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Financial Innovation and the Role of
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ABSTRACT

The role that financial innovation plays in financial markets is very controversial.
To provide insight into this role, we examine how market participants use the
highly successful Treasury STRIPS program. We find that investors use the option
to create Treasury-derivative STRIPS primarily to make markets more complete
and take advantage of tax and accounting asymmetries. Although liquidity-related
factors help explain differences in the prices of Treasury bonds and STRIPS, we
find little evidence that the option to strip and reconstitute securities is used for
speculative or arbitrage-related purposes.

THE ROLE OF FINANCIAL INNOVATION is a central issue for both policymakers and
researchefs in finance.! Critics argue that financial innovations often have
no economic role beyond allowing some investors to take highly leveraged
speculative or arbitrage-related positions. In contrast, advocates argue that
the introduction of new products makes financial markets more complete,
reduces frictions and transaction costs, and leads to a more optimal alloca-
tion of risk in the economy.

To better understand the role played by financial innovation, this paper
examines how investors use the successful Separate Trading of Registered
Interest and Principal of Securities (STRIPS) program of the U.S. Treasury.
This program allows investors to strip Treasury notes and bonds to create
separate discount bonds, and to reconstitute previously stripped notes and
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bonds from the corresponding discount bonds. Identifying the determinants
of stripping and reconstitution activities can provide insights into the un-
derlying reasons for the use of derivatives by investors.

In academia, models of security design such as that of Allen and Gale
(1988) suggest that successful derivatives allocate cash flows to the inves-
tors who value them the most, allowing securities to be held in their most
valuable form. If a portfolio of STRIPS is more valuable than the underlying
bond, investors can reengineer their portfolio by stripping the bond, and vice
versa. If valuation differences are large enough, even investors with no net
portfolio position, such as arbitrageurs, may profit by buying securities, strip-
ping or reconstituting them, and then reselling the modified portfolio. This
suggests that valuation differences, if they exist, could drive stripping and
reconstitution activities.

We first investigate whether valuation differences exist. Although some
large valuation differences exist, many of these may not represent real ar-
bitrage because of the possibility that quoted prices poorly reflect prices at
which trades could actually be executed, or because there are other types of
measurement errors in the data. On the other hand, we find a strong posi-
tive relation between the value of the STRIPS portfolios relative to the Trea-
sury bond and the total outstanding principal amount of the STRIPS. This -
implies a direct link between the liquidity and the pricing of these securi-
ties, and contributes to the literature documenting the existence of liquidity
effects in the pricing of financial securities.2

We then test whether observed valuation differences are followed by strip-
ping and reconstituting. We find no evidence that investors strip or recon-
stitute in response to observed valuation differences. Furthermore, we find
that specific Treasury issues are often stripped by investors at the same
time they-are being reconstituted by other investors. These results suggest
that investors have deeper motivations for stripping and reconstituting than
exploiting valuation differences. Stripping activity is greater for Treasury
securities with maturities for which discount bonds cannot be synthesized
by alternative means. This supports traditional contingent-claims theory that

- financial innovation primarily occurs to make markets more complete. We -
also find that stripping and reconstitution activities are related to security-
specific features such as the coupon rate, consistent with explanations based
on asymmetries in the tax or accounting treatment of fully constituted and
stripped securities, Although puzzles remain, these findings support the view
that Treasury derivatives fulfill fundamental economic functions in complet-
ing markets and overcoming frictions.

The remainder of the paper is organized as follows. Section I describes the
Treasury STRIPS program. Section II describes the data. Section III exam-
ines the relative pricing of Treasury securities and STRIPS. Section IV con-
ducts the empirical analysis. Section V presents concluding remarks.

2 For other examples, see Amihud and Mendelson (1986), Silber (1991), Boudoukh and White-
law (1998), Kamara (1994), Grinblatt (1995), and Longstaff (1995).
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1. Stripping and Reconstituting Bonds

In this section, we describe the Treasury STRIPS program and discuss
alternative hypotheses about why market participants strip and reconsti-
-tute bonds. ,

