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INTRODUCTION

Municipal bonds are long-term debt instruments issued by states and
municipalities. The most important advantage of municipal bonds to
the investor is tbe exemption of interest income from federal taxation
(and sometimes from State taxation). Tbe estimated total market value
for municipal bonds is as bigb as $12 trillion witb 1.5 million issues
sold by 50,000 state and municipal entities.

Tbe Chicago Board of Trade introduced tbe Municipal Bond Index
(MBI) futures contract on June 11, 1985. It has become increas-
ingly popular among municipal hond issuers, investors, dealers, and
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arbitrageurs.^ Surprisingly, very little research bas been done on this
important market although otber futures markets have been investigated
extensively.

Tbis article, using the cointegration methodology developed by
Engle and Granger (1987), examines the temporal price relationship
between tbe Municipal Bond Index (MBI) and the futures contract.
Particularly, the price discovery role of tbe index and index futures
markets is investigated. If tbe casb and futures markets are efficient
and frictionless, arhitrage {trading hetween markets, or basis trad-
ing) activities will maintain correct pricing relationships. Tbe price
movements sbould be simultaneous, otherwise profits ean be extracted
from the markets. However, a lead-lag price movement relationship
is possible due to differences in market structure, transaction costs,
market liquidity, and short sale constraints in the cash market and otber
regulatory and tecbnical constraints. (See, e.g., Stoll and Whaley (1990)
and Wabab and Lashgari (1993) for more detailed discussions.)

Tbis study is interesting for several reasons. First, many studies bave
examined tbe price relationship between cash and futures markets for
short-term interest rate futures, i.e., Fung and Leung (1993), and Mac-
Donald and Hein (1989). However, long-term interest rate futures have
been largely neglected in tbe literature. This might be due to difficulties
in defining precisely wbat is tbe underlying security of tbe Treasury
Bond futures because of various delivery options available to traders
witb a sbort position."* Tbe MBI futures contract, bowever, is settled
by tbe cash method. Thus, it provides an unique opportunity to study
the long-term interest rate futures market without tbe complication of
an undefined underlying security as in the case of tbe Treasury Bond
futures contract. Second, tbe municipal bond market is itself interesting
for investigation. Municipal securities differ from Treasury securities
in many important aspects, including some unique risks, sucb as a
changing default pattern in different economic cycles and the possibility
of new tax legislation.

This study finds tbat tbe MBI and the index futures prices are non-
stationary. Tbe cointegration analysis reveals that ther? exists a long-run
equilibrium relationship between tbese two nonstationary price series.
The error correction model (ECM) representation of tbe cointegrated
price series suggests tbat tbere is a two-way feedhack relationship and

For example, on February iS. 1994. the Municipal Bond Index futures trading volume and open
interests were $1.3 trillion and $2.7 trillion, respectively.
These delivery options are usually referred to as quality, timing, and wild card options.
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that tbe feedhack from futures to cash is tbe stronger of tbe two feed-
backs. Sub-sample results indicate tbat tbe information discovery role
of tbe futures market bas strengthened during the sample period. These
findings are of importance. Investors can potentially improve hedging
performance hy incorporating the long-run cointegrating relationship
and short-term dynamics between tbe MBI and the index futures prices
[see. Kroner and Sultan (1993)].

Tbe next section briefly reviews tbe relevant literature. The third
section describes tbe data and some summary statistics, while the fourth
studies tbe order of integration of tbe MBI and tbe index futures price
series. In the fifth section, the cointegration analysis methodology of
Engle and Granger (1987) is used to examine tbe long-run equilibrium
relationship of the two price series and in the sixth an error correction
model (EGM) is used to study the short-run dynamics of the two
price series.

