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Th e ef� ciency of the  market fo r 5-year  call op tions  which  are t raded on the  Europ ean
Options  Exch ange in  Amsterdam is  inves tiga ted . Both  de lta , d elta -vega  and  d elt a-gamma
neutral arbit rage por t fo lios  a re s tud ied . No serious  inef� ciencie s  in  th e  market fo r  long-
term ca ll options  are  de tec ted . Th is  result  is  in  line  with  previous  s tud ies  on diffe rent
kind s  of call op tions  and  warrants . Th e results  fo r  th e de lta -vega  and  d elta -gamma
neutral arbit rage s trategies  d iffer  from the  results  of th e s im p le de lta -neutral s tra tegies
in  two ways : they lead  to  p os it ive  results  more often, b ut  th e var iance of th ese  results  is
also  larger.

Keywords: market ef� c iency, long-term ca ll op tions , arb it rage , hedging

1. INTRODUCTION

In th is  paper  we s tudy the  ef� c iency of the  market for  Dutch  long-term call
op t ions. Th ese  call op t ions , wh ich  have a m aturity o f 5 years , were in t roduced
in October 1986 on the  European Options  Exchange (EOE) in  Amsterd am . Th ey
are contingent  on the  shares  o f � ve  la rge  Dutch  multin at io nals  (Akzo , KLM,
Ph ilip s , Royal Dutch  and  Unilever) . At the time of the  in t roduct ion, these
op t ions were  uniq ue, because call op tions  tr aded  on other  op t ion  exchanges
had  a  m aximum matu rity of only 9 month s.1 Desp ite  their  uniq ueness , unt il now
only litt le  em pir ical research  has  been  pub lished  with  regard  to the  Dutch  long-
term  call op t io ns . Veld  and  Verboven (1995) have com pared  the  p rices of these
call op t ions with  the  p rices  of eq uity war ran ts  con tingent  on the  same s tock.
After  comparing im plied  s tand ard  deviat io ns  o f the  call op tio ns  and  the
warrants  they conclu ded  that the  war rants  are (to a la rge  extent) over valu ed

* Correspond ing author: e-mail: C.H. Veld@kub .n l; tel: 1 3113-4663257; fax: 1 3113-4662875.
1 In 1990 the Ch icago Bo ard  of Op t ions  Exchange  (CBOE) also  in troduced  ca ll op tions  with  a
maximum  matur ity o f 3 years . Th ey are often re fer red  to as  LEAPS (Long-term  Equ ity-Ant icipa tion
Secur it ies ), see Johnson  and  Giacco tto  (1995, p . 527).
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relat ive to  the long-term call op t ions . In th is  paper  we tes t  the  ef� c iency of the
market  for  Dutch  long-term call op t ions  (from  now on DLTCs). We do th is  by
studying the  poss ib ility of acquir ing arb it rage p ro� ts  by creat ing pos it io ns  with
DLTCs con tingent  on the  same s tock, bu t with  d ifferen t exercise p rices and
matu rit ies, wh ich  are  neutra l with  resp ect  to  several r isk facto rs .

Th e methodology we use  is  based  on the  s tandard  methodolo gy for  tes t ing
op t ion m arket ef� ciency. Th e � rs t  s tudy in  th is  � e ld  was carr ied  out  by Black
and  Scholes  (1972). Th ey tr ied  to create a  r isk-free  pos it ion  by buying (selling)
op t ions  th at  were  under valued  (overvalued) re la tive  to their  m odel and  se lling
(buying) delta  shares  of the underlying stock. Th ey tes ted  wh ether the re turn  on
th is  pos it ion was  larger  than the r isk-free  ra te  of re tu rn. In their  s tudy th is
p roved  to be  the  case, th ereby ind icating inef� c iencies on the over -the-counter
market . However, when t ransact ion costs  were  taken in to  account , poss ib le
arb itr age  p ro� ts  quickly d isappeared . Galai (1977) repeated  the  Black–Scholes
tes ts  on op t ions  t raded  on the  Ch icago Board  of Opt ions  Exchange (CBOE). He
� rs t  carr ied  out  an ex post tes t . Th is  tes t was  performed  under  th e assump tio n
that  t rad ing at  the  c los in g p rice  on day t, based  on a  t rad ing rule  that was
decid ed  b y the  same p rice , was  poss ib le . Gala i (1977) found  s igni� cant  pos itive
arb it rage  p ro � ts . However, these  arb it rage  p ro� ts  d isappeared  when a  1%
transactio n cos t was  imposed . In an  ex ante tes t , the execut ion  o f tr ad in g was
delayed  by one day. On day t it  was  decid ed  whether the  op t io n was  over or
under valued  and  the  hed ge ra t io  was  calcula ted . Th e h edge was  es tab lished  on
day t 1 1 and  liquid ated  on d ay t 1 2. He found  evid ence of arb it rage  p ro� ts , but
these  were  sign i� can tly lower than  in  the  ex post test . Th e ex ante pro� ts  a lso
d isappeared  wh en  t ransact ion cos ts  were  cons id ered . Gala i (1977) was  a lso the
� rs t  to sugges t a  sp read  s t ra tegy. Th is  s t ra tegy cons is ts  of a  long p os it ion in  one
op t ion and  a shor t  pos ition in  anoth er  op t io n on the  same underlying stock.
Gala i’s sp read  resu lts  were in  line with  h is  earlier  resu lts .2

In  their  paper Chen and  Johnson (1985) argued  that, given th at  the m arket
p rice devia tes  from the  m odel p rice , the  Black–Scho les  tech niq ue only p roduces
a r iskless  hedge if the  op t ions  are held  unt il matu rity. If th e op tion p os it ion is  to
be revised  m ore  frequent ly, an  a lternat ive hed ge ra t io  h as  to be used . Such  an
alternat ive  hedge ra t io  is  derived  in  their  paper. Lauterbach  and  Schultz (1991)
who s tudy the  ef� c iency of the  US market  for  equity warrants , use  both  the
Black–Scholes  and  the  Ch en–Johnson  hedge ra tio s  in  order  to create  r iskless
stock-warrant  hedges . Th ey � nd  pos itive  abnormal re tu rns  for  an ex post
st ra tegy and  lower, but  s till pos it ive, abnorm al returns , for  an ex ante s t ra tegy.
Th ey � nd  that the result s  for  the  Black–Scholes  and  the  Ch en-Johnson hedge
rat io s are rough ly the  same. Wh en making cor rect ions for  t ransact io n cos ts  they
conclude that  only � oor tr aders  are ab le to  make arb it rage  p ro� ts . Th ese  result s
are  im por tan t fo r  th is  research , because  Lauterbach  and  Schultz (1991) s tudy
equ ity war rants  wh ich , like  DLTCs, have long m atur it ies . Finally, Wei (1994) who

2 Other  s tud ies  on op t ions  market  ef� ciency we re  ca r ried  ou t  by Ch iras  and  Manas te r  (1978) and
Blom eyer  and  Klemkosky (1983). Ph illip s  and  Sm ith  (1980) p resen t a co r rect ion  for  t ransact ion
cos ts  on  the resu lts  o f Ch iras  and  Manas te r  (1978). See Galai (1983)  for a review of ef� c iency
stud ies .

94 F. de Roon et a l.
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s tud ies  Nikkei p ut  war rants , also � nd s that  th e m arket  for  these long-term
contracts  is  ef� cient  if ex ante tests  and  tr ansactio n cos ts  are cons id ered .

