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FACTORS AHECTING T-BOND HEDGE RATIO INSTABILITY

ABSIRACT

Unsteble hedge ratics canadversely affect the measure of hedgingeffectiveress in the regression approach tominirize
risk. This paper examines the relative importance of the carrelation weffident versis the standard deviationratio & the cawse
of urstable hedge ratios wing T-bord futures. The paper candudes that the standard deviation ratio s significantly more
important than the corrdation codfficiert in determining changes inthe hedge ratio far the Bellwether series, while both the
standard de viation ratio and the comrelation coefficient are important for the two-year T-note series. These results have

implications for forecasting and analyzing hedge ratios when the hedge ratios are unstable over time.



FACTORS AHECTING T-BOND HEDGE RATIO INSTABILITY

[. Introduction

Since the introduction of interest rate futures contracts in 1975, heding has generated interest in both the academic and
practitioner communities, while also serving as the traditional rational for organized futures markets. Applying portfdio theory
to the prcblemof hedging Ederingon (1979) derives a modd which defires the minimum variance hedge ratio (HR) as the
proportion of futures to spot positions that minimizes price change risk. Since that time a substantial nurrber of theoretical
and enpirica research articles have beenundertaken which examine hedgirg techniques and the peformance o these
techniques. However, research involving this portfolio (regression) model has assunred that the hedge ratio is stable over
time, i.e. the hedge ratio and hedging effectiveness measures derived by employing data from time period "t" are deemed to be
the rdevart measures for hedging purpposes inperiod"t+1".

This paper hegirs by illustratinghow an unstzble hedge ratio creates anupward has inthe traditional R® measure of
hedging effectiveness. If unstable hedge ratios adversely affect hedging effectiveness, then ananalysis of the two factors that
determine the hedge ratio, the carelation weffident (CORR) and the standard deviationratio (STR ) are weful. Firally, the

assaciationof these factors to the characteristics of the bondseries isdisaussed

II. The Minimum Variance Hedee Ratio Model

A TheBasic Model
The minimum variance hedge ratio model assumes that the hedger desires to minimize the variance of the price changes of
thehedged pasition. Asdeveloped by Ederington (1979), the expected returnona hedge pasition is defired as:
ER) =X BS., - S+ X EF.., - E (1)
Where:
X5 = spot holdings (assumed fixed)
S = spot price at time t
X = futures market position

E = futures price at time t



k = the lengthof the hedge.
The risk of the position then is defined in terms of the variance in the retum, var(R):
varR) = X 08 + X2 05 + 2X X 0 )
Where:
0" and o’ = the variances of the spot and futures price changes
0; = the covariance between the spot and futures price changes, between times t and t+k.
Substitutirg the hedge pasitionb =-X/X; intoequation (2) andrearranging one obtains:
var(R) =X, {o* + b’ o, - Zbog) A3)
Taking the partial derivative of var(R) with respect to b, setting the equationequal to zero ard solvingfor b, ane obtains the
minimumvariarce hedge ratio (FR), b+
b =og/o;’ )
O, altematively, if we wart to determine the individual factors affecting the hedge ratio we enrploy:
b= pg; 0 0f0;"
= psr(0s/0F) &)
Where:
psr = correlation between thespot and futures price charges (OCRR)
04/o;, = the standard deviation ratio (S[R).

The coeffidert of determination, p* =R’, is employed to determine the ex-post proportionof the variability of the
spet price changes that can be hedged suacessfully by employing the minimumvariance hedge ratio, b. However, using this
procedure to dbtain the hedge ratio and to measure the hedging effectiveness assumes that b is invariant over time. In reality,
b canchange over tine due to ecorpmic and statistical consideratians, creating additioral risk inthe hedge position because
of a ronroptimal hedge ratiobetween futures and cash.