LITERATURE REVIEW

Tbe price discovery function of futures markets has long heen recognized
in theoretical literature [Garhade and Silber (1983); Grossman (1977);
Working (1970)].'' Becently, many studies have analyzed the price
discovery function of futures prices in various futures markets. However,
the price discovery function of futures markets is not very conclusive.
The majority of these studies do support tbe notion that the futures
market leads the casb market in incorporating new information. For
example, Kawaller, Kocb, and Kocb (1987) investigated tbe intraday
price relationsbip between tbe S8fP 500 index and tbe index futures.
Tbeir results suggest tbat changes in tbe index futures lead cbanges
in the index by 20 to 45 minutes and that the feedback from the
casb market to tbe futures market is rather weak. Stoll and Wbaley
(1990) and Cban (1992) studied botb S&P 500 index and Major Market
Index (MMI) casb and futures markets and also found tbe predominant
futures-to-casb lead. Conversely, for instance, Fung and Leung (1993)
found tbat tbere is a two-way feedback relationsbip between tbe cash
and futures markets for Eurodollar deposits. Wahab and Lashgari
(1993) studied tbe casb and futures markets for botb tbe S&P 500 and
FT-SE 100 indexes. Tbey found tbat although feedback exists between
the cash and futures markets, the spot-to-future lead appears stronger
than tbe other direction.

''Another function of futures markets is to provide a mechanism through which hedgers transfer
price risk to speculators.
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DATA AND SUMMARY STATISTICS

The Municipal Bond Index futures contracts are based on the Bond
Buyer Municipal Bond Index. The index includes 40 actively traded,
high-quality municipal honds. The constituent hond prices are obtained
by excluding the highest and lowest quotes provided by five bond dealers
and averaging the three remaining quotes. The MBI futures contracts
are settled by the cash method and they mature on a March, June,
September, and December cycle. Daily spot and futures index prices
from June 11, 1985, through April 28, 1993, are from the Chicago Board
of Trade. There are a total of 1983 daily observations. The futures price
series are constructed by using the contract closest to expiration.

Table I presents some summary statistics of the MBI (P,), MBI
futures (F,), and the differenced series AP, and AF, for the whole
sample period and two equally divided sub-samples. The mean, standard
deviation (STD), minimum and maximum values as well as autocor-
relation structure are reported for each level and differenced series.
pi, i = \,2,... ,6, is the ith order autocorrelation coefficient. Panel A
presents the summary statistics for the full sample. The mean value of
spot price Pt is higher than that of futures price, F,, which suggests
that it is more expensive, on average, to establish a cash position than a
futures position. This is not surprising because a cash position entitles
one to collect coupon interest income. Wben coupon interest rate
is higher than the short-term interest rate, the familiar cost-of-carry
model predicts that P, should be higher than F,.^ The autocorrelation
coefficients for both P, and Ft are very high and close to I.O and they
die down very slowly. However, the autocorrelation coefficients for the
differenced series, AP, and AF,, are much lower. This suggests that
there may be a unit root in the level series. The summary statistics for
the two sub-samples are qualitatively similar (see. Panels B and C).

INTEGRATION TEST

A nonstationary time series, X,, is said to be integrated of order d, or
Hd), if it become stationary after differencing d times. Many studies
suggest that cash and futures price series are nonstationary series [e.g.,
Baillie and Bollerslev (1989); Fung and Leung (1993); Wahab and
Lashgari (1993)]. The order of integration ofa nonstationary time series

The yield curve for tax-exempted municipal bonds are always upward-sloping during ihe period
tested. Salomon Brothers' Analytical Record of Yields and Yield Spreads (1991) provides monthly
prime grade municipal yields for various maturities from 1954 through 1990.
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can be inferred by testing for unit roots. The Dickey-FuUer (DF) and
augmented Dickey-Fuller (ADF) tests are used in this study. To conduct
the DF test, the following ordinary least square (OLS) regression is first
performed:

DF: AX, = a,, + ai + /3X,-i + e, (1)

where AX, = X, — X(_i and ( is the time trend, fj is assumed to be an
i.i.d. error term. If f, is serially correlated, the ADF test which includes
lagged differences, is considered more appropriate. The ADF test is
based on an OLS regression of the following

ADF: ^Xt = a^ + at + ^X,-, + ^ y^AX,-; 4- 77, (2)

The number of lags, /E, should be chosen such that 17, is an i.i.d. error
term. Both the DF and ADF tests center on the /? coefficient of the
lagged level term, X,_i. Under the null hypothesis that X, is a unit root
process, ^ equals zero.

