
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Essays on European bond markets

Cheung, Y.C.

Publication date
2005

Link to publication

Citation for published version (APA):
Cheung, Y. C. (2005). Essays on European bond markets. [Thesis, fully internal, Universiteit
van Amsterdam]. Thela Thesis.

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:26 May 2023

https://dare.uva.nl/personal/pure/en/publications/essays-on-european-bond-markets(7e2b1f5d-b626-40b9-821b-b01e0979a5a5).html


Chapterr 4 

Yieldd Differentials and Basis Risk 

Abstract t 

Hedgingg and speculative motives of market makers often require basis strate-

gies.. The risk involved in the payoff of these strategies depends on the basis 

riskk arid cannot be diversified away. Using simulations based on a risk-averse 

model,, we find a convex relation between quoted spread and basis risk. This 

convexityy suggests the following: the market maker increases his spread as 

aa compensation for the increased hedge difficulty. When basis volatility be-

comess very large however, the quoted spread becomes even larger indicating 

hiss unwillingness to trade. Based on these findings, we study the basis risk for 

fourr fixed income securities in Europe. We estimate the basis risk volatility 

andd find that bonds that are traded at a premium, like Germany and France, 

havee lower basis volatility. These findings shows that, next to credit risk and 

liquidity,, basis risk is an important factor in explaining why some European 

bondss are traded at a significant premium. 

4.11 Introduction and Motivation 

Thiss chapter analyzes the impact of basis volatility on the pricing of Eurozone 

sovereignn bonds. Hedging and speculative motives of market makers often require 

93 3 



944 CHAPTER 4. YIELD DIFFERENTIALS AND HEDGING QUALITY 

strategiess involving positions in both the futures and spot-market. These are so-

calledd basis strategies and arise from the market makers need to hedge incoming 

orderr flow. The payoff of these strategies depends on the basis volatility or basis 

risk.. In this chapter we argue that basis risk is a relevant factor in determining the 

pricee of a fixed income security. 

Thiss chapter has two objectives. The first objective is to analyze the impact of 

basiss risk on the price formation when hedging is involved. We show that the basis 

riskk (or basis volatility) is relevant as it determines the final payoff of a trader's 

hedgedd position. Basis risk is also important due to costs associated with managing 

inventoryy and holding a position.1 These costs are mostly operational costs, waiting 

costss or a deviation from an optimal (mean-variance efficient) portfolio. The more 

difficul tt it is to hedge, i.e. the larger the basis volatility, the more difficult it is to 

managee these costs and the higher the required compensation for offering liquidity. 

Usingg simulations we find a convex relation between the quoted spread and basis 

risk.. More specific, an increase in the basis risk results in a more than proportional 

wideningg of the quoted spread. This non-linearity in spread dynamics suggests the 

following:: a market maker requires a higher compensation for his services when 

hiss exposure to basis risk increases by quoting a larger bid-ask spread. When the 

basiss risk becomes problematic however, he widens his spread even more and this 

indicatess his reluctance to trade. 

Thee second objective of this chapter is to estimate the basis risk for some Euro-

zone?? government bonds using transaction data from the MTS trading system and 

bundd future data from EUREX. Although the bund future requires the delivery of 

Germann bonds, there exist a relation between the futures and the cash market even 

iff  the cash instruments cannot be delivered because the futures and spot market are 

drivenn by the same interest rates. If we exclude the futures market in our analysis. 

'Secc for example Gannan (1976), Stoll (1978) . Ho and Stoll (1981) or O'Hara (1995) for a 

moree general overview. 
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theree exists a hedging relation between sovereign bonds through the repomarket.2 

Wee show that bonds with larger basis volatility are traded at a premium. This 

providess an alternative explanation for the yield differences in the Eurozone besides 

creditt risk or liquidity premium. 

Ass far as we know, we are the first to address the role of hedging quality to 

explainn yield differences using trading data. Most papers analyze the determinants 

off  yield differentials from the perspective of country specific factors, default risk or 

liquidity.. For Eurozone bonds, Bernoth, Hagen and Schuknecht (2003) states that 

"the"the main analytical problem is whether these interest differentials can be explained 

byby default risk and or liquidity risk preniia." The importance of default risk has also 

beenn shown by Codogno, Favero and Missale (2003) for the Eurozone area. They 

statee "the risk of default is a small but important component of yield differentials." 

andd ''liquidity factors play a smaller role. " Differences in credit rating are eminently 

thee case for European sovereign bonds. These securities run from a "AA A " status 

inn Germany, France, Austria and the Netherlands to A + for Greek bonds.' Lonning 

(1999)) shows that (in the pre-Euro area) the yield differentials are a function of 

thee country specific macroeconomic variables like government debt, budget deficit, 

currentt account and credit rating. Many studies also argue that illiqui d fixed income 

2Too sec this, consider a market maker buying a Belgian treasury bond. In a back-to-back trade. 

thiss security could be sold right away to another customer, earning the bid-ask spread. However. 

itt is most, likely that this bond is not sold immediately, and the market maker must raise funds 

too finance this position through a repo. Besides the financing of this trade, the market maker 

mustt also hedge its new position by selling a similar security with the same duration. In this case. 

thee market maker may conduct a reverse repo financed using cash from the short sale. Duffie 

(1996)) addresses the issue of special repo rates in a theoretical framework. He finds that anyone 

whoo holds a special security can borrow at low costs and reinvest this in the general collateral 

repoo rate, earning a repo investment. As a result, securities which arc on special (or likely to go 

onn special) will carry a higher price than otherwise identical issues. Jordan and Jordan (1997) 

providee empirical evidence supporting this idea and find that the liquidity premium associated 

withh "'on-t he-run" issues is likely due to repo specialness. 
:JJ Based on S&:P's credit rating system. 
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securitiess should provide a higher yield in order to induce investors to keep these 

securitiess in their portfolio. See for example Ainihud and Mendelsohn (1991). Warga 

(1992).. Chakravarty and Sarkar(1999) and Strebulaev (2001). In the Eurozone, the 

operationss conducted by the treasury agents in the primary market for 10-year 

bondss vary from 5 billion Euro in Finland to 25 billion Euro in Germany and Italy. 

Differencess also exist in the secondary market. In terms of activity, trading in 

thee Italian and German securities is among the largest in the world. Cheung, de 

Jongg and Rindi (2004) provide some information about the trading activity on the 

MTSS trading system, which is the largest interdealer trading platform for European 

governmentt bonds. They find that some 85% of all trading activity in the running 

10-yearr bonds stems from trading in Italian BTP securities. 

Interestingly,, the liquidity and trading activity story do not fully explain the yield 

differencess in the Eurozone. To see this, take a look at figure 4.1. This figure shows 

thee yield spread between various 10-year benchmark bonds issued in 2003 in the 

Eurozone.. As we can see, the Dutch state loan is traded on average at a lower yield 

thann its French equivalent (average spread is -2.2 basis points) while the Netherlands 

iss less active on the issuance side. The result is even more interesting for the Italian 

10-yearr security, which is the most actively traded security on the secondary market. 

Itt is however trading above its Portuguese 'equivalent' (average spread is 7.1 basis 

points)) and traded almost at par with the Greek bond (average spread is -0.4 basis 

points).. Figure 4.2 gives us a snapshot from the tradeweb platform of prices quoted 

byy market makers on the European bond market.4 Let us take a look at the depicted 

quotee for the same Italian 2013 bond. This security is very liquid due to its supply 

inn the primary market and its activity in the secondary market but traded at a 13.4 

basiss points yield pickup compared to its German 'equivalent'. On the other hand, 

thee credit ratings tell a different story. The Portuguese and Italian securities are 

equall  in credit risk (according to Moody's and S&P) while their Greek "equivalent" 

'Tradewebb i.s ihc largest client to dealer trading platform for European bonds. 
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iss at one notch below.0 The Portuguese bonds however are trading at a yield pickup 

off  some 4 basis points pickup while Greece is trading almost at par with the Italian 

20133 bond. However, the trading activity in the secondary market for these securities 

iss merely a fraction of the activity found for Italian bonds. Favero, Pagano and von 

Thaddenn (2004) focuses solely on liquidity and default risk on Eurozone government 

bondss but they agree that these two factors are not able to explain the differences 

inn yields. The importance of hedging using the bund future is also recognized "(....) 

bondsbonds traded in the cash market are not considered as a perfect hedge for position in 

thethe bund future." 