B. The Effect of Unstable Hedge Ratics

Tre effect of urstable hede: ratios cn rreaswring hedging effectiveress is stown by examining besis risk. The basis
resuling from anex-post hedgedposition during tirme period t+1 s defined i terms of the minimum variance hadge by (6):
H., =Bais=S,,-h., E., ©)
Definingour ex-ante hedge ratioas the previows period'shedge ratiowe obtairs
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b, =h.,-Ah )
Gorsequendy, the change inthe basis, including the effect of employing the previous periods hedee ratio b, as an estimate of
the true current periods hedge ratio b, , is found by substituting b, from(7) fr by, from (6):
ABsis=AH,, =AS,, - (b, -AB) AE,, )

Using R as the measure of hedgingeffectiveress, equation (9) reformulates this definition in termos of the variability

in the hasis, i.e. basis risk, by employing the hedged (H) and urhedged (S) (cash) variability:
R =1-Z(AH- ALY/2(ASAY
= 1- (Basis Risk/Total Spot Risk) ©)

In (9) the squared price change differerces aresunmed over the tine intervals chasento measure risk durirg tine periad t+1.

Ifwe define R , ,* as the ex-post hedging effectiveness from wsing by, , with data from t+1, and R * as the exarte
hedging effectiveness from using b, withdatafromt+1, thenthe upward hias in the ex-post R value when hedge ratics are
unstable is determined by finding AR* =R . ,* - R *. Consequertly, using the hedge ratio from the previous period, when
hedee ratios are unstable over time, results in an upward biased R? valte for hedgirg effectiveress. Corceptually, if by, is the
minimumvariance hedge ratio during time t+1, then any other hedge ratio b, that has a differert slope to the regression lire

will havea larger sumof squared errors and thus a lover R value.

I11. Significance of Unstable Hedge Ratios

Section II discusses how using the ex-post minimum variance hedge ratio b, , to determine R, ,* for time period
"t+1" creates an upward biased estimate of the hedging effectiveness when the hedge ratio b, is urstaHe over tinre ard this
hedge ratio is employed in time period t+1 to determine the ex-arte R . Sirce the ex-post R, valtes are enployed in
previcus research o determine the hedeing effectiveness, the inplications of the above resut reed tobe examined The
following issues are impartart forhedging applicatiors whichare related to the patertial bizs in the hedging effectiveness:
[ Are hedge ratios unstable, and if so then to what extent do they vary?
o If hedge ratios are unstable then can this instability be associated more closely with changes in the correlation
codficient (GORR) factar or changes in the standard deviationratio (STR ) factar?
° Towhat extert cantheabove factor variability be assaciated with characteristics of the urderlying asset, for exanple
the liquidity, maturity, and coupon characteristics of bords?
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o What implications exist for the hedger if hedge ratios are unstable and we canidentify the characteristics associated
with this instabili ty?

Theempirical results for the two series of T-bondhedges given later in this paper show that onaverage the hedge
ratios vary by 10%to 12%per quarter, withsorre quarters having changes of 35%or more. This variahility is large erough to
examine thefactars that create this instability. Thus, the paper examines whether changes incorrdation (CORR) or the
standard deviationratio (SR ) canbe nore dosely assodated with the urstable hedge ratios. The discussion also rdates the
assodationof the band characteristics with the variability in these factors.

This paper docurrents the instability inthe hedge ratio for two T-hond series and examines which of the two factors
that determine b’ in equation (4) has the greater affect on this instability of the hedge ratio. Characteristics of the individual
bond series are related to these two factors to show the relationships involved.

IV. Data and Methodology

The hedge ratics, corrdatiors, and STRs exanined in this study are canputed fromspot and futures price changes for the
periad 1/ through 12/90. Cash positiors for beth the Bellwether T-bord series and two-year T-netes areenrployed inthe
aralysis inrelation to the nearby T-hord futures contract.”  Hedge ratios are determined ona quarterly basis by enrploying
weeklyfutures and cashprice changes. Bricesfromthe last trade of the week, typicdly Friday, are wed t© generate the weekly
price changes. This chta provides fortyeight quarters of data togererate the results inthis paper.