All the  above ment ioned  s tud ies  limit  themselves  to  delta  neutra l hedges .
However, a  delta  neutra l por t folio is  not  ent irely r isk-free . For  a po r tfo lio to b e
really r isk-free , the change of the value of the  p or t folio  should  a lso be im mune
with  regard  to the  underlying asset ’s  vo la tility (vega), the  delta  (gamm a), the
passage o f tim e (theta) and  the  r iskless  in teres t r ate  (rho). In th is  paper  we will
lim it  our selves  to  delta-vega and  delta-gam ma neutra l hedges . Th e reason  is
that , after  a po r tfo lio is  d elta  neutral, it s  vega and  gamma are  cons id ered  to  be
most  im por tant  (see Hull, 1997, p . 331).3 Th e analys is  in  th is  paper can  eas ily be
extended  to , for  exam ple , delta-th eta , delta-rho, delta-gamm a-vega hedges  and
so on .

Th e most  im por tant  empir ical � nd ings  in  th is  pap er can be sum marized  as
follows . Th e delta neutra l tr ad ing s t ra tegy gives  results  wh ich  are in  line with
th e results  in  the  liter ature. Pos it ive arb itr age  p ro� ts  can be  found  fo r  ex post
s tr ategies  with out  t ransact ion  cos ts. However, the p ro� ts  d isappear when
transact ion cos ts  and /or  ex ante hedges  are  cons id ered . Th e resu lt s fo r  delta-
gam ma and  delta-vega neutra l s tr ategies  do  not  devia te m uch  from  the results  of
th e delta  neu tra l s tr ategy. Th e delta-gamm a and  delta-vega neu tral s t rategies
lead  m ore  often to pos it ive result s . However, the p ro � ts  a lso seem  to be  more
variab le . Th erefore, we cannot detect  any ser ious  inef� c iencies  in  the  market  fo r
DLTCs.

Th e rem ainder of th is  paper  is  organ ized  as  fo llows . In  Sect ion 2 the
methodology and  data descrip t ion  are p resented . Our  main results  are  p re-
sen ted  in  Section 3. Th e paper is  conclu ded  in  Sect ion  4, where  a summ ar y and
some conclu sions  are  p resented .

2. METHODOLOGY AND DATA DESCRIPTION

2.1 Data description

In th is  s tudy we use d aily c los in g p r ices  of long-term call op t io ns  for  the  period
1 April to  30 Sep tember for  the  years  1990 and  1991. For  each  stock, each  year
in  October one new ser ies  o f ca ll op t ions  is  in t roduced  with  an exercise  p rice
close to the  then  p revailing s tock p r ice. Trad in g in  long-term call op tio ns  s tar ted
in  1986. Th erefo re in  October 1991 the  � rs t  series  exp ired . In Ap pend ix 1 th e
long-term  call op tio ns  outs tand ing in  our research  perio d  (with  their  respect ive
exercise p rices , in troduct ion month s and  exp ira t ion dates ) are  p resented . In our
research  we do  not  use  a ll th e availab le series , s ince we always  have four
op t ions ser ies, wh ile at  m os t  th ree are needed  for  our hed ging s tr ategies .
Alth ough  the  in teres t  here is  in  lo ng-term call op tio ns , we d o not  want  to lose
too many ob ser vat ions  because  o f liquid ity p rob lems. Th erefore , we a lways
combin e one or  two long-term  op tio ns  with  the  shor tes t -to-m atur ity op t ions
which  are the  mos t  ac t ively tr aded . In th e delta-gamm a and  delta-vega neutra l

3 Clewlow et al. (1995) a lso d iscuss  the  use  of d elta -vega and  delta-gamma hedges  in a  d ifferen t
context . See  also Fung (1995) for a comm ent on their  analys is .

95Market for Dutch long-term  call options
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tr ad in g s tra tegies  we use  the  shor tes t -to-matu rity and  th e two  longes t-to -
matu rity op t ions . Because  we want  to focus on long-term  call op tions , we de� ne
the  shor tes t-to-maturity op t ion as  the op t ion wh ich , at  the  time it  is  cons id ered ,
has  a matu rity between  1 and  2 year s . In  1990, we use the  1986 series  as  the
sh or tes t -to-m atur ity op t ions . Th ese op t io ns  had  a remain ing t im e to  m atur ity of
approximately 11�2 years  on 1 April 1990.4 In  1991 we use  the 1987 ser ies as  the
sh or tes t -to-m atur ity op t io ns . Th e longes t-to -maturity op t ions  in  1990 are  the
1988 and  1989 ser ies. Th ese op t ions  had  a  remaining t ime to matu rity of
approximately 31�2 and  41�2 years , respect ively, on  1 Apr il 1990.5 In 1991 we use the
1989 and  1990 series  as  the longes t-to -maturity op t ions .

In  Tab le  1 th e number of long-term  call op t ions  inves t igated  in  each  year  is
included . If on  a  cer ta in  d ay there is  no  t rad ing in  an  op t io n the  obser vation is
excluded  from  the samp le. Th is  is  a lso the  case if th e op tion p r ice  is  less  than

4 The  exp ira tion date o f th ese op t ions is  18 Octob er  1991, see Ap pend ix 1.
5 The  respect ive exp irat ion  d ates  of these op t ions  are 15 October  1993 and  21 Octob er  1994, see
Ap pend ix 1.

Table 1. Number of observations for each long-term call option during each
research interval

Number of observations used in our study

Long-term call option
1 April to 30 September
1990

1 April to 30 September
1991

Akzo 1986 123 –
Akzo 1987 – 38
Akzo 1988 116 –
Akzo 1989 120 119
Akzo 1990 – 119
KLM 1986 123 –
KLM 1987 – 42
KLM 1988 72 –
KLM 1989 107 64
KLM 1990 – 121
Philips 1986 121 –
Philips 1987 – 104
Philips 1988 124 –
Philips 1989 120 125
Philips 1990 – 126
Royal Dutch 1986 121 –
Royal Dutch 1987 – 124
Royal Dutch 1988 118 –
Royal Dutch 1989 122 126
Royal Dutch 1990 – 105
Unilever 1986 122 –
Unilever 1987 – 109
Unilever 1988 99 –
Unilever 1989 120 118
Unilever 1990 – 84

96 F. de Roon et a l.
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the in t r in s ic value . Th e reason for  exclud in g th e last  ment ioned  categor y of
op t ions is  that  these obser vat ions  are p robab ly caused  by the  fact  that  the  data
on the  s tock and  op t ion  exchanges  are  no t p erfectly synchronous .6

Inform atio n on  the  call op t ion  p rices , the p rices  o f the underlying s tock, the
exercise p rices  and  the  m atur it ies , is  derived  from  Datas tream. Th e on ly
excep tio ns  are  the  call op tio n p rices  of the  series  issued  in  1986. At the t ime we
s tar ted  th is  research  these  series  were  no longer availab le  in  Datas t ream ,
therefore th is  information had  to be taken from  th e Dutch  � nancia l newspaper
De Of� ciële Prijscourant, an of� cial pub licat ion  o f the  s tock and  op tions
exchanges  in  Amsterdam . Th e r iskless  in teres t  ra te used  to  calcula te the  m odel
p rices  of the  op t ions , is  es tim ated  as  th e yie ld  on  governm en t b onds  with  a
maturity of 3 to 5 years , wh ich  is  also  derived  from De Of� cië le  Prijscourant.

For  th e period  from 1 April to  30 Sep temb er in  year  t, the  d ivid end  yield  is
taken  to be the ra tio  o f the  d ivid end  paid  in  the  period  1 Apr il of year  t-1 to  31
March  o f year  t, over  the  average s tock p r ice  in  that per iod , wh ich  was
es t im ated  as  the average of the  c los ing s tock p r ices  realized  on  the  � rs t  tr ad ing
day o f each  m onth .

