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INTRODUCTHON

Sinee the introdaction of stock indes Totres i the Use markets
i 19820 researchers aed practitioners have been interested m tire
relationship between indey futares prices and the nnderhing stock
mdices. hin particular, tvo gquestions have heen rised st cen the price
relationship be deseribed by the costob-carey models Second, do prices
in one market Tead those of the other market? Thes study comiributes to
the Tirst Jine of rescarch using a nesw doata set for the German stock indes,
AN, and related DA futures Fhe second question is not pursacd in
this wtuds Ao analvsis of that topic can be fonnd tor examplesin Stoll
and Whides 019907 and Chan o992 for Usmarhets and Grinbichier
Fonustail, amdd Sohwearts (1994 andd i\&‘ni;‘ff and Rachler c1995 for

Crorman marhets,
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Phe existence of mepriced futires contraces hias been documented
at length for Americn, Eoglish, and Japanese mrkets, Many previons
studies report signdicant dilferences between observed stock indes
Fatvires prices and theoretionl Turnres prices deenved Trom the costof
carny medel Most of these studios alve detesmine ex post inbitrage
opportunitios by computing the difference between the absolute valie of
the mispricing and the romnd trip transaction costs, Thos, these studies
test whether arbitragens trading instantaocoush can camn arbitrage
profits. b addinon. ex ante arhitrage studies topically tahe into acvount
the Lact that wrbitrrgenrs undergo an caecntion e This Teads o orders
which are evecated at prices ffering, in wenerall from the prices
which ariginadhy indicated abitrage opportanitios. From this vicew poind
arbitrage tradieg s sk and the arbitrage prolits are ancertain,

F previons stodics of exante arbitraze steatevies. such as Yada
and Pape (19900 Chune 019910 and Remhoshy and Tee 1990
ossted that sobitvazeurs place then orders s soon as an ex pos
arhitrage opportunits is ohsenved, e as soon o the mispricing is Lrger
than round trip transaction costs. This assunmption implies that the rish
associated with the order esecution Lag affects the rewalt oF o trade.
but not the trading decision of an arbitcasenr, However, these stidies
find that there is considerable vish resulting Gom thas execution g,
Consequentles exante arbitrage profics are subsantiadle smaller dhan
those indicated by ex post arbitrage apportunites.

B this stndv o ane arbitrage opportonites are reexamined. 1 he
article ditTers from the velated witicles ol Yadoy and Pope 019900 Chung
choa b and KMemboske wnd Tee o199 i three nuain respects. Fist,
a dhfterent arbitrnee strategy s tvestivated. Based on mtenviews with
arbitrace traderss s not assuosed that awrbivageurs open arbitraee
positions whenever an ex post arhitraze opportun is observed. Tnstend.
s assumed thar arbitrageurs tequire a sk premium 1o cover the
erecution vish they bears Second, arbitrace profits are not measired
relutve o different somewhar arbitrar . Fevels of fansaction coste.
Fheve, the arbitrage profits of o Tow cost arbatrasenr are determined.
Pinalhy and most importintlv, the German stock indes, AN, and s

dssere fed Titores are studied.
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Althongh the Gernmn stock and Futares nurhets are among the
Brroest i the world and the XA andes differs in sevenal fmportao
respects from other well known stock indices . the oxastence of arbiraoe
;»s‘s)!téis i these morhets s recened relare sy ke antention, Hohsann
clag b Poast] and Robinger 019920 and Prigee and Sohlag c1992:
analyze the mispricing o DAN Tatures and the velaed ox poarbitrage
apportunities. Bambere and Roder (19930 focos on the impact of tases
an arbitrnge opportunitios, Griinbichlor and Callabun 11994 anady e
ey ante arbitraoe profiee, restricting themnebhes 1o the rare case of
envemdued Totores,

Phere are three specifio featores swhich Tead to arelatively T foved
ol rish associated with ov onte arbatrace strtegies in Germae norkaets
(s w:n!;).u(,‘(l with other mvhers. Viests andile other woll known stock
mdicos, e S&P 000 T ESTA1000 aod Nikker 2250 the AN dndes
meastres the total perfornmance of the anderhving stock porttolios As
NIRRT TN TR ol this poerfornunee Penterve, there s oo dividend ik
for wrbitracenrs, Second, the DAN fndey s nwiron . consisting of onhy
30 blue chips ol the German stock mawhet which represent about aor
of the murker (;lpﬂ;l“/.!lii?n and 8539 of the teade voluime. Theretore,
;a;'imsi}\;ga‘lsra are able o tade g ;H‘!‘?(‘L{ m‘il\‘hésag Basket ot reasonable
costs and ina reasonable span of times Consequenth the tacking coros
rish can be avaided and the esecntion rsko s relainely Tow s Binadiv,
there s o eaection vish i the Totures morket as the Corman atores
aned Options Dachanze (DTE i an clectromie sereen trading market,
Based on these specitic featires of the German marketss one wonld
ovpect that arbitrace opportunities can be esploted vory gurickdy d
that ev ante arbitraee strategios are oearhy sk freos Mo roesado the
p;i('i' s‘t'i;l!iu|'i.\hip bhevween ook and Totores sairkes hoakd ot atow
for Lovoe und Tone Listime arbitrage opporinnities,

This h\imliu‘\aa v studicd usine o new dae set which inehdes
A time staanped bid and ask quotes i the batares ket aned the
valoe ol the AN indey onaominote byominete basis Yoowirh nearls ol
studios cited ahove, o consemative cashandbcarny arbitrace stratees s
modeled, A arbitrace positions ave held untib the matring ol the butores
contracts. Neither rolling over nor early nmindine of arbiraee positions
s considercd.” An .n'hi!!'.l;ﬂ‘m' Ls Iy those more snpilialé( ated sirategios

e open arbitinoe positions even when a cashoood carn arbitragcn
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INSTY

would noto This behavior may he rational, because the arbitrageur
receives the petentially valuable options (o unwind or 1o rolloser his
pusitions at fower costs in the future.’

