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Abstract

Bund futures are traded in both London (LIFFE) and Frankfurt (DTB) on open outcry
and electronic trading platform respectively. One oddity in this market that has attracted
much practitioner comment is that the LIFFE contract has traded slightly more
expensively - about 1.5 basis points - than the DTB one despite an almost identical
specification. This paper explores a number of possible explanations for this phenomenon
but finds that none are important enough to explain the observed price difference.




I. INTRODUCTION

The German Bund futures contract is the most heavily traded bond contract outside the
US. It is unusual in that it trades on two markets (LIFFE in London and DTB in
Frankfurt) with no apparent tendency for one market to drive out the other. One feature
of these dually traded contracts that has been the focus of practitioner interest for some
time is the fact the LIFFE contract trades slightly more expensive than the DTB one
despite being for delivery of the same bonds at the same time. This paper investigates
some possible reasons for the price difference but finds that none of the explanations that
have been put forward are capable of explaining the observed difference.

II. THE BUND CONTRACT

The Bund future traded on both LIFFE and the DTB is an agreement that the short will
deliver DM250,000 face value of German Government bonds (including Federal
government, Unity fund and Treuhand) to the long on the specified delivery day' (the
10th day of the delivery month. Contracts for March, June, September and December
delivery are traded) in return for a specified price. Like all bond futures, the bond
specified for delivery in the Bund contract is simply a notional bond (i.e. does not exist)
which in this case is specified to have a 6% coupon. Actual delivery can be undertaken
with a range of bonds called the basket of deliverables. All German government bonds in
the maturity range 8.5 to 10 years qualify for this basket and so the short can deliver any
of these qualifying bonds. Of course, these qualifying bonds will trade at very different
prices and so the Exchange applies a set of price factors (i.e. multipliers applied to the
delivery formula which mean that a greater number of relatively cheap bonds must be
delivered. These are discussed in more details below) to help make the basket
comparable. However, these price factors do not eliminate all price differences and so for
any given contract there will be one bond in the basket that will be the cheapest to deliver
(CTD), since the short chooses which bond to deliver, the CTD is the most likely bond to
be delivered.

The history of the Bund Contract

The Bund contract was first traded at LIFFE in 1988 and the DTB contract did not begin
trading until January 1991 after German legislation prohibiting futures trading was
rescinded. The DTB’s share of the market increased steadily from 7% share of the front
month contract at the beginning of 1991 to average a 26% share for the whole of 1991.

(1) The Bund contract differs from some other bond contracts like the US Treasury bond contract which allow
delivery on any day in the delivery month.
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Between October 1991 and January 1992, the German banks launched a concerted effort
to increase trading volume in Frankfurt causing DTB’s market share to rise over 50% on
some days. However, after this effort ended, DTB share settled back to about 30% where
it has remained ever since. There have been a number of studies comparing price
formation and liquidity in the two markets (see for example, Pirrong (1994), Shyy and
Lee (1995), Franke and Hess (1995), Kofman and Moser (1996), and Breedon and
Holland (1996)) which, despite finding contradictory results for relative liquidity and
price formation (see Breedon and Holland (1996) for details), all find that the two
markets are closely linked. This makes the small but persistent price difference between
the two contracts analysed below all the more surprising.

III. PRICE DIFFERENCES BETWEEN CONTRACTS

Chart 1: Price differences between the LIFFE and DTB contracts
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Chart 1 shows the average price difference between the two Bund contracts at market
close each day for the four contracts between June 1994 and March 1995. It compares the
published closing price on LIFFE with DTB figures at the same time. These figures are
the weighted (by trade size) average transactions price in both markets over the last 30
seconds of trading on LIFFE. Since the comparison is over a 30 second interval, there is
some variation due to price movements over that interval. Despite this, the LIFFE
contract is consistently more expensive than the DTB one for all periods, with an average
price difference of about 1.5 basis points.

The difference in price between the two contracts can be seen more clearly in chart 2
which shows minute-by-minute bid-ask spreads for the LIFFE and DTB contracts for the
period 10:15 to 1:40 on the 28th May 1994 for the June contract. Chart 2 not only shows
that the LIFFE contract is more expensive than the DTB one but that the bid price of the
LIFFE contract is normally above the ask of the DTB contract (this is true over virtually
all of our three month minute-by-minute dataset for the June 1994 contract - see Breedon
and Holland (1996) for further details). This would seem to indicate that a simple
arbitrage is possible. However, as long as the price difference is constant over the whole
life of the contract, the arbitrage possibilities are limited to physical delivery. Also, the
most obvious arbitrage (short LIFFE long DTB and deliver the DTB bond received into
the LIFFE contract) is not possible given the timing of delivery and the use of different
delivery systems. Buying the underlying bonds also presents difficulties since quoted
spreads of up to 4 basis points would eliminate any profit on a transaction involving the
underlying. It seems that the only traders that can exploit this price difference are either
market makers or traders who wish to go to delivery and are deciding which contract to
buy. However, the number of contracts that go to delivery is tiny (less than 1% of those
traded) and so this group of investors may not exert much influence on the market.