Thee fact that yield differences also related to hedging quality has important 

implicationss for policy making. A strong fiscal convergence and operations leading 

too an increase in liquidity are important for convergence of bond yields but any 

measuress that can limi t the basis risk should be taken into consideration as well. 

Thiss can be achieved by e.g. cash settlement or allowing non-German bonds for 

delivery.. Although these measures do not solve additional problems, it would help 

inn lowering the 'natural' advantage incorporated in German bonds due to their 

physicall  delivery.6 We think that these measures can greatly improve the efficiency 

off  using futures to hedge Eurozone fixed income securities. 

Thiss chapter is organized as follows. Section 2 provides an introduction to basis 

riskk and its role in hedging and speculation. We also analyze the role of basis 

volatilityy and its impact on the formation of prices. Section 3 outlines the cost-of-

carryy relation between the bund future and spot market securities and describes the 

dataset.. Section 4 introduces the econometric model used to estimate basis risk and 

providess a discussion of the estimation results. Section 5 finally concludes. 

'Portuguesee and Italian securities have a credit rating of Aa2 (Moody's) or AA (SAc-P) while 

Greecee is trading one notch below. 
''Additionall  problems like cash constraints during a roll-over period or the existence of additional 

conversionss for the delivery of non-Cennan securities. 
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4.22 Hedging European Sovereigns 

Transactionss in futures are usually either outright or against (forward) bond posi-

tionss in the form of basis trades. The basis But represents a combination of the 

futuress contract and a spot market security. Buying the basis involves the purchase 

off  securities and a simultaneous sell of the futures contracts. More specific, the basis 

iss given by equation (4.1) 

BBuu = Pitt - CiFt (4.1) 

Thee exact opposite holds when we sell the basis. Hull (1997) defines the basis as the 

differencee between the spot price of assets to be hedged and the futures price of the 

contract.. In the case of bond futures however, the basis is defined on a hypothetical 

bond.. We therefore need to multiply the bond future with a conversion factor in 

orderr to calculate the basis.7 A long line of research has analyzed the concept of 

thee basis risk, mostly in the context of hedging or speculation, see e.g. Working 

(1953),, Ederington (1979), Figlewski (1984), Briys, Crouchy and Schlesinger (1993), 

Castelinoo (2000), Mahul (2002) and Draper and Ring (2003). These papers look at 

thee existence of the basis risk, its impact on the hedge quality and the payoff of basis 

strategies.. Grossman (1988) analyzes the informational role of the basis and argues 

thatt the basis does not only unify the futures and spot- market but also reflects the 

differentt preferences on both markets. We now take a look at the impact of basis 

riskk and the way this affects the investor's position. 

4.2.11 The Role of Basis Risk in Hedging and Speculation 

Lett us consider a short hedger with a portfolio consisting of a long position of Xs 

unitss of an asset with price Pt and a short position of OCXR futures contracts.8 

'' Wo come hack to the issue of conversion factors later. 
HAA short hedger takes long positions in the basis. This requires a short position in futures and 

aa long position in cash bonds. 
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Thee market maker is free to choose 9 > 0. The time T profit of his portfolio 

equalss XB (PT - Pt)-0cXR(FT - Ft) with variance X2
Bo2

B + e2c2X2
Ba2

F + 29cXBaBF. 

Withoutt loss of generality, we can normalize XB = 1 and express the expected profit 

andd variance in terms of the basis per unit of spot position. The profit and its 

variancee equals 

F(TTF(TTSS)) = (PT - 0cFT) - (Pt - 0cFt) 

==  EADT + (1 - 0) c x EAFT (4.2) 

a\a\ = a2
B + [(l-9)c] 2a2

F + 2(\-8)coBF (4.3) 

wheree ABT = I3T - Dt and AfV — FT - Ft. Although we focus specifically on 

thee role of basis risk as a measure for hedging quality, it is also of importance for 

investorss who are using the basis for speculative purposes. Working (1953) already 

questionedd the view of hedgers being risk minimizers and emphasized expected profit 

maximization.. He states 

"(The"(The hedqer) buys the spot commodity because the spot is relative low to 

thethe futures price, (...), therefore he buys spot and sells the future " and 

usuallyusually in the expectation of a favorable change in the relation between 

thethe spot and futures price. " 

Working'ss statement is being captured by equation (4.2) and shows us that the 

expectedd profit in a hedge consist of two components: 

1.. Change in the expected basis component EABT. If a strengthening of the 

basiss occurs (i.e. BT widens as the bond price increases more than the futures 

price),, the short hedgers position improves while a weakening results in a 

worseningg of his position. 

2.. Change in a speculative component (1 — 9)c x FAFr which is a function of 

hiss control variable 9. If futures prices are unbiased, i.e. EtFt^x — Ft, than 
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thee expected hedge profit is only affected by the expected change in the basis 

EM3EM3tt^. ^. 

Hence,, holders of a long position in the cash market wil l (over) hedge if the basis 

iss expected to increase and (under) hedge if the basis is expected to fall. Figlewski 

(1984)) argues that basis is the risk which arises as the connection between the futures 

markett and the underlying is imperfect. For bond futures, a perfect hedge (Bt — 0) 

arisess if bond i is the (hypothetical) bond specified in the futures contract. Any other 

bondd being delivered wil l have Bt > 0 to avoid arbitrage opportunities.0 Equation 

(4.3)) tells us that the risk involved in a short hedge is an increasing function of the 

basiss risk an which cannot be controlled for by choosing an appropriate 9. To see 

this,, let us minimize equation (4.3) with respect to 0 . This gives the minimum 

variancee hedge (MVH) : 

MVHMVH = ininaj =>  6mm = 1 + pBF- °  ̂ (4.4) 
66 C Op 

Again,, the number of contracts that one chooses is a function if the basis risk GQ. 

Byy substituting equation (4.4) into the variance gives us the residual risk: 

al(9„al(9„ ntlntl)) = a% (\ - p2
BF) (4.5) 

Equationn (4.5) shows that the residual risk depends on the basis risk a\ but also on 

thee correlation between the basis and futures contract pBF. Note that this residual 

riskk always exists unless the basis and the futures contract are perfectly correlated. 

Hence1,, the basis risk influences the hedge quality and the payoff of a speculative 

strategy.. Any investor, who is conducting a basis strategy, should take the basis 

riskk into account. 

uToo see this, equation (4.1) can be interpreted a,s the cash flow for a strategy with immediate 

deliveryy of the cash bond. The expected cash flow that arises equals c,F( — Pl t = —H,j implying 

btbt > f) to avoid arbitrage. In here, the trading of the basis often involves repos as both the long 

andd short need funds to pay (obtain) for the purchase (delivery) of the securities. 
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Ourr next focus is the analysis of a dealer's quoted spread when he faces basis 

risk.. One can argue that a market maker can control the basis risk by moving the 

quotedd spot price in line with the futures contract. The dealer however, is limited 

forr a number of reasons: First, according to Chan (1992), movements in the futures 

pricee are a source market wide information while movements in the spot instruments 

aree a source of individual news. Hence, the dealer must take individual news into 

account.. In addition, a change in the dealer's quoting strategy may induce orders 

thatt are not preferred by the dealer. Also, the urgency to hedge depends also on 

thee market makers ability to match (unwanted) incoming buy or sell orders with 

incomingg sell or buy orders. The volatility of order flow is therefore also important. 

4.2.22 Basis Risk and Quoted Spread 

Inn this section, we consider the impact of basis risk on the quoted spread. In order to 

analyzee this, we propose a two-period model involving a risk averse market maker. 

Thee following assumptions are made: 

 The trading period is given by G] — [to, r) where at time r.0 the market makers 

decidess his bid-price E (PT) — b and his ask-price by and E (PT) + a. No trades 

arrivee in period G2 — [r, T}. The second period can be interpreted as the after 

markett hedging period in which the market maker can decide to hedge the 

positionn acquired in period Gi. 

 We have a single market maker framework. The dealer's only stream of in-

comee arises from the bid-ask spread. No entrance by another market maker is 

possiblee (no interdealer trading). 