Phe remainder of this article is oreanized os Tollows, The seonnd
section deseribes the trading mechanssm Tor DAN Tutures ad stochs.
The thivd scetion reviens the svaluation theory of stock index Tutures
and transtorms it o DAN Tutures, The data set used in the stody s
deseribed o the fourth section. The fifth section tests whedher the
price relationship between DYAN Gnd DAN futures can be deseribed In
the cost-of-carry model The results of the ex ante arbitrage stady are
detaded i the seah section, Brictly, the main resalts, summnnuized in the
seventh section. are as follows. Tutures contracts at the German T atures
and Options Exchange are signilicanth undernvalocd. The absolute value
ol the vidervaloation increases o all contracts with time 1o owaturity.
There is o fnge number of arbitrage sienals — mose indicating <hore-
arbitvage apportunitics. The arbitrage strategios anabzed are profitable
o more than 935 of all cases. even i execntion lags up o S minutes are
asstned. Arbitrage profits are Towest when trading in futores nearest to
delivery 1 arbitragenrs are assumed to determine the mispricing, this
result sugwests that they concentrate their trading on Tatures nearest

to delivery.

TUTTONAL SETTINGS

B terms of market capitalization, the German stoch market is the Tilth
Largest e the worlds A the end of 19920 is market capitalization was
362 bitlion deuische marks (DN s.e0 about 3510 billion LS dalls!
footcerms of trading volume relative 1o the marker capitalization, the
Crermun stock market s the most active market in Farope and one of 1he
most aebine nuchets i the world, T 1992 the tirmover ratio was 1197
in the Geroin stock market, compared 1o 427 Gt the New York Stock
Eachange and 347 in the Ui marhet. AWithin the German stock market,
about 83% of trading conssts of stocks indladed in the AN mdew
The DAN index comprises 30 German stochs selected dveording
to-marhet capitddization. tumover. and availabilinn of ¢y opening

prices. The DAN ndey i o captal-weighted pordormance indev which

Sec B o ol Sty s PR TG ( vopet aand Nelo s benr e Bubiler ad Remp s poeegs
o pricg needebs ol ihe carh anind aption i haded s bt aee positions,
o rhe vaboalaton of e Uoss dalle amenne, an R TR P O NIRRT TR R R ¥ | por LS ddalle s
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is adjusted for price chanees caused by sabseription vights, stock splits,
and dividends. Most ol the well known stock indices are corrected Tor
subseription rights and stock splits while the adjustiment provedure Loy
dividend paviments s o specific feature of the DAN. Phe sndiustment
o dividends is obtamed by reinvesting the total amonnt ol deidond
pivments into the dividend paving stock. This means thats il o dvadend
is paidd, the ol number of vocks in the portlolio anderlving the DAN
iades inereases, while its totad value remains unchaneed.

The DAN indes is cedenluted s oan accuracy of 0,01 index points
Based on trmsaction prces of the anderlving stocks. The Frankbue
Stock Pachanee from which the indes dita are obtamed is the Targest
ol the S regional Gennan stock exchanges, accounting tor abour taao
thirds of ol rrading volome 1o is open Trom B30 AN 1o 230 1AL
[he DAN 1 calculited as soon as at feast Tooof the underbving stocks
have been traded, Vs a0 resubi ar the beainning of the tradomg aay,
the indey many include up 1o 14 prices resulting from dransactions
From the previows dav However, Criinbechler. Lonestatl, and Schwaey
(1994 report that, on average. trading in stochs included i the AN
starts within four minutes, This soggests that the problem of inclading
avernight prices oecurs onhy ot the very beainning of o orading da
During trading hotrs the tndey i caleolated every mainute bused on
the latest transaction price of vach stoch ;'{';m;‘!m% by ofticial brokers
vin real-tme price information svsiem. Official brokers are oblized 1o
fransmit ransaction prices immediatelys so that there s cosentinlly o
e dilTerence benween aonew price and s inclusion in the mdes.

Phere are three groups of traders at the Frmbduet Stock Paehange.
Pirst, there are emplovees of baoks trading on the hank’s hehaldt or for
a custrner. Scecond. there are Hoor brokers who trade Tor their ouwn
Benclit and they e permitted to bhun and selb any stocks it generalhy
thev specilize i cortain market seaments, For example. there are floor
Brokers who pron e quotes {or quimg stovh baslets l‘l‘”(’t‘iiﬂ}; the TYAN
indes. Phivd, there are official brokers swho provide o continuons suction
i the most ligud stocks aswellas aonoen quetion in Al atocks, O el
hrohkers also ran limit order books, Unlike Hoor traders, official broler
are Teoally restocted o trading for their oson bonedic, They are appointed
by the covernmment wd paid by fived brolernse Tee of 00007 ol the
tracde solume. Oicial hrohers do not set up bad and ash quotes: bae thes
nviteh the orders submitied i)} hanhs i floor hrokers.

Tnedes arhitrge trading in the spot market s soadh careicd ot
by banks i the following wave As woon as an arbitrage opportonin s

;NJ!‘«.‘(‘i\m%. seneral vmpimmw ol the bank locaied at the a‘\{'§1aii'!}li‘ rish
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o oltivil brohers assivned 1o the stocks 1o be taded . or 1o 0 sinale
Hoor broker swho specalizes o tradine boskers, I general. the stock
maarhet transactions are corvied out within about one or o nnoles,
.\?“Hii\if_{('ulx e ;f?)[a‘ X8 M‘H \inn‘l\\ \i!m'! 5)_\ I)ni‘rn\\iugl l§i€'§11 Irom an i
hoose secnrites lending desh or Trom an imsutution called Beutseher
bassenvercin They e chareed o dime dependent lendine fee, b
the pu!u‘mix of short sales Gen be dnvested, Securitios transactions
of hankes e delivered Ty evediting o debitiog their acecounts hept
the Dentselior Rassemvercing A transaction oo of .7 P\ per trde i
chavacd by this mstitation, independent of the size of the rade.