Chart 2: LIFFE and DTB quoted bid-ask spreads
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Although the narrower spreads on LIFFE may make it a more attractive market than the
DTB, it is not clear that they should influence the relative price of the two contracts,
other than within the bid-ask spread. Discussions with market practitioners revealed that
they felt that the three contract differences were the most likely explanation of the price
difference - these are differences in price factors, short term quality options and late
delivery penalties.

Price Factors

The use of a basket of deliverables means that some bonds in the basket will be far
cheaper/expensive (due to coupon or maturity differences) than the notional bond on
which the contract is written. In order to make the contract for bonds in the basket of
deliverables similar to contract on the notional bond for which the future is specified, the
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exchange applies a price or conversion factor to each bond. These specify how much
more or less of a given deliverable bond should be delivered to make the value similar to
that of the notional bond.

Price factors for the Bund contract are calculated using the following formula

1 —C—{1.06— 1 }+ e
i 106" | 0.06 106" ] 1.06"

100

0]

n = number of whole years from the next coupon date to the maturity date

f= number of whole months from the tenth day of the delivery month up to and
including the next coupon date, divided by 12

¢ = annual coupon

Although this basic formula is used to calculate price factors for both the DTB and
LIFFE contracts, there is one small difference that can lead to differences in the
calculated price factors which relates to the treatment of weekends. On the DTB
contract, if the tenth day of the delivery month falls on a non-business day, the
calculation in equation (1) is evaluated using the next business day. LIFFE, on the other
hand, always uses the tenth day for the purposes of calculation regardless of when it falls.
In practice, this means that if delivery day falls on, say, a Saturday, then LIFFE price
factors are calculated using the 10th as the delivery day whilst DTB uses the 12th. For
Bunds whose coupons are due on, say, the 11th of the month, the number of whole
months between the coupon and delivery (f) will differ for DTB and LIFFE

Clearly these differences in price factors could be important in practice, but - as Table 1
shows - the number of occasions on which the price factors differed is quite limited
(though for the December 1994 contract, this difference in calculation method meant that
one bund was eligible for the basket of LIFFE deliverables but not the DTB) and on no
occasion in our sample was the bond with different price factors also the cheapest to
deliver (CTD).
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Table 1: A comparison of LIFFE and DTB price factors

March 1994 to June 1995

Contract Bonds with different LIFFE Price Factor DTB Price Factor
price factors for that bond for that bond

March 1994 none n/a n/a

(12 deliverables)

June 1994 none n/a n/a

(11 deliverables)

September 1994 6.875% 2003 Treuhand 1.057874 1.057378

(10 deliverables)

December 1994 6.75% 2004 1.109556 1.108737

(9/10 deliverables) 6.875%2003 Treuhand 1.056462 n/a

March 1995 none n/a n/a

(8 deliverables)

June 1995 6.75% 2004 1.105043 1.104385

(7 deliverables)

Notes: Column one shows the date + number of deliverables for each contract. Column 2 gives a list of bonds for
each contract with different price factors in LIFFE and DTB. Columns 3 and 4 show the LIFFE and DTB price
factors respectively for that bond

Last Trading Day

One important difference between the LIFFE and DTB bund contracts is the fact that,
although the delivery day is the same for both contracts, the DTB contract keeps trading
one day longer (the last trading day is usually the 8th rather than the 7th of the delivery
month). This extra day could decrease the value of the DTB contract since it gives a one
day quality option to the short. The quality option arises because the short need not
commit herself to deliver a given bond in the basket until the delivery process begins
(after the last trading day). As a result, she has the option to deliver a bond other than the
bond that was the CTD at the time she entered the contract should that be to her
advantage (i.e. should the CTD change in the interim). This option reduces the face value
of the futures contract by the value of this (and other?) options since it is the short who
acquires these options. Is it this one day quality option that explains the difference
between the DTB and LIFFE futures price?

Unfortunately there are a large number of different methods for valuing this quality
option (see for example, Hemler (1990)), which can give very different final values for
the option. In choosing which method to use in this case, we felt that we should err on the

@ The timing option that occurs in US and UK bond futures is not present in this case since the delivery time is fixed.
The Bund contract does however have a new issue option (New issues can be added to the list of deliverables up to
two week prior to the last trading day) see Lin and Paxson (1995). This option is the same in both LIFFE and DTB
and so is ignored in our analysis
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side of caution and choose a method that tends to give a high value to the option, and
thus give us the highest chance of being able to explain the price difference. In practice,
this meant choosing a Monte Carlo based method like that of Kane and Marcus (1986)
since, as Hemler (1990) points out, this method tends to give a high value to the option.