In th is  s tudy we inves t igate whether  arb it rage poss ib ilit ies exist  if the  mod el
p rice  o f op tion i (Cmo d

i,t ) d iffers  from  its  market  p rice  (Cmkt
i,t ). We calcu late  m odel

p rices  using the  b inom ia l t ree  o f Cox et al. (1979). By doing th is  we assum e that
th e m odel of Black and  Scholes  (1973) fo r  th e s tock p rice  p rocess  h old s  and  we
take in to account  d ivid end  payments and  ear ly exercise  possib ilit ies .

As a  measure of the  vola t ility we use  the  average of the  implied  vo lat ilities  o f
each  op t ion over the  last  th ree t rad ing d ays . Th is  measure ensures  the
calcula ted  op t ion  p r ices  do not  depend  on one es timated  volat ility on ly, wh ich
migh t  cause  spurious  arb it rage  p ro � ts . At the  sam e t ime our  measure s t ill u ses
th e mos t  recent  inform at io n in  th e m arket .

2.2 Methodology

Delta hedges

In th is  paper, we use  the  sp read  s tr ategy as  or iginally suggested  by Gala i (1977).
We s tar t  by us ing s im ple  delta-neutra l t rad ing st ra tegies . Th e re la tive  m isp ric ing
between DLTCs A and  B can be detected  by comparing the  ra tio  of model p r ices
with  the  ra t io  of m arket  p rices . Th ese  ra t ios  are  b ased  on the  c los in g p rices  of
th e s tock and  the  op t ions. More p recisely, the meth odolo gy is  as  fo llows . If

Cmo d
A,t

Cmo d
B,t

.
Cmkt

A,t

Cmkt
B,t

then  we buy DLTC A and  sell B. In  ord er  to make the  t rad in g s tr ategy neutra l in
delta , we take  a  long pos ition of 1 con tract in  op tio n A and  a  shor t  pos it io n of
D A/ D B contracts  in  op t ion B. Here D i is  the  delta of op tion i. If the  re la tio nsh ip

6 See Evnine  and  Rudd  (1985) .

97Market for Dutch long-term  call options
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between  the  ra t ios  is  the  rever se , we se ll one con tract  DLTC A and  buy D A/ D B

con tracts  B.
Th e ef� ciency of the  m arket  fo r  DLTCs is  analysed  us in g both  an  ex post and

an ex ante st ra tegy. In the  ex post s t ra tegy the  m isp ric in g is  obser ved  us ing the
clo s ing p rices  a t day t and  the po r tfo lio of op t io ns  is  es tab lished  a t  these same
prices . Th e por t folio  is  liq uid ated  a t  the m arket  p rices  on day t 1 1. In the ex
ante s t ra tegy the  m isp ric ing is  obser ved  us ing the clo s ing p rices  at  day t and  the
por t folio  of op tions  is  es tab lished  a t day t 1 1. Th e p or tfolio is  then  liqu id ated  a t
the  m arket  c los ing p r ices  on  day t 1 2.

Both  the  ex post and  th e ex ante s tr ategies  are  carr ied  out  with  and  without
tr ansaction cos ts . In  th e case that  tr ansaction cos ts  are taken  into account , we
assum e a  � xed  one-way t rad ing cost  of f 1.00 per  op t io n contract  (one contract
is  100 op t ions) .7 Th us , in  tota l we d is t inguish  four  delta-neutra l t rad ing
st ra tegies .

Th is  p rocedure will be car r ied  out  for  the  two  samp le periods . We use  for
op t ions  A and  B the longes t -to-m aturity and  the shor test -to-matu rity op t ions ,
resp ectively. Th us , for  the  1990 sam ple , we use  the  series  is sued  in  1986 and
1989 and  fo r  the  1991 sam ple  we use the series  is sued  in  1987 and  1990. Th is
gives a to ta l o f 40 t im e series  o f p ro� ts.

As Chen and  Johnson  (1985) point ou t, given th at  we create an  op t io n
por t folio  us in g op t ions  wh ich  are  m isp riced  rela t ive  to th e Black and  Scholes
model, us in g the  Black–Scholes  hedge ra tio  does  not  create  a  r iskless  pos itio n
and  b ecause of th is  th e result s  of the  tes t  m ay be  b iased . Chen and  Johnson
(1985) show how a m od i� ed  hedge ra t io  can  be calcu lated  which  takes  in to
account  the  fact th at  the  op tio n is  misp riced . To correct for  th e incons is tency o f
us ing the  Black–Scho les  hed ge r at io , we a lso inves t igate  the ab ove m entioned
stra tegies  us in g the  m od i� ed  deltas  as  in  Chen and  Joh nson.

Delta-gam m a and de lta-vega  hedges

A por t folio wh ich  is  d elta-neutra l will no t be  ent irely r isk-free  if there  is  a lso
uncer ta inty with  respect  to other  factor s, such  as  the underlying asset ’s
vola t ility, the  op t ion ’s  delta , or  the  in terest  ra te. Th erefo re the  por t folio should
also  b e m ade neutra l in  vega, in  gamma and  in  rho which  m easure  respect ively
the  op t ion’s  sens it ivity with  respect  to  the  asset ’s  vola tility, the  op t ion’s  delta
and  th e in teres t  ra te.

If we s tudy the ef� c iency of an op t ion m arket  with  a  delta-neu tral tr ad ing
st ra tegy, we may com e to a  fa lse conclu sion if the  delta-neutra l po r tfo lios  are
not  r isk-free . Firs t , we m ay conclu de that  the  m arket  is  inef� c ient  because  a
delta-neutra l tr ad ing s t ra tegy leads  to  pos itive  p ro � ts  wh ich  in  reality are
norm al reward s for  the  r isk of our  por t folio. Second , we may conclu de that  the
market  is  ef� c ient  because  the  delta-neutral t rad ing s t ra tegy earns  zero  re turns,

7 In  theor y we sh ou ld  a lso  h ave included  interes t expenses  and  incomes  wh en  calcu lat ing daily
pro� ts . Ho wever, the in teres t  expenses /incomes  a re ver y small on a  daily bas is , also in  relat ion  to
the  p ro� ts on the hedge por t folios . Th ere fore  we  will s imply ignore the in te res t  e ffec ts . No te  a lso
tha t for  a given  arb itrage por t fo lio , th e to ta l cash  pos it ion  can  be  p os it ive  or  negat ive. Therefore,
the  total e ffec ts  of borrowing and  lend ing can  be  self cance lling over  t ime  (see  Wei, 1994).

98 F. de Roon et a l.
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while  th e truth  is  that a  negat ive re turn wou ld  be appropr ia te  given  the  r isk of
the por t folio .8

As argued  b y Hull (1997, p .331), once a p or tfolio is  neutr al in  delta, th en  vega
and  gam ma can be  cons id ered  to be mos t  im por tant. Th erefore , b es id es  t rad ing
s tr ategies  wh ich  are neutra l in  delta only, we will a lso cons id er  s t ra tegies wh ich
are neu tral in  d elta  and  vega, and  in  delta and  gam ma.9

To illu s tr ate, cons id er  a delta-gamma neu tral tr ad ing s tr ategy. In general, in
order for  an op t io n por t folio  to be  neu tral in  two  facto rs  we need  th ree  op t ion
pos it ions :

Pt 5 l A,tCA,t 1 l B,tCB,t 1 l C,tCC,t (1)

where  Pt is  the  value  of the  por t folio a t t im e t and  l i,t is  the pos it ion taken in
op t ion  i. Norm alizing l A ,t to  1, it  is  s t raigh tfor ward  to show that  in  o rder  for  the
por t folio in  (1) to b e neu tral in  delta  and  gam ma, l B,t and  l C,t have to be  chosen
as :

l B,t 5
D A,t G C,t 2 D C,t G A,t

D C,t G B,t 2 D B,t G C,t
l C,t 5

D B,t G A,t 2 D A,t G B,t

D C,t G B,t 2 D B,t G C,t
(2)

