Author: Moorad Choudhry

1 The Government Bond Basis

Basis trading, also known as cash and carry trading, refers to the activity of
simultaneously trading cash bonds and the related bond futures contract. The
basis is the difference between the price of a cash market asset (in this book we
consider only bonds as the underlying asset) and its price as implied in the futures
markets. An open repo market is essential for the smooth operation of basis
trading. Most futures exchanges offer at least one bond futures contract. Major
exchanges such as CBOT offer contracts along the entire yield curve; others such
as LIFFE provide a market in contracts on bonds denominated in a range of major
currencies.

So, the basis of a futures contract is the difference between the spot price of an
asset and its price for future delivery as implied by the price of a futures contract
written on the asset. Futures contracts are exchange-traded standardised
instruments, so they are a form of what is termed a forward instrument, a
contract that describes the forward delivery of an asset at a price agreed today. The
pricing of forwards and futures follows similar principles but, as we shall see,
contains significant detail differences between the two. The simultaneous trading
of futures contracts written on government bonds and the bonds themselves, basis
trading, is an important part of the government repo markets; in this, and the two
subsequent chapters, we review the essential elements of this type of trading. We
begin with basic concepts of forward pricing, before looking at the determinants of
the basis, hedging using bond futures, trading the basis and an introduction to
trading strategy. We also look at the concept of the cheapest-to-deliver bond, and
the two ways in which this is measured: the net basis and the implied repo rate. As
ever, readers are directed to the bibliography, particularly the book by Burghardt et
al (1994), which is an excellent reference work. It reads very accessibly and
contains insights useful for all bond market participants.

We begin with the concepts of forward and futures pricing, and futures
contracts. This is essential background enabling us to discuss the implied repo
rate and basis trading in the next chapter. The repo desk plays a crucial role in
basis trading and, just like forward pricing principles, an appreciation of the repo
function is also key to understanding the bond basis. First we discuss some basic
concepts in futures pricing and then look at the concept of the bond basis.

1.1 An introduction to forward pricing

1.1.1 Introduction

Let’s first look at a qualitative way of considering the forward bond basis,
connected with the coupon and running cost on cash bonds. This approach reads
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more accessibly for those who wish a more specific application to forward pricing
on bond assets.

An investor assessing whether an asset is worth purchasing spot or forward must
consider two issues: whether there is an income stream associated with the asset,
in which case this would be foregone if the asset was purchased forward; and if
there is any holding costs associated with the asset if it is purchased spot. The
forward price on a bond must reflect these same considerations, so a buyer will
consider the effect of income foregone and carry costs and assess the relative gain
of spot versus forward purchase. In real terms then, we are comparing the income
stream of the bond coupon against the interest rate on funds borrowed to
purchase the bond.!

An investor who is long a cash bond will receive coupon income, and this is
accrued on a daily basis. This is a purely accounting convention and has no
bearing to the current interest rate or the current price of the bond.? An investor
who purchases a bond forward is forgoing the income during the time to delivery,
and this factor should presumably be incorporated into the forward price. What of
the funding (carry) cost involved? This can be calculated from the current money
market rate provided the term of the funding is known with certainty. So if we now
consider a three-month forward contract on a bond against the current spot price
of the same bond, the investor must assess:

m the coupon income that would be received during the three-month period;
m the interest charge on funds borrowed during the three-month period.

Let us say that the difference between these two values was exactly 1.00. For the
forward contract to be a worthwhile purchase, it would have to be at least 1.00
lower in price than the spot price. This is known as the forward discount.
Otherwise the investor is better off buying the bond for spot delivery. However if
the price is much lower than 1.00, investors will only buy forward (while cash bond
holders would sell their holdings and repurchase forward). This would force the
forward price back into line to its fair value. The forward price discount is known
as the basis. The basis exists in all markets where there is a choice available
between spot and forward delivery, and not just in financial derivatives. For bonds
the basis can be assessed by reference to the current price of the underlying asset,

! We assume a leveraged investor: if spot purchase is desired, the investor will borrow the

funds used to buy the bond.

Van Deventer (1997) states that the accrued interest concept is ‘“‘an arbitrary calculation
that has no economic meaning”. This is because it reflects the coupon and not current
interest rates, so in other words it reflects interest rates at the time of issue. The coupon
accrued is identical whatever current interest rates may be. It’s worth purchasing this
reference as it contains accessible accounts of a number of fixed income analytic
techniques.
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the income stream (coupon), the time to maturity of the forward contract and the
current level of interest rates.

1.1.2 lllustrating the forward bond basis

Now let us look at an illustration, using the September 2000 long gilt contract. We
use the coupon income from the cheapest-to-deliver (CTD) bond, the 5.75% 2009
gilt. We haven’t discussed the concept of the CTD yet, however ignore the CTD
element for now, and assume a constant money market borrowing rate (the repo
rate) during the three months of the futures contract from 29 June 2000 to 27
September 2000.

Intuitively we would expect the basis to move towards zero, as the contract
approached maturity. After all, what is the price of something for delivery now if
not the spot price? First we consider the yield of the bond against the yield of the
futures contract. This is illustrated in Figure 1.1. There is slight convergence
towards the end; however, if we plot the basis itself, this does converge to zero as
expected. This is shown in Figure 1.2. As the contract approaches maturity, the
basis becomes more and more sensitive to slight changes in bond price or financing
rates, hence the exaggerated spike. For instance if short-term repo rates decrease,
while the coupon income on the bond remains unchanged, an investor would be
faced with a lower level of foregone return as a result of lower financing costs. This
makes it more attrac-tive for an investor to buy the bond spot delivery, and so the
basis will rise as demand for the forward (or future, to be precise) declines.

Essentially, when the repo rate is significantly below the bond yield,® the basis
will be high. If the repo rate then rises the basis will fall, and this indicates the

Figure 1.1: Yields of bond and futures contract compared.
Source: LIFFE and Bloomberg

3 The bond’s running yield, or flat yield, is usually used.
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Figure 1.2: Convergence of basis towards zero.
Source: LIFFE and Bloomberg

smaller interest-rate differential between the repo rate and the bond yield. If the
repo rate rises to a point where it is above the bond yield, the basis will turn
negative. In fact this occurred briefly during the later stages of the life of the
September 2000 gilt future as shown above. A negative basis indicates that the
price for forward delivery exceeds that for spot delivery.

To reiterate then, the forward basis quantifies the relationship between the
income generated by the underlying asset and the costs incurred by owning it.* As
we are concerned with bond futures, specifically the basis will reflect the
relationship between the underlying bond’s coupon stream and the repo financing
rate if holding the bond. Forward contracts for bonds exhibit the basis. Futures
contracts, which are standardised forward contracts traded on an organised
exchange, are priced on the same principles as forwards and so therefore also
exhibit the basis. The next section considers forward pricing in a more formal way.

1.2 Forwards and futures valuation

Let us now take a more rigorous look at forward valuation. To begin our discussion
of derivative instruments, we discuss the valuation and analysis of forward and
futures contracts; here, we develop basic valuation concepts. The discussion
follows, with permission, the approach described in Rubinstein (1999), as shown
in Section 2.2 of that text.’

Readers are invited to think of assets for which the forward basis is routinely negative. ..
This is a very good book and highly recommended, and for all students and practitioners
interested in capital markets, not just those involved with derivative instruments.
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1.2.1 Introduction

A forward contract is an agreement between two parties in which the buyer
contracts to purchase from the seller a specified asset, for delivery at a future date,
at a price agreed today. The terms are set so that the present value of the contract
is zero. For the forthcoming analysis we use the following notation:

P is the current price of the underlying asset, also known as the spot
price;

P is the price of the underlying asset at the time of delivery;

X is the delivery price of the forward contract;

T  is the term to maturity of the contract in years, also referred to as the
time-to-delivery;

r  is the risk-free interest rate;

R s the return of the payout or its yield;

F  is the current price of the forward contract.

The payoff of a forward contract is therefore given by
Pr—-X (1.1)

with X set at the start so that the present value of (Pr — X) is zero. The payout yield
is calculated by obtaining the percentage of the spot price that is paid out on expiry.

1.2.2 Forwards

When a forward contract is written, its delivery price is set so that the present value
of the payout is zero. This means that the forward price F is then the price on
delivery which would make the present value of the payout, on the delivery date,
equal to zero. That is, at the start F = X. This is the case only on day 1 of the contract
however. From then until the contract expiry the value of Xis fixed, but the forward
price Fwill fluctuate continuously until delivery. It is the behaviour of this forward
price that we wish to examine. For instance, generally as the spot price of the
underlying increases, so the price of a forward contract written on the asset also
increases; and vice versa. At this stage, it is important to remember that the forward
price of a contract is not the same as the value of the contract, and the terms of the
agreement are set so that at inception the value is zero. The relationship given above
is used to show that an equation can be derived which relates Fto P, T, r and R.