-A. The Treasury STRIPS Program

The Treasury initiated its STRIPS program on February 15, 1985. Under
“this program, the principal or corpus (TPRN) and semiannual coupon pay-
ments (TINTS) of eligible Treasury notes and bonds are assigned separate
'CUSIP numbers and referred to generically as STRIPS. Any depository in-
: stitution with a Federal Reserve book-entry securities account can request
: that their eligible Treasury securities be converted into STRIPS form. Once
- ‘converted, individual stripped principal and coupon components can be traded
- separately. On May 1, 1987, the Treasury extended the program to allow
. institutions to reconstitute previously stripped notes and bonds. The current
. charge for a STRIPS request is $25 per transaction. Note that stripping a
. bond involves only an accounting entry; no market transactions are required.3
¢ Since Treasury notes, bonds, and STRIPS are traded on a next-day settle-
- ment basis, an institution holding a note or bond can sell STRIPS today,
. send a request to strip the note or bond prior to 11:30 a.m. the following day,
. and then be able to deliver the STRIPS in settlement of the trade. Because
. of this, riskless arbitrage is possible unless the prices of notes, bonds, and
STRIPS are consistent. Specifically, there is a stripping arbitrage if an in-
¢ vestor cad buy a Treasury note or bond at the market ask price, strip the
© issue, and then simultaneously resell the portfolio of STRIPS at the market
bid price and still make a profit. Similarly, there is a reconstitution arbi-
. trage if the reverse strategy is profitable. In either case, the arbitrage strat-
egy is easily implemented.

Like Treasury notes and bonds, STRIPS are direct obligations of the Trea-
sury and can be held by both U.S. and foreign investors and are eligible
_ collateral for Treasury Tax and Loan Accounts. For income tax purposes,
STRIPS are subject to the stripped bond rules of the Internal Revenue Code.
. The tax basis of a TINT or TPRN formed by stripping a Treasury note or
. bond is determined by multiplying the tax basis of the note or bond by the
¢ ratio of the market price of the TINT or TPRN to the total market value of
° all of the TINTs and the TPRN formed by stripping the security. Similarly,
. the-tax basis of a note or bond formed by reconstitution is determined by
¢ adding together the tax basis for each of the individual TINTs and the TPRN
. that reconstitute the security.

% Daves and Ehrhardt (1993) study the pricing of stripped coupon and principal payments
created through the STRIPS program. The principal amount stripped in a single transaction
must be such that the resulting TINTS and TPRN components have face amounts in integral
. multiples of $1,000. Since the specific TPRN must be used to reconstitute a bond, the total
¢ principal amount outstanding of a bond can never exceed the original amount issued by the
Treasury.
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B. Why do Investors Strip and Reconstitute Bonds?

Before turning to the data, we first consider alternative explanations for
why investors strip and reconstitute bonds. An explanation frequently of-
fered in the practitioner literature is that stripping and reconstitution are
arbitrage related 4 Clearly, if there is a stripping arbitrage, arbitrageurs have
the strongest possible incentives to purchase Treasury notes and bonds and
then strip them. The reverse applies to reconstitution arbitrages. Security
design theory such as that of Allen and Gale (1988) and Duffie and Jackson
(1989) suggests that investors have economic incentives to restructure fi-
nancial assets in a way that maximizes the combined market value of the
assets. As an example, recall that many institutional investors mark their
portfolios of Treasury securities to market every day. If one form of the se-
curity is more valuable than the other, they recognize accounting income
immediately by either stripping or reconstituting the securities they hold
even if the difference in prices is not large enough to violate transaction-
cost-induced arbitrage bounds. Either way, the empirical implication is that
observed valuation differences should be followed by stripping or reconsti-
tution activity. One problematic implication with this hypothesis, however,
is that it suggests a corner solution; if it is optimal to strip, then the entire
issue should be stripped, and vice versa. As will be shown later, this type of
extreme behavior is not observed in the markets.

Even without valuation differences, however, there may be other reasons
for stripping and reconstitution. Foremost among these aliernative explana-
tions is that stripping occurs in order to make markets more complete. In
particular, there must be at least one Treasury note or bond for each matu-
rity for the market to be complete. Since each note or bond can be viewed as
a portfolio of discount bonds, this is equivalent to requiring that there be a
discount bond for each maturity by a simple matrix inversion argument.
Clearly, if there are discount bonds available for all maturities, any pattern
of fixed cash flows can be created from portfolios of discount bonds. Recall
that discount bonds are essential in implementing a number of common in-
vestment strategies such as defeasing bonds or providing the collateral for
guarantees of Brady bonds.

Given the current maturity structure of Treasury debt issues, stripping
bonds with maturity dates later than 2006 serves to make the market more
complete. This is because discount bonds with maturity dates beyond 2006
cannot be synthesized by portfelios of existing bonds. Specifically, Treasury
bonds with maturities from 2007 to 2014 are callable on coupon payment
dates during the last five years of the bond. Thus, an investor who pur-
chases one of these bonds cannot be certain of whether the final 10 semi-
annual coupon payments will be received or of the timing of the final principal

* For example, see Livingston and Gregory (1989), Shapire and Johnson {1990), and Klaffky
and Kopprasch (1990).
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payment.> This uncertainty prevents an investor from using these bends in
a strategy to synthesize a discount bond from a strip of coupon bonds with
common coupon payment dates.® The only other way to synthesize a dis-
count bond with a maturity date beyond 2006 would be if two coupon bonds
shared a common maturity date but had different coupon rates. Currently,
there are no such pairs of bonds with maturities beyond 2006. Hence, the
STRIPS program is the only way to create longer-maturity discount bonds.
If market completion is an impertant motivation for stripping securities,
then stripping activity should tend to be greater for bonds with maturity
dates later than 2006. Nete, of course, that the market-completion hypoth-
esis cannot explain why investors reconstitute bonds.

