0) 0.2768
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TABLE 4.2--Continued

Coefficient

OLS P

CORC

R - 5 pefibds-ahead 

D-W-

R2(c-o)

1.83
(1.91)

-23.13 = 0.587

(0.25)

~377.37 . 0.588.

(0.83)‘"

-918.60  0.586

(0.99)

805.04 0.581

(0.92)

-185.96 .~ 0.579

(0.28)

411.08  0.584

(0.40)

-2,697.69  0.586
(1.7

3,161.97 ©0.590

(1.78)

860.54 0.592 -

(1.19)
0.5258 -
0.64

4.44%%

5.30%

o3 F.; (,

-83.63

349.09

,(1,24)'\‘

. =461.34

- (0.94)

1242.99

- (0.54)

=227.58

(0.37)

-..370.87

(0.43)

-515.69

- (0.53)

167.59

. (0.19)

196.11

(0.54)

0.8639

1,74
24.68%

0.2952
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TABLE 4.2--Continued

OLS

Coefficient o CORC
Re - 1 peridd ahead
0 4.89% - 4.93%
(15.57) | (13.63)
A 22.80 0.486 25.44
(0.73) | (0.73)
X, -60.78 0.478 -77.55
(0.45) ©(0.53).
Ay 78.85 10.472 125.32
3 (0.31) ©(0.48)
Ay -49.37 0.467 -123.89
- (0.16) | ©(0.39)
x5. -21.89 0.466 31.83.
| (0.08) ' (0.11)
A 268.46 0.469 220.84
e (0.65) IR ~ (0.51)
g -581.65 0.470 ~464.84
- (1.07) (0.82)
Aq 438,88 0.472 ©312.28
o (0.78) ’ (0.55)
Ao -81.48 1 0.471 -36.31
- (0.34) o (0.15)
RrR% 0.3242 ©0.3408
D-W 1.70 1.95
F 2.13 o 2.24
r% (c-0) ' 0.4159




TABLE 4.2—4CQntinﬁed .

Coefficient = OLS

p

6

R _vz'Pefi¢ds ahead

° | 4.19%
(8.88)

A : 73.01
R (1.58)

 -286.09

432,06

g -455.63

R 0.5056

| RZ(C'O)

(1.42)

-70.73
~(0.16)

S (1.06)
1,186.92
-1,256.25
o (1.44)

231.57
(0°27L ;ﬁL~
166.22° .
(0.46). -

0,641:“
-' vo;625 
ol
e
v f‘ﬁ0!594” ,
_0.566‘
.f0f559  ?
'0;55425

4,97%

 (6.49) .

81.04

(L.52)

© -340.41

543.27
(1.52)

o -236.04
o (0.57)

| -326.04

©(0.92)

1,093.19
C(L.92)

. -863.16

(L.07)

-354.42
(0.48)

a(1.36)

- 0.6604

1.62
8.21%%

0.3158
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- TABLE 4.2--Continued

v Coefficient o OLS “_' 0

. CORC

R6 -3 periods ahead
0 o  3.57% 4.80%
(5.75) (4.53)
Ay 86.37 0.713 108. 38
, (1.51) | (1.86)
Ay - -321.46 0.697 - =384.22
Ay 498,06 0.680 . 511.93
' (0.98) ' S (1.23)
Ay -91.69 0.662 - -184.11
(0.16) ' . (0.41)
g o -542. 30 0.647 -228.62
. . (1.02) (0.65)
A 1,312.43 0.628 608,17
| "T(1.60) | (1.04)
\g  -1,285.71 0.619 363,30
| (1.20) ~(0.44)
 A9 189.21 o 0.612 324.37
(0.17) | (0.41)
‘o : 184.09 0.607 269.90
(0.40) B (0.87)
R? ~0.5907 0.7955
D-W 0.66 1.80
F 6.09%* 15.99%%
R? (c-0) ©0.3653
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_TABLE 4u2~fContinuéd :

Coeffiéient  ,‘>  ;OLS o o

~ CORC

R, - 4 periods ahead

o 3,17

- (0.65)
(0.32)
©(0.30) .
A,  -196.84 0.653
| (0.27)
(0.03)
(0.75) '~
(1.17)

(0.80)

‘T(O,ZS)EﬂA
R® ~ 0.5471
‘D-W o - 0.61
s e

Rz(c—o)'