 The market maker is only quoting one security and any hedging uses the fu-

turess contract rather than an offsetting position in another security through 

thee repomarket. At any time / e [U)/f],  this portfolio consist of a trading 
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accountt (Yt). a position in the security (Xt) and a position in the hedge in-

strumentt (Zt). We assume that Xto — 0 and this implies (i) ZT does not 

containn any futures position prior to period 6] and (ii) ZT is the change in 

thee margin account. 

 The price of this hedging instrument is exogenous, i.e. cannot be influenced 

byy the market maker himself. This means that the futures market is infinitely 

large11 and elastic compared to the spot market. 

 Denote Pt as the price of the security with a conversion factor c relative to a 

futuress contract with price Ft. The futures price follows a random walk, i.e. 

FFtt — ! + Etj where et.j ~ N{(),a2j). Both securities are correlated through 

PPtt = Bt + cF, (4.6) 

BBtt = (JBt_,+etM (4.7) 

wheree et.b ~ A r(0.a )̂ and at, denoting the basis risk. The innovations etj and 

eett.b.b are allowed to be correlated. 

 Let QA and QB be the total number of buy and sell orders that the market 

makerr is receiving in period 0\.U] Both are functions of the bid and ask price 

sett by the market maker. 

QQAA = ^a-'+e^u (4.8) 

QQ — t,bb + £tmy 

wheree Si^ktiy.sdi) ~ -^((haf) distributed. 

 Let //, describes the hedge ratio of his position and H = h [Qh — Qa) is the 

fractionfraction of his position which is hedged using a futures contract. The decision 

too hedge is made at time r. 

10Fromm the perspective of the denier. 
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 Assume that the market maker is risk averse and maximizes the utilit y of 

terminall  wealth. The market maker optimizes 

maxx U = max E (WT) - ha\v (4.9) 
S—a^b.hS—a^b.h S=a~b 

subjectt to EWT > 0 and S > 0 (4.10) 

wheree 7 is his constant relative risk aversion. The inequalities given in equa-

tionss (4.10) tell us that a market maker wil l stop quoting when he expects to 

endd with a negative wealth. 

Lett us now consider the construction of the optimal hedge ratio h* and the bid-

askk spread S — a + b quoted by the dealer. To solve these problems, we work 

backwardss by first solving the problem of the optimal hedge fraction. 

Stepp 1: Terminal wealth WV can be expressed as a function of the value of his 

inventoryy XT, a hedge position ZT and a trading account YT: 

WWTT = XT + ZT + YT 

XXTT = (Xt0 + Qb - Qa) PT 

ZZTT = h(Qb-Qa)AET 

YYTT = [Yt0 + Qa(P + a)-Qn(p-b)}(\+r) r-T 

Thee time T value of the dealer's inventory equals his initial position Xto plus the 

numberr of securities bought (Qb) minus the number of securities sold (Qa). The 

inventoryy is evaluated at price Pr. Because we assumed that Xto = 0, the inventory 

att the end of period (-)2 arises solely from his market making activity in period B j . 

Thee trading account is given by his initial size Ytll  plus the value Qa sold at the ask-

pricee (p + a) minus the value QB bought at the bid-price (p — b). Any borrowing 

andd lending occurs at a rate? r and is constant between period 0 and T. We come to 

thee following proposition: 
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Proposit ionn 5 The dealer will  hedge a fraction H* — h* [Qb — Qa) of his inventory 

level.level. Here H* is given by 

H*H* = h* (Qb - Qa] 
cov{Bcov{BTT.F.FTT\n\nTT) ) 

++ c var(Fvar(Frr\n\nTT) ) 
{Q{Qbb-Q-Qaa)) (4.n; 

Proof.. See appendix point 1

Equationn (4.11) shows that an important role is played by the correlation between 

thee basis and the futures price. If the basis is independent of the futures price 

(i.e.. cov (BT, FT\flT) — 0), the market maker wil l take a hedge ratio equal to the 

conversionn factor. For example, if Qb > Qa, the dealer will short sell c (Qb — Qa) 

futuress contracts." Using the notation of the previous section, we must have 0 = 1, 

resultingg in an expected profit equal to 

E(TTE(TTSS)=AB)=ABTT (4.12) 

Onn the other hand, if cm) (BT, FT\ilT)  ̂ 0, the market maker wil l short hedge — H* 

futuress contracts and this implies 0 = "^{F ill  k ^ ^ an<^ ^ne e xPe c t e (l profit is 

therefore e 

EE M = EABr + ^ % ^ « A F T (4.13) 

Equationn (4.13) shows that an additional speculative component is created in the 

hedgee strategy. This component depends on the change in the futures price. 

Stepp 2: To see how basis risk influences the quoted price, consider the quoting 

decisionn taken at time t0. Note that at time tG the terminal wealth can be expressed 

ass a function of the decision variables (a, b) by substituting H* as given in equation 

(4.11)) into the wealth function. The decision of choosing (a, 6) depends on the 

111 Provided that the numeraire in the futures contract is the same as the spot position. As an 

illustration,, assume for example that c = 0.95 and the total inventory position is 10 million Euro. 

Iff  the futures contract is specified per 100.000 Euro, the dealer will short sell 950 futures contracts 

forr hedging purposes. 
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informationn set Q0 — {FQ.P^}. If we denote this function as Wj-

objectivee function becomes 

maxEmaxE (W.*r\Q0) - ^-yvar(W^\i10) 
a.b a.b 

Wheree the components of WT — (YV + Zr) + XT are given by 

XXTT = (Qb-Qa)Pr 

ZZrr = -c(Qb-Qa)AFT 

YYrr = y t ü( l + r ) T - ' < > + [ Qaa - gü 6 ] ( l + r ) T ^ 

Thee conditional expectation and variance of wealth are given by 

E(W^\%)E(W^\%) = tï(a + b)P0 + Xtü(\+r) T-Z(a2 + b2)(l+r) T-T (4.15) 

varvar (WT\i\) = var (XT\Ü0) + var {ZT\Q0) (4.16) 

+var+var {YT\Ü0) + 2cov (YT, XT\Ü0) 

Notee that [Qb - Qa) ~ N (£ (b + a). a\ + o2
a) and the calculation of the conditional 

variancee requires the products of dependent Gaussian random variables and we need 

simulationss of Qa and Qb to solve the problem.12 

Thee expected wealth is not only a function of the basis risk but also depends on 

thee volatility of the market maker's order flow.1,5 A basis risk equal to zero implies 

thatt the outstanding position is perfectly hedged using cFr futures. In this case, the 

onlyy source of uncertainty stems from net order flow uncertainty as it influences the 

tradingg account of the dealer. Hence, the quoted spread depends on the basis risk 

l 2Thee problem stoms from the fact that terminal wealth is function of order flowxprice and both 

arcc normally distributed. If the random variables Qt and Pt were independent, things would be 

simplified.. A general case about the product of independent Gaussian variables has been given 

byy e.g. Goodman (1960). For an exposition of the probability density function, see Springer and 

Thompsonn (1970). 
"Recalll  that tin1 urgency to hedge depends on the market makers ability to match (unwanted) 

incomingg buy or sell orders with incoming sell or buy orders. 

WWTT(H*).(H*).  the 

(4.14) ) 
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butt also on 0 = rr^yaseu. The larger 0 deviates from 1, the more difficult it is to 

matchh order flows and the larger the uncertainty in the trading account. Because 

off  this reason, we take the volatility in the buy {a^y) and sell order flow (asdi) into 

consideration.. The exact simulation process is outlined in the appendix (step 2). 

Thee outcome of the simulation process is depicted in figure 4.3 and shows that the 

quotedd spread is a convex function of basis volatility. This convexity suggests that 

thee market maker is controlling his exposure to basis risk by increasing his spread as 

aa compensation for the increased hedge difficulty. However, when the basis volatility 

becomess very large, the quoted spread becomes even larger indicating his reluctance 

too trade. Note also that a 0 different from 1 wil l result in a higher quoted spread in 

orderr to limi t the exposure of order flow on the trading account. 

4.33 Data 

Inn the previous section we saw that the basis risk is important in determining the 

qualityy of a hedge and the payoff of any arbitrage strategy. Any investor holding 

aa security with a higher basis risk should be compensated through a higher yield. 

Usingg this idea, we estimate the basis risk for some 10-year Eurozone government 

bondss using transaction data from the MTS trading system and the EUREX for the 

bundd future during the period January 2000 to May 2001. 

