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Due to the convergence oF the lutures contract price to the spot price at
deliver\\ it has heen hypothesi/etl that a component of the futures price
is the expectation oi the spot price on the deliver) dale. The extent to
which a futures contract price reflects unhiased expectations of the spot
price on the deliven. date, or conversely the extent to which futures
contract prices emhody systematic ex|)octed premiLuns, atfects the cost
of using the futures contract in hedging activities.

This study examines the lorecast power of interest rate futtires
contract prices and tests the unbiased expectations hsqjothesis in the
Treasury bill. Eurodollar, and Treasury bond markets. The forecast
power and expeetational properties of the Eurodollar and Treasury bond
contract prices have not appeared in previous literature. Cointegration
methodology, which explicitly accounts for the nonstationarity of the
data series, is used to test the parameter restrictions implied by the
unbiased expectations hypothesis.
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INTRODUCTION

Previous research has in\estigated the use ol Treasury bill lutures
contract prices as a mechanism to forecast short-term interest rates.
I lafer, Hein, and MacDonald (1992) examined the forecast performance
of Treasury bill futures contract prices relative to forecasts produced
from implied forward rates and analyst's surveys. Compared to these
alternative forecast mechanisms Treasury bill lutures rates provided
superior one quarter forecasts as measured by root mean square, and ab-
solute forecast errors. Cole, Impson, and Reichenstein (1991) found that
at the one quarter torecast hori/on Treasury' bill Ititures contract rates
possess the qualities of rational expectations: unbiasedness, efficiency,
eonsistency, and orthogonality of forecast errors to costless information,

lama and Trench (1987) used two regression relationships to assess
forecast power and e\ idence of systematic expected premiums in Futures
contract prices:

BASIS - F u - S,

C:HANCE - S, - s,

PREMIUM = / , . r - Sj

S, - S, - a, + /j|[F,,, - SJ + Ml (I)

/•,,-, - S,- = a, + /7j[F,,7- - S,] + M2 (2)

(1) implies that the ehange in the spot price Irom ( — / , where 7 is the
contract deliverv date, is a linear funetion of the; basis al (; (2) implies
tbat observed premiums are a linear function ol the basis. The observed
premium. F,, f - Sj. is equivalent to the change in the futures price
over the horizon / — 7" since on the delivery date the futures contract
price will converge to the spot price, fj ^ Sf .

Relationship (!) and (2) are not independent. Adding (2) to (1)
illustrates the cross equation parameter restrictions which Fama and
French refer to as the adding up constraints: a\ + u^ ^ 0 and b[ +
hz ~ 1- 11 t'l. I contains information useful lor lorecasting S/ which is
not contained in S, then h\ will be significantly different from zero.
Einding b\ significantly different from zero would indicate that the
futures contract price provides superior forecasts relative to the naive
forecast, f-,(Sj) ^ S,.

Predietable variation in realized premiums, bi > 0, is consistent
with time varying expected premiums. E,(F,,i — F / ) ^ 0; Eama and
French (1987). I lowever this test for predictable variation in realized
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premiums is conditional on the forecast power ol the futures contract
price. If b\ is not statistically dillerejit from zero then, hy constrtiction,
/'2 mtist be signilicantly dilferenl from zero and equal to 1. Hence
rejection oi a time varying expected premium will be possible il and
only ii tbe futtires price has lorecasl power relative to a naive forecast.

UNBIASED EXPECTATIONS HYPOTHESIS

The Luibiased expectations bypothesis posits parameter restrictions on
the relationship hetween realized spot prices and iutures eontract prices.
Because these series are iound to be nonstationary standard regression
based techniques are inappropriate for statistical inference. To test the
unbiased expectations hypothesis, one must first test lor the existence of
a cointegrating relationship between the futures contract price and the
realized spot price. I be Treasury bill and Etirotlollar markets prodtice
evidence consistent v\lth a cointegrating relationship. Tor these markets,
parameter restrictions on the cointegrating relationship are tested to
determine cc)nsistency with the linbiased expectations hypothesis.