A, 46.89 0.670
-106.86  0.668

195.21 0.662

W wmes o.ess
77381 :v"°‘64°-:
g -1,675.97 5?635
A o  ”-v1,183.9o ;;’_ 9,635;

: ‘, .5048*

ENEr R

12.58

- (0.20)

-112.89

T(0.a3)

452,84

(0.98)
- -740.83
o (1.52)
. 410.93
o (1.06)

- 9.97

‘rAl”i(o.oz)'_}l~i

. 207.19

(0.22)

. -366.48
©(0.44)

o 147.48

. (0.43)

- 0.8305
. 1.70
C19.59%%

0.2708
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TABLE 4.2--Continued

. Coefficient

oLs . p

CORC - -

('1R7‘; 1 péfiodbahead ‘v'

D-W

R? (c-0)

6.07%
(17.38)

. 24.79  0.450

(0.75)

-78.51 . 0.443

- (0.53)

142.29 0.439

(0.49)

-159.11 1 0.435

(0.48)

3.31  0.436
0.01) o

200.65 - 0.440

(0.71)

-519.64 0.447

(1.05)

481.70 . 0.450
- (0.81) ’

-78.12  0.451

1 (0.32)
0.3019
1.76

1.92

6.09%

©(15.64)

(0.71)

-87.86
(0.56).

C177.76
T (0.58)

2220.29

. (0.62)

. 37.47
7 (0.14)

. 198.53

(0.64)

. -449.32

367.55
(0.61)

32.45

- (0.13)

0.3128

1.97
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TABLE 4.2--Continued

Coefficient

. OLS

Y

'»R? -2 peribds ahead

. CORC

v 5.35*]i'&‘
(9.96) =

 69.52

(1.40)

 -275.02

(1.24)

'515.34

s

-431.82
(0.88)

-106.54
(0.27)

431.89
(1.02)

- =418.90 '
(0.55)

74,06

(0.08)

- 167.80 .
(0.43) -

0.4637

1.01

3.75%%

0.630

ofslsj’
0.600.
'0.584“ 
10.573
,0‘565ff
- 0.552
0;548  

- 0.544

6.12* .

U (T7.47)

" 78.87
(1.36)

~ -333.75

- (1.42)

1 619.20

(1.48)

~557.63
C(1.17)

-46.84

'-"7(0;14)

461.11
(1.13)

. 60.99

'(0.09)"

-600.92

(0.75)

456.53

Coa.ss)
. 0.6213

1,73
6.93%%

0.2885
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TABLE 4.2——Continued

‘Coefficient OLS 0 ' CORC
Ry = 3vperiods ahead
0 o 4.e6% . 5.79%
 (6.34) ©(5.01)
Ay 79.16 0.707 '115.55
(1.30) | (1.89)
X, =235.26 0.691  -338.39
(0.85) = (1.53)
A | 348.99 - 0.674 501.58
(0.63) | (1.11)
A, -217.02 0.657  -236.46
| (0.35) ©(0.48)
A ~120.98 0.643 . -211.28
’ (0.24) | - (0.65)
g 225.82 0.632 1369.74
g -317.51 0.616  _94.84
(0.32) o (0.13)
Ag 229.51 0.610 -356.00
(0.19) - 4 (0.44)
o 42,79 0.605 320.65
(0.09) o (1.00)
RZ 0.5595 10.7915
D-W 0.63 1,79
F 5.36%% 15.61%*

0.3727
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TABLE 4.2--Continued

- Coeffiéient

oLs - p-

VR8 -1 périod ahead

D-W

R? (c-0)

7.44%
(19.70) -

. 24.33 0 0.414

(0.66)

=75.93 . 0.408
- (0.46) ' o

149.70 - 0.404

(0;46X\

- -204.92 0.402

(0.57)

121.94 0.404

(0.37)

37.13  0.408

(0.13)

100.73 0.414

(0.26)

43.37 . 0.422

©(0.09)

| 20.40 - 0.424
~ toremy T

0.2572
1.73
- 1.54

7.46%

C(17.71)

24.42
- (0.61)

77012
©(0.44).