Fhe second piat of the indes arbitrage trding consists o huving
o selline PYAN Torures, DAN futures e seveen-traded ot the German
Fotares and Options Pxchanee (D TH L The DT rons o Tully aatomared
trading syvstem combining quotation, tradine, clearing, and settlement.
Fhe sastem s Hpen Fromm 70 AN 1o SO0 PN where each !:\ufing_ Jdin
vonsists b apretrading ;wrimi. an opeiing pervied, o continuons trading
pertod. and o postirading period. Daving the preeand postirading periods
orders e phiced inte the narket, ot no teading sl place. 1he
epening periad consists ol o preapening period dorving which indicative
prices are provided and then o sinele openme aucton where the price
nosct to maximize tenoser. The trading period ranaes from 90300 4y
e 400 P se that there s Tatares trading belore the Toor opens
alter the Hoor closess to terms o tradinge volume, the D TB was the Difth
Fvgest mdey futures exchange in the world a0 1992 wich about 13,000
indes Tutires contrncts traded per davs More than SO ol these trades
conveatrate on the futures contract with the shortest e 1o smtarin.
Pach DAN farores contract hus g volieme of TO0 0 per mdes poing,
Coven an indes valoe of 1600, s Teads 1o o contract size ol S 100000,
Phe mimmal price change m DAN Tutures i 005 indes points o tick
sizee ol 30 DIV

Fhe dndes Totorves marhet is o deader morker ssitho voluntaey marhes
meders provding figuidine Tor the market. Monuside maochet makers,
recular market participants trade Tor themr awn henebit ar on acustonmers’
bebial BT ach crader submits arders vicca trading renminal to the exehanue
where the arders are matched aotomaticndh hased on prace and time
priovity, Prices and quantitios of hid and ash quotes, the Tast transaction
price. and the value of the DAN indes are all (lixé)l‘a\ui on the srader’s
termimad, Phoss an arbiiracenr can immedines calealate the mispricing
of o futies contract and construct o desived Tutires position ot known
bid o ask prices. Wwbitracear places ws order by pressing o batton

onshis computer. There i essentially oo order execution lag in the
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process. One v tradime costs e the indey Tutires markets are A4 BN

por contract which :,'(En.!i\ abont G025 ol the contract yaloae,

VALUATION OF DAX PLIURES

Fhe standird approach 1o pricing stock indes Tatures, the cost-of
carry modell rests on the Tollow g assamptions, Firsto ol nurkors
where ;i?'iﬂii\i;’,t‘if!\ trade are bree of restrictiions, Lo there are 0o
tronsaction costs, assels can be perdecthy divided. mterest rates o
lending and borrowme are cqual orders are executed mstantaneonsty,
and there are no oy effects, Second, (ii!)i{f&?fj\(‘léi‘x P!'('!'E’ﬁ' more 1o fess
andd are nar resivicted iy the size of ther arbitraee posttions. Thind.
interest ries e nonstochastic <o that futures can be teated o
forsard contracts. Dinatlv, ol dividend payments from the anderhing
stock portfolio aocorrmg untl matarine of the Titares contract e
Lowsn Given all ol these assamptions. it esowell known that teading

ol cobitraceurs will resule i the following noarbitreee reliationship

!
P b= figer bt lf”"“'m o
R I f ch

wheve BT yis the price of the imdes fotare ot tivee 1wtk maturing o
Giene 4 T denotes the vatue of the stoch mvdes ot time 1 e, £ e
interest rate per vear tor bovrosing or Tending nwney Tor the peviod ol

e [P and T s the thme to ntureiny of the faties contragt

t Lo ovepresent points of time when doadends D e pand

i
P

{ m;m_'c;iwz'x(?_\. f)if;,h”” Chdenotes the divedend pav st af i

t, compounded 1o the smatarre dite ool the Tatares The nember of
dividend paviients occureing during the Tetime of the Tutures conraa
iv characterized by [

Vimonyg other thines, it s easential in derivmg g o that el
tavenes koow at tme ©oall Potore dividend pavoents resaling, from
then stoch positions antid time T owhens the futures contract nutures.
Lhis asswption of known dividend pavments cine be vefined when
valuing AN Tuties. s pointed out aboves the AN s o perfornenee
mdes which wesares the wtad performemee ol the underbving stock

portiolio. 1o adiusted for st Ivoprice chanees coeused b sabsevption
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richis stock \;)Eih\‘ and dividend §)=i\'llil‘li§'~&.: Fhis adinsament is achieved
by reinyesting. for examples dividend pavments into the dividend-paving
stack and rebalancime the index porttolio onee svear.” Soothe increasing
number o totad shoees in the portiolio counterbalunces enctly the
decrease inthe stock price. so that the total value of the indes portfolio
and the indey itself are anchanped by dividends.

Voo consequence of this index correcton, DAY Tatires solate 1o an
suemented stoch portfolio and an arbitragenr has to follow the sndes
reinsestinent strategy taooaveid anbabinced arbivrage posinons, 10 the
arbitvacewr reinvests the dividend paviments into the dividend paving
stacks wmnd rebalinees hus portolio once o vear his stock partfolio
increases mothe same wav as the indes does and it can be shown that
it ovacth cancels out the oblization caonsed by the Tutares contract at
matuerity. Therelore. the no-rbiteee refationship bhetween AN indes
and AN Futures does not depend on dividend pavinents and can be

WMPHIC s

Note that the arbiteage profits only depend on variables hnowan at tine
todn particubars they e independent of the levet of dividend payments
and the pointol time when divdendsare paid. Therotore, the arbitraoear
remnvesting i the wan deseribed above s no dividend rish,

Foois easential Tor this resude that the reimvestment of dividesds
mcreases the arbitrazears portfolio by the same number of shares as
with the DAN portiolic, This condition will abwins he met when there
are na ey elfeces viclding 1o different dividend pavinents ard when
the mvestor can reimvest the dividesd pavment instntaneonsl. Both
vogiiremnents are covered by the stndard wssumptions of the costof
carry miodel, as described above,

However, e real markesss dividends nane hove an impact on the
Fair DAN fotures price i ibitragenrs have 1o pan taves, and they take
tas pavinents into consideration when naking their trading decisions, In
this study tiy elfects are not considered tor two reasans, Pirst it can be

salely ssumed that arbitrage positions are mamly Gihen by institutional

thie 5"EE==“11ELi. e e .ugéze\!s;u'm Per i dedernd [ERASSEIELIR AN dhovcrrd Becanse diveden,

nbs oo ek inore offen than sabeaoriptien dehes and ik sphive Phe Gdislmenss
wosesl i the case ob shvideside

Choavond an impact of dividesds cntashe welohine of the odes theose s redadane g ol the mides

[ U N S 1) Eiii iy 13\(' Sopd I TR Y

cncn e s septeatbers P conectan wasmmes boplicinh that o aiecks prrchased durne the
Lovt soar e sold wd the proveads e reimested o the stoch provtiodio e ording to the ol