Two suppositions form the unbiased ex[)ectations hypothesis: the
price of a futures contract equals the expected spot market price on the
contract delivery date, and the expectation of the spot price is formed
rationally. The iirst supposition SLiggests parameter restrictions iM ^ 0.
b^ - I in (3).

/•,, / = a^ + b^{i:,{S, )) (3)

Because exj)ectations are not tiirectly nieasLiral)le, realized spot [trices
are substituted ini3). In this manner the assumption ol rational ex-
pectations is imposed on the empirical analysis. Eqtiation (4) is the
empirical relationship used to test the unhiased expectations hyjiothesis
in this study.

/•Vr = m + b^iS,) (4)

A test of the tinhiased expectations hypothesis is of both theoretieal and
practical significance. The condition oi a non-zero expected premium
(i.e., normal backwardation a.^ < 0, or contango, â  > 0) increases the
cost of hedging. The possibility oi non-/ero expected premiums is posited
due to the need to compensate speculators for the risk oi net long or
net short positions v\hen hedgers are net short or net long. II hedgers
are paying speculators a risk premium, this wotild imply that they realize
consistent losses on the ftitures leg of their hedged positions.



534 Krehbiei and Adkins

DATA

The data for this study match tbe delivery date spot price of the
tmderlying interest rate instrument with the futures contract price
measured one quarter prior to the delivery date. All delivery dates
through December 1992 for the Treasury bill. Eurodollar, and Treasury
bond ct)ntracts are used to conslrtict the sample. F âch of these contracts
offers a March. June, September, December delivery cycle. Terms
of the Flurodoilar eontract allow identification of the exact delivery
date; two London business days before the third Wednesday of the
deliverv month. Terms of the Treasury bill contract call for delivery in a
3-day delivery period beginning on the date when the newly auctioned
Treastiry bill aligns with the previously issued one year bill having
91 days until mattirity. Terms of the Treasury bond contract call for
delivery in the delivery month belore the last business day of the delivery
month. Treasury bill and F.urodollar spot prices are measured on the
delivery day (first delivery date in the case of Treasury bills) for each
contract delivery period. The asked discount rate for Treasury bills and
the average of the range reported for three-month Eondon Eurodollars
are collected from the Wall Street Journal. These values are subtracted
from 100 to form a "price" measure consistent with the International
Monetary^ Market (IMM) index value quoted for the Treasury bill and
Eurodollar iutures contracts. 1 Wo spot price measures are considered for
the Treasury bond contract; ihe asked price of the cheapest to deliver
Treasury hond (TBONDA) on the first day of the delivery* month and
ftitures contract price (TBONDB) of the expiring futures contract on
the first day of the delivery month. The Treasury bond sample contains
61 obsenations starting with the December 1977 contract, the Treasury
bill sample contains 68 observations beginning with the March 1976
contract, and the Eurodollar sample contains 44 observations beginning
with the March 1982 contract.

Fama and French (1987) examined the metals eontracts: gold,
platinum, silver, and copper; commodities with high market value to
storage cost ratios like the financial instruments considered in this study.
No evidence oi foreeast power was found for the metals contracts. Fama
and French attributed this to the small basis variance of these contracts
relative to the variances oi the realized premitim and spot price change.
The financial contracts considered in this study exhibit greater basis

' I h c spcil [iricc ol liie Llifu|>CNt to dc lncr bond is divided by the t ' H O l conver'.ion factor, This

cHcctively p roduics llie pri tc ,il u b i i h the che;ipest LD deliver hond would producl an K'/J yield to

maturity. Ihu futures c o n t n u t calls lor tbe delivery of :i standardized 8'S coupon hond.
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variability relative to the variability of realized premiums and spot price
changes. 1 herefore, it is less likely that finding no forecast power for the
financial futures prices is a statistical artifact caused by small variation
in BASIS relative to variation in CHANGH and PREMIUM.

Let an, (•/( . and r/p, be the standard deviations of BASIS,
CHANGE, and PREMIUM. Table IA lists the standard deviations of
the basis for the financial futures contracts and the ratios: CTC/O'I}

and (rp/cTfi. The largest ratio fT(^'/(Tii occurs for the Treasury bond
(BONDB) contract, 8.92, the smallest for the (EUROS) Eurodollar
contract, 2.30. Fama and French Iound that the ratio (TcJan ior the
silver, gold, platinum, and copper lutures contracts v\ere 37.0. 2 1.8, 7.4.
and 4.8. Similar comparisons of the ratio <Tp/an indieate the variability
of basis relative to variability in realized premitims is generally greater
in finaneials tban metals.