There are also explanations centering on the possibility that the accounting
and/or tax treatment of STRIPS may differ from that of the underlying bond.
Although too numerous to review individually, these explanations share the
common feature that the private value of a STRIPS portfolio to an investor may
differ from the private value of the fully constituted security, even though the
market prices do not diverge sufficiently to allow arbitrage. An example of this
is that in the mid-1980s the Japanese government allowed a favorable tax treat-
ment for discount bonds representing stripped prineipal. Similarly, Japanese
life insurance companies may pay dividends based on coupon income received,
but not from principal received. Differences in the tax treatment of premium
and/or discount coupon bonds and the tax treatment of discount bonds in the
United States could also provide incentives to strip or reconstitute. Moreover,
some classes of taxable investors who are able to exploit tax-timing opportu-
nities similar to those described by Constantinides (19883), Constantinides and
Ingersoll (1984), and Dammon, Dunn, and Spatt (1989) may find that strip-
ping securities creates additional private value since there are now more tax-
trading opportunities to exploit. Given the similarity of their empirical
implications, it is not possible to differentiate between the many versions of
the tax and/or accounting explanations that have been put forward.

The tax-trading story, which implies that taxable investors who are long
bonds should strip those securities to create tax options, but not reconstitute
securities since that eliminates tax options, is more complex than this overly
-simple version of it suggests.” Taken together, however, these arguments

5 Longstaff (1992) examines the call policy followed by the Treasury.

8 If it were not for the seven-year gap in the term structure of noncallable Treasury bonds,
then an investor could strip away the coupon of an N-year bond by taking a short position in a
portfolio of coupon bonds with maturities 0.5,1.0,1.5,...,N — 0.5. The fact that all of the bonds
with maturities between 2007 and 2014 are callable precludes an investor from implementing
this coupon-stripping strategy.

7 Investors who are long a single STRIP would prefér to hold a portfolio of coupon bonds that
synthetically creates the STRIP because the latter has the greater tax option. Moreover, if
investors are able to take short positions. in. Treasury securities, they prefer to take short po-
sitions in a portfolio of STREPS: than a short position in an equivalent coupon bond. In general,
the complexity of the effects of tax trading options in a general equilibrium setting make it
difficult to determine the net effect on the relative pricing of Treasury bonds and STRIPS.
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imply that stripping and reconstitution activities may be related to accounting-
like features such as the coupon rate or the current price of the fully con-
stituted security.

Another nonarbitrage-based explanation is liquidity. Typically, newer is-
sues of Treasury notes and bonds are more liquid than older issues. In fact,
newer issues of Treasury notes and bonds are often in such high current
demand that they can be financed at special repo rates which are much
lower than general collateral repo rates. In contrast, older issues are much
less likely to become special in the repo market.8 Thus, as notes and bonds
age, they have a tendency to become less liquid. On the other hand, discus-
sions with traders and other market participants indicate that since STRIPS
often come from a variety of underlying bonds, there is no general relation
between age and liquidity in the STRIPS market. If investors prefer to hold
more liquid securities, then the tendency for a bond to become less liquid
over time may provide an incentive for investors to strip the issue more as
it ages, and similarly, to reconstitute the issue less.

_In summary, these arguments suggest possible explanatory variables for
stripping and reconstitution activities such as valuation differences, the po-
tential to complete the market, and the coupon rate, price, and age of the
underlying bond. These potential relations provide the basis for the empir-
ical tests conducted in this paper.

II. The Data

To study stripping and reconstitution activities, we .obtain data on the
amount outstanding, the amount stripped, and the amount reconstituted for
each noncallable Treasury note and bond eligible for the STRIPS program
for each month during the sample period. The data are obtained directly
from the Monthly Statement of the Public Debt issued by the U. S. Treasury.
The sample period covers the 54-month period from July 1990 to December
1994. July 1990 is the first month included in the sample period since it is
the first month in which STRIPS prices from Bear Stearns are reported in
the Wall Street Journal. To be included in the sample, we require that each
eligible bond have at least 12 months of data. This results in a sample of 58
Treasury notes and bonds. )

Table I provides summary statistics for the total principal amount out-
standing, the average percentage amount stripped, and the average monthly
percentage amounts stripped and reconstituted for each of the Treasury se-
curities in the sample. Of the 58 notes and bonds in the sample, the first 31
are Treasury notes, the 32nd through the 35th are 20-year Treasury bonds,
and the remaining 23 are 30-year Treasury bonds. As illustrated, the aver-
age percentage amount stripped is much lower for the notes than for the
bonds, and stripping and reconstitution activity is much more prevalent