Wil s erine
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i estors who are tned according o Gesman s liwss Depending on
their pavout P(}i}t;\, Pﬂ'nfii\ of these investors are tved ot ot vale
between 36 and Sot . Wihe profies and losses From arbstrage operitions
have o full smpact on dividends, then the refovant tas rafe i 000 N
woresult, i this case there will he no v ellocts, smee this iy rate b
iaplicith applied o dividends when the DAN computed. Second. il
there exist soveral wroups of arbitrageurs, v Beowith diftferiog tas mites,
i il resndt i o ton olientele effver, because the cost ol carmy vadoe of
atatnees contract ditfers Tor cach aronp™ Thus, the relationship hetween
the spot and futures price has to be determined i an equailibrivm setting,
Phis s bevond the scope of this study,

In the Mispricing Series section, price differences betwern the
obieerved Tutores prices, 1t b and the arbitrage Tree Butores price
For 0 are anabed The prosent wdue of thar difference in velution
ter the indes value s denoted as relative naspricimg,

T Hi;'“q“ %f{.fﬂ

IPAMISe, T IRRIS

L SO R IV
fiey

{00 S

Noposiliv e spricing iy Colled an overvaluation and o newative s
pricine an undenaluation of the Totures contract Withoot transaction
coste, an ovensaluation feads 1o lun; m“nis;%}_{t' ;mwiiim;.\ vtk don,
Mitures shoren and an undervaluation resates wn short arbitrase vadiog
Stochs <hort Tutures Jongs Under read condinoans. arbitrazenrs fanve o
Cahe trandetion costs iite consideration soothat ot cvery mispricing
will vield arbitease profics I thes article the term nispricing b
relers 1o dilferences hetweon the futures price olernved oo the tan
prive devetoped nader the assumptions stated above The torm avbitree

iv nsed only when market imperfections are considered s will,

Fhe dnderest rates and DAY Totares da e sepplicd b the Dreutsehe
Fiminsdatenbhank, harksrabie and Mannhoion and the DN ey ot

bo the Erankiun Stock Exelumnge.

Pl 133N pindes g sabpriend Bon o o the e divaloands Tho o i oo v dd 1
barrdeis ol o preess dividend «'\gss.;lx Loowdiel e oewacthy et et be ddietimde
[ IEERCAL I RTINS
N gt ol duudesd tandon o e Loy Tureees il e v e
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Phe dime period studied includes the first tading dine o stock
indes Tatires INov 230 19900 thraugh the expiration day of the DEC a2
stoch indes Tateres contraet (Dec 170 19920 A the DB foure AN
Futures with maturitios on the thivd fridin of March, June, Seprember.
and December are Bsieds while only the thice contracts with the
shortest time to matarity are traded. thos, T contiaets are traded
donmg the vesearch perod, hut three of them are oot inchided
the stadv, The Decomber, 1990 DO contract i~ not included in
the sample bocanse of s very short tine (o maturte when triding

started. The contracts swith matarities i March, 1993 IV 3 Gl

Fone 10U JUNOG D e amitted, hecase the data set does not cover

the evpration dates,

Fhe Tutores data <ot consists of about 6 million duta records in-
cluding vransaction prices, quotes trading votame. and time recorded in
secondss Asthe datiorecords are real time stamped. the time differens s
}H‘g‘\l‘('” vy "\H!)‘\l’({l]l‘“ﬁ !'l'\€)|‘(i\ Midby .

Phe AN mdev i colenlated every minute. The duta set containe
G330 values of the AN indes. Uabike Chuine 199 the data ot
docs notinetade the prices of the underbing stochs, Phe DAN indes s
calenlated from abonr HE 30 AN 16 130 13 e period of tine Trom
HESO O o 1005 0 s oscluded Trom the dota set soas 1o esclude
indes valoes thuat e based p;u'il\ on stock prices from the e ROt
trading dov.

Phe data ot of interest rates consists ol darl bid and ask interhank
interest rates for overnight. one month. threc-month, sis month, and 12
month soney, Forthe pricing of o Tutires contract, the oo interest sites
which hest mareh the maraeit of the Fatines contret are mterpolated
nearlv, I calealating the mispricing seriess the medionm hid and sk
guotation v useds while the relevant bid or ask quote s considered
whien \H!‘%E\/!Hf_’ fﬁ"}iimg(' s:ppnrllsnilivs.

For calenlating Gosmspricing series. it s necessary to use simd
Lot gn‘éu‘\ from the SOt ared Tatares marhet, Fiv this ‘sllni\, nearh
tressiniitancous pares of prices are obtamed as follow s, Ta every vadne
ol the DAN dess the immediatels preceding bid and ash goaotes of
the Tutsres contract considered are assivined. \nimvestor can teade on
these quotes as long as they are not chinged, Prom these time series o
price pairs. those are deleted Tor which the time dillerence betveen the
mdes value and the fatires quotes is lonoer than one minate. W ithou
reducing the number of observations in the way deseribed. there woald
he pairs of prices i the sample swhere the same utures quules are

assizned to several indes vadoess T thar casel one mispriced Tuture
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worthd possibly sndicae several msprcmgs and arbitrage vpportingies
A resalt of the matehing procedure Tor a given futures contact, both
the values of the indes and the futures prices i tvo pairs of prives
will e ditTerent, The sveraue the difference Botween g indes valoe
and o futures price matehed into one pan smges from 1 seconds o
20 weconds Tor different fatares contracts. The nomber of poce pair

obtained Lo coch Tutures comtract i thes was s ~hown in bable 1

MVISPRICING SEREES

Fhe rebetive mispricing of fotares contracts s calealated aocerding
to e using the mean o the carrent bid sk guotes o fatorees
contracts b interest rates of matching maturitios. Potures prices and
DAN waluos are paired as deseribed in the Data section Hhe coscol
carry medel deseribes the data welll the verase mispricing shoald not
cionificanth diller Trom zero,

Fable b provides somman statsnies Tor cach contract separateh
The resuits are shovwn Tor total time to matring and for the periad
af e during which cach Tutures contriet i neavest 1o defnveny. G
average. 350 of all puirs of prices ocoun durme the Titee sabperiod,

Fhe avernge stze ol mispricing s sienili anth” ditferent tram sero
[or cach contract and each pesiod . thus providing strong evidenee auainst
the hvpothiesin thar the price relationship between BAN indey and BN