FORECAST POWER AND SYSTEMATIC
RISK PREMIUMS

Relationships (1) and (2) are estimated evidence lor Forecasi power

and time varying expected premiums embedded in interest rate futures

contract prices. Dickey-Fuller test statistics appear in Table IB and are

provided as a check of the stationarity of the series used in the estimation

of relationships (I) and (2). l o r all series, except FJ/\S1S for the T reasury

hond cf)ntract, the null hypothesis ol nonslationarlty can he rejected at

TABLE tA
Siimplc Standard Dcxiutions

O/JS. ,rn aC/ali aP/ali

6.90
9,03
3.03
2.48

TBONDA
TBONDB
TBILLS
EUROS

60
60
67
43

0.82
0.62
0.60
0.43

TABLE IB

Ditkv-Fuller Test Statistics

6 81
8,91
3.01
2,30

C'//A\(;/. PHL\JIUM

TBONDA 2.72 8.62^ 8,12^
TBONDB 1,87 8.63'̂  8,22^
TBILLS 5,09^ 10,91'"' 9.55^
EUROS 4 98^ 5,52*' 5.12''

^Re]ecl null hypothesis of unil-toot process al Ihe 5% conlidence level.
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thf S% confidence level. This implies ihat C:ilANGE ynd PREMIUM,
the dependent variables in eqs. (I) and (2), ha\e linito variiinee which
is a rotjiiirt'ment ol the maximum likelihood regression model.

Table II presents maxinumi likelihood parameter estimates of
eqs. (1) and (2). A lirst-order iiutoregressi\e process in the residuals
is assumed. 1 -statistics lor the estimated eoelficicnts oi /;| and l^i,
the coefficients ol determination ol the estim:ited relationships, and
Durbin-Watson statistics arc also provided. Estimates of intereept
terms «] and ai are not signilicantiy dilierent from zero lor an\' of the
interest rate contracts and are not included in Table II.

Tbe estimated value ol b\ is not statistiealiy significant for any of the
interest rate lutures contracts. This evidenee is inconsistent with 1 rea-
sur\ bond, Treasurv' bill, and Furodoilar futures contract prices providing
forecast power relative to a naive forecast. Ihe positive signs and statisti-
cal significance of the estimated values oi b^ reported in Table 11 are not
reliable evidence of systematic expected premiums given the conclusion
ol no lorecast power. In this circumstance these tests for systematic
expected premiums have no power to reject the null hypothesis.

JOHANSEN'S PROCEDURE FOR TESTING
PARAMETER RESTRICTIONS IN A
COINTEGRATED SYSTEM

Before proceeding v\ith the cointegration tests it is necessar\' to
establish the nonstationarity of the data. I3ickf\-1 uller and augmented
Dickoy-Kuller tests are used to test the null hy}:)othesis of non-
stationarity for the prices and first dillerences of prices. 1 he augmented
Dickey-ruiler test statistics reported in Table III are ealeulated as-
suming a fourth-order process. Hows entitled DTBONf^A. DTB()Nf)B.
etc. contain test statisties lor lirst-dillerenced series. Ihe test statistics
reported are consistent with first-order, unit root, processes for ever\'

TABLE II

Price Change aiui Premium Kcgressioti HesLills rhrcf-Month ilori/on

TBONDA
TBONDB
TBILLS
EUROS

(-,

0.59
-1.28

0.23
0.11

/ ' .

1.59
2.28'̂
0.77"
0.89^

,1,1,,,

0.72
1 24
0.71
0.30

1.95
2 20
2.36
2 41

fi,2

0.02
0.04
0.10
0 02

R.2

0.06
0.08
0,11
0.16

DW

1.99
2.00
2.22
1.98

'Significani at Ihe 5% confidence level.