8 For a discussion of the special repo market, see Duffie (1996) and Grinblatt (1995).
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for bonds than for notes. Table I also shows that both stripping and recon-
stitution occur in approximately 80 percent of the months for the majority of
the bonds in the sample. This type of activity is difficult to reconcile with the
valuation difference hypothesis; if investors respond to price differences only,
we should observe either stripping or reconstitution activity, but not both
simultaneously. Of course, during a particular hour or day, only stripping or
only reconstitution may be occurring and our monthly data may be too coarse
to detect this fine structure.

The data set also includes end-of-month bid prices for the eligible notes
and bonds and associated STRIPS. The price data are obtained from the
Wall Street Journal, which reports end-of-day quotations from Bear Stearns.?
The note and bond prices in the data set are adjusted for accrued coupon
through the settlement day, which is two days after the pricing quotation
date.’ In particular, we accrue coupon on the standard actual/actual basis
where coupon accrues from the last coupon payment date to the settlement
date, and the accrual equals the actual number of calendar days divided by
the actual number of calendar days during the semiannual coupon period
times the semiannual coupon amount.

II1. Valuation Differences

The hypothesis that investors strip and reconstitute securities in response
to valuation differences assumes, of course, that these differences exist. This
assumption, however, is difficult to reconcile with standard no-arbitrage or
equilibrium asset pricing theory. To this end, we first examine whether val-
uation differences do in fact occur before studying their relation to stripping
and reconstitution activities.

Table II reports summary statistics for the differences in the price be-
tween the portfolio of STRIPS and the Treasury notes and bonds whose fu-
ture cash flows the STRIPS portfolio replicates. In Table II, we only include
observations where the total outstanding principal amount of both the bond
and the TPRN exceeds $500,000,000. We use this filter to avoid including
illiquid issues for which quoted prices might include significant measure-
ment error. Note that this reduces the size of N given in Table II from that

9 Ask price data are also reported in the Wall Street Journal. Jordan, Jorgensen, and Kuipers
(1999), however, argue that these ask prices are not representative of actual market ask prices.
Discussions with Treasury bond and STRIPS dealers confirm that the bid-ask spreads implied
by the prices in the Wall Street Journal are much larger than actual spreads observed in the
market. Our diagnostic tests also indicate that the bid prices of the securities are more com-
parable than the ask prices. For these reasons, we use only bid prices in this test. We note,
however, that the results are qualitatively similar when ask prices are used instead of bid
prices.

19 Discussions with the data vendor indicate that the Bear Stearns data reported in the Wall
Street Journal are based on a two-day settlement period rather than the one-day settlement
period standard in Treasury security markets.
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reported in Table 1.}1 On average, there is virtually no difference between
the prices of the STRIPS and the Treasury notes and bonds; the overall
difference between the prices is — 0.4 cents per $100 face amount. Table IT
shows, however, that there is variation in the mean differences across the
notes and bonds in the sample. For example, approximately one-half of the
notes in Table II have negative means, and the last 16 bonds have positive
means. The economic magnitude of these means, however, is typically small.
Although most of the means are close to zero, a number of individual valu-
ation differences appear large. For example, 51.9 percent of these valuation
differences exceed a threshold of 10 cents per $100 notional, which is roughly
on the same order as market bid-ask spreads. Before concluding that there
are actually significant valuation differences, however, it is important to
take two additional factors into consideration: transaction costs and the pos-
sibility of measurement error in the data.

The valuation differences reported in Table II are based on bid prices for
both the underlying Treasury notes and bonds and the STRIPS. Equilibrium
theory, however, suggests that it is the midpoint of the bid-ask range that
should be the same for the Treasury bond and the STRIPS. By using bid
prices, we introduce the possibility of a small bias in the estimated valuation
differences if there is a difference in the size of the bid-ask spread between
the note or bond and the STRIPS portfolio. To ascertain the magnitude of
the bid-ask spread in the market, we conducted a number of in-depth inter-
views with traders at several major Wall Street Treasury bond and STRIPS
dealers. Though anecdotal, this evidence suggests that the bid-ask spreads
faced by the lowest-cost arbitrageurs in this market are on the order of 0.03
for liquid Treasury bonds and 0.06 to 0.12 for a typical TINT or TPRN.
Given these estimates, the size of the bias in the estimated valuation dif-
ferences is probably on the order of 0.03 to 0.05; the potential effect of using
bid prices rather than the midpoint of the (true but unknown) bid-ask range
appears to be small.