Consider first the profit/loss profile for a forward contract. This is shown in
Figure 1.3. The price of the forward can be shown to be related to the underlying
variables as

F=S(r/R)", (1.2)

and for the one-year contract highlighted in Figure 1.3 is 52.5, where the
parameters are S=50, r=1.05 and R=1.00.
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Figure 1.3: Forward contract profit/loss profile

1.2.3 Futures

Forward contracts are tailor-made instruments designed to meet specific
individual requirements. Futures contracts, on the other hand, are standardized
contracts that are traded on recognized futures exchanges. Apart from this, the
significant difference between them, and the feature that influences differences
between forward and futures prices, is that profits or losses that are gained or
suffered in futures trading are paid out at the end of the day. This does not occur
with forwards. The majority of trading in futures contracts are always closed-out,
that is, the position is netted out to zero before the expiry of the contract. If a
position is run into the delivery month, depending on the terms and conditions of
the particular exchange, the party that is long future may be delivered into.
Settlement is by physical delivery in the case of commodity futures or in cash in
the case of certain financial futures. Bond futures are financial futures where any
bond that is in the delivery basket for that contract will be delivered to the long
future. With both physical and financial futures, only a very small percentage of
contracts are actually delivered into as the majority of trading is undertaken for
hedging and speculative purposes.

With futures contracts, as all previous trading profits and losses have been
settled, on the day of expiry only the additional change from the previous day
needs to be accounted for. With a forward contract all loss or gain is rolled up until
the expiry day and handed over as a total amount on this day.®

6 We assume the parties have traded only one forward contract between them. If, as is more

accurate to assume, a large number of contracts have been traded across a number of
different maturity periods and perhaps instruments, as contracts expire only the net loss
or gain is transferred between counterparties.
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1.2.4 Forwards and futures

Cash flow differences

We can now look at the cash flow treatment of the two contracts in greater detail.
This is illustrated in Table 1.1, which uses F to denote the price of the futures
contract as well. The table shows the payoff schedule at the end of each trading
day for the two instruments; assume that they have identical terms. With the
forward there is no cash flow on intermediate dates, whereas with the futures
contract there is. As with the forward contract, the price of the future fixes the
present value of the futures contract at zero. Each day the change in price, which
at the end of the day is marked-to-market at the close price, will have resulted in
either a profit or gain,” which is handed over or received each day as appropriate.
The process of daily settlement of price movements means that the nominal
delivery price can be reset each day so that the present value of the contract is
always zero. This means that the future and nominal delivery prices of a futures
contract are the same at the end of each trading day.

We see in Table 1.1 that there are no cash flows changing hands between
counterparties to a forward contract. The price of a futures contract is reset each
day; after day 1 this means it is reset from Fto F;. The amount (F; — F) if positive,
is handed over by the short future to the long future. If this amount is negative, it is
paid by the long future to the short. On the expiry day T of the contract the long
future will receive a settlement amount equal to Pr — Fr_; which expresses the
relationship between the price of the future and the price of the underlying asset.

Time Forward contract Futures contract
0 0 0
1 0 F,—-F
2 0 F-F
3 0 F—-F,
4 0 F,—F;
5 0 Fs—F,
0
0
0
T-1 0 Fro1—Fr_,
T Pr—F Pr—Fr
Total P’r —F P’r —F

Table 1.1: Cash flow process for forwards and futures contracts

? Or no profit or gain if the closing price is unchanged from the previous day’s closing price,

a doji as technical traders call it.
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As significant, the daily cash flows transferred when holding a futures contract
cancel each other out, so that on expiry the value of the contract is (at this stage)
identical to that for a forward, that is (Py — F).

With exchange-traded contracts all market participants are deemed to conduct
their trading with a central counterparty, the exchange’s clearing house. This
eliminates counterparty risk in all transactions, and the clearing house is able to
guarantee each bargain because all participants are required to contribute to its
clearing fund. This is by the process of margin, by which each participant deposits
an initial margin and then, as its profits or losses are recorded, deposits further
variation margin on a daily basis. The marking-to-market of futures contracts is
an essential part of this margin process. A good description of the exchange
clearing process is contained in Galitz (1995).

This is the key difference between future and forward contracts. If holding a
futures position that is recording a daily profit, the receipt of this profit on a daily
basis is advantageous because the funds can be reinvested while the position is
still maintained. This is not available with a forward. Equally, losses are suffered
on a daily basis that are not suffered by the holder of a loss-making forward
position.

1.2.5 Relationship between forward and future price

Continuing with the analysis shown in Rubinstein (1999), we wish to illustrate that
under certain specified assumptions, the price of futures and forwards written
with identical terms must be the same.

This can be shown in the following way. Consider two trading strategies of
identical term to maturity and written on the same underlying asset; one strategy
uses forward contracts while the other uses futures. Both strategies require no
initial investment and are self-financing. The assumptions are:

m the absence of risk-free arbitrage opportunities;
m the existence of an economist’s perfect market;
m certainty of returns.

Under these conditions, it can be shown that the forward and future price must be
identical. In this analysis the return r is the daily return (or instantaneous money
market rate) and T'is the maturity term in days. Let’s look further at the strategies.

For the strategy employing forwards, we buy r” forward contracts. The start
forward price is F = X but of course there is no cash outlay at the start, and the
payoff on expiry is

rI(Pr — F)

The futures strategy is more involved, due to the daily margin cash flows that are
received or paid during the term of the trade. On day 1 we buy r contracts each
priced at F. After the close we receive F; — F. The position is closed-out and the
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cash received is invested at the daily rate r up to the expiry date. The return on this
cash is rT~! which means that on expiry we will receive an amount of

r(F — F)r’!

The next day we purchase r? futures contracts at the price of F; and at the close
the cash flow received of F, — F; is invested at the close of trading at r7—2. Again
we will receive on expiry a sum equal to

r2(F, — F)rT2

This process is repeated until the expiry date, which we assume to be the delivery
date. What is the net effect of following this strategy? We will receive on the expiry
date a set of maturing cash flows that have been invested daily from the end of day
1. The cash sums will be

T'T(Fl — F) + T'T(Fg — Fl) + TT(F3 — Fg) + 4 TT(PT — FT—I)
which nets to
r'(Pr — F)

which is also the payoff from the forward contract strategy. Both strategies have a
zero cash outlay and are self-financing. The key point is that if indeed we are
saying that

rT(PT - F)forward: rT(PT - F)future (13)

for the assumption of no arbitrage to hold, then Fyuara = Fruure-

1.2.6 The forward-spot parity

We can use the forward strategy to imply the forward price provided we know the
current price of the underlying and the money market interest rate. A numerical
example of the forward strategy is given at Figure 1.4, with the same parameters
given earlier. We assume no-arbitrage and a perfect frictionless market.

What Figure 1.4 is saying is that it is possible to replicate the payoff profile we
observed in Figure 1.3 by a portfolio composed of one unit of the underlying asset,
the purchase of which is financed by borrowing a sum that is equal to the present
value of the forward price. This borrowing is repaid on maturity and is equal to
(F/1.05) x 1.05 which is in fact F. In the absence of arbitrage opportunity the cost
of forming the portfolio will be identical to that of the forward itself. However, we
have set the current cost of the forward contract at zero, which gives us

~50+ F/1.05=0

We solve this expression to obtain F and this is 52.50.
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Figure 1.4: Forward strategy.

The price of the forward contract is 52.50, although the present value of the
forward contract when it is written is zero. Following Rubinstein, we prove this in
Figure 1.5.

What Figure 1.5 states is that the payoff profile for the forward can be
replicated precisely by setting up a portfolio that holds R~T units of the
underlying asset, which is funded through borrowing a sum equal to the present
value of the forward price. This borrowing is repaid at maturity, this amount
being equal to

(Fr')yxr’=F
The portfolio has an identical payoff profile (by design) to the forward, this being
(Pr — F). In a no-arbitrage environment, the cost of setting up the portfolio must

be equal to the current price of the forward, as they have identical payoffs and if
one was cheaper than the other, there would be a risk-free profit for a trader who

Figure 1.5: Algebraic proof of forward price
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bought the cheap instrument and shorted the dear one. However, we set the
current cost of the forward (its present value) as zero, which means the cost of
constructing the duplicating portfolio must therefore be zero as well. This gives
us

—PRT+FT=0

which allows us to solve for the forward price F.