Unbiased Expectations Hypothesis 537

TABLE III

Dickey Fuller and .Augmented Dit key-Fuller
lest Statistics for Spot and tutu res Markets

TBONDA
TBONDB
TBILLS
EUROS

DTBONDA
DTBONDB
DTBILLS
DEUROS

DF

1.55
1.59

-2.54
-2.11

-8.62^
-8.63^
10.91'^
5.52^

Spot

ADI 1.4!

1 52
1.54
1.35
0.34

3.04''
- 3.00 "̂'
3.07^
2.99='

Dl

1.57

- 2.30
- 1.32

- 8.55'"'

-11.25^
6.27''

f II (II res

-1.55

1 34
0.27

--2.94-̂

3.16^
3.19^

-'Reiect null hypothesis ol unit root process at the 5°c; confidence level

price series tested. Ihe null hypothesis of nonstationarity cannot be
rejected for any of the series, the null hypothesis ean be rejected lor
ever) first-differenced series.

A time series process is said to be integrated ol the c/th-order,
lid), if i/th-order diflereneing produces stationarity. For example, a
random walk, /(I), would be stationary, /(O), alter first differencing.
A cointegrating relationship between /(I) \ariables exists il a linear
combination of tbe variables is itself /(()). Ibe economic concept ol
a long-run equilibrium relationsbip can be used to give meaning to
the existence of a cointegrating relatioTiship. Iwo variables linked by
a long-run equilibrium relationsbip will move in tandem tbrough time.
Economic lorces serve to eliminate temporary displacements from tbe
long run e(|uilihrium relationsbip.

Define 2, / to be tbe displacement from the equilibrium relation-
ship:

- ( , 7 = - F , ,

Ihen if 2(. j ~ /(()), [S) describes a cointegrating relationsbip operating
on the levels F,/; and S/ , [he quantity, z, / , is the displacement from
the equilibrium relationsbip at time (. In a cointegrated system tbis
t|uantity allects subsequent ebanges in the levels ol F, (- and S'f througb
an error-correction process, Engle and Granger (1987). Ihe parameter
vector (-!,«T,/js) is called tbe cointegrating vector.

N(jn-stationarity oF F, j and Sj prevents the use ol standard
regression tests of parameter estimates of the cointegrating relationship
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and examination of first differenced data will not provide direct evidence
on the underlying equilibrium relationsbip. Johansen (1988, 1991) and
Johansen and Juselius (1990) developed a methodology for testing the
existence of a cointegrating relationship, estimating the parameters
of the cointegrating vector, and testing parameter restrietions on the
cointegrating vector. A brief summary of the maximum likelihood
estimation and testing procedures is gi\en. The reader should consult
Johansen (1988) or Johansen and Juselius (1990) for further details.
Krehbiel and Adkins (199_^) apply tbe Johnansen metbodology to test
the parameter restrictions of the unbiased expectations bvpothesis
in tbe metals futures markets.

I et X, ^ (F,_ I . Sy ) and define v to be tbe differenee operator. Tbe
general form of a klU order vector autoregression for tbe realized spot
and futures price series is:

i^\, - F,i;X, I + Fu'X, 2 + . . . + Vk \vX, ^M + nx,-k

+ fx + V, (6)

wbere >Lt is a 2 X 1 veetor of constants and r, is a multivariate normal
wbite noise process with mean 0 and finite covariajiec matrix. Jobansen
and Juselius (1990) showed tbat the coefficient matrix fl contains tbe
essential information about tbe relationship between F, / and S/- The
number of equilibrating relationsbips is equal to the rank of 0 : if
rank(n) = 2, then / ,, r and Sj are jointly stationary: if rank(Il) ^ I,
tben F, ; and Sj are not stationary, but are cointegrated; if rank(fl) ==
0, then /•,,T and S/ are not cointegrated and tbe relationship between
tbe two time scries ean only be examined using first differenced data.