The consequences of measurement errors in the bid prices quoted in the
Wall Street Journal are more likely to be significant. If quoted bid prices do
not, reflect the actual levels at which trades could be executed, finding that
the observed pricing difference exceeds the transaction cost threshold of the
marginal arbitrageur does not necessarily mean that there is an arbitrage.
For this reason, tests that simply compare the size of the estimated valua-
tion differences to some benchmark cannot provide conclusive evidence that
these valuation differences are significant. Even finding that observed val-
uation differences display persistent behavior may not provide conclusive

11 We also conduct the analysis using filters of $200,000,000 and $1,000,000,000. The results
are very similar to those reported in the paper. We note that this liquidity filter eliminates all
but two observations for on-the-run bonds. Since on-the-run bonds may have special repo con-
siderations that would complicate their analysis, we eliminate these two observations from the
sample. For consistency with later results, we also eliminate 30 observations from the sample
for which some variables used in subsequent regressions are missing.
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evidence of the existence of valuation differences since data errors may also
display persistence. This is relevant since we find that of the 69 valuation
differences that exceed 30 cents per $100 face amount, 52 (75.3 percent) are
followed by positive valuation differences the next month. Similarly, of the
82 valuation differences of less than —30 cents per $100 face amount, 58
(70.7) percent are followed by negative valuation differences the next month.
If consecutive valuation differences are assumed to be independent, then the
z-statistics from a standard binomial test for the hypothesis that 50 percent
of the subsequent valuation differences are positive are 4.21 and —3.75 re-
spectively, which is highly statistically significant. If we require that the
subsequent valuation difference exceeds a realistic transaction cost thresh-
old of 10 cents, however, then we can no longer conclude that the proportion
of subsequent valuation differences exceeding this threshold is significantly
different from 50 percent. These results, though provocative, may not be
definitive evidence of actual valuation differences because they may simply
reflect the presence of serially correlated measurement errors in reported
quotes.12

To address this issue, we test whether valuation differences exist by using
a regression approach that allows us to simultaneously control for sources of
data measurement error while conditioning on nonprice variables that are
likely to be uncontaminated by price measurement error. Finding that there
is predictable variation in the observed valuation differences which is re-
lated to the nonprice variables even after controlling for data measurement
errors would provide evidence of the existence of valuation differences in the
market. ¢ .

In this regression, we use four variables to control for the effects of mea-
surement error in the data. The first is simply the lagged value of the ob-
served valuation difference. If data measurement error takes the form of
prices that are only infrequently updated or are computed as a spread off of
some other price, then there could be spurious persistence in the observed
valuation difference. Including the lagged value of the valuation difference
should control for this type of error.

The second variable is the change in the bond price during the previous
month. This variable provides controls for the possibility that the less-liquid
STRIPS prices are not updated as frequently as the more actively traded
notes or bonds. Since the current bond price appears with opposite signs on
each side of the regression when the change in the bond price is included,

12 We are clearly adopting the most conservative interpretation of these results. In actuality,
for the persistence results to be attributable to serially correlated data errors, one would need
to argue that the STRIPS (which are generally less liquid than the bonds) may not trade or
have persistent biases in reported prices for multiple months. Although we have no direct
evidence about how frequently STRIPS trade, conversations with traders and the frequency
with which STRIPS are created by stripping the bond (as displayed in Table I) strongly suggest
that most STRIPS are traded many times during a typical month. Furthermore, since our data
are monthly, we cannot rule out the possibility that short-lived intramonth arbitrages exist in
the STRIPS market. :
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finding that the regression coefficient is significantly negative provides ev-
idence that STRIPS prices are less frequently updated than are bond prices.
This is true independent of whether or not there are significant valuation
differences in the market. If the prices of the STRIPS are not updated at all,
then the regression coefficient for the change in bond price should equal~-1.
If the observed valuation difference is an artifact of the bond price changing
without a corresponding change in the prices of the associated STRIPS, then
including the change in the bond price as a control variable should help
identify this type of measurement error.

Third, we include the square of the change in the bond price during the
previous month as a control variable. This measure tends to be larger in
volatile markets and is motivated by the possibility that the reported prices
of less liquid securities may be interpolated from the prices of more liquid
securities, rather than on the basis of current market quotations or trades.
Since interpolation methods often use linear or duration-based approxima-
tions, these techniques may miss the effects of second-order or convexity
terms in updating prices after a large market move. Including the squared
price change in the regression should provide some control for errors of this
nature. Finally, we include the age of the underlying Treasury note or bond
as the fourth control variable. This measure controls for the possibility that
price quotations for older and less liquid Treasury notes and bonds may not
be updated as frequently or be as reliable.13 ‘

As an explanatory variable in this regression, we use the percentage of the
total issue held in stripped form, a measure.which should largely be free of
price measurement error. The motivation for this variable is that it provides
information about the relative supply of STRIPS to that of the fully consti-
tuted security. Table III presents the regression results. In addition to the
OLS t-statistics, we also report ¢-statistics based on the standard deviation
of parameter estimates obtained by a standard multivariate bootstrap pro-
cedure. In particular, we resample the data with replacement by month and
also include date dummies in the regressions. Resampling by month allows
the bootstrap to be robust to any cross-sectional correlation in residuals
while the date dummies control for potential time-series variation in the
means of the residuals. Standard results can be used to show that the boot-
strapped ¢-statistics are robust to departures from the usual OLS assump-
tions about independently and identically normally distributed residuals in
this panel data regression.