- 161.40

2(0;48)

~244.46
. (0.62)

161.53
7(0.48)

45.40

o (0.14)

-123.80
T0030)

41,64
(0.09)

26.54

0.2697

©1.96

1.60

0 0.4594
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. TABLE 4.2--Continued

-

Coefficient

OLS

p

~ CORC

RB'- 2 periods ahead

D-W

Rg(c-o)

6.58%

(11.78)
78.30

(1.50)
©=337.92
(1.43)
 641.78
o (1.40)
-406.01
C(0.79)
=334.83
S o(0.70)

232,11

(0.55) -

494,78

(0.89)

-859.09

(1.29)*f

515.43

(1.33)
. 0.4576
1.00

3.66%%

(‘)-61,6’
,0.60q 
0,5?1»{ 
0.566  
'.F10{553 ‘
©0.547
" 0;537‘

0.534

L 7.39%
(8.94)

~70.75

(1.17)
-313.15

(1.27)
583.36
- (1.33)

 -394.89

- (0.75)

-213.62

. (0.55)

63.60
(0.12)

674.52
(1.07)

~1,103.02

(1.97)

. 647.45

(1.99)
. 0.6131
1.71

' 6,69**‘

. 0.3240
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Coefficient OLS o ~ CORC
R9 - llperiod,ahead'vf
RRe) 8.70% 8.73%
(20.77) ©(19.01)
Xy 31.66 0.370 29.23
(0.82) g ©(0.70)
Ay -106.63 10.365 -93.44
e (0.64) - (0.53)
Ay 192,98 0.363 178.22
| (0.62) : (0.54)
Ay -203.60 . 0.363 - -232.93
e (0.55) | - (0.58)
s 43.61 ©0.367 - 115.55
| - (0.11) | | ©(0.29)
g 40.20 0.373 20.04
) ~(0.12) (0.05)
Ay 125.26 1 0.382 54,01
| (0.24) N ©(0.10)
g -211.86  0.389  -145.56
. (0.41) : (0.27)
Ao 106.70 - 0.399 92.98
(0.69) S (0.57)
R? 0.2406 10.2496
D-W 1.78 1.96
F 1.41 1.44
R? (c-o0) | 0.4749
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appears to be a definite patternbin the Rz(c—o) across1a1l
. maturities. For the'one— two4 'andvthree¥Year rates, the
R (c-o) reach a max1mum 1n the 3 perlod ahead equatlon, o
decllne,‘and then increase 8 or 9 perlods ahead. 'The
- results for R, exhibit a s;m;lar pattern;althoughhthe
relative errorvcan‘only be calculated for'sixdperiOds'ahead’ba
| A similar trend is exhlblted 1n the results for R5 through
9, but the relatlve error cannot be calculated far enough
in the future to determlne whether the pattern would be the
same as that in the short term rates.

In general, the coeff1c1ents are muchvlarger‘than those
reported 1n Chapters II. and ITT. The'largest coefficient‘fx
~in the earller results occurred 1n the 4 perlod ahead |
equatlon for R6’ but thlS was ‘an OLS result.J In table 4 2,
~ the 3 and 4 dlglt coefflclents are common and whlle the
‘results are not dlrectly comparable, they 1ndlcate that
crossover effects from risk in other maturltles seem to
affect the relatlve error of a dlfferent maturlty.

There 1s one pattern that corresponds exactly to the

‘ results of the prev1ous chapters. The»explanatory power

 decreases in the 2 period ahead equation;and.then‘ihcreases, o

As before, there does nOt!seem tovbe'a cOmputational error ghf;l

“to account for this; A p0551ble explanatlon mlght be that
while the next year is 1mp0rtant (whlch ‘accounts for the
results of the one- perlod ahead equatlons), the near future

is not as 1mportant as‘the more dlstant future."In other
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words, there is a gap'in investors' consideratiens from

the short-term to the long—term future."The "middle“

future is not that 1mportant

Conclusion

" These reSuits do‘not 1end‘support to the segmented

' markete hypothesis. .The low t-statistics can be attributedv
to the presence of multicollinearity and the table ef | |

" correlation coeffieients seems to confirm this explanation;
Despite the low't-statistiCs;«the R2(c—o)vand,the F
statistics indicate that risk in the jth‘maturity affects

" the relative error of'the‘ith'maturity. The.signs on the
estimated coefflclents vary from pos1t1ve to negatlve, and
they do not seem to eXhlblt a pattern either w1th1n one
maturity or across all maturities. Therefore, 1ittle can

be said abont thekrelative~importance of long- or short-term
risk. Ihe'hypothesis stated earlier'eoncerningﬂthe flow. of
caueality from short—term te‘iong—term risk has been neitner‘
substantiated'nor disProved.v'It is doﬁbtful whether the
'multlcolllnearllty and omltted varlables problems can, be-

~ solved jointly, so that unblased coefflclents with valld

t—statistics;ean be,estlmated. '



CHAPTER V
NAIVE VERSUS SOPHISTICATED MODEL

In this chapter, we intend to test a model which might

be labeled "naive" againstithe model presented in Chapters ;nrkfx

II and III, which we label "sophisticated-" This'might
also be considered a test of the ablllty of the market to
dlstlngulsh between 51mple and more elaborate measures of

~risk.