Kane and Marcus value the quality option by first fitting a simple polynomial yield curve
to the observed set of bond yields (US bonds in their case)

y=B, + BT/ +B,T + BT +B,T° +C(y, +7,T) )

y = yield to maturity
T = time to maturity
C = Coupon rate of bond

B,’Y = parameters to be estimated

They suggest that the first five terms of the equation describe a 'pure' zero coupon yield
curve while the last two terms (y,,Y,) allow for time-to-maturity-dependent coupon

effects. Having estimated this cross-sectional equation on monthly data between 1978 and
1982, they then use the variance-covariance matrix of innovations to the coefficients of
this equation as the basis of their Monte Carlo simulations. Using a fixed initial term
structure they generated 1000 possible structures at contract maturity (a contract life of
three months was assumed) and used the distribution of these outturns to value the quality
option. They found that, over this three month period, its value ranged from about 2%-
6% of the contract value.

Our approach, although based on Kane and Marcus, differs in one main respect. Instead
of using the somewhat ad hoc functional form of equation (2), we used an explicit yield
curve formulation based on the work of Nelson and Seigal (1987) and Svensson (1995).
These are based directly on fitting the forward curve (through the discount function) and
so, unlike yield based specification such as equation (2) they directly impose the
restriction that cashflows receivable at the same date are discounted at the same rate (see
Anderson et al. (1996)).

fim) =By +B, exp(m/‘l:0 )+ B, exp[(m/t0 )exp(—m/‘c 0)] +B, exp[(nz/t : )exp(—m/'c : )] 3)

f(m) = forward rate at maturity m
B,T = Parameters to be estimated
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We then estimated a set of daily yield curves for German Government Bonds for the three
months before trading ceased on the September and December 1994 LIFFE contracts. We
then used the variance/covariance matrix to generate a range of bond prices for the
deliverables for the last DTB trading day. We generated 10,000 possible one day yield
curve movements for the day on which the DTB is trading and LIFFE is not in order to
estimate the value of the one day delivery option of the DTB. If there was a possibility of
the CTD changing on this day then the DTB futures should reflect this with a higher
value of the delivery option. In fact, we found that even over 10,000 runs the possibility
of this event occurring on the last DTB trading day was indistinguishably different from
zero (i.e. no different from zero in units of one hundredth of a basis point).

This result was unsurprising for two reasons. First, the chance of a change in CTD over
one day is very small (Hemler estimates the three month delivery option for the US
T-bond future to be worth less than 30 basis points). Secondly, the Bund contract is
unusual in having a small number of very similar deliverables (the maturity range on the
Bund contract is 8.5 to 10 whilst the US T-bond is 15 years up and the UK Long Gilt is
10 to 15 years) of relatively short duration, in a market that is relatively stable. These
factors mean that the correlation between the fitted (i.e. derived from the yield curve
estimation procedure described above) prices of bunds in the basket of deliverables is
extremely high (see Table 2) reducing the probability of a large relative price movements
between them.

Table 2: Correlation coefficients for fitted values of the
basket of deliverables for the December 1994 Bund contract

6.5%03B 6.75%04 7.5%04 6.25%04T 6.75%04T 7.5%04T 6.0%03T 6.63%03T 6.88%03T
6.5%03A |[1.000 .9964 19979 9987 .9959 9972 1.000 1.000 1.000
6.5%03B 9968 .9975 9990 9963 .9975 1.000 1.000 1.000
6.75%04 .9999 9994 1.000 .9999 .9968 .9963 9961
7.5%04 .9997 .9998 1.000 9975 9971 .9970
6.25%04T 9992 .9997 .9989 9986 .9985
6.75%04T .9998 9963 9958 $9956
7.5%04T .9975 9971 9970
6.0%03T 1.000 .9999
6.63%03T | 1.000

Notes: Bonds in the basket of deliverables identified by their coupon (rounded to two decimal places in some cases)
and maturity date. T identifies Treuhand Bonds. Bonds with identical coupons and maturity year are distinguished by

A and B suffix

Although the Monte Carlo approach of Kane and Marcus is thought to over-estimate the
value of the quality option over long horizons, there are good reasons to believe that it
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may under-estimate the value of short-horizon options such as the one analysed here. As
Barnhill (1990) points out, much of the variation in bond prices over the short term is due
to temporary disequilibria or 'noise'. This noise can be characterised by the movement of
individual bonds relative to the yield curve rather than movement of the curve itself as
analysed above. In order to allow for this effect we used a simpler Monte Carlo method of
valuing the quality option. The approach is based on estimating the variance/covariance
matrix of actual bond prices rather than the yield curve and using this as the basis of the
one-day ahead simulations. As table 3 shows, the correlations between actual bond prices
in the basket is far lower than the correlations of the fitted values and so are likely to give
a higher value to the option.