The significant aspect for the buyer of a forward contract is that the payoff of the
forward is identical to that of a portfolio containing an equivalent amount of the
underlying asset, which has been constructed using borrowed funds. The portfolio
is known as the replicating portfolio. The price of the forward contract is a function
of the current underlying spot price, the risk-free or money market interest rate,
the payoff and the maturity of the contract. To recap then the forward-spot parity
states that

F=P(r/R)" (1.4)

It can be shown that neither of the possibilities F > P(r/R)" or F < P(r/R)" will
hold unless arbitrage possibilities are admitted. The only possibility is (1.4), at
which the futures price is fair value.

1.2.7 The basis and implied repo rate

For later analysis, we introduce now some terms used in the futures markets.

The difference between the price of a futures contract and the current
underlying spot price is known as the basis. For bond futures contracts, which
are written not on a specific bond but a notional bond that can in fact be
represented by any bond that fits within the contract terms, the size of the basis is
given by (1.5):

Basis = Pbond — (Pfut X CF) (1.5)

where the basis is the gross basis and CF is the conversion factor for the bond in
question. All delivery-eligible bonds are said to be in the delivery basket. The
conversion factor equalizes each deliverable bond to the futures price.® The size of
the gross basis represents the cost of carry associated with the bond from today to
the delivery date. The bond with the lowest basis associated with it is known as the
cheapest-to-deliver bond. The magnitude of the basis changes continuously and
this uncertainty is termed basis risk. Generally the basis declines over time as the

8 For a description and analysis of bond futures contracts, the basis, implied repo and the

cheapest-to-deliver bond, see Burghardt ef al. (1994), an excellent account of the analysis
of the Treasury bond basis. Plona (1997) is also a readable treatment of the European
government bond basis.
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maturity of the contract approaches, and converges to zero on the expiry date. The
significance of basis risk is greatest for market participants who use futures
contracts for hedging positions held in the underlying asset. The basis is positive
or negative according to the type of market in question, and is a function of issues
such as cost of carry. When the basis is positive, that is F > P, the situation is
described as a contango, and is common in precious metals markets. A negative
basis P < F is described as backwardation and is common in oil contracts and
foreign currency markets.

The hedging of futures and the underlying asset requires a keen observation of
the basis. To hedge a position in a futures contract, one could run an opposite
position in the underlying. However, running such a position incurs the cost of
carry referred to above, which depending on the nature of the asset, may
include storage costs, opportunity cost of interest foregone, funding costs of
holding the asset and so on. The futures price may be analyzed in terms of the
forward-spot parity relationship and the risk-free interest rate. If we say that the
risk-free rate is

r—1

and the forward-spot parity is

F=P(r/R)"
we can set
r—1=R(F/P)VT-1 (1.6)

which must hold because of the no-arbitrage assumption.

This interest rate is known as the implied repo rate, because it is similar to
a repurchase agreement carried out with the futures market. Generally, a
relatively high implied repo rate is indicative of high futures prices, and the
same for low implied repo rates. The rates can be used to compare contracts
with each other, when these have different terms to maturity and even
underlying assets. The implied repo rate for the contract is more stable than
the basis; as maturity approaches the level of the rate becomes very sensitive
to changes in the futures price, spot price and (by definition) time to
maturity.

1.3 The bond basis: basic concepts

1.3.1 Introduction

The previous section introduced the no-arbitrage forward pricing principle and
the concept of the basis. We will look at this again later. So we know that the price
of an asset, including a bond, that is agreed today for immediate delivery is known
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as its spot price.? In essence the forward price of an asset, agreed today for delivery
at some specified future date, is based on the spot price and the cost or income of
foregoing delivery until the future date. If an asset carries an income stream,
withholding delivery until, say, three months in the future would present an
opportunity cost to an investor in the asset, so the prospective investor would
require a discount on the spot price as the price of dealing in a forward. However,
if an asset comes with a holding cost, for example storage costs, then an investor
might expect to pay a premium on the spot price, as it would not be incurring the
holding costs that are otherwise associated with the asset.

Commodities such as wheat or petroleum are good examples of assets whose
forward delivery is associated with a holding cost. For a commodity whose price is
agreed today but for which delivery is taken at a forward date, economic logic
dictates that the futures price must exceed the spot price. That is, a commodity
basis is usually negative. Financial assets such as bonds have zero storage costs, as
they are held in electronic form in a clearing system such as CREST, the settlement
system for United Kingdom gilts;'® moreover they provide an income stream that
would offset the cost of financing a bondholding until a future date. Under most
circumstances when the yield curve is positively sloping, the holding of a bond
position until delivery at a future date will generate a net income to the holder. For
these and other reasons it is common for the bond basis to be positive, as the
futures price is usually below the spot price.

As we shall see shortly, bond futures contracts do not specify a particular bond,
rather a generic or notional bond. The actual bond that is delivered against an
expired futures contract is the one that makes the cost of delivering it as low as
possible. The bond that is selected is known as the cheapest-to-deliver.
Considerable research has been undertaken into the concept of the cheapest-to-
deliver (CTD) bond. In fact, certain commodity contracts also trade with an
underlying CTD. Burghardt (ibid) points out that wheat is not an homogenous
product, as wheat from one part of the country exhibits different characteristics to
wheat from another part of the country, and may have to be transported a longer
distance (hence at greater cost) to delivery. Therefore a wheat contract is also
priced based on the designated cheapest-to-deliver. There is no physical location
factor with government bonds, but futures contracts specify that any bond may be
delivered that falls into the required maturity period.

We use the term “‘immediate” delivery although for operational, administrative and
settlement reasons, actual delivery may be a short period in the future, say anything up
to several days or even longer.

CREST itself was formed by a merger of the equity settlement systen of the same name
and the Bank of England’s gilt settlement system known as the Central Gilts Office
(CGO). CREST merged with Euroclear, the international settlement system owned by a
consortium of banks, in 2002.

10
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In this section we look at the basic concepts, necessary for an understanding of
the bond basis, and introduce all the key topics. Basis trading itself is the
simultaneous trading of cash bond and the bond futures contract, an arbitrage trade
that seeks to exploit any mis-pricing of the future against the cash or vice versa.'' In
liquid and transparent markets such mis-pricing is rare, of small magnitude and
very short-lived. The arbitrageur will therefore also try to make a gain from the
difference between the costs of holding (or shorting) a bond against that of
delivering (or taking delivery of) it at the futures expiry date; essentially, then, the
difference between the bond’s running yield and its repo financing cost. We’ll save
the trading principles for the next chapter. First let us introduce basic terminology.

1.3.2 Futures contract specifications

When speaking of bond futures contracts people generally think of the US
Treasury bond contract, the Bund contract or the long Gilt contract, but then it
does depend in which market one is working in or researching. The contract
specifications for these contracts are given in Table 1.2, the two US contracts as
traded on CBOT and the two European contracts as traded on LIFFE.

Remember that a futures contract is a standardised forward contract, traded on
an organised exchange. So the bond futures contracts described in Table 1.2
represent a forward trade in the underlying cash bond. Only a small minority of
the futures contracts traded are actually held through to delivery (unlike the case
for say, agricultural commodity contracts), but if one does hold a long position at
any time in the delivery month, there is a possibility that one will be delivered into.

The notional coupon in the contract specification has relevance in that it is the
basis of the calculation of each bond’s price factor or conversion factor; otherwise it
has no bearing on understanding the price behaviour of the futures contract.
Remember the contract is based on a notional bond, as there will be more than
one bond that is eligible for delivery into the contract. The set of deliverable bonds
is known as the delivery basket. Therefore the futures price is not based on one
particular bond, but acts rather like a hybrid of all the bonds in the basket (see
Burghardt, page 4). What can we say about Table 1.2? For instance, exchanges
specify minimum price movements, which is 0.01 for European contracts and
1/32nd for the US contracts.

Every bond in the delivery basket will have its own conversion factor, which is
intended to compensate for the coupon and timing differences of deliverable
bonds. The exchange publishes tables of conversion factors in advance of a
contract starting to trade, and these remain fixed for the life of the contract. These
numbers will be smaller than 1.0 for bonds having coupons less than the notional
coupon for the bond in the contract, and greater than 1.0 otherwise.