- The Sophisticated Model

- In Chapter I, the argﬁment was made that the‘standardv
. dev1at10n was a good start as a measure of rlsk but that
a hlgh standard dev1atlon did not neeessarlly'mean a,hlgh,jb
degree of Variability dee tQ‘cohsideratiOnsvof'seale;,'Ifeh'
_interest rates are high, thesstandard deViation"weuld‘tend
to be high, but it‘does net‘imp;y that risk,iS;greater
than when interest rates‘are‘low. For this reanh,~itvwas
- proposed that the‘standard’deviation'be;dividedrby’the meah}
to obtain a‘ﬁore accurate measurevof the;degree of ,”7 -
”Variability. Thisimeasure isitheﬂcoefficient;othariatien‘
: andeasvcalcuiated usihgla:meving'average¢and’standard o

deviation.

117



118

In Chapter II we‘pfoposed to test the variable risk
‘hypothesis'in an applicatioﬁ to Eherterm structure of
interesf rates. Specifically, we proposed to teét the
k‘explanatory power of risk on the error beﬁween the forward
rate at time t for peiiod t+n and the actuél rate to
- prevail at period t+n. Followiﬁg the saﬁe reaSOning-usedbi. 
- in deriving the measure of risk, the absoiute differenceb
'between the £wo rates wasychanged to the relative error
by dividing the absolute error by the actuallinteréét raté 

at t+n. This resulted in the.following equation being

_estimated:
* ‘ ,
Fi(t,t+n) - Ri(tfn) gi(t) . | o
R, (t+n) =0+ A= o (5.1)
S R, (v) o :

The results of estimating equation (5.1) were presented -
in Chapters II and III. Risk was seen to have some
.éxplanatory power with the Rz(c—o) andﬂF'statistiés béing

'significantly different from zero.

' The Naive Model -

The objection that could be raised about the:

- statistical results and equation (5.1) iS that.the,data

v were artificiélly generated, and therefore the reSults were

» preordained to be acceptable. instead of the forward rate,’
the differencevbetween the forward rate and the achal rate
was used, and even‘the absolute difference was changed to a

relative error. Instead of the standard deviation, the
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coefficient of variation was used. Despite theoretical
- justification for estimating equdtion (5.1), it must be

admitted that the objection could be true, and the only

way to answer such objections is to follow a simpler method

ofyapgroach and compare statistical results to see whether
the charge of "cooking" the data is valid. |

' To put it in a different pérspective, does equationv
- (5.1) truly’reflect the behavior of investdrs, or would a
less sophisticated appreach do‘as-well? Would the
statistical results be as gOod as those previously reported
if‘the raw data were used instead ef "adjusting"wfof scale
problems and degree of variabilitY? This is what we inteﬁd
to examine in thié‘chapter. |

A naive approach to the effect of risk on the term

structure would still use the concept of a moving standard

devietion to be consiSteht with a moving information set;}
but there would be no adjustment er-differehces in scale,
so the independeni variable would be the simple moving
standard deviation. |

Simplifying the dependent Variable would mean doing
away With the relative errer.by not.dividing byvthe actual
rate and eliminating the absolute difference by not
subtracting‘the'actual rate to obtain the term premium.

The hypothesis could then be”stated'as

F.(t,t+n) = f(o,) and £' >0 . e | (5.2)

p

e
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The equation to be estimatedfwould‘be of,the'form’
Fi(t,t+n) =0 + A oi(t'):‘ ;- 3 L o o (5’. 3) “
where
o.(t) is again the'5-Year‘moving”standard deViation;ff.el~'
The results of estlmatlng equatlon (5 3) w1ll show

whether or not 1nvestors take 1nto account such abstract

1deaS‘as scalerproblems ‘and degree of varlabrl;ty.