4.3.11 The Cost of Carry Relation 

Inn the absence of market frictions and uncertainty, the futures price should equal the 

pricee of the underlying bond plus the cost of carry. Any breakdown of this relation 

mustt result in an exposure since traders hedge the position in the spot market using 

ann offsetting position in the futures market. A large number of studies focus on 

thee relation between the; spot and derivatives market. Set1 for example. Stoll and 

Whaleyy (1990). Chan (1992). Huang and Stoll (1994). Brooks. Garret and Hinich 
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(1999)) for stock and stock futures indices and Bhattacharya (1987) and de Jong and 

Donderss (1998) for the stock and stock options market. These studies find significant 

lead-lagg relation although this relation is not unidirectional as the cash index may 

affectt the futures market too. The rationale between these relations is found in 

markett microstructure frictions that break the cost-of carry-relationship and the 

leveragee character of futures markets, which creates better trading opportunities for 

informedd traders. Subrahmanyam (1991) discuss the role of information and shows 

inn a theoretical setup that liquidity traders prefer to trade the basket rather than 

thee underlying security. The reason for this is twofold. First, the transaction cost 

off  basket trading like futures is much lower compared to the individual securities. 

Second,, the security specific adverse selection component tends to diversify away 

inn a basket. However, this increased activity of liquidity trading also facilitates the 

incomingg of informed traders as they can better hide their strategic trades among 

thee noise, see e.g. Kyle (1985). 

Lett us now turn our attention to the German (Bund) futures contract that is 

usedd in this study. This contract is based on a hypothetical bond with a coupon of 6 

percentt and a maturity of exactly 10 years starting on the settlement date. Quota-

tionn in this contract is in a percentage of par value carried out in two decimals. The 

contractt size is 100.000 Euro and every 0.01 percent of price movements represent 

100 Euro. Delivery of bonds takes place on the 10-th day of March, June. Septem-

berr or December or the immediate following trading day. The last trading day is 

alwayss two exchange days prior to the delivery day where trading in the running 

contractt stops at 12.30 CET. Trading hours are between 8.00 and 19.00. The daily 

settlementt price is based on the volume weighted average price of the last 5 trades. 

Iff  these trades are older than 15 minutes or if more than 5 trades occurred during 

thee last minute, all trades during that 15-minute period are considered. The final 

settlementt price is determined at 12.30 p.m. CET on the last trading day and is 

basedd on the last ten trades, provided that they are not older than 30 minutes. If 
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moree than 10 trades occurred during the last minutes all trades are considered in 

thiss period. Although the bund futures contract is based on a hypothetical bond, 

deliveryy is based on a tangible asset. In order to avoid any manipulations in the 

spott market, one can deliver any German bond with a maturity between 8.5 and 

10.55 years and a minimum issue size of 2 billion Euro.14 Any bond that satisfies 

thee contract specifications may be delivered, and this wil l result in an conflict of 

interest.. A holder of a long position hopes to receive a bond with a high coupon 

andd significant accrued interest while a holder of the short position hopes to deliver 

aa bond with a low coupon shortly after the coupon payment date. In order to solve 

thiss conflict of interest, the amount exchanged for the bond (invoice price) wil l be 

adjusted.. Because the investor being short in the futures contract has the delivery 

option,, he wil l receive an invoice amount at date T equal to 

CiFCiFTT + acCitT (4.17) 

wheree FT is the futures settlement price, Cj is the conversion factor of bond i being 

deliveredd and ACCij the accrued interest of bond i at time T. The conversion 

factorr is simply the price unit of face value such that every bond has the same yield 

iff  purchased. The yield selected for calculation is the same as the coupon rate in the 

definitionn of the contract. If we denote the coupon of the hypothetical bond by 7, 

wee can calculate the conversion factor for bond 1 with coupon 7- maturing at time 

MM in a discrete setup as1:> 

M-T M-T 

)) = Z T T T ^ + T T T ^ ^ 
1=1 1=1 

11 7(l + 7 ) " - T 

111 Because of the relative size of the futures market to the spot market, the futures market is 

potentiallyy exposed to priee manipulations. A strategy often depicted as an example is the short 

squeeze.. Investors can take a long position in the futures contract and the underlying bond. 

Investorss who want to cover their short position will drive up the futures price. At the same time. 

anyy investor who wants to deliver the specified contract will drive up the bond price. 
11 'In our ease, wc set -S — 6% for the bund futures contract. 
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Wee see that if ~( = y. the conversion factor equals 1. If ^ > y. the conversion 

factorr is larger than 1 and smaller otherwise. The conversion factor shows us that, 

byy adjusting the price, one can provide any investor with the approximately the 

samee yield with different coupons. However, conversion factors are not a waterproof 

methodd when the term structure is not flat at the notional coupon rate. One can 

showw (appendix point 3) that the futures price follows the price of the underlying 

deliverablee bond, its repo rate and the time until maturity. Al l the parameters 

neededd to calculate the fair price of the futures contracts are known in advance.lf ) 

Benningaa and Wiener (1999) show in a continuous setting that the optimal CTD will 

havee either the largest or lowest coupon (given a fixed maturity) as long as there are 

noo delivery options in the contract. Intuitively, given a maturity, the duration of a 

bondd is determined by the coupon and bonds with the highest duration (i.e. lowest 

coupon)) becomes relative cheap compared to other deliverable securities when the 

curvee steepens. 

4.3.22 Bond Data 

Thee bonds that we use in our analysis are the running benchmark 10-year bonds 

issuedd in 2001 by Italy, Belgium, IVance and Germany.17 There are two reasons to 

considerr these bonds. First, the number of observations of these bond series is the 

largestt and therefore most suitable for statistical inference. Second, the 10-year area 

off  the European yield-curve is very active in terms of trading activity and issuance 

byy government agents. It is also considered to be the most important long bond on 

thee yield curve. The trading characteristics of these bonds are presented in table 

"'Runningg a cash and carry strategy also involves the paying of a repo rate while at the same 

timee earning interest on the coupons. When the coupon rates arc higher than the repo rates, we 

havee a positive carry. As a result, future prices with a longer delivery date have a lower price as it 

costt less to conduct the strategy. On the other hand, if we have negative carry, the futures price 

forr securities with a longer delivery date is higher. 
! '' These bonds were also considered in the previous chapter. 
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Tablee 4.1: Trading Characteristics of Spot Market Securities 

Tablee reports trading characteristics of the bonds considered for our econometric analy-

sis.. We focus on the 10-year benchmark bonds of Belgium (OLO). France (OAT). Ger-

many(DBR)) and Italy (BTF). 

Bondd Type 

Totall  number of trades 

Percentagee EuroMTS trades 

Totall  volume 

Volumee EuroMTS 

Averagee local volume 

Averagee EuroMTS volume 

EuroMTSS / local volume 

percentagee 5mio trades 

percentagee lOmio trades 

OLOO 5% 

09-2011 1 

5542 2 

32 2 

18472 2 

14585 5 

8.99 9 

8.22 2 

0.91 1 

27 7 

71 1 

OATT 59f 

10-2011 1 

1754 4 

67 7 

32028 8 

20875 5 

7.11 1 

6.55 5 

0.92 2 

67 7 

32 2 

DBRR 5.25% 

01-2011 1 

2886 6 

72 2 

17520 0 

12905 5 

5.71 1 

6.21 1 

1.09 9 

81 1 

17 7 

B T PP 5.25% 

08-2011 1 

62735 5 

21 1 

354140 0 

80758 8 

5.52 2 

6.13 3 

1.11 1 

88 8 

9 9 

4.11 which is taken from Chapter 3. As we can see, the number of observations is 

thee largest (smallest) for the Italian (German) securities. On the other hand, the 

averagee trade size is smallest in the Italian securities. Table 4.2 uses equation (4.18) 

too calculate the conversion factors for the different bonds considered in our analysis 

4.3.33 Bund Futures Data 

Lett us turn our attention to the trading characteristics of the Bund futures contract. 

Dataa comes from trading on the EUREX, which is an electronic trading platform for 

derivatives.1""  The sample of intraday futures traded on the EUREX system spans 

thee period 2 January 2000 until December 2001. Because our intraday bond trades 

runn from January 2000 until May 2001. we limi t our analysis up to the June 2001 

contract.. This gives us a total of 6 contracts (4 contracts in 2000 and the March 

andd June. 2001 contract). 