As shown in Table III, several of the control variables are significant. The
coefficient for the lagged valuation difference is positive and highly signif-
icant. This result may suggest that the valuation differences have a strong

13 In addition to including control variables in the regression, we perform a variety of other
diagnostics to check the accuracy of the underlying data. For example, since bond price data
(but not STRIPS price data) are available from CRSP, we run comparisons of the Bear Stearns
and CRSP bond price data. The differences in the prices are minor and do not affect the prop-
erties of the computed valuation differences.
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Table 111
Regression Results from Regression of Valuation Differences
on the Explanatory Variables
Valuation difference is the difference between the price of the portfolio of STRIPS and the price
of the underlying Treasury note or bond. Price change is the change in the value of the under-
lying note or bond during the previous month. The age of the bond is measured in years. The
total number of observations is 1,886.

Lagged Squared Total
Valuation Price Price Percentage
Constant Difference Change  Change Age Stripped  Adj. R?

Coefficient 0.0080 0.1539 —0.0048 -0.0019 -0.0028 0.0724 0.0597

t-statistic 0.08 6.89 -3.59 ~6.75 -1.79 5.21
Bootstrapped
~ t-statistic 0.09 3.94 ~1.87 —-2.14 -1.27 2.88

persistent component that is consistent with the presence of data errors in-
duced by illiquidity or infrequently updated prices. It is important to note,
however, that this result could also be interpreted as evidence of predictable
time variation in actual valuation differences. Similarly, both the change in
price and the squared price change are significant based on the OLS
t-statistics, although the change in price is slightly less than significant
based on the bootstrapped ¢-statistics. We also estimaté the regression with-
out‘using the change in the bond price as an explanatory variable. The re-
gression results for the remaining variables are virtually the same as those
reported in Table III. The age of the bond enters with a negative sign, but is
not statistically significant based on either the OLS or the bootstrapped
t-statistics.14

Table III also shows that the percentage of the total issue held in stripped
form is highly significant. The positive sign for the coefficient implies that
the portfolio of STRIPS is more valuable relative to the underlying note or
bond when the percentage of the total issue stripped is larger. Since strip-
ping the issue increases the supply of STRIPS while decreasing the supply of
the underlying note or bond, these results are consistent with the presence
of a liquidity effect in the pricing of these Treasury securities; the relative
price of the STRIPS appears to be directly related to their relative supply.
These findings suggest that there is systematic variation in observed valu-

14 The negative sign of this coefficient is counterintuitive since we would expect that as the
bond ages and becomes less liquid, its value should decrease and the measured valuation dif-
ference widen. To explore this, we estimate the regression in Table III using dummy variables
for each of the notes and bonds to control for cross-sectional differences in the means of the
valuation differences. When these dummy variables are included, the coefficient on the age of
the bond is close to zero, implying that the negative coefficient for age arises because the oldest
bonds in the sample also have the most significantly negative mean valuation differences, and
not because the valuation differences for individual bonds widen as time passes.
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ation differences even after controlling for various measures of data mea-
surement error. Consequently, it is legitimate to investigate whether stripping
and reconstitution is driven by differences in the relative values of STRIPS
and the underlying Treasury note or bond.

IV. Stripping and Reconstitution Activity

In this section, we examine the extent to which stripping and reconstitu-
tion activity can be explained by the various hypotheses described earlier.

A. The Explanatory Variables

Each of the alternative hypotheses suggests potential explanatory variables.

Valuation Differences. If stripping and reconstitution activity is driven by
the response of investors to perceived differences in the values of the STRIPS
portfolio and the underlying note or bond, then positive valuation differ-
ences should be followed by stripping, and negative values should be fol-
lowed by reconstitution.

Market Completion. If market participants use the STRIPS program to
create securities that make the market more complete, then stripping activ-
ity should be greatest at maturities for which discount bonds are most dif-
ficult to synthesize using alternative methods. To capture this, we define the
market-completion dummy variable to have value one if the maturity date of
the bond is later than 2006, and to have value zero otherwise.