The Statistical Results

Table S.l'presentsvthe results of:estimatlnébequatlonT
" (5.3) using ordinary least—squares. ’And,>again,'thevDurbin4‘
Watson-statistics are thejkey. The D-Ws*reach'a'maximum‘of
0.33 for Rl.nlne periods ahead and steadlly decllne to 0.09

for R through R "Since the 1deal D-W is- 2 00 the

5 9°
presence*of serial correlatlon rs:strongly\lndlcated,'andt_'
the standard errors will be biased downWard;;‘v fi

7o correct for the problem of serial correlatlon, the‘
Cochrane -Orcutt procedure was used and the results are
reported in table 5.2. The D Ws are now 1n‘the acceptable
range, and the st appear to be hlgher than those in
table 3. l whlle the F statlstlcs are all hlghly 51gn1f1cant.

Looklng at the results for R. one perlod ahead one.must

-k |
questlon an R2 on levels of 0‘9020 when'the t-statistic for o
the constant term 1s 2 06 and the t-statlstlc for rlsk is’

0.71. The answer is in the R2 on Cochrane—Orcutt dlfferences,.
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TABLE 5.1

REGRESSION RESULTS

Periods

(2.84)

~ Ahead 0 A , R2 F D-W
‘R, - OLS
1 0.022 '2.23*  0.1585 9.04%* 0.19
(5.14) (3.01) -
2 0.023% 2.25%  0.2110 12.57*%%  0.20
(6.27) (3.55) L |
3 - 0.024%* 2.18% 0.2530'~' 15.58%% (.24
~ (7.59) (3.95) |
4 0.026% 2.07* 0.2875 -18.16** 0.25
(9.04) (4.26)
5 0.028% 1.84*%  0.3018  19.02** - 0.30
(11.16)  (4.36) ' 3
6 0.029% 1.69%  0.3229 20.51%*% (.31
| (13.21) (4.53) |
7 0.030* 1.55%  0.3278 20.48%* 0,30
(14.76) (4.53)
8 0.032% 1.29*  0.2899 16.74%* 0,29
(16.79) (4.09) |
9 0.033* 1.11*  0.2489 13.25%% 0,33
(17.84) (3.64)
R, - OLS
1 0.055% 3.34 0.0759 3.94 0.12
(6.57) (1.99)
2 0.055% 3.61* 0.1137  6.03  0.13
(7.64) (2.46) K -
3 0.057* 3.68*% 0.1495  8.08** 0.15
(8.87)
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Periods

Ahead o A R? P D-W
4 0.060% - 3.49% - 0.1738 9.46** 0.16
| (10.53) (3.08) ¥ |
5 0.062% 3.23*  0.1923  10.47%*% 0.19
(12.44) (3.24) | L
6 0.065* 2.97% 0.2058  11.14%* 0.19
(14.35) (3.34) n
7 0.067* 2.66% 0.2020 . 10.63%% 0.19
(16.09) (3.26)
8 0.070% 2.19%  0.1698 8.39%% 0,21
(17.98) (2.90) | .
Ry - OLS
1  0.091% 4.08  0.0462 2.32 . 0.11
E (7.71) (1.52)
2 0.092%* - 4.66  0.0763  3.88  0.11
(8.78) (1.97) o o
3 0.094% 4.84% . 0.1048 5.39 0.12
(10.17) (2.32) |
4 0.097% 4.65%  0.1239 6.37  0.13
(11.83) (2.52)
5 0.101% 4.35%  0.1382 7.05  0.15
(13.68) (2.66) |
6 0.104% 3.95%  0.1448 7.28  0.16
(15.73) (2.70)
7 0.107%  3.54*  0.1398 6.82  0.16
(17.34) (2.61)
1 0.129* 5,00  0.0360  1.79  0.10
(8.52) (1.34) |
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0.130%*
(9.70)

0.133%
(11.10)

0.137%

- (12.75)

0.142%
(14.70)

0.146%

(16.67)

- 5.80
(1.75)

6.09%
(2.07)

5.82%
(2.22)

5.40%
(2.31)

- 4.90

0.0614

1 0.0855
0.0986
10.1083

0.1120

 15;35‘1 

5.43

'(2t33),’1

Rs =

 bLS’

. 0.169*%

" (9.16)

. 0.170%
(10.37)

0.173%

(11.77)

0.179%

(13.47)

0.184%
‘(15.39)

6.36

(1.31)
S 7.33
(1.69)
(1.96)
7.11%
6.50%
(2.12)

0.0343

~0.0572

1 0.0772
0.0851

0.0924

3. 85 i :}“': .‘ :
418 0.