The analysis begins by documenting the hedge ratio instability. The nomrlity of the variables then is examined by
emrploying the ratio of the range to the sanrple standard deviation, often called the studentized rarge (R). The appropriate
parametric and nonpararretric tests are then perfarmed an the sarrple mears, standard deviatiors, andranks to determine the
existence of statistically significart differences between the varisbles. Fnally, linear regressionrelationships between the
variaHes are examined

V. Results

A. Hedee Ratio Irstability

The hedge ratios, carelatiors, and SRsusing the quarterly data far the nearby cortract, alorg with the quarterly
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changes for these variaes, appear in TaHe 1A for the Bdlwether -bandand TaHe 1B for the two-year T-note. The
differing characteristics of the Bellwether series and the two-year nate provide different results for the hedge ratics,

correlations, and standard deviation ratics. In particular, the correlation values for the Bellwether bords are consistently high,
withp values rarging from83.0to 99.7; the corrdatiors for the two-year notes are lower, rarging from18.1 to 968. The very
high correlation values for the Bellwether series relates to the liquidity of these newly issued bands and the fact they are
typically hedged with Tbord futures by the deders. In addition, the hedge ratics and SORs far the Bellwether bords are
significartly higher thanfor the two-year notes, whidh is rot surgrising given the muchlonger durations and the equivalency to
the cheapest-to-celiver for the Bellwether band in comparison to the twoyear nate. Gorsequently, our analysis of the factars
affecting the instability of the hedge ratios is completed for two band series with significantly differert relationships to the

futures contract.

P P P P P P

TABLES 1A AND 1B ABOUT HERE

Table 2 provides the arithmetic averages, atsolute value averages, and standard deviatiors for the changes of the
hedgeratios (HR), OCRR andSTR salues for the two bandseries, The Foratics for testing the equality of the veriances of the
two bord series using the hedge ratios, correlations and SOR variables (the F-ratios are 1.80, 35.73, and 2.22, respectively)
shows that these variances are significantly different. The Table 2 results and the associated F-tests support the contention
statedabove that the two bands series have different hedge characteristics”

P P P P P P

Tables 1A and 1Bshow that an instahility over time of the hedge ratios and its componert factors occurs. Table 2
substantiates the instability of the hedge ratios by determining the average absolute changes in the hadge ratios are . 128 and
095, and the stardard deviatiors of the charges are .165 and 123, respectively, for the two bandseries® This shows a
significant degree of variability in the hedee raios which, in tum, causes an increase in the risk of a hedged position taken on

the hasis of the previows quarter's "minimumvariance hedge ratio”.

B. Distribution Normmlity




Studentized Range (SR) values for the quarterly results are given in Table 3." All SR values are within the allowable range
at the 2 1/2%significarce level andall but ore value is within the range for a 10%significarce level. Hence, the results are
consistent with the hypcthesis of nommality. These results support analysis of the variables by traditional parametric statistics
suchas linear regression which requires namally distributed variables.

C Equality of Variarce Tests

Tests for the equality of variarces betweenpairs of AHR, ACCRR, and ASIR are foundin Table4. The F-test
statistics incolumn Asupports rejectionof the hypathesis 6°(AHR) < 6 (ACGORR); the F-test statistics incolumn Bis
corsistert with the hypothesis of 6*(AHR) = 6*(ASIR ) at the 10%or better significance level. Inaddition, the Etest
statistic in colunm Csupport rejection f 6°(ASIR) < 6*(ACCRR). Thus, the two bonds series have very large Fvalues for
columrs A and C inTable 4. These results are consistent with the hypothesis that the volatility in SCR has a greater influence
upon HR instability than dbes the volatility in CCRR. As shownin equation (5), the FR is dependert solely upon S9Rand
QRR. Herxe, the irstahlity in HR can be rdated directly © the greater instahility in STR as conpared to CORR.

P P P P P P

D. Rank Gorrelation Tests

The paired ranks of the changes inHR vs. CCRRand HR . SR are examined by Spearmanls rank carrelation test
in order to determine the strength of the associations between these variables. Table 5 shows the Zvalues for testing ranks (as
derived from the IJ values, where [ is the total sum of squares of the differences in each pair of ranks), the correlations
between the ranks,” and the significance levels. These results clearly show that ASIR has a high rank carelation with AHR
for the Bellwether bond with Z = 639 and p = M2, while the rark carelation of AGORRwith AHR providesa Z of orly
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212 andap = 312 for the Bellwether. The two-year T-note also has a strong relationship between ASDRand AHR but
ACCRR ard AHR ranks and the p-value show the importance of the carrelation variabe for this bord series.