Table 3: Correlation coefficients for actual values of the
basket of deliverables for the December 1994 Bund contract
(November 8th to December 8th 1994)

6.5%03B 6.75%04 7.5%04 6.25%04T 6.75%04T 7.5%04T 6.0%03T 6.63%03T 6.88%03T
6.5%03A [.9858 .9882 .6932 .6387 6594 7013 .6454 .6358 .6308
6.5%03B .9764 .7061 .6666 .6850 .7360 .6787 .6600 .6624
6.75%04 .7005 .6630 .6884 -1/ (192 .6676 .6601 .6531
7.5%04 9233 9075 8714 9196 9228 9130
6.25%04T .9765 9021 .9948 .9746 .9789
6.75%04T .9064 9787 .9697 .9664
7.5%04T .8974 9102 .8926
6.0%03T 9724 9792
6.63%03T 9715

Notes: as for table 2

In general, table 3 shows that the correlation between Treuhand and non-Treuhand bunds
is particularly low though all correlations are lower than in table 2. Clearly, using this
variance/covariance matrix is prone to a number of problems in the longer run since it
does not capture the tendency of bonds to return to the yield curve over time or the
broader changes involved in the evolution of the yield curve through time. However, for
our purposes, namely estimating one day ahead price movements, it has the advantage of
capturing movements of individual bonds relative to the yield curve which can be
important on a day-to-day basis (it also has this advantage over methods based on
equilibrium models of the term structure like that of Broadie and Sundaresan (1991)).

Generating the value of the one day ahead quality option using this approach we find two
significant values for the quality option for the four contracts between September 1994
and June 1995 (0.0009 and 0.0013, 0.001% and 0.0016% of the futures price, for the
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September 1994 and June 1995 contracts respectively). So even using this methodology
the one day quality option does not seem to be valuable enough to explain the price
difference between these two contracts.

Penalty for late delivery

An important difference between the contracts are the rules concerning late delivery of
bonds by the short. In the LIFFE contract, if the short fails to deliver the appropriate
amount with the clearing house, the penalty is rigidly specified and it can be severe,
including expulsion from the exchange. In the DTB, on the other hand, the penalty was
(until recently) low. The short was required to pay the Lombard Rate+1% for the period
of non-delivery.

At first sight this may seem sufficient penalty to ensure that the short will not have an
incentive to deliver late since the Lombard Rate is effectively the risk free rate. However,
if traders face some risk of a short squeeze (i.e. a rise in the price of the CTD on delivery
day due to excess demand from holders of short positions) then the short may be willing
to pay the low penalty in order to avoid delivering a bond whose price is temporarily
inflated. Since the option of late delivery is valuable to the short at the cost of the long
then this penalty may reduce the futures price (This phenomenon is related to the timing
option available in other futures contracts).

Valuing this option presents a number of difficulties. Firstly, the event of a short squeeze
is likely to be rare but costly and so estimating its value is problematic. Secondly, there is
as yet no reliable method of estimating the value of both a timing and quality option
simultaneously since their values interact. In this case the interaction is added to by the
fact that if the CTD is very close to another bond then the possibility of a short squeeze is
much diminished. Fortunately, we have a far simpler way of gauging the importance of
this delivery effect since in May 1995 the DTB tightened their delivery procedures to
remove the possible incentive to deliberately delay delivery. The new rules allow the
clearing house to borrow the required bonds at the short's expense and to charge an
additional penalty of the Lombard rate + 1 and 1000 DM per contract.

Chart 3 shows the difference in contract price for the September and December Contracts
subsequent to the rule change. The rule change appears to have had no discernible effect
on the price difference and the average price difference remains at about 1.5 basis points.
This suggests that different penalties for late delivery are not an important factor in

explaining the price difference




Chart 3: Average Price differences between LIFFE and DTB
contracts - September and December 1995
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IV. CONCLUSION

The Bund futures contract has become increasingly popular test bed for theories of
market microstructure. It is highly liquid and informationally efficient and traded
simultaneously on two very different trading systems. However, rather than focusing on
‘traditional’ microstructure issues this paper has analysed a surprising aspect of these
contracts - persistent, if small, differences in pricing. We have found that although the
seemingly identical Bund contracts traded on LIFFE and the DTB do differ slightly in
specification, these differences do not seem to be large enough to explain the pricing
difference. Although our inability to explain this pricing difference is somewhat
disappointing it does raise questions about how dually traded futures prices are tied both
to each other and the underlying asset when physical delivery is rare.
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