(otires can be deseribed by the contol-camy model For tonad time 1o

ittty b Fatores show o \i}_{néi'ir;mi RIS IIIE naden alisiion hetween

D400 and LIS Daring the wisi}lu's‘ém? whoen the latares are pearest
to delnen, the mispricing s closer 1o oo bat soll negotine dind
cioniticant. b this perod the averave nispricinyg rances fronn 00,047
o 049 T all contracts, the ahaolute size of mispricing sosmatler in
the Latter suhperiod than Tor total thine 1o mstacng,

Comparing Che average paspricing of diflerent Tutores contracts
shows that the size ol mispricing o senerd, closer e zero i Tt
contiacts thon o earlior contracts, This s rroe For total thime ro o matorin
as el as Tor Tutures nearest ta deliveny, Oser time the obsenved price
H’EJHHH\%”!) .||);)s'(am'§n‘x the Lae price 1‘{‘%,Hinsi‘~.§ii§) determined by othe

cost ol carny model

Sipwee ther e nimerle tehie antecorrelation in the i s v e NIRRT sre caied
st v U standand corors obtared boothe neethod Novey ad Mo et
Bt e bt it e atnd et rebition e the dhane Phe wee of nterarsebanes oo shaen b

vl B b Babbe
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In terims of numbers, Fable T oshows thut fotares are mosth on
dervalued. AU musimom, i the DEFCYT contruer only abont one ot
ol 58 mispriced futures s ovenalued. That relationshep decreases 1o
about one ont of 18 for the futares contract nearest 1o delnerny By the
ek of 1992 the andervatuation catio approaches hut stins consistently
chove ane, Furthermaore, oversaluation occurs inahmost all cases anhy
i Datures nearest o dedioers.

Phoeve is o cicat amount of positive antocorrelition i the tine
series ol muspricing. This pon result Do o tinme-dependent teend i
mispricing. One possible explanation for this trend coutd be tamne
dependent holding costs which are not considered v eqe €30 An cvample
is the cost associated with Tending stocks swhich have 1o he considered
i Gernumy, when o short srbitge position s opened. This eads oo
asvimetric holding costssothat the andenaduation may marcase with
time toomatuety withoot aowing for arbiteage profits,

Wnother explimation Tor a time dependent trend i msispricing is
civen by Cornell and French t195300 1983bn They sogeest tha there
vt Himing option mspot markets which i oot avaifable i Torores
marhets. They conclude that tutaves shosbd be underalued as compared
with the prices obtained trom the contolacarny model e there whodd
be o negative mispricing, and that the absolute <ize ol andernaluation
shoudd snercase swith time 1o maturing, To test this ii_\gs(aﬁgn siv. simple
lear rearessions of the Tollowing tope are van for cach Tutures contract

separateh: !
FAHIS Y T a b Py {4

where BVIS Y Dy equals the averaee sizoed relative mispricing ol ane
oy d il m{am‘\ fime too mataeits i dins, Fhe eaistence of o

L timing option suvgests that the parameter o shoubd be zero and the

Porimeler b oshoudd be m'j\_{;ilé\t‘.

The resudes of those regressions, reported i Fable B soeonuh
repect the bvpothesis that the mspricma does naot depend on Gme to
stavitn, 1oean be concladed From Fable Hothod fotores are the maore
andervalued, the lonuer their tme o matary s This result holds Tor
;iH S‘H!Un_'\ nder m\ﬁ’.&ii};iffiun iEH‘ Fostibts (‘(a!u‘w'ning ihe g?;n‘;um'ig's'

osuppert the esistence of o vdaable G thming option in the spot

prseing sernos are pesbormed gl Uiiog Phiches alfor e

st tor s roesl e the

e denende o end the Bnnaifesie b gt seeon Byoreerted of the b shasibianee feve

b aneo e bevel For b ooy Drentoning by Sepieseben 1Y

Tocemriggets amd o the B

pootdt s vonsidered posapprert tresd statioenin
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instriment which is not avalable i fotores contmacts, Fhree of the
S regressinns fead 1o siznilicanthy positive constant oo which commot be
esplained Dyt timing option, This sugeests that there may he other
uridentificd vaviables inloencmg the mispricing, The explinutory powvae
of the reoression s Bl hich i all contraces o Foore Toa topiead form
ol this relatonship is deavn nsing datic of the Tetores contoact maturing
my fune, [

Phe resalis presented here ave similae 1o the Bindines o othe
marhets, An andervaluation of stooh Bndes Totores w0 for esomple.
reported by Diclowshi crosda Tosahe and Mockinhn sod Banuswann
ciussi for oS mvarkets, by Brenoer, Sabsahouimvam, and Une 1989
Favos and Do o 19928 For Japanese madhets, by Yadas and Pope cgas
For Unie manhets, by Stelzs MWasserfallens and Stacki 01990 Tor Saiss
ket ad by Patonen o199 3 for Timish nurkets, Seseral of these
articles reprort that the absotote valoe of the undervalonation of fortuees
decreases when markets matore and even torn o an oversaluntion. oy
Gernnn marhets st is Tound that the mispricing s closer o serom Tater
contracts o o cavlier contracts, b that the overnue mispricing st
below oo i contrast to the studies cited aban cand the ressbis eeported

above, Cornell cass, PUpOrts for ULS markets aned Badlev 18989 o

Fapanese sarkets that there are oncaverage no signilicant devations ol

fatures prives from their fabr values, Bharn and Calied o000 find, on
average, o small preminm in fatores prices foe UoSsomarkets,

Mised resalis Bave been found concerning the relationship beraoen
tione oo matoniy and sioed mispricmg of Tutmres On the one hand,
Yadin and Pope 119900 veport thae there s o negative relatonship

hetween siened mspricemg and tie soomaturty Tor most ol the contoets

RMIS(ET)

-3

11760 Time 06741

FIGURE ¢

Bobetve vaisprioing of the Trne, P99 futires congrast



848

Buhier and Kempt

ab the E;t*u_émaéng ol the rescarch iwsimi_ while the eiffect Liter bocomes
ixignilicant or shows the opposite siens On the other hoand, Brenner,
Subrabmonvan, and oo 019590 find no cenibicant relatonship be
teen the signed mispricig and time o matorine This stady finds
thit o German marhets o persistent tremd of o increasing size o
vrdervaluation with te to matoris s found. Neither the sive of the
rearcssion pacimeter. boonor the eaplanaton power of the recressions

(.‘hzmg{‘ consistenth over Lime

ARBITRAGE

In the \|is;n'ii'in§_{ Series section, it s Shown that the cost-olcarm
model s unable o deseribe the obsernved relationship between Totares
andd spot market prices However, thie sull feanves open the guestion of
whether the mispricing is Lirge enouch for arbitragenrs to carn profis
when trensaction costs are consdered, This question s addressed in
the renemder of the article.