The spot and futures price series, P, and F,, are tested for unit
roots. The regression (statistics are reported in Table II. For the ADF

TABLE II

Test for Unit Root on Municipal Bond Index and Index Futures Series

Series DF Test ADF Test (k = 4) ADF Test (k = 12)

Panel A: Full Sample, 11/06/1985-28/04/1993
Index (P,) -1.720 -2.533 -2.833
Index futures (F,) -2.590 -2.799 -2.968

Panel B: First Sub-sample, 11/06/1985-24/05/1989
Index (Pf) -1.524 -2.003 -2.328
Index futures (F,) -1.989 -2.167 -2.468

Panel C: Second Sub-sample, 25/05/1989-28/04/1993
lndex{P,) -1.758 -2.761 -2.775
Index futures (F() -2.695 -2.684 -2.735

Note: 1. The critical values a! the 5% and 1% levels are -3.42 and -3,98, respectively. See Fuller (1976. p. 373).
2. The DF and ADF tests are based on the tollowing OLS regressions:

DF: ^X, = oo + at + ^X,-i + e, (1)

ADF: AX, = wo + " ' + ^X, , + J] y;iX,-; + r), (2)
( = 1

where X, = P, or F,.

* A time trend term is included in eqs. (I) and (2). However, the DF and ADF tests without the
trend term are also conducted and the results are qualitatively similar.
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tests, a number of different lags, k, up to 12, are tried. The results are
qualitatively the same7 Only the two cases with fe = 4 and fe = 12 are
reported. It can he seen that hoth the DF and ADF tests suggest that
the unit root hypothesis eannot he rejected for the full and two suh-
samples. Hence, P, and F, are integrated at least of order one, possibly,
of higher order.

It is necessary to ensure that the two series are integrated of the
same order to apply the cointegration test. It is well known that if a
level series possesses two unit-roots, the differenced series must possess
one unit-root. Therefore, the same DF and ADF tests are applied to
the two differenced series, AP, and AF,. The results are reported in
Table III. It is found that the unit root nonstationary hypothesis for the
two differenced series can be rejected decisively for the full sample and
two suh-samples. The combined results in Tables II and III suggest that
both Pt and Fj are /{I) series.

COINTEGRATION TEST

The integration tests ahove suggest that the spot and futures index prices
are nonstationary /(I) series. Market efficiency implies that Fj and P(

TABLE III
Test for Unit Root on Differenced Series

Series DF Test ADF Test (k = 4) ADF Test (k = 12)

Panel A: Full Sample, 11/06/1985-28/04/1993
Index (AP,) -33.93 -19,26 -11.22
Index futures (AF,) -40.77 -20.54 -11.67

Panel B: First Sub-sample, 11/06/1986-24/05/1989
Index (APf) -24.40 -14.20 -7.65
Index futures (AF,) -28,89 -14.76 -7.86

Panel C: Second Sub-sample, 25/05/1989-28/04/1993
Index (AP,) -22.00 -10.98 -8.52
Index futures (AFf) -28.58 -13.66 -9.20

Note: 1. The critical values at Itie 5% and 1% levels are -2,87 and -3-44. respectively. See Fuller (1976. p. 373).
2. The DF and ADF tests are based on the following OLS regressions:

DF: ^S| = ao + at + pS,-^ + E, (V)

k

ADF: AS, ^ co + ct + pS,-\ + X y^^St-i + u, (2')
r - 1

where S, = iPf or AF,.

'When fe is unknown. Said and Dickey (1984) suggest that it should increases with the sample
size, T, at the rate of
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should not deviate apart without hound and that economic forces should
prohibit persistent long-run deviations from the equilibrium between
cash and futures prices of a same asset [Garhade and Silher (1983);
Granger (1986)]. In this section, the cointegration analysis methodology
is used to test whether there exists an equilibrium relationship between
these two series.

Two /(I) series, X, and Y,, are said to be cointegrated if there exists
a linear combination of the two series for some constant, a, such that
X, — (c + aYt) = Z, is a stationary process, i.e., /(O). Z, is called the
equilibrium error. Test for cointegration can be carried out by checking
for stationarity of the residuals from the following OLS cointegration
regression:

X, = c + «Y, + Z, (3)

where c is a constant; a is the estimator of the cointegration parameter;
and Z, is the error term. If X, and V, are cointegrated, Zt is a stationary
process.^ Under the null hypothesis of non-cointegration, Z, should
possess a unit root. Engle and Granger (1987) recommend the ADF
procedure to test For unit root in Z( series, which requires the estimation
of the following OLS model:

AZ, = a,, + hoZt-i + X ^ ' ^ ^ ' - i + ^t (4)
1 = 1

where a^y hi, i = 0, 1, 2 , . . ., I, are regression coefficients and e, is the
error term. Following the model-building strategy adopted in Engle and
Granger (1987, p. 271-274), the regression eq. (4) is first fitted with
12 lagged changes of Z,, i.e., 1 is set to 12. The test results are reported
in Table IV. The non-cointegration null hypothesis can be rejected at
the 1% level. It is found also that the regression coefficients fo; for
» = 5, 6 , . . . , 12, are insignificant.^ Hence, a modified regression eq. (4)
with 1 = 4 is fitted again. The (-statistics for the modified model are
higher (in terms of absolute value) than those with 12 lagged changes.
The null hypothesis of non-cointegration can be rejected at the \% level.
It is interesting to note that the ADE tests with four lagged changes of
residuals are more powerful than those with 12 lags. This is because the

A constant c is included to allow for the possibility that Z, bas a non-zero mean. In the empirical
application, X, = P,, Y( = F, and the equilibrium error is denoted as z^, wben P, is the LHS
variable. X, = F,, Y, = P, and tbe equilibrium error is denoted as Zf when the LHS is F,.
An alternative model-building stnitegy used in some empirical studies is to use Akaike's final

prediction error (FPE) criterion or Shwartz information criterion to determine the appropriate
number of lags. This study finds that the optimal numher of lags is 4 in all three cases.
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introduction of extraneous insignificant parameters decreases the power
of the tests. The results in Table IV show that there exists a long-run
equilibrium relationship between P, and Ft, even though each of the
two series are nonstationary individually. This is also true for the two
suh-samples.

ERROR CORRECTION REPRESEIVTATION

Series Transformation

The evidence from the integration tests section suggests that both the
index spot and futures prices are nonstationary /(I) series. The following
transformation is used to achieve stationarity:

p, = In PI - In Pt-i

/ , - I n F , - l n F , - i (5)

where pt an*̂  / ( represent the (continuously compounded) daily rates
of return of the index spot and futures series.

TABLE IV
Cointegration Tests for Municipal Bond Index and Index Futures Series

t-Statistic t-Statistic
Series c a R^ /or b» (I = 4) for bn (1 ^ 12)

Panel A: Full Sample, 11/06/1985-28/04/1993
Index (P,) 6.656 0.935 0.975 -7.625^ -6,653^
Index futures (Fr) -4.667 1,043 0,975 -7.789^ -6.856^

Pane! B: First Sub-sample, 11/06/1986-24/05/1989
Index (P,) 7.039 0.932 0.976 -5.683^ -5.270^
Index futures (F,) -5.211 1.047 0.976 -5,777^ -5,405«

Panel C: Second Sub-sample, 25/05/1989-28/04/1993
Index (P,) 2.118 0.982 0.971 -5.674^ -4,232^
Index futures (Ff) 0.594 0,989 0.971 -5.864^ -4.418^

Note: rtie cointegration analysis is based on the following regression equations:

X, = c+ ay,-i +Z, (3)
I

^Z, = So + boZ|-^ + Y. l3|^Z|-, + e, (4)

When P, is the LHS variabie in (3), X, = P,, Y, = F, and the equiiibrium error is denoted as Z f subsequently; when F, is
LHS variable in (3), X, = F,, Y, = Pi and the equilibrium error will be denoted as z f .
^Indicates the test statistic is significant at the 1% level. The critical value is from Engle and Granger (1987).
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The observed price series may not represent the true price levels
due to bid-ask spreads or infrequent trading. There may also exist
a nonsynchronous problem in the underlying municipal bonds of the
index. Following Stoll and Whaley (1990) and Wahab and Lasbgai
(1993), time series models are fitted first to purge the noises in p,
and ft. An ARMA model with various parameterizations are tried. It is
found that the following parsimonious IVlA(l) model fits pt and / , well:

X( = W* + M̂  + 0''U^_^, X = p,f (6)

where m^, ^*, and wf are the mean, the moving average parameter,
and the process innovation at time (, respectively. Table V presents
the serial correlation structure before and after purging the noises in
the transformed series, p, and /,."* It can be seen that the serial
correlation coefficient is reduced su bs tan tive Iy, especially for initial lags,