4.48

R -

OLS.

0.209*f 
(9.58)

o o.211%
(10.78)

0.216*

(12.21)

8.11

(1.32)
9.16
.9.30
(1.88)

10.0556

- 0.0714

1 0.0350
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TABLE 5.1--Continued

Periods

Ahead 0 xR F D-W
4 0.222% 8.56  0.0757 3.69 - 0.12
(13.85) (1.92) e

R7 -.OLS
1 0.250%  10.65 . 0.0403  2.02  0.09
v (9.92) (1.42)
2 0.253*  11.61 . 0.0594 2.97  0.10
(11.16) (1.72)
3 0.258%  11.56  0.0728 3.61  0.11
(12.57) (1.90) |
R8 f.QLS |
1 ©0.293%  13.20  0.0434 2.18 © 0.09
(10.26) (1.48)
2 0.297%*  14.13  0.0611 3.06  0.10
» (11.48) (1.75)
R9 f'OLS
1 0.338*  16.11  0.0465 2.34 0.09

' (10.53)

S (1.53)
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TABLE 5.2

REGRESSION RESULTS

vPeriods 

Ahead e A ‘Rz F D-W_ R2(c-o)fj
'Ry - CORC

1 0.028% 0.275 0.9020 432.79%* 2.06 0.0340

' (2.06) (0.71) o » |

2 0.029*  0.315  0.9126 480.48%* i.88f:o;o3977

0 (2.23) (0.97) o ' ’

3 0.027* 0.293 0.9113 462.36** 1.94 0.0344

' (2.14) (1.00)

4 0.028%* 0.359 0.9107 448.94%* 2.01 0.0509 o
(2.39) (1.36) '

5 0.030* 0.351 0.8850 331.02%% 2,21-“0.0516‘"

: (3.15) (1.34) o

6 0.033* 0.367 0.8877 332.10%* 2.20 0.0727
(4.33) (1.59) . , | ,

7 0.030% 0.344 0.8946 348.06%** 2.25 0.0680
(2.68) (1.68) - S

8 0.033* 0.395 0.8643 254.82%* 2,22 0.0930

o (4.14) (1.94) B .
9 0.037*  0.224  0.8405 205.52%* 2.32 0.0516
~ (6.75)  (1.09) ‘ : o -

1 0.058*% 0.713 0.9076 461.61%* 1.97 0.0366
(2.05)  (0.84) I -

2 0.059% 0.833 0.9119 476.05%* 1.86 0.0462
(2.26)  (1.13) o |

3 0.055% 0.852 0.9137 476.31%* 1.92 0.0474
(2.09) (1.29) : I
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TABLE 5.2--Continued

Periods = . ) 2f ‘ - g B
Ahead - e A R® F D-W R"(c-o0)

4 - 0.059% 0.931  0.9059 423.55%* 2,04 0.0624
0 (2.59)  (1.52) , v . bet

5 0.061* 0.928  0.8902 348.59%* 2,19 0.0662
©(2.98) - (1.59) |

6  0.068% 0.952  0.8908 342.64%* 2,12 0.0897
 (4.23)  (1.81) I -

7 0.063* 0.919 0.8885 326.60** 2.21 0.0849
(3.19)  (1.91) | A .

8§  0.069%* 0.752 0.8638 253.69%* 2.20 0.0680
(4.55)  (1.58) o L

1R3‘— CORC -

‘1. 0.088% 1.45  0.9098 473.79%* 1.92 .0.0443
. (2i07)  (1.08) S SO

2 0.088% 1.67  0.9139 488.43%** 1.84 0.0589
| (2.22)  (1.40) o -

3 0.085  1.69  0.9107 458.69%* 1.96 0.0616

o (2.14)  (1.54)

4 0.091* 1.72  0.9039 413.78%* 2.06 0.0738
(2.66)  (1.69) . R

' (2.89) (1.78) SR TUTLARTR 0

6  0.105% 1.75 0.8856 325.23%% 2,07 0.1041
(4.51)  (1.96) - S

7 - 0.097* 1.35  0.8829 309.19%* 2.17 0.0651

(3.04)  (1.63)
‘R4 —'CORC* .