\ E_\pis.';al Pawoesbop appronn s ased i order to sinihate an ‘i!‘i)ill‘iif_{k'
strateey. st specibic arbitrace sionals are determimed. Secand. taking
into ecount the evecution 3;&}_11 the faln?}%x from an es ante .u'i?!i;\i;‘,t'

strategy based on these arbitrace sienals e studied

Arbitrage Signals

rinsaction costs are an isnim!‘hm! et uft.‘ii'{'lizinmg the nfi-‘ii‘hiisxfgf.’
windonve within wineh arbitrageurs wre not willing to trade. In veneral,
transaction costs and, conscquenthy, the noarbitrace windows are not
of the samre size for different imvestars, T this arcle. .H‘f)il!‘i;;v Gpporte
pities ol the vestor with the smallest no-arbitrage window, called the
fosv-vost arbmtrepenr, are stadicd, Institational investors, e commeronil
and imvestment banks, con be adentifiod gs Towcost arbitraceors, The
transaction costs of the lovw-cost arbitraveurs need o be specificd. 1o
cssential in arbiatrace studies that the level af these vosts be aecuratehy
determined because the vesohis Trom arbitraee studics are very sensitine
to this \pc'e'éi'ir;a!inn.

Phere e o eenerall Dne elements o ransaction costs, namely:
hrokeraue feess settlement fees, stock Tending fees, the hid ash spread.
ard vkt émlhui costs. Fhe custs associated with the Tormer two are
specilicd o the Insutatonal Settmnes secoon, Broherage Tees incareed
in buving or selling stocks constitunte Q.06 of the amount teaded and

DAL por fituees contract, Settfement Tees which have to he paid o
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the Dentacher hassemvercin amount o 0.7 DM per trade i the soot
market - e 21 DM when trading the mdes portdolio.

Phoere are costs of borrowing stocks whon the arbitage stoatew
requiives short selling ol stoche, Since the Tovcecost arbitrnsewr is assmmed
tor hedonge toa bank, he may bortow stocks from anoin-house seouritios
lending desk or frame the Deutscher Rassenverem lending svaem. In
veneral, the horrowing rates are agnificindy simadier when the in-hoose
suston is nsed Therelore, it s assumed that oo arbitrnecnr horrows
the stock ;mrﬁ!\aiin needed Trom an in-house secnrition Tending desk.
Unfortanately, Jata of in-honse horrowing rates are not readih available
Data from onhy siv poings of time i 1991 and 1992 are sopphicd by o
Taroe Coerman connmnercial bank. Borrowing rates at pormits ol tine where
no dita are avaslable are comprited by hnear iterpolation ol the e
losest borrowing rates. The Tevels of boreowing rates decrease over the
period of time nnder mvestigation, ranging from 257 per vear the
beginning of 1991 10 0739 per vear at the end ol 1uv.

An ewplicn sproad s gquoted o the Fatpees machet b ot in
the stoch market. When ﬂp{'sli%]}_z a Noitres gmséiicm TR gémgi or short
arbitrage steateon . he bid or sk price ol the Tatares contract s
considercd. Since the Tutures contract s setthed ab the spot price
mataritn dav Loono spread o the Totores market has o he taken into
account shen closing anarbitrage position. Yo bid sk spreads e
s;ilnim} i (he stoch marhet By official brolers, However, there may be
an clfectne bid sk spread in that markes as saegested by ol o Fsds,
Fialler and Stoll 01097 ostmate this effectne speead in Gorman stock
prives tsing the model of Bolb crosds They report that the sprond is no
sienificanthy different from zero when trading large stockss Pheretore, o
sproad in trding stochs s considered nrthis stady,

An arbitragenr iy able o tade i known number o fotures ot the Bad
or ask o quate i generad, Gve or ten contracts It s asstied that the
in!:éil;ag:'iu' v trading one futares contract when observing anoarbitraoe
siwnal. Theretore, no market impact costs i the futores nurket have to
Lo comsidered Smee the stocks tneloded i the DAY are very Dguad. s s
assamed also that the opening and closing of an arbitraee positon s
no prive ipact on the individosl stocks i the TN

Using the date deseribed above, vound-trip transaction costs fo
trading one arlatraee position are appeosinited in the following was b
aestrned that round-trip brokerage fees constitute 0,125 of the current
trading valume in the spot market Go DAL Thes have 1o bo paid when
the wbitrase position is huilt, Prading costs resalting from the portdolio

adjustment doe to dividend paviments are not onsidered. Porthemere,
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Hois ssumed thar wobitrageurs Tune 1o borrow stocks whon thes want 1o
sell themy This assumption wmsures that the o arbivraec window deoes
not depend on the number of stocks housht by the arbicrwenes i dhe
past. Therelore, the noarbitage window i independent of the Tormer
arbitraze bebavor, Potting cvervthing together, one anit shar arhitragee

exobl stocks, by ome Tutores resubis in transaction vosts

he -t tl i - 1o 5

andd one unit fong bitrze siclds tnasaction conts Cio Y ol e

following sise
TR RO I O e T 7y

where Fioris che indes vadue, One Tatures contract represents o trading
volume of TOO DAL e S6205 per indes pone By - | plhe o
FOO are the borrowing costs when selling o comparable stock portialio
short for the periad of toe ! to 02 o e the round  teip

broheraee fees for trading this stock pmﬂ'uhu and 120 5 q1 -t

i
Ei

e represents the present vidue of the vound-trip stock settfenent
Feen and trmnsaction Tees of trading one futures contract. A rosagh
catcubaon finds that the total transaction costs of o lone arbitrase
position are about 0002570 of the vadue of the stock portdolion The
frapsaction costs of a short arhirace postion are Lircer and depend
vreath s due 1o the stock Tending feel ancthe time to maturin of the
fities contract Fora futores contraet with 90 dins andil matiring, this
lending fee s benveon 001875 of the value of the stock povtlolio ar the
crd of 992 and 06257 at the beginning of 19971 The bid ask spread
is considered i)\ tning the bad or the ash price in the .‘!5‘5)5{;‘;;;{:' \agg_n‘a?s
Peoe cgn 070 ded 18]