18Ann identical contract is traded on the LIFFE in London. A comparable contract is traded on 

thee ('BOT. In contrast to its European equivalent, this security has a cash delivery rather than a 

physicall  delivery. 
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Tablee 4.2: Conversion Factors 

Tablee reports the conversion factors (assuming that these bonds could be delivered). These 

conversionn factors are calculated using the following formula: 

wheree 7 = 0.0G is the coupon of the hypothetical bond, T is the delivery date and M the 

maturityy data of the bond. 

March-02 2 
June-02 2 
September-02 2 
December-02 2 
March-03 3 
.June-03 3 

OL055 9/11 

0.9381 1 
0.9394 4 
0.9407 7 
0.9420 0 
0.9433 3 
0.9447 7 

OAT55 10/11 

0.9377 7 
0.9390 0 
0.9403 3 
0.9416 6 
0.9429 9 
0.9442 2 

DBR5.255 01/11 

0.9545 5 
0.9555 5 
0.9565 5 
0.9576 6 
0.9586 6 
0.9597 7 

BTP5.255 08/11 

0.9521 1 
0.9531 1 
0.9542 2 
0.9552 2 
0.9562 2 
0.9572 2 

Tablee 4.3 provides an overview of trading activity per contract as found in our 

dataset.. We see that the largest part of trading activity is concentrated in the 

frontt contract. We also present the most important results graphically for the June 

20011 and September 2001 contract (patterns are similar for other series). Figure 

4.44 depicts the large trading activity in the June 2001 contract until Ith June (day 

1000 in the picture), which is the beginning of the expiration month and 8 days 

beforee the final trading day of this contract. In contrast, trading is rather modest 

inn the follow up contract as can be seen in figure 4.5, but trading activity picks 

upp considerably in the 100-th day while at the same time, the average number of 

contractss per trades falls. This increased trading activity in combination with the 

smalll  number of contracts per trade suggests that bond traders are actively hedging 

theirr portfolio as much as they can. The fact that activity is mainly concentrated in 

thee nearest contract suggests that this is rather a short-term hedge. Active hedging 

off  portfolios is a phenomenon widely seen in these markets. Xaik and Yadav (2003) 

forr example; provide empirical evidence of bond traders hedging their bond positions 

usingg duration measures on the Gilt (UK) market. The analysis shows us that the 
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Tablee 4.3: Trading Characteristics Bund Future 

Overvieww of trading activity on the KUREX for the Bund future as found in our dataset. 

Valuess between brackets reflects the observations in the running months. As an illustra-

tion,, let us take a look at the June 2001 contract. The table shows us that a total of 111 

tradingg days were observed in our dataset giving a total of 720 thousand trades or 42.2 

millionn contracts (this reflects an average of 58.7 contracts per trade). More importantly, 

tradingg is concentrated is the period when this contract is front running (1 March until 7 

June).. During this period, some 710 thousand trades were observed reflecting 41.5 million 

contracts.. This equals 590 thousand contracts per day. 

Contract t 

Numberr of contracts 

Numberr of trades 

Average11 Trading Size 

Numberr of Trading days 

Contractss per Day (running months) 

Contract t 

Numberr of contracts 

Numberr of trades 

Averagee Trading Size 

Numberr of Trading days 

Contractss per Day (running months) 

Marchh 2001 

33.3 3 

0.51 1 

65.5 5 

49 9 

0.68 8 

Decemberr 2001 

48.55 (48) 

0.833 (0.82) 

58.6 6 

188 8 

0.70 0 

Junee 2001 

42.22 (41.5) 

0.722 (0.71) 

58.7 7 

111 1 

0.59 9 

Marchh 2002 

41.77 (41.1) 

0.855 (0.85) 

48.9 9 

179 9 

0.60 0 

Septemberr 2001 

38.2(37.7) ) 

0.644 (0.63) 

60.0 0 

176 6 

0.54 4 

Junee 2002 

36.88 (36.4) 

0.655 (0.64) 

56.8 8 

173 3 

0.55 5 

followw up contracts starts immediately on the first day of the maturity month of 

thee previous contract. Using this information, we construct a single time series of 

futuree prices. Every trading day is divided in 96 intervals of 5 minutes and runs 

fromm 8.00 and 18.00 GET. We take the volume weighted-price if a trade occurred in 

thesee inlervals and use non-available otherwise. 

Wee follow Bollerslev. Cai and Song (2000) and model futures return as \nFt -

Inn Ft-\ where Ft is the volume weighted average price in a 5-minute interval. The 

samplee mean of the 5-minute futures series is —0.0001 and indistinguishable from 

zeroo at standard significance level giving the sample standard deviation of 0.027%. 

However,, the returns are clearly not normally distributed. For example, the skew-
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nesss of —0.93 and a kurtosis of 66.2 are both highly significant. At the same time, 

thee maximum and minimum return of 0.50% and 0.66% do not represent any sharp 

discontinuitiess in the series. In order to evaluate some of the intraday periodicity of 

returns,, we calculate sample mean for the absolute returns. Its pattern is depicted in 

figuree 4.6 and reflects a broad U-shape which is closely linked to the cycle of market 

activity.. Volatility is gradually increasing until 10.00 CET (interval 24) after which 

volatilityy drops with a low around the lunch hours. Market volatility is relative 

quiett but starts picking up around 14.30 CET (interval 74) in which market makers 

aree preparing themselves for the opening of the US markets. These findings are 

consistentt with Ahn, Cai and Cheung (2002) for the Bund future and Scalia (1998) 

forr Italian treasuries and correspond with the macroeconomic announcements in the 

US,, which are regularly scheduled around 8.30 EST. A large number of studies, e.g. 

Flemingg and Remolona (1997, 1999b), Balduzi, Elton and Green (2001) and Boller-

slev,, Cai and Song (2000) have linked the intraday volatility of US treasuries with 

thee release of macroeconomic news. Andersen and Bollerslev (1997,1998) also di-

videe their dataset in 5 minutes to analyze the role of macroeconomic announcements 

onn volatility. Using high-frequency data, they find intraday volatility being larger 

thann daily variation in absolute return. In addition, the effect of macroeconomic 

announcementss is strong but short-lived. Ahn, Cai and Cheung (2002) provide a de-

tailedd study of the impact of various macroeconomic variables on the Bund future. 

Theyy find the largest impact for the German IFO industry survey, the industrial 

productionn and the Bundesbank policy meetings.19 

4.44 Estimating the Basis Risk 

Lett us now define the econometric model. Denote the price of bond i at time t by 

PijPij  and the unobserved efficient futures price by F*. In a multivariate setup where 

19Thee US numbers arc also important. The authors find that especially the NAPM and the 

unemploymentt figures have a significant impact. 



114 4 CHAPTERCHAPTER 4. YIELD DIFFERENTIALS AND HEDGING QUALITY 

wee have N bonds and 1 futures contract, the model is given by 

P t = b (( + c F; (4.19) 

wheree the parameters in boldface denote vectors and in capital boldface denote 

matrices.. Here F* is the (unobservable) efficient price. So far no residual term is 

introducedd because equation (4.19) reflects a exact relation between the price of a 

securityy and the efficient price. We follow Hasbrouck (1993) and use the following 

dynamicc structure for the futures price 

FFtt = Ft*  + et (4.20) 

F;F;  = Ft% + Kt 

Thee futures price equals its efficient price F£ plus some measurement error et while 

thee efficient price follows a random walk with innovation Kt. The dynamics of the 

basiss for bond i is given by bt = b + bt where b is the long run average and bt 

followss an AR(1) process 

btt - Gb4_! + TKt + ut (4.21) 

Lett us consider the specification of the basis dynamics as given by (4.21). We know 

thatt the residual risk depends not only on the basis risk, but also on the correlation 

betweenn the futures contract and basis. We therefore include VKt to model the 

interactionn between the basis and the futures contract. In addition, dynamics in the 

futuress contract depends also on shocks in the cash market, which is denoted by ut. 