Th e tr ad ing s tr ategy inves t igated  here  involves � nd ing tr ip le ts  of op t io ns  A , B
and  C, for  wh ich  op tion A is  p riced  too  h igh  re la tive  to op t ion B and  for  wh ich
op t ion  B is  p r iced  too h igh  rela t ive  to op t ion  C, wh ile  a t the  sam e t ime
l C,t . l B,t . l A,t. Th us  we look for  t r ip le ts  of op tions  such  that :

Cmkt
A,t

Cmkt
B,t

.
Cm od

A,t

Cm od
B,t

,
Cmkt

B,t

Cmkt
C,t

.
Cmod

B,t

Cmod
C,t

and l A,t , l B,t , l C,t (3)

We s tar t by ass igning the  longes t-to -maturity op t ion  as  op t ion A, th e second
longes t-to -maturity op t ion as  op t ion B and  the shor tes t -to-m aturity op t ion as
op t ion  C. If the  order ing ob ta ined  with  these op t io ns  does  not  ful� l the
requirem en t in  (3)  then the second  longes t-to-maturity op tio n is  ass igned  as
op t ion  A , th e longes t-to -maturity op tio n is  ass igned  as  op t io n B and  the
shor tes t -to-matu rity op tion is  ass igned  as  op tio n C. Th is  s tr ategy ensures  th at
we a lways  have the la rges t  pos it ion in  the  op t ion that is  re la t ively cheap es t ,
wh ile  we have the  smalles t  pos it io n in  the  m os t  expens ive op t ion.

As with  the delta-neu tral t rad ing s t ra tegy, both  an ex post and  an ex ante
s tr ategy are in ves tigated . Also , the s t ra tegies  are analysed  with  ze ro t ransact ion
cos ts  and  with  one-way t ransact ion  cos ts  o f f 1.00 per  con tract , im p lying that  we
have four d ifferen t d elta-gam ma neutra l t rad ing s t ra tegies .

Trad ing s t ra tegies  wh ich  are neutra l in  delta and  vega are  in ves tigated  in  a
comple tely analogous  way as  the t rad ing s tr ategies  wh ich  are neutra l in  delta
and  gamma which  we jus t describ ed . Th e only d ifference is  of course  that  in  (2)

8 Th is la tter  s ituat ion  may occur  for  ins tance if th e shor t  pos it ions  in  th e ca ll op t ions  result  in a
por t fo lio  with  a negat ive be ta .
9 Vega  neutrality is  m ore impor tant  for  long-term call op t ions , wh ile gamm a neu trality is  more
impor tant  for shor t-term  ca ll op t ions .
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G i,t should  be rep laced  by L i,t. Here  also , we inves t igate ex post as  well as  ex ante
st ra tegies  and  we take the case  where  t ransact ion  cos ts  are  ze ro and  where
there  are  one-way tr ansact ion cos ts  of f 1.00 per  contract .

App lying the sam e reasoning as  in  the  case  of the  delta-neu tral tr ad ing
s t ra tegies , the  s t ra tegies  describ ed  here will not  be  r isk-free  if the Black–Scholes
h edge r at ios  are used , given that  the  op tio ns  are  misp r iced  re lat ive to the  Black
and  Scholes  mod el. Th erefo re, we a lso in ves tigate the  delta-gam ma and  delta-
vega neu tral t rad ing s t ra tegies  us ing the m od i� ed  hedge rat io s  as  sugges ted  by
Chen and  Johnson (1985). Since the  mod i� ed  Chen–Joh nson h edge ra tio s
sometimes  lead  to la rge op tion pos itio ns , thereb y caus ing out liers , we res t r ic t
b oth  l A,t and  l B,t to  be  no  la rger  than  10. In other  words , we assume that  t rader s
will no t u se  m ore  than 10 op t ion con tracts  to hedge a  pos it io n in  one o ther
op t ion con tract .

3. RESULTS

In order  to  analyse the ef� c iency of the market for  DLTCs, the m ed ian and
average p ro� ts  are  calcula ted  for  each  s t rategy, as  well as  th e concomitant
standard  deviat io ns . Th e autocorrela t ions  of the  daily p ro � ts , wh ich  are not
rep or ted  here,10 are  a lways quite  sm all and  do not  im pose any p rob lem  fo r  the
calcula ted  s tandard  erro rs .

Delta-neutral trading strategies
In Tab le  2 we p resent  th e result s  for  the delta-neutra l t rad in g s t ra tegies  when
the Black–Scholes  h edge ra t ios  are used . Tab le  3 p resen ts  the same result s  in
case the  m od i� ed  hed ge ra t ios  as  in  Chen  and  Johnson (1985) are  used .

Th e � r st  two columns  in  Tab le  2 p resent  the  guilder  p ro� ts  for  an ex post
delta-neutra l t rad ing s t ra tegy with  ze ro tr ansaction cos ts . Th is  s ituat ion can  be
cons id ered  to be  a  benchmark, rep resent ing the  p ro� ts  wh ich  a tr ader cou ld
have m ade if he d id  not  have to pay any tr ansaction cos ts and  if he  could  t rade
imm ediate ly at  the  observed  m arket  p r ices . Such  a  t rader cou ld  h ave made
average p ro � ts  wh ich  are s igni� cant ly la rger  than  zero in  � ve out  of the  ten
series  wh ich  are  inves tigated . Also , only in  two out  of the  ten  ser ies  is  the
average p ro� t (no t s igni� cant ly) sm aller  than  zero. Moreover, these  lo sses  are
sm all re la t ive  to the  p ro � ts  in  the  other  series .

Th e subsequent columns  in  Tab le  2 sh ow that  once a t rader has  to  pay one-
way t ransact ion  cos ts  of f 1.00 per  contract , he  wou ld  h ave made an average
pro� t wh ich  is  s igni� cant ly la rger  than zero in  on ly two out  of the  ten series .
However, only th ree o f the  series  have average p ro� ts  (not  s igni� cant ly)  smaller
than zero.

From  the  las t fou r co lum ns  in  Tab le  2 we can conclu de that the  supposed
arb itr age  oppor tunit ies d isap pear with in  one day. Wh en an ex ante s t ra tegy is
used  there  is  no average t rad in g p ro� t  s igni� cant ly larger  than  zero  either  with
or withou t t ransact ion cos ts . Wh en tr ansact ion cos ts are  zero , only in  th ree
series  would  a tr ad er have m ade pos itive  average p ro� ts , wh ile  with  one-way

10 Th ese  au tocorre lat ions , as  well a s  other  add it iona l sum mar y sta tis t ics  on  the results  from our
hedging s t rategies , a re availab le on  reques t  from the  au thors .
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t ransact ion cos ts  of f 1.00 per  contract all bu t one o f the  average p ro� ts  are
negat ive .