D e e e

E. Linear Relationships Betveen the Variables

To provide a pararretric analysis of the relationships between AHR, AGCRR, and ASTR, linear regressions between
these variables are exammined. Initially, the relationship between the two determining factors of the hedke ratio changes, ie.
ACCRR ard ASIR, is andlyzed. A lirear least squares regression modd is specified as:

ASDR =3, +B, ACCRR (10)

The results are given in Table 6. The resicual error studentized range (SR) values for (10) are consistent with the hypothesis of
nomaality for the two bond series and the Durbin Watson statistics are consistent with the hypothesis that no serial corelation
exists within the resickals. Thus, these results support the use of traditional perametric tests on By

TABLE6 ABOUT HERE

The t-test results from Tzble 6are corsistent withthe hypothesis that By equals zera This is supported by andlysis of the
low R’ values of the regression. This suggests that the individual effects of CORR and STR upon HR instabili ty act
independertly. This smplifies thearalysis of examining the relative effects of these variaHes on FR changes. Inaddition, this
result supports the validity of the tests of variance equality.

Independence between ACCRR and ASIR accurs becawse the factors that affect the pracess gererating changes inSIR
do 1ot affect changes inGORR, and vice-versa, at least far these band series. For exanrple, the liquidity and hedging activity
involvirg the Bellwether band series causes the corrdationof the cash and futures prices to beextramely high, while these

factars do 1ot significantly affect SOR.
Equation (11) stipulates the linear regression relationship between AHR and ACORR:
AHR =3 +B, ACCRR (11)

This modd provides a measure of the total variance in AHR accounted for by the linear relationships between AHR and



ACORR This will ke campared to the results fromequation (12) which regressss AHR on ASDR.

The regressionand asscciated results for equation (11) are givenin Table 7. The residual errar SRs are corsistert withthe
hypothesis of rormality. The Durbin Watsonvalues are corsistent with the hypothesis of ro seria corrdationpresent inthe
residuals for the Bellwether series.” The t-test results on B,=0 for the Bellwether series is marginally significant at the 1% level
and irsignificant at the .1%level, while the t-test an the two-year note series is highly significart at the .1%level. Moreover,
theregressions anly explain 16.4% of the variahility in AHR far the Bdlwether bord series, while explaining 50%of the
variability in the two-year note series. The 1/B value provides a value that is easier to interpret in determining the rel ative
importance of the variable in question on AHR, sirce alarger B value mears that the independent varieble varies less than
AHR

B e e e T e T s

The lirear least squares regression o AHR on ASDRis specified in (12) and the results are given in Table 8:
AHR =a, +B, ASDR (12)

The t-test results in Table 8allowfor rejectionof the hypethesis that B, = Oat the .1%levd for Bellwether band, indicatirg
linear dependence. Moreover, the R and t-values are significartly larger than the carrespanding values assceiated with AHR
and AGORR. The coeffidert of determiration, R, shows that 9093%of the variance in AHR is accounted for by the linear
relationship between AHRand ASTR. The results for the two-year note series showan R of 42.2% between AHR and
ASIR. Athaighnocorclusons canbe made corcerning casality, these results do indicate that the vdatilityin SR is
assodated witha muchgreater preportion of HR variarce than is the volatility in GCORRfor the Bellwether series, withboth
SIR and GORR being inpartart for the two-year noteseries.

TABLE8 ABOUT HERE

M. Relationships to Bond Characteristics

This sectionrelates the characteristics of the two band series to the results of thispaper. Amajorreasonfor sdectirg
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the two series wsed tere is the differing characteristics of the two bands. The Bellwether series possesses liquidity and hedging

activity which causes it to act similarly to the cheapest-to-celiver cashbord that drives the futures price. In fact, the

Belwether bord has anextrerely high and staHe carelation with the futures price changes. Alterratively, the two-year note

series has alowduration, with differing characteristics from the futures contract, dee toits positionon the yieldcurve

Moreover, this series has less liquidity than the Bellwether series.