Usingg these ingredients, we write the full model as 

FFtt = Ft*+e t 

pptt = b + bt + cFt* 

F;F;  = F^+Kt (4.22) 

b(( = Gb(_i + TKt + ut 

F{uF{uttu'u'tt)) = au,var(Kt) = <r 2
K 
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wheree G is a N x Ar diagonal matrix with Gu—7,-.20 If the eigenvalues of G lies 

outsidee the unit circle, these shocks accumulate over time. Clearly, if 7, is small, 

thee impacts of previous shocks die out relative fast. If nt is uncorrected with ut. 

thee unconditional covariance matrix of the basis (E^.,,,,.) is given by 

vecvec [Eba,ls]  - (I N a - (G' tt G))"1 (vec [r' ® r] <x2 + vec [Hu]) (4.23) 

providedd that nfi = 1 is not an eigenvalue of G. Hence, the (i, jf element of "Ebasis 

cann be written as 

_J_H_J_H ï£i t f Ï = j 

11 - 7»7j 

(4.24) ) 

^ W W i f i ^ j j 
II  1 - 7i7j 

Noww we are ready to construct our hypotheses and relate these hypotheses to testable 

restrictionn in our model: 

 If bond i is traded at a premium (in terms of yields) compared to bond j does 

itt also have a higher basis risk? Specifically, we have to check whether 

"0"0  "basis < — basis (4-^>J 

Thee structure of the model also enables us to detect the impact of any unex-

pectedd news on the basis volatility. Chan (1992) argues that movements in 

thee futures contract are a source of market wide information while movements 

inn the spot instruments are a source of individual news. We therefore make a 

distinctionn between the following cases: 

 Type 1 news affects the cost-of carry relation through the bund future as it 

enterss the system through the parameter Kt.
21 If wre denote Er 

2(11 Note that ->, in this section is different than in the previous section (where ~t reflected the 

::ouponn of bond /). 
211 One can think for example of technical problems on the KUHEX system 
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cann calculate the fraction of this impact on total basis volatility which is given 

byy the square root of the diagonal elements of r^ 

ii  = " 6 a L (4-26) 

 Type 2 news affects the cost-of carry relation through the spot market as it 

enterss the system through the vector u,. This is bond specific news. One can 

thinkk e.g. of shocks due to change in supply or buy-back operations announced 

byy the treasury agent. Because we are working with transaction data, this news 

mustt find its way through order flows in the secondary market. If this news is 

positivee (e.g. the treasury is planning to issue less bonds due to a lower state 

deficit),, then these bonds wil l outperform the rest of the market. The fraction 

off  this news on the total basis volatility is shown by the square root of the 

diagonall  elements of v2: 

"22 = S « S ^a (4.27) 

Notee that the model as depicted by equation (4.22) is a reminiscent of Has-

brouck'ss unobserved component model in a multivariate setting. If G — 0 and 

cc — 1, we get the model proposed by de Jong and Schotman (2003) for price discov-

eryy of securities in a multiple market setting. We use the Kalman filter to estimate 

thee model. One question that may arise is the use of a state space approach for 

estimatingg the model. The Bund futures market is one of the most efficient markets 

inn the world and the gain by working with the efficient futures price F* rather than 

observablee Ft is probably negligible. Therefore we can also run a simple regression 

off  p, on Ft. However, because we are working with transaction data, there may ex-

istt noise due to the bid-ask spread set by dealers. Moreover, the exact relationship 

betweenn the fair futures price and the cheapest to deliver bond as given by equation 

(4.40)) exist through a cash and carry strategy. But from the economic point of view 

thiss makes sense only if the underlying bonds are deliverable. Finally, there is also 



4.4.4.4. ESTIMATING BASIS RISK 117 7 

aa problem of non-synchronous trading as the activity in the futures market is by far 

largerr than the cash market. This creates problems in terms of spurious correlation 

whichh is handled easily by the Kalman filter. 

4.4.11 The Kalman Filter 

Wee briefly discuss the specific estimation procedure for our model. The reader is 

referredd to Harvey (1993, chapter 4) , Hamilton (1994, chapter 13) or Durbin and 

Koopmann (2001) for a detailed description of the Kalman filter together with its 

applicationss in econometrics. In our case, the Kalman filter is easy to setup as the 

structuree of our model is a reminiscent of a local level model. Let ft be the optimal 

estimatorr of F* bases on all information up to pt with an associated mean square 

errorr 4>t = E [F*  — E (ft)} . Consider the Kalman filter procedure for time t to time 

(t(t + 1) where ft and (f)t are given. Based on the equations of (4.22) we have 

EtUt-i)EtUt-i) = ft 

EEtt((Pt+1Pt+1)) = b+Et(bt+l) + cEt(ft+l) 

M & + i )) = <l>t  + <>l  (4-28) 

withh prediction error 

M f + ii  = pt+1 - Et(pt+1) 

==  Tkt+1 + ut+1 + c[Ft^-Et{f t+1)]  (4.29) 

Usingg this we can find the conditional MSE of Et(xt+i) : 

F^xx = Et(Mt+1M'M) 

-- r^a2
K + Su + cEt[F t+1-Et{f t+1)]c' (4.30) 

Becausee we assume that ail the parameters are normally distributed, both (4.28) 

andd (4.30) are normally distributed and we update the state using 

ƒ,_!!  - Et(ft+i) + Et(0t_1)t
l
NF;21(Pt+i~h-Gbt_l-cEt(f l̂y) (4.31) 

00tt^  ̂ = Et(0t^)~Et(0t^)L'N¥;\Et(0t^)iN (4.32) 
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Equationn (4.28) to (4.32) constitutes the Kalman filter which we apply in combina-

tionn with a maximum likelihood procedure. An important issue here are the initial 

valuess /o and (j)0 in order to start the procedure for time t = 0 to time t — 1. Harvey 

(1993)) argues that if the state process was stationary, one can use the unconditional 

meann to start the procedure. In our case however. F* follows a random walk while 

h,h, is a stationary process when the eigenvalues of G are inside the unit circle. We 

expectt the efficient price to be closely related to the observable futures price, i.e. 

FQFQ = FQ and var(F(*)  — 1000 to address the uncertainty. In addition, the deviation 

fromm the basis is initialized at b0 = 0 with an uncertainty of var(bt) — 100. 

4.4.22 Missing Observations 

Highh frequency time series are typically not observed in regular intervals. This is 

clearlyy the case for our dataset where the futures are traded more often than any 

off  the bonds. In our case, 3 different situations may arise for interval t. The first 

situationn arises when no elements of x t are missing and the estimation proceeds in 

itss usual way. The second situation arises when all elements of x( are missing. In 

thatt particular case, we set xt+\ — (3 — -yEt (ft+i)  — 0 and Et ((i> t+i)  t ' ^ F ^ — 0 and 

thee updating process becomes 

fft+1t+1 = Et(fM) (4.33) 

<f><f> t+1t+1 = Et(4>t+l) (4.34) 

Thee third and most occurring situation arises when some, but not all of the elements 

off  the observation vector x t are missing. In this case, we can construct a matrix 

WW whose rows are a subset of the rows of the unit matrix IN and create a new 

observationn vector x  ̂ — Wx ( . The updating procedure proceed exactly the same 

ass in the first situation where at the appropriate time points x t is replaced by x* 

changingg the dimension of the observation vector. 

Thee state space procedure is closely related to the approach taken by Lo and 
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MacKinlayy (1990).22 They argue that many securities respond to the same news 

duee to common factor components. The fact that some securities are traded less 

frequentlyy means that these securities responds with a lag. inducing spurious corre-

lationn between the closing price of securities, even if the underlying (true) returns 

arcc uncorrelated. Lo and MacKinlay (1990) proposes a model for non-synchronous 

tradingg by assuming that the true return generating process Rt is a multifactor 

modell  with both common and idiosyncratic factors. The latter ones are assumed to 

bee uncorrelated amongst the N securities.2^ For every security t (i — 1 N) they 

constructt a random (1 x T ) vector v such that vt (t) = 1 when security i has been 

tradedd in interval t. and 0 otherwise, they relate the observed process with the true 

processs by 

R ff  = V R T (4.35) 

wheree Rj- — i?ii ...i?2t and V a diagonal matrix with Vj on its diagonal. In other 

words,, the observed return is a random sum with a random number of terms. As we 

cann see, the procedure of Lo-MacKinlay is also captured by our state space model 

wheree the ith rows of W is a subset of v^ 

4.4.33 Estimation Results 

Beforee we start discussing the estimation results, let us consider the quality of the 

residuals.. In order to give an economic interpretation to the model, we must have 

stationaryy residuals. This means that equation (4.22) incorporates a («integration 

relation n 

u?? = P; - cF* (4.36) 

J**  There i.s however a difference in approach. Lo and Mackinlay explicitly model rel urn r, and 

thiss requires observations t and r — 1. As we model prices, only observation t is required. 
-':1Dee Jong and Nijman (1995) generalizes the approach of Lo and Mackinlay by assuming that 

thee true return generating process may be correlated. 
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Tablee 4.4: Estimation Results 

Thee estimated parameters of our state space model for the 2011 bonds with the corre-

spondingg standard errors. For convenience, we multiplied at by 1000. 

parameters s 

lH lH 

('i ('i 

Pi Pi 

ll ll 

a,. a,. 