Tax and Accounting Motivations. To examine these motivations, we in-
clude both the coupon rate and price of the bond as explanatory variables.
Including the coupon rate controls for the possibility that coupon income is
either tax advantaged or receives a favorable accounting treatment for some
investors. Similarly, the price of the bond, when controlling for the coupon
rate, captures the effect of shifts in the term structure. As the term struc-
ture shifts, the market price of securities may differ from their tax basis and
create tax-trading strategies involving the stripping or reconstitution of se-
curities. Alternatively, as the term structure shifts down, investors may choose
to inflate accounting income by defeasing existing bonds with discount bonds
and refinancing at lower coupon rates. This would tend to make stripping
more prevalent when market interest rates decrease.

Liquidity. As discussed, Treasury notes and bonds generally become less
liquid as they age. Hence, the amount of stripping and reconstitution activ-
ities may be related to the age of the underlying Treasury note or bond if
liquidity is important to investors. In order to be able to isolate the specific
effect of age, we also include the maturity of the underlying bond as a sep-
arate explanatory variable in the regression since age and maturity are
correlated.

Dynamic Properties of Stripping and Reconstitution. A number of the hy-
potheses imply that the entire issue should either be stripped or reconsti-
tuted; simultaneous stripping and reconstitution should not be observed. This
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all-or-nothing implication is particularly applicable to the hypothesis that
stripping and reconstitution are driven by the actions of arbitrageurs ex-
ploiting valuation differences.

To explore the dynamic behavior of investors in stripping and reconstitut-
ing securities, we include the percentage of the issue reconstituted during
the month as an explanatory variable in the regression for the percentage
stripped during the month, and vice versa. Intuitively, if stripping and re-
constitution activities are driven by some simple motivation such as exploit-
ing valuation differences, then an increase in stripping during the month .
should be associated with a decrease in reconstitution during the month,
and vice versa. If there are nonarbitrage-related motivations for stripping
and reconstitution, however, investors may not strip or reconstitute the en-
tire issue. For example, life insurance firms may demand long-maturity dis-
- ecount bonds for the purpose of immunizing fixed-maturity liabilities. The
demand in any period, however, will be a function of the amount of new
liabilities generated. This would lead to an ongoing pattern of securities
being stripped in response to demand, and may help explain why stripping
and reconstitution occur at the same time. To examine the persistence of
stripping and reconstitution activities, we include the amount stripped and
reconstituted during the previous month as explanatory variables. Finally,
since little new stripping can occur when most of the issue has been stripped,
or similarly, little reconstitution can occur when only a small fraction of the
total issue has been stripped, we include the total percentage amount stripped
+ at the end of the previous month as an explanatory variable for current
activity.

B. Methodology

Since we include the percentage reconstituted as an explanatory variable
in the regression for the percentage stripped, and the percentage stripped as
an explanatory variable in the regression for the percentage reconstituted,
the regressions must be estimated as a simultaneous system in order to
obtain consistent results. Accordingly, we use a standard two-stage least
squares approach to estimate the regressions. As in Section III, we include
only observations in the sample where the total amount of bonds held in
stripped form and the remaining unstripped amount exceeds $500,000,000.
As in Table III, we report both the standard two-stage least squares ¢-statistics
as well as the t-statistics from a bootstrapped two-stage least squares re-
gression that includes date dummies. The bootstrap controls for cross-
correlation by sampling months with replacement as discussed for the
regresssion in Table IT1.15

15 In addition.to the regressions reported in the paper, we also run regressions in which a
separate dummy variable for each bond is included. The objective of these regressions is to
determine whether the time-series relationships in the data are the same after controlling for
the panel nature of the data. The regression results for the time-varying explanatory variables

]
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C. Empirical Results for Stripping

Table IV reports the results for the regression of the total amount stripped
each month on the explanatory variables. The hypothesis that stripping ac--
tivity is driven by valuation differences receives no support from the data;
the bootstrapped ¢-statistic for the variable is 0.81. Furthermore, the eco-
nomic impact of this variable is small; a valuation difference of 10 cents only
translates into an increase in the amount stripped of 0.067 percent of the
total issue size.

In contrast, the market—completion dummy variable is positive and statis-
tically significant. The regression coefficient for the market-completion dummy
implies that the monthly percentage stripped for these bonds exceeds that of
the other bonds by more than two percent of the total issue size, which is a
significant difference in economic terms as well. This provides solid support
for the market-completion hypothesis. Note that in the regressions, we con-
trol for the maturity of the underlying bond. Hence, the market completion

- variable is not simply capturing investor preferences for long duration or
highly convex cash flows. This result is important since it provides one of
the first direct empirical confirmations of a well-known theoretical argu-
ment for the existence of derivative securities—namely, that derivatives are
used by investors to make markets more complete.