Froosaction costs deline the minimuum size ol the no arbitrage
swindow, However, hased on interviews with muehet prrticipants, i s
assumed an this stodv thar arbitrgenrs are willing to teade only L i
addition torransaction costaa required visk promiem. BP s covered by
the mispricing. This vish preniom is tahen as foor imdes points which
e dovwest evel specilicd by an arbitraconr Given an indes valoe
ol Teon mdex points, which was abont the averaee Tevel of the AN
indesin F99 and 19920 dour index points equal 0237 of the indes
valoe Thoss the vish premium s even Liveer than the tramnsaction cosds

dnsocined wirh g lnn;i \:f'biiixi};t‘ shraiesy.
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When anabvzane the profitabiding of arbitrage <tiategios the relevant

bid o sk firote for the fotures prive and brterest rates e osed (o

catenlate the muspricing, The relative mispricing s determmng o long

chosrtn arbitrage sianal, BAHSY (RATISY s computed asime the sk

hidy interest rare and the bid casky Tetures quotes A long arbitraoe
\i}_l_l?;l! v ohserved Gl

c Cuo Y ke oo
[ER T AN ST I M 1
firy - oo

and oo short arbiteage si}gn.}i 1)

SR VI B D AR
vbiso, b ‘ Y
Lo - oo
Note that the noarbitrage window is not ssnimetrie around oo,
But Lareer at necative maspricing due 1o stock horrowing costss bhe sive
ol o lony arbitrase signal s delined as
Cior Db Rje oo

TRV (o
feey - 100

ancd the sive of o short arbitraae sienal as

Cor by - RE - 1on
EAYIANTEN BN Pl
Fegr - 106
Pable TH Shows the averase aomber and size ol arbitraee sivnalds
For total time e macarity and Tor the perod of time when the contract
v nearest 1o deliverss There are o brse pomber ol arbivcase sienals
wost ol them indicating o short arhitee opportuning tSASL Tong
arbitraue signads 0 AST are observed vorv orel and occm in neariy Gl
cases during the wnf‘»gwsimi when the contract s nearest 1o delivern,
by ternes ol absolute nombers, the predommance of short arbitrage
sivnetls is not surprisime sinee most ol the Futures are andernaloed cwee
Eabde o Tven adter conteadhing Tor the different Trequrencios of positine
and necative mispricines, Table TH <ol mdicares velatively imore shor
arbitrage sienals than fone arbitrage sienads. The vino of the sumeher
of ~hort tonor anbiteaze sivnads aond eondensadoed Totnees s denored
By SAS 0EAS) vati, Tor evouples 10 can be seen that 2700 of all
vndervabued futares with matueny in Seprembecs 1991 provide o <hort
arhitrace sional, whide onlv 0227 of the overvalued Tatures provide
fong arbitenoe sional,
Hhere are move arbitrave stonads when Totures are not nearest 1o
deliverny than doring the g)ﬂ'in& of time when Hu'_\ ave nearest o deliverny

The sesubis for Tutures ot nearest to (h'EiH‘l“\ HIRA ST a'\p?i(‘i!{\ Shosvo
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Fable HT B they can casilhy be codeabited from the nambers provided.
For example. consider the Tatures contract matining in September,
P90 1. There are 132 arhitrage sienads 0130 SAS 0 2 TAS when o s
the mearest contract, and 6636 fs2 6304 arbitrage stunals when it
1w not the contradt nearest 1o (i{‘“\t’l"\‘ I'he <;;‘hii§”‘§;_1(‘ .‘wi;i%hﬁ}ﬂ i the nearest
o delivery period relite to 5351 nuspriced Fatares in that period tsee
Fable T vielding o signal vatio ol 187 dn this subperiod, only 1
af Al mispricime Brtares sith materiy in Septembers 1991 provede an
.!l‘in!!".tgt.’ stenal. Over total time 1o maturiy this ratio s 2000 brom
these numboers 1 follones that the sienal radio o that contret is 3927,
for the pe‘}‘in{i of time swhen it not the contract aearest to deliveny,
b this subperiods more than one ot ol three Tutures quotes provide
an arbitrage sicnals althooeh the noarbitraee window widens with time
To maturily,

Ehe average size of short arbinage signals s o most conracis
mach smaller for the nearest to delivery subperiod than Tor total thine 1o
ity Inothe STPOT Tutures contract, the average short arbitraae
sieral s 0SS Tor totel time 1o matariny and only GO Tor the
period of time when it is nearest to deliverss Frome that resalts one
micht suspect that arbitrageurs concenrrate in tradmg fotures nearest
o delivery and prevent prices from deviating Lo from the no-arbitrage
window s delined by egs O and 180,

Hoarbivagers teade aetvely oy the wan deseribed above, arbitrage
sivnals shoold be exploied, quickly foromyg the mspricing back into
the no-arbitrage window. Therefore, the nimmber of <abscguent arbis
{riee &si;;n;!fs in an ndicator For the unobsenable il‘;n“n}_i ety of
arbitracenys, Table T shows that, on average more subsequent shaort
arbitrage sivnaly cecur in mosC contracts durmy the perod ol tine when
they are not pearest o delivers ' This result suggests that arhatrasenns
E't'simmf foss 1o Jé‘i)i!i\a;;v ai;ym!s i Futures not tenrest toodediverny than
i faturees nearest o delivere, Thas E‘im“!\}}_ v consistent with theoreticad
rostdtn of Holden 019900 e shows that the optimal tading stroteps
ol o soncompetitne arbitragems depends on time to matarine sinee the
arbitraveny considers the impact of carrent arbitrage tradime on dntoee
arbitrage appartumnitics.