' Another term for basis trading is cash-and-carry trading. The terms are used

interchangeably.
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Treasury Bond

Term (CBOT) 5-Year Note (CBOT) Long Gilt (LIFFE) Bund (LIFFE)

Unit of $100,000 nominal $100,000 nominal £100,000 nominal €100,000 nominal

trading value value value value

Underlying US Treasury bond Original issue US UK Gilt with German

bond with a minimum of Treasury note with  notional 7% coupon government bond
15 years remaining  an original maturity and term to with 6% coupon and
to maturity of not more than maturity of 8.75-13  remaining term to

5.25 years and not  years maturity of 8.5-10.5
less than 4.25 years years

Delivery March, June, March, June, March, June, March, June,

months September, September, September, September,
December December December December

First notice Two business days

day prior to first day of

delivery month

Last notice First business day

day after last trading day

Delivery Any business day Any business day in Tenth calendar day

day during delivery delivery month (at  of delivery month. If
month seller’s choice) not a business day

in Frankfurt, the
following Frankfurt
business day

Last trading 12:00 noon on the  12:00 noon on the  11:00 two business  12.30 two Frankfurt

day 8th to the last 8th to the last days prior to the last business days prior
business day of the business day of the business day in the to the delivery day
delivery month delivery month delivery month

Last delivery  Last business day of Last business day of

day the delivery month  the delivery month

Price Quota- Points and 32nds of Points and 32nds of Per £100 nominal Per €100 nominal

tion a point per $100 a point per $100
nominal nominal

Tick size and  1/32nd of a point 1.2 of 1/32nd of a 0.01 (£10) 0.01 (€10)

value ($31.25) point ($15.625)

Daily price 3 points 3 points

limit

Trading hours 7:20am - 2:00pm 7:20am — 2:00pm 08.00 — 18.00 07.00 — 18.00
(Pit) (Pit)

5:20pm - 8.05pm 5:20pm - 8.05pm LIFFE CONNECT LIFFE CONNECT
(CST) (CST)

10.30pm - 6.00am 6.20pm - 9.05pm
(Globex) (CDST)

Notes

All times are local.

The notional coupon of the Treasury bond, while deprecated as a concept by some writers, is 6%. It was
changed from 8% from the March 2000 contract onwards.

Table 1.2: Selected futures contract specifications
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The definition of the gilt contract detailed in Table 1.2 calls for the delivery of a
UK gilt with an effective maturity of between 8%, to 13 years and a 7% notional
coupon. We emphasise that the notional coupon should not be an object of a
trader’s or investor’s focus. It exists simply because there would be problems if the
definition of deliverable gilts were restricted solely to those with a coupon of exactly
7%. At times there may be no bonds having this precise coupon. Where there was
one or more such bonds, the size of the futures market in relation to the size of the
bond issue would expose the market to price manipulation. To avoid this, futures
exchanges design contracts in such a way as to prevent anyone dominating the
market. In the case of the Long Gilt and most similar contracts this is achieved by
allowing the delivery of any bond with a sufficient maturity, as we have noted. The
holder of a long position in futures would prefer to receive a high-coupon bond with
significant accrued interest, while those short of the future would favour delivering
a cheaper low-coupon bond shortly after the coupon date. This conflict of interest is
resolved by adjusting the invoice amount, the amount paid in exchange for the
bond, to account for coupon rate and timing of the bond actually delivered.

Equation (1.7) gives this invoice amount.

InVam; = (Ppue % CF) + Al (1.7)
where

Inv,,; is the invoice amount;

Ppys is the futures price;
CF is the conversion factor;
Al is the accrued interest.

We will consider invoice and settlement amounts again later.

1.3.3 The conversion factor

So, we know that a bond futures contract represents any bond whose maturity
date falls in the period described in the contract specifications. During the delivery
month, and up to the expiry date, the party that is short the future has the option
on which bond to deliver and on what day in the month to deliver it. Let us
consider the long Gilt contract on LIFFE. If we assume the person that is short the
future delivers on the expiry date, for each contract they must deliver to the
exchange’s clearing house £100,000 nominal of a notional 7% gilt of between 8%,
and 13 years’ maturity.'?> Of course no such specific bond exists, so the seller
delivers a bond from within the delivery basket. However if the seller delivers a
bond of say, 6% coupon and 9 years maturity, intuitively we see that the value of
this bond is lower than a 7% bond of 13 years maturity. While the short future may

2" In our example, to the London Clearing House. The LCH then on-delivers to the party

that is long the contract. The long pays the settlement invoice price.
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well think, “fine by me”, the long future will most certainly think not. There would
be the same aggrieved feelings, just reversed, if the seller was required to deliver a
bond of 8% coupon. To equalise all bonds, irrespective of which actual bond is
delivered, the futures exchange assigns a conversion factor to each bond in the
delivery basket. This serves to make the delivery acceptable to both parties.
Conversion factors are used in the invoice process to calculate the value of the
delivered bond that is equal to that specified by the contract. In some texts the
conversion factor is known as the price factor. The concept of the conversion
factor was developed by CBOT in the 1970s.

Table 1.3 shows the conversion factors for all gilts that were eligible for delivery
as of 30 August 2001 for the September 2001 to September 2002 contracts. Notice
how the conversion factors exhibit the “pull to par”, decreasing towards 1.00 for
those with a coupon above the notional 7% and increasing towards 1.00 for bonds
with a coupon below 7%. The passage of time also shows bonds falling out of the
delivery basket, and the introduction of a new issue into the basket, the 5% gilt
maturing 7 March 2012.

The yield obtainable on bonds that have different coupons but identical
maturities can be equalised by adjusting the price for each bond. This principle is
used to calculate the conversion factors for different bonds. The conversion factor
for a bond is the price per £1 (or per $1, €1, and so on) at which the bond would
give a yield equal to the yield of the notional coupon specified in the futures
contract. This is 7% in the case of the long gilt contract, 6% for the Treasury long
bond, and so on. In other words the conversion factor for each bond is the price
such that every bond would provide an investor with the same yield if purchased;
or, the price at which a deliverable bond would trade if its gross redemption yield
was 7% (or 6%, and so on). The yield calculation is rounded to whole quarters,
given the delivery month cycle of futures. Futures exchanges calculate conversion
factors effective either on the exact delivery date, where a single date is defined, or
(as at LIFFE) on the first day of the delivery month if delivery can take place at any
time during the delivery month.

Futures Contract
Gilt Dec00 Mar01 JunO1 Sep01 Dec01 Mar02

5.75% Treasury 2009 0.9174728 0.9189802

6.25% Treasury 2010 0.9467478 0.9475611 0.9486415 0.9494956 0.9505874

9% Conversion 2011 1.1479281 1.1455578 1.1431026 1.1405936 1.1381240 1.1355859
5% Treasury 2012 0.8528791 0.8551727 0.8577270
9% Treasury 2012 1.1576368 1.1555512 1.1531626

8% Treasury 2013 1.0835676 1.0826206 1.0814990 1.0805114 1.0793560 1.0783363

Table 1.3: Conversion factors for deliverable gilts, Dec00 to Mar02 long
gilt contracts. Source: LIFFE.
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The conversion factor is assigned by the exchange to each bond in the delivery
basket at the start of trading of each contract. It remains constant throughout the
life of the contract. A particular bond that remains in the delivery basket over a
length of time will have different conversion factors for successive contracts. For
example the 9% UK Treasury maturing on 13 October 2008 had conversion factors
of 1.1454317, 1.1429955 and 1.1407155 for the LIFFE long gilt contracts that
matured in June, September and December 1998 respectively.

Other things being equal, bonds with a higher coupon will have larger
conversion factors than those with lower coupons. For bonds with the same
coupon, maturity has an influence, though this is slightly less obvious. For bonds
with coupons below the notional rate defined in the contract description, the
conversion factor is smaller for bonds with a longer maturity. The opposite is true
for bonds carrying coupons in excess of the notional coupon rate, for which the
conversion factor will be larger the longer the maturity. This effect arises from the
mathematics of fixed-interest securities. Bonds with coupon below current market
yields will trade at a discount. This discount is larger the longer the maturity,
because it is a disadvantage to hold a bond paying a coupon lower than current
market rates, and this disadvantage is greater the longer the period to the bond
maturing. Conversely, bonds with coupons above current market yields trade at a
premium which will be greater the longer the maturity.

To help calculate the invoice price of a bond on delivery, we multiply the price of
the final settlement price of the futures contract with its conversion factor. This
gives us the converted price. The price payable by the long future on delivery of the
bond is the invoice price, and this is the futures settlement price plus accrued
interest. This was shown in simple fashion as (1.1). The actual invoice price,
calculated once the actual bond being delivered is known, is given by

Py = (Mt X Ppugsers X CF) + Al (1.8)
where
Py is the invoice price;
My, is the nominal value of the delivered bonds as specified in the
contract;

Pfusenr  is the futures settlement price.