Table 2. Results of a delta neutral trading strategy with long and short maturity call
optionsa

Ex post Ex ante
c 5 f 0.00b c 5 f 1.00 c 5 f 0.00 c 5 f 1.00

1990c 1991 1990 1991 1990 1991 1990 1991

Akzo
Median 3.32 8.90 –0.29 6.73 0.00 –1.45 –4.45 –3.62
Average 6.11 362.1 0.74 347.1 2.51 576.9 –2.91 561.0
std.dev. 57.9 1321 56.9 1313 54.6 1495 54.8 1487
N 106 15 106 15 94 6 94 6

KLM
Median 9.49 1.81 4.87 –0.54 –3.94 –4.43 –7.95 –6.88
Average 7.05** –2.56 2.88 –7.47 –2.58 –2.37 –6.79 –4.76
std.dev. 18.0 24.9 18.1 28.3 19.2 14.9 19.2 14.9
N 85 12 85 12 70 5 70 5

Philips
Median 0.00 6.30 –2.45 0.31 0.00 0.00 –5.88 –3.66
Average 2.84 11.64** –3.51 0.40 –1.73 –7.92 –8.17 –18.44
std.dev. 28.6 41.8 28.8 41.5 29.4 40.1 29.6 42.7
N 106 84 106 84 95 67 95 67

Royal Dutch
Median 14.87 27.98 9.89 23.68 –2.52 –0.32 –7.34 –4.01
Average 13.09* 27.26** 8.35 23.17** 4.31 –0.11 –0.42 –14.99
std.dev. 74.5 72.8 74.5 72.9 78.1 76.0 78.1 76.0
N 107 83 107 83 97 64 97 64

Unilever
Median –7.59 29.08 –12.07 24.50 –11.47 10.00 –16.17 5.20
Average –2.75 29.33** –7.27 24.88* –8.32 –4.82 –12.85 –9.31
std.dev. 140.0 85.7 140.1 85.8 137.5 95.2 137.5 95.2
N 105 40 105 40 94 25 94 25
a The numbers in the table indicate the median, average and standard deviation of the
trading pro�ts in guilders, as well as the number of arbitrage possibilities, N, out of a
maximum number of observations of 130. Trading pro�ts are expressed in guilders
3 100.
b c indicates the one-way, per contract ( 5 100 options) transaction costs.
c The years 1990 and 1991 indicate the year of observation. In 1990 trading strategies are
based on the 1986 and the 1989 call options series; in 1991 trading strategies are based
on the 1987 and 1990 call options series.
* indicates that the average trading pro�t is signi�cantly larger than zero at the 5% level;
** indicates that the average trading pro�t is signi�cantly larger than zero at the 1%
level.

101Market for Dutch long-term  call options
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Th ese result s  do no t change much  wh en the  Chen–Johnson  hedge ra tio s  are
used . Th e results  in  Tab le  3 on ly show sm all d ifferences from the  resu lt s in  Tab le

Table 3. Results of a delta neutral trading strategy with long and short maturity call
options, using hedge ratios as in Chen and Johnsona

Ex post Ex ante
c 5 f 0.00b c 5 f 1.00 c 5 f 0.00 c 5 f 1.00

1990c 1991 1990 1991 1990 1991 1990 1991

Akzo
Median 3.05 9.87 0.06 7.67 0.00 –19.87 –4.39 –22.06
Average 5.36 93.16 0.23 79.90 2.13 695.41 –3.05 678.96
std.dev. 56.1 281.7 56.2 281.1 54.3 1665 54.4 1658
N 106 13 106 13 94 5 94 5

KLM
Median 9.67 3.87 4.89 1.61 –3.53 –4.26 –7.81 –6.59
Average 6.68** –2.14 2.62 –7.08 –2.79 –1.50 –6.89 –3.85
std.dev. 17.6 23.7 17.7 26.7 18.7 16.5 18.7 16.5
N 85 11 85 11 70 4 70 4

Philips
Median 0.00 6.36 –2.43 1.89 0.00 0.00 –5.63 –3.87
Average 2.05 10.73** –3.82 0.18 –1.91 –7.40 –7.85 –17.24
std.dev. 26.7 40.2 27.0 40.1 28.6 38.0 28.8 40.2
N 106 83 106 83 95 66 95 66

Royal Dutch
Median 15.84 27.97 10.91 23.57 –2.72 –0.50 –7.84 –4.39
Average 13.39* 27.18** 8.65 23.10** 0.86 –10.86 –3.87 –14.93
std.dev. 74.3 72.5 74.3 72.6 71.2 75.8 71.2 75.8
N 102 83 102 83 92 64 92 64

Unilever
Median –8.53 28.92 –13.02 24.53 –12.27 10.00 –16.76 5.22
Average –2.73 29.18** –7.22 24.76* –7.71 –4.88 –12.21 –9.34
std.dev. 139.4 85.1 139.4 85.1 136.8 94.4 136.8 94.4
N 100 40 100 40 89 25 89 25
a The numbers in the table indicate the median, average and standard deviation of the
trading pro�ts in guilders, as well as the number of arbitrage possibilities, N, out of a
maximum number of observations of 130. Trading pro�ts are expressed in guilders
3 100.
b c indicates the one-way, per contract ( 5 100 options) transaction costs.
c The years 1990 and 1991 indicate the year of observation. In 1990 trading strategies are
based on the 1986 and the 1989 call options series; in 1991 trading strategies are based
on the 1987 and 1990 call options series.
* indicates that the average trading pro�t is signi�cantly larger than zero at the 5% level;
** indicates that the average trading pro�t is signi�cantly larger than zero at the 1%
level.
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2, excep t for  the  ex post result s  o f the Akzo op tions  in  1991, wh ich  is  caused  by
one b ig p ro � t  wh ich  d isappear s  with  the Chen–Johnson r at ios . Th ere is  no
sys tem atic  d ifference between the  result s  based  on the  Black–Scho les hedge
ratios  and  the  result s  based  on the  Chen–Johnson hedge ra tios .

If the  p ro� ts  m ade with  a delta-neutra l tr ad ing s t ra tegy are  r isk-free  then
Tab les  2 and  3 sugges t  that the  Dutch  market  fo r  lo ng-term  call op t io ns  is
ef� c ient . Although  half of th e series  show an average p ro� t wh ich  is  s igni� cant ly
la rger  than  zero, m os t of these  p ro� ts  d isappear once tr ansactio n costs  are
int rod uced . Moreover, there are  no s igni� cant  p ro� ts  in  an  ex ante s t ra tegy, in
which  a  tr ader has  to wait one d ay before  he can t rade on th e bas is  of ob ser ved
misp r ic ings .

Delta-vega  neutral trading strategies
Th e result s  of a t rad ing s tra tegy that is  neutra l in  both  delta  and  vega, i.e . wh ich
controls  bo th  for  the  uncer tain ty in  the  p r ice  of the  under lying and  it s  vo lat ility,
are p resented  in  Tab le 4 for  the Black–Sch oles  hedge ra tios  and  in  Tab le  5 fo r
the Ch en–Johnson  hedge ra t ios .

For  the  ex post s t ra tegies  the result s  in  Tab le  4 are  clearly very s imilar  to the
result s  o f the  delta-neutra l tr ad ing s t ra tegies  in  Tab le  2. In Tab le 4 we � nd  that
without  tr ansact ion cos ts  fou r out  of the  nine  ser ies  show an average p ro� t
s igni� cant ly la rger  than zero. After  the  in troduct ion of one-way tr ansaction
cos ts  of f 1.00 per  contract only one of these  remains , wh ile  fou r of the  nine
ser ies  show lo sses .

With  the  ex ante s t ra tegies  all these  s igni� cant  p ro � t  oppor tunit ies  d isapp ear
as was  the  case  with  th e delta-neutra l t rad ing s tr ategies . However, with  th e
delta-vega neu tral t rad ing s tr ategies  the  average p ro� ts  are  more often pos it ive
than  with  the  t rad in g st ra tegies  wh ich  are only neutra l in  delta . Wh en  there are
no t ransact ion cos ts , the ex ante average p ro� ts  in  Tab le 4 are  pos itive  in  s ix ou t
of nin e series  and  with  t ransact ions  they are  p os it ive  in  � ve  out o f n ine  series .
However, given that  the  varia tion with in  th e obser ved  series  is  of the  sam e
order of magnitude as  th e varia t ion  between the series  and  that  th e varia t ion  of
the p ro� ts  appear s  to  be  som ewhat  la rger  for  the  delta-vega neutra l t rad in g
s tr ategies  re la tive  to the delta-neutra l tr ad in g s t ra tegies , we cannot  conclu de
that  the  delta-vega hedges  are  sup erior  to the  delta-hedges .