The Bellwether hedge ratio changes are affected substantially by changes in SCR. Thus, when aralyzing the changes
in hedge ratios for this important series one need orly concentrate on SOR changes. The two-year note hedge ratio changes
are dffected bath by SR and correlation changes. The results for the Bellwether bnd are partiaularly interesting because this
analysis errploys intervds of anly one week, rather than the typical two tofourweeks f other studies Sirce shorter intervas
typically praduce lover carelation vales, and hence agreaer chance for volatility inthe correlatians, the dominance of SR
is especial ly noteworthy.'®

Srecific dharacteristics that affect the relative SR volatility of the cash price changes to the futures price changes are
the relative maturities, coupons, and interest rate changes of the cash bonds being hedged as compared to the cheapest-to-
deliver bond underlying the futures contract.  As the Bellwether bond changes, due to the sale of new issues, the coupon
changes. The two-year ncte alsochanges couponas the time periods change. In addition, the following factors interrelate
withtheabove characteristics to produce the relevart S[R changes:

° Interest rate changes (shacks) in association witha nonparallel shift in the termstructure and/or unequal forward
rates will praduce changing vauesof IR.

o The Corwersion Factor Method ((FM) causes biases in the selection of the cheapest-to-deliver instrumerr, e.g. when
yields are greater than 8% then low coupon, long raturity bonds are favored. Thus, when the cheapest-to-deliver
bond changes it can have aneffect on the volatility of the futures price.'" Other factors such as the premium bord
bias also dffects the cheapest-to-ddiver band (See Trairer (1983) far a discussion f these bizses.)

L Timing differences between the last trade for the week for the futures contract versus the last trade for the cash bond
create erras in the measured statistical relatiorship Liquidity problens (e.g. far the twoyear nate) dlso would create
timing differences."

The degree of association betweenthe futures and cashpprice changes, i.e. the correlation, canbe rdated most direcdy
to the degree the asset is assaciated with the cheapest-to-deliverasset that the futures market follows In tumn, the relatiorship
of the asset in question to the cheapest-to-deliver asset is affected by the liquidity of the cash series and the similarity between
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the factors affecting the basis between the cash and futures instruments (such as the quality or risk characteristics of the spot
instrument and the underlying futures security). For bonds, the behavior of the yield curve in relation to the relative durations
of the cash and futures instruments also affects the correlation of the series. Finally, imingdifferences betweenthe cash and
futures price series and the degree of integration of the futures and cash markets will dffect the carelation of the series.

Theabove indicates that additional research is needed to examrine the relationship between thebond characteristics
and changes inSIR, espedally since previcus research on futures hedging and cash bord relationships do rot provide adequate
evidence or models relating to STR. Such research would further the initial efforts provided here to obtain an explanation and
forecast of the future hedge ratio inorcer toreduce the hasisrisk when the hedge ratio varies over time.

VIL Condusions

The importance of urstable hedge ratios to the hedger and the resultant analysis of the underlying factors undertaken
in this paper is twofold:

[ Theuseof past dhtato farecast future hedge ratios and hedging effectiveness must be undertalen with greater care.
Previots research impliditly assumes that the hedger possesses ex-post data todetermine the hedging effectiveness.
Whether a hedge shouldbe employed and the resultant corsequences of the proposed hedge position dependon the
validity of this assunption Since unstable hedge ratics inarease the basis risk of the hedge in conrparisan toex-post
resul s (i.e. the hedging effectiveness is reduced), the hedger may need to reevaluate the firm's analysis procedure for
hedging.

° Forecasting future hedge ratios when the hedge ratio is unstable will require infarmation an what factors are causirg
this variahility and anexamination of the changes in these factors to determine whether they can be farecasted more
precisely than simply using a time series of the hedge ratios or a naive hedge ratio as a substitute for the minimum
variance hedge ratio. Aralyzing correlation and SDR s the first step in attempting to determine why hedge ratics
vary. More precisdy, one shouldrelate the characteristics f the individual asset series tocorrdationand IR to
examine the rdatiorships between the latter factars and the individwal charactersstics.