Invoice amount
When the bond is delivered, the long pays the short an invoice amount:

Invoiced = (EDSP/100 x CF x Nominal) + Al (1.9)

The settlement price (or exchange delivery settlement price, EDSP) is the
trading price per £100 nominal for the futures contract on the last day of
trading, and is confirmed by the Exchange. The invoice amount includes
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accrued interest because the futures contract is traded at a clean price and
does not include accrued interest.

Example 1.1: Calculating the invoice price

A futures contract settles at 102.50. The contract specifies £100,000 nominal of
the underlying bond. The delivered bond has a conversion factor of 1.14579
and accrued interest of 0.73973. The settlement price is equal to 1.025% of the
nominal value (par value). The invoice price is calculated as

Pp,, = (100,000 x 1.025 x 1.14579) + 0.73973
= 117,443 4 0.73973

For the Treasury long bond the conversion factor is calculated using (1.10),

1 C C 1 1
F — = 1——— N 1.1
¢ 1.03!/6 |:2 + 0.06 ( 1.032N) + 1.032N:| (1.10)

where

N is the complete years to maturity as at the delivery month;
t  is the number of months in excess of the whole N (rounded down to
whole quarters).

The LIFFE conversion factor for the long gilt is reproduced in Appendix 1.1. The
formula is actually the same, beginners are invited to explain that this is indeed so.
To illustrate (1.10), if a deliverable Treasury bond has a maturity of 19 years and 5
months, ¢is 3 because the 5 months is rounded down to one quarter or 3 months.
Hence if the maturity is 19 years and 9 months,  is 6.

It is worth summarising what we know so far about conversion factors:

m conversion factors remain constant for a bond from the moment they are
assigned to the expiry of the contract;

m conversion factors are different for each bond and for each contract;'® from
Table 1.3, which relates to the long gilt contract and its notional coupon of 7%,
we see that conversion factors for bonds with coupons higher than 7%
diminish in value for each successive contract month, while those for bonds
with coupons lower than 7% rise in value for successive contract months. This
reflects the “pull to par” effect, which for bonds with the higher coupon is
falling from a premium and for bonds with the lower coupon is rising from a
discount;

13 If two bonds had identical coupons and maturity dates, then they would have the same

conversion factor for a specific contract. However, under these terms the two bonds
would be identical as well...
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m the conversion factor is used to calculate the invoice price of a bond that is
delivered into a futures contract;

m  bonds with coupons greater than the notional coupon of the futures contract
have a conversion factor higher than 1, while bonds with coupons lower than
the notional coupon have a conversion factor lower than 1.

The conversion factor is not a hedge ratio, as has been strongly emphasised by both
Burghardt and Galitz,'* and should not be used as such. Certain textbooks and
market practitioners have suggested that using the ratio of two bonds’ conversion
factors can be an effective hedge ratio, for hedging a bond position, rather than the
traditional approach of using the ratio of basis point values. This is fallacious and
will lead to serious errors. The conversion factor of a bond is influenced primarily
by its coupon, whereas the modified duration of a bond (from which is derived the
BPV) is a function mainly of its term to maturity. Hence it is not correct to
substitute them. If an investor was hedging a position in a long-dated bond of low
coupon, and the current CTD bond was a short-dated bond of high coupon, the
volatility ratio calculated using the respective conversion factors would be lower
than unity. However, using respective BPVs would result in a volatility ratio higher
than one. This example illustrates how using a ratio of conversion factors can result
in serious hedging errors, and this approach must not be adopted.

Using conversion factors provides an effective system for making all deliverable
bonds perfect substitutes for one another. The system is not perfect of course.
Conversion factors are calculated to equalise returns at a single uniform yield, the
notional coupon rate specified in the contract specification. In practice though
bonds trade at different yields, resulting in the yield curve. Hence despite the use
of conversion factors, bonds will not be precisely “equal” at the time of delivery.
Some bonds will be relatively more expensive, some cheaper; one particular bond
will be the cheapest-to-deliver bond. The cheapest-to-deliver (CTD) bond is an
important concept in the pricing of bond futures contracts.

1.3.4 The bond basis

Basis trading arises from the difference between the current clean price of a bond
and the (implied) forward clean price at which the bond is bought through the
purchase of a futures contract. The difference between these two prices is known
as the gross basis. This is the bond basis to which the market refers, the difference
between the bond’s spot cash price and the price implied by the current price of
the futures contract. The latter is given by multiplying the futures price by the
relevant bond’s conversion factor.
The formula for calculating the gross basis is therefore:

Basis = Phond — (Pfu[ X CF) (111)

4 Burghardt (ibid), page 9 and Chapter 5; Galitz (1995), page 398.
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From (1.11) we might think that if we sell a futures contract short, in effect this
guarantees an ability to deliver the bond at the futures delivery date and receive a
known price for the bond. However, the price payable for the bond at delivery is
based on the future’s final settlement price, and not the trading price of the future
at any time beforehand, and so this thinking is erroneous.

In the Treasury market both cash and futures prices are quoted as points and
ticks (32nds) per $100 nominal value, and if necessary as half-ticks or 64ths. A 64th
price is indicated by a +.

The gross basis can be explained essentially as the difference between the
running yield on the bond and the current repo (money market) rate. However, a
residual factor exists due to the delivery option implicit in the design of the futures
contract and to the daily marking-to-market of the contract, both of which are
more difficult to quantify. This residual amount is known as the net basis. Net
basis is the gross basis adjusted for net carry. Net carry is the actual coupon
income and re-investment less borrowing expense, which is at the security’s actual
repo or money market financing rate.

Figure 1.6 is the Bloomberg page DLV of the deliverable bonds for the June 2000
long gilt contract, and shows the conversion factors and gross basis value for each
bond in the basket.

Example 1.2: The gross basis
Consider the following market details, all relating to one instantaneous point
in time:

Settlement date 16 March 2000
Futures delivery date 30 June 2000
Days to delivery 106

Bond price (UKT 9% 2011) 131.4610
Accrued interest 1.5780822
Accrued to delivery 4.1917808
Futures price (M0 LIFFE long gilt) 112.98
Conversion factor 1.1525705
Cash market repo rate 6.24%

We can calculate the gross basis that would apply in a hypothetical cash-and-
carry trade, where there is a simultaneous purchase of the bond and sale of the
futures contract as shown below.

bond purchase — outflow of funds: 131.461 + 1.5781 = 133.0390822
future sale — inflow of funds: (112.98 x 1.1525705) + 4.192 = 134.409196

The gross basis is 131.4610 — (112.98 x 1.1525705) or 1.24358491.
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Figure 1.6: Delivery basket for Jun00 long gilt, Bloomberg page DLV, 15
March 2000. ©Bloomberg L.P. Reproduced with permission

1.3.5 The net basis

We’ve seen from the previous section that gross basis measures the carry on a
bond that applies during the life of the futures contract. Because of other factors
associated with the delivery into a futures contract, principally that delivery is at
the option of the short future, the gross basis is not the actual carry that would be
incurred if a trader put on a cash versus futures trade. This is measured by the net
basis. The net basis causes much confusion amongst market participants, but it is
a straightforward concept. Burghardt states that the net basis is the difference
between a bond’s basis and its total carry to delivery.'® Plona describes net basis as
the difference between the implied repo rate and the general collateral repo rate.
We consider the implied repo rate (IRR) in the next section.'®

Both descriptions are good ways in which to consider net basis. Essentially the
net basis is the gross basis adjusted for net carry. Net carry is the actual coupon
income (and any re-investment income) minus borrowing expense, which is at the
security’s actual repo (money market) rate. The net basis is therefore the true
“economic basis”’ and measures the net gain from a simultaneous position in the
cash bond and the futures contract. A positive value represents a loss or net cost to

15

Ibid, page 33. It is also known as the basis net of carry.
16 Plona (or Ibid), page 32.
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the long cash/short futures position, and the net basis is the expected profit for the
short cash/long futures position (where the actual repo rate used is the reverse
repo rate). The opposite is true for negative net basis values.

The net basis is calculated on the assumption that a basis trade is conducted by
the arbitrageur borrowing funds to purchase the cheapest-to-deliver bond,
financing it in the repo market, and shorting the futures contract. It measures
the maximum loss that would be suffered by holding this position until the
contract expiry date. The net basis should be negative as a loss measure; a positive
net basis indicates the potential profit from such a trade.'” On the other hand, a
negative net basis theoretically indicates the potential profit from a short bond/
long futures position.