The tax and accounting explanations also receive some support from the
data. The regression coefficients for the coupon rate and the price of the
note or bond are both positive, although only the coupon rate is significant
based on the bootstrapped t-statistics. Thus, holding the price of the bond
fixed, stripping activity increases with the coupon rate. Although there are
many possible tax and accounting stories consistent with these results, this
finding suggests that investors’ behavior may be influenced by tax- or
accounting-induced frictions.

The regression results for age run counter to the liquidity hypothesis. The
age variable is highly significant but negative in sign. This implies that as
a bond ages, the amount of stripping activity decreases. Traders and market
participants, however, often argue than the reason older bonds become il-
liquid is that they are eventually absorbed into the portfolios of investors
who tend to follow buy-and-hold strategies. Hence, the effective supply of
bonds available in the market tends to decline over time. This rejection of
the liquidity hypothesis is consistent with the ex1stence of a clientele that
places less value on liquidity.

The regression results also have a number of 1mphcat10ns for the dynamic
behavior of stripping activity. As shown, stripping activity is positively re-
lated to the amount of contemporaneous reconstitution activity. Thus, rather

(e.g., valuation difference, price, fraction stripped, etc.) are very similar to those reported in the
paper. Similarly, we also run the regressions with date dummies to control for pricing errors
that might be correlated across bonds at a given point in time. The results are again very
similar to those reported. Finally, we run the regressions monthly using a standard Fama-
MacBeth (1973) methodology to compute ¢-statistics. The results are again similar.
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than being negatively correlated, the evidence suggests that stripping and
reconstitution activities tend to occur at the same time. For example, an
increase of one percent in the amount reconstituted is associated with a
1.0852 percent increase in the amount stripped. This puzzling relation ar-
gues against the hypothesis that stripping and reconstitution activities are
driven by the actions of arbitrageurs or investors responding to valuation
differences. The coefficient for the lagged amount of stripping activity is not
significant. Finally, the regression coefficient for the percentage of the total
issue stripped is negative and significant. This is intuitive since additional
stripping activity cannot occur if the issue has already been largely or com-
pletely stripped.1®

D. Empirical Results for Reconstitution

Table IV also reports the results from the regression of the total amount
reconstituted each month on the explanatory variables. The results gener-
ally parallel those of the stripping regression. For example, reconstitution
activity is not significantly related to the valuation difference in either sta-
tistical or economic terms. This again provides evidence against the hypoth-
esis that the STRIPS program is primarily used to exploit differences in the
prices of the securities.

The market-completion dummy variable was highly significant in explain-
ing stripping activity in the earlier regression. Similarly, the coefficient for
the market-completion dummy is significantly negatively related to recon-
stitution activity. In particular, the coefficient for the market-completion
dummy implies that the monthly amount reconstituted for these bonds is
more than 2.4 percent of the total issue size less than for the other bonds.
Thus, investors are less likely to reconstitute STRIPS when the STRIPS
fulfill some market spanning function. Note, however, that the market com-
pletion hypothesis does not explain why investors reconstitute securities,
since reconstitution only serves to make the market less complete in the
sense that there is a decreased supply of STRIPS.

The coupon rate variable is again significant. This time, however, the co-
efficient is negative, implying that high coupon bonds tend to be stripped
more and reconstituted less than other Treasury notes and bonds. Again, the
price variable is not significant based on the bootstrapped #-statistics. The
results for the liquidity hypothesis parallel those for the stripping regres-
sion; the age of the bond is significantly positively related to the amount of
reconstitution activity, consistent with the existence of a clientele with a
strong propensity to hold aged illiquid bonds. Stripping and reconstitution

16 As a diagnostic for potential multicollinearity problems, we examine the correlation ma-
trix of the regression coefficients. Only the correlation between the coefficients for the com-
pleteness variable and the maturity of the bond is in excess of 0.90; all of the remaining correlations
are much smaller. Since both completeness and the maturity of the bonds are significant, the
correlation between the coefficients does not affect the power of the ¢-tests for these variables.
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are significantly positively related. The lagged amount reconstituted is not
significant. Finally, the regression coefficient for the percentage of the total
issue reconstituted is positive and significant.

V. Conclusions

We have conducted an analysis of the determinants of stripping and re-
constitution activity using data on the Treasury STRIPS program. The re-
sults suggest that little of this activity is directly related to the actions of
speculators or arbitrageurs attempting to exploit profit opportunities. In con-
trast, market participants’ use of the STRIPS program appears to be pri-
marily for making markets more complete, and exploiting accounting and
tax asymmetries.

Although our results are limited to Treasury STRIPS, these results are
consistent with economic theory about the motivation for financial innova-
tion and the creation of new derivative securities. Despite claims by critics,
market participants appear to use the flexibility to create and recenstitute
Treasury-derivative securities like STRIPS for fundamental economic reasons.
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