In sligh t contras t to th e result s  in  Tab les  2 and  3, the  result s  in  Tab les  4 and
5 in d icate  that  now it  does  mat ter  whether  we use  Chen–Johnson hedge ra t ios
or Black–Sch oles  h edge rat io s. Th e pat tern  of th e result s  is  the same for  Tab le
5 as  for  Tab le  4, in  that  an ex post s tr ategy sh ows a non tr ivial number of
s igni� cant  p ro� ts , wh ich  d isap pear in  the ex ante s t ra tegy and /or  when
transact ion cos ts  are taken  in to  account. For  in d ividual series  the  d ifferences
between us ing th e Black–Scholes  hedge ra t ios  and  the  Chen–Johnson hed ge
ratios  are now som ewhat  more apparent  th an  for  the  delta-neutra l t rad ing
s tr ategies  in  Tab les  2 and  3, a lthough  Tab les  4 and  5 ap pear to be rough ly in  line
with  each  other. Once again , there  d oes  not  seem to be any pattern from  the  use
of these d ifferent  hedge r at ios .

Overall, the  conclus ion th at  we can  derive  for  th e delta-vega neutral t rad in g
s tr ategy is  the same as  the  conclus ion from  the  delta-neutral t rad ing st ra tegy.

103Market for Dutch long-term  call options
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Th e Dutch  m arket fo r  long-term call op t ions  does  not  show any serio us
inef� c iencies. Any arb it rage  p ro� ts  in  an  ex post s t ra tegy q uickly d isappear once

Table 4. Results of a delta and vega neutral trading strategy with long, medium and short
maturity call optionsa

Ex post Ex ante
c 5 f 0.00b c 5 f 1.00 c 5 f 0.00 c 5 f 1.00

1990c 1991 1990 1991 1990 1991 1990 1991

Akzo
Median –1.03 –17.01 –10.35 –19.88 3.74 15.93 –3.60 13.14
Average 4.72 –4.11 –3.68 –10.34 107.83 37.06 95.91 19.30
std.dev. 76.0 28.6 78.1 26.8 781.2 66.7 779.6 79.9
N 32 6 32 6 32 3 32 3

KLM
Median 14.78 – 9.55 – –2.94 – –22.44 –
Average 14.47** – 7.67 – 14.01 – –1.08 –
std.dev. 22.3 – 22.0 – 86.2 – 87.9 –
N 22 – 22 – 19 – 19 –

Philips
Median 6.61 6.55 1.47 2.77 –3.80 –0.98 –10.54 –41.08
Average –8.17 7.83** –33.60 1.87 –3.57 –0.51 –31.67 –38.10
std.dev. 118.4 13.2 246.4 13.5 20.6 20.2 138.0 39.2
N 45 34 45 34 41 31 41 31

Royal Dutch
Median 27.69 55.56 20.48 51.50 –18.35 –9.77 –26.59 –26.51
Average 28.30 258.20** 21.79 229.62** –99.10 50.49 –106.78 37.83
std.dev. 103.0 492.9 103.2 479.0 439.3 1789 439.6 1793
N 32 29 32 29 30 34 30 34

Unilever
Median –18.54 42.12 –24.76 36.58 27.52 35.57 19.89 26.24
Average –15.72 36.43* –22.15 30.73 74.88 36.72 68.20 29.59
std.dev. 123.7 84.2 123.5 84.2 277.3 198.2 278.5 198.4
N 9 18 9 18 8 18 8 18
a The numbers in the table indicate the median, average and standard deviation of the
trading pro�ts in guilders, as well as the number of arbitrage possibilities, N, out of a
maximum number of observations of 130. Trading pro�ts are expressed in guilders
3 100.
b c indicates the one-way, per contract ( 5 100 options) transaction costs.
c The years 1990 and 1991 indicate the year of observation. In 1990 trading strategies are
based on the 1986 and the 1989 call options series; in 1991 trading strategies are based
on the 1987 and 1990 call options series.
* indicates that the average trading pro�t is signi�cantly larger than zero at the 5% level;
** indicates that the average trading pro�t is signi�cantly larger than zero at the 1%
level.
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t ransact ion cos ts  are  taken  into account  and  once we use  an ex ante st ra tegy.
Compared  to  the delta-neu tral t rad ing s t ra tegy there  are  now somewhat  larger

Table 5. Results of a delta and vega neutral trading strategy with long, medium and short
maturity call options, using hedge ratios as in Chen and Johnsona

Ex post Ex ante
c 5 f 0.00b c 5 f 1.00 c 5 f 0.00 c 5 f 1.00

1990c 1991 1990 1991 1990 1991 1990 1991

Akzo
Median 9.75 –3.56 6.54 –12.27 0.00 –16.48 –11.14 –28.40
Average 44.66** 8.95 35.76** –0.12 125.29 –2.78 28.75 –19.32
std.dev. 103.8 37.6 100.6 37.7 565.4 31.9 802.5 39.9
N 33 3 33 3 37 3 37 3

KLM
Median 10.91 – 2.23 – –3.24 – –23.17 –
Average 13.22** – 7.15 – –78.84 – –92.08 –
std.dev. 21.2 – 21.6 – 327.0 – 325.1 –
N 19 – 19 – 19 – 19 –

Philips
Median 6.69 –2.07 1.44 –9.47 –2.29 0.00 –9.21 –40.20
Average 3.66 0.81 –2.05 –7.19 –1674.1 20.66 –1684.8 –17.35
std.dev. 31.4 13.4 31.3 13.4 10807 85.6 10806 100.4
N 19 9 19 9 41 31 41 31

Royal Dutch
Median 31.37 176.80 25.22 166.09 –12.65 28.03 –21.26 23.87
Average 50.91* 245.38** 29.70 225.35** –101.12 4923.9 –108.71 4891.1
std.dev. 117.8 3095 117.9 307.7 450.8 19982 451.2 19895
N 30 14 30 14 30 34 30 34

Unilever
Median –31.01 48.23 –35.01 41.94 –25.43 34.55 –31.66 25.24
Average –25.57 62.84** –31.46 57.13* –19.04 33.46 25.26 26.75
std.dev. 130.8 135.2 131.0 134.8 258.1 186.9 258.9 187.4
N 7 18 7 18 9 18 9 18
a The numbers in the table indicate the median, average and standard deviation of the
trading pro�ts in guilders, as well as the number of arbitrage possibilities, N, out of a
maximum number of observations of 130. Trading pro�ts are expressed in guilders
3 100.
b c indicates the one-way, per contract ( 5 100 options) transaction costs.
c The years 1990 and 1991 indicate the year of observation. In 1990 trading strategies are
based on the 1986 and the 1989 call options series; in 1991 trading strategies are based
on the 1987 and 1990 call options series.
* indicates that the average trading pro�t is signi�cantly larger than zero at the 5% level;
** indicates that the average trading pro�t is signi�cantly larger than zero at the 1%
level.
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d ifferences  between us in g the  Black–Scholes  hedge ra tios  and  us ing the Chen–
Johnson hedge ra t ios . Also , the p ro� ts  of the  ex ante s t ra tegy seem  to be
pos it ive  m ore  often in  th e delta-vega neu tral s tr ategies  than in  the  delta-neutra l
st ra tegies , but  the  p ro� ts  in  th e delta-vega neu tral s t ra tegies  also seem to  be
more var iab le . Th is  m ay in d icate that  controlling for  both  the  uncer ta inty in  the
price of the  underlying and  it s  volat ility does  no t add  much  beyond  contro lling
for only p rice  uncer ta in ty in  th is  kind  of tr ad ing s tr ategies .