To calculate the net basis, we need to make an assumption about the financing
rates that would apply to a basis trade.'® This centres on the repo rate that is
applicable to the cash bond element of the trade. Analysts use one of two methods:

m Using the specific repo rate for the cash bond, fixed to the maturity date. This
is a logical approach, as it provides an accurate measure of the financing cost
associated with running a long position in the bond, and then delivering it into
the futures exchange. Calculating net basis under this method provides a
measure of the value of the delivery option;

m Using the overnight GC repo rate, assuming therefore that the bond position is
financed on a daily basis. Assuming that the overnight rate will be maintained
more or less over the term of the trade is risky.

The box illustrates calculation of the net basis.

Example 1.3: The net basis

Consider this calculation for the June 1998 long gilt future contract. At this
time the “special ex” rule applies to delivery of bonds into the contract,
something that no longer applied with the removal of special ex-trading in
August 1998.

Trade date 24 April 1998
Settlement date 25 April 1998
M8 long gilt future price 109.65625
CTD bond (8'%% Treasury 2007)  106.34375
Accrued interest 2.30548
Accrued to delivery 3.4232882

7" Note that in some cases and vendor systems, the net basis appears to be positive because

the negative sign is left off, under the assumption that users are aware that the net basis
represents the loss from a long cash/short futures trade.

As we shall see in the next section, no assumptions need to be made when determining
the implied repo rate, which is calculated from actual market-observed prices.

18
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Dirty price 108.64932
Conversion factor (8%,% 2007) 0.9674064
Repo rate 6.36%

The converted price of the bond (that is, through the futures contract) is:

109.65625 x 0.9674064 = 106.08216.

The market clean price is 106.34375, therefore the gross basis is:

106.34375 — 106.08216 = 0.26159.

Due to the special-ex rule in this case, the last day for delivery of 8',% Treasury
2007 into the futures contract is 12 June. This makes the term 48 days. The
total price paid including accrued interest will be 108.64923. To finance that
using repo for 48 days until 12 June will cost £0.9087243. The holder of the gilt
will however earn 48 days’ accrued interest of £1.1178082. Therefore, buying
the bond direct gives the owner an income advantage of £0.2090839.

The difference between the gross basis and this income advantage is
£0.216159 — £0.2090839, that is £0.0525. It therefore represents the gain by
buying the gilt using the futures contract rather than buying directly in the
market.

Of course the long gilt contract gives the futures seller the right to deliver
any of the gilts in the delivery basket and on any day of the delivery month. If
the CTD is bought through a futures contract the buyer may find that because
of market movements, a different gilt is delivered. The futures short in effect
holds an option which decreases the value of the futures contract to the long.

For this reason the net basis is usually positive. The futures contract is also
marked-to-market which means that the gain or loss on the contract is spread
over the life of the contract, in contrast to a forward contract. This effect is
small but will again lead to the net basis differing from zero.

The net basis is given by

NetBasis = (108.64923 x (1 + 6.36 x (48/36500)))
— ((109.65625 x 0.9674064) + 3.423882)
= 109.5579543 — 109.50544625
= 0.05250805.

1.3.6 The implied repo rate

In a basis trade the rate implied by the strategy is known as a repo rate because it
is equivalent to a repurchase agreement with the futures market. In effect the short
future lends money to the futures market: the short future agrees to buy a bond
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with a simultaneous provision to sell it back to the market at a predetermined
price and to receive a rate of interest on his money, the repo rate. It is the implied
repo rate because it is an expected repo rate gain if the trade was carried out. In
some literature it is suggested as a complex and obscure calculation, in fact the
implied repo rate (IRR) is very straightforward to calculate. It is the theoretical
return from a basis trade of long cash bond against short future, with the bond
delivered into the future on expiry.

The IRR is a measure of return from a basis trade. Consider the cash flows
involved when one is long bond/short future. We have:

m a cash outflow from purchasing the bond;

m a cash inflow on delivery into the future, including the accrued interest to the
delivery date;

m the cash borrowed to finance the trade.

We simply therefore wish to have the percentage return of the investment over the
borrowing cost. That is,

((Pfuts X CF) + AIdel) — (Ppona +AI) M

IRR = X
Ppona + AL D(lyS

(1.12)

where M is the day-base, either 360 or 365 and Days is the term of the trade. There
is no need to remember this version though, Burghardt'? simplifies it to

IRR — (Pinvoice - Pbond) % (@) (1.13)

Pbond n

which is identical to (1.12), with n for the number of days to delivery, and all prices
still include accrued interest, at the time of the trade (bond) or to delivery (future).
The formula written as (1.13) is easy to explain. The invoice price is the futures
invoice price, the amount from the delivery on expiry. Of course the actual invoice
price is a function of the final futures settlement price, but we adjust the current
futures price with the conversion factor to allow for this.

Note that Bloomberg quotes the formula in still more simplified fashion, as

IRR = (PFutsInvoice _ 1) % (?) (114)

P bond

with the 360-day base associated with the US Treasury market.

Both (1.12) and (1.13) assume that no coupon is paid during the trade. If a
coupon is paid during the trade, it is considered as being reinvested, and the cash
flow total must therefore include both the coupon and the reinvestment income
generated. The reinvest-ment rate used in the market is one of the following:

19 Ibid, page 14.
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m the implied repo rate;

m the bond’s yield-to-maturity. This is described as being consistent with the
bond yield calculation itself, which assumes reinvestment of coupon at the
bond yield;

m the overnight repo rate, and rolled over. This is justified on the basis that
traders in fact do not reinvest the coupon but use the funds to reduce funding
costs.

The first two are assumed to apply to maturity, while the second must be
calculated at the prevailing rate each day. If the reinvestment rate is assumed to be
the IRR, it is the rate that results in

Prona % (1+TRR(17) ) = Proice + (g) x (1+1RR(32)) (1.15)

where n, is the number of days between the coupon payment and the futures
expiry (delivery) date. Expression (1.15) is then rearranged for the implied repo
rate, to give us

(Plnvoice + % - Pbond) x M

IRR =
(Pbond X I’l) - (% X ’12)

(1.16)

The deliverable bond that has the highest implied repo rate is the cheapest-to-
deliver bond or CTD. We see from (1.16) that the IRR is a function of the bond
price, the value of which is compared to the forward price for the bond implied by
futures price. As such the status of CTD bond reflects the bond’s price (in other
words its yield). If the yield of a bond within the delivery basket moves sufficiently
vis-a-vis the other deliverable bonds, it may become the CTD bond. A change in
the cheapest bond is an important development and any such change should be
anticipated in advance by good traders.

The bond with the highest implied repo rate will, almost invariably, have the
lowest net basis. On rare occasions this will not be observed. When two bonds
each have implied repo rates that are very similar, it is sometimes the case that the
bond with the (slightly) lower implied repo rate has a (slightly) lower net basis.

The CTD bond is just that: it is the cheapest bond to deliver into the futures
contract in terms of running costs. The short future has the delivery option, and
will elect to deliver the CTD bond unless there is a reason it cannot, in which case
it will deliver the next cheapest at greater cost to itself. Assuming that a basis trade
is put on with the CTD bond against the future, if the CTD changes then the
position becomes useless and will be unwound at great loss. The CTD bond is
what the market will treat as the actual underlying bond of the futures contract,
and it is closely observed. Pricing theory informs us that the futures price will track
the CTD bond price; in fact it is the other way around, with the liquidity and
transparency of the futures contract and its price meaning that the CTD bond
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price tracks that of the future. Under the terms of the long gilt contract, the CTD
gilt can be delivered on any business day of the delivery month, but in practice
only one of two days are ever used to make delivery: the first (business) day of the
delivery month or the last (delivery) day of the month. If the current yield on the
CTD gilt exceeds the money market repo rate, the bond will be delivered on the
last business day of the month, because the short future earns more by holding on
to the bond than by delivering it and investing the proceeds in the money market;
otherwise the bond will be delivered on the first business day of the delivery
month. Until very recently a gilt that was eligible for trading special ex-dividend on
any day of the delivery month was not eligible for delivery into that gilt contract.
However, from August 1998 the provision for special ex-dividend trading was
removed from gilts, so this consideration no longer applies. Other gilts that are not
eligible for delivery are index-linked, partly paid or convertible gilts.? For gilts the
IRR for all deliverable bonds can be calculated using (1.12) in the normal way.
However if a bond goes ex-dividend between trade date and delivery date, a
modification is required in which the interest accrued is negative during the ex-
dividend period.