<7k <7k 

&ui &ui 

^basis ^basis 

DBRR 2011 

1.730 0 

0.969 0.969 

0.951 1 

0.009 0.009 

0.009 9 

0.003 0.003 

0.971 1 
0.017 0.017 

6.2 2 

1.13 1.13 

0.024 4 

0.000 0.000 

0.032 2 

0.011 0.011 

0.16 6 

OATT 2011 

6.312 2 

0.909 0.909 

0.870 0 

0.008 0.008 

0.091 1 

0.026 0.026 

0.994 4 

0.001 0.001 

0.012 2 

0.001 0.001 

0.21 1 

OLOO 2011 

8.584 4 

4.990 4.990 

0.836 6 

0.046 0.046 

0.091 1 

0.048 0.048 

0.996 6 

0.002 0.002 

0.027 7 

0.008 0.008 

0.60 0 

BTPP 2011 

3.568 8 

5.340 5.340 

0.902 2 

0.020 0.020 

0.041 0.041 

0.051 0.051 

0.999 9 

0.000 0.000 

0.010 0 

0.001 0.001 

0.64 4 

Inn addition, the underlying assumptions for the Kalman filter are white noise distur-

bances.. On these assumptions, the forecast errors are M f ~ N(0,Ft) and we have 

too analyze the forecast errors M* = C ; M t where C is the Choleski factorization of 

F,_1.. Basic diagnostics are applied to M* and a plot of these residuals are given in 

figuree (4.8). The plots show that that all the series are stationary but they exhibit 

aa strong form of heteroskedasticity. It therefore fails the assumption of white noise 

underlyingg the data generating process. The Kalman filter can still be used to cal-

culatee the linear projections of x f - j on past observations while a likelihood function 

basedd on a multivariate Gaussian distribution can be optimized with respect to the 

unknownn parameters. The standard errors however may not be valid and we apply 

thee quasi-maximum likelihood procedure as suggested by White (1982) rather than 

thee usual second order derivatives of the likelihood function. 

Tablee (4.4) provides some details of the multivariate estimation results for the 
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20111 bonds. As we can see, the estimated ae equals 0.00062 and is highly significant. 

Thiss shows that the bund futures market is indeed a very efficient market where the 

observablee price is closely related to an efficient price. The average basis bz are all 

positivee and smallest for Germany followed Italy, France and Belgium. This is not 

aa surprise as German and Italian securities pay an annual coupon of 5.25% while 

theirr French and Belgian equivalent pay 25 basis points less. The key parameter 

inn our analysis is the variance of the basis which equals (pfa^. +(r\ i)(\ — 7Jf) 

Ass we see, pltaiy is not significant. In addition, the values for 7 are very close but 

significantlyy different from one at the 10% rejection level which means that but shows 

signss of a close random walk and indicates a weak reversion back to its long run 

average.. Because 7, is close to one, we calculate the basis risk not based on the 

formulaa but rather take the sample standard deviation of bt. Figure 4.7 depicts 

thee dynamics of the state variables from the Kalman filter. In here, the FGBL 

statee is the efficient futures price and closely follows the observable futures price. 

Usingg the sample standard deviation, we find a basis volatility running from 0.16 

(Germany),, 0.19 (France), 0.60 (Belgium) and 0.64 (Italy). Hence, the French and 

Germann benchmark bonds have a basis volatility that is more than three times lower 

thann the basis volatility of Belgium and Italy making the uncertainty in the hedge 

payofff  using the bund future much larger in the Belgian and Italian sovereigns. 

Thiss confirms the hypothesis that bonds with a lower basis risk are traded at a 

premium.. Let us now take a look at the other parameters. We argued that the 

regressionn coefficient ct could be interpreted as a conversion factor. If we assume 

thatt these bonds are deliverable, we can calculate these conversion factors using 

equationn (4.18). Recall that the true conversion factors are depicted in table (4.2) 

andd this gives us the opportunity to test whether c, equals its conversion factor. 

Inn addition, using the values for O2
UI.T and o\ we are able to calculate the impact 

off  different shocks on the ba.sis volatility. We find that the fraction of shocks in 

thee order flow contributes to some 20% of the basis volatility (Germany). 6.3% 

(France),, 4.3% (Belgium) and 1.5% (Italy). We think that this is an interesting 
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resultt for the market maker as he has partial control over his exposure to basis 

volatilityy by changing the bid-ask spread. In other words, the controllable part of 

thee basis risk is the largest in Germany followed by France. However, some 80% to 

98%% of the basis volatility is still out of the market makers control. 

4.55 Conclusions 

Inn this chapter we explain the yield differentials in European sovereign bonds from 

thee perspective of the actively traded bund futures contract. Many strategies involve 

aa position in the spot- and futures market and the payoff of these strategies depends 

onn a non-diversifiable basis risk. This chapter contributes to the existing literature 

inn two ways. First, using a risk-averse framework and simulations, we find that 

thee quoted spread is a convex function of basis risk. This convexity implies that a 

dealerr wil l set a higher spread when basis risk increases. If basis risk becomes very 

largee however, the increase in the quoted spread is even larger indicating the market 

makerss reluctance to trade. This convexity in spreads also reflects the importance 

off  the futures market for pricing bonds and explains why trading comes to a halt 

whenn the futures market faces trading problems. Second, we show that Eurozone 

governmentt bonds with higher yields have higher basis volatility. Using a filtering 

approachh in combination with quasi-maximum likelihood, we find that the basis risk 

inn German and French securities is much lower than those found for the Belgian and 

Italiann securities. This provides another explanation for the premium observed in 

thesee securities even though Italian securities are heavier traded and more liquid in 

thee secondary market. In addition, spot dealers can control a part of their basis risk 

byy moving prices in line with the futures contract. The easier it is to control this 

basiss risk, the less impact basis volatility has on the market makers position. We 

findfind that some 20%: of basis risk can be controlled for in German securities while 

lesss than 2% of the basis risk can be controlled for in Italian securities when using 

thee bund future. 
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Thee fact that price differences are also related to hedging quality has important 

implicationss for policy making. A strong fiscal convergence and operations leading to 

ann increase in liquidity are important for convergence of bond yields but measures 

thatt can limi t the basis risk should be taken into consideration as well. For the 

activelyy traded bund futures contract, this can be achieved by cash settlement or 

allowingg non-German bonds for delivery. Although these measures do not solve 

additionall  problems, it would help in lowering the 'natural' advantage incorporated 

inn German bonds due to their physical delivery. We think that these measures can 

greatlyy improve the efficiency of the Eurozone sovereign bond market. 
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4.. A Appendix to Chapter 4 

4.A.11 Appendix: The Optimal Hedge Ratio 

Thee decision to buy or sell h numbers of futures contracts is made at time r when the 

markett maker observes the information set ilT — {PT, FT,Q
a,Qb}. The market makers 

objectivee function is given by 

maxmax EU (WT\QT) = E (WT\ttT) - -yvar (WT\QT) (4.37) 
hh 2 

and.. in order to find the optimal hedge ratio, we have to calculate its conditional expec-

tationn and variance 

E(wE(wTT\n\nTT)) = E (xT\nT) + E (zT\nT) + E {Yr\nT) 

E(XE(XTT\tl\tlTT)) - (Qh - Qa) ET (PT) 

E(YE(YTT\Q\QTT)) = [YU)+Qfl(p + a)-QB(p-b)}(l + r)T-T 

var{Wvar{WTT\ü\üTT)) = var {XT\Qr) + var (ZT\nT) 