A cointegrating relationsbip in the system (/',, / ,Sf) implies tbat
tbere are 2 X r matrices a: and P such tbat Fl = afS' and rank(n) ^
r ^ 1. Fhe matrix /3 represents the cointegrating vector(s) and a a
matrix of weights. Fhus cointegration produces a set of nonlinear
cross equation constraints on the parameters of the imrestricted vector
autoregression, eq. (6). Parameter restriction tests on the matrix /3
are accomplished by forming likelihood ratio statistics from restricted
and imrestricted model estimations. Tbe asymptotic distribution of the
likelihood ratio test statistie is chi-square with degrees of freedom equal
to the number ol assumed parameter restrictions in tbe null b\'potbesis.

Implementation of Johansen s procedure requires tbat several deci-
sions be made before estimating tbe parameters of the vector process.
First, the lag length k is an unknown parameter and must be estimated.
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Ihc usual practice is lo begin with a maximum possible lajj length and
to use one ot the many model selection rules to reduce the dimension
ol the parameter space. The maximum possible lag length is set here at
4 and the "optimal lag" is selected using Scbwar/s ( 1978) criterion, tor
each market the optimal lag selected is /j = 2.

Hesults of the Johansen test for number o! eointegrating relation-
ships in the data are presented in Table IV. Tbe first set of tests help
establish vvbether F,, / and S, are cointegrated. 1 lere tests are performed
to determine the rank of il which is referred to as r. At a 5% confidence
level there is evidenee ot one eointegrating veetor in the Treasury' bill and
Eurodollar markets. Tbere is no evidence ofa coinlegrating relationship
in the Treasury bond market at the Ŝ/(̂  coniidence level lor eitber detini-
tion of the realized spot I reasury hond price. I he I reasury bond futures
contract grants valuable delivery options to ihe short position in tbe
contract. The value of these options is expected to systematically bias tbe
contract price downwards from the expected spot priee." Additionally,

TABLE IV
Jobutiscn lesls for Number ot C (tinlegr;iling Vectors

Hypothesis /csl Stutistics Criliciil

Ho. Ha:

r - 0 r - ^
r - 1 r - 2
r •= 1 r ^ 1

TBONDA
12.06

1.92
13.98

TBONDB
8.19
2,05

10.24

TBILLS
23,75'"'

0.78
24.53'"'

EUROS
22.61^

8.95''
31 56^'

95%
15.67

9,24

19.96

90%
13.75

7,52

17.85

null hypothesis at 5% coniidence level
"Re|ecl null hypothesis at 10% confidence level
Critical Values from Microfil 3 0. Pesaran and Pesaran (1991)

" I radcrs optiuns in llif I rtMstirv bnntl t nn t r ; u l : (iil yuitlity (i])(iini. I lie short Irjiifr nitiv sfk ' i t
Imni .1 uroup ul ap|)r()\im;itt'ly iO Trt'astirv bonds tu Jt'livtT intd ihf IrciisuR bond contracl .
( b) I iniin^ iiplion, ! lie slidrt irjclcr mii\ sfk'cl liif tiati.' (in wbiub tbf tlirei.'-(ia\ iii'li\ t-r\ i inncss "i l l
bf^iri. Ihl ' lirsl iillowiiblt' positicm thn uill be ii tradiiij^ iJa\ in ihe niiiiith preccLlinj; tbe deliMTv
montb . ( i t Wildiard option. Ibe si'ltlemeiil pritf on t!ii' |josiliori diii, is iisfti to dciiTniinc the
in\(iitf iimoiinl ;it tlcliM.-r\. i h f ticlivi-ry ioilows tbf piisifion day by two business d.iys. Under tbe
rtiles of [be CiBCI, tbe se t t kmen t j.triie is tliterniineil at 2 00 CM iint! tbf sbiirt trailer lias until
H I'M to notily tbe oxchariiif of tbe iritfiuiaii to d e l i \ e n . I be Hildtard nptiiin is .n-tually .i secjuentf
oi' jiijt oplions whif b u n be f\frfisftl in tbe 2 I'M -S I'M \\intlov\ ea ih trading diiy Iront the first to
the last position day. Ihf last position liay is tbe tbird lo thf lasl btisiiifss dii\ o f l b e delivery month.
Ibe short trader has u ijiiality iiptiiin inibetklfd iti the " ik l card option, Ihe short trader bas unlil
S:0() i'M on ibe not it f ol' intention iid\. tbe day I'niiowinj; tbf position day tu annotiiiff v\hkMi bund
uill be (k'li\ereil into ibe eiinlrac t. (d I I nd-ut-muntb option, I be f i^htb-lo-lasl btisitifss diiy ui thf
ileli\ery tiiunib is tbe last day ol irailin^ lur tbf Irfiisiiry bond tuttirfs lon tn i f t . Ihf setllcment
pritf un tliis diiy v\ill bf tisfd tu tiftermine tbe invuiee ;iniuuni an all deliveries wlneii take plafe
alter ibis date. All <ipeii posititins must be setllfd tbniii^ih physifal deliverv beturf thf last biisirifss
dav 'li the deliverv niunlb.
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because the value ol the deliver)' options are dependent upon the futures
contract price, the constant parameter assumption of ihe coinlegratinjj
rehuionship is more likely to be rejected lor the Treasury bond market.