TABLE V
Sample Serial Correlation Coefficients ofthe Transformed MBI Spot and

Futures Prices and the Innovations Generated by Estimated MA( I) Processes

1
2
3
4
5
6
7
8
9

10
11
12

Transformed Series

Index PI

0.263
0,082
0.080
0.009

-0.063
0.009
0.035

-0.004
-0.011

0,031
0.005
0.068

Estimated MA(1) processes
PI = 0.0000649 +

ft = 0.0000715 +

Futures f,

0.088
0,002
0.004

-0.022
-0.038
-0.028

0.034
-0.016
-0,026

0.014
0,013
0.063

uf + 0.251 ufLi
(11.55^)

u', + 0.088uLi
(3.95^)

Series

Index Ul

0.013
0.065
0.063
0,011

-0.071
0.018
0.033

-0.007
-0.019

0.041
-0.023

0.086

IntKn^ations

Futures ui

-0.000
0.002
0.005

-0,020
-0.034
-0.028

0.038
-0.017
-0,026

0.015
0,007
0.062

= 0.065

= 0.008

Note: rhe number in parentheses are the f-statistJc.
^Indicates that the statistic is significant at the 1% level.

Sub-sample results are very similiir. They are not reported to con?nserve space.
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after purging the noises in the observed series.*' The estimated moving
average parameters are statistically significant. The t-statistic of the
moving average parameter for series p; is much higher than that for
series, ft. The regression R^ for the index spot series is also much
higher than that for the index futures series. These results are not
surprising because one would have expected the futures prices to he
less contaminated hy trading noises. A non-synchronous trading problem
does not exist and an infrequent trading problem is much less serious
in index futures since it is traded as a single asset.

Error Correction Model Estimation

The evidence from the cointegration test section indicates that there
exists a long-run equilibrium relationship between the index spot and,
futures series. Engle and Granger (1987) have proved that a cointe-
grated series must have a corresponding error correction model (ECM)
representation. In this section, the following ECM is used to investigate
the short-run dynamics of the two price series.

ECM: x[ = a^ + l3oZt-i + X Z '̂̂ -̂i + S ny't-j + v, (7)

where x[ and yl represents the innovations of the transformed spot and
futures series in eq. (6), i.e., xj = uf, y,' = MJ ; Zj-i is the previous
period's equilibrium error, i.e., the regression residuals from eq. (3);
^i and yj are regression coefficients; v, is the error term. The appeal
of the ECM representation is that it combines the short-run dynamics
(responses from lagged innovations, Xt-i and yt-j) with a long-run
equilibrium relationship (Xt = c + aYt)- This equation enables one to
investigate whether the futures priee is able to forecast the cash price, or
vice versa; and whether the futures market or the cash market performs
most of price discovery rule.

The results of OLS estimation of the error correction models are
reported in Table VI. Four error correction regressions are estimated
for the whole and each of the two sub-sample periods: (a) index spot
innovations are regressed on last period's spot (own-market) equilib-
rium error and lagged innovations in spot and futures series; (b) index
spot innovations are regressed on last period's futures (cross-market)

''One should be concerned more with correlation coefficients at the initial lags, especially at lag
one since this study deals with daily, not minute-to-minute, data. Some correlation coefficients
are still marginally significant at distant lags. One can not assume that they result from bid-ask
spreads or infrequent trading.
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equilibrium error and lagged innovations in spot and futures series;
(c) index futures innovations are regressed on last period's futures (own-
market) equilibrium error and lagged innovations in spot and futures
series; (d) index futures innovations are regressed on last period's index
(cross-market) equilibrium error and lagged innovations in spot and
futures series. If the cointegrated variable, Xt, adjusts towards the long-
run equilibrium, a priori, the error correction coefficient is expected to
be negative for the own-market equilibrium error term and positive for
the cross-market equilibrium error term.