1 0.119% 2.55  0.9126 490.71%* 1.87 0.0566
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TABLE 5.2--Continued

Perist
, Ahead

0

Au

RO

P

- D-W-

Re-0)

2

0.121%

(2.51)

0.115%*.

(2.14)

0.124%

. (2.60)

0.128%

(2.97)
- 0.146%*

‘2@86 V

(1.67)

2.77

(1.76)

2.73

(1.87)

2.72
(1.95)

2.46

(1.85)

1 0.9098

0.9129  481.87** 1.96

10.9043

0.8899

0.8787

453.99%*
415.76%*

347.71%%

304.27%%

1;98

0.0749

0.0757
0.0962
0.0862

0.0983

(4.88)

Rg = CORC -

0.151%*

(2.20)

0.154%*

(2.45)

0.147%

(2.12)

0.161%*

-~ (2.93)

~0.168%

(3.21)

4.04
(1.62)

4,23

(1.87)
4.07
(1.95)

3.98%

- (2.03)

- 3.67

(1.92)

0.9128

0.9129

0.9023

0.9103

0.8855

’492507**
v4é;.85¥* 
456.56*é1'
 40§.52** ,_

332.62%* 2

1.86

1.88

.0.0719

0.0876.

0.0884

0.0980

- 0.0929

R

5_"“CORCj

0.186%

(2.24)

0.188%*
(2.43)

0.185*
(2.43)

5.72
- (1.81)

5,84%
(2.04)

5.65%
(2.11)

0.9133

©0.9133

0.9092

495,24%*

484.72%*% 1.

450,57**

1.97

0.0842

. 0.0986

0.1000
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TABLE 5.2--Continued

Periods

Ahead 0 A R? F D-W  RZ(c-0)
4 0.196%  5.19%  0.8991 -392.13** 2.05 0.0976
(2.81)  (2.03)
.R7‘~j CORC .
1 0.222% 7.73 . 0.9140 499.25%* 1.85 0.0966
(2.30)  (2.00) | |
2 0.224% 7.79% 0.9129 482.39%* 1.88 0.1101
S (2.47)  (2.20) . : ,
3 0.223%  7.23%  0.9074 440.95%** 1.97 0.1041
(2.49)  (2.17) -
Rg = CORC
"1 0.262% 9.,94* 0.9137 497.30%* 1.85  0.1071
(2.38)  (2.14) | | .
2 0.264* 9.58% 0.9116 474.54%* 1,89 0.1121
(2.55)  (2.23) a ,
R9 = CO_RC |
1 0.304* 12.13*  0.9127 491.36%* 1.85 0.1113
(2.47)  (2.20) o | '
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Rz(c-o); which is only 0.0340. This is the'loneSt
R?(c-0), while the highest is only 0.1121 for Ry two
periods ahead. | l
Examining the Cochrane=-Orcutt results;'thejcoefficients-
on risk are generally smaller than those reported‘in ’ |
Chapters IIhand IlIll Also, the<tFetatistics on risk only‘
become significant for R6 through Rg - The ooefficients are
positive but less than one - for Rl and RZ,‘then they begln
to increase from R3‘to Rg | of spec1al 1mportance 1s the
:con51stent 31gn1f1cance of the constant term. Thls would
4.1ndlcate that other factors be31de the measure of rlsk have

explanatory poWer.

ConclUsion-'

| These results suggest.that inVestors in‘corporater
.rbOnds.are not naive, but they'do perceiVe the'oroblems of:f
’ scale and variability and uee appropriate measures. The
results also lend:support tofthe approachftaken in

Chapters II and III. vMethodologically,ithis chapter has
supplied proof‘by.eontradiction'rather than thefdirect‘v
evidence of the earlier chapters.' The'natUre of the proof
has been‘directed toward the.Variable‘riekohypothesis
itself rather than-a'teet ofjany Speeific‘theory concerningjgfj
the term strueture,'and it should be'eonsidered in that
1 respect rather than as a test of the tern orbliquidityr

premium theories.