ANALYSIS OF COINTEGRATING
RELATIONSHIPS

Maximum likelihood estimates o! the parameters of the cointegrating
vectors and likelihood ratio test statistics lor the parameter restrictions
are reported in lahle \ . Because no evidence of a cointegrating re-
lationship is detected for the Treasury hond market, only parameter
estimates and test statistics for the I reasurv bill and Eurodollar markets
are reported in Table \ .

Ihe evidence presented in Table V for Treasury bills is consis-
tent wilh the findings of Cole, Impson, and Reichenslein (1991).
None of the parameter restrictions implied hy the unhiased expecta-
tions hypothesis ean be rejected for this sample at the 5% confidence
level. In contrast, each of the parameter restrielions implied hy the
unhiased expectations hypothesis can he rejected for the Eurodollar
tutures contract.

Estimates of the parameters of the cointegrating relationship he-
tween Eurodollar futures and realized spe)t prices are consistent with
the Eurodollar lutures price pro\iding a downward biased estimate of
the Eurodollar price, S/ == 100 — rj . C.onset|uently the Eurodollar Ki-
tures rate provides an upward biased estimate of the realized Eurodollar
rate. Ehe size of the bias is proportional to the level of the Eurodollar
rate. A Eurodollar rate ol 3.00 will produce a negative bias, ( / ( T — Sj).
oi II basis points. A Eurodollar rate of 1,̂ .00 will produce a negative
bias ol approximately 100 basis points.

TABLE V
Unbiased Lxpcctalions Parameter Restriction
I csts for 1 reasury Hill and Eurodollar [ utures

, = 0 HO:IH = 1 jiiini

TBILLS
EUROS

-1.04
8.84

0.99
1 09

0 06
4.23^

0 07
4.15^

0.64

•'Reject null hypotnesis at 5% confidence level

tcs rjilior ihdn p rkes dot.", mil .iftfct test ijutiiinu's fur 1 hi' 1 rt'iisim l)ill m.irkt'l, ! I(nvc\er.

111 ihi' [urcimcU'r rt 'slrinidii icsis is rt'dLHCil by rc-s t j l in^ ol idf liiiriidolliir data. l'lie

s 114 - 0 (inti iho jciint h \pinhfs is , 114 =̂  0 and h^ — 1 art.' rejected ;)1 tlie 10';; cunl idenec

level using ihis chita deliiiiliim.
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Daigler and Nurawan (1990), C'ole and Reichenstein (1993) found
evidence consistent uith a structural chiinge in the process generating
F'Airodollar lutures prices. They lound that prior to the third quarter
ot 1986, the Llurodollar lutures contract pro\ided upward biased tore-
casts ot realized Eurodollar rates; jiost third quarter 1986, the process
generating Furodoilar futures prices was consistent with the unbiased
e.xpec tat ions hypothesis.