The model-building strategy advocated in Engle and Granger (1987)
is adopted. First, a preliminary model which includes 12 lagged p[ and
/ / is employed.'^ The final ECM only includes those lagged terms
viith statistically significant regression coefficients. The numbers in
parentheses under the error correetion equations are tbe associated
t-statistics. The standard error of estimate (S.E.E,), R^, Durbin—Watson,
and F-statistics are also reported. The full sample results are presented
in Panel A. It can be seen that the OLS regression coefficients for
error correetion terms Z,_i and Zt-\ have the expected sign and are
statistically significant, which suggest that both the index spot and
futures prices adjust towards the long-run equilibrium relationship when
disequilibrium occurs. The coefficients for some lagged innovations and
lagged cross-market innovations are also significant. Therefore, current
innovations in both the index and index futures prices are attributable
also to some lagged changes in the index and index futures prices. The
results suggest that there are two-way feedback relationships in the two
markets. It is noted that the t-statistics for the fi-i term is much higher
than for any other lagged variables in tbe spot ECM equation. This
suggests that the information flow from the index futures market to
the index cash market is stronger. The low regression R̂  values are
not surprising because most of the price movements should be contem-
poraneous if the markets are relatively efficient and frictionless. The
ECM explains 8.0% of the variations in the index spot innovations and
only 1.1% of the variations in index futures innovations. The relatively
low R for the futures ECM equations suggests that the index futures
market plays a leading role in incorporating new information because
lagged variables of botb markets can explain only a very small portion of
the current innovations. The results are qualitatively similar when the
cross-market equilibrium errors are used in the HCM equations.

It is found that p,-i and / , - j are not significant when i, j > 12.
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The whole sample period is divided into two equal sub-samples
to examine whether the cointegration relation is stable for the whole
period. Panel B of Table VI presents the OLS of the error correction
models for the first sub-sample period. For the index spot innovation
regression, the results are similar to the full sample period. However, for
the index futures innovation regression, the error correction coefficients
are not statistically significant although they have the expected sign. This
indicates that most of the adjustment is made through the cash market
when disequilibrium occurs. Interestingly, for the second sub-sample,
the error correction coefficients in the index spot innovation regression
becomes insignificant, which suggests that most of the adjustment is
now made through the futures market when disequilibrium occurs.
These seemingly conflicting results are not surprising because as the
MBI futures market matures, it becomes more cost effective to trade
in the futures markets rather than the cash market. Tberefore, the
information discovery role of the futures market strengthens over the
sample period.

Model Diagnostics

The OLS regression method assumes tbat tbe disturbance term, V[, fol-
lows an independent, identical, and normal distribution. The residuals
from the ECM eq. (7) are examined for statistical adequacy. It is found
tbat tbe serial correlations for tbe residuals are small and insignificant.
However, there is strong evidence of heteroscedasticity. Tbe autocorre-
lation coefficients for squared residuals from the index and tbe index
futures ECM equations are significant at tbe 1% level. The Ljung—Box
Q(6) statistics are 720.8 and 382.7, respectively. Although the OLS
estimates are consistent when the error term is heteroskedastistic, tbe
standard errors of the estimates are biased. The t-statistics reported in
Tahle VI may be invalid. Therefore, a heteroscedasticity-consistent es-
timation procedure proposed in White (1980) is used to reestimate tbe
ECM equations. Tbe results are reported in Table VII.'-' As expected,
the regression coefficients are the same. However, the (-statistics are
over-estimated, in general, by the OLS method. Some of tbe originally
lagged innovation terms become marginally significant at the 10% level.
Nevertheless, the qualitative interpretations remain similar to tbose of
the OLS estimation results. It is interesting to note that although none
of the lagged innovations are significant at the 5% level in the futures

Sub-sample results are similar to those of the full sample. They are available upon request.
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innovations regression, they are significant at the 10% level. This further
indicates that the futures market plays a major role in discovering new
information.

CONCLUSIONS

It is found that the MBI and the index futures prices are unit-root
nonstationary series. Cointegration analysis reveals that there is a long-
run equilihrium relationship hetween the MBI and the index futures.
The error correction model is then used to investigate the short-run
dynamics and the price movements in the two markets. The results
suggest that there is a two-way feedhack relationship hetween the
cash and futures markets and that most of the price movements are
contemporaneous. However, the information flow from the futures
market to the cash market is stronger. Suh-sample results also suggest
that for the first suh-sample period, the cash market plays a major
role in adjusting towards a long-run equilibrium pricing relationship;
whereas, for the second suh-sample period, the futures market plays a
predominant role in eliminating the equilihrium errors.

1 hese findings are useful to investors in the municipal hond market.
Investors can potentially improve hedging performance hy incorporat-
ing the long-run cointegrating relationship and short-term dynamics
hetween the MBI and the index futures prices.
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