Theirstahlity in the hedge ratios fr the Bellwether bord is sssociared with charges in the standard deviationratio.

The instability for the two-year bond is associated both with changes in SORand correlation. These results have important

implications for hedgers. First, since an additional risk comporent exists when hedge ratios are determined from past data,
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hedgers must determine the effect of this risk an their position. Secand, one shoulddetermine the factar(s) causing this
instability. Further research into the reasons for the instabil ity of SDRand whether this instabil ity exists for other types of
futures contracts should be uncertaken.
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Footnotes

! See Daigler (1982,1985,1987, 1988, 1991) for hibliographies on the academic research and practi tioner applications
of hedgingin the interest rate futures markets.

* Theminimumvariance hedge ratio develcped by eringronand enployed here andby most cther researchers is
not optimal under general risk/retum preferences, as shown by Figure 1 in Ederington (1979). The minimumrisk formulation
is employed inmost researchsinee it dees not require specific irfformationon the hedger's utility function, other than the
hedger is a risk minimizer. In addition, the minimumrisk si tuation is more tractable mathematically.

? The Bellwether T-bond series is the nost recently issued bond series by the Treasury. This series has a significant
degree d liquidity due to the large anmourt of tradingby dealers. Moreover, these bonds are hedged in large quantities by the
dealers. The Bellwether bord was chasen for its liquidity and near constant manurity. The two-year T-note was chosen since
its duration is significantly different from the T-bond futures contract and changes in the yield curve create unstable hedge
ratios.

* The quarterly periads for the futures expirations endon the last week befare the expiration month. Results for the
first deferred furures results arealmost identical to the nearby results and therefare are not presented here. When the
Belwether bord series changes bords during the quarter then the bord being removed fromthe series is sdd onthe nearest
Friday and the new Bellwether bond is purchased onthat day. The price charges employed are always between the same bond
issue.

> All of the tests presented in this paper also were perfomed using percentage changes of the quartery resuls. The
resul s for the Bellwether bond are almast identical to those presented here. The two-year T-not results show marginal non-
nommlity for the correlation variable and less importance overall for the standard deviation ratio. These results are logical
given the lover absolute value and thus the large percertage changes of these variables for the two year series.

® Sirce the arithmetic averages of the variables are insignificartly different fromzero, notrend inthe variables is
apparert.

7 See David, Hartley and Pearson (1954). For applications of R statistics to financial data see Fana (1976).

® The correlation is calculated from 14607/ N(N-1)].

? The Durbin-Watson values for the two-year series in Table 7 andfor both series in Table 8 indicate positive serial
correlation of the residuals. These results imply a persistence in volatility as shown by GARCH studies. The large tand R®
values for these series suggest the significance of these relationships regardless of the marginal serial correlation of the data.
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' Hegde and Nunn (1985a,b) examine the crosssectional relationship between various bond characteristics and
hedging performance (comrelation). They determine that the term to maturity of the spot instrument explains virtually all of
the variance in the hedge ratio and hedging performance figures. Hegde (1982) finds that the hedging effectiveness increases
from one period to another for a variety of instuments as interest rate volatility increases. In contrast, the current study shows
that SR is more important than correlation in determining the charges in the hedge ratio when a tine series aralysisis
urdertakenand the furures and cash have similar characteristics (the Bellwether series).

" The Bellwether bond canhave ahigh correlation with the cheapest-to-ckliver withinany given quarter, while
changs in the cheapest from ore quarter to the next could cause the SIR to charge.

2 Thedelivery options associated with the T-bord futures do not enter directly into the futures pricing process since
futures prices do not include the delivery month.
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Table 1A: Hedge Ratio Data for the Bellwether T-Bond