CHAPTER VI

CONCLUDING REMARKS AND SUGGESTIONS ﬁ-‘

FOR FURTHER RESEARCH

Concluding Remarks

 This dissertationfhas cohtributed tO'economic knowledge

in the following manner." The‘dissertatioh‘was primarily N',i_,jl

intended as a test of the varlable rlsk hypothe31s. In
N

terms of methodology, the approach to a measure of risk

fdlffered from that used by Bonomo and:Jones., In SO d01ng, N

'addltlonal support for thlS hypothe51s was: generated by
showing" that the varlable risk hypothe51s is not. dependent |

upon the measure of rlsk

In the process of testing the Variable risk hypothesis*"h’

by applylng it to the term structure of 1nterest rates, an

attempt was made to relate the varlable rlsk hypothes1s to

y‘ex1st1ng theories about,term structure.’ It was found that Uv

*hthis hypothesis was compatible with both the term premium

- and liquidity premium theories. In retrospect, the variable

risk hypothesis might be more consistent with the term
premium theory with its emphasis on interest-rate riSk.
Statistical tests were performed which lend support to both'

the variable risk hypothesis and these two theories.

130
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Deiiving a measure of risk based on acceptabie theory
' is another point brought out in the dissertation. The
introduction of a moving information set established‘the
basis for the empirical measure Qf risk. The moving
information set is a theoretical concept-Which justifies
the use of more than a single point as the baéié on Whichv
decisions were made, and it can be.expanded to iﬁclude
different variables to be_consistént'with diffetent»
theories pf:expectations formation.‘

Lastly} the diésertation'has provided suppOrt for
‘Friedman's emphasis on variability in,his'Nobel lecture.
We have seen and shOuldbcontinue to see attémpts ﬁo derive
acceptable measures bf risk to be used nét only:in'
académic eﬁpirical research‘but also in'practical applied

situations in thé real world.

Suggestions for Further Research

The variable riskvhypothesié can be applied to'many,v
areas where pianning and uncertainty are a part of the
decision-making process. Another direction for the_analySis'
of this dissertation is to follow Kessel and examine the
government sécuriﬁies market where financial asséfs cah_hé§é 
vas short a term to maturity as two weeks.

Another direction of research is to‘break down the
measure of interest-rate risk intO'its-components.

Following IrVing Fisher, we could postulate the foliOwing
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equatiOn\
* * * ' B o .
op=flo_, o) , B (£
where
0;‘= nominal interest-rate risk‘fﬁséd here),
o; = real intereSt-rate fisk, and . H
0; =Ainflati6n rate risk. | |

The problems assqciated‘with thiS’approach are ¢oncerned
with obtaining}data‘on the'realvrate of intéreét,'r, and,b
'COnsequéhtly, o;; Olsen doeganot qonsider.any Qé#ivatibn.‘fff
~such aé eQuation (6.1),vand.it is a'maj§f fléw.in his
énalysis. We chosévnot.to.pﬁfsue this‘line-of apprbachv
here because it séemed more 1qgical to éétablish thev
: relevénCe of £he Variéble risk hypotﬁesis using £he‘moré
‘broadly definéd ihteresﬁ—rate risk firét and»fhen,‘in
anéthér research effort,_eétablish thé réievahéé'bf a more

sophisticated méasure of'risk. 1 ,



APPENDIX

Criticalealues

t F

Chapter =~ 5% level 1% level

(df)

2 ~ 2.01 7031
| (1,40)
3 " 2.01 -~ . 7.31

| . | (1,40)

4 201 2.89
o ' (9,32)

5 2,01 731

“(1,40)
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vARiABLE RISK AND THE TERM 'STRUCTURE
.
Paul’J.‘Abbondaqte
(ABSTRACT)

The variable riskvhypothesisvstatés'that if
individuals do pérceiVe'abchange in risk; andlif this .
change is takén’into aééOgntvin theif dééiSion-méking4
' process, then it seems plausible to iﬁélﬁde_Some:ﬁeaéurev
of risk as a variable in empirical stﬁdiés whéré,riék,is f
é factor. .Some reasonabie'measufes of riSk aré,proposed '
based on the concept of a moving informafidnASet‘Whéré'
the»informatibn}used to evaluaté-risk isl¢hangin§;oVer
~time. The resulﬁing_measurevof7fisk ié=£ﬁe mqviﬁg
coefficient of Vafiation. The variable'riSk/Hypbﬁhésis"
is then applied tq-the £erm‘étruétﬁre of in£eféét fétesL _~
The empiricél tésting'geﬂerates fufther_sﬁppbit fbr-the‘:”
liquidity andvterm premium hypotheses,VWﬁilega.testJof  
the segmented-markets.hypo#héSiE{USihg £hi§‘measure'éf

risk is not supportive.
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