Delta-gam m a neutral trading strategies
A trad ing s t ra tegy that  is  neutra l in  bo th  delta  and  gam ma takes  in to account
that  the  op t io n por tfo lio is  not only sens itive  to changes  in  the  p rice of the
underlying but  also  to changes  in  the  deltas . In other  words , a delta-gam ma
neu tral s tr ategy takes  in to account  nonlinearit ies  in  the hedge por tfo lio re turn
as  a  function of the  p rice o f the  underlying.11 Th e result s  of such  a s t ra tegy are
p resented  in  Tab le 6 for  the  Black–Scholes  hedge r at ios  and  in  Tab le  7 fo r  the
Ch en–Johnson  hedge ra t ios .

In  Tab le  6 we can  obser ve  that  fo r  the  ex post s t rategy with  no t ransact ion
cos ts  s ix out  of nin e average p ro � ts  are  s igni� cant ly larger  th an zero, wh ile  th ere
is  only one lo ss . After  in t roducing t ransact ion  cos ts , th ree out  of nin e average
pro� ts  are  s igni� cant ly la rger  than zero and  only two average losses  occur.

Wh en there are  no t ransact ion  costs  even the ex ante s tr ategy in  Tab le 6 s till
sh ows  one average p ro� t  wh ich  is  sign i� can tly la rger  than zero. Once a one-way
transactio n cos t  o f f 1.00 per  contract  is  taken into account  th is  p ro� t
d isap pears . As with  the  delta-vega neutra l s t ra tegy the  number of losses  in  the
delta-gam ma neutra l s t ra tegy is  sm aller  than  in  the  delta-neu tral st ra tegy of
Tab le  2. However, here  also  the  variab ility o f the  p ro� ts  seem s to be  r ather  la rge
both  with in  and  between the  obser ved  series .

Also as  in  the  delta-vega neutra l t rad in g s t ra tegies , the  d ifferences  between
us ing the  Black–Scholes  hedge ra t ios  and  the  Chen–Johnson hedge ra tios  are
larger  than for  th e delta-neutra l tr ad ing s t ra tegies , bu t the  resu lt s in  Tab les  6
and  7 s t ill seem  to  be rough ly in  line  with  each  other. Note  however, that  the
num ber  of s igni� can t p ro� ts  in  Tab le  7 is  m uch  sm aller  th an in  Tab le  6.

Th e general conclus ion that can be  der ived  from Tab les  6 and  7 is  once again
that  the  op tio n m arket  s tud ied  in  th is  paper d oes  not  sh ow any serio us
inef� c iences . Analo gous  to the  delta-neu tra l and  delta-vega neutra l t rad ing
s tra tegy, any perceived  ex post arb it rage  poss ib ility d isapp ears  when a  m ore
appropriate ex ante s t ra tegy is  used  and  when t ransact ion cos ts  are  taken into
account . Also, as in  the  case of controlling for  volat ility r isk, m aking a  t rad ing
st ra tegy neu tral in  both  delta  and  gam ma d oes not add  m uch  to the  tr ad ing
st ra tegies  wh ich  are  neutra l in  delta only.

4. SUMMARY AND CONCLUSIONS

In th is  s tudy we have invest igated  the ef� ciency of the m arket  for  Dutch  long-
term  call op t io ns  (DLTCs). We have s tud ied  delta , delta-vega and  delta-gamma

11 Th is  is  because the  gamm a takes  the second  der ivat ive of th e op t ion  p r ice  with  respec t to th e
und er lying value  into account  as  we ll.
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neutra l tr ad in g s t ra tegies . With  regard  to the  delta  neutra l t rad ing s tra tegy we
� nd  arb it rage  p ro� ts  for  ex post s tr ategies  without transactio n cos ts . However,

Table 6. Results of a delta and gamma neutral trading strategy with long, medium and
short maturity call optionsa

Ex post Ex ante
c 5 f 0.00b c 5 f 1.00 c 5 f 0.00 c 5 f 1.00

1990c 1991 1990 1991 1990 1991 1990 1991

Akzo
Median 17.82 –28.53 8.93 –33.28 2.48 –17.49 –5.23 –22.15
Average 26.75** –15.82 20.39* –20.66 30.64 –253.66 23.80 –261.15
std.dev. 56.0 42.4 56.2 42.2 91.6 426.9 91.6 423.9
N 22 6 22 6 19 3 19 3

KLM
Median 9.47 – 6.00 – 3.00 – –3.70 –
Average 18.13* – 8.28 – 70.78* – 63.96 –
std.dev. 47.7 – 45.45 – 214.0 – 213.3 –
N 20 – 20 – 28 – 28 –

Philips
Median 2.51 6.16 –1.99 1.21 –3.39 0.00 –7.55 –8.03
Average 9.63* 7.06** 4.17 2.37 –2.23 28.60 –7.54 18.85
std.dev. 28.0 12.2 28.1 12.4 31.5 111.3 32.4 112.7
N 29 34 29 34 26 31 26 31

Royal Dutch
Median 15.85 62.59 8.36 51.77 –18.47 –28.38 –26.75 –35.84
Average 50.79** 59.21** 44.16* 53.23** 34.74 –95.49* 27.26 –111.25
std.dev. 130.7 72.0 130.4 71.7 347.2 216.5 347.9 220.0
N 28 19 28 19 28 15 28 15

Unilever
Median –18.91 44.86 –24.94 40.65 9.08 301.12 3.59 296.46
Average 5.21 269.86 –0.95 257.75 57.39 6848.1 51.42 6824.6
std.dev. 105.9 541.9 105.2 528.7 248.8 16592 249.2 16545
N 9 3 9 3 8 6 8 6
a The numbers in the table indicate the median, average and standard deviation of the
trading pro�ts in guilders, as well as the number of arbitrage possibilities, N, out of a
maximum number of observations of 130. Trading pro�ts are expressed in guilders
3 100.
b c indicates the one-way, per contract ( 5 100 options) transaction costs.
c The years 1990 and 1991 indicate the year of observation. In 1990 trading strategies are
based on the 1986 and the 1989 call options series; in 1991 trading strategies are based
on the 1987 and 1990 call options series.
* indicates that the average trading pro�t is signi�cantly larger than zero at the 5% level;
** indicates that the average trading pro�t is signi�cantly larger than zero at the 1%
level.
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these  p ro� ts  d isappear  when  tr ansactio n cos ts  and /or  ex ante t rad ing s tr ategies
are  cons id ered . Results  fo r  the  Chen–Johnson  hedges  are  about  the same as

Table 7. Results of a delta and gamma neutral trading strategy with long, medium and
short maturity call options, using hedge ratios as in Chen and Johnsona

Ex post Ex ante
c 5 f 0.00b c 5 f 1.00 c 5 f 0.00 c 5 f 1.00

1990c 1991 1990 1991 1990 1991 1990 1991

Akzo
Median 16.90 –29.09 8.61 –33.73 3.87 – –3.09 –
Average 25.75** –8.28 19.05 –13.07 28.16 – 21.40 –
std.dev. 58.7 42.7 58.8 42.4 95.9 – 96.0 –
N 22 5 22 5 18 – 18 –