Quarter HR CORR SDR AHR ACORR ASDR
QL 1979 0821 0882 0931

Q2 0936 0.891 1051 0.115 0008 0.121
@3] 0894 0830 1077 0042 -0.060 0026
@] 1.122 0979 1.146 0227 0.149 0.069
Q1 1980 1.018 0.888 1.146 0.104 0.091 0.000
Q2 1.092 0912 1.198 0074 0024 0052
@) 1133 0947 1196 0041 0035 0001
o3} 1.068 0965 1.106 0.065 0018 0.091
Q1 1981 1.268 0932 1362 0201 0034 0256
QR 1.247 0985 1.266 0021 0054 009
3 1.510 0993 1.520 0262 0.008 0254
(&) 1503 0981 1.533 0006 0012 0012
Ql 1982 1481 0995 1489 0022 0014 0.044
Q2 1387 0992 1399 0094 0003 0.0%0
3 1.631 0996 1.637 0244 0005 0238
4 1.195 0899 1329 0436 0097 0308
Q1 1983 1128 0975 1157 0067 0076 0.172
Q2 1115 0991 1.125 0012 0017 0032
Q3 1.165 091 1175 0049 0001 0050
& L111 0957 1.161 0054 0034 0015
Q1 1984 1342 0968 1386 0231 0011 0226
QR 1176 0966 1217 0.166 -0.002 0.169
Q3 1.181 0973 1214 0004 0.006 0003
(&3 1.139 0924 1234 0041 0049 0.020
Q1 1985 1413 0988 1429 0273 0065 0.196
Q2 1270 0985 1290 0.143 -0.004 0.140
Q3 1.165 0983 1185 0.105 0001 0.104
4 1.189 0965 1.231 0023 0018 0046
Ql 1986 1.206 0977 1235 0017 0011 0003
QR 0987 0962 1.025 0219 0014 0209
Q3 0.711 0871 0817 0276 0092 0.209
4 0812 0977 0831 0.101 0.106 0014
Q1 1987 1.026 0944 1.088 0215 0033 0257
Q2 0933 0974 0959 0093 0030 0.129
Q3 1.060 0959 1105 0127 0014 0.146
4 1.190 0993 1199 0130 0034 0.093
Q1 1988 0981 0994 0987 0.209 0.001 0211
Q2 1.148 0986 1.165 0.167 -0.008 0.178
Q3 1.288 0987 1306 0.140 0001 0140
4 1.036 0979 1.059 0252 -0.008 0.247
Q1 1989 1.055 0997 1059 0019 0018 0000
Q2 1.148 0989 1.161 0093 -0.007 0.102
Q3 1303 0980 1330 0.155 0.009 0.169
4 0912 0982 0928 0392 0002 0401
Q1 1990 1.083 091 1.093 0172 0009 0.165
Q2 1038 0990 1049 0046 0001 0045
@] 1112 0993 1120 0075 0004 0071
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Table 1B Hedge Ratio Data br the Twoyear T-note
Quarter HR CORR SDR AHR ACORR ASDR
Ql 1979 0304 0.704 0433
Q2 0384 0631 0608 0079 0073 0176
Q3 0317 0.762 0416 0067 0.131 0193
4 0390 0.770 0.506 0073 0008 0091
Q1 1980 0111 0243 0455 0279 0527 0051
Q2 0338 0.785 0431 0.228 0.542 0024
Q3 0.234 0630 0372 0.104 0155 0059
[o2] 0.391 0886 0441 0.156 0.256 0069
Q1 1981 0426 0872 0488 0035 0014 0047
QL 0398 0.648 0613 0028 0224 0125
Q3 0276 0628 0440 0.122 0020 0.174
[e2) 0227 0530 0428 -0.049 0098 0011
Q1 1982 0488 0848 0575 0261 0318 0.147
Q2 0.191 0578 0331 0.297 0271 0.245
3 0460 0938 0491 0270 0360 0160
4 0290 0.765 0379 0.170 0173 0112
Q1 1983 0.246 0.760 0323 0045 0005 0056
Q2 0.256 0.868 0.295 0010 0108 0028
Q3 0271 0820 0331 0015 0048 0036
(&%} 0.173 0.843 0.205 0098 0023 0125
QI 1984 0357 0925 0386 0.184 0.082 0.181
Q2 0263 0820 0320 0095 0.104 0066
Q3 0275 0916 0301 0013 0096 0019
(@3} 0.235 0884 0.265 0041 0032 0035
Q1 1985 0311 0892 0349 0077 0008 0083
Q2 0271 0.805 0337 0040 -0.087 0012
Q3 0325 0951 0342 0054 0.147 0005
(&3} 0.163 0583 0.280 0.162 0363 0062
Ql 1986 0.145 0.762 0.191 0018 0179 0089
Q2 0179 0.892 0.201 0034 0.130 0011
Q3 0057 0.181 0313 0123 0.711 0.112
[e2) 0098 0.775 0.126 0041 0.595 0187
Q1 1987 0087 0471 0185 0011 0304 0059
Q2 0168 0943 0178 0080 0472 0008
3 0183 0920 0199 0016 0023 0021
(&%} 0.267 0968 0.276 0034 0047 0077
Q1 1983 0120 0900 0134 0147 0068 0142
Q2 0069 0525 0132 0051 0374 0002
Q3 0.171 0915 0.187 0102 039 0056
4 0.244 0891 0274 0073 0024 0087
Q1 1989 0.165 03861 0192 0079 0030 0082
Q2 0.161 0420 0382 0005 0441 0190
Q3 0338 0892 0379 0177 0472 0003
(o2} 0302 0866 0.348 0036 0026 0031
Q1 1990 0.131 0.727 0.181 0170 0139 0.168
[@)] 0198 0922 0215 0.066 0.195 0034