Example 1.4: The implied repo rate

Another way of looking at the concept of the cheapest-to-deliver bond is in
terms of the implied repo rate. The CTD bond is the bond that gives the
highest implied repo rate (IRR) to the short from a cash-and-carry trade, that is
a strategy of buying the bond (with borrowed funds) in the cash market and
selling it forward into the futures market. The bond is funded in the repo
market, and by selling it forward the trade is in effect a repo with the futures
market, hence implied repo rate.

To illustrate we calculate the IRR for the 9% Treasury 2008, a UK gilt, at the
time that the “front month” contract was the December 1998 contract. The
price of the gilt is 129.0834. The December 1998 long gilt futures contract is
trading at 114.50. The date is 1 October. The money market rate on this date is
7.25%. As the current (or running) yield on the 9% 2008, at 6.972% is lower

20 Gilts go ex-dividend seven business days before the coupon date, this being the record

date to determine the investors that will receive the coupon. Prior to its withdrawal,
counterparties could agree between themselves to trade ex-dividend up to two weeks
before the ex-dividend date, this being known as special ex-dividend. During trading for
the September 1997 long gilt contract, some market participants forgot (or were
unaware) that gilts that were special ex-dividend at any time during the delivery month
became ineligible for delivery, and had traded in the current CTD bond, the 9% 2008
under the assumption that they could deliver, or would be delivered into, of this bond.
When the CTD bond changed it resulted in losses for parties that had not been aware of
this. This despite the fact that LIFFE sent out a notice informing the market that the CTD
for September 1997 would not be the 9% 2008 for this reason...
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than the money market rate, it will be delivered at the beginning of December
(that is, in 61 days from now). To identify the CTD bond we would need to
calculate the IRR for all eligible bonds. We use the conversion factor for the
bond which is 1.140715, calculated and given out by LIFFE before the futures
contract began trading.

The cash outflow in a cash-and-carry trade is:

bond dirty price 129.0834
interest cost (1 October — 1 December) 129.0834 x (0.0725 x (61/365))
Total outflow 130.6474.

The bond (whose price includes 171 days’ accrued interest on 1 October) has
to be financed at the money market rate of 7.25% for the 61 days between 1
October and 1 December, when the bond (if it is still the CTD) is delivered into
the futures market.

The cash inflow per £100 nominal as a result of this trade is:

Implied clean price of bond on 1 December 114.50 x 1.1407155
(futures price on 1 October multiplied
by conversion factor)
Accrued interest (1 October — 1 December) £9 x (61/365)
Total inflow 132.11603

The implied price of the bond on 1 December equals the futures price on 1
October multiplied by the conversion factor for the bond. Because the futures
price is quoted clean, accrued interest has to be added to obtain the implied
dirty price on 1 December.

This cash-and-carry trade which operates for 61 days from 1 October to 1
December generates a rate of return or implied repo rate of:

x 100

132.11603 — 130.6474 365
IRR = X ——
130.6474 61

= 6.726%.

Example 1.5: Calculating gross basis, net basis and implied repo
rate

The gross basis is the difference between the actual price of the bond and the
forward price of the bond as implied by the price of the futures contract, and
represents the carrying cost of the bond. This is the actual difference between
the coupon gain and re-investment minus the carry costs (which is at the
actual money market repo rate). A positive net basis represents the loss that
would result from a long cash/short futures position, and therefore the
theoretical gain from a short cash/long futures trade, where the actual repo
rate is the reverse repo rate transacted when covering the short cash position.
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The implied repo rate is the theoretical return from a long cash/short futures
trade, assuming that the trader is short the number of futures equal to the
bond’s conversion factor for each £100,000 nominal of bonds held. Any
coupon payments are assumed to be reinvested at the implied repo rate.

Earlier in this book we presented the formulae for gross basis and implied
repo rate. The net basis is given by:

Net basis = (Pbond X (1 +rx Del/36500)) — ((Pfut X CF) + AIdel)

where

Pyona is the bond dirty price;

r is the actual repo rate (expressed as per cent x 100);
Del is the days to delivery;

P is the futures price;

CF is the bond’s conversion factor;

Al is the bond’s accrued interest to delivery.

For net basis calculations in Treasury or euro markets the appropriate 360-day
basis is used.

The calculations are for the CTD bond for the long gilt contract, which was
the 6%,% 2010 gilt. We use mid prices for the bond. The trade is buying the
cash and simultaneously selling the future. Note that gilts accrue on actual/
actual basis and there were 184 days in the interest period 25 May-25
November 2001. The accrued interest calculation is therefore (80/
184 x (6.25 x 0.5)) for the first date and (126/184 x (6.25 x 0.5)) for the
delivery date.

Settlement date 13 August 2001

Futures price 115.94

6Y,% Treasury 25/11/10 price  110.20

Conversion factor 0.9494956

Repo rate 4.90%
Calculations

Cash out on 13/8/2001 110.20 plus accrued 80 days = 111.558696
Cash in on 28/9/021 (115.94 x 0.9494956) plus = 110.08452
accrued + 2.139946
(46 days later)
=112.2244659

Gross basis

110.20 — 110.0845199 = 0.1154801
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Net basis

(111.558696 x (1 + 4.90 x 46/36500)) — 112.2244659 = 0.0231432

Implied repo rate

(112.2244659/111.558696 — 1) x ; (365,/46) x ; 100 = 4.735390%

Figure 1.7: Bloomberg YA page for 6Y,% 2010 gilt, showing accrued
interest for value 13 August 2001. ©Bloomberg L.P. Reproduced with
permission

These calculations are confirmed by looking at the Bloomberg screens YA
and DLV for value on 13 August 2001, as shown in Figures 1.7 and 1.8
respectively. Figure 1.7 is selected for the 6%% 2010 gilt and Figure 1.8 is
selected for the front month contract at the time, the Sep01 gilt future. Figure
1.9 shows the change in CTD bond status between the 6%,% 2010 gilt and the
9% 2011 gilt, the second cheapest bond at the time of the analysis, with
changes in the futures price. The change of CTD status with changes in the
implied repo rate is shown in Figure 1.10. Both are Bloomberg page HCG.

Page DLV on Bloomberg lists deliverable bonds for any selected futures
contract. Bonds are listed in order of declining implied repo rate; the user can
select in increasing or decreasing order of implied repo rate, basis, yield,
maturity, coupon or duration. The user can also select the price source for the
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Figure 1.8: Bloomberg DLV page for Sep01 (U1) gilt contract, showing
gross basis, net basis and IRR for trade date 12 August 2001.
©Bloomberg L.P. Reproduced with permission

Figure 1.9: Bloomberg HCG page for Sep01 (U1) gilt contract, showing
CTD bond history up to 12 August 2001 with changes in futures price.
©Bloomberg L.P. Reproduced with permission
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Figure 1.10: Bloomberg HCG page for Sep01 (U1) gilt contract, showing
CTD bond history up to 12 August 2001, with changes in implied repo
rate. ©Bloomberg L.P. Reproduced with permission

bonds (in our example set at “Bloomberg Generic” rather than any specific
bank or market maker) and the current cash repo rate.

1.4 Selecting the cheapest-to-deliver bond

As we've discussed just now there are two competing definitions for identifying
the bond that is the cheapest-to-deliver issue, and they almost always, but not
always, identify the same issue as “‘cheapest”. The general rule is that the issue
with the highest implied repo rate, and/or the issue with the lowest net basis is the
CTD bond. Most academic literature uses the first definition, whereas market
practitioners often argue that the net basis method should be used since it
measures the actual profit and loss for an actual cash-and-carry trade.

It is up to the individual trader to decide which method to use as the basis for
analysis. For example, Bloomberg terminals use the IRR method. The justification
for this is that many market participants accept that the IRR method is appropriate
to the cash-and-carry investor seeking maximum return per dollar invested. The
main area of disagreement regards those cases where an arbitrageur finances
(repos) the cash side of the trade and the net basis measures their resulting profit
or loss. In a Bloomberg analysis this net basis is presented as percentage points of
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par (the same units as price), although some practitioners express it as p&l per
million bonds. It is primarily because the net basis is per par amount rather than
per pound invested that the two methods occasionally identify different “cheap-
est” issues. Note that in practice net basis will always be a loss, otherwise traders
would arbitrage an infinite amount of any issue with a profitable net basis.
Therefore the basis method identifies the issue which has the smallest loss per
million pounds nominal as the cheapest issue.