When comparing different futares contracts it is remarkable than
the nambers of subsequent arbairave signals after March, 1992 e

hizh in futorees not neacest to delivers and dow in Tatures nearest o

vabv thiey are ot i eend o et Thee s

Papre e thyse e enlo L o Doy arhemvage i

e hees ooy L T
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delivers Fhis sugoests a0 stronger concentration elfect compared 1o

carlier comtracts on futures nearest fo delivers.

ty Ante Arbitrage Profitability

B this section the profitabiling of anes ante arbitrace strateay condi
tonal an arbitrage sionals i studied. T assomed that an arbitrageur
hehaves wecording (o the Tollosving strateen. The wrbitraecur places
orders ot the spud anel Fotures marhets whenever an ;:l‘iiiir;lj_l(' xij_in‘ié
LA HE’\(‘?V\L‘Ei- Ih[" %‘“i“r“."‘\ H\Z“'E\('i ‘)3‘(!{';‘ i‘"\ {_’\(‘('H{(’(! \’\§€|§()ill d("\i\‘ Jﬂ(%
the spot market tansaction is oxecuted with s order execurion g,
Phe dength of the order oxecution Tag ar the spot nurhet s specilied
by most arbitragenrs gt one 1o two minutes, THowever, execntion laes
ranging from one 1o 13 minutes are constdored. Onrder esecution s
of this fonoth are osed 1o test the sensitivity of the results 1o the
eaecution Lo,

Fabic IV presents the resnlts of an ahitrace strategy conditional on
short arbitrawe <dgoadss Tong arbirace signals are not pursued forther
Dovirnse only o fes Tong arbiteege sienads are obsenved, The reselt of
Shaort ‘il'i‘vlil‘;lfj\!.‘ ~tratewy s conditionad on the evistenoe of o <hont ;u‘i>i!;;1f_¢v

sternabs o aivens as
T Y BRI I B R AU AT R (0TS B GNP B 20

wheve s the porot of time at which o short arbitraee sicnal is obsened
and the Tutures market trade is executed. s the point ol tme aswhich
the spot market order s osecated 1 and difTer By the srder execution
Lees Nore that the vish premiam has an impact onlv on the arbiteagee
stanab. but not on the arbitrawse profin,

Ieis <hown in Fable IV ohat all short obitrage signals result o an
;i!'g)éllllf_ﬂi‘ pa‘ni'i{ when the sprd oreder i ovecuted olter o Liv|;e_\ ob one
minote. MWhitrage trading is rish free when the spot market order s
exccuted within such e short period of time, Increasing the Tength of the
caeettion iis;ﬂ' in the srot rvarket feads, as U ted. to a rednction of the
crveess matio. Phis resalt s Tound Tor total time 1o maturity ardd doring
the subperiod swhen the contracts are nearest 1o deliverny ™ Arhitrage
trading becomes increasmghy visky as the tme w1 tibes 1o build ap the

Spot postiicn invreases, Since the futares position i bl ap without

vt the i) e of Sharr aebitrose stz the Tilsres coBiracts e g debun

pehy

i Blecembers P Soprembier 900 nd Plecoinbier, 1000 v o i o

sineess paties S Y and the e it profin S
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TABLE IV

Y
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delin this finding sueuests that the spot marker moves, on averue, in
seech g manner that arbitrace profies decrease The level of nuspricing
<eenms o have an i!“!?.‘H'% on the fotores sjrot ps‘in' snove et

Phe suecess matios found o this soods e much Lover than those
reported By Chang 01991 Toe the Los) maokets By bis stedvs even with
avcesceution g of anly 20 seconds, Tess dun 929 of ofl arbitvage trades
are profiable. The differonces inresulis can be attvibuted mainh 1o the
different trading strategios stwdied. This stady assomes that arbitrase
trading storts when the mispricing erveceds the transaction costs by muore
than an established rsle premiom, Chang 019910 ssnmes that arb
trageurs alwavs trade whenever the nuspricing ercecds fransaction costs.

The averuge size ol arbitrage prolics relative o the valae ol the sioek
portfolio. - 100 s denoted Dy PS A i Table TV T is positive by ol
cisess whieh shows that the Tosses solfered by the arbitrge strateoy are
senalier than the arbitree profits. Conpiring the values of PSS with
the size of the shore arbitvage stzmals shown in Table T s Toond tha
the average arbitvage profit is larger than the avbitrage signal, even aran
evecation ki ol TS mmatess Phis suggests that the market participan
everstate the ovecution risk and demand o rish premiom beer than
Becessary oo cosver that risk.

Proadle s Table IV shoves the total arbitraee profic of o cobitragens
who opens one arbitaue position shenever an arbiteaue sional is ob
served. The ev anre sohitrase prolic is determimed Iy the nomber ol
arbitrase cignals os well i by the wrbinaee profit resuliing from cach
travaction. These results exhibic two chinacterstios, st arhavagenrs
trading necording to the strateoy specilied above corny high arbiteaoe
profits i most contracts. Second, Targe arbiase profas can be realized
mosth i Yotores contracts durme the periad of time sohen they are not
the contracts nearest o delivery. Flowever, this Tinding also suueests
that most ;n‘§)i!|';:g{'m‘x concentrate on foatares pearest 1o debiveny, in
fatares nearest to delivery, 3;“'«_{(‘ .n'hilfu;:_gv l}anﬁ‘ila acetr only o the
first two contracts, sugsesling thar the Tutores market evhibits womae
vration cffect. This matoration effect s found only o futures nearest

to deliverny

SUMMARY

Flhis artiche studies the Brice |'L‘];;§inushép between the German stock
pedormance indes, DAN and DAN Tutures. 1 s shovwo that thore s no
dividend rish for any arbitrageur i these marketss The execntion rsk in

the spot manket is constdered o the arbitaee strateey by tiking o rish
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Preniine o aecsint Phe relative mispricing has to exceed round-trip
transiction costs plos the vish premium before arbirageas are willing
1o trade.

Forther resods of this study e the followmg, Dirst it is fonnd tha
the rebationship hetween mdes and Tutaves prices cannot he deseriboed by
the comt-of carey imodel Fotores contracts are signibicantly ondenatoed.
This finding s simidar to resulis ceported from other markets The
absolute valie of the undervohtion increases fnall contracts with time
to maturity, Scecond. there is o bvwer pombes of arbitrage sionalsomost
indicating short arbitrnge opportunitios. The iy toe particularly tor
Cutires contracts swhich are net nearest 1o delivery, Thind, arbitraoe
xigis;a!*» (!i\;%ppi';ss' €§Hék'i\§\ i futures swwhen they are the contravis nearesd
to maturite, This suepests that arbitragenrs eaploin arhitrage sienals
l‘;ii}ii;!}‘ Lt o an the nearest contracts, Fourth, there s very limited
pishoassocied with the simulated arbivrage strotegy. W ih g reasonable
order execntion fug, more tha 9377 o sfl arbitraue trades are prolinable
Fonadlv, with the exeeption of the Test hadl of 199 the total arbinace
profic of an arbitragenr e dow when trading in futures neavest o
defivers, Te s mneh farger when trading in lutares which are not nearess

to delivery,
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