18



3 0135 0714 0.189 0063 0208 0026
o 0114 0662 0173 0020 0051 0016
Table 2: Surmmary Statistics on Changes
Series Arithmetic Average | Average| Samge o
Bellwether:
HR 0006 0128 0165
CORR 0001 0029 045
SDR 0006 0121 0155
T-note:
HR 0004 0095 0.123
QORR 0001 0.195 0.269
SDR 0006 0081 0104
TaHe 3: SudentizedRarge (R) Test
Band Sunple AHR ACORR ASDR
Bellvwether: 4.295 5.525% 4231
T-note: 459 4853 4194
* normal at the 2 1/2%significance level
All non-starred cells normal at the 10% significance level
Table 4: Tests for Equality of Variances
A B C
Series: 0AHR) vs 0%AHR) vs 6¥(ASDR) 0%(ASTR) w 6(ACORR)
o2(ACORR)
Bellwether: 13.773 #+* 1.130* 12.192 ##*
T-note: 4.758 ##k 1413 ** 6.722 ¥+

* cansistert withvariarce equality & o = 25%
** mnsistent with variance equality ato = 10%
*#% variarces sigrificantlydifferert at o = 0.1%

Foratios calculat ed as the larger variance divided by the smaller variance.
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TaHe 5: Rank Carrelation Tests for AHRvs.:

p-value
Series: ACORR ASDR ACORR ASDR
Bellwether: 2.118 6392 * 0312 0942
T-note: 4937 * 4612 * 0.728 0689
The urstarred z valueaccepts the rull hypcthesis of ro rark carelation « the 1%level.
* rejects the nudl hypothesis o norankcorrelation at the 02%level.
Table 6: Tests of Association Between ACORR and ASDR
Test Bellwether T-rote
Residual Error Studentized Range 4350 4.180
Durbin-Watson D Value 2.5%4 2963
B, 0400 0009
t=B /oy, 0.774 ** 0.165 *
R 0013 0001
* pot significant atthe 5%leve.
** ot significant atthe 25%level.
Table 7: Tests of Association Between AHR and ACORR
Test Bellwether T-rote
Residual Error Studentized Range 4358 4.210
Durbin-Watson D Value 2631 3183
B, 1.501 0324
1/B, 0666 3086
t=B,/og, 2968 * 6.690 **
R? 0164 0500

* not significant atthe .1%levd, significart at the 1%levd,

twortailed test.
** sienificart at the.1%level, two-tailed test
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Table 8: Tests of Association Between AHR and ASDR

Test Bellwether T-rote
Residual Error Studentized Range 5647 5179
Durbin-Watson D Value 3059 3.196
B, 1013 0772
1/B; 0987 1295
t=B;/og, 21.152 ** 5728 **
R2 0909 0422

* not significant atthe.1%levd, significant at the 1%levd,
twortailed test.

** significart at the.1%level, two-tailed test
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