+var+var {YT\nT) + 2cm {XT: ZT\QT) 

var{Xvar{XTT\Q\QTT)) = (Qb - Qa)2 var (PT\QT) 

var(Zvar(ZTT\n\nTT)) = h2 (Qb - Qa)2 var (FT\QT) 

2cov2cov (XT, ZT) = 2/i. (Qh - Qa)2 [cm {Br, FT\QT) + cvar (FT\nr)] 

ass E[ZT\SlT) = var{YT\i1T) = cov{XT,YT) = 2cav{ZT,YT) = 0. Substituting these 

resultss into equation (4.9) and optimize with respect to h yields 

h*h*  = 
cov(Bcov(BTT.F.FTT\n\nTT)) [ 

varvar (FT\^T] 

wheree h* is the hedge ratio and h* [Qb — Qa) the fraction being hedged by the market 

maker. . 
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4.A.22 Appendix: The Simulation Process 

1.. (a) We start with the following parameter values: F0 = 100, c = 0.95,/? — 

0.99,, f0 = ^b = 50, A ^ = 10, r = 0 and r = 500. We also set af = 1 and 

lett f7,, vary from 1 to 20aƒ (in steps of one), a^y — 1 and o^n varies from 1 

too LlOfTj^j , (in steps of 0.01). 

(b)) Given these standard deviations, we simulate stj. Et.b, £seu
 a i ld Sbuy. 

(c)) We calculate the start ing values I3Q = (1 — c) 100 = 5 and P0 = BQ + cF0 — 

100.. Using these starting values and the residuals simulated in step 2, we 

calculatee Ft, Bt and Pt for t = 1,. . . , 100. 

(d)) The quoted price is concentrated around the expected bond price at time 

TT = 1000 (we set ET (PT) — PT)- The market maker chooses a bid-price 

EQPTEQPT — 0 .55 and an ask-price E$PT + 0.5S\ Given these bid and ask prices, 

wee can calculate the incoming and outgoing order flows at t ime t — 1 , . .. r — 1 

andd hence the cash position V^-i - Because r = 0, we have YT-\ — YT. Based 

onn the simulated prices from t — r , . . . 1000, we calculate the value of the in-

ventoryy and margin account (i.e. ZT and Xr). From these 1000 observations, 

wee can also calculate the expected wealth and the associated standard devia-

tions.. The utilit y function is maximized, by choosing the optimal spread S*, 

subjectt to the constraints that the expected wealth and the spread are non-

negative.. We also calculate the optimal spread S* under aSf,u — 1.01, . . ., 1.10 

(inn steps of 0.01). 

(e)) Step (b) to (d) is repeated for ah = 2. 3 20 (in steps of 1). 

Wee replicate 200 times step (b) to (e) using different simulation seeds and the resulting 

spreadd is averaged out. i.e. S = ^ X^=i (^Mb-^scli) is depicted in figure 4.3. 
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4.A.33 Appendix: Relation between Spot and Futures Mar-

ket:: A Trading Perspective 

Too see the relation between the spot and futures market, consider a cash-and-carry strat-

egy.. At time /. buy 100.000 Kuro face value of delivery bond i at price Pit while simulta-

neouslyy selling a futures contract with a price Ft. Finance this transaction using a repo 

agreementt with interest rate R and hold this bond until delivery date T. The following 

cashh flow arises for the short at delivery date: 

 Receive the invoice price (equation 4.17): 

 Buy this bond, repo out and receive the Pit + acclt. At time 7 . the short has to 

reversee the repo and pays back 21: 

{p{puu + at-du) n + R^jp) (4-38) 

 Under a repo, the coupon and its accrued interest belongs to the original holder 

ratherr than the repo trader. This means that at time T , the original holder receives 

jvv / T-t*\ 

£H11 + fl-3ëir) (439) 

wheree /*  is the date in which coupon couporii is paid back to the original holder of 

thee bond. 

Thee net profit of this cash and carry strategy must be zero as it is (virtually) risk free 

forr default free; bonds. Hence, the relationship between the spot and the futures price is 

givenn by equation (4.40): 

vvHHFFtt = (Pu + acc,0) (l + R^Pj ~ E 7, (l +  R^f) ~ a^r (4-40) 

Thiss tells us that the futures price follows the price of the underlying deliverable bond, its 

repoo rate and time until maturity. Al l the parameters needed to calculate the fair price of 

22'In'In this example we assume an actual/365 basis. 
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thee futures contracts are known in advance2' '. The analysis shows that we can calculate 

thee fair price of a futures contract given the CTD bond. It does not say anything about 

thee stochastics of the fair future price because it does not provide a mechanism to analyze 

thee change in the CTD. At any time, we can calculate which bond is the CTD as anyone 

whoo conducts this cash and carry strategy wil l choose a bond such that the net profit 

whenn delivering the bond against its short futures position is maximal. 

maxx r ^ ; + a c c i . T + è 7 i f l + ^ ^ ^ V ( ^ + a c ci , o ) ri + fl^^l  (4.41) 

Inn order to find the cheapest to deliver bond, one can calculate the net profit as given 

byy (4.41) for all the deliverable bonds. The bond that gives the highest net profit is the 

cheapest-to-deliver.. Using arbitrage arguments, this net profit wil l be equal or below zero 

andd the bond with the lowest fair futures, price is the CTD. 

2 5Runningg a cash and carry strategy also involves the paying of a repo rate while (at 

thee same time) earning interest on the coupons. When the coupon rates are higher than 

thee repo rates, we have a positive carry. As a result, future prices with a longer delivery 

datee have a lower price as it cost less to conduct the strategy. On the other hand, if we 

havee negative carry, the futures price for securities with a longer delivery date is higher. 



1288 CHAPTER 4. YIELD DIFFERENTIALS AND HEDGING QUALITY 

4.BB Graphs Chapter 4 

Figuree 4.1: Yield differences of 10-year government bonds issued by various Euro-

zone.. The Y-axis indicates the differences in basis points. The X-axis reflects data 

runningg from 3 November 2003 until 3 November 2004 giving a total of 263 daily 

observations.. As we can see, the 10-year Dutch State loans are trading (on average) 

beloww its French equivalent. The Italian 10-year bond is trading flat against Greece 

butt at a yield pick-up against Portugal. 

.. ^ ^ NeÖTerlands nirus France 

^ ^^ Italy inrus Qeece 

"" " Italy ninK Partial 

ii  50 100 150 200 250 

—— Italy rrirus RpJgjimi I . 
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Figuree 4.2: Snapshot of prices from running benchmark bonds as observed on 

Tradewebb in November 2003. The differences in yields can also be observed in 
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Figuree 4.3: Simulation of 200 times 1000 buy and sell orders. The details of this 

proceduree can be found in the appendix (point 2). The volatility ratio is given by 

(f>(f>  = z*su.. We let basis risk run from op to 20 x o> . 
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Figuree 4.4: Daily turnover on the Eurex-system in terms of contracts per day. the 

numberr of trades, average trading size and volume weighted price for the June 2001 

contractt as observed in our dataset. The number of contracts and the number of 

tradess per day picks up considerably around day 40 (March 2001) when the June 

20011 became the front contract. At the same time, the number of contracts traded 

perr day drops. 

Figuree 4.5: Daily turnover on the Eurex-system in terms of contracts per day, the 

numberr of trades, average trading size and volume weighted price for the September 

20011 contract as observed in our dataset. The number of contracts and the number 

off  trades per day picks up considerably around day 110 (June 2001) when the Sep-

temberr 2001 became the front contract. At the same time, the number of contracts 

tradedd per day drops. 
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Figuree 4.6: Average absolute sample mean of the Bund Future. Figure shows a 

broadd U-shape and is closely linked to the cycle of market activity. Volatility is 

graduallyy increasing until 10.00 CET (interval 24) after which volatility drops with 

aa low around the lunch hours. Market volatility is relative quiet but starts picking 

upp around 14.30 CET (interval 74) in which market makers are preparing themselves 

forr the opening of the US markets. 
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Figuree 4.7: Plots of the unoberserveable state variables for the 2011 bonds calculated 

usingg the Kalman filter. Here. FGBL refers to the efficient futures price. 
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Figuree 4.8: Plot of the residuals from the Kalman filter process based on a Choleski 

decompositionn of Ff. The figures show that the residuals are stationary. 
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