KLM
Median 8.74 – 5.28 – –12.01 – –15.46 –
Average 12.09 – 4.56 – –16.26 – –21.59 –
std.dev. 37.7 – 37.2 – 46.0 – 45.7 –
N 19 – 19 – 28 – 28 –

Philips
Median 4.77 6.10 0.48 1.35 –1.25 0.00 –5.70 –7.92
Average 7.01 6.79 1.33 2.21 –0.02 28.99 –5.47 19.42
std.dev. 25.5 11.8 25.9 12.0 30.1 110.8 30.9 112.2
N 27 34 27 34 24 31 24 31

Royal Dutch
Median 26.90 67.94 19.57 57.93 –17.60 –48.60 –27.23 –52.98
Average 58.25** 831.28 52.41 822.51 –66.82 –346.46 –82.15 –359.98
std.dev. 131.8 3953 132.1 3943 347.9 823.8 348.3 822.2
N 32 25 32 25 33 21 33 21

Unilever
Median –25.34 – –29.54 – –12.72 – –16.84 –
Average –11.01 – –15.81 – 15.65 – 9.66 –
std.dev. 117.7 – 117.0 – 252.9 – 252.5 –
N 7 – 7 – 10 – 10 –
a The numbers in the table indicate the median, average and standard deviation of the
trading pro�ts in guilders, as well as the number of arbitrage possibilities, N, out of a
maximum number of observations of 130. Trading pro�ts are expressed in guilders
3 100.
b c indicates the one-way, per contract ( 5 100 options) transaction costs.
c The years 1990 and 1991 indicate the year of observation. In 1990 trading strategies are
based on the 1986 and the 1989 call options series; in 1991 trading strategies are based
on the 1987 and 1990 call options series.
* indicates that the average trading pro�t is signi�cantly larger than zero at the 5% level;
** indicates that the average trading pro�t is signi�cantly larger than zero at the 1%
level.
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those fo r  th e Black–Scholes  hedges . Th e result s  fo r  the delta-vega and  delta-
gam ma neutra l tr ad ing s tr ategies  are  in  line  with  the result s  for  the  delta neutra l
t rad ing st ra tegies . It  appears  that the  delta-vega and  delta-gam ma s tr ategies
lead  to more pos it ive result s . However, the  variab ility o f these result s  is  la rger.
Th e d ifference between  th e Black–Sch oles  and  the Chen–Johnson ra tio s  tu rns
out  to be more imp or tant  for  the  delta-vega and  delta-gamm a hedges  than fo r
the s im ple  delta hedges, a lth ough  th is  d ifference does  not  a lter  any conclus io n
with  respect  to the  t rad ing p ro � ts .

Th is  leads  to  two conclus ions . Th e � rs t  conclus io n is  that  we do  not  � nd  any
ser ious  inef� ciencies  in  the  m arket  for  Dutch  long-term  call op t ions . Th is  resu lt  is
in  line  with  th e outcomes  of earlier  s tud ies  on  long term  op t io n-like  contracts .
Both  Lauterbach  and  Schultz (1991) and  Wei (1994) � nd  ab norm al re turns  in  ex
post s tud ies . However, if ex ante s tud ies  are  cons id ered , and  if tr ansaction cos ts
are taken in to account , both  s tud ies  � nd  that  the  abnorm al re turns  d isappear.
Th us , it  can be  conclud ed  that  the resu lts  o f th is  s tudy are s imilar  to the  result s
of other  s tud ies  on long-term op tion-like  contracts  wh ich  par tly use  the  sam e
methodology. Th is  conclu sion is  remarkab le, however, if we take th e � nd in gs  of
Veld  and  Verb oven (1995) in to account . In  their  s tudy th ey found  that  warran ts
are la rgely over valued  in  re la t ion to long-term call op tions . In  o ther  word s, it
seems that  long-term call op tio ns , writ ten  on  the  same s tock, are  p riced  correct ly
in  re la tion to each  o ther, bu t no t if they are comp ared  to war rants on  the  sam e
s tock. Veld  and  Verboven (1995) argue th at  one of the  reasons  for  the  lo ng-las tin g
over valu at ion  of war ran ts  in  re la t ion to long-term call op t ions  is  th at  it  is  d if� cult
for  inves tors  to arb itr age between  warrants  and  long-term  call op tions . Th e
reason fo r  th is  is  that  taking a  sh or t  positio n in  war rants in volves  an extra  r isk in
the sense th at  inves tors  who have gone sh or t  in  warrants  ac tually have to deliver
these  warran ts . Th is  may cause  an inves tor  to be  ‘sq ueezed’ on th e deliver y date ,
because  he  is  not  sure whether he  can  buy these  warrants  a t a  ‘fair  p rice’. Th e
underlying s tudy makes  it  c lear  that  if a  real arb itr age  s tr ategy is  poss ib le, it  is
much  m ore  d if� cult  to � nd  market  in ef� c iencies .

Th e second  result  is  that the use  o f delta-vega and  delta-gam ma neu tral
t rad ing s t ra tegies  leads  m ore  often  to pos it ive result s  than the s im ple delta
s tr ategies . On the  o ther  hand , the  delta-vega and  delta-gam ma neutral t rad in g
s tr ategies  a lso lead  to m ore  var iab le resu lts  than the  delta s tra tegies . More
research  on the  use of tr ad ing s t rategies  with  m ult ip le  neu tral factor s  m ay shed
more ligh t on th is  p rob lem .

Th e analys is  in  th is  paper  can eas ily be extended  to m ore  factors , such  as
delta-gamm a-vega neutra l t rad in g s t ra tegies . In  a sp read  s t ra tegy, as  used  in  th is
paper, in  order  for  a t rad in g st ra tegy to  be  neutra l in  n factors , generally n 1 1
op t ions are  necessary. In the case that the  underlying asset  is  also included  in
the t rad ing s t ra tegy, generally only n op t io ns  are  necessar y in  ord er  to make the
t rad ing s tr ategy neutra l in  n factors .
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APPENDIX: LONG TERM CALL OPTIONS OUTSTANDING IN OUR
RESEARCH PERIOD

Range of exercise
prices during the
research period

Introduction
montha

Scheduled
expiration
datea

Akzo 1986 f 150 October 1986 18-10-91
Akzo 1987 f 180 October 1987 16-10-92
Akzo 1988 f 150 October 1988 15-10-93
Akzo 1989 f 135 October 1989 21-10-94
Akzo 1990 f 80 October 1990 17-10-95
KLM 1986 f 40 January 1987 18-10-91
KLM 1987 f 55 October 1987 16-10-92
KLM 1988 f 35 October 1988 15-10-93
KLM 1989 f 50 October 1989 21-10-94
KLM 1990 f 20 October 1990 17-10-95
Philips 1986 f 55 October 1986 18-10-91
Philips 1987 f 55 October 1987 16-10-92
Philips 1988 f 30 October 1988 15-10-93
Philips 1989 f 45 October 1989 21-10-94
Philips 1990 f 20 October 1990 17-10-95
Royal Dutch 1986 f 210–f 105 October 1986 18-10-91
Royal Dutch 1987 f 210–f 135 October 1987 16-10-92
Royal Dutch 1988 f 115 October 1988 15-10-93
Royal Dutch 1989 f 145 October 1988 21-10-94
Royal Dutch 1990 f 135 October 1990 17-10-95
Unilever 1986 f 500–f 100 October 1986 18-10-91
Unilever 1987 f 140 October 1987 16-10-92
Unilever 1988 f 120 October 1988 15-10-93
Unilever 1989 f 150 October 1989 21-10-94
Unilever 1990 f 145 October 1990 17-10-95
a Source: European Options Exchange.
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