The only reason a trader is willing to accept this guaranteed loss is that they
don’t intend to follow through exactly with this trade to maturity. Being long of the
basis, that is short futures, essentially gives the trader numerous delivery and
trading options; the cost of these is the net basis that the trader pays. In effect the
trader is buying options for the cost of the net basis. The number of options they
buy is indicated by the conversion factor since that is the hedge factor for the
cheapest issue. Therefore the cost per option is the net basis divided by the
conversion factor. When ranked by net basis per contract (that is, divided by the
conversion factor), the cheapest by this method invariably agrees with the IRR
method.

1.5 Trading the basis
1.5.1 The basis position

Basis trading or cash-and-carry trading is an arbitrage-driven activity that involves
the simultaneous trading of cash bonds and exchange-traded bond futures
contracts. Traders speak of going “long the basis” or of “buying the basis” when
they buy the bond and sell the future. The equivalent number of futures contracts
to trade per 100,000 nominal value of cash bond is given by the conversion factor.
The opposite position, buying the future and selling the cash bond, is known as
“selling the basis”” or ‘“‘going short the basis”’. Someone who is long the basis has
bought the basis itself (hence the expression!) and will therefore profit if the basis
increases, that is, the price of the bond increases relative to the price of the futures
contract.?! A trader who has sold the basis will gain if the basis decreases, that is
the price of the bond falls relative to the futures contract price.

Ideally each side of the position will be executed simultaneously, and most
derivatives exchanges have a basis trading facility that enables a party to
undertake this. Certain government bond primary dealers will quote a price in
the basis as well. If this is not possible, the trade can be put on separately, known
as “legging into the trade” as each leg is carried out at different times. To do this,
generally the cash bond position is put on first and then the futures position, as
the latter is more liquid and transparent. Whichever way round the trade is

21 Remember, when we say the price of the future, we mean the price as adjusted by the

relevant conversion factor.



34 Author: Moorad ChOUdhry The Futures Bond Basis

effected though, this method carries with it some risk, as the price of the leg yet to
be traded can move against you, complicating the completion of the trade.? If this
happens there is a danger that the second leg is put on one or two ticks offside,
and straight away the trade starts off at a loss. This should be avoided if at all
possible. There is also a bid-offer spread to take into account, for both cash and
future positions.

The arbitrageur hopes to generate profit from a basis trade, and this will be
achieved from changes in the basis itself and/or gains from the funding or carry. If
the net funding cost is positive, then this will add to any profit or reduce losses
arising from changes in the basis. This is where the repo rate comes in. The trader
may elect to fund the bond position, whether long or short, in overnight repo but
generally the best approach is to fix a term repo, with expiry date matching the
date at which the trader hopes to unwind the trade. This may be to the contract
expiry date or before. If short the basis, it is vital that the repo desk is aware if there
is any chance that the bond goes special, as this could prove costly unless the repo
is fixed to the trade maturity. There is also a bid-offer spread to consider with the
repo rate, and while this is usually quite small for GC repo, say as little as 3 basis
points, it may be wider for specifics, from 10 to 20 basis points.

In the next chapter we consider further issues in trading the basis.

A summary of the basic position
Cash-and-carry trading

In this trade, we undertake simultaneous transactions in:

m buying the cash bond;
m selling the bond futures contract.

The trader buys the cheapest-to-deliver bond, the financing of which is fixed
in the repo market (trader pays the repo rate). The trader believes that the
bond is cheaper in the cash market than its forward price implied by the price
of the futures contract. On the expiry date of the futures contract, any bond in
the deliverable basket is eligible for delivery, but (assuming no change in CTD
status) the trader will deliver the bond they are long of. The trader’s potential
gain arises from the mis-pricing of the bond in the cash market.

Reverse cash-and-carry trading
In this trade we undertake simultaneous transactions by:

m  selling the CTD bond in the cash market, and covering the position by
entering into reverse repo (the trader receives the repo rate);

22 From personal experience the author will testify that this is an extremely stressful

position to be in! Don’t leg into the trade unless there is no alternative.
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m buying the equivalent number of futures contracts.

For the reverse basis trade to generate profit there can be no change in the
CTD status of the bond; if another bond becomes the CTD at contract expiry, a
loss will result. On futures expiry, the trader is delivered into the bond in which
they have a short position, and this also enables them to close-out the repo
trade. Theoretical profit is generated because the invoice price paid for the
bond is lower than the price received at the start of the trade in the cash
market, once funding costs have been taken into account.

Appendices

Appendix 1.1: The LIFFE long gilt conversion factor

Here we describe the process used for the calculation of the conversion factor or
price factor for deliverable bonds of the long gilt contract. The contract specifies a
bond of maturity 8¥,~13 years and a notional coupon of 7%. For each bond that is
eligible to be in the delivery basket, the conversion factor is given by the following
expression: P(7)/100 where the numerator P(7) is equal to the price per £100
nominal of the deliverable gilt at which it has a gross redemption yield of 7%,
calculated as at the first day of the delivery month, less the accrued interest on the
bond on that day. This calculation uses the formula given at (1.17) and the
expression used to calculate accrued interest. The analysis is adapted, with
permission, from LIFFE’s technical document.
The numerator P(7) is given by (1.17):

1 e c /1 1 100
P(7) = — - — Al 1.17
") =Toa57 (CI * 1035 T 0.07 (1.035 1.035n) + 1.035n) (1.17)

where

¢ is the cash flow due on the following quasi-coupon date, per £100
nominal of the gilt. ¢; will be zero if the first day of the delivery month
occurs in the ex-dividend period or if the gilt has a long first coupon
period and the first day of the delivery month occurs in the first full
coupon period. ¢; will be less than C/2 if the first day of the delivery
month falls in a short first coupon period. c; will be greater than C/2 if the
first day of the delivery month falls in a long first coupon period and the
first day of the delivery month occurs in the second full coupon period;

¢, is the cash flow due on the next but one quasi-coupon date, per £100
nominal of the gilt. ¢, will be greater than C/2 if the first day of the
delivery month falls in a long first coupon period and in the first full
coupon period. In all other cases, ¢, = C/2;
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C is the annual coupon of the gilt, per £100 nominal;

is the number of calendar days from and including the first day of the

delivery month up to but excluding the next quasi-coupon date;

s is the number of calendar days in the full coupon period in which the first
day of the delivery month occurs;

n  is the number of full coupon periods between the following quasi-coupon
date and the redemption date;

Al is the accrued interest per £100 nominal of the gilt.

~

The accrued interest used in the formula above is given according to the following
procedures.

If the first day of the delivery month occurs in a standard coupon period, and
the first day of the delivery month occurs on or before the ex-dividend date,
then

Al =-x

@ |~
N[O

(1.18)

If the first day of the delivery month occurs in a standard coupon period, and
the first day of the delivery month occurs after the ex-dividend date, then:

Al = G— 1) x g (1.19)

where

t is the number of calendar days from and including the last coupon date
up to but excluding the first day of the delivery month;

s is the number of calendar days in the full coupon period in which the first
day of the delivery month occurs.

If the first day of the delivery month occurs in a short first coupon period, and
the first day of the delivery month occurs on or before the ex-dividend date,
then

t*
Al = — x
s

DO

(1.20)

If the first day of the delivery month occurs in a short first coupon period, and
the first day of the delivery month occurs after the ex-dividend date, then

f—-n\ C
Alf( - )XE (1.21)

where
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is the number of calendar days from and including the issue date up to
but excluding the first day of the delivery month;

n is the number of calendar days from and including the issue date up to
but excluding the next quasi-coupon date.

m If the first day of the delivery month occurs in a long first coupon period, and
during the first full coupon period, then

c

A=t =
)

2| =

(1.22)

m If the first day of the delivery month occurs in a long first coupon period, and
during the second full coupon period and on or before the ex-dividend date,
then

_ (P P\ C
Al = <S1 + 32) x5 (1.23)

m If the first day of the delivery month occurs in a long first coupon period, and
during the second full coupon period and after the ex-dividend date, then

Al = (&— 1) « ¢ (1.24)
S2 2

where

u is the number of calendar days from and including the issue date up to
but excluding the first day of the delivery month;

sy is the number of calendar days in the full coupon period in which the
issue date occurs;

s»  is the number of days in the next full coupon period after the full coupon
period in which the issue date occurs;

p1 is the number of calendar days from and including the issue date up to
but excluding the next quasi-coupon date;

p» is the number of calendar days from and including the quasi-coupon date
after the issue date up to but excluding the first day of the delivery month,
which falls in the next full coupon period after the full coupon period in
which the issue date occurs.
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