The Eurodollar sample si/e, 44, is insufficient to a!lt)\v parameter
restriction tests on subsets ot the sanipte. Fheretore, the methodotogy
is moditiecl to test the hy|)otheses in the presenee ol a structurat break.
Tests are performed for a unit root in the presence of a structural
break. Perron (1989), and a dummy variable is incorporated in the
vector iiutoregression modei corresponding to the proposed 1986.3
structural break [e.g., Krehbiel and Adkins (t993)]. Ibese test results
are consistent witb tbose itireiidy presented/

COINCLLJSIONS

Regression relationships suggested hy Jama and I rencb (1987) are esti-
mated to test tbe forecast power ot futures contr;ict prices and evidence
ot systematic expected premiums. Rehuixe to the contemporaneous spot
market price, tutures contract prices are found to provide no additional
information retevant tor forecasting the reati/ed spot price. C'onse-
quently, the regression based tests for predietable variation in realized
premiums produces no reliable exidence of systematic expected premi-
ums in 7reasur\' bill, Eurodollar, and Treasury bond contract prices.

Eacb ot tbe i)rice series used in this study is tound tt) be non-
stationarv based on t)ickey-t uller and augmented Oickey-Tuller tests,
Tbe ma.ximum likelibood estimation procedure developeil by Jobansen

' L n J l r n u i i c s i s i a i i s l i t s i j i i g m i ' m o d t o r llit- p r c s i ' i u f o f ii t>\u- IJriR' sh i f t in Imi l i ih t - [iiliir<."i a i u l
s p o l f i i rculn l l . i r p r i c t ' s t T i c s . I h e n u l l h \ | ) i i t l i f s ! s is n o n - s l ^ i l j o n a r i u .

T V s [ j M ^ " i ' ' l i i ' t rilic^il X a l u c 15'-; I
I u i i . r o s l . f ,H7 i.72

Likelihood niiiii test stat isi i is iroiii vctior aiiiori-^rcssioti tiindtl iiugnienU'd in ituliide a nrie-lini
striitlLirjl shift tn third quarter I'-ISd.

Null I ly])()tlu'sis I CM Sidiisiit.

/M '- I 2(1,SV
«4 • 0 atul ^4 - I 2().9'l'

' rc i f t l mill h\|n>tht'sis M ^'i \v\u\
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is used to test for the existence of a eointegrating retationship between
price series and tor the estimation and parameter restriction tests for the
two markets for which evidence of a c{)integriiting relationship is found.
EAidence o( one cointegrating relationship between futures contract
prices and the realized spot price are found tor the Treasury bill and
Eurodollar markets. C'ointegrating relationships between tutures and
realized spot priees are eonsistent with a linear relationship between
lutures and expeeted delivery period spot prices.

Neither definition ot the realized spot price in the Treasury bond
markel produces evidence ot a cointegrating relationship with the
Treasury hond contract price one quarter prior to the deliver^' month.
This finding might be attributable to the valuable delivery options
contained in the Freasurv bond futures eontraet.

Tbe unbiased expectations bypotbesis posits jiarameter restrictions
on the equilibrium relationship between tutures contract and expected
delivery period spot prices. Using realized spot prices tor unobserv-
able expectations, parameter restriction tests in tbe Treasury bill and
Eurodollar markets produee eontrasting results. lor the lreasury bill
market no parameter restrictions implied by tbe bypothesis can be
rejected; for tbe Eurodollar market, all parameter restrietions implied by
the hypothesis are rejected. The estimated coefficients in the Eurodollar
market indicate that the Eurodollar tutures price, I MM index, one
quarter prior to the contract delivery date is a downward biased forecast
ot the realized spot "price," IOO — r; , C'onsequently, the Eurodollar
contract rate is an iqivvard biased estimate of tbe Eurodollar rate on tbe
contract deliverv tiate.

The results of parameter restriction tests are consistent v\ith ex-
pected premiums in the Eurodollar futures contract price. The pa-
rameter values estimated for the cointegrating retationship between
futures and realized spot prices suggest th;U speculators who take a long
position in the Eurodollar contract can expect to earn a risk jsremium
tor their exposure to fluctuations in the Eurodollar rate.

In the presenee ot a eointegrating retationship, the preeision of
estimated parameter values in unrestricted vector autoregressions can
be improved by imposing the nontinear cross equation parameter re-
strictions implied by the error correction process. The extent to which
the nonlinear cross equation parameter restrietions improve vector
autoregression torecasts ot lreasury bill and Eurodollar rates is a
question for turther research.
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